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Daytime Changes in Postural Stability and
Repeatability of Posturographic Measurements

Pia Forsman, Lic Phil
Edward Haeggström, PhD, Doc
Anders Wallin, MSc
Esko Toppila, PhD, Doc
Ilmari Pyykkö, MD, PhD

Learning Objectives
• Estimate how many occupational accidents are attributable to sleepiness,

and compare the various methods that have been used to monitor sleepiness
at the work site.

• Identify any trends noted when balance, as a marker of sleepiness, was
measured at intervals during the work day.

• Explain whether measurements of balance are repeatable and how best to
use them to prevent sleep-related occupational accidents.

Abstract
Objective: Daytime sleepiness correlates with sleep-related accidents, but

convenient tests for occupational sleepiness monitoring are scarce. The effect of
daytime on balance, on posturographic measurements, and on their repeatability
was investigated in 30 healthy volunteers as part of our work to develop such a
test. Methods: The daytime effect was assessed by measuring balance at 8:30 AM,
10:30 AM, and 1:30 PM. The repeatability was assessed with morning trials once a
week for 1 month. The posturographic test was performed on a static force
platform, and the balance was evaluated from a fractal dimension of sway, most
common sway amplitude, and time interval for open-loop stance control. Results:
The balance worsened during the day, and it was possible to determine whether
the measurement was performed in the morning or in the afternoon. The morning
balance remained unchanged during the month-long test. Conclusions: Posturo-
graphic measurements are repeatable and have a circadian effect, which may be
influenced by sleepiness. (J Occup Environ Med. 2007;49:591–596)

S leepiness causes occupational acci-
dents. In the United States, there
were a recorded 1.8 million occupa-
tional accidents in 1988, 52.5% of
which were the result of sleepiness.1

Because sleepiness constitutes a ma-
jor risk factor for occupational acci-
dents, there is a need to develop
applications that monitor sleepiness.2

Existing applications3 are cost-
ineffective; the tests are either
lengthy (eg, 20 minutes for an elec-
trocardiogram), subjective (eg, sub-
jective fatigue grading or answering
questionnaires), or require perform-
ing a task (eg, reasoning or choice
reaction time tests). Such elaborate
testing may seem unacceptable to a
worker who is beginning a shift.

Posturography is a method that
assesses balance.4 The test is rapid,
objective, noninvasive, and easy to
administer. Recently, posturography
was suggested for fatigue monitor-
ing. Kohen-Raz et al5 and Sato et al6

showed that after an 8-hour work
shift, postural sway had increased in
a sample of 15 doctors. The in-
creased sway was attributed to im-
paired balance as a result of fatigue.
Despite a statistical difference be-
tween the balance scores before and
after work, a rather large dispersion
(3% to 59%) across subjects was
reported (coefficient of variation
[CV]), with overlapping balance
scores between sequential record-
ings. According to Haeggström et
al,7 the dispersion of scores de-
creases if balance is parameterized
with fractal dimension of sway (FD),
most common sway amplitude
(MCA), and time interval for open-
loop stance control (TOC). For
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sleep-deprived subjects, these pa-
rameters allowed measuring the time
elapsed after wake-up with 5 hours
of accuracy.7

The circadian variation in sleepi-
ness exhibits a primary peak at 2:00
AM to 7:00 AM, and a secondary peak
at 2:00 PM to 5:00 PM (Fig. 1).2

Consistent with this, Nakano et al8

showed that balance exhibited circa-
dian variation with the primary sway
peak at 6:00 AM and two less pro-
nounced sway peaks at 4:00 PM and
10:00 PM, the latter of which was
attributed to the circadian effect. Be-
cause their peak at 10:00 PM did not
coincide with the time zone for the
secondary sleepiness peak, in our
opinion, Nakano et al should have
interpreted the peak at 4:00 PM as the
secondary sway peak. This 4:00 PM

circadian sway peak is relevant for
posturographic sleepiness monitor-
ing, because Mitler et al2 showed
that the rate of sleep-related acci-
dents increased between 2:00 PM and
5:00 PM (Fig. 1). Moreover, at any
time of the day, a circadian sleepi-
ness level higher than that at 2:00 PM

is indicative of an increased accident
rate (Fig. 1).2 Based on the Mitler et
al results, we suggest that if the level
of sleepiness preceding the com-
bined sleepiness-accident peak could
be monitored, then the risk of occu-
pational accidents could also be
monitored. Because of this, we fo-
cused our study on detectable

changes in balance between 8:30 AM

and 1:30 PM.
The primary aim of our study was

to investigate if the overlap of the
balance scores between these two
sequential recordings decreases or is
eliminated with use of FD, MCA,
and TOC balance scores (because
overlap hinders successful monitor-
ing). If such an overlap is avoided,
then surpassing the level at 1:30 PM

in posturographic sleepiness moni-
toring is indicative of the probability
of increased accidents. The reason
for this is that even 1 to 2 hours of
less sleep than usual, or repeated
sleep restrictions increases sleepi-
ness.2,9 The second aim of this study
was to evaluate the progressive
change in balance in the 8:30 AM to
1:30 PM interval. To do this, we
employed an intermediate balance
recording at 10:00 AM. The third aim
was to evaluate week-to-week re-
peatability of the posturographic pa-
rameters because the repeatability is
crucial both for test credibility and
follow-up purposes.

Subjects and Methods

Subjects
Thirty volunteers, sampled from

an office environment and consisting
of 15 men and 15 women aged 23 to
37 years, participated in the study
after giving their written informed
consent. They were all nonsmokers
and considered themselves healthy.
None had a diagnosed balance disor-
der or vertigo, and none received
medication during the 1-month test
period. Their mean (�standard devi-
ation [SD]) age, height, and weight
were 27 (�3) years, 174 (�7) cm,
and 73 (�11) kg, respectively.

Test Protocol
Each subject was tested three

times: at 8:30 AM, 10:30 AM, and 1:30
PM. During the test, the participants
were permitted to read or converse
but were not permitted to do heavy
work or exercise. The test took place
in an office environment at room
temperature (circa 22°C), a relative

humidity of 15%, an illuminance of
500 lx, and a noise level of 55 dB.
The subjects were permitted to eat
lunch at 11:00 AM, but intake of
caffeine (tea, coffee) was forbidden.
In the second part of the study, the
subjects were tested four times, once
a week, at 8:30 AM on the same
weekday during the 1-month period.

Posturographic Measurements
Balance was measured with a cus-

tom-made force platform.10 During
the measurement, the subjects stood
unshod on the platform, with arms
crossed over the chest. Markings
fixed at the platform aided the sub-
jects in positioning their feet, and a
fix-point (diameter � 1 mm) 1 m in
front of the platform was provided
for visual reference. The experimenter
checked the subject’s stance before
each measurement was commenced.
The body excursions of the center of
pressure (COP) were recorded for 22
seconds, digitized, and low-pass fil-
tered at 33 Hz.

Posturographic Parameters
Balance was parameterized with

FD, MCA, and TOC7 confer Table 1.
FD reflects random muscle move-
ments and was expected to decrease,
assuming that impaired balance is
compensated by stiffening the (leg)
muscles. MCA reflects impaired bal-
ance as increased sway amplitude.8

TOC reflects body sway regula-
tion11; increased sway requires
tighter regulation, which should be
doable by shortening the TOC.

Statistical Analysis
To evaluate the daytime effect on

balance scores, we performed analy-
sis of variance (ANOVA) with re-
peated measures for daytime (three
test sessions) separately for FD,
MCA, and TOC. Pearson correlation
between time and each parameter
was used to describe the dependence
of balance on daytime. To quantify
the dependence, we regressed the
parameters on time, and we calcu-
lated the regression line slope b and

Fig. 1. Number of fatigue-related automo-
bile accidents and number of unintentional
sleep episodes as a function of time (freely
adapted from Figs. 1 and 4 in Mitler et al).2

(A) The primary peak of circadian sleepiness
and (B) the secondary peak. The double lines
indicate the sleepiness level at 2:00 PM. The
shaded areas denote accidents that occurred
within the time zones when sleepiness ex-
ceeded the 2:00 PM time point.
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95% confidence interval (CI) � ac-
cording to:

P̂ � a � b � t, (1)

and:

� � b � t0.025� 1

n�2�(P � P̂)2��t2,

(2)

where P was FD, MCA, or TOC, t
was the time of day, n � 90 (3
sessions � 30 subjects), and t0.025 �
2.14.

The repeatability of the posturo-
graphic parameters was assessed
with ANOVA, with repeated mea-
sures for testing weeks (four test
sessions). Possible trends during the
month were evaluated with Pearson
correlation between the three pa-
rameters and the weeks. The statis-
tical analysis was performed with
SPSS, version 11.0 (SPSS Inc.,
Chicago, IL).

Results
The daytime effect on balance was

seen in the subjects toward the after-
noon as impaired balance without
parameter overlaps between the 8:30
AM and 1:30 PM recordings (Fig. 2)—
our main result. This means that the
overlap of the balance scores be-
tween the two recordings was elimi-
nated with use of the FD, MCA, and
TOC. All balance parameters declined

from 8:30 AM to 1:30 PM (Table 2),
and the correlation between parame-
ter values and time showed that
balance depends on daytime.

ANOVA did not reveal any effect
of weekly testing on balance because
the recorded parameter values did
not differ between weeks (Table 3).
There was no trend in the subjects’
balance during the month because
there was no correlation between the
recorded parameters and the weeks.
This indicates repeatability of the
method.

Discussion
The time of the day influences

sleepiness and physiological func-
tioning.2,12 In a person’s balance, the
influence is seen as transient wors-
ening of balance, with a local sway
peak within the time zone for the
peaks in circadian sleepiness.8 In line
with this, we showed that balance
worsened monotonously from 8:30
AM to 1:30 PM, which was shortly
before the time zone when circadian
sleepiness exhibits a daytime peak
(2:00 PM to 5:00 PM).2 We also
showed that despite dispersion
across subjects, it was possible to
determine whether the balance score
was recorded in the morning or in the
afternoon. For example, the posturo-
graphic test could monitor sleepiness
in dayshift workers. Moreover, be-
cause the longitudinal follow-up

showed that the test was repeatable,
this means that it might also be used
for week-to-week baseline monitor-
ing of sleepiness.

The balance exhibited a clear (P �
0.001 and P � 0.005, Table 2),
nonconstant (slope � 0, Table 2)
daytime dependency (Fig. 2). No es-
tablished guidelines exist on how to
interpret the recorded changes, but
the findings of others support our
finding of balance impairment to-
ward the afternoon. Kohen-Raz et al5

recorded decreased spectral power of
sway. Because FD reflects frequency
content in the data through the fine-
graininess of the sway path, decreased
spectral power in sway reveals itself as
decreased FD, as seen in our study. In
another paper, Sato et al6 recorded
increased sway area as a function of
fatigue, comparable with the increase
in MCA seen in this study. Although
applying TOC to time-dependent bal-
ance data has not been done before, the
decrease in TOC was unexpected be-
cause Collins et al11 recorded both
larger sway amplitudes and longer
TOC in elderly subjects than in
younger ones. If the relationship be-
tween the large sway amplitude and
long TOC is correct, an increased TOC
would have been expected in this study
because the MCA increased. The
strong balance-time dependence (Ta-
ble 2) suggests that the study interval
(between 8:30 AM and 1:30 PM) was in
a time zone of continuously increasing
sleepiness. This finding is supported
by Richardson et al,12 who recorded
increased sleepiness between 9:30 AM

and 1:30 PM, and Mitler et al,2 who
reported increased sleepiness between
8:00 AM and 2:00 PM.

Validating the recorded absolute
posturographic values against those re-
ported in the literature is hard because
the age groups differ, and the plat-
forms involved are not standardized.
However, there are some indications
that provide partial validation. (No ref-
erence values were found for FD.) At
8:30 AM, the MCA was 10.6 � 0.4
mm, and although the parameters were
not identical, Collins et al11 reported
maximal sway amplitudes of 13.3 �

TABLE 1
Parameter Units and Definitions

FD (mm2/s) log��r2	�log(�t), where �r�t
2 �

�
i�1

N�m �ri
2�N � m, and �r2 � �x2 


�y2 for a given �t (spanning m data intervals), N is the total
number of points, and x and y are the positions in lateral and
anterior-posterior directions of the COP sway, respectively.

MCA (mm) �nA
n��n, where n is the number of data with the same amplitude An,

that is n � F(n)N. F(n) is the frequency by which An is present in
the data, and N is the total number of data points.

TOC (ms) C
long

� C
short�D

short
� D

long

. The constants c and coefficients D are

obtained from the regression line �r2 � D�t 
 c in a (�t, �r2)-
plot. cshort and Dshort are obtained for a regression where �t � 1
second, clong and Dlong for a regression where �t �1 second.

FD � fractal dimension; MCA � most common amplitude of time; TOC � time for
open-loop control; COP � center of pressure.
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4.4 mm in young subjects (aged 19–30
years). The TOC was 0.59 � 0.04
seconds, almost within the TOC range
that Collins et al reported in their
young subjects (0.89 � 0.25 mm). The
shorter TOC is the result of different
sampling frequencies: 33 Hz in our
study versus 100 Hz in the Collins et al
study. The reason is because reduced
sampling decreases �r2, the first line

in the (�r2,t)-plot becomes less steep
when the low-pass filter reduces the
fastest corrections; hence, the TOC
shortens.

A reason why posturographic
sleepiness monitoring has not been
investigated previously might be the
large dispersion encountered across
subjects, causing parameter values of
sequential recordings to overlap.

With FD, MCA, and TOC, time-
dependent balance performance was
scored with less dispersion across
subjects (CV, 2% to 8%) than past
studies have suggested (CV, 13% to
59%).5,6 The results of our study
showed that the ability of these pa-
rameters to discern changes in bal-
ance with 5-hour intervals during
sleep deprivation applies also to

Fig. 2. The parameters of (A) fractal dimension, (B) most common amplitude, and (C) TOC as a function of time. Means and SDs are shown.
CV, coefficient of variation (SD/mean � 100%); N � number of subjects; and P � post hoc test results for between-measurement-time comparisons.

TABLE 2
Parameter Means and SDs (30 Subjects) During the Day, Time-Dependent Balance Change (Linear Regression), and
Time-Balance Correlation (Pearson)

Parameter

Mean (�SD) Linear Regression*
Pearson

Correlation

At 0830 At 1030 At 1330 Slope (�CI)† Intercept‡ r2§ P Value

FD (mm2/s) 1.87 (0.03) 1.81 (0.06) 1.75 (0.07) �0.02 (0.01) 1.86 0.99 0.005
MCA (cm) 10.5 (0.4) 11.2 (0.4) 11.8 (0.2) 0.25 (0.05) 10.6 0.97 0.001
TOC (ms) 587 (33) 550 (23) 487 (41) �20.2 (4.6) 588 0.99 0.001

*Performed on the 90 daytime recordings.
†Regression line slopes b: means and 95% CIs for 30 subjects. Slope unit: (parameter unit/hr) (eg, MCA increased 0.2 to 0.3 cm per hour.

In 5 hours, it increased 1.25 cm (0.25 cm/h � 5 h)).
‡Regression line intercepts a, parameter group mean values at 8:30 AM.
§Linear correlation coefficient.
FD � fractal dimension; MCA � most common amplitude of time; TOC � time for open-loop control; COP � center of pressure.
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5-hour intervals without prior sleep
deprivation. This means that accord-
ing to Fig. 2, a daytime measurement
could be classified as performed
either in the morning or in the after-
noon, but that it would not be possi-
ble to say whether an intermittent
measurement is, for example, “noon”
or “morning.” The main impact of
the current results is that they indi-
cate that posturographic sleepiness
monitoring can detect if a subject has
surpassed reference balance scores
associated with morning and after-
noon sleepiness. Relying on the pos-
itive correlation between sleepiness
and accidents (Fig. 1),2 surpassing the
latter threshold indicates an increased
risk for accidents. Table 2 shows that
this occurs when FD �1.68 mm/s2,
MCA �12.0 cm, and TOC �446 ms
(mean � SD at 1:30 PM). Because of
the importance of the reference scores,
replication studies should focus on
identifying their proper level. Besides
establishing proper reference values,
another problem is standardizing the
results; force platform results differ
according to manufacturer settings and
components. This could be solved with
a standardized sway robot, or if each
user is assigned an own reference
value.

The absence of statistical differ-
ences and trends in the longitudinal
data indicated that the balance scores
are repeatable at least on weekly
morning basis (Table 3). This result
is consistent with the findings of
Uimonen et al,13 who did not find
differences across four weekly, or
four monthly measurements. How-
ever, their test setting differed from
ours by inducing muscle fatigue with

vibrations during the measurements.
Due to the dispersion in balance scores
across subjects, perhaps due to muscle
vibration, they suggested posturogra-
phy for individual functional monitor-
ing than for pathological classification.
However, our results support posturo-
graphic monitoring for both purposes
because the balance-time correlation
indicated a clear time dependency
(functional monitoring, as in Hasan
et al14) and the ANOVA separated
recordings 5 hours apart (“patholog-
ical” classification, as in Toppila et
al4). The absence of a longitudinal
trend among the healthy subjects is
an important result with respect to
pathological classification, medical
monitoring, and sleepiness monitor-
ing with follow-up, because any
trend would have implied balance
improvement as a result of learning
or habituation to the test. Replication
work needs both to confirm the
weekly repeatability and to investi-
gate the daily repeatability. This is
necessary because although Ishikazi
et al15 showed daily repeatability for
7 consecutive days (similar settings
as Uimonen et al13), their results
conflicted with those of Holliday and
Fernie,16 who reported a learning
effect during a period of 15 consec-
utive days.

Finally, we discuss a few issues
about the applied method. First, the
time zone of interest could have in-
cluded more recordings. However,
because Haeggström et al7 suggested
that at least a 5-hour interval was
needed to have measurable differ-
ences between sequential balance
recordings, only the first and last
recordings were expected to exhibit a

statistical difference. Nevertheless,
an intermittent recording was in-
cluded to capture any possible trend
in the change in balance.

Second, the study did not use a
sleepiness monitoring method paral-
lel with posturography to validate the
results. In our opinion, this is accept-
able because this study focused on
quantifiable changes in balance; the
measurement provided itself an in-
ternal consistency check. To be able
to carry out the check, we scheduled
the balance recordings for a time
zone when the sleepiness increased
as a result of the circadian variation.
Such an interval is found from exten-
sive studies on sleepiness.2,12 The
high balance-time correlation (Table
2) indicates that we managed to do
the scheduling as desired.

Third, the subjects were drawn
from an office environment. Because
of this, the test period was not ex-
tended into the evening when addi-
tional measurements could have 1)
detected the sway peak at 4:00 PM,
and 2) established the statistical sig-
nificance of the balance scores at
1:30 PM suggested as reference val-
ues. However, the main purpose of
this study was to investigate the day-
time change in balance and to see if
during this time period balance could
be parameterized without overlap-
ping values. This was shown to be
possible because the parameters
that we used showed relatively
small dispersion across subjects
(CVs in Fig. 2).

Fourth, the study was not con-
trolled for balance confounders (eg,
food intake with lunch permitted)
and muscle fatigue (subjects allowed

TABLE 3
Parameter Means and Standard Deviations (SDs) of 30 Subjects at 8:30 AM Once a Week (Same Weekday) During 1 Month:
ANOVA and Pearson Correlation

Parameter

Mean (�SD)
ANOVA
P Value

Pearson Correlation
P ValueWeek 1 Week 2 Week 3 Week 4

FD (mm2/s) 1.81 (0.04) 1.80 (0.08) 1.81 (0.07) 1.82 (0.09) 0.981 0.767
MCA (cm) 10.7 (0.8) 10.8 (0.7) 10.9 (0.6) 10.7 (0.7) 0.967 0.876
TOC (ms) 607 (108) 582 (61) 601 (68) 566 (90) 0.835 0.507

ANOVA � analysis of variance.
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to move around in the office). How-
ever, the study was controlled for
factors that could be restricted in the
study environment (ie, smoking, caf-
feine, heavy work, and exercise).

Conclusion
The study showed that balance

becomes worse during the day, that the
impairment is posturographically as-
sessable, and that the measurements
are repeatable. The study suggested
using balance scores recorded at 1:30
PM as reference values for (occupa-
tional) sleepiness monitoring to pre-
vent sleep-related accidents.

References
1. Leger D. The cost of sleep-related acci-

dents: a report for the National Commis-
sion on Sleep Disorders Research. Sleep.
1994;17:84–93.

2. Mitler M, Carskadon M, Czeisler C,
Dement WC, Dinges DF, Graeber RC.
Catastrophes, sleep, and public policy:
consensus report. Sleep. 1988;11:100–
109.

3. Samkoff JS, Jacques CH. A review of
studies concerning effects of sleep depri-

vation and fatigue on residents’ perfor-
mance. Acad Med. 1991;66:687–693.

4. Toppila E, Forsman P, Pyykkö I, et al.
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The Effects of Copayments on Medication
Adherence During the First Two Years of
Prescription Drug Treatment

Ronald C. Kessler, PhD
Christopher Ron Cantrell, PhD
Patricia Berglund, MBA
Michael C. Sokol, MD, MS

Learning Objectives
• Relate patients’ patterns of terminating prescribed drug treatment to the

type of medication, the number of fills, and the size of the co-payment.

• Describe observed effects of increasing co-payments on the frequency and
duration of termination.

• Point out the implications of these findings for strategies designed to
optimize patient compliance with drug treatment.

Abstract
Objective: The aim of this study was to examine effects of initial prescription

copayment size and observed increase on adherence by analyzing data from a
managed care database. Methods: Medical-pharmacy claims data were ab-
stracted from the Integrated Health Care Information Services (IHCIS) National
Managed Care Benchmark database for primary employer-sponsored subscribers.
Incident fills and refills for the 10 most common medication groups between 2001
and 2003 were predicted by size and observed increase in copayment with the use
of survival analysis. Results: High copayments and observed copayment increases
were associated with termination of medication use. Whereas effects of copayment
level were limited to the first few fills, effects of observed increases in copayments
were persistent. Conclusions: The strategy of increasing initially low copayments
after the patient has made enough fills to become insensitive to copayment level is
contraindicated by observed increases in copayment, predicting termination.
However, other financial incentives might nonetheless help reduce early termina-
tion of medication use. (J Occup Environ Med. 2007;49:597–609)

L ack of adherence to medication reg-
imens is a serious problem in the
treatment of most chronic diseases.1

Although a number of factors con-
tribute to lack of adherence,2,3 high
copayments of prescription drugs
have become the focus of special
attention because they are used in-
creasingly by employers to control
drug expenditures.4 Also, they have
been shown to have the desirable
effect of leading patients to switch
from brand-name to generic
drugs5,6 and the undesirable effect
of decreasing the use of mainte-
nance medications.7–9

Some research has shown that the
effects of high drug copayments on
lack of adherence are strongest early
in the course of treatment1,10 and that
these effects vary across therapeutic
classes.9,11 These observations might
suggest that initial copayments
should be low for the first few fills or
that other financial incentives, such
as prescription discount coupons for
initial users, might be useful for in-
cident users of classes of medication
in which early sensitivity to the size
of the copayment has been docu-
mented. Such an approach would be
consistent with other types of value-
based pharmacy benefit schemes that
have been proposed in the litera-
ture.12,13 For the implementation of
such an approach, though, data
would be needed on fine-grained
variation in copayment effects as a
combined function of size and dura-
tion of treatment across common
therapeutic classes of medications.
This report presents such data for the
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10 most commonly prescribed
groups of long-term medications in a
large managed care database for
2001 to 2003.

The analysis of lack of adherence
can focus on termination of treat-
ment, skipping doses among patients
who continue treatment, or the com-
bination of the two in a summary
measure such as the traditional med-
ication possession ratio, a modified
version, or both, including assess-
ment of termination. Because the
main concern early in the treatment
is with termination, the focus of this
report is on termination rather than
on skipping doses. More specifically,
we examine the association between
copayment and termination as a
function of time in treatment during
the first two years of treatment.

Materials and Methods

Sample
We abstracted medical and phar-

macy claims data from the Integrated
Health Care Information Services
(IHCIS) National Managed Care
Benchmark database (www.ihcis.
com), a national managed care data-
base that includes data from more
than 30 health plans covering more
than 25 million people. We limited
the sample to primary subscribers
(ages 18 and older) of employer-
sponsored health plans because of an
interest in the costs and benefits of
health care treatment from the em-
ployer’s perspective. We focused on
incident fills and subsequent refills
of select medications (defined be-
low) for the study period January 1,
2001, through December 31, 2003.
An incident fill was defined as one in
which the patient had no previous fill
for any medication used to treat the
same disease (defined below) for the
previous 12 months. The sample was
further limited to patients whose fills
and refills for medications in a par-
ticular disease state during the study
period were all for 30-day periods.
This restriction applied to most of
the patients in each of the disease
states considered and was imposed to

avoid inconsistencies in defining ter-
mination of treatment across a range
of fill times. We concentrated on
refills that had either the same or a
higher copayment than the incident
fill because these were the dominant
patterns in the database.

The 10 most common long-term
prescription medication groups, de-
fined by Medi-span’s Master Drug
Database, in the database during the
study period were medications for
asthma (inhaled corticosteroids
[ICS], leukotriene modifiers [LTMs],
cromolyn/nedocromil, and xan-
thines), beta-blockers, anticonvul-
sants, calcium channel blockers,
antidepressants (selective serotonin
or selective norepinephrine reuptake
inhibitors [SSRIs/SNRIs], oral an-
tidiabetics, diuretics, medications for
rhinitis (nonsedating antihistamines
and nasal sprays), statins, and anti-
hypertensives (Angiotensin-Convert-
ing Enzyme [ACE] inhibitors and
angiotensin II antagonists). The Inter-
national Classification of Diseases-9th
Rev. (ICD-9) codes most commonly
associated with these classes of med-
ication in the database included eight
clusters of disease states: asthma
(ICD-9 493), heart failure (ICD-9 398,
4280–4281, 4250–4259, 4289), dia-
betes (ICD-9 250), depression (ICD-9
311, 2962–2963, 3004), epilepsy
(ICD-9 345), hyperlipidemia (ICD-9
272), hypertension without evidence
of heart failure (ICD-9 401–402,
404–405), and rhinitis (ICD-9 477).
The cross-classification of these
eight ICD-9 code clusters with the 10
medication groups were used to
identify eight disease states for anal-
ysis. The only deviation from this
scheme was that we excluded asthma
rescue medications from the investi-
gation because, unlike all the other
medications in our study, they are
not prescribed for regular use. Med-
ications for rhinitis are also distinct
because they are largely used only
seasonally, leading to an extremely
high rate of treatment termination
after only one or two fills. Despite
this difference from other medica-
tions, though, we retained rhinitis in

the analysis to provide a sense of the
range of patterns of termination
among the most commonly used
medications in the population. Anti-
depressants are an intermediate case
because the treatment is generally
episodic, although the recommended
course of treatment is usually for 6
months or longer. We needed to take
these differences into account in in-
terpreting the results.

The number of patients who met
the above eligibility criteria varied
across these eight disease states from
a high of 150,697 for hyperlipidemia
to a low of 5296 for epilepsy (Table
1). Patients were required to have at
least one medication-dispensing
event and at least one diagnosis. The
focus of analysis was the person-fill
rather than the patient because we
wanted to investigate whether prob-
ability of treatment termination var-
ied with the size of initial copayment
as a function of number of previous
fills. Increase in copayment was also
taken into consideration. The fills of
the small number of patients who
experienced more than one change in
copayment during the study period
were excluded after the time of the
first copayment increase in order to
simplify analysis. With this restric-
tion in place, the number of observed
fills used in the analysis varied from
a high of 1,406,231 for hyperlipid-
emia to a low of 55,868 for epilepsy,
with an average number of fills per
patient ranging from a high of 11.5
for diabetes to a low of 3.6 for
rhinitis. The proportion of patients
whose copayments remained stable
during the study period varied from a
high of 87.6% for asthma to a low of
58.8% for heart failure. The remain-
ing 12.4% to 41.2% of patients by
construction experienced an increase
in copayment. The Human Subjects
Committee of Harvard Medical
School approved the extraction and
analysis of these de-identified
records.

Outcome
The outcome was a dichotomous

measure of medication termination
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(coded 1) versus continuation (coded
0) in the person-fill data file. Termi-
nation was operationalized as failure
to refill a prescription for any de-
fined medication for the disease state
within 60 days of the previous fill
(recalling that all fills in the data file
were for 30 days). Empirical analysis
of the time lag of refills showed that
the most refills (85% to 95%) were
made within 60 days (detailed results
available on request), justifying the
use of this time window. Further-
more, the results of significant pre-
dictors of termination reported below
were unchanged with the analyses
that were replicated with use of less
restrictive definitions. The one in-
stance in which special allowance
was made for a longer refill period
was in the asthma rescue medica-
tions, which are held in reserve for
use in a crisis situation rather than
prescribed for regular use. As noted
above, we excluded asthma rescue
medications for this reason and fo-
cused only on asthma control medi-
cations (ie, those that are prescribed
for daily use) in the analysis of med-
ications for asthma.

For cases in which a patient was
no longer enrolled in any of the
IHCIS health plans before the end of
the 60-day refill time window, the
last fill of that patient was censored
(ie, removed from the data file) be-

cause we were unable to determine
whether a refill occurred. The same
was true when the patient made a fill
within 60 days of the end of the
study period (December 31, 2003),
because it was impossible to code
any such patient as having termi-
nated the medication. We emphasize
that the patient was considered to
have made a refill if he or she
obtained a prescription for any se-
lect medication within the disease
state within 60 days of a previous
fill. This means that switching
medications within a disease state
was considered equivalent to refill-
ing the same medication.

Predictors
The predictor of primary interest

was the size of the prescription drug
copayment at the time of a given fill.
We began by considering the most
fine-grained intervals of copayment
size available in the IHCIS database
(five-dollar intervals in the range $0,
$1 to $5, through $51�). These were
treated as dummy-coded predictor
variables, with the omitted category
representing no copayment. These
categories were subsequently col-
lapsed in ways described below
based on empirical findings. Addi-
tional dummy predictor variables
with the same level of coding preci-
sion were included for magnitude of

observed increase in copayment for
respondents who experienced an in-
crease in copayment and who made
at least one fill subsequent to that
increase, with the omitted category
representing no change. We empha-
size that information about increase
in copayment is available only for
patients who made at least one fill
after the increase because this is a
limitation of the analysis.

Control variables included the
number of previous fills, respondent
age and sex, and the Charlson co-
morbidity index with modifica-
tion by Dartmouth-Manitoba and
Deyo.14,15 In the analysis of medica-
tions for the control of asthma, we
used additional control variables to
assess the number of asthma rescue
medication (short-acting beta2-
agonists and oral corticosteroids)
fills in the 12 months before the
incident fill.

Analysis Methods
Survival curves to chart the course

of medication termination as a func-
tion of number of fills in the total
sample and in subsamples of patients
with specific levels of copayment
were estimated with the two-part ac-
tuarial method.16 This was imple-
mented in SAS version 8.2 (SAS
Institute, Cary, NC).17 Discrete-time
survival analysis18 with person-fill
as the unit of analysis was used to
study the predictors of termination.
Dummy variable predictors included
copayment size at the time of the last
fill ($1 to $5, $16 to $30, $31�, with
a contrast category of $0), size of
observed copayment increase in the
most recent fill ($1 to $10 and $11�,
with a contrast category of $0), ob-
served copayment increase before
the most recent fill (any vs none),
and number of previous fills (a sep-
arate dummy for each refill ranging
from 1 to 24�) were all treated as
time-varying covariates, whereas re-
spondent age at the time of the inci-
dent fill (18 to 24, 25 to 34, 35 to 44,
and 45 to 54 years, with a contrast
category of 55� years), sex, and
Charlson score at the time of the

TABLE 1
Numbers of Patients and Fills Included in the Analysis*

Disease State† Patients

Percentage
With Stable
Copayment Fills

Fills per
Patient

Asthma 63,884 87.6 301,466 4.7
Depression 78,325 79.0 582,342 7.4
Diabetes 48,377 72.8 555,031 11.5
Epilepsy 5296 72.3 55,868 10.5
Heart failure 10,827 58.8 68,668 6.3
Hyperlipidemia 150,697 76.2 1,406,231 9.3
Hypertension 149,620 62.2 1,306,532 8.7
Rhinitis 129,148 83.6 459,096 3.6

*See text for sample restrictions.
†The ICD-9 codes associated with the diagnoses are asthma (ICD-9493), heart failure

(ICD-9398, 4280–4281, 4250–4259, 4289), diabetes (ICD-9250), depression (ICD-9311,
2962–2963, 3004), epilepsy (ICD-9345), hyperlipidemia (ICD-9272), hypertension (ICD-
9401-2, 404–405), and rhinitis (ICD-9477). Hypertension is restricted to patients without
evidence of heart failure.
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incident fill (dummy variables for
quartiles) were treated as constants.
Initial controls for geographic loca-
tion and type of health plan (HMO
and PPO vs all others) were subse-
quently dropped based on their
substantive insignificance. A prelim-
inary finding of significant interac-
tions between size of copayment and
number of previous fills led us to
estimate final models separately in
subsamples defined by number of
previous fills (1 to 3, 4 to 12, and
13�). We performed exponentiation
of survival coefficients and their
standard errors to generate odds ra-
tios (ORs) and 95% confidence in-
tervals for ease of interpretation of
results. We consistently evaluated
statistical significance using two-
sided 0.05-level tests.

Results

Characteristics of the Sample
The sample demographics were

consistent with an employed popula-
tion. There were more men than
women with diabetes (54.6%) and
hyperlipidemia (57.3%), and more
women than men with asthma
(55.5%), depression (70.1%), and
rhinitis (57.5%). There was an al-
most equal split between men and
women with heart failure (52.6%
and 47.4%), epilepsy (47.8% and
52.2%), and hypertension (49.3%
and 50.7%) (Table 2). The modal age
range of patients was quite young
(18 to 24 years) for asthma (45.1%),
epilepsy (40.0%), and rhinitis
(39.7%); middle aged (35 to 44
years) for depression (29.1%); and
older (55� years) for heart failure
(71.6%), diabetes (45.1%), hyperlip-
idemia (43.3%), and hypertension
(39.5%).

Predictably, the mean Charlson
score was highest for the most severe
disease states—diabetes (2.3) and
heart failure (3.8)—and lowest for
rhinitis (0.4). Most of the patients in
all disease states had non-zero base-
line copayments. Although the aver-
age size of baseline copayment was
lowest for what were arguably the

most serious disease states—diabe-
tes ($9.10), heart failure ($8.90), and
hypertension ($10.60)—and highest
for the least severe state—rhinitis
($17.90), the variation in size of
copayment within disease states was
so large that none of the pairwise
differences were statistically signifi-
cant. Although most of the patients
in all disease states had no reported
changes in copayments during the
study period (58.9% to 87.6%),
meaningful between-state variation
in observed copayment was found,
with both the lowest probability of
an observed increase and the lowest
average magnitude of observed in-
crease among those with any increase
($3.50) associated with heart failure.
In comparison, both the highest
probability of an observed increase
and the highest average magnitude of
observed increase among those with
any increase ($13.80) were associ-
ated with rhinitis.

Aggregate Patterns
of Termination

Ignoring the size of the copay-
ment, survival analysis in the total
sample showed that most of the pa-
tients terminated medication treat-
ment during the study period (Fig.
1). Noticeable variation existed,
though, across disease states, with
three clear clusters. The highest pro-
portions of termination (the lowest
curves in the figure) were found for
medications for asthma and rhinitis,
in which 50% of patients terminated
within 1 to 2 fills and more than
90%, within 24 fills. The lowest
proportions of termination (the high-
est curves in the figure) were found
for medications for diabetes, epi-
lepsy, and hypertension, in which
50% of patients terminated between
12 and 13 fills and 80% to 90%,
within 24 fills. Intermediate between
these extremes were medications for
heart failure, hyperlipidemia, and de-
pression, in which 50% of patients
terminated between 6 and 9 fills and
65% to 70%, within 24 fills.

Despite the between-state varia-
tion in cumulative probability of
termination, a steeper slope in the
cumulative probability distribution
could be seen in all disease states
early in the treatment. The highest
conditional probability of termina-
tion was consistently after the first
fill and lowest after a large number
of fills in all disease states. The curve
became roughly linear, indicating
stabilization in the conditional prob-
ability of termination, after three or
four fills in the patients with diabe-
tes, hypertension, and epilepsy, and
after six or seven fills in the remain-
ing patients.

Effects of Copayment Size on
Termination Without Observed
Copayment Change

Because the most patients had no
observed change in copayments dur-
ing the study period (Table 1), we
began the analysis of copayment ef-
fects by examining variation in prob-
ability of termination as a function of
size of baseline copayment among
patients whose copayments was not
observed to increase. Patients with
observed copayment increases were
included in this analysis to the fill
before the increase. Although we
began by studying variation in co-
payment size in its full complexity
(ie, 11 categories in five-dollar inter-
vals in the range $0, $1 to $5,
through $51�), the meaningful vari-
ation in patterns could be captured
parsimoniously with a four-level
scheme (0, 1 to 15, 16 to 30, and
31�). This scheme was conse-
quently used in reporting results.

Survival curves were estimated
separately for each of these four
levels and then compared (Figs.
2–9). A consistent pattern across cat-
egories could be seen for the highest
level ($31�) to be associated with
the highest probability of termina-
tion. This pattern could be seen as
early as after the first fill for all
disease states other than epilepsy and
after two fills for epilepsy. In addi-
tion, the second highest level of

600 The Effects of Copayments on Medication Adherence • Kessler et al
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baseline copayment ($16 to $30) was
consistently associated with a higher
probability of termination than the
next lower level ($1 to $15). This
monotonicity was broken, though, in
the lowest level of copayment ($0)
because the termination probability
was generally lower for patients with
a $1 to $15 copayment than no co-
payment and often lower for patients
with a $16 to $30 copayment than no
copayment. We discuss the likely
meaning of this finding in the discus-
sion section.

For some disease states, the most
striking distinction in examining the
overall shape of the survival curves

was between the highest and all
lower levels of copayment. This pat-
tern could be seen most clearly for
heart failure. Other disease states
with a similar pattern included
asthma, epilepsy, hyperlipidemia,
and hypertension. The other disease
states had a more differentiated dis-
tribution across the full range of
copayment levels, although this pat-
tern was strongest for diabetes and
weakest for rhinitis.

Another consistent pattern was
that the effect of copayment size
became smaller as the number of fills
increased. This could be seen in all
disease states other than diabetes. To

facilitate concrete interpretation of
this pattern, we used the survival
curves to make projections of termi-
nation probabilities at 6, 12, 18, and
24 fills for each copayment level
(Table 3). A comparison across these
intervals showed that the between-
level difference in probability of ter-
mination at the 6th fill was generally
at least twice as large as it was at the
24th fill.

These projections also showed that
the absolute value of the probability
difference by copayment level at the
24th fill varied considerably across
disease states. The largest difference
(38.2%) was associated with diabe-
tes, in which 98.7% of patients with
the highest copayment ($31�) termi-
nated at the 24th fill compared with
60.5% of those with no copayment.
There were considerably minor dif-
ferences for hypertension (14.2%),
hyperlipidemia (11.8%), and epi-
lepsy (10.0%), and the slightest dif-
ferences were found for heart failure
(5.3%), depression (5.1%), asthma
(5.0%), and rhinitis (1.4%).

Effects of Observed Copayment
Increase on Termination

Survival analysis has documented
significant associations between size
of observed copayment increase and
odds of termination. We also found
significant interactions of observed
copayment increase with number of
previous fills at the time of increase
and with time since the increase, but
not with baseline copayment level in
predicting odds of termination. Al-
though we began by studying all
these predictors in their full com-
plexity, we found that the meaning-
ful variation in their effects could be
captured parsimoniously with a two-
level measure of size of copayment
increase ($1 to $10 and $11�), a
three-level measure of number of
previous fills (1 to 3, 4 to 12, and
13�), and a two-level measure of
time since observed increase (most
recent fill vs any fill before the most
recent fill). These were consequently
the categories used in reporting results.

Fig. 1. Projected cumulative probability of medication termination during the study period for
each disease state.

Fig. 2. Projected cumulative probability of medication termination during the study period
among patients with asthma who had different sizes of baseline copayment but did not experience
any observed change in copayment.
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Our final model, which used the
collapsed versions of the predictors
described in the previous paragraph,
found that the associations (ORs)
between observed copayment in-
crease and odds of termination early
in the treatment process (after 1 to 3
fills) were inconsistent across dis-
ease states (Table 4). Observed co-
payment increase was related to a
statistically significant decrease in
the odds of termination in some dis-
ease states (asthma, heart failure, di-
abetes, epilepsy, hypertension) and
to a significant increase in these odds
in other states (depression, hyperlip-

idemia, rhinitis). The dose-response
relationship between size of ob-
served copayment increase and odds
of termination was generally weak.
The ORs of observed copayment in-
creases in the most recent fill were
sometimes less pronounced than
were those involving observed co-
payment increases in previous fills.
We discuss the likely meaning of this
finding in the discussion section.

The ORs between observed copay-
ment increase and termination after
between 4 and 12 fills were mark-
edly different from those after 1 to 3
fills. All the ORs were greater than

1.0, indicating that patients with ob-
served copayment increases have
higher odds of termination than pa-
tients without observed copayment
increases. Most of the ORs were
statistically significant. The dose-
response relationship between size of
observed copayment increase and
odds of termination was generally
positive, though modest in magni-
tude. The ORs associated with ob-
served copayment increases in the
most recent fill were generally
higher than were those involving ob-
served copayment increases in previ-
ous fills. The ORs for small observed
increases ($1 to $10) in the most
recent fill were higher for asthma
and rhinitis (1.6 to 1.9) than for the
other disease states (1.2 to 1.4),
whereas the ORs for large observed
increases ($11�) in the most recent
fill were lower for heart failure and
diabetes (1.2 to 1.4) than for the
other disease states (1.7 to 2.2). The
ORs for observed increases in earlier
fills were more consistent across dis-
ease states (1.2 to 1.4), with the
exception of a somewhat more ele-
vated OR for epilepsy (1.6).

The ORs between observed copay-
ment increase and termination after
13� fills were different again. The
ORs for termination after observed
increases in the most recent fill were
generally insignificant, with the ex-
ception of consistently significant el-
evated ORs for rhinitis (2.0 to 2.6)
and a significantly elevated OR for
large observed increases associated
with treatment of hypertension (1.5).
In comparison, the ORs associated
with observed increases in earlier
fills were all elevated, statistically
significant, and fairly consistent
across disease states (1.3 to 1.6),
with the exception of a lower OR for
depression (1.1). It is noteworthy
that the ORs for observed increases
in previous fills were not meaning-
fully different from those found after
4 to 12 fills. This finding means that
the long-term effects of observed
copayment increases on termination
persist after 12 fills, although the
short-term effects (ie, the ORs asso-

Fig. 3. Projected cumulative probability of medication termination during the study period
among patients with depression who had different sizes of baseline copayment but did not
experience any observed change in copayment.

Fig. 4. Projected cumulative probability of medication termination during the study period
among patients with diabetes who had different sizes of baseline copayment but did not
experience any observed change in copayment.
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ciated with observed increases in the
most recent fill) were no longer sig-
nificant after 12 fills.

Discussion
The results reported here have to

be interpreted in the context of sev-
eral important limitations. Perhaps
the most obvious of these is that
initial copayment size and increase
in copayment were not randomly
assigned, making it impossible to
interpret the results in causal terms.
Adverse selection of workers with
the target disease states into compa-
nies with more generous health in-

surance plans could have dampened
the associations of baseline level of
copayment with probability of subse-
quent termination of treatment. Even
within the same company, a tiered
benefit plan makes it possible for
patients to self-select into higher
(brand name) or lower (generic) co-
payments based on unmeasured fac-
tors that may influence subsequent
termination of treatment. However,
the decision to prescribe a generic
versus brand-name medication is
made largely by the physician, with
health plans typically requiring a ge-
neric substitution when a bioequiva-

lent generic is available, unless the
physician explicitly specifies the
brand-name medication to be “dis-
pensed as written.” Nonetheless, the
possibility of bias was introduced
into the analysis by our inability to
know of and control statistically sit-
uations in which the patient asked
the doctor for the brand-name medi-
cation and decided to pay the higher
copayment for the brand-name rather
than the generic equivalent when the
alternative was offered.

Although adverse selection is less
likely to play a part in accounting for
the associations of observed increase
in copayment with subsequent termi-
nation, another limitation was the
one noted previously in the section
on measures: we learned of copay-
ment increases only when patients
obtained at least one fill at the higher
copayment level. This means that
patients who terminated at the time
of a copayment increase without ever
obtaining a fill at the higher level
were incorrectly defined as having
terminated in the absence of an in-
crease in copayment. This problem
of missing data almost certainly led
to an underestimation of the associ-
ations involving both initial level and
increase in copayment in predicting
termination, which means that the
results presented here are likely to be
conservative.

The same problem could account
for the otherwise counterintuitive
finding that patients with a baseline
$0 copayment generally had a lower
probability of termination than pa-
tients with a $1 to $15 copayment.
This would occur if workers with a
$0 initial copayment were more
likely than those with a higher initial
copayment to experience a subse-
quent increase that was not detected
in our data because of the termina-
tion occurring before making a fill at
the higher level. The same pattern
would occur if workers with an ini-
tial $0 copayment who experienced a
subsequent increase were more
likely than those who experienced an
increase over a higher initial copay-
ment to terminate before making a

Fig. 5. Projected cumulative probability of medication termination during the study period
among patients with epilepsy had different sizes of baseline copayment but did not experience
any observed change in copayment.

Fig. 6. Projected cumulative probability of medication termination during the study period
among patients with heart failure who had different sizes of baseline copayment but did not
experience any observed change in copayment.
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fill at the higher level. Although the
latter possibility is inconsistent with
our failure to find significant interac-
tions between size of baseline copay-
ment and size of observed increase in
predicting termination, this test could
have been downwardly biased be-
cause of selective termination.

An equally plausible interpretation
of the high odds of termination of
patients with $0 copayments in-
volves the fact that no data were
available on the association between
size of copayment and the probabil-
ity that patients failed to fill their
first prescription. Assuming that a

high copayment reduces the proba-
bility of a patient making an initial
fill, we might postulate that psycho-
logical commitment to treatment ad-
herence is higher among patients
who made an initial fill at a non-zero
copayment than at a $0 copayment.
If this is true, then patients with a
baseline $0 copayment presumably
had a lower psychological commit-
ment to treatment than those with
non-zero copayments at the time of
the initial fill, which might account
for why the odds of termination early
in the treatment were found to be
higher among patients with a $0

copayment than with a low copay-
ment. This same process could also
have played a role in the inconsistent
findings regarding the role of ob-
served copayment increases early in
the course of treatment.

Resolution of the uncertainty re-
garding the interpretation of the sur-
prisingly high rates of termination
among patients with a $0 copayment
in future research would require two
improvements in the research design
used here. First, information would
be needed about prescriptions that
were written but never filled, even a
single time. Second, information
would be needed about the size of
the initial copayments and copay-
ment changes independent of phar-
macy claims records. The second of
these two improvements would also
resolve the likely underestimation of
the effects of copayment increase in
our analysis.

Another noteworthy limitation of
our report is that the control vari-
ables were few compared with some
previous studies.12,13,19 This limita-
tion was inherent in the database
analyzed, which included only a
handful of variables that could be
used as controls. Likely, the results
would have been different had we
used a more comprehensive set of
controls. A final limitation is that the
analysis was restricted to patients
whose prescription fills were consis-
tently for 30 days. As noted above,
although such cases represented
most of the patients in the IHCIS
database, the percentage of patients
that terminated treatment was some-
what higher than in the remainder of
the database. The reason for this
difference is unclear, but it raises the
possibility that the generalizability of
the results is limited by the restric-
tion of the sample to 30-day refills.

Within the context of the above
limitations, five results are notewor-
thy. First, the proportions of patients
found to terminate treatment were
disturbingly high. These seemed to
be higher rates than found in most
previous studies of treatment compli-
ance, but this is because previous

Fig. 7. Projected cumulative probability of medication termination during the study period
among patients with hyperlipidemia had different sizes of baseline copayment but did not
experience any observed change in copayment.

Fig. 8. Projected cumulative probability of medication termination during the study period
among patients with hypertension who had different sizes of baseline copayment but did not
experience any observed change in copayment.
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studies have typically looked at com-
pliance in the medication possession
ratio, a measure of the proportion of
days medications are thought to be
used based on refill timing during the
time the patient is on medication.
There is no reason to think that this
approach will lead to the same com-
pliance estimates as the approach
taken in this report, which used
survival analysis to study the cumu-
lative probability of eventual termi-
nation. The estimated proportions of
termination seemed large because
they were, in fact, large. As noted
previously in the section on the op-
erational definition of the outcome,
we could have reduced the estimates
of termination to 85% to 95% of the
values estimated by increasing the
time window for a refill after the 60
days used here. However, one has to
question whether a refill of a 30-day
prescription after 90 days or 120
days or, even in some cases, 180
days represents a “refill” or the start
of a new treatment. In any event,
replication of the analyses with a
wider time window found that our
results regarding the significance of
predictors of termination are insensi-
tive to whether termination is de-
fined as no refill after 60 days versus
after a longer number of days (results
available on request), so the final

resolution of the issue is not critical
for the substantive purposes of this
report. The proportions of patients
that terminated, even under the most
generous definition of continuation,
are large enough to be disturbing.

Second, the data were clear in
showing that high initial copayments
and observed increases in copay-
ments are associated with elevated
risk of terminating medication across
all the disease states that we consid-
ered. This finding is consistent with
the results of previous studies9,10,19

that have documented effects of co-
payments in predicting adherence,
although these studies generally did
not distinguish between skipping
doses among patients who continued
treatment and patients who termi-
nated treatment.

Third, the data show clearly that
the effects of copayment level vary
across disease states. Such variation
has long been known to exist.20

However, the factors that account for
this variation are a source of uncer-
tainty. Although some research21

finds that patient sensitivity to cost-
sharing is greater for medications
that might be considered discretion-
ary rather than essential, other re-
search22 finds that this distinction is
not an important one. Another possi-
bility suggested in a recent report9 is

that copayment effects vary most
strongly as a function of whether the
medication is used consistently (in
which copayment effects were found
to be comparatively low) or only
intermittently (in which copayment
effects were found to be higher) for
symptom relief. We found exactly
the opposite between-disease state
pattern of variation in the effect of
stable copayment level. The least
effect of stable copayment level after
12 fills in our data was associated
with rhinitis, in which the difference
in probability of termination between
patients with the highest versus low-
est stable non-zero copayment levels
was 4.2%. This presumably relates to
the fact that people with rhinitis usu-
ally use medications only seasonally.
Most of these patients terminate
treatment within a few fills and thus
are likely to be less selective to the
size of the copayment. Consistent
with this thinking, the two disease
states with the next minimal effects
of stable copayment level with the
same points of comparison (ie, the
difference in cumulative probability
of termination at 12 fills at the high-
est and lowest stable non-zero co-
payment levels) were asthma (7.7%)
and depression (11.2%). These two
disease states are similar to rhinitis
because more patients use medica-
tion to treat their conditions either
seasonally or in association with dis-
crete episodes of illness. All other
disease states considered here re-
quire ongoing maintenance medica-
tion. In light of this fact, it is striking
that the effects of stable copayment
levels with the same points of com-
parison are consistently higher for
these other disease states (16.1% to
18.7%) than for rhinitis, asthma, or
depression.

Fourth, the data suggest that the
effects of stable copayment level are
different for new patients than con-
tinuing patients. Previous research
has documented that new medication
users are more price-sensitive than
ongoing users.9,10 The patterns found
in the current analysis, though, are
more textured because they show the

Fig. 9. Projected cumulative probability of medication termination during the study period
among patients with rhinitis who had different sizes of baseline copayment but did not experience
any observed change in copayment.
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effects of copayment level to be most
pronounced in the first few fills, the
effects of recent copayment in-
creases to be most pronounced in the
remainder of the first 12 fills, and the
effects of copayment increases in
previous fills to persist for at least 24
months. We also found that this in-
tertemporal variation differs across
disease states. The short-term effects
of high initial copayments are more
pronounced for some states than

others, but the long-term effects of
observed copayment increases in
previous fills are fairly consistent
across almost all disease states. It is
not clear how to make sense of this
variation, but it is important to rec-
ognize that it exists if employer
changes in pharmacy benefits plans
are developed based on such results.

Fifth, the data mentioned in the
last paragraph suggest an interesting
specification that, to our knowledge,

has not been noted previously in the
literature: the effect of copayment
level is less persistent than the effect
of observed copayment increase. As
described in the last paragraph, the
effect of baseline copayment level is
confined largely to the first few fills,
whereas the effect of observed co-
payment increase persists until the
end of the study period (24 fills).
Factors other than rational financial
ones must be involved because fi-

TABLE 3
Projected Cumulative Probability of Medication Termination by Number of Fills and Size of Baseline Copayment Among
Patients With Presumably Stable Copayments

Copayment

Number of Fills

6 12 18 24

% (SE) % (SE) % (SE) % (SE)

I. Asthma
$0 86.4 (0.5) 93.2 (0.4) 95.8 (0.4) 96.8 (0.3)
$1–15 83.0 (0.2) 89.4 (0.2) 92.9 (0.2) 95.0 (0.2)
$16–30 85.2 (0.2) 91.4 (0.2) 94.3 (0.2) 96.2 (0.2)
$31� 94.3 (0.6) 97.1 (0.5) 97.9 (0.5) 100.0 —

II. Depression
$0 68.1 (0.9) 82.0 (0.8) 88.6 (0.7) 92.4 (0.7)
$1–15 56.1 (0.3) 73.7 (0.3) 84.8 (0.2) 90.9 (0.2)
$16–30 60.5 (0.3) 78.1 (0.3) 87.7 (0.3) 93.6 (0.2)
$31� 68.8 (1.0) 84.9 (0.9) 92.9 (0.8) 96.0 (0.8)

III. Diabetes
$0 35.3 (0.5) 46.9 (0.6) 54.2 (0.6) 60.5 (0.6)
$1–15 47.5 (0.3) 62.0 (0.3) 70.9 (0.3) 77.5 (0.3)
$16–30 57.8 (0.7) 71.6 (0.7) 80.0 (0.7) 85.7 (0.7)
$31� 83.1 (2.6) 88.7 (2.3) 93.1 (1.9) 98.7 (0.9)

IV. Epilepsy
$0 48.2 (2.3) 64.3 (2.3) 72.1 (2.3) 77.6 (2.3)
$1–15 43.1 (1.0) 56.3 (1.0) 66.4 (1.1) 76.2 (1.1)
$16–30 46.7 (1.3) 58.5 (1.4) 69.1 (1.4) 76.3 (1.4)
$31� 64.9 (6.7) 72.4 (6.5) 79.3 (6.5) 86.2 (7.1)

V. Heart failure
$0 62.0 (0.9) 76.1 (0.9) 83.0 (0.9) 86.0 (0.9)
$1–15 58.8 (0.8) 70.7 (0.8) 78.6 (0.9) 84.0 (0.9)
$16–30 64.2 (1.7) 76.7 (1.7) 83.0 (1.6) 87.2 (1.7)
$31� 84.0 (7.7) 89.3 (6.7) 89.3 (6.7) 89.3 (6.7)

VI. Hyperlipidemia
$0 52.7 (1.0) 67.8 (1.1) 76.1 (1.1) 82.5 (1.2)
$1–15 46.5 (0.2) 61.7 (0.2) 73.4 (0.2) 82.0 (0.2)
$16–30 52.8 (0.2) 68.1 (0.2) 78.1 (0.2) 85.9 (0.2)
$31� 68.9 (0.9) 80.4 (0.8) 87.6 (0.8) 93.8 (0.9)

VII. Hypertension
$0 49.0 (0.3) 61.9 (0.4) 71.4 (0.4) 78.2 (0.4)
$1–15 45.4 (0.2) 58.6 (0.2) 69.0 (0.2) 77.0 (0.2)
$16–30 50.7 (0.3) 64.7 (0.3) 75.0 (0.3) 82.3 (0.4)
$31� 63.3 (1.0) 75.3 (1.0) 84.1 (0.9) 91.2 (0.9)

VIII. Rhinitis
$0 95.7 (0.2) 98.3 (0.2) 98.9 (0.1) 99.1 (0.1)
$1–15 89.6 (0.1) 94.5 (0.1) 96.8 (0.1) 98.4 (0.1)
$16–30 93.2 (0.1) 97.0 (0.1) 98.6 (0.1) 99.3 (0.1)
$31� 95.9 (0.2) 98.7 (0.1) 99.5 (0.1) 99.8 (0.1)

SE indicates standard error.
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nancial factors are held constant in
the comparison. For example, al-
though a $10 difference in the con-
tribution of a patient with a stable
$25 copayment compared with a pa-
tient with a stable $15 copayment is
not associated with significantly ele-
vated odds of termination after the
first few fills, the same $10 within-
patient observed increase in copay-
ment after the first few fills is
associated with significantly ele-
vated odds of termination. This dif-
ference is most plausibly attributed
to a figure-ground phenomenon: the
baseline copayment is perceived as
the fair price among patients who
remain in treatment for more than a
few fills, whereas further increases
are considered to exceed the fair

price. Importantly, the significant
effect of copayment increase persists
even when the increase occurs before
the most recent fill. Furthermore, the
effect continues through the end of
the study period.

The observations in the last para-
graph argue against the otherwise
reasonable strategy of employers ad-
dressing the association between
high baseline copayment and high
probability of termination by making
initial copayments low and then in-
creasing copayments after the patient
has made enough fills to become
insensitive to copayment size. As
suggested above, the problem with
this strategy is that the copayment
increase might independently lead to
termination. Therefore, it might be

useful for employers to consider
other strategies that lead to initial
cost reduction without affecting co-
payments, such as discount coupons
that would pay for medication
copayments for the first few fills.
Another possibility is to consider
nonfinancial strategies to decrease
termination among patients with
high copayments during the early
part of treatment until the patients
become insensitive to copayment
size. A number of controlled trials2

have documented significant effects
of such diverse nonfinancial strate-
gies to increase adherence with med-
ication regimens. Patient education
and telephonic case management
seemed most promising, although the
outcomes in these intervention studies

TABLE 4
Estimated Associations of Copayment Increases With Odds of Medication Termination as a Function of Number of
Previous Fills†

Observed Increase in Current Fill
Observed Increase in

Past Fill

$1–10 $11� $1�

OR 95% CI OR 95% CI OR 95% CI

I. 0–3 Past fills
Asthma 0.9 (0.8–1.0 ) 0.6* (0.5–0.7) 0.5* (0.4–0.6)
Depression 1.3* (1.2–1.4 ) 1.2* (1.0–1.4 ) 1.0 (0.9–1.1 )
Diabetes 0.8* (0.7–0.9) 0.6* (0.4–0.7) 1.0 (0.9–1.2 )
Epilepsy 0.8 (0.6–1.2 ) 0.4* (0.2–0.9) 0.9 (0.6–1.5 )
Heart failure 0.4* (0.3–0.4) 0.3* (0.2–0.4) 0.8* (0.6–1.0 )
Hyperlipidemia 1.6* (1.5–1.8 ) 1.3* (1.2–1.4 ) 1.2* (1.1–1.4 )
Hypertension 0.6* (0.6–0.7) 0.6* (0.6–0.7) 0.8* (0.8–0.9)
Rhinitis 1.4* (1.3–1.5 ) 1.0 (0.9–1.1 ) 1.0 (0.9–1.1 )

II. 4–12 Past fills
Asthma 1.6* (1.3–1.9 ) 1.7* (1.2–2.2 ) 1.4* (1.3–1.5 )
Depression 1.3* (1.2–1.4 ) 1.7* (1.5–2.0 ) 1.3* (1.2–1.3 )
Diabetes 1.3* (1.2–1.5 ) 1.4* (1.1–1.9 ) 1.4* (1.3–1.5 )
Epilepsy 1.4 (1.0–2.1 ) 2.1* (1.1–4.0) 1.6* (1.3–2.0 )
Heart failure 1.2 (0.9–1.5 ) 1.2 (0.7–2.0 ) 1.2* (1.0–1.4 )
Hyperlipidemia 1.3* (1.2–1.4 ) 1.7* (1.5–1.9 ) 1.4* (1.4–1.5 )
Hypertension 1.4* (1.3–1.5 ) 1.9* (1.7–2.2 ) 1.3* (1.3–1.4 )
Rhinitis 1.9* (1.7–2.2 ) 2.2* (1.9–2.4 ) 1.2* (1.1–1.3 )

III. 13� Past fills
Asthma 0.9 (0.6–1.5 ) 1.0 (0.3–3.1 ) 1.4* (1.3–1.7 )
Depression 0.9 (0.7–1.2 ) 1.4 (1.0–2.0 ) 1.1* (1.1–1.2 )
Diabetes 0.9 (0.7–2.1 ) 1.1 (0.6–2.1 ) 1.6* (1.5–1.7 )
Epilepsy 0.5 (0.2–1.4 ) 0.5 (0.1–3.4 ) 1.4* (1.2–1.8 )
Heart failure 1.0 (0.5–2.1 ) 1.3 (0.3–5.4 ) 1.6* (1.3–2.0 )
Hyperlipidemia 1.1 (0.9–1.3 ) 1.3 (1.0–1.7 ) 1.3* (1.2–1.3 )
Hypertension 1.0 (0.9–1.2 ) 1.5* (1.2–2.0 ) 1.4* (1.3–1.4 )
Rhinitis 2.0* (1.4–2.6 ) 2.6* (2.0–3.5 ) 1.5* (1.3–1.6 )

*Significant at the 0.05 level, two-sided test.
†Controlling for patient age, sex, modified Charlson score, and baseline copayment level.
OR indicates odds ratio; CI, confidence interval.
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were typically composite measures of
adherence that failed to distinguish
between termination of treatment and
skipping doses among patients who
continued treatment. Furthermore,
no attempts have been made to eval-
uate the extent to which these inter-
ventions reduce the effect of high
copayments on low medication ad-
herence. Such focused evaluations
might be a useful next step in inves-
tigating the adverse effects of high
copayments on patient adherence
with medication regimens.
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Associations Between Particulate Sulfate and
Organic Carbon Exposures and Heart Rate
Variability in Patients With or at Risk for
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Learning Objectives
• Summarize what previous studies have shown about a link between

exposure to air pollution and changes in heart rate variability (HRV) that
might be associated with an increased risk of cardiovascular disease (CVD).

• Identify those pollutants that, in single-, two-, and three-pollutant models,
are associated with reduced HRV on 24-hour ambulatory ECG monitoring
in subjects considered to be at increased risk of CVD.

• Explain possible mechanisms by which exposure to air pollutants might
reduce HRV.

Abstract
Objective: It is still unknown whether specific components in fine particles are

associated with heart rate variability (HRV) reduction. Methods: We recruited 46
patients with or at risk for cardiovascular diseases to measure 24-hour HRV by
ambulatory electrocardiographic monitoring. Fixed-site air-monitoring stations were
used to represent participants’ exposures to particles with aerodynamic diameters less
than 10 �m (PM10) and 2.5 �m (PM2.5), and particulate components of sulfate, nitrate,
organic carbon (OC) and elemental carbon, and gaseous pollutants. Results: We
found that HRV reduction was associated with sulfate, OC, and PM2.5 but not with the
other five pollutants in single-pollutant models. Sulfate was found to remain in
significant association with HRV reduction adjusting for OC and PM2.5 in three-
pollutant models. Conclusions: Exposures to sulfate and OC in PM2.5 were
associated with HRV reduction in patients with or at risk for cardiovascular diseases.
(J Occup Environ Med. 2007;49:610–617)

A n epidemiological association among
long- and short-term exposure to fine
particles, particulate matter less than
2.5 �m in aerodynamic diameter
(PM2.5), and cardiovascular mortality1

and morbidity,2 respectively, has been
supported by the association between
PM2.5 and heart rate variability (HRV)
changes, a possible mechanism linking
particulate air pollution to increased
risk for cardiovascular diseases, in sev-
eral panel studies.3–14 Epidemiological
studies report that components in
PM2.5 have also been linked to in-
crease in cardiovascular mortality15–18

and emergency department visits for
cardiovascular diseases.19,20 Neverthe-
less, the role of PM components in
reducing HRV has not been clearly
established in previous studies. Four
panel studies reported positive associ-
ations between components in fine
particles and HRV reduction. High
concentrations of black carbon were
associated with HRV changes for el-
derly participants in Boston, USA.8,9

Exposure to sulfur content in PM2.5

was associated with HRV changes for
healthy young adult men in North
Carolina, USA.12 Sulfate in PM2.5 was
associated with HRV changes for se-
nior adults in Ohio, USA.14 One study
found no association between sulfate
in PM2.5 and HRV reduction among
patients with chronic obstructive pul-
monary diseases (COPDs) in Vancou-
ver, Canada.21

We believe that difference in air
pollution levels and study subjects’
susceptibility, and available mea-
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surements of PM components con-
tributed to inconsistent findings of
association between PM components
and HRV in these panel studies. By
following up HRV changes of 46
patients with or at risk for cardiovas-
cular diseases to observe their response
to urban air pollutants, including sul-
fate, nitrate, organic carbon (OC), and
elemental carbon (EC), we intended to
answer whether specific components
in fine particles are associated with
impaired cardiac autonomic control in
Taipei, Taiwan.

Materials and Methods

Panelists
We recruited 46 patients with cor-

onary heart disease (CHD) or who
were at risk for cardiovascular
disease, including hypertension, dia-
betes mellitus, and hypercholesterol-
emia, from the outpatient clinics of
the cardiology section in National
Taiwan University Hospital to be our
study participants for this panel
study during February 12 to 20,
2004. Each participant’s sex; age;
body mass index (BMI); time-
activity patterns, including walking,
sleeping, and dining; medical his-
tory; and current health status, in-
cluding CHD, hypertension, diabetes
mellitus, and hypercholesterolemia,
were obtained from medical charts
and physical examinations. Profes-
sionally trained nurses performed
blood pressure measurements for
each participant with a mercury
sphygmomanometer. CHD patients
included those who had a history of
angina pectoris, acute myocardial in-
farction, or both, and had cardiac
catheterized and percutaneous trans-
luminal coronary angioplasty during
the past year but excluded those who
were hospitalized or had thrombo-
lytic therapy during the last 3 months
before the study period. The criteria
of Chobanian et al22 were used to
define participants as hypertensive
(systolic blood pressure �140 mm
Hg or diastolic blood pressure �90
mm Hg). Participants with fasting
serum glucose �6.99 mmol/L in at

least two different measurements or
had a history of taking oral hypogly-
cemic agents were considered as
having diabetes mellitus. The US
National Cholesterol Education Pro-
gram–Adult Treatment Panel III
guideline23 was adopted to define
hypercholesterolemia to be low-
density lipoprotein cholesterol �160
mg/dL among participants. All par-
ticipants are residents in the Taipei
metropolitan areas and none of them
had hyperthyroidism, hypoxemia,
hypercapnia, acute cardiopulmonary
failure, or paced cardiac rhythm.
They were informed of the objective
of this study, the benefits, and possible
danger to health. The ethic committee
of the National Taiwan University
Hospital approved this study. In-
formed consent was obtained from
each participant before the study em-
barked and the individuals were al-
lowed to give up at any moment.

Continuous Holter Monitoring
We performed 24-hour continuous

ambulatory electrocardiographic
monitoring for each participant by
using a PacerCorder three-channel
device (model 461A; Del Mar Med-
ical Systems LLC, Irvine, CA) with a
sampling rate of 250 Hz (4 millisec-
onds). All electrocardiographic tapes
were analyzed by the National Tai-
wan University Hospital using a Del-
mar Avionics model Strata Scan 563
(Irvine, CA). The missing intervals
of the raw normal-to-normal (NN)
data were linearly interpolated and
resampled at 4 Hz by the Ron-Berger
method.24 Each 5-minute segment of
NN intervals was taken for HRV
analysis. The time domain measure-
ments of HRV were the standard
deviation of all NN intervals
(SDNN), and the square root of the
mean of the sum of the squares of
differences between adjacent NN in-
tervals (r-MSSD). The frequency-
domain measurements of HRV
included low frequency (LF; 0.04–
0.15 Hz) and high frequency (HF;
0.15–0.40 Hz), which were calcu-
lated by Welch averaged perio-
dogram of the NN intervals.25,26 To

avoid sleep effects on HRV, we used
14 consecutive hours of Holter mea-
surements when the participants
were awake between 8:00 AM and
10:00 PM in our data analysis. Each
subject obtained approximately 168
successful segments of 5-minute
HRV measurements for further data
analysis.

Particulate and Gaseous
Air Pollution

Hourly air pollution levels of
PM2.5, components of PM2.5, includ-
ing sulfate, nitrate, OC, and EC,
were measured at the PM Supersite
monitoring station, which is located
in the center of the Taipei metropol-
itan area, and were used to represent
all study participants’ particulate ex-
posures. Collocated Rupprecht and
Patashnick 1400a tapered element
oscillating microbalance sampler
(Thermo Electron Corporation, East
Greenbush, NY) was used to deter-
mine the concentrations of PM2.5.
Ambient carbon particulate Monitor
5400 (Rupprecht and Patashnick Co,
Inc, Albany, NY) was used to deter-
mine the concentrations of organic
and elemental carbons in PM2.5. Am-
bient particulate nitrate Monitor
8400N (Rupprecht and Patashnick
Co, Inc) and ambient particulate sul-
fate Monitor 8400S (Rupprecht and
Patashnick Co, Inc) were used to
determine the concentrations of ni-
trate and sulfate. Hourly concentra-
tions of PM10, nitrogen dioxide
(NO2), carbon monoxide (CO), sul-
fur dioxide (SO2), and ozone (O3)
measured at 12 fixed-site air-moni-
toring stations around the Taipei
metropolitan area were used to rep-
resent each participant’s exposure to
gaseous pollutants by assigning each
of them to 1 of 12 stations within 1
km of their residence. The instru-
mentation used in the fixed-site mon-
itoring stations are �-gauge for
PM10; UV absorption for O3; UV
fluorescence for SO2; chemilumines-
cence for NO2; and nondisperse in-
frared absorption for CO. The air
pollution data of the same sampling
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duration with individual participant’s
HRV measurements were abstracted
from the air monitoring stations and
used in the statistical analysis.

Statistical Analysis
We first plotted all 10 air pollut-

ants by the four HRV indices for
each participant to determine
whether there were observed trends
among them, and whether there were
any outliers heavily influenced such
trends. We then applied linear
mixed-effects regression models to
examine the association between in-
dividual air pollutant and each HRV
index for our study participants by
running the statistical package of
S-PLUS 2000 (MathSoft Inc, Cam-
bridge, MA). We treated each partic-
ipant’s sex, age, BMI, diseases
(CHD, hypertension, hypercholester-
olemia, and diabetes mellitus), and
use of �-blockers (use vs non-use) as
time-invariant variables, whereas air
pollutants, hour-of-day, temperature,
relative humidity, and HRV indices
as time-varying variables in our data
analysis. The outcome variables
were 5-minute averages of SDNN,
r-MSSD, LF, and HF, and the expo-
sure variables were 1- to 8-hour
moving averages of PM10, PM2.5,
sulfate, nitrate, OC, EC, NO2, CO,
SO2, and O3. All HRV indices were
log10-transformed to improve nor-
mality and stabilize the variance for
further data analysis. In our mixed-
effects models, we treated partici-
pant’s sex, age, BMI, diseases, use of
�-blockers, hour-of-day, tempera-
ture, relative humidity, and air pol-
lutants as fixed effects and each
participant as a random effect. We
used smoothing spline in S-PLUS to
plot outcome variables against tem-
perature to determine whether their
trends were linear or nonlinear. Our
final models used a nonlinear term to
control the temperature effect. We
constructed 80 single-pollutant
mixed-effects models for each of
these 10 air pollutants with eight
different time averages. We then
built our multipollutant mixed-
effects models by including those air

pollutants that were significantly
associated with HRV indices in sin-
gle-pollutant models. The first-order
autoregressive model was chosen to
adjust temporal autocorrelation of
HRV measurements because residual
plots showed that first-order autore-
gressive model was sufficient to re-
move the autocorrelation of the
observed outcome series. Minimizing
Akaike Information Criterion27 was
used as the criterion of model selec-
tion. The pollution effects are ex-
pressed as percent changes in HRV by
an interquartile range (IQR) change in
pollution levels for each air pollutant.

Results
Summarized statistics for HRV

and personal characteristics for the
46 study participants are presented in
Table 1. Our study subjects were
adult patients with a mean age of 70

years (SD � 11.7 years); 28% of
them were overweight (25 kg/m2 �
BMI �30 kg/m2), and another 4%
were obese (BMI �30 kg/m2). There
were more women than men, creat-
ing a ratio of approximately 3:2. Of
the 46 participants, 93% were at risk
of cardiovascular disease and an-
other 7% were CHD patients. There
were 14 participants (30%) taking
�-blockers during the study. Table 2
presents air pollution data and tem-
perature levels during the study pe-
riod. When our participants’ HRV
indices were measured during the
study period of February 12 to 20 in
Taipei, they were experiencing com-
paratively high PM pollution with
PM10 levels of 90.5 � 48.6 �g/m3

(mean � SD), and PM2.5 concentra-
tions of 51.7 � 40.1 �g/m3. Like-
wise, the concentrations of certain
PM components were concurrently
high, such as OC and sulfate at a
concentration of 7.7 � 5.9 �g/m3

and 13.3 � 12.6 �g/m3, respectively.
By contrast, the concentrations of the
rest of the PM components and most
gaseous pollutants were compara-
tively low. The temperature was
moderately pleasant at 22.4°C �
3.5°C. Pearson correlations showed
high correlations between PM2.5 and
OC (r � 0.81), EC (r � 0.71),
sulfate (r � 0.87), and nitrate (r �
0.86), and moderate correlations be-
tween PM10 (r � 0.65) and NO2 (r �
0.58) among all 2 � 2 combinations
of the 10 air pollutants.

The associations between particu-
late air pollution and HRV indices
estimated by the single-pollutant
mixed-effects models are shown in
Table 3. With sex, age, BMI, dis-
eases, hour-of-day, temperature, and
use of �-blockers being adjusted in
our single-pollutant mixed-effects
models, we found that only PM2.5,
sulfate, and OC exposures at certain
time averages significantly de-
creased HRV indices for our cardiac
patients among the 10 air pollutants
examined in this study. By contrast,
EC, nitrate, O3, NO2, CO, and SO2

exposures were not associated with
any HRV indices in our study par-

TABLE 1
Basic Characteristics of 46 Study
Participants

Variables

Sex, n (%)
Female 27 (59)
Male 19 (41)

Health status, n (%)
Coronary heart disease 3 (7)
Hypertension 24 (52)
Hypercholesterolemia 11 (24)
Diabetes mellitus 8 (17)

�-Blocker medication, n (%) 14 (30)
Age, yr

Mean � SD 70.0 � 11.7
Range 40–88

Body mass index, kg/m2

Mean � SD 24.8 � 3.1
Range 17.2–33.9

5-Min HRV (Mean � SD)
Log SDNN, ms 1.62 � 0.32

Range 0.70–2.50
Log r-MSSD, ms 1.08 � 0.42

Range 0.44–2.05
Log LF, ms2 2.41 � 0.79

Range 0.01–4.51
Log HF, ms2 2.27 � 0.91

Range 0.56–4.43

SDNN indicates the standard deviation of
all normal-to-normal (NN) intervals; r-
MSSD, the square root of the mean of the
sum of the squares of differences between
adjacent normal-to-normal (NN) intervals;
LF, low frequency; HF, high frequency.
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ticipants (data not shown). For
time-domain HRV indices, SDNN
decreased by 3.96% per IQR of
PM2.5 at 1-hour moving average
(53.0 �g/m3), 3.85% to 5.20% per
IQR of sulfate at 3- to 4-hour moving
averages (12.8 to 14.5 �g/m3), and

2.72% per IQR of OC at 4-hour
moving average (6.7 �g/m3), respec-
tively. Likewise, r-MSSD decreased
by 5.85% to 6.88% per IQR of PM2.5

at 1- to 2-hour moving averages
(53.0 to 59.0 �g/m3), 5.50% to
9.81% per IQR of sulfate at 1- to

4-hour moving averages (12.8 to
14.6 �g/m3), and 4.60% per IQR of
OC at 4-hour moving average, re-
spectively. For frequency-domain
HRV indices, we observed the reduc-
tions in LF of 9.80% to 11.70% and
9.00% to 14.40% associated with
IQR changes in 1- to 4-hour moving
averages of PM2.5 (53.0 to 65.8 �g/
m3) and sulfate, respectively. A re-
duction in LF of 5.27% was also
observed per IQR changes of 4-hour
moving averaged OC. The magni-
tudes in HF reductions by PM2.5,
sulfate, and OC at 1- to 4-hour mov-
ing averages were similar to those in
LF reductions at the same moving
averages.

We further performed multipollut-
ant mixed-effects models with
PM2.5, sulfate, and OC at 1- to
4-hour moving averages in our mod-
els to determine which pollutant is
associated with HRV changes. Our
two-pollutant models found that both
sulfate and OC had reducing effects
on HRV indices after adjusting
PM2.5 and other key personal and

TABLE 2
Summary Statistics of Air Pollution and Temperature Levels Experienced by
Participants During the Study Period of February 12–20, 2004

Variables n Mean � SD Range
Interquartile

Range

PM10, �g/m3 624 90.5 � 48.6 7.0–230.0 72.0
PM2.5, �g/m3 626 51.7 � 40.1 1.0–163.0 53.0
OC in PM2.5, �g/m3 624 7.7 � 5.9 1.4–28.3 7.8
EC in PM2.5, �g/m3 624 2.7 � 3.7 0.1–23.6 3.5
Nitrate in PM2.5, �g/m3 626 6.1 � 7.9 0.3–29.0 8.1
Sulfate in PM2.5, �g/m3 638 13.3 � 12.6 1.7–90.9 14.6
O3, ppb 558 35.1 � 27.5 1.0–192.0 32.8
NO2, ppb 622 38.4 � 22.1 1.0–110.0 31.8
SO2, ppb 605 5.1 � 5.0 0.1–39.4 6.3
CO, ppm 607 1.1 � 0.8 0.1–3.8 0.9
Temperature, °C 638 22.4 � 3.5 15.4–30.9 5.5
Relative humidity, % 638 70.7 � 2.8 66.3–77.8 4.2

PM2.5 indicates particulate matter less than 2.5 �m in aerodynamic diameter; PM10,
particulate matter less than 10 �m in aerodynamic diameter; OC, organic carbon; EC,
elemental carbon; O3, ozone; NO2, nitrogen dioxide; SO2, sulfur dioxide; CO, carbon
monoxide.

TABLE 3
Percentage Changes (95% CI)* in HRV Indices for Interquartile Range Changes in Particulate Air Pollution Estimated by
Single-Pollutant Mixed-Effects Models

Exposure Matrix PM2.5 Sulfate OC

SDNN
1-hr moving �3.96 (�7.08 to �0.84) �2.02 (�5.40 to 1.35) �1.31 (�4.11 to 1.49)
2-hr moving �3.37 (�7.56 to 0.31) �3.33 (�7.05 to 0.39) �1.23 (�3.61 to 1.16)
3-hr moving �2.80 (�7.14 to 1.54) �5.20 (�9.24 to �1.16) �2.20 (�4.85 to 0.44)
4-hr moving �2.30 (�6.69 to 2.09) �3.85 (�7.63 to �0.06) �2.72 (�5.36 to �0.09)

r-MSSD
1-hr moving �5.85 (�10.80 to �0.90) �5.50 (�10.80 to �0.20) �1.70 (�6.24 to 2.84)
2-hr moving �6.88 (�12.69 to �1.08) �7.00 (�12.85 to �1.15) �1.66 (�5.48 to 2.16)
3-hr moving �6.00 (�12.86 to 0.87) �9.81 (�16.16 to �3.46) �2.79 (�7.00 to 1.42)
4-hr moving �5.20 (�12.15 to 1.75) �8.69 (�14.63 to �2.76) �4.60 (�8.77 to �0.42)

LF
1-hr moving �9.80 (�15.54 to �4.07) �9.00 (�15.19 to �2.80) �4.50 (�9.90 to 1.00)
2-hr moving �11.00 (�17.74 to �4.27) �9.58 (�16.45 to �2.72) �2.70 (�7.21 to 1.81)
3-hr moving �11.70 (�19.62 to �3.77) �14.40 (�21.75 to �7.05) �3.59 (�8.51 to 1.34)
4-hr moving �11.32 (�19.31 to �3.33) �12.50 (�19.34 to �5.66) �5.27 (�10.14 to �0.40)

HF
1-hr moving �6.39 (�12.74 to �0.05) �7.58 (�14.34 to �0.81) �4.30 (�10.12 to 1.53)
2-hr moving �8.20 (�15.63 to �0.78) �9.20 (�16.67 to �1.73) �3.72 (�8.60 to 1.16)
3-hr moving �8.27 (�17.00 to 0.46) �13.70 (�21.75 to �5.65) �5.76 (�11.09 to �0.43)
4-hr moving �8.42 (�17.21 to 0.36) �12.60 (�20.08 to �5.13) �8.00 (�13.25 to �2.76)

*Coefficients are expressed as percent changes for interquartile range changes in air pollution exposures in models adjusting for sex, age,
body mass index, diseases, use of beta-blockers, hour of day, temperature, and relative humidity.

CI indicates confidence interval; PM2.5, particulate matter less than 2.5 �m in aerodynamic diameter; OC, organic carbon; SDNN, the
standard deviation of all normal-to-normal (NN) intervals; r-MSSD, the square root of the mean of the sum of the squares of differences
between adjacent normal-to-normal (NN) intervals; LF, low frequency; HF, high frequency.
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environmental attributes. As shown
in Fig. 1A, all HRV indices were
significantly decreased by 3- to
4-hour moving averages of sulfate.
The corresponding HRV reductions
per IQR of sulfate were 7.01% to
7.70% for SDNN, 14.19% to 18.18%
for r-MSSD, 11.85% to 13.79% for
LF, and 16.03% to 20.77% for HF.
As shown in Fig. 1B, we also found
reductions in SDNN, r-MSSD, and
HF by 3.69%, 5.25%, and 7.51% per
IQR of OC at 4-hour moving aver-
age. By contrast, PM2.5 was no
longer associated with any HRV in-
dices in our multipollutant mixed-
effects models. By putting together
sulfate, OC, and PM2.5 to three-
pollutant models, we found that only
sulfate remained in significant asso-
ciation with HRV reduction. Per-
sonal characteristics, such as sex,
age, BMI, diseases, use of �-block-
ers, temperature, and relative humid-
ity, did not affect the relationship
between sulfate and OC and HRV
indices in multipollutant mixed-
effects models.

Discussion
Previous studies have consistently

reported PM associations with de-
creased HRV in older adults3,4,6–

11,13,14,21,28–30 (Table 4). Our study
confirms that PM2.5 has comparable

magnitudes of effects on decreasing
time-domain and frequency-domain
HRV indices in patients with CHD,
hypertension, or diabetes mellitus as
reported in previous panel stud-
ies3,4,6–11,13,14 (Table 4). In addition
to the PM2.5 effects on HRV, our
study also shows that two compo-
nents in fine particles, ie, sulfate and
OC, were associated with HRV re-
duction in the susceptible population.
As the results of multipollutant mod-
els showed, fine particles’ compo-
nents have stronger prediction for
HRV reduction than fine particles
itself. Our findings of sulfate as a
predictor of altering both time-
domain and frequency-domain HRV
indices are similar to the study con-
ducted in North Carolina12 and
Ohio,14 USA. Our study is the first
one to identify that OC in fine parti-
cles, in addition to sulfates, can
reduce HRV in a susceptible popula-
tion. The positive associations be-
tween HRV reduction and sulfate
and OC support previous epidemio-
logical studies about their roles in
cardiovascular mortality17,18 and
morbidity.19,20

The possible pathophysiological
mechanism between sulfate in PM2.5

and effects of cardiovascular re-
sponses is that inhaled particles
might exacerbate the autonomic

function of the heart via induced
inflammation in lung and proinflam-
matory cytokine expression in car-
diac macrophages.31 It has been
postulated that acid aerosols are
likely to mediate adverse health ef-
fects after exposure to particulate air
pollution.32 Exposure to acid aero-
sols can be associated with several
adverse health effects, including in-
tra- and intercellular edema in the
mucosa,33 increased airway resis-
tance,34 and lung function impair-
ment.35 A controlled human exposure
study, which recruited 37 young
healthy volunteers exposed to either
filtered air or concentrated ambient
particles, reported that a sulfate/
Fe/Se factor was associated with in-
creased bronchoalveolar lavage per-
centage of neutrophils.36 One recent
epidemiological study also reported
that increases in sulfate in PM2.5

were associated with decreased flow-
mediated and nitroglycerin-mediated
vascular reactivity among patients
with diabetes.37 These findings sug-
gest that sulfate-induced pulmonary
inflammation is one possible mecha-
nism responsible for HRV decreases
in our study population. By contrast,
the underlying mechanism of partic-
ulate OC in altering autonomic func-
tion is still unknown because no

Fig. 1. Percentage changes in heart rate variability (HRV) indices for interquartile range changes in (A) sulfate and particulate matter less than
2.5 �m in aerodynamic diameter (PM2.5), and (B) organic carbon (OC) and PM2.5 levels among all participants estimated by two-pollutant
mixed-effects models adjusting for sex, age, body mass index, use of �-blockers, diseases, hour-of-day, temperature, and relative humidity.
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study results have been reported on
this issue yet.

Particulate OC in an urban envi-
ronment is primarily from tail-pipe
emissions of diesel exhaust parti-
cles,38 whereas particulate sulfate is
the secondary aerosols formed by the
oxidation of SO2 emitted from the
stacks of coal-burning power plants,
smelters, plants burning residual oil,
and the tail-pipes of diesel cars and
trucks. By applying chemical mass
balance models to apportioning
PM2.5 measurements in the PM Su-
persite monitoring station, we found
that potential PM2.5 sources were
42.7% from emissions of gasoline
cars, 28.8% from emission of heavy-
duty diesel vehicles, and 26.8% from
emissions of light-duty diesel vehi-
cles in Taipei.39 Accordingly, sulfate
in fine particles seemed to be a better
representative for traffic-related air
pollution than fine particles alone in
Taipei.

It should be noted that the mea-
surements of fine particulate compo-
nents might not be representative of
study subjects’ exposures in this
study because they are monitored by
only one Supersite particulate station
in Taipei. Even though 10 air pollut-
ants are considered as copollutants in
this study, there might be still some
unmeasured pollutants or PM2.5

components that can otherwise con-
tribute to the observed HRV reduc-
tion. Such limitation of pollution
measurements might lead to expo-
sure misclassification and most
likely bias the pollution effects on
HRV reduction toward null.40,41 Ad-
ditional meteorological variables,
such as wind speed and atmospheric
pressure, have been linked to the
arrhythmic events and autonomic
fluctuation and it is likely that wind
speed might simultaneously influ-
ence the level of air pollutants.9 It is
possible that these factors obscure
the effects of at least some pollut-
ants, such as O3, which showed no
association with HRV in our study,
but has shown association in previ-
ous studies as well as have been
linked to ventricular arrhythmias and

cardiac autonomic function. More-
over, we cannot exclude respiration’s
confounding effects on the associa-
tion between air pollution and HRV
because our participants’ physical
activities and breathing patterns were
not measured in our study.42 There-
fore, we conclude that sulfate and
OC in fine particles are associated
with HRV reduction in the suscepti-
ble population regardless of the
methodological limitations in this
study. Nevertheless, further panel
studies with actual personal exposure
measurements are still needed to es-
timate actual dose-response relation-
ship between PM components and
HRV decrease in humans. Further
toxicological studies on PM compo-
nents are also strongly recommended
to elucidate the biological mecha-
nisms of sulfate and OC in altering
human autonomic function at the
ambient concentrations comparable
to those reported in this study.
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Physician Perceptions of Access to
Quality Care in California’s Workers’
Compensation System

Nadereh Pourat, PhD
Gerald Kominski, PhD
Dylan Roby, PhD
Meghan Cameron, MPH

Objective: We measured the association of physician perceptions of
access to quality care with intentions to change workers’ compensation
(WC) participation levels, barriers to delivery of quality care, levels of
payment, and type of provider after the implementation of California
WC reforms in 2004. Methods: Bivariate and logistic regression models
were employed using a representative survey of WC providers. Results:
The analyses revealed that intentions to quit or decrease the volume of
WC patients, reporting utilization review as a barrier to quality care,
and being a chiropractor or acupuncturist were significantly associated
with perceptions of decline in access or quality since 2004 and the belief
that injured workers do not have access to quality care. Conclusions:
The results indicate specific aspects of WC reform that lead to negative
perceptions among providers and require further scrutiny and improve-
ment. Keywords: Provider perceptions, injured worker access, quality of
care, utilization review, ACOEM guidelines. (J Occup Environ Med.
2007;49:618–625)

F rom 1999 to 2003, aggregate premi-
ums for workers’ compensation (WC)
in California rose by more than 200%,
while a slight decline was experi-
enced nationwide.1 In response to
this crisis in WC premiums, the Cal-
ifornia legislature enacted several
WC reforms in 2002, 2003, and 2004
(Assembly Bills 749, 486, 227, and
Senate Bills 228, 899). These bills
enacted several fundamental changes
in the California WC system that
included 1) eliminating the treating
physician’s presumption of correct-
ness and replacing that presumption
with a medical treatment utilization
schedule as indicated by the Ameri-
can College of Occupational and En-
vironmental Medicine (ACOEM)
guidelines; 2) placing a cap of 24
chiropractic visits and 24 physical
and occupational therapy visits for
the life of the claim without further
employer authorization; 3) requiring
all employers to adopt a utilization
review (UR) system in which only a
licensed physician in the appropriate
scope of practice may deny, delay, or
modify treatment recommended by
the primary treating physician; 4)
establishing new fee schedules for
WC payment, reducing rates for phy-
sician services by 5% off the existing
Official Medical Fee Schedule
(OMFS) rates; and 5) creating Medi-
cal Provider Networks (MPNs), where
employers can require an injured em-
ployee to seek all care within the
MPN, thus excluding some providers
from treating WC patients.

Collectively, these bills repre-
sented a fundamental departure from
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the way medical treatment had been
viewed under California’s WC sys-
tem, in which the largely unlimited
fee-for-service (FFS) system based
on the legal standard of “reasonable
and necessary to cure or relieve” was
replaced with a new and more re-
strictive system of care. Pursuant to
these changes, two studies by the
California Medical Association
(CMA)2 and the California Ortho-
paedic Association3 were conducted
and the results painted an alarming
picture of deterioration in participa-
tion rates of providers who face re-
duced fees and stringent UR criteria,
and predicted further declines in ac-
cess to providers if such problems
were not alleviated. However, given
small sample sizes, exclusion of pro-
viders such as chiropractors and acu-
puncturists, and limited information
on methodology, the representative-
ness of these studies is unknown.

Nevertheless, these studies express
general concerns over the conse-
quences of recent reforms on access
to quality care in the WC system.
More specifically, these concerns
include gaps in applicability and
comprehensiveness of ACOEM
guidelines for some chronic and
surgical conditions leading to inap-
propriate delays and denials of au-
thorization, perceptions of UR as
overly burdensome and restrictive to
providers and potentially detrimental
to patients with unknown effects on
quality of care, overall displeasure of
providers with the WC system, and
subsequent reduced access because
of potential mass exodus of WC
providers.4–10

Given these relatively recent re-
forms, the validity of these concerns
within the WC system is as yet
largely unknown. The impact of UR
and physician compensation on phy-
sician behavior in the medical care
system overall indicate that these
management tools impact physician
behavior, but some tools such as UR
can be highly unpopular.11,12 Ulti-
mately, physician dissatisfaction has
been shown to have a strong associ-
ation with physician reported inten-

tion to leave clinical practice, but is
not associated with actual departure
from practice.13 The actual attrition
rates of WC providers are hard to
determine because of a lack of reli-
able counts of the actual number of
WC providers in California.

Thus, there is a dearth of evidence
on whether the concerns over recent
WC reforms are justified. Evidence
is emerging on the general impact of
recent reforms. For example, a 2006
report found that about 5% of WC
claims subjected to UR had unfavor-
able results, which included both de-
nial of necessary care and delayed
approval of necessary care.14 How-
ever, no existing studies have mea-
sured the current distribution of
various providers including chiro-
practors and acupuncturists, domi-
nant levels of payment, physicians’
intentions to change their level of
WC participation, barriers to deliv-
ery of quality WC care, and physi-
cians’ perceptions of access to
quality care in California in the post-
reform period. Furthermore, no stud-
ies have examined the potential
physicians’ perceptions of access to
quality care under the WC system
and the factors associated with these
perceptions. This study specifically
assesses the current perceptions of
WC physicians, their characteristics,
and self-reported intentions to reduce
or leave WC.

Materials and Methods
Data. The data for this study are

from a survey of WC providers con-
ducted between April and October
2006. A list of 51,363 unique provid-
ers was constructed using the most
recent provider network directories
of medical provider networks
(MPNs) and health care organiza-
tions (HCOs) in California main-
tained by the California Division of
Workers’ Compensation. This list is
the most comprehensive list avail-
able of providers identified as will-
ing to treat WC patients. A stratified
random sample of 6,753 providers
was selected from this list. The sam-
ple included all providers defined by

California Labor Code as primary
treating physicians including medi-
cal doctors, doctors of osteopathy,
chiropractors, acupuncturists, podia-
trists, and clinical psychologists.
Dentists and optometrist, also de-
fined as physicians, were excluded
because of the very low-volume of
WC care provided by these profes-
sionals and their potential inability to
respond to the survey questions. In
addition, medical doctors specializ-
ing in anesthesiology, gynecology/
obstetrics, oncology, pathology, radi-
ology, adolescent/child specialties,
and geriatric care were also excluded
because they were highly unlikely to
act as the primary treating physicians
for a WC case.

A stratified random sample of pro-
viders was selected and included an
over-sample of podiatrists, clinical
psychologists, acupuncturists (ap-
proximately 350 from each group),
and about twice as many chiroprac-
tors to insure sufficient representa-
tion of these providers in the data. A
sample of 189 pre-identified high-
volume providers was also obtained
from one of the major HCOs and
included in the sample to insure rep-
resentation of these providers, who
were most likely to be significantly
affected by recent reforms.

The survey questions were se-
lected and modified from several ex-
isting surveys of WC providers
around the country with new ques-
tions developed as needed.2,15–17

Topics included provider demo-
graphics and practice characteristics,
expectations of future caseloads and
acceptance of WC patients, payment
level, and perceived barriers and
level of access to care and quality of
care for injured workers, among oth-
ers. The survey instrument and the
study protocols were approved by
the appropriate institutional review
boards and pilot tested to improve
the quality of the instrument. Provid-
ers received a prenotification letter
and a copy of the entire survey with
a self-addressed stamped envelope,
and were provided with an option to
complete the survey through a secure
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internet connection. Respondents
were then screened via telephone for
eligibility and were contacted a max-
imum of 14 times to complete the
15-minute questionnaire.

Of the entire sample, 1,123 were
determined to be ineligible for the
study, and 1,142 were not located
despite intensive efforts. The survey
participants included 1,096 provid-
ers. The adjusted response rate for
this survey was 24.5%, which was
within the range of other WC pro-
vider surveys.15,16 Provider response
rates in non-WC survey research
have declined since 198518 and tend
to be negatively affected by long
survey instruments, large sampling
frames, shorter duration in the field,
and absence of financial incentives;
conditions that were present in this
survey.19

Dependent Variables. In two sep-
arate questions, physicians were
asked about their perceptions of
whether injured workers’ access to
care or quality of health care has
remained the same, improved, or de-
clined since the beginning of 2004.
The percentages of physicians who
responded that access or quality has
improved were too small for detailed
analyses, so each variable was di-
chotomized to evaluate the percep-
tions of physicians who believed
access or quality of care has declined
since 2004 versus others. Physicians
were also asked to respond whether
they strongly agreed, agreed, dis-
agreed, or strongly disagreed with
the following statement: “In general,
injured workers have adequate ac-
cess to quality health care and health
care products.” This variable was
also dichotomized to compare those
who agreed that injured workers
have access to quality care versus
those who do not agree.

Independent Variables. The pri-
mary variables of interest included
reported intention to change the vol-
ume of WC patients, reported barri-
ers to providing quality care, level of
payment for WC care in the majority
of their WC contracts, and physician
type. Other practice characteristics

such as number of years practicing
WC, volume of WC patients in prac-
tice (percent of WC patients in prac-
tice, number of WC patients seen in a
typical week, and number of new WC
patients per month), providing medi-
cal-legal evaluations, physician’s un-
derstanding of injured workers’ job
demands, discussing injured workers’
ability to return to work, and calling
the employer about modifying work
were included in the model to con-
trol for alternative explanations for
the physicians’ perceptions. Similarly,
physicians’ practice setting, geo-
graphic location, urban or rural status,
and capacity to speak languages other
than English were also included as
controls.

Analytic Methods. Bivariate anal-
yses were conducted to examine the
significance of the association be-
tween the primary independent vari-
ables and the dependent variables.
Logistic regression was used to as-
sess the association of these vari-
ables controlling for other physician
personal and practice characteristics.
The final data set was re-weighted to
compensate for differential response
rates among acupuncturists (51.8%),
chiropractors (43.3%), podiatrists
(28.3%), clinical psychologists
(19.8%), high-volume medical doc-
tors and osteopaths (28.6%), and
other non-high-volume physicians
(18.2%). The subsequent analyses
were also weighted to account for the
sampling strategy.

Results
The characteristics of the sample

are shown in Table 1. More provid-
ers were medical doctors and doctors
of osteopathy (64.7%) with relatively
similar percentages of family prac-
tice/internal medicine, orthopedic
surgeons, other surgeons, and other
specialties. Chiropractors constituted
20.9% of the sample, followed by
acupuncturists (5.6%) and psycholo-
gist/podiatrists (8.7%). Most (54.8%)
were solo practitioners and 17.2%
reported WC patients constituted
more than 25% of their practice. The
majority (55.7%) intended to either

maintain the same level of WC pa-
tients in their practice (39%) or in-
crease it (16.7%); only 18.5%
planned to decrease the volume of
WC patients, and 12.4% planned to
quit the system entirely. Close to a
third (32.4%) were compensated at
the fee schedule or higher, whereas
the rest were compensated at dis-
counts off the fee schedule. The most
commonly reported barriers to pro-
viding quality of care were authori-
zation and UR issues (47.4%).

The majority of providers believed
that access (65.4%) and quality of
care (56.2%) has declined since the
beginning of 2004 (Table 2). Com-
paring the association of providers’
perceptions with provider character-
istics showed a number of significant
differences for those who reported
declines in access and quality since
2004 with those who did not report
such declines, and those who per-
ceived access to quality care is inad-
equate with those who did not have
this perception (Table 3). Providers
who reported planning to quit WC
practice entirely (88.7%) or decrease
the volume of WC patients (82.8%)
most frequently reported decline in
access to care compared with those
who reported they plan to maintain
the same level (45.7%) of or increase
WC patient volume (66.5%). The
same pattern was observed for per-
ceived decline in quality and inade-
quate access to quality care. Also,
providers who reported authorization
or UR issues and regulations as sig-
nificant barriers to providing quality
care in the current WC system were
also more likely to report declines or
inadequate access to quality care
than were those who did not report
such barriers. Those with deeper dis-
counts in their payment levels more
often reported declines and inade-
quate access to quality care com-
pared with those who did not report
declines or did not perceive inade-
quate access. Other differences in
practice characteristics such as pro-
viders’ understanding of the injured
workers’ job demands or calling the
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employers about the availability of
modified work were also associated
with negative perceptions, but not
consistently.

Among providers, non-medical
doctors, particularly chiropractors
and acupuncturists, more frequently
perceived declines in access and
quality and inadequate access to
quality care than did other provider
types. Orthopedic surgeons more fre-
quently reported these concerns than
did other medical doctors. Consider-
ing the volume of WC patients in the
practice, those with a higher overall
percentage of WC patients were
more likely to report declines and
inadequate access to quality care
than were those with lower percent-
ages of WC patients. Similarly, those
who saw more WC patients in a
typical week were more likely to
report declines and inadequate ac-
cess to quality care than were those
who saw fewer WC patients. Consis-
tent differences in practice setting,
language capacities of the practice,
and geographic locations also ex-
isted, as displayed in Table 3.

The logistic regression results in
Table 4 revealed several significant
and independent correlations be-
tween provider characteristics and
their perceptions of declining access
or quality. Providers who had future
plans to decrease the volume of their
WC patients or to quit WC entirely
were significantly more likely to per-
ceive declines in access (OR 4.5 and
6.5) and quality (OR 4.2) and inade-
quate access to quality care (OR 3.7

TABLE 1
Characteristics of Physicians who Participate in California’s Workers’
Compensation (WC) System, 2006

Provider Characteristics

Provider type
Family practice/internal medicine 16.5%
Orthopedic surgery 17.9%
Other surgical specialties 16.2%
Other non-surgical specialties 14.1%
Chiropractor 20.9%
Acupuncturist 5.6%
Psychologist/podiatrist 8.7%

Number of yrs practicing WC* 21
Percent of WC patients in practice

�1 27.0%
2–5 31.7%
6–25 24.1%
�26 17.2%

Number of WC patients in a typical week
�1 37.2%
1–5 32.7%
6–20 19.5%
�21 10.6%

Number of new WC patients in a typical month
0 20.4%
1 27.3%
2–5 24.5%
�6 27.8%

Provider does medical-legal evaluations 39.5%
Primary practice setting

Solo practice 54.8%
Small group practice 4.7%
Large group practice 30.6%
Clinic (hospital, community health center, public, and others) 9.1%

Languages spoken by provider or staff
English only 24.5%
English and other 25.2%
English and Spanish 50.3%

Provider practices in Northern California 32.9%
Urban practice location 90.8%

Practice Characteristics

Future plan to change the volume of WC care?
Quit 12.4%
Decrease 18.5%
Maintain at the same level 39.0%
Increase 16.7%

Payment or fee schedule as a barrier to providing quality care 20.4%
Authorization/UR issues as a barrier to providing quality care 47.4%
Paperwork or administrative issues as a barrier to providing

quality care
11.5%

Regulations as a barrier to providing quality care 17.5%
WC payment levels

At the fee schedule or higher 32.4%
A discounted rate of �15% off the fee schedule 43.7%
A discounted rate of �15% off the fee schedule 24.0%

Always understand the physical and mental demands of the
worker’s job

83.6%

Always discuss work status and ability to return to work 92.3%
Never call employer about modified work 27.6%

*Continuous variable.

TABLE 2
Physician Perceptions of Changes in
Access and Quality in California’s
Workers’ Compensation (WC) System
Since 2004

Access has declined
since 2004

65.4%

Quality has declined
since 2004

56.2%

Access to quality health
care is inadequate

54.8%
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TABLE 3
Physician Perceptions of Access to Quality Care in California’s Workers’ Compensation (WC) System, by Practice and
Physician Characteristics, 2006

Practice Characteristics and Other Perceptions
Access has

Declined
Quality has

Declined

Access to Quality
Health Care is

Inadequate

Future plan to change the volume of WC care? *** *** ***
Quit 88.7% 77.7% 82.5%
Decrease 82.8% 74.0% 70.1%
Maintain at the same level 45.7% 36.6% 34.9%
Increase 66.5% 59.7% 56.9%

Payment or fee schedule as a barrier to providing quality care 76.9%*** 63.3% 60.8%
Authorization/UR issues as a barrier to providing quality care 77.6%*** 68.4%*** 65.4%***
Paperwork or administrative issues as a barrier to providing quality care 66.3% 53.7% 58.4%
Regulations as a barrier to providing quality care 86.0%*** 78.9%*** 79.7%***
WC payment levels * *

At the fee schedule or higher 65.9% 57.8% 55.0%
A discounted rate of �15% off the fee schedule 73.3% 64.2% 61.4%
A discounted rate of �15% off the fee schedule 78.5% 67.6% 70.4%

Always understand the physical and mental demands of the worker’s job 66.4% 58.5%* 56.8%
Always discuss work status and ability to return to work 64.9% 56.6% 55.5%
Never call employer about modified work 60.9% 50.0%* 48.7%*

Provider Characteristics

Provider type *** *** ***
Family practice/internal medicine 40.2% 29.9% 34.2%
Orthopedic surgery 75.4% 63.1% 56.1%
Other surgical specialties 32.2% 21.9% 21.3%
Other non-surgical specialties 51.1% 42.1% 41.8%
Chiropractor 96.5% 93.2% 91.9%
Acupuncturist 90.2% 80.4% 80.0%
Psychologist/podiatrist 71.2% 61.7% 65.9%

Number of yrs practicing WCa 21 20 20*
Percent of WC patients in practice *** *** ***

�1 55.4% 43.8% 48.4%
2–5 64.1% 57.4% 53.9%
6–25 71.0% 60.9% 61.0%
�26 77.6% 69.3% 63.9%

Number of WC patients in a typical week *** *** ***
�1 51.3% 40.2% 42.2%
1–5 70.6% 64.5% 61.5%
6–20 74.2% 65.0% 63.8%
�21 77.9% 65.5% 59.7%

Number of new WC patients in a typical month ** **
0 74.6% 63.8% 64.8%
1 62.9% 50.2% 49.8%
2–5 57.8% 53.6% 53.3%
�6 69.4% 58.1% 52.4%

Provider does medical-legal evaluations 69.6% 60.7% 61.8%
Primary practice setting *** *** ***

Solo practice 74.5% 64.6% 63.3%
Small group practice 61.0% 58.0% 50.4%
Large group practice 59.0% 50.3% 48.5%
Clinic (hospital, community health center, public, and others) 35.4% 25.3% 28.5%

Languages spoken by provider or staff ** * **
English only 75.1% 62.5% 63.9%
English and other 60.5% 47.9% 48.4%
English and Spanish 63.5% 57.6% 53.8%

Provider practices in Northern California 69.1% 60.7% 56.8%
Urban practice location 66.3% 56.5% 54.8%

*P � 0.05, **P � 0.01, ***P � 0.001.
aContinuous variable.
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TABLE 4
Logistic Regression Results of Association of Physician and Practice Characteristics With Physician Perceptions of
Adequate Access to Quality Care in California’s Workers’ Compensation (WC) System, 2006

Practice Patterns and Perceptions

Provider Perceived
Access has

Declined

Provider Perceived
Quality has

Declined

Provider Perceived
Access to Quality

Health Care is
Inadequate

OR 95% CI OR 95% CI OR 95% CI

Future plan to change the volume of WC care?
Quit 6.5 2.6–16.0*** 4.2 2.0–9.0*** 8.4 3.9–18.0***
Decrease 4.5 2.3–8.8*** 4.2 2.3–7.8*** 3.7 2.1–6.5***
Maintain at the same level (reference group)
Increase 1.0 0.5–1.9 1.1 0.6–2.1 0.9 0.5–1.6

Payment or fee schedule as a barrier to providing quality care 1.8 1.0–3.4 1.5 0.9–2.5 1.2 0.7–1.9
Authorization/UR issues as a barrier to providing quality care 3.0 1.8–4.8*** 2.2 1.4–3.5*** 1.7 1.1–2.7*
Paperwork or administrative issues as a barrier to providing quality care 0.5 0.2–1.0* 0.5 0.2–0.9* 0.6 0.3–1.2
Regulations as a barrier to providing quality care 2.7 1.3–5.7* 2.1 1.1–3.8* 2.6 1.4–4.8**
WC payment levels

At the fee schedule or higher (reference group)
A discounted rate of �15% off the fee schedule 0.9 0.5–1.5 0.9 0.5–1.5 0.7 0.4–1.3
A discounted rate of �15% off the fee schedule 1.1 0.6–2.1 0.9 0.5–1.7 1.1 0.5–2.3

Always understand the physical and mental demands of the worker’s job 1.1 0.6–2.1 1.7 1.0–3.0 1.4 0.7–2.6
Always discuss work status and ability to return to work 0.4 0.2–1.2 0.8 0.3–2.0 1.3 0.6–3.1
Never call employer about modified work 1.1 0.6–1.8 1.0 0.6–1.6 1.0 0.6–1.5

Provider Characteristics

Provider type
Family practice/internal medicine (reference group)
Orthopedic surgery 2.0 0.9–4.2 1.6 0.8–3.4 0.9 0.4–1.8
Other surgical specialties 0.7 0.3–1.4 0.9 0.4–1.8 0.4 0.2–0.9*
Other non-surgical specialties 0.6 0.3–1.3 1.0 0.4–2.2 0.7 0.3–1.4
Chiropractor 55.1 16.2–188.2*** 32.0 12.9–79.5*** 19.0 8.1–44.8***
Acupuncturist 18.2 3.4–96.7*** 14.0 4.1–48.4*** 9.9 3.0–32.7***
Psychologist/podiatrist 2.6 1.0–6.6 2.5 1.0–5.9* 3.0 1.3–7.0*

Number of yrs practicing WCa 1.0 1.0–1.0 1.0 1.0–1.0 1.0 1.0–1.0
Percent of WC patients in practice

�1 0.3 0.1–1.0 0.4 0.1–1.1 0.7 0.3–1.9
2–5 0.5 0.2–1.3 0.5 0.2–1.1 0.5 0.2–1.1
6–25 0.4 0.2–1.0* 0.3 0.2–0.6** 0.4 0.2–0.8*
�26 (reference group)

Number of WC patients in a typical week
�1 (reference group)
1–5 1.8 0.9–3.6 2.1 1.1–4.0* 1.6 0.9–3.0
6–20 1.7 0.6–5.0 1.9 0.7–4.9 1.7 0.7–4.4
�21 3.3 0.9–12.5 2.4 0.8–7.6 1.9 0.6–6.1

Number of new WC patients in a typical month
0 1.4 0.5–4.1 1.6 0.6–4.0 1.3 0.5–3.3
1 1.4 0.6–3.6 0.9 0.4–2.1 0.9 0.4–2.0
2–5 0.6 0.3–1.3 1.0 0.5–2.0 1.2 0.6–2.3
�6 (reference group)

Provider does medical-legal evaluations 0.9 0.5–1.5 0.9 0.5–1.4 1.7 1.1–2.8*
Primary practice setting

Solo practice (reference group)
Small group practice 0.7 0.2–1.9 0.8 0.3–2.1 0.8 0.3–2.0
Large group practice 0.9 0.5–1.5 1.1 0.7–1.7 1.0 0.6–1.6
Clinic (hospital, community health center, public, and others) 0.3 0.1–0.7** 0.4 0.2–0.8* 0.6 0.3–1.2

Languages spoken by provider or staff
English only (reference group)
English and other 0.8 0.4–1.7 1.1 0.6–2.1 0.9 0.5–1.7
English and Spanish 0.8 0.4–1.5 1.8 1.0–3.1 1.0 0.6–1.7

Provider practices in Northern California 1.6 0.9–2.8 1.6 1.0–2.6 1.3 0.8–2.1
Urban practice location 2.6 1.2–5.8* 1.1 0.5–2.4 0.9 0.4–1.8

*P � 0.05, **P � 0.01, ***P � 0.001.
OR, indicates odds ratio; CI, confidence interval.
aContinuous variable.
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and 8.4) than were those who
planned to maintain their current vol-
umes. Barriers to providing quality
care in the WC system were also
significantly associated with per-
ceived declines in access and quality
and inadequate access to quality
care. Specifically, authorization or
UR issues (OR 3.0 and 2.2) and
regulations (OR 2.7 and 2.1) were
barriers significantly associated with
perceived declines in access and
quality care as compared with those
who did not report these barriers.

Chiropractors and acupuncturists
were significantly more likely than
family practitioners/internists were
to perceive declines in access (OR
55.1 and 18.2) and quality (OR 32.0
and 14.0) and inadequate access to
quality care (OR 19.0 and 9.9). None
of the remaining provider types dif-
fered significantly in their percep-
tions from family practitioners/
internists.

Discussion
Our analyses identify specific ar-

eas of reform that had the greatest
impact on perceptions of access and
quality among WC providers, the
provider types most negatively af-
fected by recent reforms, and
whether negative perceptions are as-
sociated with future planned attrition
among WC providers. The intensely
negative perception of chiropractors
and acupuncturists is most likely a
result of the implementation of
ACOEM guidelines and visit caps
for chiropractic visits. The use of
both types of care modalities as ef-
fective treatment are heavily re-
stricted in ACOEM guidelines,
resulting in significantly reduced re-
ferrals to these providers and caps on
the number of visit without obtaining
additional authorization. The percep-
tions of decline in access and quality
most likely reflect the restrictions in
access to chiropractic and acupunc-
ture care, which these providers also
reported to be a significant compo-
nent of high quality care. These re-
strictions also represent a loss of
autonomy, which is also likely to be

associated with the observed nega-
tive perceptions regarding access and
quality.

Regulations, authorization, and
UR were issues that concerned all
providers in our survey. California’s
WC reforms led to implementation
of ACOEM guidelines and stringent
implementation of these guidelines
by insurers or payers have resulted in
fewer authorizations for treatment
requests, delays in receiving authori-
zation, and changes in the treatment
plans by the utilization review phy-
sicians. UR is considered an effec-
tive tool in reducing the overall costs
and premiums for WC,6,8,20 yet these
practices have also made the deliv-
ery of WC care by providers more
challenging. Facing denials of or
challenges to treatment requests, pro-
viders must take further actions to
convince the insurance companies of
the necessity of their requests, iden-
tify alternative treatments, or forego
the care they perceive as necessary in
provision of high quality care. These
issues are likely part of their percep-
tions of decline in access and quality
of care as well as inadequate access
to quality care.

It is not clear whether providers’
concerns about the changes in the
WC system of care will lead to a
significant exodus of providers and a
forthcoming shortage that leads to
reduced access of injured workers.
Our data indicate that at least some
providers are sufficiently affected by
recent reforms to contemplate quit-
ting or reducing their practice in
WC; however, other data seem to
indicate that provider displeasure
may not directly translate into depar-
ture.13 Given the post-reform mech-
anisms available to WC insurers and
payers, including UR, prior authori-
zation, ACOEM guidelines, payment
levels, and medical provider net-
works (MPNs), some concentration
of WC care among fewer providers
is likely to occur, perhaps coupled
with a decline in participation in WC
care by some providers. The impact
of such potential attrition among WC

providers on access to care for in-
jured workers remains to be seen.

Limitations and Strengths. The
data in this study are based on phy-
sician self-reports. Given the funda-
mental changes in delivery of care
under the WC system, providers may
have exaggerated their concerns, in-
cluding their intentions to leave WC
or reduce their WC patient load.
However, such self-reported data are
perhaps the best mechanism to gauge
physicians’ concerns and assess frus-
trations that could impact patient
care. The differential response rates
by various providers is likely a sec-
ond limitation, in that provider types
with more negative perceptions may
have been more motivated to partic-
ipate. The impact of this limitation is
minimized by weighting the data to
represent the proportion of providers
in the original lists of providers ob-
tained from WC insurers. It is possi-
ble that some providers of WC care
were not listed in the original MPN
or HCO lists used as the sampling
frame in this study. However, these
providers most likely have a very
low volume of WC patients because
of the implementation of MPNs in
California. Thus, this limitation is
not likely to reduce the representa-
tiveness of this data in a noticeable
or significant way.

The major strength of these data
and analyses lie in the scientific
methodology employed in collection
of an unbiased, representative snap-
shot of the provision of care by WC
providers in California after a series
of fundamental reforms. The results
may be helpful to the California Di-
vision of WC in assessing the impact
of a sweeping policy change, as well
as other workers’ compensation sys-
tems that are contemplating similar
changes to their programs.
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Employer Benefit Design Considerations for
the Era of Biotech Drugs

F. Randy Vogenberg, RPh, PhD
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Abstract
A growing number of employed persons in the United States live and

work with potentially complex chronic conditions such as rheumatoid
arthritis, multiple sclerosis, and cancer. Increasingly, many of the medica-
tions used to treat these serious conditions are costly, primarily because
many of the newest drugs are high-cost biotechnology derived pharmaceuti-
cals, referred to in this report as biotech drugs. The rapidly increasing use
of new biotech medications for an expanding number of chronic and
potentially disabling conditions of working-age adults has significant
implications for US employers in the anticipated effect on worker produc-
tivity, human capital preservation, and health care costs. However, new
approaches, including sophisticated modeling techniques, are providing
employers with the insights and guidance necessary to make the benefit
design decisions that will provide optimal outcomes to employees while
managing employer costs effectively. (J Occup Environ Med. 2007;49:
626–632)

H ealth care expenditures continue to
grow and require intense benefit man-
agement time to manage their implica-
tions on an organization’s bottom line.
As part of an overall strategy to man-
age benefits more effectively, it is
important to understand that employ-
ers spend the majority of health care
dollars on a small percentage of em-
ployees who have high-cost, comor-
bid medical conditions. Caring for
patients with chronic conditions cur-
rently represents 83% of total health
care spending and 81% of hospital
admissions,1 which translates into
billions of dollars in pharmaceutical
spending. This represents an oppor-
tunity for employers to target man-
agement and total benefit coverage
much more effectively.

Historically, disabling conditions
often led to a reduced work capacity
for employees, and many had to limit
or stop working. However, because
of new advances in therapies and more
progressive attitudes about chronic ill-
nesses, many employees are opting to
keep working. For example, today
approximately 30% of people with
multiple sclerosis are working full
time, even after 20 years with the
disease.2 In addition, some employ-
ees with cancer administer their own
chemotherapy while on the job. Be-
cause of this new, more accepting
environment, employees and their
employers are enjoying increased
productivity levels during disabling
illnesses that both previously thought
were not feasible.

One factor contributing to this
change in attitudes is the growth of
biologic or biotech medications and
their ability, in some instances, to

From Employer-based Pharmaceutical Strategies, Inc (Dr Vogenberg), Cranston, RI; Towers Penn
(Ms Liebeskind), Parsippany, New Jersey; and Holland Associates (Dr Holland), Olympia, WA.

Note: At the time of this writing, F. Randy Vogenberg, RPh, PhD was a senior vice president at Aon
Consulting and Debbie Liebeskind, FSA, MAAA was employed by Aon Consulting. This article is
based on models developed while these authors were employed by Aon Consulting.

Address correspondence and requests for reprints to: F. Randy Vogenberg, RPh, PhD, PO Box 40,
Sharon, MA 02067; E-mail: rvogenberg@ep-strategies.com.

Copyright © 2007 by American College of Occupational and Environmental Medicine

DOI: 10.1097/JOM.0b013e31805776e6

626 Benefit Considerations for the Biologics Era • Vogenberg et al



alleviate pain, reduce the symptoms
of the disease, and slow progression
of the disease. These promising
drugs are also generally referred to
as “biotechnology medications.”
They are typically covered under
“specialty pharmacy drugs” and have
historically been administered as an
injectable medication, hence their
coverage under specialty pharmacy.
For clarity, this report will refer to
new biotechnology drugs as “bio-
tech” drugs or medications, whether
oral or injectable.

Now that the opportunity exists to
modify these illnesses significantly,
employer insurance coverage of new
drug therapies is becoming vitally
important. Adapting to this growing
area of medicine is challenging.
However, as today’s biotech drugs
provide life-changing benefits for
many employees and help to keep
them on the job, forward-thinking
employers must meet these chal-
lenges. This report presents an over-
view of the biotech drug industry as
well as new data-driven approaches,
applications, and actuarial modeling
strategies that can help employers
better understand optimal benefit de-
sign options.

The Challenges
Rapid Growth. The biotech drug

market is growing exponentially.
Use of biotech drugs has more than
doubled in the last 5 years3 and will
continue to escalate for the next few
years due to aging baby boomers,
Medicare coverage, and other fac-
tors. According to Medco Health So-
lutions,3 biotech spending was close
to $69 billion in 2006 and could soon
represent 25% of the nation’s phar-
maceutical spending. The treatment
category of anemia related to cancer
therapy has quickly become one of
the highest spending categories
within biotech medications (Fig. 1).

Factors Leading to Higher Cost.
Because of the complexity in manu-
facturing and administration, and the
fact that most patients receiving bio-
tech drugs have complicated medical
problems, the annual costs for one
employee on biotech medications
can range from $10,000 to $250,000
per year.4 In addition, although bio-
tech drugs are useful for rare dis-
eases, they now also cover a large
segment of chronically ill patient
populations; thus, per member per
month (PMPM) drug expenses will
continue to increase. Because most

biotech drugs are covered under
medical plans rather than pharmacy
plans (due to route of administration,
etc), the magnitude of the PMPM
cost increase per claim to an em-
ployer is much greater than for tra-
ditional medications.

Biotech Medications New to Em-
ployers. Despite increased utilization
and rising costs, plan sponsors and
employers have not historically
taken an aggressive approach to
understanding the implications of
biotech medications, resulting in a dis-
jointed system with costs that are ris-
ing and nearly impossible to track.
First, employers usually do not know if
patients are receiving the right pre-
scription drugs or proper therapeutic
management. Second, there exists a
lack of accountability. This void in
information creates more opportunity
for overbilling from providers and
leaves many employers simply not
knowing where their dollars are go-
ing or, more importantly, if they and
their employees are securing optimal
value. Employers today have data on
drug acquisition expenditures, but
little information on drug outcomes
or benefit design outcomes are avail-
able. However, such data are critical
to supporting decision-making re-
garding resource allocation for bio-
tech benefit design coverage.

Of course, a lack of accountability
is often a lament from employers
about many components of the em-
ployee benefit. However, most em-
ployers understand the basics of
treatment therapy for dental, mental
health, and medical components. In-
deed, many prescription benefit man-
agers (PBMs) and consultants now
offer employer reports and analyses
on utilization, cost, and outcomes for
specific benefit elements. Still, be-
cause the coverage of biotech drugs
is so new, few employers even know
the right questions to ask regarding
this component of their benefit pack-
ages. Although certain fundamentals
for accountability apply to all bene-
fits, it is especially important for
employers dealing with high-cost
medications, with such critical impli-

Fig. 1. Pie chart of Aon proprietary analysis of data from 100,000 employees and retirees with
large telecom employer. Data on file. Aon Consulting, Somerset, NJ.
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cations for the benefit, to ensure
appropriate accountability.

Yet another important reason to
learn the fundamentals and to de-
mand accountability now is that
widespread availability of generic
medications are still a decade away
for most biotech drugs. The first
generic biotech medication for hu-
man growth hormone (HGH) was
just approved in late 2006. However,
although this is an important step, the
HGH generic is not therapeutically
equivalent and likely does not repre-
sent a pattern that other manufactur-
ers will soon follow. In addition,
even if availability of true biogener-
ics does increase, the higher cost
compared with traditional generics
would remain. Most industry ana-
lysts do not anticipate generics hav-
ing a role in biotech for many years.
Even when the first generics do enter
the market, costs likely will be only
slightly reduced because generics
tend not to provide significant dis-
counts until multiple manufacturers
enter the marketplace.

Where Costs Fall: Employers,
Government, and Reimbursement
Complexity. Currently, physician
groups are receiving the highest level
of reimbursement for biotechs (Fig.
2).5 About 20% of biotechs are cov-
ered by specialty pharmacy provid-
ers, a number that could increase

significantly over the next few years
as major PBMs continue to expand
in this arena. On the other end of the
spectrum, patients can also obtain
self-injectable medications (eg, med-
ications for migraine headache)
through a retail pharmacy and ad-
minister them at home.

Home infusion systems also allow
the administration of intravenous
medications in the patient’s home
and represent another option that is
increasing in use. The problems
with reimbursement for home infu-
sion are similar to those seen with
other self-administered drugs, such
as self-injected or oral medications.
Institutions such as hospitals typi-
cally bill biotech drugs under the
Health Care Common Procedure
Coding (HCPC) system or J codes,
whereas home infusion vendors and
private physicians typically bill via a
medical claim. Health care benefits
most often focus on the hospital first,
the physician second, and everything
else as a catchall, distant third.

How reimbursement is currently
structured under many plans dis-
courages home care and encour-
ages medication administration in an
institutional setting. Although the
initial setup of a home infusion sys-
tem for biotech medications typically
involves a nurse and a pharmacist,
home infusion can be a more cost-

effective solution if the reimburse-
ment structure supports it. Exploring
home infusion and self-administra-
tion of high-cost biotech drugs is an
important option for employers to
consider. However, ensuring proper
case management and oversight will
be vital to the effectiveness of this
approach.

Medicare also plays a significant
role in the coverage of biotech med-
ications. Many companies are mov-
ing an increasing proportion of their
benefits into Medicare. The Medi-
care Part D prescription program
has increased the benefits that older
Americans can enjoy, and it can help
offset the costs of biotech drugs for
both employers and employees. Bio-
tech injectables fall under Part B
when they require professional ad-
ministration, or Part D if they are
self-injectables or part of a home
infusion system.

Cost Shifting: The Pros and Cons
of Raising Out-of-Pocket Expenses.
Although Medicare is helping em-
ployers offset many costs associated
with biotech, it does not address the
needs of all employers. As a result,
some plan sponsors are exploring the
impact of increasing out-of-pocket
costs for employees. However, when
forced to choose between physician
visits requiring copayments and pur-
chasing groceries, anecdotal informa-
tion shows us that immediate needs
often supersede the trip to the doctor.
In short, organizations that focus on
cutting costs only might ultimately
spend 3 to 10 times more in lost
productivity and absenteeism.6

Nevertheless, there is a balance
that plan sponsors and benefit pro-
viders should help employees and
employers strike regarding health
care expenditures. For example, che-
motherapy-related nausea and vom-
iting are truly debilitating for many
people, and decreased red and white
blood cell counts can restrict a per-
son’s ability to withstand chemother-
apy. Biotech drugs exist that can
relieve these problems to the extent
that a patient can continue cancer
treatment while simultaneously en-

Fig. 2. Bar graph of average health plan reimbursement for specialty Rx products by setting.
Source: Specialty Pharmacy News, 2:4, April 2005.
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joying greater quality of life and
increased productivity. Preventing
access to such medications, even un-
intentionally, can result in a similar
or higher total cost of care.

Employers need to look at the
long-term effects of suboptimal care
on total patient direct costs and not
just the immediate acquisition costs
of drugs. Lower employee turnover,
increased productivity, and reduced
time and money recruiting and train-
ing new employees also improve the
return on investment that employers
gain when they seek to provide af-
fordable biotech coverage for their
employees.

Finding a Solution
Employer Goals and Values. Ad-

dressing the many challenges of
health care benefits today requires
that employers be knowledgeable
and actively involved in the benefit
design process. Such involvement is
part of a new paradigm that reframes
how organizations analyze what they
can do to minimize health care costs
and maximize employee productiv-
ity. The approach involves drawing
on research and ideas from the fields
of health care economics, and health
and productivity management.

One way to view the emerging
biotech component of the health care
benefit is in terms of a workers’
compensation model. The concept
behind workers’ compensation in-
volves making an effort to help em-
ployees attain their maximum level
of functioning in order to minimize
their disability and time away from
work. When managing an employee
with a disabling condition, there are
slightly different motivating factors
for employers, which are primarily to
keep the employee involved, produc-
tive, and at work; this includes making
accommodations when necessary.
This concept could also be beneficial
to employers with employees who use
biotech medications.

Large Employers Discuss the
Challenges and Opportunities. The
number of employers providing cov-
erage of some kind for biotech drugs

has increased significantly over the
past 5 years. However, in the au-
thors’ opinions, only a small percent-
age of large employers and very few
midsize to small employers have
considered how to measure the im-
pact of biotech drugs on their medi-
cal or pharmacy benefit program.

The authors of this report have spent
the past 3 years discussing benefit
coverage for biotech drugs with a
number of large employers. The good
news is that employers are starting to
embrace comprehensive programs and
a data-driven approach to analysis and
outcomes measurement. One com-
pany that has developed a model for
others to follow is AT&T. The com-
pany’s benefit strategy includes min-
imizing health care costs, eliminating
confusion, and improving employee
satisfaction. To reach that goal,
AT&T implemented a patient care
program, revamped billing, and in-
stituted a center of excellence that
included a protocol for calling em-
ployees monthly to assess their clin-
ical status. The program also looked
at the important issues of compliance
and clinical response to therapy.

Although AT&T continues to
gather data in support of the pro-
gram, the initial results are promis-
ing. The organization has enjoyed
reduced costs and a decreased ad-
ministrative burden while simulta-
neously enhancing member care and
demonstrating improved safety, as
measured by fewer adverse drug re-
actions and medication errors.

Assessing the Health Benefit
Goals of the Organization. Creating
a program such as that of AT&T
involves several initial steps. For ex-
ample, employers must examine how
to accommodate employee needs and
meet ethical and regulatory require-
ments. Other issues to examine are
listed below:

• Promoting fairness in the workplace
• Providing appropriate benefit

packages
• Attracting and retaining skilled

employees

• Coordination with workers’ com-
pensation programs

• Assessing the impact of diseases
on retiree benefits

• Ensuring productivity
• Applicable legal and regulatory

requirements
• Potential liability

Initiating the Steps to Effective
Biotech Benefit Coverage

The need to address benefit cover-
age for biotech drugs will increase in
coming years. Newer strategies can
help employers determine the cost
and return on investment (ROI) of
implementing more targeted ap-
proaches to covering biotech drugs.
The first step employers must take is
to examine their current costs. An
assessment of medical, pharmacy,
and laboratory data can help indicate
what the employer is spending on
biotech drugs and, more importantly,
how many employees (blinded to pro-
tect privacy) might have a chronic
disease. Further analysis can address
productivity data. Benefit managers,
consultants, and PBMs can use these
data, combined with appropriate
modeling, to indicate clearly to em-
ployers what they are spending. In
addition, the collection of data will
allow for modeling, which can help
employers understand the cost savings
of various options (Figs. 3 and 4).
These insights provide employers
with information that will help them
thoughtfully approach the types of
benefits that is best for their organi-
zation and their employees. For ex-
ample, Fig. 4 highlights the cost to
employers and employees of mak-
ing slight adjustments in benefit
design coverage, such as increasing
copayments.

Other steps employers can take
include the following:

• Align biotech medications with
health benefits objectives

• Select a billing system that pro-
motes benefits goals

• Promote care management
• Develop a robust model
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Aligning Biotech Medications
With Health Benefits Objectives. De-
termining where biotech medications
fit in the overall benefits’ scheme
involves incorporating the objectives
of an organization’s health benefits
program. Furthermore, employers
can use such analyses to assess
whether the benefit design meets the
organization’s needs and whether the
organization is securing the best out-
comes for productivity and presen-
teeism at the lowest cost.

Employers can also play an ac-
tive role by evaluating coordination
of care within the benefit plan. In
addition to benefiting the em-
ployee, the employer also benefits
by increasing productivity and re-
ducing presenteeism.

Selecting a Billing System That
Supports Benefits Goals. There are
several factors to analyze when
considering billing options for self-
injectable biotech medications. As
noted earlier in this report, selecting a
billing system that supports the overall
goals of the employee benefit program
is an important step because it helps to
provide accountability. In addition,
when using an outside vendor, it is
critical to determine exactly what is
included in the cost of biotech medi-
cations. Some programs for injectable
medications come with hidden fees,

and poorly informed payers might find
they are paying for more than they
planned. Employers can avoid over-
paying by dealing exclusively with
vendors that provide full price disclo-
sures. In addition, plans that encourage
physicians to purchase supportive ther-
apy from one source help facilitate the
coordination of care and can manage
costs more effectively.

Promoting Care Management.
Care management and coordination
with multiple clinicians through one
source (such as a health plan, PBM,
or within the organization itself) can
help ensure the best possible outcome
for the employee and the organiza-
tion. Care management is a critical
component for self-administered
injectable medications for a num-
ber of reasons:

• Self-injections require education.
• Individuals with chronic condi-

tions often have concomitant com-
plicating medical disorders such as
depression.7

• Therapies for some conditions can
produce nausea and other side ef-
fects leading to noncompliance.8

Indeed, patient compliance is a
highly significant issue for self-
administered biotech drugs. Accord-
ing to Medco Health Solutions,3 for
oral drugs in the general population,

noncompliance can average 50% to
65% and costs the American health
care system as much as $300 billion
per year. This rate is much higher
and has greater ramifications with
biotech drugs. A wide range of fac-
tors can lead to poor compliance,
reduced therapeutic outcomes, or ad-
verse drug reactions. For example,
failure to take factors such as age and
weight into account when selecting
dosing regimens can lead to serious
complications for patients taking
biotech drugs.

Thus, frequent monitoring is an
important component of care man-
agement. Regular contact by nurse
case managers can reduce noncom-
pliance, ensure proper titration, and
help to provide valuable feedback
about the patient’s response to ther-
apy. Effective and patient-centric
care management also involves de-
vising an exit strategy in the event
that an employee does not properly
respond to therapy.

Developing a Robust Model. One
of the most important steps em-
ployers today can take is to use
carefully developed models to help
them determine costs and the im-
pact on their organization. When
developing actuarial models, sev-
eral components come into play.
Modeling considerations necessar-
ily include the following:

• The drug product, category, or
therapy

• Medical and/or pharmacy plan pro-
vider reimbursement information

• The utilization pattern of the
medication

• Demographics that describe accu-
rately the employee population

• Employee cost-sharing options
• Medical plan versus prescription

plan coverage
• Medication administration details

(eg, physician-administered vs
self-administered)

Employers can use modeling to
make the best decisions for their
organizations and to determine the
criteria that will help them select
the best modeling tool. Solid mod-

Fig. 3. Cost of key injectables: Aggregate model illustrative results.
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els reflect a thorough development
procedure that fits the goals of the
organization. The initial part of this
process involves identifying medical
conditions faced by an organization
with a thorough review of claims
data. Another important piece of the
groundwork involves conducting a
literature search regarding the influ-
ence of medical conditions on work-
force productivity.

Different kinds of actuarial models
can help demonstrate the financial
effects of different benefit designs. A
reimbursement model can demon-
strate effects on key stakeholders
such as employers, employees, and
providers when looking at the costs
associated with individual injectable
medications. An aggregate model
can do the same for a collection of
injectables for multiple disease cate-
gories. A total cost-of-care model
can demonstrate how the optimal
use of injectables for each disease
category and in aggregate can af-
fect an employer’s bottom line for
productivity, health care costs, and
the costs of the injectable medica-
tions themselves.

Total Cost-of-Care Model. Multi-
ple sclerosis is one disease in which

some employers have used such
models with success. Using the total
cost-of-care model, some employers
have found that although the ex-
penses associated with the use of
biotech drugs to treat disorders such
as multiple sclerosis were higher,
other medical costs, as well as absen-
teeism costs, were lower. In this
example, the presenteeism costs do
not change much with plan design,
since the model assumes that em-
ployees using injectable drugs re-
main in the workforce longer and
that when those not using injectable
drugs leave the workforce, people
who do not have multiple sclerosis
replace them.

Total cost-of-care modeling is ef-
fective for numerous commonly used
drugs for cancer, rheumatoid arthri-
tis, and other conditions. These more
common conditions are important to
consider when looking at biotech
medications as part of the treatment
plan, because they affect many peo-
ple in the workforce.

Burden of Illness Model. Organi-
zations are also using modeling to
help employers understand more
completely the affect that employees
with high-cost medical conditions

treated with biotech agents have on
the bottom line. One case study for
CenterPoint Energy, a multistate
employer based in Texas, exempli-
fies this approach (Proprietary data
on file at Aon Consulting, 2005).
CenterPoint Energy analyzed epide-
miologic information for several ma-
jor diseases and came up with a
prevalence number based on national
data gleaned from the Centers for
Disease Control and Prevention and
the National Institutes for Health.
Then it looked at employer size and
extrapolated those data to determine
what the prevalence might be for a
given condition.

The CenterPoint Energy case
study is useful because it exemplifies
how an organization can use a mod-
eling tool to predict costs and its
potential exposure. The rationale for
this approach is that employers typi-
cally do not know what particular
diagnosis an employee has. How-
ever, if organizations can target
certain diseases affecting larger
numbers of employees and strat-
egize and prioritize ways to influ-
ence benefits that benefit both the
employees and the overarching or-

Fig. 4. Graphs representing the costs to employers and employees of making slight adjustments in benefit design coverage. SQ indicates status
quo; A1, A2, and A3, alternative plan design.
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ganization, they will be well ahead
of their contemporaries.

To highlight the value of knowl-
edge regarding disease cost, Aon6

developed a burden-of-illness model
to help identify the scope of speci-
fied medical conditions within a
given population. The model relies
on simple arithmetic and uses a com-
puter program that analyzes input
variables and generates an easy-to-
read bar graph based on selected
parameters. The results show the to-
tal annual cost of a typical employee
compared with an employee with
the specified medical condition.
Models such as this can help iden-
tify key information such as the
following:

• The estimated number of plan par-
ticipants in the covered population
with a particular condition

• The annual cost of medications to
treat specific conditions

• The annual cost of medical care
• The annual cost of absences (sick

leave, short- and long-term disabil-
ity, workers’ compensation, etc)

• The annual cost of reduced
productivity

A More Effective Approach to
Use of Biotech Medication

The field of biotechnology and its
related therapies will only grow in
the near future. Although promising,
some employers might be hesitant to
embrace programs to address biotech
drugs. For example, they might be-
lieve that tactics such as defined
contribution will come to fruition.
However, even under defined contri-
bution plans, employers are still re-
sponsible for costs and must still

ensure that the plan they offer pro-
vides affordable access and allows
valuable employees to remain on the
job. Indeed many industry analysts
believe that defined contribution
plans do not align themselves with
the goals of an effective biotech ben-
efit design. More importantly, such
plans, if they do ever gain wide-
spread acceptance, are many years
away. Biotech medications and their
need are here today. Employers
should embrace effective options
now, not later.

Adopting new strategies will pro-
vide numerous benefits for employ-
ees and employers. Newer strategies
will help improve the management
of disabling conditions while finding
better ways to lower costs and im-
prove employee satisfaction. Em-
ployers who operate proactively
when it comes to the health and
well-being of their employees will be
better equipped to develop initiatives
to reduce absenteeism and improve
productivity, as well as to enhance
the quality of health services out-
comes. Employers will be able to
allocate resources more effectively
when they promote appropriate ac-
cess to physicians and services such
as adjunct therapies. While in-
come- and therapy-dependent, re-
ducing the barriers to access such
as costs, selecting copayment lev-
els via efficient plan design, and
optimizing structure can promote
therapies that are individualized
and based on outcomes.

Most importantly, employers who
play an active role and strive to
institute benefit plans that maximize
employee health have the greatest

chance of retaining productive em-
ployees, even in the face of disabling
medical conditions.
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Physical Activity, Cardiorespiratory Fitness,
and Body Mass Index in Relationship to Work
Productivity and Sickness Absence in
Computer Workers With Preexisting Neck and
Upper Limb Symptoms

Claire M. Bernaards, PhD
Karin I. Proper, PhD
Vincent H. Hildebrandt, PhD, MD

Objective: The purpose of this study was to investigate associations
among three modifiable risk factors (ie, physical activity, cardiorespira-
tory fitness, and body mass index), work productivity, and sickness
absence in computer workers. Methods: All participants were computer
workers with neck and upper limb symptoms in the preceding 6 months,
the last 2 weeks, or both. Productivity and sickness absence were assessed
with the Health and Performance Questionnaire (HPQ). Results:
Physical activity and cardiorespiratory fitness were not associated with
work productivity or sickness absence. Obese male workers reported lower
absolute productivity than lean workers. Lean and overweight workers
reported similar productivity levels. Body mass index was not associated
with sickness absence. Conclusions: In a population of white-collar
workers with neck and upper limb symptoms, obese male workers showed
significantly lower productivity than did lean or overweight workers.
(J Occup Environ Med. 2007;49:633–640)

T here is general consensus that physical
activity and fitness are associated with
health benefits.1 Many epidemiologi-
cal studies have shown that regular
physical activity and high cardiore-
spiratory fitness levels reduce the
risk of developing cardiovascular
diseases, type 2 diabetes, cancer, and
mortality.2–5 These health-related
benefits result in lower medical costs
and several work-related benefits,
such as decreased sickness absence
and increased worker productivity.
Obesity, which is associated with
physical inactivity, has been associ-
ated with higher medical costs and
increased sickness absence.6–9 Ac-
tive and lean employees are assumed
to be healthier and more productive
than inactive and overweight em-
ployees, resulting in less costs and
more gains.10–11 The scientific evi-
dence for the effectiveness of work-
site physical activity programs on
productivity is currently inconclu-
sive.12 Despite this, the rationale for
implementation of worksite physical
activity programs is evident, given
the work-related benefits of physical
activity and fitness and the costs of
obesity.

Studies investigating the associa-
tion between modifiable risk factors
and work-related outcomes have
mainly investigated the effect on sick
leave, probably as a result of the
relative “ease” of measuring sickness
absence in a reliable way. Inverse
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relationships between physical activ-
ity and cardiorespiratory fitness on
the one hand, and sickness absence
on the other hand have consistently
been found.13–16 Studies with the use
of productivity (ie, job performance)
as an outcome measure14,17–18 are
scarce.

Although work productivity is diffi-
cult to measure,19 several instruments
have been developed and tested.20–22

One of the newest instruments is the
World Health Organization (WHO)
Health and Work Performance Ques-
tionnaire (HPQ), which has shown
good concordance with employer
records of work absence, work produc-
tivity, and critical incidents.20

Pronk et al14 used a test version of
the HPQ to study the association
between work performance on the
one hand and physical activity, car-
diorespiratory fitness, and obesity on
the other hand. Higher levels of
physical activity seemed to be asso-
ciated with higher quality of work
and better overall job performance.
Furthermore, higher cardiorespira-
tory fitness seemed to be associated
with higher quantity of work per-
formed and lower effort required to
perform the work. Obesity was asso-
ciated with more difficulty in getting
along with coworkers.14 To our
knowledge, the study of Pronk et al14

is the only one that provides some
insight in the relationship between
cardiorespiratory fitness and produc-
tivity. It is also the first study that
investigated the relationship between
modifiable risk factors and productiv-
ity with use of the HPQ. Therefore,
more studies elaborating on these as-
sociations are recommended.14

The goal of this study was to ana-
lyze the associations among three
modifiable risk factors (physical activ-
ity, cardiorespiratory fitness, and body
mass index [BMI]), sickness absence,
and work productivity in a group of
workers with symptoms of the neck
and upper extremities. We hypothesize
that higher levels of physical activity,
higher cardiorespiratory fitness, and
lower BMI are associated with higher

levels of productivity and lower levels
of absenteeism.

Materials and Methods

Study Population and Design
The study population consisted of

computer workers who participated in
a randomized controlled trial (RCT) to
study the effectiveness of a lifestyle
physical activity intervention in addi-
tion to a work style intervention on the
recovery from work-related neck and
upper limb symptoms.23 Participants
were recruited from seven companies
in the Netherlands. All employees
working in these companies (N �
approx. 8000) were sent an informa-
tional brochure, a participation form,
and a brief questionnaire to check the
inclusion criteria. The inclusion crite-
ria consisted of the following:

1. Frequent (ie, at least once a week)
or long-term symptoms (ie, pain
or discomfort) in the neck, shoul-
ders, arms, wrists and/or hands in
the preceding 6 months and/or the
last 2 weeks.

2. Performing computer work for at
least 3 days a week for at least 3
hours a day.

3. A working contract until the last
follow-up measurement.

4. Not under care of a doctor or (phys-
ical) therapist for neck, shoulder,
arm, hand, or wrist symptoms.

5. No non–work-related or clear so-
matic diseases (eg, rheumatoid art-
hritis, cervical hernia, tennis elbow,
carpal tunnel syndrome).

Women who were pregnant at the
start of the study were excluded from
the study. The specific inclusion cri-
teria were used in order to answer the
primary research questions of the
RCT.23 By using 6-month and
2-week periods in the first inclusion
criterion, we intended to include
workers with chronic and recurrent
symptoms as well as workers with
recent symptoms. Workers who met
the inclusion criteria and who were
willing to participate received a
baseline questionnaire, a written in-
formed consent, a short medical

questionnaire, and an invitation to
complete a walking test to estimate
their cardiorespiratory fitness. For
the purpose of this study, only base-
line data of the participants were
used. The Medical Ethics Committee
of the VU University Medical Center
approved the study.

Measures

Independent Variables
Physical Activity. Physical activity

was assessed with the validated Short
Questionnaire to Assess Health en-
hancing physical activity (SQUASH)
questionnaire.24 The SQUASH ques-
tionnaire contains questions about ac-
tivities in the following four domains:
1) commuting activities (ie, walking
and cycling for transport), 2) activities
at work and at school, 3) household
activities, and 4) leisure time activities
(ie, walking, cycling, gardening,
chores, and sports). Participants were
asked to consider an average week in
the past month and to report the num-
ber of days per week spent on each
activity, as well as the number of
minutes per day and the intensity (ie,
slow, average, fast) of each activity.
The duration of physical activity was
computed by adding up the total min-
utes per week across the four domains.
This was done for moderate intensity
physical activities (�4,0 MET [meta-
bolic rate] and �6,5 MET), vigorous
intensity physical activities (�6,5
MET), and total physical activity
(�4,0 MET).

Cardiorespiratory Fitness and
BMI. Cardiorespiratory fitness was
estimated with the validated UKK
walk test.25–27 Participants had to
walk 2 kilometers at a pace as brisk
as possible but without running.
Maximal oxygen uptake (VO2max)
was estimated based on sex-specific
prediction models including walking
time, heart rate at the end of the
walk, age, and BMI.25 Before the
UKK walk test, participants’ body
height and body weight were mea-
sured. BMI was computed as body
weight (kg) divided by the square of
height (m2). The following three BMI
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groups were defined: 1) �25 kg/m2

(lean workers/reference group), 2)
�25 kg/m2 and �30 kg/m2 (over-
weight workers), and 3) �30 kg/m2

(obese workers). Heart rate was mea-
sured with Polar heart rate monitors
(type S610i; Polar Electro, Lake Suc-
cess, NY).

Musculoskeletal Symptoms. Inten-
sity of worst pain in the past 4 weeks
was assessed in the baseline ques-
tionnaire. Participants were asked to
indicate the maximum intensity of
their neck/shoulder symptoms as well
as the maximum intensity of their
symptoms in the arm/wrist/hand re-
gion in the past 4 weeks on a scale
ranging between 0 (no pain) and 10
(worst pain ever).28 If participants re-
ported symptoms in both the neck/
shoulder and the arm/wrist/hand re-
gions, the region with the highest score
was used in the analyses.

Dependent Variables
Productivity. Self-reported work

productivity was assessed with the
full HPQ.20 The HPQ was translated
into Dutch with use of a forward-
backward translation procedure. In
the HPQ, work productivity is con-
ceptualized as a measure of actual
performance in relationship to possi-
ble performance (ie, presenteeism).
This is scored on 0 to 10 response
scales indicating the percentage of
performance. In this study, we ap-
plied an absolute and differential
measure of productivity (ie, produc-
tivity compared with others). These
are two standard ways to assess pro-
ductivity with the HPQ. The follow-
ing two questions from the HPQ
were used: 1) “On a scale from 0 to
10, in which 0 is the worst job
performance anyone could have at
your job, and 10 is the performance
of a top worker, how would you rate
your overall job performance on the
days you worked during the past 4
weeks (28 days)?” 2) “On a scale
from 0 to 10, in which 0 is the worst
job performance anyone could have
at jour job and 10 is the performance
of a top worker, how would you rate
the usual performance of most work-

ers in a job similar to yours?” For the
absolute measure of productivity, we
used the first question. For the dif-
ferential measure, we used the differ-
ence between the first and second
question. Using a differential mea-
sure of productivity adjusts for pos-
sible between-worker differences in
calibration on the 0-to-10 self-
anchoring scale.29

Absenteeism. Sickness absence
was based on self-report questions in
the HPQ.20 We expressed absentee-
ism as the absolute number of work-
days missed in the past 4 weeks
because of problems with physical
or mental health. Because work ab-
senteeism had a skewed distribution
and many participants reported no
missed working days (making log
transformation impossible), we dichot-
omized work absenteeism into a
yes/no variable.

Exclusion From the Analyses
Data of the following participants

were excluded:

• Participants who reported to use
medications that are known to
affect the maximum heart rate
(eg, beta-blockers, calcium channel
antagonists).

• Participants with a heart rate less
than 120 beats per minute (in
workers �40 years old) or less
than 110 beats per minute (in
workers �40 years old) at the end
of the UKK walk test. Heart rates
below the age-specific cutoffs are
considered too low to make a reli-
able estimate of VO2max.

• Participants with a negative
VO2max estimated with the sex-
specific prediction models.

• Participants with incomplete data.

Statistical Analyses
We performed descriptive analy-

ses to describe the characteristics of
the study population. To determine
the relation of physical activity, fit-
ness, and BMI with productivity, we
conducted multiple linear regression
analyses using a crude model and an
adjusted model in which we adjusted
for age, gender, educational level,

and intensity of worst pain symp-
toms in the neck, shoulders, arms,
wrists, and/or hands in the past 4
weeks (P � 0.05). All covariables
were selected a priori. We adjusted
for worst pain intensity because pain
is very likely to be associated with
productivity and sickness absence, as
well as with BMI and physical activ-
ity. In the analyses with physical
activity and fitness, we also adjusted
for BMI. In the analyses with obe-
sity, we used dummy variables to
compare the overweight and obese
workers with the lean workers. In
addition, we studied whether age,
gender, and intensity of worst pain
were effect-modifiers in the relations
of interest. When interactions showed
a P value of �0.1, stratified analyses
were conducted. This resulted in sep-
arate analyses for men and women,
and for age and pain categories.

To determine the relationship of
physical activity, fitness, and obesity
with sickness absence, we conducted
logistic regression analyses using
crude and adjusted models similar to
the ones described for productivity.
We performed all analyses using the
SPSS version 12.0 statistical software
package (SPSS Inc., Chicago, IL).

Results

Descriptives of the
Study Population

Of the 8000 computer workers
who received an informational bro-
chure, a participation form and a
brief questionnaire, 1875 (23%) re-
sponded. About half of the respond-
ers (N � 939) were not willing to
participate in the study. Of the re-
maining 936 responders, 470 failed
to meet the inclusion criteria, and
466 filled out the baseline question-
naire. For the purpose of this study,
data of 123 participants were ex-
cluded because of incompleteness
(n � 61), use of medications (n �
17), a heart rate lower than the age-
specific cutoffs at the end of the
UKK walk test (n � 50; eight work-
ers also used medicine), or a negative
predicted VO2max (n � 3). Finally,
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data of 343 workers were included in
the analyses. Neither absolute nor
differential productivity differed be-
tween the included and the excluded
workers. Table 1 presents the base-
line characteristics of the study pop-
ulation. The baseline characteristics
are presented separately for men and
women because some modifiable
risk factors are known to differ be-
tween men and women. Our study
population was rather homogeneous.
Most workers were highly educated
and worked with a computer for at
least 3 hours every day. BMI in our
study population was comparable
with BMI levels reported in a Dutch
survey among 40- to 45-year-old
men and women.30

Physical Activity
and Productivity

Table 2 shows the relationship be-
tween physical activity and produc-
tivity for three intensity levels of
physical activity and the two produc-
tivity measures. Higher total physical
activity was associated with higher
absolute and differential productiv-
ity, but these associations were weak

and only borderline significant. Sim-
ilar results were obtained when the
analyses were run separately for men
and women, younger and older
workers, and workers with low and
high worst pain (data not shown).

Cardiorespiratory Fitness
and Productivity

We found no relationship between
cardiorespiratory fitness and produc-
tivity (Table 3).

Again, the same results were ob-
tained when the analyses were run
separately for men and women,
younger and older workers, and
workers with low and high worst
pain (data not shown).

BMI and Productivity
There were no differences in pro-

ductivity between overweight work-
ers (n � 136) and lean workers (n �
168). However, obese workers (n �
39) reported a significantly lower
absolute productivity than lean
workers (Table 4). Because we found
a significant interaction between gen-
der and obesity in this association, we
conducted stratified analyses for men

and women. These analyses showed
an association between obesity and
lower absolute productivity in men
(� � �0.868, 95% CI � �1.42;
�0.32, P � 0.002) but not in women
(� � 0.026, 95% CI � �0.50; 0.55,
P � 0.92). Obesity was not associated
with differential productivity.

Physical Activity,
Cardiorespiratory Fitness, BMI,
and Sickness Absence

Table 5 shows the relationship
among physical activity, cardiore-
spiratory fitness, obesity, and sick-
ness absence in the past 4 weeks.
None of the modifiable risk factors
showed an association with sick-
ness absence.

Discussion
The purpose of this study was to

investigate associations among three
modifiable risk factors (ie, physical
activity, cardiorespiratory fitness,
and BMI) and work productivity and
sickness absence in workers with
symptoms of the neck, shoulders,

TABLE 1
Description of the Study Population Stratified by Gender

Men (N � 183) Women (N � 160)

Variables Mean (SD) Median Min–Max Mean (SD) Median Min–Max

Age (yrs) 45.8 (7.2) 45.0 24–60 41.1 (8.8) 42.0 24–56
Educational level (range, 1–5)a 4.1 (0.9) 4.0 1–5 4.1 (1.0) 4.0 1–5
Absolute productivity (range, 0–10)b 7.4 (1.1) 8.0 2–9 7.4 (1.0) 8.0 2–9
Differential productivity (range, �10–10)c 0.68 (1.2) 0 �3–5 0.89 (1.4) 1.0 �2–6
Intensity of worst symptoms in past 4 wks

(range, 0–10)d
5.0 (2.1) 5.0 0–0 5.4 (2.2) 6.0 0–10

Total physical activity (�4,0 MET) (min/wk) 477 (371) 390 0–2450 392 (413) 318 0–3610
Vigorous intensity physical activity (�6,5 MET)

(min/wk)
166 (233) 90 0–1210 95 (212) 0 0–1720

Moderate intensity physical activity (�4,0
MET and �6,5 MET) (min/wk)

311 (313) 230 0–2210 297 (298) 240 0–2100

Body mass index (kg/m2) 25.9 (3.2) 25.7 18.0–38.0 24.7 (4.1) 24.2 17.3–40.7
Estimated VO2max (ml/kg–1/min–1) 35.2 (9.3) 35.8 3.6–55.8 29.0 (6.4) 29.3 9.0–42.5
Sickness absence (days in past 4 wks) 0.60 (1.60) 0 0–10 0.64 (1.82) 0 0–15
Sickness absence in past 4 wks (% yes) 19.1 19.4

aA higher score indicates a higher education (1 � primary school; 5 � tertiary education).
bJob performance in the past 4 wks. A higher score indicates a higher performance.
cDifference between overall job performance in the past 4 wks and usual performance of most workers in a similar job. A positive score

means that overall productivity in the past 4 wks was higher than usual performance of most workers in a similar job.
dA higher score indicates a higher intensity of worst symptoms (0 � no pain; 10 � worst symptoms ever).
SD � standard deviation; min � minimum; max � maximum; VO2max � maximum oxygen uptake; MET � metabolic rate.
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arms, wrists, and hands. Physical
activity and cardiorespiratory fitness
were not associated with productiv-
ity and sickness absence. Obesity
was significantly associated with
lower absolute productivity in male
workers but not with higher sickness
absence. Overweight workers re-
ported similar productivity levels to
that of lean workers.

Physical Activity
Relatively few studies investigated

the association among physical activ-
ity, work productivity, and sickness

absence. Some of these studies found
higher work productivity14,17–18 and
lower sickness absence in physically
active workers compared with inactive
workers.13,15–17,31–33 The reported as-
sociations between physical inactivity
and productivity were small.14,17,18

Boles et al17 and Burton et al18 re-
ported productivity losses of 2.7% and
1.9%, respectively. However, in the
present study, physical activity was not
associated with productivity or sick-
ness absence. This is in accordance
with a cross-sectional study6 showing
no relationship between lack of exer-

cise and sickness absence and two
longitudinal studies34,35 showing no
increase in productivity in workers
who increased their physical activity.

A recent study32 suggested that the
association between physical activity
and work sickness absence depends
on the intensity of physical activity.
Proper et al32 found less sick leave
for workers who met the recommen-
dations for vigorous intensity physi-
cal activity and not for workers who
met the recommendations for moder-
ate intensity physical activity.

Cardiorespiratory Fitness
As far as we know, only one previ-

ously published study14 investigated
the association between cardiorespira-
tory fitness and productivity. This
study showed a significant association
between cardiorespiratory fitness and
quantity of work performed but not
with overall work performance. Pronk
et al14 used a test version of the HPQ
and six productivity measures, of
which only overall work performance
(on a scale of 0 to 10) was comparable
with absolute productivity in our
study. Previous studies showed mixed
results regarding the association be-
tween cardiorespiratory fitness and
sickness absence. Steinhardt et al36

showed that higher fitness levels were

TABLE 3
Relationship Between VO2max (ml . kg–1 . min–1/10) and Two
Productivity Estimates

� 95% CI P Value

Absolute productivitya (n � 343)
Crude model �0.008 �0.14–0.13 0.91
Adjusted modelc �0.028 �0.22–0.17 0.78

Differential productivityb (n � 318)
Crude model �0.026 �0.19–0.14 0.75
Adjusted modelc 0.044 �0.19–0.28 0.72

aJob performance in the past 4 wks. A higher score indicates a higher performance.
bDifference between overall job performance in the past 4 wks and usual performance of

most workers in a similar job. A positive score means that overall productivity in the past 4
wks was higher than usual performance of most workers in a similar job.

cAdjusted for age, gender, education, intensity of worst symptoms in past four wks, body
mass index.

VO2max � maximum oxygen uptake; CI � confidence interval.

TABLE 2
Relationship Between Three Levels of Physical Activity and Two Productivity Estimates

Absolute Productivitya (N � 343) Differential Productivityb (N � 318)

� 95% CI P Value � 95% CI P Value

Total physical activity (�4,0 MET;
min/wk/100)

Crude model 0.026 �0.003–0.055 0.08 0.027 �0.008–0.062 0.13
Adjusted modelc 0.027 �0.002–0.057 0.07 0.030 �0.005–0.065 0.09

Vigorous intensity physical activity
(�6,5 MET; min/wk/100)

Crude model 0.031 �0.020–0.081 0.23 0.012 �0.049–0.073 0.70
Adjusted modelc 0.030 �0.022–0.081 0.26 0.026 �0.036–0.087 0.42

Moderate intensity physical activity (�4,0
MET and �6,5 MET; min/wk/100)

Crude model 0.026 �0.011–0.064 0.17 0.038 �0.007–0.084 0.10
Adjusted modelc 0.029 �0.008–0.067 0.13 0.037 �0.008–0.082 0.11

aJob performance in the past 4 wks. A higher score indicates a higher performance.
bDifference between overall job performance in the past four wk and usual performance of most workers in a similar job. A positive score

means that overall productivity in the past 4 wks was higher than usual performance of most workers in a similar job.
cAdjusted for age, gender, education, intensity of worst symptoms in past 4 wks, body mass index.
min � minutes; wk � week; CI � confidence interval; MET � metabolic rate.
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related to fewer sickness absences in
male police officers, whereas Boyce
et al37 showed a low predictability of
sickness absence based on physical
fitness levels.

Body Mass Index (BMI)
Similar to the findings in other

studies,17,18,38 obese male workers in

our study were less productive than
were lean male workers. Furthermore,
we found no differences in productiv-
ity between lean and overweight work-
ers, which is similar to the results of
Ricci and Chee.39 The association be-
tween obesity and lower productivity
was only found with absolute produc-
tivity and not with differential produc-

tivity. However, because several of our
participants felt uncomfortable in eval-
uating other workers and did not an-
swer the question concerning usual
performance of most workers in a job
similar to theirs, we have some doubts
about the validity of the differential
productivity estimate. Therefore, we
consider the absolute productivity
estimate as more reliable than the dif-
ferential, although in theory the differ-
ential measure seems more reliable.
This problem of missing values has not
been reported by the developers of the
HPQ who validated the instrument in
the United States.20 Possibly, cultural
differences between the United States
and the Netherlands can explain the
difference in willingness to evaluate
coworkers. Furthermore, some work-
ers reported that there were no other
workers with a similar job. Despite the
association between obesity and pro-
ductivity in men, BMI was not associ-
ated with sickness absence. This is
supported by Ricci and Chee,39 who
showed that productivity loss in obese
workers is primarily explained by re-
duced presenteeism and not by re-
duced sickness absence. Nevertheless,
our finding is not in accordance with
several other studies.6–8,40 In the study
of Ricci and Chee,39 the association
between obesity and (lower) produc-
tivity was mediated by a weaker over-
all health in obese workers. In our
study, we adjusted the association

TABLE 5
Relationship Among VO2max, Physical Activity, BMI, and Sickness Absence
(Yes or No in Past 4 Weeks)

N � 343 OR 95% CI P Value

VO2max (ml/kg–1/min–1/10)
Crude model 0.84 0.62–1.15 0.27
Adjusted modela 0.69 0.44–1.09 0.11

Total physical activity (�4,0 MET; min/wk/100)
Crude model 0.98 0.91–1.06 0.65
Adjusted modela 0.99 0.92–1.06 0.69

Vigorous intensity physical activity (�6,5 MET;
min/wk/100)

Crude model 0.89 0.76–1.04 0.14
Adjusted modela 0.91 0.78–1.06 0.23

Moderate intensity physical activity (�4,0 MET
and �6,5 MET; min/wk/100)

Crude model 1.023 0.94–1.11 0.60
Adjusted modela 1.015 0.93–1.11 0.73

Overweight workers (BMI � 25 kg/m2 and
�30 kg/m2)b

Crude model 1.045 0.59–1.86 0.88
Adjusted modelc 1.095 0.59–2.04 0.77

Obese workers (BMI �30 kg/m2)b

Crude model 1.326 0.57–3.07 0.51
Adjusted modelc 1.329 0.56–3.17 0.52

aAdjusted for age, gender, education, intensity of worst symptoms in past 4 wks, BMI.
bLean workers (BMI �25 kg/m2) were used as the reference.
cAdjusted for age, gender, education, and intensity of worst symptoms.
BMI � body mass index; VO2max � maximum oxygen uptake; min � minutes; wk � week.

TABLE 4
Relationship Between BMI and Two Productivity Estimates

Absolute Productivitya (N � 343) Differential Productivityb (N � 318)

� 95% CI P Value � 95% CI P Value

Overweight workers (BMI �25
kg/m2 and �30 kg/m2)c

Crude model �0.017 �0.26–0.23 0.89 0.063 �0.24–0.36 0.68
Adjusted modeld �0.011 �0.27–0.24 0.93 0.204 �0.11–0.52 0.20

Obese workers (BMI �30 kg/m2)c

Crude model �0.433 �0.81–�0.06 0.02 0.115 �0.35–0.58 0.63
Adjusted modeld �0.421 �0.80–�0.04 0.03 0.212 �0.26–0.69 0.38

aJob performance in the past 4 wks. A higher score indicates a higher performance.
bDifference between overall job performance in the past 4 wks and usual performance of most workers in a similar job. A positive score

means that overall productivity in the past 4 wks was higher than usual performance of most workers in a similar job.
cLean workers (BMI �25 kg/m2) were used as the reference.
dAdjusted for gender, education, and intensity of worst symptoms in past 4 wks.
BMI � body mass index; CI � confidence interval.
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among BMI, productivity, and sick-
ness absence for worst symptoms in
the past 4 weeks, but this had little
effect on the association. However, we
cannot rule out that a lower general
health as a result of other symptoms
than of the neck and upper limb ex-
plains part of our findings.

Comparability With Other
Studies and Future Studies

In the previous paragraphs, we
compared our results with those of
other studies that investigated the
association between modifiable risk
factors and work-related outcomes.
Comparisons among studies are dif-
ficult to make because all studies
used different questionnaires in dif-
ferent working populations. Other
studies that used the HPQ to assess
productivity, preferably in a popula-
tion of white-collar workers, are
needed to strengthen our results. Fi-
nally, high quality intervention stud-
ies are needed to investigate whether
physical activity programs can in-
crease work productivity and reduce
absenteeism from work.

Strengths and Limitations
of the Study

The strength of our study is that
we are one of the first to present data
on cardiorespiratory fitness in rela-
tionship to productivity and sickness
absence. Cardiorespiratory fitness
was estimated by means of a vali-
dated walking test,25 whereas Pronk
et al14 estimated cardiorespiratory
fitness with self-reported measures.
Furthermore, very few studies have
been published that used the HPQ to
assess data on productivity and sick-
ness absence.41–42 Because our study
was designed as a randomized con-
trolled trial with a research question
other than the one described here, the
number of participants in our study
was relatively low. This might have
resulted in a lack of power to show
significant results. The generalizabil-
ity of the results of our study is
limited to workers with neck and
upper limb symptoms. One may ar-

gue that the neck and upper limb
symptoms of our participants have
affected the physical activity levels
in our study population. However,
this does not seem likely because the
physical activity levels in our study
population were comparable with
physical activity levels in a Dutch
population of healthy workers.24 In
addition, none of our participants
were treated by a doctor or therapist
at the start of the study. This suggests
that our study population consisted
of computer workers with mild neck
and upper limb symptoms.

Finally, the results of our study are
limited because of its cross-sectional
design, which prevents drawing con-
clusions on causal relationships.

Conclusion
In a population of white-collar

workers with neck and upper limb
symptoms, obese male workers
showed a significantly lower produc-
tivity than lean or overweight work-
ers. However, this association was
only found with absolute productiv-
ity and not with differential produc-
tivity (ie, productivity compared
with others). Physical activity and
cardiorespiratory fitness were not as-
sociated with either reduced produc-
tivity or increased sickness absence.
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Gender and the Physical and Psychosocial
Work Environments are Related to Indoor
Air Symptoms

Jan Vilhelm Bakke, MD
Bente E. Moen, MD, PhD
Gunilla Wieslander, MD, PhD
Dan Norbäck, PhD

Objectives: To assess gender differences in self-reported symptoms,
psychosocial, subjective, and objective physical environments. Methods:
Staff (N � 173) in four university buildings were investigated by
questionnaires, blood samples, and objective assessment of indoor
environment (temperature, air velocity, relative humidity, CO2, and
dust [PM10]). Analyses were performed by linear and logistic regres-
sions. Results: Women reported health symptoms more often than did
men and complained more about physical but not psychosocial factors.
Men’s symptoms and complaints were more specifically associated to air
velocity and humidity. For both genders, symptoms were related to both
strain (P � 0.02) and perceived physical environments (P � 0.01).
Lower relative humidity in the range of 15% to 35% was associated
with perception of too low temperature and dry air. Conclusion: Gender,
psychosocial, and physical environment factors were related to symptoms
and perceived indoor climate. (J Occup Environ Med. 2007;49:
641–650)

N egative psychosocial work factors
have been associated with the risk
of various illnesses, especially psy-
chosomatic disorders. The work
situation is of importance to the indi-
vidual, as the environment acquires its
meaning through individual ap-
praisal.1,2 The process of establishing
an individual appraisal of the environ-
mental conditions functions as a medi-
ating factor between the reality of the
work environment and the individual’s
mental and physiological reactions.
High demands at work together with
low social job control and low job
support are a combination of mental
factors that could cause various nega-
tive effects on health. The results could
be serious health problems such as
heart disease and increased mortality3

as well as anxiety, depression, mental
distress, dissatisfaction, and high rates
for sickness absence and turnover.4

Based on the demand–control–support
model, psychosocial factors can be
measured by using self-administered
questionnaires.5,6

For several years, there has been an
interest in various health problems re-
lated to the indoor environment.
Symptoms that have been associated
with low indoor air quality include
various nonspecific symptoms from
the eyes, nose, throat, and skin and
nervous system symptoms such as
headache and tiredness, denoted as
sick-building syndrome (SBS).7–12

SBS has been related to mental stress
at work13,14,15 and women tend to
report more symptoms than do
men.8,9,11,12,16 Also various exposures
indoors, including dampness,17 tem-
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perature,18–20 and particle pollutants21

have been suggested to cause such
symptoms. Other factors significant
for the indoor environment include
chemical reactions in indoor air,22 ther-
mal conditions,19,20,22–27 ventilation
rates,28 work with self-copying paper,
photocopying and video display termi-
nals,29 environmental tobacco smoke,
combustion products, formaldehyde, and
volatile organic compounds.30

Indoor environmental problems
seem to be multifactorial. As symp-
toms related to the indoor air factors
might also be related to mental stress
at work,13–15 the relationship to both
physical and mental factors is of
interest. Few studies have examined
typical indoor air symptoms, indoor
environmental factors, and the psy-
chosocial work environment at the
same time.15

The reason for gender difference
in reporting symptoms from indoor
environments is debated.31,32 Gender
differences have been observed in
several other studies of subjective
health symptoms. This has been
found both in general population stud-
ies33,34 as well as in studies of organ
specific symptoms.35,36 Several sug-
gestions are given concerning the pos-
sible causes of these differences in the
articles. Different responses to stress,
differences in coping style, different
work situations, and different physical
strength are mentioned,33 as well as
different traditions and thresholds for
when and how to complain. In a study
of airway symptoms, factors like hor-
monal fluctuations, airway caliber, and
bronchial hyper-reactivity are also
mentioned36 as possible causes of gen-
der differences. However, the real
causes of these differences are not well
understood, and several studies under-
line the importance of considering the
gender issue in health studies.37,38 These
findings and discussions emphasize the
importance of differentiating the genders
in studies of indoor environments.

This study evaluated the relation-
ships between reported health symp-
toms and subjective evaluation of the
psychosocial work environment as
well as subjective and objective eval-

uation of the physical indoor envi-
ronment. The gender difference was
evaluated as well.

Materials and Methods
A cross-sectional study was per-

formed in four apartment buildings
about 100 years old that had been
modernized and rebuilt for university
use. All employees and master stu-
dents working in these buildings dur-
ing the study period were invited to
participate. They were all informed
in meetings, one for each building
where the researchers, the safety
deputies, and head of the department
were present. Both oral and written
information was given and all partici-
pants gave written informed consent.

The study was performed in the
winter from February to March 2004,
after the influenza season and before
the pollen season. All participants
were examined in a room at their
own workplace.

Questionnaire
The participants completed an ex-

tended and modified MM040NA
questionnaire.39 Twelve questions
concerned symptoms known to be
related to indoor air problems and 12
other questions elicited perceived
factors in the physical work environ-
ment, both for the past 3 months.
Symptoms and environmental fac-
tors were registered as “Yes, often
(every week)” � 2, “Yes, some-
times” � 1, and “Never” � 0 and
totalled, giving scores for symptoms
(0–24) and perceived physical work
environment (0 –24), respectively.
The symptoms included five ques-
tions on general symptoms (fatigue;
feeling heavy-headed; headache;
nausea or dizziness; and difficulty
concentrating), four questions on
mucosal irritation (itching, burning,
or irritation of the eyes; irritated,
stuffy, or runny nose; hoarse, dry
throat; and cough), and three on skin
symptoms (dry or flushed facial skin;
scaling or itching scalp or ears; and
dry, itching, red skin). These were
totalled, giving three additional
scores for general (0–10), mucosal

(0–8), and dermal symptoms (0–6),
respectively.

Questions about job demands (6
items), control (5 items), and social
support (6 items) in the past 3
months were based on the Swedish
Demand–Control–Support Question-
naire.5,6 Each item is scored on a
four-point scale; “Yes, often” � 1,
“Yes sometimes” � 2, “No, seldom” �
3, and “No, almost never” � 4.40 The
scores were totalled, giving subscale
scores from 5 to 20 for demands and
latitude and from 6 to 24 for support.
The three indexes were mathemati-
cally transformed to give values in
the range of 0.00 to 1.00 by first
subtracting from each score the
number of items included and then
dividing by the same number. Job
demands and control were combined
as the factor “strain” (demands di-
vided by control), giving a range of
0.00 to 1.40.

The participants also answered
questions about gender, age, years of
education, scientific position at the
university (yes/no), dampness and
domestic animals in their home (yes/
no), work hours daily, current
chronic diseases (yes/no: cardiovas-
cular diseases, chronic lung diseases,
cancer, or serious mental disorders),
daily medication (yes/no), absence
from work due to infectious airway
disease in the past year (days), phys-
ical fitness (scale 1–5), current
smoking (yes/no), and number of
cigarettes smoked daily.

Blood Samples: Phadiatop
A blood sample for atopy was

taken from all participants. The sam-
ples were drawn from the cubital
vein with the subject sitting in a
chair. The blood was clotted in the
tube at room temperature. After a
maximum of 2 hours the blood was
centrifuged. The serum samples were
brought to the laboratory and frozen
to –25°C. Serum samples were ana-
lyzed at the Laboratory of Clinical
Biochemistry at Haukeland Univer-
sity Hospital for the main inhalation
allergens using Phadiatop [Dermato-
phagoides pteronyssinus (d1), D.
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farinae (d2), birch (t3), timothy (g6),
mugwort (w6), cat (e1), dog (e2),
horse (e3), and Cladosporium (m2)].
Results were assessed as negative
when the concentration of immuno-
globulin E (IgE) antibody was �0,35
kilounits of specific antigen (kUA)
per liter or positive when concentra-
tion was �0,35 kUA/L.41

Objective Indoor
Environment Factors

Indoor climate was assessed in 56
rooms: 8 meeting rooms and 48
offices. The offices were randomly
selected among available rooms of
different sizes: 14 small offices with
1 employee, 31 medium-sized of-
fices with 2 or 3 employees, and 3
large offices with more than 3
employees.

Measurements were performed at
a logging point in each office, close
to the worker, 110 cm from the floor.
Air temperature (°C), CO2 (ppm), air
velocity (cm/s), and airborne dust
assessed as particulate matter with an
aerodynamic diameter �10 �m
(PM10, �g/m3) were monitored. Data
were logged continuously for two
working days using the following
instruments and software:

• Temperature (air): Q-TRAK Plus
IAQ Monitors Model 8552/8554
(TSI, Shoreview, MN 55126-3996
U.S.A), Kistok with KILOG software
(KIMO Instruments, MONTPON,
France), Klimalog 7, SenseAir CO2

monitor (SenseAir� AB, Delsbo,
Sweden), Mitec AT40g (Universal),
Mitec SatelLite-T, and Mitec Satel-
Lite-TH (Mitec Instrument AB,
Säffle, Sweden);

• CO2: Q-TRAK Plus IAQ Monitors
Model 8552/8554 (TSI, Shore-
view, MN 55126-3996 U.S.A),
SenseAir CO2 monitor (SenseAir�
AB, Delsbo, Sweden), and Mitec
AT40g (Universal) (Mitec Instru-
ment AB, Säffle, Sweden);

• Relative humidity (RH): Q-TRAK
Plus IAQ Monitors Model 8552/8554
(TSI, Shoreview, MN 55126-3996
U.S.A), Klimalog 7 (SenseAir� AB,
Delsbo, Sweden), Mitec AT40g

(Universal), and Mitec Satel-
Lite-TH (Mitec Instrument AB,
Säffle, Sweden);

• Air velocity and draft: SWA 03
draft sensor from Swema with mea-
suring range of velocity 0.05 to 3.0
m/s at 10°C to 34°C (Swema,
Stockholm, Sweden); and

• Airborne dust (PM10, g/m3): Side-
Pack dust monitors, with software
from TrakPro (TSI, Shoreview,
MN 55126-3996 U.S.A).

The instruments were calibrated
according to stated procedures
from the instrument suppliers. Par-
allel loggers were calibrated with
each other in the relevant measure-
ment ranges.

Measurements were registered as
5-minute averages through the
monitoring period. The results for
each room were calculated as mean
figures from the work hours de-
fined as between 9:00 AM and 4:00
PM for both days. Because not all
offices in the buildings were mon-
itored, the results were modeled
according to building and office
size to assign data for the worksite
of all participants.

Statistics
Categorical values were compared

in the groups using Pearson �2 tests,
and continuous variables were com-
pared using t test. As the dust levels
(PM10) were highly skewed in the
material, log-transformed data for
this variable were used in the analy-
sis. Linear regression analysis was
performed using scores as dependent
variables, adjusting for age, gender,
scientific position or not, atopy, cur-
rent smoking, moisture, and pets at
home. Unadjusted and adjusted betas
(partial regression coefficient) were
calculated.

Logistic regression was performed
for dichotomized responses concern-
ing symptoms and perceived indoor
environments, univariate and con-
trolling for gender, age, scientific
position, current smoking, atopy,
moisture, and pets at home. Adjust-
ment was also performed for strain in
the analysis of environmental percep-
tion. Analysis was also stratified by
gender. SPSS version 12.0 (Chicago,
IL) was used for the analysis, and the
significance level was set at 0.05.

TABLE 1
Age, Education, Scientific Position, Work Hr, Positions at Work, Moisture and
Pets at Home, Current Smoking, Absence From Work in the Past Year,
Temperature at Work, CO2, Air Velocity, PM10, and Positive Phadiatop Test
Among Participants in a Study of the Indoor Environment

Men
(n � 81)

Women
(n � 92)

Total
(n � 173) P

Age 46 � 13 40 � 13 43 � 14 0.002*
Years of education after primary

school
11 � 3 10 � 3 10 � 3 0.01*

Weekly work hr 38 � 12 32 � 11 35 � 12 0.001*
Cigarettes smoked daily among

smokers
11 � 7 8 � 4 9 � 5 0.51*

Days absent due to respiratory
infections in the past year

4 � 4 5 � 5 4 � 5 0.41*

Daytime temperature (oC) 22.1 � 1.0 22.2 � 0.9 22.2 � 1.0 0.30*
CO2 (ppm) 492 � 44 501 � 25 497 � 35 0.12*
Air velocity (cm/s) 5.1 � 1.6 6.3 � 1.8 5.7 � 1.8 �0.0005*
Relative humidity (RH) 23.0 � 4.9 20.9 � 4.7 21.9 � 4.9 0.005*
PM10 �g/m3 (median � SD) 0.013 � 008 0.015 � 0.008 0.015 � 0.008 0.04*
Scientific position 90% 71% 80% 0.02**
Dampness in home building 11% 17% 15% 0.37**
Cat or dog at home 16% 24% 20% 0.19**
Daily smokers 11% 19% 16% 0.37**
Atopy (positive Phadiatop) 35% 38% 36% 0.77

Values are mean � SD or percent.
*t test; **�2 test.
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Ethics
The Regional Medical Research

Committee of Western Norway ap-
proved the study.

Results

Questionnaire
A total of 173 (86%) of the

invited workers participated, in-
cluding 81 men and 92 women,
with a mean age of 43 years (Table
1). The men were significantly
older than the women were and had
a longer working day. More men
had scientific positions, whereas
more women were employed in ad-
ministrative positions. The genders did
not differ significantly in living in
houses with moisture or pets, smoking,
testing positive on Phadiatop, chronic
diseases, physical fitness, daily medi-
cation, and absence from work due to
respiratory infections.

All registered symptoms were re-
ported more often among women than
men. The differences were significant
for fatigue; feeling heavy-headed; dif-
ficulty concentrating; itching, burning,
or irritation of the eyes; dry throat; and
cough (Table 2).

Women had more frequent com-
plaints about the physical work envi-
ronment than did men. The differences
were significant for draft, too high

temperature, too low temperature,
stuffy air, dry air, unpleasant odor,
static electricity, and inadequate light-
ing (Table 3).

The mean score for job demands
in the psychosocial environment
was 0.50 (SD � 0.22) for all work-
ers, with no difference between
men and women (t test, P � 1.0).
Further, the genders did not differ
in job control (total mean � 0.81,
SD � 0.13, t test: P � 0.7) or
social support (total mean 0.78,
SD � 0.18, t test: P � 0.5). In
addition, men and women did not
differ in the strain index combined
from job demands and job control
(total mean � 0.64, SD � 0.31, t
test: P � 0.7).

Blood Samples
A positive Phadiatop test was

found among 36% of the partici-
pants, with no gender difference
(Table 1).

Objective Indoor
Environment Factors

The mean day temperature was
22.2°C (range 19.3°C–25.2°C) and
the mean CO2 level was 497 (range
408 – 692) ppm, with no signifi-
cant gender difference (Table 1).
The mean air velocity was 5.7
(range �5.0 –11.1) cm/s, the mean
RH was 21.9% (range 15%–35%),

and mean PM10 concentration was
0.015 (range 0.003– 0.050) �g/m3.
The air velocity was higher, RH
lower, and dust concentration
higher in the offices with women.

Relationships Between
Symptoms, Psychosocial Work
Environment, and Subjectively
Perceived Physical
Work Environment

Table 4 shows the results from
linear regression analysis, with the
symptom score as the dependent
variable and strain, social support,
and the score for perceived physical
indoor air environment as indepen-
dent variables. The analysis is ad-
justed for age, gender, scientific
position at work, Phadiatop results,
dampness in the home, pets in the
home, and current smoking. Both
strain and perceived physical envi-
ronment were significantly associ-
ated with the symptom score. The
symptom score was not associated
with social support.

Analyzing men and women sepa-
rately, the findings were similar and
even stronger for men between the
symptom score and subjective phys-
ical environment score and strain
(� � 0.54, 95% confidence interval
[CI] 0.23–0.86, standardized � �
0.41, P � 0.001 and � � 4.65, 95%

TABLE 2
Differences in Reported Indoor Air Symptoms Among Men and Women in University Buildings

Men Women

Symptom n % n % OR 95% CI P

Fatigue 12 14.8 32 34.8 3.0 (1.4–6.5) 0.003
Feeling heavy headed 8 9.9 26 28.3 3.5 (1.5–8.4) 0.004
Headache 5 6.2 13 14.1 2.5 (0.9–7.5) 0.09
Nausea or dizziness 4 4.9 11 12.0 2.6 (0.8–8.7) 0.09
Difficulties concentrating 5 6.2 15 16.3 3.2 (1.1–9.3) 0.03
Itching, burning, or irritation of the eyes 11 13.6 23 25.0 2.4 (1.1–5.3) 0.03
Irritated, stuffy, or runny nose 13 16.0 21 22.8 1.7 (0.8–3.7) 0.18
Hoarse, dry throat 7 8.6 21 22.8 3.3 (1.3–8.3) 0.007
Cough 2 2.5 13 14.1 7.1 (1.5–32.5) 0.003
Dry or flushed facial skin 11 13.6 16 17.4 1.5 (0.7–3.5) 0.32
Scaling or itching scalp or ears 9 11.1 15 16.3 1.7 (0.7–4.3) 0.22
Hand dry, itching, red skin 7 8.6 15 16.3 2.3 (0.9–6.1) 0.07

P values for Pearson’s �2 test (two-sided) among the groups are presented as well as odds ratios (ORs), 95% confidence intervals (CIs) and
numbers and the percentage of workers answering “yes” versus “yes, sometimes” or “never” for each symptom.
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CI � 1.14–8.17, standardized � �
0.32, P � 0.01, respectively). The
association with strain was also
significant for women (� � 5.07,
95% CI � 0.29 –9.85, standardized
� � 0.29, P � 0.04) but not with
subjective physical environmental
score.

Using the three sub scores for
general, mucosal, and dermal symp-
toms for both genders together in the
adjusted analysis, the score for gen-
eral symptoms was significantly as-
sociated with strain (� � 3.11, 95%
CI � 1.55–4.67, standardized � �
0.392, P � 0.0005).

Relationship Between Symptom
Scores, Psychosocial Work
Environment, and Objectively
Assessed Physical
Work Environment

The next step was to replace the
perceived physical environments
with objective assessments. The total
symptom score was analyzed as a
dependent variable with strain, social
support, and four objective environ-
mental factors in the model at the
same time. Increasing strain and air
velocity were significantly related to
the increasing symptom score (� �

5.44, 95% CI � 2.43–8.45, standard-
ized � � 0.325, P � 0.001 and � �
0.526, 95% CI � 0.010–1.043, stan-
dardized � � 0.196, P � 0.046,
respectively).

Strain was the only factor signifi-
cantly associated with the symptom
score when also adjusting for age,
gender, scientific position, atopy,
dampness in the home, pets at home,
and current smoking in the same
analysis (Table 4). We analyzed men
and women separately, and this find-
ing was still significant for men (� �
4.863, 95% CI � 1.13–8.59, stan-
dardized � � 0.39, P � 0.01). No

TABLE 3
Number and Percentage of Men and Women Working in University Buildings Who Answered “Yes, Often” or “Yes,
Sometimes” to Questions About Perceived Environments Related to 12 Physical Indoor Climate Factors Related to the Past
3 Months

Men Women

Perceived Indoor Environment n % n % OR 95% CI P

Draught 7 9 18 21 2.6 (1.0–6.7) 0.04
Temperature too high 18 24 34 39 2.1 (1.0–4.1) 0.04
Varying temperature 29 38 39 46 1.4 (0.7–2.6) 0.29
Temperature too low 25 33 45 52 2.3 (1.2–4.3) 0.01
Stuffy air 35 45 71 79 4.4 (2.3–9.0) �0.0005
Dry air 30 39 55 64 2.8 (1.5–5.3) 0.001
Unpleasant odor 12 16 29 34 2.7 (1.3–5.8) 0.009
Static electricity 4 5 18 21 4.7 (1.5–14.6) 0.004
Passive smoking 8 11 15 17 1.8 (0.7–4.4) 0.22
Noise 18 23 25 29 1.3 (0.7–2.8) 0.39
Inadequate lighting 8 11 22 26 2.9 (1.2–7.0) 0.01
Dusty environment 24 32 38 45 1.8 (0.9–3.3) 0.09

P values for Pearson’s �2 test (two-sided) among the groups are presented as well as odds ratios (ORs) and 95% confidence intervals (CIs).

TABLE 4
Linear Regression Analysis in a Study of Workers in University Buildings

Factor Unstandardized � 95% CI for � Standardized � P

Model of psychosocial and subjective physical
work environment

Strain 3.964 0.757, 7.172 0.255 0.02
Social support –0.133 –6.273, 6.008 –0.004 0.97
Subjective physical work environment 0.343 0.072, 0.613 0.265 0.01

Model of psychosocial work environment and
objective measures of physical environment

Strain 5.034 1.881, 8.188 0.324 0.002
Social support –1.103 –7.164, 4.958 –0.037 0.72
Day temperature (°C) –0.229 –1.284, 0.825 –0.044 0.67
CO2 (100 ppm) 0.382 –2.139, 2.903 0.030 0.76
Air velocity (cm/s) 0.384 –0.241, 1.010 0.143 0.23
Dust (log �g/m3) 0.379 –1.262, 2.021 0.046 0.65

Total symptom score was the dependent variable and independent variables were strain, social support, and subjective assessment of
physical work environment or objectively assessed work environment factors, adjusted for gender, age, scientific position, current smoking,
atopy (phadiatop), moisture at home, and pets at home.
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significant relationships were found
for women.

Using the three sub scores of
symptoms in the adjusted analysis
for all workers, the scores for general
and mucosal symptoms were signif-
icantly associated with strain (� �
3.24, 95% CI � 1.72–4.75, standard-
ized � � 0.41, P � 0.0005 and � �
1.46, 95% CI � 0.09–2.83, standard-
ized � � 0.215, P � 0.04, respec-
tively). Analyzing men and women
separately showed significant associ-
ations with general symptoms for
men both with strain (� � 3.54, 95%
CI � 1.49–5.58, standardized � �
0.47, P � 0.001) and air velocity
(� � 0.42, 95% CI � 0.03–0.81,
standardized � � 0.30, P � 0.03).
No associations were found for
women.

Relationships Between
Individual Symptoms and
Objectively Assessed Physical
Work Environment

Among the general symptoms, the
two most prevalent symptoms were
“fatigue” and “feeling heavy-
headed” (Table 2). The relationships
between each of these symptoms and
objectively assessed physical work
environment were analyzed using lo-
gistic regression adjusting for age,
gender, scientific position, atopy,
dampness and pets at home, and
current smoking. Air velocity was
significantly associated with fatigue
(odds ratio [OR] 1.62, CI 1.06–
2.49), but no other relationships were

significant. Gender differences were
not studied due to the low numbers
of people experiencing several of the
symptoms.

Relationships Between
Subjective Perceptions and
Objectively Assessed Physical
Work Environment

Among the complaints, the three
most prevalent, “temperature too
low,” “stuffy air,” and “dry air” in
addition to “draft,” were chosen. The
relationship between each of these
and objectively assessed physical
work environment were analyzed by
logistic regression adjusting for age,
gender, scientific position at work,
strain, atopy, dampness and pets in
the home, and current smoking (Ta-
ble 5). Perceiving the temperature as
being too low was associated with
lower RH and higher air velocity.
Only the association with RH was
significant after adjustment. Percep-
tion of stuffy air was associated with
lower RH and higher air velocity in
univariate analysis but was not sig-
nificant after adjustment. Perceived
dry air was associated with both
lower RH and higher air velocity in
univariate analysis, but only RH was
significant after adjustment. Per-
ceived draft was not associated with
air velocity. No other associations
were significant.

Stratified by gender, perception of
stuffy air was still significantly asso-
ciated with lower RH (OR 0.28; 95%
CI � 0.08–0.98, P � 0.05) and

increasing air velocity (OR 1.80;
95% CI � 1.11–2.93, P � 0.02)
among men in adjusted analysis but
not among women. Both men and
women complained more about too
low temperature with decreasing RH
(OR 0.04, CI 0.00–0.035, P � 0.004
for men, OR 0.21, CI 0.05–0.80 for
women). All associations between
air velocity, relative humidity, and
symptoms and complaints were
stronger among men than among
women (Table 6).

Discussion
This study shows an association

between symptoms and experienced
mental strain in the work environ-
ment among university staff. Also
the physical work environment was
related to these symptoms, both for
perceived physical environment and
objective assessments such as air ve-
locity and RH. Women had more
symptoms and complaints than did
men although men’s symptoms and
complaints had stronger associations
than women’s to strain, air velocity,
and relative humidity. Men’s but not
women’s complaints about stuffy or
dry air were significantly associated
with lower RH. Lower RH was as-
sociated with perception of too low
temperature among both genders.

Gender Difference
Women had the highest symptom

prevalence, in accordance with sev-
eral studies.14,31 Men and women
reported psychosocial work factors

TABLE 5
Relationships Between Subjective Perceptions (“Yes, Often” or “Yes, Sometimes” vs “Never”) and Objectively Assessed
Relative Humidity (RH) and Air Velocity for all Participants by Logistic Regression in a Study of Workers in
University Buildings

Perceptions Independent Variable

Univariate Adjusted

OR (95% CI) P OR (95% CI) P

Temperature too low RH (10% steps) 0.12 (0.05–0.26) �0.0005 0.19 (0.07–0.49) 0.001
Air velocity cm/s 1.52 (1.24–1.87) �0.0005 1.23 (0.94–1.63) 0.14

Stuffy air RH (10% steps) 0.45 (0.24–0.87) 0.02 0.56 (0.23–1.35) 0.19
Air velocity cm/s 1.53 (1.22–1.90) �0.0005 1.30 (0.97–1.75) 0.08

Dry air RH (10% steps) 0.32 (0.16–0.62) 0.001 0.34 (0.14–0.79) 0.01
Air velocity cm/s 1.36 (1.12–1.66) 0.002 1.15 (0.89–1.48) 0.30

Univariate results and values adjusted for age, gender, scientific position, strain, atopy (phadiatop), home dampness, pets at home, and
smoking.
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similarly but perceived physical fac-
tors differently. This might indicate
that women are more sensitive to
environmental factors, they tend to
perceive their health problems more
intensely, and tend to report more
than men do.42 This might be due to
differences in hormonal levels, giv-
ing different physiological thresh-
olds for observing symptoms.33 For
instance, among women, progesterone
and estradiol have been postulated to
have importance for asthmatic symp-
toms.43 Also, it might be caused by a
difference in reporting tradition be-
tween the genders.44 It is suggested
that women have a more health-
seeking behavior for perceiving and
reporting health problems than do
men.

On the other hand, the differences
found might also be due to an actual
gender difference in the physical
work environment, as supported by

our data. In our population, the
women had different types of work
than men had, as more men had
scientific positions. This might mean
that the women spent more of their
work time in their offices, as the
scientists at the university often
teach and participate in activities
outside the office buildings. Never-
theless, the women had fewer work
hours. Stenberg and Wall32 indicated
that gender differences in working
conditions, entailing different hierar-
chical positions in the office, might
influence the physical indoor envi-
ronments that affect the symptoms.
We suggest that future studies of
office workers register the time the
participants spent in the offices to be
able to evaluate such differences
better.

Associations between relative hu-
midity, air velocity, and symptoms
as well as complaints were more

pronounced among men than among
women, although women had both
more SBS symptoms and complaints
than men had. Few studies have
stratified for gender in the analyses
of associations between exposure
and effects. Significant relations be-
tween a high number of symptoms
and exposure to environmental pa-
rameters including temperature, car-
bon monoxide, noise, aldehydes,
endotoxin, and particulates were
found for men in US commercial
office buildings.45 Relative humidity
and endotoxin were the only param-
eters associated to symptoms among
women, endotoxin being the only
parameter associated with symptoms
in both genders. However, contrary
to our findings, they found a strong
association between increased num-
ber of symptoms and scores on psy-
chosocial scales for women, but not
for men. Our results might give sup-
port to the hypothesis that differences
in illness perception and reporting
bias may contribute to women’s ten-
dency to perceive and report symp-
toms more freely than men do and
for men to underreport symptoms.
Rather than adjusting for gender, in fu-
ture studies, the differential influence of
gender on exposure, symptoms, and
perceptions of indoor environments
should be a specific and separate
target of investigation.

A Relationship Between
Psychosocial and Indoor
Climate Factors

In our study, exposures to factors
in both the psychosocial and physical
work environments seem to be im-
portant for symptoms to occur. This
may fit with a theoretical model pos-
tulating that occupational stress (or
strain) may function as a modifying
factor between the environmental
factors and symptoms, increasing the
individual’s sensitivity to factors in
the physical work environment.46,47

Mental stress can also result from
exposure to factors in the physical
work environment causing anxiety
and thus enhancing the symptoms.

TABLE 6
Summary of Total Results and Results Stratified for Gender. Regression
Analyses of Total (T) and General Symptom Score (G)

Factor All Men Women

Subjective physical work
environment

Strain T** G*** T** G*** T**** G�
Social support **** **** ****
Subjective physical work

environment
T** G** T** G* T**** G****

Objective measures of
physical environment

Strain T*** G*** T** G*** T**** G**
Social support **** **** ****
Day temperature (°C) **** **** ****
CO2 (100 ppm) **** **** ****
Air velocity (cm/s) T**** G* T* G** T**** G****
Dust (log �g/m3) **** **** ****

Environmental complaintsa

Exposure
Temperature too low

RHb *** *** **
Air velocity **** **** ****

Stuffy air
RHb **** ** ****
Air velocity * ** ****

Dry air
RHb ** * *
Air velocity **** **** ****

Subjective and measured environmental exposure, adjusted for gender, age, scientific
position, current smoking, atopy (phadiatop), moisture at home, and pets at home.

*P � 0.10; **P � 0.05; ***P � 0.005; ****No association.
aThree subjective complaints as they relate to RH (%) and air velocity.
bNegative association, all other significant associations were positive
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As our study was cross-sectional, we
cannot conclude on causality, but the
study indicates that some aspects of
this theory might be present, which is
supported by findings from a previ-
ous study in Finland.48 Other models
also include the influence of person-
ality factors in the model of develop-
ment of indoor air symptoms.49

Several personality factors have been
shown to be related to a high occur-
rence of indoor air symptoms.13,14

However, we had no information
about the personality of workers in
our study, and could not evaluate this
aspect.

The relationship between symp-
toms and strain was mainly found for
general health symptoms and was
not as clear for skin and mucosal
symptoms. Social support did not
seem to affect any of the associations
studied.

A few previous studies have ex-
amined indoor air symptoms, psy-
chosocial factors, and physical
environmental factors at the same
time. Attention has been given to
psychosocial factors and indoor air
problems, but this has generally
been related to the sick-building
syndrome.9,14,50,51 A study of
workers in buildings in Finland
with three types of indoor environ-
mental problems examined aspects
of the psychosocial work environ-
ment by interview and by question-
naire.52 This study concluded that
increased mental strain and stress
at work influenced the perceived
symptoms, supporting our findings.
A study in Sweden14 supports the
hypothesis that psychosocial work
factors expressed such as work sat-
isfaction, work stress, and work
cooperation are important in study-
ing symptoms related to indoor en-
vironment problems. Results from
the Whitehall II study15 showed
that the physical environment ap-
peared to be less important than the
psychosocial work environment in
explaining differences in symptom
prevalence.

Prevalence of Symptoms
Symptoms were more prevalent in

our study population compared with
in a reference population from nine
“healthy” buildings in Sweden39 as
well as a large study in Finland.53

This might be explained by cultural
differences and personality traits13,54

as well as differences in the build-
ings themselves.55 Also, this might
be due to real problems in the indoor
environment, as several responses to
the questions about perceived work
environment problems had a high
prevalence. It has been suggested
that a rate exceeding 30% is higher
than normally found at workplaces,53

which was the case for seven symp-
toms among women and five among
men in our study.

Physical Work Environment
Daily temperature and CO2 level

were similar among men and women.
The CO2 level was low, which shows
that the premises were well ventilated
even though air velocities were low
and clearly below the recommended
maximum values of 15 cm/s according
to International Organization for Stan-
dardization (ISO) 7730:1994.56 Also
air temperatures (mean 22.2°C, range
19–25°C) were well within recom-
mended levels.56 Air velocities were
low but significantly higher among
women than among men. PM10 was
significantly higher and RH was lower
among women than among men. RH
was low (mean 21.9%, range 15%–
35%), due to low outdoor temperature
combined with a high ventilation rate.

Low RH was associated with a sen-
sation of temperature being too low, in
accordance with field experiments in
Finland.57 Air humidification, which
increased relative humidity from 12%
to 28% to 28% to 39%, led to fewer
complaints about thermal discomfort
at temperatures below 22.0°C. More-
over, RH was negatively associated
with a sensation of dryness in this
situation with RH in the range of 15%
to 35%, in accordance with experi-
mental humidification field stud-
ies.19,20,58 – 61 We also found that

lower RH in this range increased the
perception of stuffiness.

Air velocity was higher for women
than for men, and women com-
plained more about draft and about
the temperature being too low. Air
velocity was always lower than the
recommended maximum values of
15 cm/s56 and not associated with
symptoms or complaints about per-
ceived draft. However, air velocity
was associated with complaints
about low temperature. With seden-
tary activity, and with occupants
feeling thermally neutral or cooler,
air movement risks being perceived
as unacceptable at temperatures up to
22°C to 23°C, even at low air veloc-
ity.62 In particular, a cool overall
thermal sensation negatively influ-
ences the subjective perception of air
movement. One study63 reported that
women felt cooler and were more
sensitive to draft than were men.
However, other studies did not iden-
tify an effect of gender on the per-
ception of draft.62 Reducing air
velocity to a lower maximum level
may represent an alternative reme-
dial action for feeling too cold rather
than increasing the air temperature in
the heating season.

Methodological Considerations
This study was performed in a

workplace setting, and some bias
might be present because informa-
tion about symptoms and perception
of the work environment was col-
lected using the same questionnaire.
However, the study has a major
strength because the perceived phys-
ical work environment was supple-
mented with objective measures.
Only a few environmental factors
were selected for the analysis, but
they probably reflect the main possi-
ble problems in an indoor work en-
vironment. Further, the participation
rate was high, reducing the probabil-
ity of selection bias.

This study was performed in a
population of university staff. The
results are probably representative
for this university and similar work-
places at universities. However, other
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types of workplaces may have dif-
ferent challenges to the psychosocial
work environment, including different
gender–environment interactions.

Conclusion
In conclusion, strain assessed as a

combination of job demands and con-
trol can be associated with symptoms
and perceptions of indoor environ-
ments. Moreover, objectively assessed
indoor environments might differ be-
tween genders in university buildings.
Higher prevalence of environmental
symptoms and complaints among
women does not necessarily indicate a
stronger association with climate fac-
tors. Psychosocial factors and physical
environmental factors as well as gen-
der differences should be considered
when evaluating an indoor environ-
ment. A holistic approach is advisable
in dealing with indoor occupational
environments.
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Measuring Work Disability: What Can
Administrative Data Tell Us About
Patient Outcomes?
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Objective: The purpose of this study was to assess the association
between administrative measures of work disability and self-reported
work, pain, and functional status. Methods: We conducted baseline
and follow-up interviews to assess pain, functional status, work status,
and demographic factors in workers with low back injuries, carpal
tunnel syndrome, and upper and lower extremity fractures. Adminis-
trative measures of work disability were obtained from the Washington
State Department of Labor and Industries. Results: Pain intensity and
impairment levels were lowest in those who had not received any
disability payments, somewhat higher for those who were no longer
receiving time loss benefits, and highest for workers receiving time loss
payments at the time of interview. Conclusions: Administrative mea-
sures of work disability are significantly associated with self-reported
outcomes and can be an efficient tool for tracking and evaluating
outcomes of medical treatments, surgical procedures, and occupational
health programs. (J Occup Environ Med. 2007;49:651–658)

F or workers with occupational injuries
or illnesses in the workers’ compen-
sation system, there is substantial
interest in identifying and tracking
meaningful measures of their clini-
cal, work, and social outcomes.1

Outcomes after a work injury can be
evaluated from various sources: ad-
ministrative databases, patient self-
report, or clinical assessments. There
are many benefits of using adminis-
trative sources, such as workers’
compensation computerized records
to assess outcomes. Administrative
data is relatively inexpensive to ob-
tain and is unobtrusive.2 Outcome
measures obtained from administra-
tive data are available for all sub-
jects, not just those who agree to
participate in surveys or interviews,
and are unaffected by recall. In ad-
dition, administrative data can be
population based. Administrative da-
tabases from workers’ compensation
systems may include various mea-
sures of disability benefits, including
the total duration of paid time lost
from work and disability status at
specific points in time derivable
from the record of benefits paid for
lost work time.

Although measures of work dis-
ability are routinely collected in
workers’ compensation systems and
are readily accessible to researchers
and policymakers, this data is not
collected directly from patients.
Several authors3–7 have expressed
concern that work disability from
administrative data might not accu-
rately reflect the worker’s actual
clinical outcome, work status, or the
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social consequences of work-related
injuries. Self-reported measures ob-
tained directly from the worker can
capture more detail about how the
worker was impacted by an injury.
Specific questions can seek informa-
tion about pain and other symptoms,
functional status, work status and
wage, and satisfaction with medical
care or how their claim was handled.
But although self-reported data can
provide additional information not
available in administrative data, ob-
taining it is time consuming and
costly. In addition, self-reported in-
formation is only available for sub-
jects who choose to participate and
might be subject to recall bias.

This study was undertaken primar-
ily to examine the relationships be-
tween administrative disability data
and self-reported measures of work
status, pain, and functional status
obtained as part of a prospective,
longitudinal study.8 Administrative
measures were assessed at the times
of the detailed baseline and fol-
low-up interviews conducted with
each participant. We hypothesized
that the self-reported measures
would be strongly associated with
administrative measures of work dis-
ability assessed at the same time.

Materials and Methods
The Washington State Department

of Labor and Industries (DLI) main-
tains extensive claims, medical bill
payment, and time loss databases for
all claims covered by the State Fund,
which insures approximately 70% of
non-federally covered workers in
Washington State (approximately 1.4
million workers). Limited data is
also available for workers employed
by the approximately 380 large self-
insured employers in Washington
State. In Washington, workers who
have missed four or more workdays
as a result of injury are eligible to
receive temporary disability pay-
ments for missed work (eg, time
loss). Cases involving time loss pay-
ments for temporary disability are
defined as “compensable cases,”
whereas workers receiving payment

only for medical bills are defined as
“noncompensable” cases. We refer
to the receipt of temporary disability
payments as “time loss,” and we use
the phrases “receiving time loss pay-
ments” and “on time loss” inter-
changeably when assessing disability
status at a particular point in time.

We selected workers with low
back sprains, upper or lower extrem-
ity fractures, or carpal tunnel syn-
drome (CTS) who had filed a new
workers’ compensation claim be-
tween July 3, 2000, and September
22, 2000. For workers with back
injuries, we oversampled those with
time loss by randomly selecting ap-
proximately equal numbers of work-
ers with State Fund compensable,
State Fund noncompensable, and
self-insured compensable claims. All
workers with CTS and fractures were
included because of the smaller num-
ber of claims filed for these injuries.

A baseline survey assessing pain,
functional status, work status, and
demographic factors was conducted
approximately 8 weeks after claim
filing, and a follow-up survey was
completed approximately 6 months
after claim filing. Of the 1753 eligi-
ble workers, 51% completed the
baseline survey (N � 889). More
than 90% (N � 818) of workers who
had completed the baseline survey
also completed a follow-up survey
conducted 4 months after their base-
line interview.

For this analysis, we included ac-
cepted State Fund workers who had
completed the baseline survey.
Claims from self-insured companies
were not included because detailed
time loss records are not reported to
DLI (N � 137). State Fund claimants
deemed “kept on salary” (N � 24)
are paid by their employer for lost
time and do not have time loss re-
corded by DLI and, therefore, were
not included in this analysis. In ad-
dition, claims whose status was pro-
visional, rejected, or not yet allowed
were also excluded (N � 85), result-
ing in 643 eligible subjects.

Administrative measures of dis-
ability were determined from the

DLI time loss records, which include
the beginning and ending date of
each biweekly time loss payment
made to a worker. We used this data
to determine the time loss status at
the time of each interview and cre-
ated three categories of work disabil-
ity status: 1) workers who never
received any time loss benefits, 2)
those who received some benefits
and were not receiving benefits at the
time of interview, and 3) those who
were still receiving disability bene-
fits at the time of each interview. The
mean number of days of disability
payments for these three groups was
0, 32, and 175, respectively.

Self-reported measures of work,
pain, and functional status were
assessed on both the baseline and
follow-up surveys. We obtained a
dichotomous measure of self-re-
ported work status (yes/no) at the
time of interview by collapsing de-
tailed questions about pattern of
work since injury. Subjects were spe-
cifically asked if they were not work-
ing because of their injury or if they
were not working for other reasons.
We used standardized measures to
assess pain and functional status. All
study participants completed four
subscales of the Short Form (SF)-36
instrument (Physical Function, Role-
Physical, Bodily Pain, and Mental
Health).9 For the SF-36, lower scores
indicate poorer health status. Condi-
tion-specific measures were also
used to assess functional status and
symptom severity for each type of
injury. These included the Upper Ex-
tremity Function Scale (UEFS)10 and
the Disability of the Arm, Shoulder,
and Hand (DASH)11 for workers
with upper extremity fractures, the
Carpal Tunnel Syndrome Assess-
ment Questionnaire (CTSAQ)12 for
workers with CTS, and the Roland-
Morris Disability Questionnaire
(RDQ)13 for workers with low back
injuries. Because there are no mea-
sures that assess functional status in
patients with lower extremity frac-
tures, workers with lower extremity
fractures completed the Western On-
tario and McMaster Universities
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(WOMAC) questionnaire,14 which
assesses pain, stiffness, and physical
function associated with osteoarthri-
tis of the hip, knee, or both. Higher
scores on each of these condition-
specific measures (UEFS, DASH,
CTSAQ, RDQ, and WOMAC) indi-
cate more impairment.

Analysis
Differences in demographic and

work disability outcomes for partici-
pants and nonparticipants were
compared with �2 and t tests. The
primary analysis compared mean
pain and functional status measures
for the three categories of work dis-
ability status at the time of the base-
line and follow-up interview using
one-way analysis of variance
(ANOVA). The results of ANOVA
indicate if the mean value of at least
one group is significantly different
from the others. Pain intensity and
SF-36 scores are presented for all
injuries combined. Condition-spe-
cific measures are shown for each
type of injury. In a subset of workers
who were receiving time loss ben-
efits at the time of the baseline
interview, we also compared mean
pain and functional status for those
who ended time loss benefits be-
tween the baseline and follow-up
interview and those who were still
receiving benefits at the follow-up
interview. In addition, we calcu-
lated the concordance between
self-reported work and time loss
status at each interview.

Results
Participants and nonparticipants

differed significantly on a number of
demographic factors, type of injury,
and measures of work disability (all
P values �0.01). Compared with
nonparticipants, study participants
were older (40.6 vs 37.0 years), and a
higher percentage were female
(39.3% vs 32.1%). Study participa-
tion varied by type of injury. Sub-
jects with CTS were more likely to
complete the baseline interview
(58.1%) than those with back injuries
(45.9%), upper extremity fractures

(49.2%), and lower extremity frac-
tures (52.9%). A higher percentage
of subjects who received some ben-
efits for work disability (49.7%) par-
ticipated compared with subjects
who only had medical benefits paid
(45.3%). In addition, participants
were twice as likely to receive work
disability payments 6 months after
injury than were nonparticipants
(10.3% vs 5.3%).

Of the 643 eligible subjects, 202
had low back injuries, 163 had carpal
tunnel syndrome, 164 had lower ex-
tremity fractures, and 114 had upper
extremity fractures (Table 1). The
mean age was 40 years. A large
percentage of workers with back in-
juries (65%) and fractures (72% to
75%) were men. In contrast, among
workers with carpal tunnel syn-
drome, only 36% were men. For
workers with CTS, 56% had com-
pensable claims (received time loss
benefits for missing 4 or more days

of work). For fractures, approxi-
mately two thirds received time loss
payments. Because we oversampled
compensable back injury claims,
56% of workers with back injuries in
this sample received time loss pay-
ments. The percentage of subjects
receiving disability payments at the
time of each interview is shown in
Table 2.

Based on ANOVA, all measures
of pain and functional status differed
significantly by disability status at
the time of each interview (Table 3,
Fig. 1). Pain intensity levels were
lowest in those who had not received
any disability payments, somewhat
higher for those who were no longer
receiving time loss benefits at the
time of the interview, and highest for
workers receiving time loss pay-
ments at the time of the interview
(Table 3).

At both baseline and follow-up
interviews, workers receiving time

TABLE 1
Demographic Characteristics of Injured Workers

Characteristics

Low
Back

Injuries

Carpal
Tunnel

Syndrome

Lower
Extremity
Fractures

Upper
Extremity
Fractures Total

N 202 163 164 114 643
Age (mean yrs) 39 44 40 38 40
Gender (% male) 65 36 72 75 61
Marital status (% married) 52 62 49 52 54
Ethnicity

White (%) 75 81 77 68 76
Hispanic or Mexican (%) 10 5 12 20 11
Other (%) 15 14 11 12 13

TABLE 2
Work Disability Status at Time of Interview

Status

Low
Back

Injuries

Carpal
Tunnel

Syndrome

Lower
Extremity
Fractures

Upper
Extremity
Fractures Total

Disability status at baseline
interview (%)

N � 202 N � 163 N � 164 N � 114 N � 643

Medical only 44 44 35 34 40
Not receiving TL 43 35 36 35 38
Receiving TL 14 21 29 31 22

Disability status at follow-up
interview (%)

N � 185 N � 158 N � 146 N � 104 N � 593

Medical only 45 44 38 36 41
Not receiving TL 48 35 53 49 46
Receiving TL 8 21 10 15 13

TL indicates time loss.

JOEM • Volume 49, Number 6, June 2007 653



loss payments also had significantly
lower (poorer) SF-36 physical func-
tioning, role physical, bodily pain,
and mental health scores (Fig. 1).
Scores were highest in workers with-
out any paid disability from work,

somewhat lower in workers not re-
ceiving time loss, and lowest in
workers who were on time loss at the
time of interview. All P values from
the ANOVAs were less than 0.001.
Similar results were observed for

SF-36 scores for each injury type
(data not shown). Post hoc pairwise t
tests showed significant differences
in physical functioning, role physi-
cal, and mental health scores for each
category of disability status, and bor-
derline differences for the compari-
son of bodily pain in subjects who
had no work disability compared
with some work disability (P � 0.06
at baseline, P � 0.10 at follow-up).

A similar gradient was observed
for all of the condition-specific
symptom and functional status mea-
sures (Table 3). All P values from
the ANOVAs were less than 0.01. At
the time of each interview, the scores
indicated substantially more impair-
ment in workers receiving time loss
benefits at the time of the interview,
less impairment in workers who
were no longer receiving time loss,
and the least impairment in those
who did not receive any disability
benefits. Among subjects with back
injuries, workers on time loss hadFig. 1. SF-36 scores and time loss status at baseline (8 weeks) and follow-up (6 months).

TABLE 3
Functional Status and Pain Scales for Workers On and Off Time Loss at Baseline and Follow-Up Interviews*

Scale
Injury
Group

Sample
Size

No TL
Not on TL at

Interview On TL at Interview

Mean SD Mean SD Mean SD

At baseline
Pain intensity (0–10) All 638 4.6 (2.9) 5.2 (2.8) 6.2 (2.5)
WOMAC Pain Scale (5–25) LE fx 161 8.9 (4.9) 10.4 (4.3) 13.5 (4.3)
WOMAC Stiffness Scale (2–10) LE fx 160 3.9 (2.2) 4.7 (2.2) 6.0 (21.0)
WOMAC Physical Function Scale (17–85) LE fx 155 27.3 (14.8) 35.1 (14.8) 49.1 (13.9)
Roland (0–24) LB 177 7.6 (5.2) 8.3 (6.0) 20.0 (2.5)
UEFS Upper Extremity Function Scale (8–80) UE fx 112 16.9 (13.2) 19.2 (13.8) 43.5 (16.9)
DASH Function/Symptom Score (0–100) UE fx 111 15.5 (17.5) 23.4 (17.1) 55.9 (18.9)
DASH Work Module (0–100) UE fx 111 13.5 (20.1) 28.3 (26.3) 86.9 (19.3)
CTS Functional Status Scale (1–5) CTS 160 2.4 (0.8) 2.9 (0.9) 3.3 (0.6)
CTS Symptom Severity Scale (1–5) CTS 148 3.0 (0.7) 3.4 (0.5) 3.6 (0.6)

At follow-up
Pain intensity (0–10) All 592 3.1 (2.7) 3.4 (2.7) 5.4 (2.3)
WOMAC Pain Scale (5–25) LE fx 146 7.3 (3.1) 9.1 (3.8) 14.0 (4.3)
WOMAC Stiffness Scale (2–10) LE fx 145 3.3 (1.6) 4.2 (1.9) 5.6 (1.8)
WOMAC Physical Function Scale (17–85) LE fx 145 22.6 (9.6) 29.6 (14.3) 47.2 (12.7)
Roland (0–24) LB 171 5.8 (6.5) 6.7 (6.4) 17.8 (3.6)
UEFS scale (8–80) UE fx 104 13.2 (9.9) 17.5 (14.3) 46.5 (19.3)
DASH Function/Symptom Score (0–100) UE fx 104 7.6 (13.5) 19.9 (19.7) 53.3 (22.5)
DASH Work Module (0–100) UE fx 104 6.6 (17.1) 22.9 (27.3) 85.9 (26.9)
CTS Functional Status Scale (1–5) CTS 156 2.2 (0.8) 2.2 (0.9) 3.2 (0.8)
CTS Symptom Severity Scale (1–5) CTS 123 2.7 (0.7) 3.1 (0.8) 3.2 (0.7)

*P values from all ANOVAS were �0.01.
TL � time loss; WOMAC � Western Ontario and McMaster Universities questionnaire; LE � lower extremity; fx � fracture; UP � upper

extremity; LB � lower back; UEFS � Upper Extremity Function Scale; DASH � Disability of the Arm, Shoulder, and Hand scale; CTS � carpal
tunnel syndrome; SD � standard deviation.
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much higher RDQ scores (indicating
more impairment) than did workers
with time loss that ended and those
with no paid disability. In workers
with lower extremity fractures, the
WOMAC pain, stiffness, and physi-
cal function scores were highest
(poorest) for workers receiving time
loss at the time of the interview. For
workers with upper extremity frac-
tures, the DASH function and work
scores were highest for those on time
loss at the time of the interview.
Among subjects with CTS, the aver-
age CTS functional status and symp-
tom severity scores were highest
(poorest) for workers receiving time
loss payments when they were inter-
viewed. As seen in Table 3 and Fig.
1, in most instances, subjects who
were no longer receiving time loss
benefits at the time of the interview
were more similar to subjects who
had no time loss benefits than to
those still receiving benefits at the
time of the interview. Post hoc t tests
confirm this. Approximately one
third of the comparisons between no
time loss and some time loss were
either borderline or not significantly
different.

For workers receiving time loss
benefits at the time of the baseline
interview, we determined whether
they were also receiving time loss
payments at follow-up. We then
compared the average pain and func-
tional status scores of subjects who
were on time loss at both baseline
and follow-up with those on time
loss at baseline but not receiving
time loss at follow-up (Table 4). The
mean values of all measures of pain
and functional status were more fa-
vorable for those workers who had
ended time loss before the follow-up
interview than for those still receiv-
ing time loss benefits at follow-up.

We also examined the concor-
dance between self-reported work

status and receipt of time loss bene-
fits (Table 5). The overall agreement
was 89% at baseline and 88% at
follow-up (� � 0.73 and 0.61, re-
spectively). Of workers receiving
time loss at the time of baseline
interview (N � 143), 96% reported
not working. Among workers not
receiving time loss (N � 491), 87%
reported working and 13% not work-
ing. Almost all workers (99%) who
reported working at the time of the
interview were not receiving time
loss payments. Yet, although most
subjects who reported not working at
the time of the interview were re-
ceiving time loss payments, 65 sub-
jects at baseline and 69 at follow-up
were not receiving time loss benefits.

TABLE 5
Agreement Between Administrative and Self-Reported Work Status

Work Status at Time of Interview

Baseline Follow-Up

On TL
N (%)

Not on TL
N (%)

On TL
N (%)

Not on TL
N (%)

Not working 137 (96) 65 (13) 76 (99) 69 (14)
Working 6 (4) 426 (87) 1 (1) 444 (86)
Total 143 (100) 491 (100) 77 (100) 513 (100)

TL indicates time loss.

TABLE 4
Pain and Functional Status Measures for Workers Who Ended Time Loss and for Workers Still On Time Loss at Follow-Up

Scale
Injury
Group

Sample
Size

Ended Time
Loss* (N � 76)

Still on Time
Loss† (N � 57)

P
ValueMean SD Mean SD

Pain intensity (0–10) All 135 4.2 2.8 5.4 2.4 0.01
SF-36 Physical Functioning (0–100) All 135 62.0 29.1 42.0 24.9 �0.001
SF-36 Role-Physical (0–100) All 135 37.8 40.3 5.3 17.5 �0.001
SF-36 Bodily Pain (0–100) All 135 49.2 23.1 32.0 18.0 �0.001
SF-36 Mental Health (0–100) All 135 69.7 23.4 62.5 24.8 0.09
WOMAC Pain Scale (5–25) LE fx 42 10.3 4.2 14.1 4.4 0.01
WOMAC Stiffness Scale (2–10) LE fx 41 4.8 1.9 5.6 1.9 0.25
WOMAC Physical Function Scale (17–85) LE fx 42 32.5 15.8 47.6 13.1 0.005
Roland (0–24) LB 24 14.7 6.0 18.2 3.1 0.12
UEFS scale(8–80) UE fx 32 24.5 18.6 46.0 19.8 0.004
DASH Function/Symptom Score (0–100) UE fx 32 32.5 22.4 52.3 23.0 0.02
DASH Work Module (0–100) UE fx 32 42.6 30.7 85.0 27.5 �0.001
CTS Functional Status Scale (1–5) CTS 32 1.9 0.7 3.2 0.8 �0.001
CTS Symptom Severity Scale (1–5) CTS 26 2.9 1.0 3.1 0.8 0.58

*Subjects were on TL at baseline survey, not on TL at follow-up.
†Subjects were on TL at baseline and follow-up surveys.
WOMAC � Western Ontario and McMaster Universities questionnaire; LB � lower back; fx � fracture; UEFS � Upper Extremity Function

Scale; DASH � Disability of the Arm, Shoulder, and Hand scale; UE � upper extremity; LE � lower extremity; CTS � carpal tunnel syndrome;
SD � standard deviation.
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However, of these subjects, only one
half reported not working because of
the injury. At baseline, 49% were not
working for reasons other than the
injury; at follow-up, it was 45%.

To determine if ending time loss
benefits was associated with
returning to work, we examined
self-reported work status among
workers who received some time
loss benefits, and these benefits
had ended before the follow-up in-
terview. Most subjects (83%) re-
ported working at follow-up, 11%
reported not working due to their
injury, and 7% reported not work-
ing because of other reasons.

Discussion
We found a strong relationship

between administrative measures of
work disability and self-reported
pain and functional status. These as-
sociations were present both at the
time of the baseline interview con-
ducted approximately 8 weeks after
the injury and at follow-up approxi-
mately 6 months after the injury. At
the time of both baseline and fol-
low-up interviews, the scores for all
measures of pain and functional sta-
tus indicated substantially less pain
and higher functioning (or less im-
pairment) for workers who had not
received any time loss payments,
somewhat more pain and poorer
function for workers who received
some disability benefits but were not
receiving time loss at the interview,
and the most pain and impairment in
workers who were receiving disabil-
ity benefits at the time of the inter-
view. Clearly, workers who were
unable to work and were receiving
time loss disability payments at the
time of the interview had more pain
and more limitations on average than
workers who were no longer receiv-
ing time loss payments or had never
received time loss benefits. This
pattern was consistent for all four
conditions examined and for both
generic- and condition-specific
health status measures. For most
measures, the scores for workers
who had a short duration of work

disability and were not receiving
time loss at the interview were more
similar to the workers with no paid
disability benefits than to workers
who were still receiving disability
payments at the time of the interview.
Consistent with other studies,5,15,16

we found that approximately half of
those who were not working at fol-
low-up reported reasons other than
the injury.

There is some concern that mea-
suring disability status at a particular
point in time might miss claimants
who returned to work temporarily
but subsequently missed more work.
We found, however, that this rarely
occurred for workers in this study
(two with back injuries, one with
CTS, one with upper extremity frac-
ture, and four with lower extremity
fractures). For workers with back
injuries or upper or lower extremity
fractures, the large majority of com-
pensable subjects who were not re-
ceiving time loss at the time of the
interview had ended all disability
payments at that point. However,
the time loss patterns for CTS were
somewhat different, with work loss
starting a number of months after
claim filing. Because the goal of
this study was to compare work
disability with pain and function
measured at the same time, we
determined time loss status at the
date of the interview.

Few other studies have examined
the relationship between self-re-
ported outcomes of pain and func-
tional status with various measures
of employment or disability status in
injured workers. In an earlier analy-
sis of back injury claimants,17 we
observed large differences in the SF-
12, SF-36, and Roland scores for
subjects who reported working in the
past month compared with scores of
those who were not working. A small
study of workers in New Hampshire
with low back or upper extremity
injuries reported significant differ-
ences in general health and func-
tional status scores comparing workers
who missed less than 1 week of
work, those with more than 1 week

of work lost, and those out of work
since the injury. Workers with more
time lost from work had lower
(poorer) SF-12 physical functioning
scores than did those who missed
more than 1 week. Disease-specific
measures were also worse for work-
ers who missed more work.5 A larger
study conducted at Group Health Co-
operative (GHC) measured pain in-
tensity, functional status (a modified
Roland-Morris score), and employ-
ment status at baseline and 2-year
follow-up for patients with back pain
seen by primary care physicians. At
follow-up, pain intensity and Roland
scores were higher on average for
unemployed subjects than for em-
ployed subjects.15 However, not all
subjects had work-related injuries,
and 30% of participants did not com-
plete all relevant questions and were
excluded from the analysis.

One of the strongest arguments for
the use of administrative data is the
availability of outcome data for all
potential subjects. Although self-
reported data can provide valuable
information on pain, functional sta-
tus, work status, and the social con-
sequences of injuries, one limitation
of self-reported data is the relatively
low response rates. In recent studies
of injured workers, the response rates
have generally been less than 50%.
In two studies of injured workers in
New Hampshire, response rates were
46%5 and 39%.16 Among workers
with upper extremity disorders in
Maryland, 42% could be contacted
by phone, and of these, 69% agreed
to be interviewed (29% of the total).4

In one study in Ontario,18 11% of
workers who filed a workers’ com-
pensation claim completed a tele-
phone interview: most could not be
reached, did not sign the consent
form, or refused to participate. In
studies we conducted 10 to 12 years
ago, the response rates were 60% to
65%,19,20 but this has dropped to
approximately 50%21 or less in our
more recent studies. Several studies
of injured workers have found
significant demographic differences
between respondents and nonrespon-
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dents, and these differences could
bias the reported outcomes. For ex-
ample, similar to our results, some
studies have found that the mean
age of respondents was signifi-
cantly older than the nonrespon-
dents,4,7,18–20 and older age might be
associated with longer disability.22–24

Of greater concern are potential dif-
ferences in the proportion with any
work disability and the duration of
disability in respondents and nonre-
spondents. In a few of our stud-
ies,25,26 respondents have been more
likely to be on time loss at the time
of interview or have had a greater
number of days of disability com-
pared with nonrespondents. In the
current study, workers who partici-
pated were more likely to have a
compensable claim (with paid time
loss) and to have longer-term disabil-
ity. Similarly, in a recent study of
predictors of long-term disability,26

participants were approximately
25% more likely to be receiving
disability payments at the time of
interview and had a greater number
of days of disability on average com-
pared with nonrespondents. If partic-
ipants in studies of injured workers
are more likely to have a longer
duration of disability, the survey re-
sults will not be representative of all
eligible participants, and the self-
reported outcomes will be somewhat
worse than what would have been
found if all subjects could have been
interviewed. The low response rates
and the differences between respon-
dents and nonrespondents argue for
the use of administrative data, which
is available for all subjects.

However, not all sources of ad-
ministrative measures of disability
will provide adequate measures of
work disability. A limited number of
state workers’ compensation systems
and some larger workers’ compensa-
tion insurers collect detailed infor-
mation on the time loss payments for
work disability as well as time dur-
ing vocational rehabilitation. In
Washington State, the beginning and
ending dates of each time loss pay-
ment are available, which allows for

a calculation of number of days of
time loss, determination of patterns
of disability, and assessment of dis-
ability status at particular points in
time that can be used to develop
detailed measures of work disability.
The availability of detailed adminis-
trative data has made it possible
to conduct studies evaluating medi-
cal treatments,27 surgical proce-
dures,19,20 and occupational health
programs.8 The results of our study
indicate that administrative data is
useful for assessing outcomes insofar
as such data can reflect important
differences at a group level in func-
tional status. Few states (five others
besides Washington) organize their
workers’ compensation systems as
sole public State Fund programs with
no private workers’ compensation
insurance. One significant advantage
of a sole State Fund organization is
that it makes administrative data
available on an entire population of
injured workers who have filed
claims.

Strengths of this study include a
large, population-based sample that
followed workers prospectively. We
had both administrative and self-
reported data and had a very low loss
to follow-up (90% of those who an-
swered the baseline survey com-
pleted the follow-up survey). Our
surveys included both generic- and
condition-specific functional status
measures. We included four types
of injuries, and the results were
similar across these types. One lim-
itation is the relatively low percentage
of subjects who were still receiving
disability payments 6 months after
injury, which affects the power of
this study. However, the differ-
ences between groups were large
enough that most comparisons
were statistically significant.

Although we find many advan-
tages of using administrative mea-
sures to assess outcomes for groups
of injured workers, these measures
might be less useful in assessing the
outcomes of an individual worker.
For studies assessing the adequacy of
workers’ compensation benefits,

long-term social and economic
impacts of injuries, or individual
clinical outcomes, more detailed in-
formation might be necessary. For an
individual worker, the end of time
loss payments does not tell us about
residual pain, overall functional sta-
tus, or whether the worker has been
able to return to work. However, for
groups of workers, time loss status is
strongly associated with all of these
measures, and we conclude it can be
used as a surrogate marker of func-
tional status in the aggregate in
health outcome studies.

Because of the strong relationship
of self-reported pain and functional
status and the availability for all
subjects, comprehensive measures of
work disability from administrative
sources provide a valuable tool for
conducting research studies and
evaluations that can ultimately
improve the performance of the
workers’ compensation system. The
associations we found suggest that
the usefulness and meaningfulness of
well-designed studies dependent on
administrative measures of disability
might be better than previously
assumed.
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Preemployment Family Factors as Predictors
of Effort/Reward Imbalance in Adulthood:
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Objective: We prospectively examined whether preemployment family
factors predict adulthood work stress manifested as effort-reward imbal-
ance (ERI). Methods: The study sample comprised 746 participants
from the Cardiovascular Risk in Young Finns Study. Data were
collected by questionnaires. The parents reported their socioeconomic
position and life satisfaction in 1983 when the participants were at age
6 to 21. The participants reported ERI in 2001 at age 24 to 39. Results:
High rewards were predicted by high parental life satisfaction in men
and by high parental socioeconomic position in women. The association
between higher parental socioeconomic position and higher efforts was
mediated by participant’s education. Preemployment family factors were
not associated with the total ERI. Conclusions: Although preemployment
family factors were associated with the reward and effort components,
they seemed to have little effect on the total ERI. (J Occup Environ
Med. 2007;49:659–666)

T he effort-reward imbalance (ERI)
model1 is currently one of the lead-
ing work stress theories in occupa-
tional health research. Effort denotes
the demands and obligations that the
employee is responding to, whereas
reward refers to esteem, money, and
job security or career development.
The model suggests that an exposure
to non-symmetric exchange of effort
and reward (ie, high-effort low-
reward conditions), could cause
sustained stress at work and have
adverse health implications.1–3 The
majority of studies testing this model
have focused on health-related conse-
quences of such ERI in adult popula-
tions.4 In contrast, little is known about
the antecedents of ERI. This is a lim-
itation because previous studies have
shown that several preemployment
factors might directly or indirectly
affect stress-related exposures and
3 perceptions in adulthood.5–16 Work
stress is suggested mainly to origi-
nate from work environment, ac-
cording to previous research,8,15,16

but work stress might also, to some
extent, be influenced by preem-
ployment circumstances.

Recent prospective and retrospec-
tive evidence shows a relationship of
preemployment family factors with
adulthood work stress indicated by
another theoretical model, the De-
mand-Control Model,15–18 in which
some of the effects are mediated by
education.18 There is some overlap
between the Demand-Control Model
and the ERI model with respect to
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the dimensions of job demands and
extrinsic effort; however, the models
clearly differ in regard to social sup-
port and esteem reward. While the
Demand-Control Model deals with
proximal job characteristics, the ERI
model has an explicit emphasis on
the negative trade-off between
“costs” and “gains” as determined by
job characteristics, work life context,
and individual characteristics.1,19

Furthermore, the ERI model em-
phasizes rewards and the social ex-
change process, the violation of
which is considered stressful.

The impact of socioeconomic po-
sition (SEP) on adulthood work
stress might start accumulating early
in life.20 Several studies have docu-
mented an association between low
parental SEP with low educational
attainment and low adulthood SEP
(as indicated by low occupational
status, a high number of adversities,
and material disadvantages).5,6,21,22

Furthermore, adulthood SEP and
educational level have been found
to be related to work stress, as indi-
cated by job strain and ERI.7–9,17

Negative family atmosphere or pa-
rental life dissatisfaction is another
preemployment factor that has been
found to predict several negative ad-
olescence and adulthood endpoints,
including, eg, lower educational
attainment.10–14 In a recent prospec-
tive study, low parental life satis-
faction was also associated with a
combination of high demands and
low job control in adulthood, inde-
pendent of education.18

The objective of this study was to
prospectively examine whether pa-
rental SEP and parental life satisfac-
tion predict ERI or its components in
adulthood. There are at least two
theoretical models that indicate pos-
sible links between these preemploy-
ment family factors and adulthood
ERI. First, these factors might con-
tribute to ERI independently of
adulthood factors, such as education
(the direct effect model). Second, the
effect of preemployment family fac-
tors on ERI might be indirect, ie, low
parental SEP and high parental life

dissatisfaction might increase the
likelihood of poor educational attain-
ment, which in turn might lead to
high ERI (the mediated effect
model). We examined these two hy-
potheses, taking into account the im-
pact of family size as a possible
confounder because it has been docu-
mented that large family size is related
to low educational level (the more
children, the more parental resources
are divided).23 Gender-specific pat-
terns have been reported in several
studies of work stress,3,20,24 therefore
we tested whether the findings differed
between men and women.

Methods

Study Population
The Cardiovascular Risk in Young

Finns Study is an ongoing follow-up
study of coronary heart disease risk
factors in Finnish children and ado-
lescents.25 The first cross-sectional
study was conducted in 1980 when
age cohorts of 3, 6, 9, 12, 15, and 18
years were randomly sampled on
the basis of social-security num-
bers, resulting in a total of 3596
participants. The present study fo-
cused on 746 participants (341 men
and 405 women) who had a job and
no missing data on any of the study
variables. Participants’ parents re-
sponded to a questionnaire on paren-
tal SEP and parental life satisfaction
in 1983 when the participants were
aged between 6 and 21 years. The
participants responded to a survey on
ERI at age 24 to 39 in 2001 (Fig. 1).

Preemployment Factors
Parental SEP was assessed with

three different indicators: the annual
household income (1000 Finnish
Marks [FIM] per year; to convert
FIM to Euros, multiply by 0.17) and
the number of the mother’s and the
father’s completed years of educa-
tion. Parental life satisfaction was
measured on the Operation Family
Study questionnaire.26 The question-
naire covered both maternal and pa-
ternal satisfaction as a mother or
father, as a spouse, and with her or

his work. The average score of
these three items was calculated for
both mother and father to form an
index of maternal and paternal life
satisfaction,26,27 larger values indi-
cating higher levels of life satisfac-
tion. The scale reliability (Cronbach
�) was 0.72 for maternal life satis-
faction and 0.77 for paternal life
satisfaction. In addition, information
on family size, a potential confound-
ing factor, and participant’s educa-
tion (the number of completed years
of education), a potential mediating
factor, was collected.

Effort-Reward Imbalance
A standard measure of ERI was

not available in this study, thus, a
proxy measure was used.28–30 Effort
and reward were measured with three-
item scales from the Occupational
Stress Questionnaire (QSQ).31,32 The
effort items (Cronbach’s � � 0.59)
and the reward items (Cronbach’s
� � 0.60) in this study resemble the
items in the Siegrist’s ERI question-
naire.19 However, the number of
items in the proxy measure was
lower than that in the original mea-
sure (effort: 3 versus 6; reward: 3
versus 11). Responses to the effort
and reward items were given on a
five-point scale; the higher the value,
the higher effort and reward.

The items of the effort scale were
as follows: “Do you have enough
time to get your work done?”, “Does
your work include phases that are too
difficult?”, and “Is your work men-
tally demanding?”.

The reward scale comprised the
following items: “Do you receive
help and support from your superior
if needed?”, “What kind of rapport
do your coworkers have on the work-
place?”, and “How satisfied are you
with your current employment?”.

The mean scores of effort and
reward were calculated to assess the
components of ERI. The continuous
variable of ERI was obtained by
dividing effort by reward, larger val-
ues indicating higher imbalance.19

To correct the kurtosis and skew-
ness of the continuous ERI indica-
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tor, a base-10 logarithmic transfor-
mation was done. Supporting the
predictive validity, higher ERI in-
dicated with this measure has suc-
cessfully correlated with lower
heart rate variability,30 a well-
known risk factor for coronary heart
disease.33

Statistical Analyses
Descriptive statistics and bivariate

relationships (Pearson correlations)
among the study variables were cal-
culated using SPSS (13.0, SPSS,
Inc., Chicago, IL). The structural
equation modeling (SEM) was con-

ducted using LISREL (8.30, Scien-
tific Software International, Lincoln-
wood, IL).34 The data were
analyzed in the form of covariance
matrices, and the parameters were
estimated using the Maximum Like-
lihood estimation procedure. We
adopted the following criteria for the
model-fit: general fit index (GFI)
�0.95 and comparative fit index
(CFI) �0.90 suggest a very good fit;
the value of �2 divided by degrees of
freedom �3.0, and a root mean
square error of approximation
(RMSEA) value of 0.10 or less
indicates an adequate fit, and 0.05

or less indicates a close fit in rela-
tion to the degrees of freedom.35

Age and family size (potential
confounding variables) and the edu-
cational attainment of the partici-
pants (a potential mediator variable)
were treated as single indicator fac-
tors in the structural equation mod-
eling; therefore, their error variance
was fixed at zero. The variables of
parental income, the mother’s and
father’s education in years were en-
tered to SEM analysis as such, and
they formed a three-indicator latent
construct of parental SEP. The mean
values of the maternal and paternal
life satisfaction scales were the two
indicators of latent parental life sat-
isfaction. The latent effort and re-
ward both had three indicators (the
three scale items). Effort-reward im-
balance was a single-indicator latent
construct; therefore its error variance
was fixed at zero. The preliminary
step compared the null model to the
measurement model.36 Then three
hypothetical models were specified
and tested separately for effort, re-
ward, and ERI. Both the mea-
surement model and the structural
models were tested for gender
differences.

Results
The sample consisted of 746 par-

ticipants (405 women and 341 men).
Sample characteristics are shown in
Table 1 and bivariate correlations
among the study variables are shown
in Table 2. The comparison of the
study sample and the excluded per-
sons showed small differences in
age, education, reward, and parental
income. The participants were
younger (30.7 versus 31.6 years of
age, P � 0.001), were more educated
(15.1 versus 14.2 years, P � 0.001),
scored higher on reward than did the
excluded persons (3.9 versus 3.7,
P � 0.001), and participants’ parents
had higher income (6.2 versus 5.6
kFIM per year, P � 0.001) than did
the parents of the excluded persons.
There were no differences in paren-
tal education, parental life satisfac-
tion, family size, or effort between

Fig. 1. Study population flow chart.
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the participants and the excluded
persons.

Age was positively linked to effort
and ERI. Indicators of parental SEP
(household income, mother’s and fa-
ther’s education) were all positively
related to reward. Participants’ edu-
cation was positively associated with
effort (Table 2).

Because the parental life-satisfac-
tion questionnaire included an item
concerning the mother’s and the fa-
ther’s work satisfaction, the associa-
tions between paternal and maternal
work satisfaction with ERI and its
components were additionally stud-
ied. Paternal and maternal work sat-
isfaction were intercorrelated (r �
0.38, P � 0.001), but they did not
correlate with effort (Pearson r �
�0.06, not significant [ns.], r �
�0.04, ns., respectively), reward

(r � 0.01, ns., r � 0.03, ns.), or total
ERI (both r values � �0.05, ns.).

Preemployment Factors and ERI
As expected, the null model as-

signing all items to a single factor
did not fit the data [�2 (77) � 934.70,
�2/df � 12.14], while the measure-
ment model did fit the data well [�2

(60) � 116.76, �2/df � 1.95,
RMSEA � 0.036, GFI � 0.98].
Testing the measurement model with
the �2 difference test showed that
there was no significant gender dif-
ference [��2 (14) � 13.75, ns.] in
factor loadings. Thus, conceptual
models were tested with data com-
bining the men and women.

We tested which one of the hypo-
thetical models fit the data best: the
direct effect model or the mediated
effect model (Table 3). The mediated

effects model of effort, reward, and
ERI were significantly better than for
the direct effects models (P �
0.001).

In addition, we tested whether the
structural models differed between
genders. We found no gender differ-
ences in either the effort model [��2

(16) � 13.96, ns.] or the ERI model
[��2 (14) � 20.05, ns.]. However, a
gender difference in the reward
model was found [��2 (16) � 28.89,
P � 0.05]. Thus, the reward model
was run separately for men and
women but all other models were
calculated for men and women in
combination.

The results of the structural mod-
els for effort, reward, and ERI are
shown in Figs. 2 and 3. Preemploy-
ment family factors were not related
to ERI. However, high parental SEP
predicted higher education, which in
turn, was associated with higher ef-
fort (Fig. 2). Moreover, the results of
the gender-specific structural equation
models of reward showed that parental
life satisfaction and younger age di-
rectly predicted increased reward in
adulthood for men. For women, older
age, family size, and higher parental
SEP independently predicted increased
reward in adulthood (Fig. 3).

Discussion
This 18-year prospective study

showed that higher childhood paren-

TABLE 1
Descriptives of the Study Population (N � 746)

Mean SD Range

Age 30.73 4.51 24–39
Family size 2.71 1.54 1–15
Household income 6.17 1.75 1–8
Mother’s education 10.22 3.16 2–23
Father’s education 9.92 3.61 1–29
Maternal life satisfaction 4.10 0.62 1–5
Paternal life satisfaction 4.13 0.68 1–5
Education 15.09 2.85 9–26
Effort 2.86 0.62 1–5
Reward 3.85 0.66 1–5
Effort-reward imbalance (log) –.13 0.14 �.64–0.34

TABLE 2
The Bivariate Correlations Between Study Variables

1 2 3 4 5 6 7 8 9 10 11

1 Gender
2 Age �0.052
3 Family size �0.034 0.121**
4 Household income 0.023 0.034 �0.213***
5 Mother’s education �0.001 �0.163*** �0.138*** 0.365***
6 Father’s education 0.017 �0.123** �0.184*** 0.426*** 0.647***
7 Maternal LS �0.011 0.136*** 0.075* �0.031 �0.109** �0.084*
8 Paternal LS �0.008 0.040 0.046 �0.028 �0.019 �0.026 0.623***
9 Education �0.126** 0.137*** �0.104** 0.216*** 0.273*** 0.310*** �0.027 0.021

10 Effort �0.064 0.136*** 0.022 0.025 0.009 0.055 �0.013 �0.025 0.146***
11 Reward 0.049 �0.010 �0.063 0.107** 0.082* 0.083* 0.033 0.029 0.069 �0.127***
12 ERI (log) �0.068 0.101** 0.048 �0.042 �0.051 �0.013 �0.022 �0.029 0.063 0.810*** �0.663***

*P � 0.05, **P � 0.01, ***P � 0.001.
LS indicates life satisfaction; 1, male; 2, female.
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tal socioeconomic position (SEP)
predicted higher adulthood effort at
work in both genders and higher
reward in women. The association
between parental SEP and adulthood
effort was in part mediated by the
participants’ education. Furthermore,
higher parental life satisfaction pre-
dicted higher reward in men. Despite

these associations, neither parental
SEP nor parental life satisfaction was
predictive of the total effort-reward
imbalance (ERI). This result sug-
gests that the level of ERI might not
be explained by these two important
preemployment factors that have
been shown to predict adult job
strain, health, and well being.10–14,37

The present findings differ some-
what from those reported in our pre-
vious study of another work stress
model in the present cohort.18 In that
study, parental life dissatisfaction in-
dependently predicted adulthood job
strain, as indicated by high demands
and low control.18 In the present
study, parental SEP or parental life
dissatisfaction did not predict ERI.
This disagreement might be be-
cause of differences between the
two work stress models. The con-
cept of ERI emphasizes a current
social exchange process in a wider
work context,1,19 a condition that
might be less affected by preemploy-
ment family circumstances than by
the generalized perception of work
characteristics defined by the De-
mand Control Model.8 On the other
hand, a standard measure of ERI was
not available for this study and thus
we cannot exclude the possibility
that inconsistencies might also have
arisen from the use of a proxy mea-
sure. However, there are several
reasons why we consider inconsis-
tencies might not solely be caused by
the use of proxy measure. First, the
findings regarding the components
of ERI were as expected. There is a
conceptual overlap between the ef-
fort component and job demands and
we found no direct association be-
tween preemployment family factors
and effort in agreement with the null
findings reported for preemployment
factors and adulthood job demands
in this cohort.18 Second, education is
an important prerequisite for later
career opportunities, and evidence
supports a link between parental so-
cioeconomic status and the educa-
tional attainment of their children.38

A positive family background offer-
ing educational resources (equip-
ment, educational opportunity, and
emotional support) might be an un-
derlying factor for all these predic-
tive associations. In line with this,
we found that education mediated
the association between parental SEP
and reward among women. A corre-
sponding mediated pattern by educa-
tion has previously been observed

Fig. 2. Structural equation models of effort and effort-reward imbalance. Solid lines indicate
significance (standardized coefficients).

TABLE 3
Model Comparisons

�2-Difference Test

MODEL �2 df ��2 �df P Value

Effort Direct effect 168.91 36
Mediated effect 71.59 35 97.32 1 �0.001

Reward (men)* Direct effect 110.9 36
(n � 341) Mediated effect 65.58 35 45.32 1 �0.001

Reward (women)* Direct effect 100.66 36
(n � 405) Mediated effect 47.56 35 53.10 1 �0.005

ERI Direct effect 147.52 20
Mediated effect 49.07 19 98.45 1 �0.001

*Statistically significant difference in structural models between men and women (P �
0.05).
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for parental SEP and job strain.18

Third, in line with theoretical predic-
tions from the ERI model, a previous
study using our proxy measure found
an association between higher ERI
and lower heart rate variability,30

providing some support for the con-
struct validity of our measure.

Parental life satisfaction was asso-
ciated with a high level of reward for
men, but not for women. It has been
suggested that parental life dissatis-
faction creates a stressful family en-
vironment characterized by lack of
adequate emotional, social, and cog-
nitive support, and that growing up
in such a stressful family environ-
ment presumably hinders the optimal
development of stress management
skills needed later in life.10,39,40 In-
deed, maternal role dissatisfaction
has been found to be linked to vari-
ous adverse outcomes in adolescence

and adulthood.12,27 The finding that
parental life satisfaction had an ef-
fect on reward for only men is in
accordance with previous studies
that suggested boys might be more
vulnerable to family stress than are
girls.41

Interestingly, the association be-
tween age and reward was negative
for men and positive for women. In
this study, the measurement of re-
ward emphasized the esteem compo-
nent of reward. The absolute level
of such reward was substantially
higher for young men than for young
women. However, with increasing
numbers of years of work, the gender
difference in levels of reward nar-
rowed with a decreasing trend for
men and an increasing trend for
women. This suggests that the re-
ward reflecting the social exchange
process at work is different for men

and women at different phases of
their careers, but there is no clear
explanation for this finding.

We found an association between
large family size and high reward for
women after taking into account the
effects of other preemployment fam-
ily factors, such as parental socio-
economic position and parental life
satisfaction. Although the Resource
Dilution Model23 would imply that a
negative association between family
size and reward is more likely, our
finding suggests that family size
could be a potential confounding fac-
tor in studies examining the effects
of reward for women at work.

This study has several strengths.
The sample was obtained from a
large, population-based, longitudinal
data set. A follow-up period of 18
years between preemployment and
adult-life measures is rarely avail-
able, and the measurement of paren-
tal SEP by more than one index is
also an advantage. The study thus
provides new information about the
antecedents of adulthood work
stress. However, one of its limita-
tions is that parental life satisfaction
was measured with a non-standard
instrument rather than with a stan-
dard scale such as the Satisfaction
With Life Scale.42

In several other studies, the find-
ings obtained by our non-standard
instruments have been comparable
with those based on standard mea-
sures.10–12 Another limitation is that
the ERI model was not used in its
original form as its components were
assessed by a proxy measure. Both
studies using original and proxy
measurement of ERI indicate support
for the ERI model and have predic-
tive validity, regardless of the mea-
sure used.4,29,43,44 However, our
proxy measure does not necessarily
reflect the entire ERI model. The
reward scale emphasizes the esteem
component, but does not include
“status control,” (ie, promotion pros-
pects, job security, and status consis-
tency). The proxy measure is also
limited to the situational aspect of
the ERI model (ie, work environ-

Fig. 3. Gender specific structural equation models of reward. Solid lines indicate significance
(standardized coefficients).
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ment), whereas the personal aspect
(overcommitment) is not considered.
Thus, future research with standard
instruments is needed to examine the
generalizability of our findings. Yet
another limitation is that there were
more male than female dropouts in
the Cardiovascular Risk in Young
Finns Study.45 Included participants
also had slightly higher parental in-
come and own level of education.
These are potential sources of bias;
although, all analyses were ad-
justed for gender and when gender
differences were detected, models
were tested separately for men and
women.

In conclusion, there were associa-
tions between preemployment family
factors and components of ERI in
adulthood and a gender-specific pat-
tern for the antecedents of the re-
ward. For men, favorable family
emotional atmosphere and for
women, higher parental socioeco-
nomic position contributed to higher
reward. Our findings suggest that
preemployment family factors might,
in a gender-specific pattern, be po-
tential confounding factors in studies
examining the effects of reward at
work. However, no evidence was
found to support an association be-
tween preemployment family factors
and the total ERI score.
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Glutathione S-Transferases GSTM1 and
GSTT1 Polymorphisms and Asbestosis

Alenka Franko, MD, MSc
Metoda Dodič-Fikfak, MD, PhD
Niko Arnerić, MSc
Vita Dolžan, MD, PhD

Objective: In a nested case-control study, the authors investigated
whether the deletion polymorphism of glutathione S-transferases GSTM1
and GSTT1 represents a risk factor for the development of asbestosis.
Methods: In total, 262 cases with asbestosis and 265 controls, selected
from a cohort of 2080 workers occupationally exposed to asbestos, were
genotyped for GSTM1 and GSTT1-null alleles. Cumulative exposure
for each subject was available. Results: Asbestosis was associated with
cumulative exposure (odds ratio [OR] � 3.21, confidence interval [CI]
2.43–4.23) and GSTT1-null genotype (OR � 0.61, CI 0.40–0.94),
but not with GSTM1-null genotype (OR � 1.01, CI 0.71–1.43).
The risk of GSTM1-null and GSTT1-null genotype for asbestosis did
not change after adjustment by cumulative exposure, smoking,
gender, and age. Conclusions: An important finding of this study is
that GSTT1 gene deletion might have a protective effect on the
development of asbestosis. (J Occup Environ Med. 2007;49:
667–671)

A sbestos exposure has been associ-
ated with the development of dif-
fuse interstitial pulmonary fibrosis
(asbestosis), pleural diseases, such
as pleural plaques, and several
types of cancer.1–11 Asbestosis is
among the most frequent diseases
caused by asbestos. Asbestosis is
known to be associated with an
increased risk of lung cancer.12–14

Although asbestos-related diseases
are among the most extensively stud-
ied occupational diseases and the
causal relationship between asbestos
exposure and asbestosis has been
well established, relatively little is
known about the genetic factors that
might modify individual susceptibil-
ity to the development of this dis-
ease.9,15,16 At present, it is known
that both direct and indirect cellular
effects may influence the disease
outcome.17 Some hypotheses suggest
that asbestos induces an inflamma-
tory cascade by stimulating the pro-
duction of reactive oxygen species
(ROS), nitric oxide, and cyto-
kines.18–23 Results from studies on
cell-free systems suggest that ROS
production might be triggered by as-
bestos fibers themselves. On the
other hand, ROS can also be released
by alveolar macrophages, which are
activated during the phagocytosis of
asbestos fibers.15

Glutathione S-transferases (GSTs)
are important enzymes involved in
the detoxification of xenobiotics, and
they also inactivate the electrophiles
produced by ROS.24–26 The conjuga-
tion of electrophiles with GSTs al-
most always results in a less reactive
product27,28; however, in some cases
the glutathione conjugate is more
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reactive and consequently more
harmful than the parent compound
is.28 In mammalian species, seven
classes of cytosolic GST isoen-
zymes have been recognized.28,29

By contrast, with the ability of
class Alpha, Mu, and Pi GST to
detoxify their substrates, class
Theta isoenzymes, in particular
GSTT1, may also catalyze the toxi-
fication of several substances.30

The genes coding for GSTs of
different classes are polymor-
phic.9,15,16,28,31 The most common
polymorphism of GSTM1 and
GSTT1 genes in the world general
population is null polymorphism due
to homozygous deletion of these
genes.16,28 About 50% of white per-
sons are homozygous for GSTM1
deletion (GSTM1-null genotype),9,31

which results in the absence of the
GSTM1 enzyme activity. On the
other hand, homozygous deletion of
GSTT1 (GSTT1-null genotype),
which also results in the absence of
the active enzyme,16 occurs in 10%
to 20% of white persons and in about
50% of Asians.29 In some studies
GSTM1-null genotype has been asso-
ciated with an increased risk of as-
bestosis,9,26 while this association has
not been proved in the others.15,16 No
association has been found between
GSTT1 deletion polymorphism and as-
bestosis in the studies published so
far.16,26

Due to the inconsistency of the
previously published data, the au-
thors designed a nested case-control
study to investigate the genetic fac-
tors that might modify susceptibility
to asbestosis. The main objective of
the present study was to investigate
whether the genetic polymorphism
of glutathione S-transferases
GSTM1 and GSTT1 represented a
risk factor for the development of
asbestosis in workers occupationally
exposed to asbestos.

Materials and Methods
A nested case-control study was

conducted. All the subjects were se-
lected from the cohort of 2080 work-
ers who were presented at the Board

for the Recognition of Occupational
Asbestos Diseases in the period from
January 1, 1998 to December 31,
2003. From this cohort, 356 subjects
who were diagnosed with asbestosis
as an occupational disease (referred
to as cases) and 356 subjects with no
asbestos disease as the controls were
selected. The controls were matched
to the cases by age and gender. Each
group first comprised 251 male and
105 female subjects. Among the se-
lected cases, 40 died in the period
from the recognition of the occupa-
tional disease to the time of the
beginning of the study, 2 developed a
malignant disease, and 52 refused to
participate, so the final number of
cases included in the study was 262
(186 male and 76 female). Among
the controls, 29 died, 9 developed a
malignant disease, and 53 refused to
participate, so the final number of
controls was 265 (183 male, 82 fe-
male). To sum up, 94 cases and 91
controls were excluded because it
was impossible to obtain genetic ma-
terial from them. A written informed
consent was obtained from all the
cases and controls included in the
study.

All the subjects included in the
study were employed in the asbestos
cement manufacturing plant of Sa-
lonit Anhovo, Slovenia. Production
in this factory began in 1921 and
lasted until the end of 1996, when
asbestos was banned by law in Slo-
venia.11 Three activities or major
production processes took place in
the plant: cement production, pro-
duction of asbestos-cement pipes,
and production of corrugated
sheets.11

The diagnosis of asbestosis or “no
asbestos-related disease” was estab-
lished by experts of the Board for
Recognition of Occupational Asbes-
tos Diseases at the Clinical Institute
of Occupational Medicine, which
consists of an occupational physi-
cian, pulmonologist, and radiologist.
The criteria were based on the Hel-
sinki Criteria for diagnosis and attri-
bution of asbestos diseases.32 Chest
High Resolution Computer Tomog-

raphy was used for the radiological
diagnosis of the disease following
the proposal of the American Tho-
racic Society.33

The data on smoking were col-
lected from all subjects using a stan-
dardized questionnaire and checked
at the interview.11,34

The duration of exposure was cal-
culated for each worker. The data on
the cumulative exposure to asbestos
were available for all the subjects
from the previous study.11 To calcu-
late the cumulative exposure, the ex-
posure measurements were available
for most jobs in the Salonit Anhovo
plant. More than 1000 air samples
were available.11 For the jobs and
time periods lacking measurement
data, the airborne concentrations of
asbestos were estimated using pro-
duction process records and inter-
views with long-service employees
and factory managers, engineers,
physicians, and environmental man-
agers. The main steps in exposure
estimation were the following. 1)
Work histories for all production
workers were obtained from the
company personnel files. 2) All air
measurements, information about
product (asbestos or asbestos-
cement) for a particular task, the
process type (wet or dry), percent of
time per task, units used for the air
sampling measurements (particles/
cm3, mg/m3, fibers/cm3), and depart-
ment were entered into an Access
(Microsoft Corp, Redmond, WA) ta-
ble for each production job for every
year in the study period. 3) Conver-
sion factors from particle/cm3 to fi-
bers/cm3 and mg/m3 to fibers/cm3

were calculated. 4) Applying the ap-
propriate conversion factor to the
measured and estimated exposure in-
tensities, exposure intensities by job
by year were calculated for asbestos
for all production workers. 5) The
exposure intensity table for produc-
tion jobs (The Job Exposure Matrix)
and the work histories for each pro-
duction worker were combined using
the SAS program (SAS Institute,
Inc., Cary, NC) to obtain the cumu-
lative exposure for each worker.11
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For the isolation of DNA and
genotyping, capillary blood samples
from the fingertips of all cases and
controls were collected on FTA Mini
Cards (Whatmann Bioscience). FTA
cards are designed for room temper-
ature collection, shipment, archiving,
and purification of nucleic acids
from a wide variety of biological
samples for the Polymerase Chain
Reaction (PCR) analysis. DNA was
extracted from the FTA cards using
Blood Prep chemistry on the ABI
PRISM 6100 Nucleic Acid PrepSta-
tion (Applied Biosystems, Foster
City, CA).35

The deletions of GSTM1 and
GSTT1 genes were identified using
multiplex PCR. Both genes were si-
multaneously amplified in a single-
step PCR reaction together with the
�-globin gene as the internal positive
control.36 This approach did not al-
low the authors to detect heterozy-
gous carriers of GSTM1 or GSTT1
gene deletion. When a null allele was
detected, only the gene in question
and the �-globin gene were reampli-
fied to reduce the chance of detecting
null alleles due to preferential ampli-
fication of one fragment.

Regular statistical methods were
used to analyze the data. The differ-
ences in means of variables between
the workers with asbestosis and the
workers with no established disease
were analyzed using the t test. To
determine whether the observed dif-
ferences in proportions between the
study groups were statistically sig-
nificant, the �2 test was used. A
logistic regression analysis was used
to assess the causal relationship be-
tween the asbestosis, exposure, ge-
notypes, and possible confounders.

The Slovenian Ethics Committee
for Research in Medicine approved
the study.

Results
The average age of workers with

asbestosis was 61 years (SD � 9.40)
and that of controls 57 years (SD �
9.34). The difference was statisti-
cally significant (t � 5.18, P �
0.00).

No difference in smoking was ob-
served between the cases and the
controls. In both groups, approxi-
mately 46% (117 cases and 120 con-
trols) were ever smokers (�2 � 0.01,
P � 0.91). In the group of cases,
smokers smoked 25.92 years on av-
erage (SD � 13.37) and in the group
of controls the average length of
smoking was 22.90 years (SD �
12.90) (t � 1.77, P � 0.08). The
average pack-years of smoking
amounted to 21.92 for the cases
(SD � 15.95) and to 20.99 for the
controls (SD � 16.37) (t � 0.44,
P � 0.66).

The mean cumulative exposure to
asbestos was 37.67 fibers/cm3-years
in the workers with asbestosis and
11.23 fibers/cm3-years in the con-
trols. The average duration of expo-
sure to asbestos was 267.62 months
in the cases and 229.80 months in the
controls. The durations of exposure
and the cumulative exposure were
significantly higher for cases than for
controls (Table 1).

There was no statistically signifi-
cant difference in the cumulative
exposure and duration of exposure
between the subjects who partici-
pated in the study and the subjects
who were excluded from the study

(t � 0.84, P � 0.40; t � 0.96, P �
0.34, respectively).

GSTM1 and GSTT1 did not am-
plify in two cases and in one control.
GSTM1-null genotype was detected
in 60.4% of cases and in 60.6% of
controls and the GSTT1-null geno-
type was observed in 17.3% of cases
and in 25.4% of controls. No signif-
icant difference in GSTM1 genotypes
was observed between the cases and
the controls. On the other hand, a
statistically significant difference
was found in GSTT1 genotypes be-
tween the cases and controls (Table
2). The possible combined effect of
GSTM1 and GSTT1 genotypes was
also estimated (Table 2).

Asbestosis was associated with cu-
mulative exposure to asbestos (odds
ratio [OR] � 3.21, confidence inter-
val [CI] 2.43–4.23) but it was not
associated with smoking (OR �
0.98, CI 0.69–1.39). The presence of
GSTT1-null genotype showed a pro-
tective effect for asbestosis (OR �
0.61, CI 0.40–0.94). On the other
hand, no association was found be-
tween asbestosis and GSTM1-null
genotype (OR � 1.01, CI 0.71–
1.43).

When GSTM1 and GSTT1-null ge-
notypes were simultaneously intro-
duced into the logistic regression
analysis, the ORs remained un-
changed, showing the independent
activity and thus no possible syner-
gistic effect or confounding (OR for
GSTM1 � 0.99, CI 0.70–1.41; OR
for GSTT1 � 0.61, CI 0.40–0.94).
The risk of the GSTM1-null and
GSTT1-null genotype for asbestosis
did not change after adjustment by
gender, age, cumulative exposure to
asbestos, and smoking (Table 3).

TABLE 1
Duration of Exposure and Cumulative Exposure in the Cases and Controls

Cases (n � 262) Controls (n � 265)

Mean SD Range Mean SD Range t test Significance

Duration of exposure (mo) 267.62 110.94 6–456 229.80 126.04 3–506 3.65 P � 0.00
Cumulative exposure (fibres/cm3-yr) 37.67 86.43 0.01–869.72 11.23 23.47 0.01–149.21 4.78 P � 0.00
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Discussion and Conclusion
An important finding of our study

is that the presence of GSTT1-null
genotype is associated with a de-
creased risk of asbestosis, which
means that GSTT1 gene deletion
might have a protective effect on the
development of asbestosis. Our find-
ing can be explained with the obser-
vation that in some cases, GSTT1
might catalyze the toxification reac-
tion leading to more reactive gluta-
thione conjugate.30 According to the
authors’ knowledge and available lit-
erature, no association has been
found between asbestosis and GSTT1
deletion polymorphism in the studies
conducted so far.16,26

A protective effect of GSTT1-null
genotype on lung cancer has also
been observed in some studies.37–39

As asbestosis is known to be associ-
ated with an increased risk of lung
cancer,12–14 these results could be
consistent with the results of the
current study; however further
studies are needed to assess if

GSTT1 gene deletion is protective
for asbestosis only and conse-
quently for lung cancer or whether
it causes a decreased risk for the
development of asbestosis and lung
cancer independently.

In the current study no association
was observed between asbestosis and
GSTM1-null genotype. Similar re-
sults were obtained by Jakobsson et
al,15 who found no difference for
parenchymal and pleural abnormali-
ties between different GSTM1
groups in workers exposed to asbes-
tos. Hirvonen et al16 also reported no
increased risk of the development of
asbestos-related pulmonary disorders
in workers with homozygous dele-
tion of the GSTM1 gene. Contrary to
the above studies and the results of
the present study, Smith et al9 and
Kelsey et al26 found a significant
association between asbestosis and
GSTM1 deletion.

Our findings were not biased by
the genetic heterogeneity, as all the
subjects were recruited in a small

geographic area with an ethnically
homogenous population.40 Although
about 26% of cases and controls
were excluded from the study be-
cause they died or developed malig-
nancy during the period of the study
or because they refused to partici-
pate, there were no differences in the
cumulative exposure, duration of ex-
posure, or diagnosis of cancer be-
tween them and the participants.
There is also no possible explanation
why the excluded subjects would be
genetically different from the sub-
jects who participated, so we believe
no bias was introduced with the ex-
clusion of subjects.
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Lost Productive Time and Costs Due to
Diabetes and Diabetic Neuropathic Pain
in the US Workforce

Walter F. Stewart, PhD, MPH
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Nancy A. Brandenburg, PhD

Objective: Estimate the impact of diabetes and neuropathic pain on
the US workforce. Methods: Data on lost productive time (LPT) was
collected by telephone interview in a random sample of the US
population (N � 36,634). Of 19,075 occupation-eligible working
adults included in the analysis, 1003 reported a physician diagnosis of
diabetes; 38% of these reported numbness or tingling in feet or hands
due to diabetes (symptom group). We compared diabetes respondents
with and without symptoms to other respondents for LPT and related
cost. Results: Health-related LPT was 18% higher in the symptom (P �
0.05) and 5% higher in the non-symptom (P � 0.05) groups versus for
those without diabetes. The symptom group lost 1.4 hours of work per
week more than the non-symptom group (P � 0.05). Conclusions:
Workers who have diabetes with neuropathic symptoms lose the equiv-
alent of $3.65 billion/yr in health-related LPT. (J Occup Environ
Med. 2007;49:672–679)

D iabetes is a common and sometimes
disabling condition. Disability is
more likely as the disease progresses
and as neuropathic symptoms emerge.
Studies have described the work im-
pact of diabetes in relation to work
absence,1–11 disability,3,5,9–11 change of
job or employment status,1,12–15 and
income or “productivity.”4,11,13,16,17

Individuals with diabetes are more likely
to be absent from work1,3,6–8,11,18 and
work disabled.3,11,13 However, not
all studies reported a difference in
absence time.2,4,5 Productivity, pre-
senteeism, or productive time have
not been studied. Rather, income
has been used as a substitute for
productivity14–17 and is subject to
confounding because of the known
association between diabetes and
socioeconomic status. To date, quan-
tification of the work impact of dia-
betes has been confined to local
case-control studies,1,5,6,13 to em-
ployees of a single or select set of
companies,2,4,8,10,17 or to national
surveys that have only documented
part of the spectrum of possible ef-
fects on work status.9,11,12,16 Finally,
few studies have examined work loss
in relation to disease severity.5,14

The Caremark American Produc-
tivity Audit (“audit”) provides an
opportunity to better understand the
overall impact of diabetes on the US
workforce. The audit captured a
large, representative sample of the
US workforce and assessed health-
related lost productive time (LPT).
Specific questions were asked about
the presence or absence of many
health conditions including diabetes.
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We used the audit database to assess
the overall impact of diabetes with
and without neuropathic symptoms
on LPT and employment status in the
US workforce.

Research Design and Methods
The audit measures the relation-

ship between health and work pro-
ductivity and is described in detail
elsewhere.19–21 The audit was com-
pleted using the Caremark Work and
Health Interview (WHI). Details on
the audit and WHI are described
below. The Essex Institutional Re-
view Board (Lebanon, NJ) approved
the study protocol and the informed
consent statement.

Work and Health Interview (WHI).
The WHI is a validated computer-
assisted telephone interview that
measures LPT and its health-related
causes.19–23 The WHI also captures
information on employment status,
occupational characteristics, a number
of different health conditions, lifestyle
factors, and demographic characteris-
tics including annual salary.

The WHI measures LPT as the
sum of hours per week absent from
work for a health-related reason (ie,
absenteeism) and the hour-equiva-
lent per week of health-related re-
duced performance on days at work
(ie, presenteeism) during the two-
week recall period. Presenteeism was
quantified by the occurrence of five
specific work behaviors (losing con-
centration, repeating a job, working
more slowly than usual, feeling fa-
tigued at work, and doing nothing at
work) and the average amount of
time between arriving at work and
starting to work on days not feeling
well. Response options were all of
the time, most of the time, half the
time, some of the time, and none of
the time. The specific method for
estimating LPT from WHI data is
described in detail elsewhere.19–23

Individuals who reported at least
one chronic health condition (ie, di-
abetes, arthritis, a recent injury,
chronic lung disease, heart disease,
and bladder control problems) subse-
quently were asked whether their

health condition(s) had affected their
ability to work. An anchored 0 to 10
response scale was used. Those re-
porting an impact on ability between
1 and 9 were asked follow-up ques-
tions to assess whether there had
been a change in the number of hours
worked per week, their occupation,
or work performance (on a 0 to 10
anchored response scale).

American Productivity Audit. The
audit is a national random-digit-dial
telephone survey of the non-institu-
tionalized US population.19–21 A to-
tal of 42,107 audit interviews were
completed between the survey’s ini-
tiation in August 2001 and February
2004. Of these, 36,634 were occupa-
tion eligible. Details on the sampling
method are reported elsewhere.19–21

In addition to occupational eligible
individuals, a 10% random sample of
individuals who responded in the
negative to the employment status
question was selected to participate
if the respondent also met age and
household residency criteria.

Case Definition. Individuals were
defined as having diabetes if they
reported in the affirmative to a ques-
tion on whether they had diabetes in
the past 12 months. Previous work
indicates that self-report of a physi-
cian’s diagnosis of diabetes is accu-
rate (kappa 0.76).24 Those reporting
diabetes were later asked, “How long
have you had diabetes? How many
months or years?” and, “In the past
12 months, please tell me if you have
had any of the following problems
because of diabetes: problems like
vision loss or kidney disease, Numb-
ness or tingling in your feet or
hands.” Vision loss and kidney dis-
ease were assessed only in adults at
least 55 years of age; numbness or
tingling was asked only to adults
aged 40 years or older. Respondents
were defined as having a diabetes-
related neuropathy if they reported in
the affirmative to the question on
sensory symptoms. Finally, several
follow-up questions on the work im-
pact of illnesses were asked of work-
ers who reported a history of selected
chronic diseases, including diabetes.

For these latter questions, compara-
tive analysis was confined to those
reporting a history of diabetes.

Benchmarking. A two-step
weighting method was used to ac-
count for selective participation. This
weighting method accounted for the
unequal probability of selecting
households with multiple phone lines
and the incomplete coverage of the
US population. Details of the weighting
methods are described elsewhere.19

WesVar 4.0 statistical software (Westat,
Rockville, MD) was used for this
purpose.

Analysis. Estimates of LPT associ-
ated with diabetes were based on the
19,075 occupation-eligible individu-
als 40 to 65 years of age. Analysis
was restricted to this age group to
avoid problems with age confound-
ing between those with and without
diabetes and because the neuropathy
question was only asked of those 40
years and older. All analyses com-
pare those without self-reported dia-
betes (n � 18,042), individuals with
diabetes but without neuropathic
symptoms (n � 642), and individuals
who reported both diabetes and neu-
ropathic symptoms (n � 391).

We derived crude and adjusted
estimates for the following LPT-
related measures: proportion with
any health-related LPT in the previ-
ous two weeks, proportion with �2
hours of health-related LPT per week
in the previous two weeks (�2 hours
of LPT/wk from any health problem
was selected as a meaningful thresh-
old for LPT), mean LPT, and total
annual health-related LPT costs. Es-
timates were derived for total health-
related LPT and LPT attributable to
absence time and presenteeism. Ad-
justed estimates were derived using a
generalized linear model framework
(SAS Proc GENMOD, SAS Insti-
tute, Inc., Cary, NC).25 The log of
the expectation of each binary re-
sponse variable was modeled as
linear functions of the explanatory
variable. Log-link was used so that
parameters could be interpreted as
prevalence ratios rather than as odds
ratios (ORs).
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All regression models included
sex, age, race, education, annual sal-
ary, type of occupation, a composite
job-demand and job-control category
based on the work of Karasek et al,26

duration of time in job, health insur-
ance, and number of health condi-
tions reported in the previous 2
weeks. The count variable for other
health conditions was based on self-
reported occurrence of 12 conditions,
but excluded several conditions
strongly associated with diabetes (eg,
pain, heart disease, fatigue or low
energy, feeling sad or blue, and other
health conditions). We also included
geographic region (Northeast, South,
Midwest, West) as a broad-based
surrogate for possible sociocultural
differences in views on work. Occu-
pations coded according to the 1998
Standard Occupational Classification
System (Bureau of Labor Statistics,
US Department of Labor) were
dichotomized into “white-collar”
(professional, administrative, or sup-
port-type occupations) versus “blue-
collar” (trade or labor occupations)
according to US Office of Personnel
Management definitions.27 Lost la-
bor costs were estimated by translat-
ing hours of LPT into lost dollars
using self-reported annual salary or
wages. Lost dollars were calculated
by multiplying lost hours by hourly
earnings. Imputation procedures for
missing values in benchmarking and
weighting variables and annual sal-
ary are described elsewhere.19,28 The
data analysis for this study was gen-
erated using SAS version 8.2 for all
analyses except for benchmarking
(SAS Institute Inc., Cary, NC).25

For individuals reporting a history of
diabetes, we also summarized data on
supplementary questions that charac-
terized the broader impact of diabe-
tes with and without evidence of
neuropathy. For these variables,
crude and adjusted estimates were
presented by the presence and ab-
sence of diabetes-related neuropa-
thy, with adjustment for measures
previously noted.

Finally, we estimated the ORs of
underemployment and unemploy-

ment associated with diabetes with
and without neuropathic symptoms.
Underemployment was defined as
working fewer than 30 hours per
week. For this analysis we limited
the sample to those working for pay.
Estimates of the odds of unemploy-
ment were based on data from those
who worked for pay and the 10%
random sample of individuals who
responded in the negative to the em-
ployment status question. The crude
and adjusted ORs for underemploy-
ment and unemployment were esti-
mated using logistic regression with
adjustment for age, gender, race, ed-
ucation, income, region of country,
type of work, and number of health
conditions.

Results
A profile of audit participants for

this analysis is summarized in Table 1
for each of the three groups. Of the
5.4% (ie, 1033 out of 19,075) of
employed participants who reported
a physician’s diagnosis of diabetes,
38% reported in the affirmative to
the question about neuropathic
symptoms. We refer to the latter
group as “diabetes with neuropathic
symptoms” and the non-diabetes
group as “controls.” With the excep-
tion of insurance status, controls dif-
fered from one or both of the two
diabetes groups on all covariates ex-
amined. Notably, the diabetes groups
were older (P � 0.001) and less
likely to be white (P � 0.001). The
diabetes group with neuropathic
symptoms was less educated (P �
0.001) and had a larger proportion in
lower-income brackets (P � 0.001).

Lost Productive Time. Overall,
36.6% of controls lost some produc-
tive time in a 2-week period before
the interview. This compares with
42.5% and 61.0% for those reporting
diabetes without or with neuropathic
symptoms, respectively. A similar
trend was observed (Table 2) for
those losing 2 or more hours per
week (ie, 2 hours of LPT/wk is a
lower bound for a meaningful
amount of time lost). However, after
adjustment for potential confound-

ers, individuals with diabetes and no
neuropathic symptoms were only
slightly more likely than controls to
have lost 2 or more hours per week
(not significant at P � 0.05). In
contrast, the diabetes group with
neuropathic symptoms was 18%
more likely to lose 2 or more hours
per week than were controls (P �
0.05).

The mean hours of LPT per week
was substantially higher in the dia-
betes group with neuropathic symp-
toms compared with in the other two
groups (4.21 hrs vs 1.90 hrs, Table
2). After adjustment for confounders,
the average difference was signifi-
cantly higher (P � 0.001). Among
those with any LPT hours in the
previous 2 weeks, the diabetes group
with neuropathic symptoms experi-
enced more LPT than did the con-
trols (0.78 hrs; P � 0.05).

Work Impact of Diabetes With
Neuropathic Symptoms. Substan-
tially more individuals who had dia-
betes with neuropathic symptoms
reported moderate to severe impact
on work ability (ie, score �5 on a
scale from 0–10 where 0 means “it
has no effect on my ability to work”
and 10 means “I am no longer able to
work”) compared with those without
neuropathic symptoms (ie, 26.8% vs
10.2%). After adjustment for a num-
ber of potential confounders, including
number of other health conditions,
those with neuropathic symptoms
were more than twice as likely as those
without them to report a moderate to
severe impact on work ability. Among
the respondents with diabetes who re-
mained in the workforce, those with
neuropathic symptoms were substan-
tially more likely to report the need to
change the number of hours worked
(11.5% vs 4.4%) or their jobs (10.7%
vs 4.4%) and that there was moderate
to severe impact on their job perfor-
mance (ie, 11.6% vs 3.9%).

Underemployment and Unemploy-
ment. Diabetes does not appear to be
associated with working fewer hours
per week. In contrast, it is signifi-
cantly associated with unemploy-
ment. No difference was observed
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TABLE 1
Distribution of Employed American Productivity Audit Respondents, by Diabetes Status, Selected Demographic, and
Employment Characteristicsa

Characteristic Category

No Self-
Reported
Diabetes

Self-Reported
Diabetes,
“No” to

Neuropathy
Question

Self-Reported
Diabetes,
“Yes” to

Neuropathy
Question

P Valuen % n % n %

Sex Men 7,597 42.11 303 47.20 169 43.22 P � 0.04
Women 10,445 57.89 339 52.80 222 56.78

Age, yr 40–49 10,001 55.43 244 38.01 142 36.32
50–65 8,041 44.57 398 61.99 249 63.68 P � 0.001

Race White 14,757 81.79 470 73.21 281 71.87
Black 1,327 7.36 67 10.44 47 12.02 P � 0.001
Other 1,153 6.39 46 7.17 40 10.23
Not stated 805 4.46 59 9.19 23 5.88

Education �12th grade; no diploma 843 4.67 37 5.76 41 10.49
High school graduate or

GED
4,829 26.77 172 26.79 116 29.67 P � 0.001

Some college/associate’s
degree

5,109 28.32 193 30.06 117 29.92

Bachelor’s degree 4,025 22.31 105 16.36 71 18.16
Graduate degree 2,600 14.41 86 13.40 28 7.16
Not stated 636 3.53 49 7.63 18 4.60

Annual salary, $ �10,000 1,018 5.64 38 5.92 21 5.37
10,000–19,999 2,082 11.54 84 13.08 67 17.14 P � 0.002
20,000–29,999 2,925 16.21 105 16.36 78 19.95
30,000–39,999 3,104 17.20 119 18.54 62 15.86
40,000–49,999 2,523 13.98 79 12.31 50 12.79
�50,000 5,657 31.35 165 25.70 95 24.30
Not stated 733 4.06 52 8.10 18 4.60

Region of residence Northeast 3,561 19.74 125 19.47 54 13.81
South 6,413 35.54 252 39.25 166 42.46 P � 0.01
Midwest 4,969 27.54 171 26.64 99 25.32
West 3,099 17.18 94 14.64 72 18.41

Type of occupation White collar 11,780 65.29 415 64.64 233 59.59
Blue collar 5,409 29.98 207 32.24 140 35.81 P � 0.03
Undetermined 853 4.73 20 3.12 18 4.60

Job demand and
job control

High demand-high
control

5,995 33.23 222 34.58 152 38.87

High demand-low control 5,407 29.97 296 46.11 147 37.60 P � 0.001
Low demand-high

control
1,541 8.54 46 7.17 52 13.30

Low demand-low control 1,242 6.88 76 11.84 37 9.46
Not stated 3,857 21.38 2 0.31 3 0.77

Duration of time in
job, yr

�0.5 913 5.06 44 6.85 16 4.09
0.5–0.9 987 5.47 25 3.89 22 5.63
1–1.9 1,318 7.31 32 4.98 32 8.18 P � 0.02
2–2.9 969 5.37 23 3.58 22 5.63
3–4.9 1,444 8.00 55 8.57 38 9.72
5–9.9 2,361 13.09 65 10.12 45 11.51
10–19.9 3,360 18.62 127 19.78 76 19.44
�20 2,519 13.96 104 16.20 60 15.35
Not stated 4,171 23.12 167 26.01 80 20.46

Health conditions
reported in
previous 2 wks

0–1 12,524 69.42 431 67.13 168 42.97 P � 0.0001
2 2,968 16.45 108 16.82 89 22.76
3 1,472 8.16 65 10.12 54 13.81
�4 1,078 5.97 38 5.92 80 20.46

Health Insurance Insured 16,108 89.28 561 87.38 336 85.93
Not insured 1,182 6.55 34 5.30 34 8.70 Not significant
Not stated 752 4.17 47 7.32 21 5.37

aEstimates are not benchmarked to the Current Population Survey (CPS).
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between those with and without neu-
ropathic symptoms. After adjustment
for potential confounders, individu-
als reporting diabetes were approxi-
mately two times more likely than
controls to be unemployed (OR �
2.13).

Cost of Lost Productive Time in
the US Workforce. We estimated the
cost of LPT attributed to diabetes
with neuropathic symptoms in the
US workforce using information on
LPT lost, in hours, and self-reported
salary. Extrapolating to the US work-
force 40 to 65 years of age, the small
proportion of those reporting diabe-
tes with neuropathic symptoms (ie,
2%) lose the equivalent of $3.65
billion per year in health-related
LPT, a cost per worker that is more
than 2.5 times higher than workers
with diabetes without neuropathic
symptoms.

Conclusions
This study suggests that individu-

als 40 to 65 years old with diabetes
and neuropathic symptoms experi-
ence excess health-related LPT com-
pared with that of others with and
without diabetes. This finding is con-
sistent with limited evidence on ab-

senteeism from a number of studies
in almost exclusively selected (ie,
not nationally representative)11 pop-
ulations.1,3,6–8,18 Contrary to previ-
ous studies,1,12,14 our study strongly
indicates that diabetes, regardless of
neuropathic status, is associated with
an elevated odds of not working for
pay, a measure that encompasses
those seeking work, off work be-
cause of short-term disability, too
disabled to work, and not seeking
work for other reasons.

Previous studies1–8,11,18 indicate that
absenteeism is more common among
individuals with diabetes than among
those without diabetes.1,3,6–8,11,18 With
one exception, studies have been
conducted in select populations of
patients (eg, from specialty care clin-
ics), making it difficult to compare
results among studies and generalize
to the US population. The Health and
Retirement Study (HRS),11 a na-
tional survey focused on adults 51 to
61 years of age, showed in 1992 that
individuals with diabetes were 30%
more likely than peers to be absent
from work and had 14% more days
absent, on average. Our estimate of
the overall work impact of diabetes
was lower. The adjusted prevalence

ratio for losing at least 2 hours of
productive time per week in our
study was 1.12 (95% confidence in-
terval [CI] � 1.05–1.19; P � 0.05;
data not shown) and the difference in
adjusted mean LPT between diabetes
cases and controls was –0.18 (not
significant). Notably, only those who
reported diabetes and neuropathic
symptoms had a statistically signifi-
cant difference than controls in mean
LPT.

Several factors might explain the
difference between the audit and
HRS. First, we studied a broader age
group (ie, 40–65 yrs). Second, the
HRS adjusted only for demographic
variables in comparing individuals
with and without diabetes. We ad-
justed for demographics and other
covariates including number of other
health conditions. Adjustment for
other health conditions had a sub-
stantial effect on the adjusted preva-
lence ratio for losing 2 or more hours
per week, increasing from 1.18 (95%
CI � 1.09–1.28) to 1.44 (95% CI �
1.31–1.59) among those who re-
ported diabetes with neuropathic
symptoms, after removing a number
of other health conditions from the
model. The approach we used in

TABLE 2
Proportion of Respondents With Lost Productive Work Time (LPT) and Mean Hours Lost Per Week in the Previous 2 wk

LPT-Related Measure Measure

No Self-Reported
Diabetes

(n � 18,042)

Self-Reported
Diabetes, “No” to

Neuropathy
Question
(n � 642)

Self-Reported
Diabetes, “Yes” to

Neuropathy Question
(n � 391) P Value

Proportion with LPT of
�2 hr/wk

Crude Proportion
(95% CI)

0.28 (0.27, 0.28) 0.34 (0.30, 0.38) 0.52 (0.47, 0.57) —

Adjusted Prevalence
Ratioa (95% CI)

1.0 1.05 (0.96, 1.16) 1.18 (1.09, 1.28) NSb, P�0.05c

Mean total LPT (in hr)
per week among all
participantsd

Crude Hours/wk 1.92 1.91 4.21 —
Adjusted Difference

(95% CI)a
�0.97 (�0.39, �1.55) �1.26 (�0.53, �1.99) — P � 0.001a

Mean LPT among
those with LPT � 0e

Crude Hours/wk 5.24 4.49 6.91 —
Adjusted Difference

(95% CI)a
�0.78 (0.17, �1.74) �1.40 (�0.07, �2.73) — NSb, P�0.05c

aAdjusted for gender, age group, race, education, income, region of country, type of work (blue vs white collar), and number of health
conditions.

bP value for the �2 statistic for the difference between workers without diabetes and workers with diabetes but no neuropathic symptoms.
cP value for the �2 statistic for the difference between workers without diabetes and workers with diabetes but with neuropathic symptoms.
dMean among all individuals within each defined group whether or not the individual had LPT in the previous 2 wks.
eMean among all individuals within each group (ie, controls � 6602, diabetes without symptoms � 272, diabetes with symptoms � 239).
NS indicates not significant.
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estimating LPT might have over ad-
justed for covariates, as a number of
other chronic conditions are comor-
bid with diabetes and because diabe-
tes is a risk factor for onset and
progression of some of these dis-
eases. The true work impact of dia-
betes is likely to be between the
more conservative estimates summa-
rized in Table 2 and the above noted
differences. Third, neither the HRS
nor any previous study has examined
both absenteeism and presenteeism.
In our study, presenteeism accounted
for 66% of the LPT among individ-
uals with diabetes. Fourth, the HRS
was conducted in 1992. Our survey
was completed between 2001 and
2004. Diabetes has gained increased
attention in the last decade and the
numerous treatment options avail-
able today could be having an impact
on the work role. Finally, our results
indicated that diabetes was strongly
associated with not working for pay.
It is possible that workers disabled
by diabetes are more likely to drop-
out of the workforce today than in
1992, resulting in a cost shift from
employers (ie, work absence and pre-
senteeism) to society through early
retirement.

Self-reported physician-diagnosed
diabetes was strongly associated
with employment status. The crude
OR for not working (ie, compared
with controls) was substantially
higher for diabetes patients with neu-
ropathic symptoms (OR � 4.65) than
it was for diabetes patients without
such symptoms (OR � 2.41), and the
difference in ORs was statistically
significant (P � 0.01). After adjust-
ment for potential confounders, the
ORs continued to be significantly
different from 1.0, but they no longer
differed from each other. This finding
was surprising given that diabetes pa-
tients with neuropathic symptoms re-
ported substantially greater impact of
their chronic disease on work than did
diabetes patients without symptoms.
The absence of difference between the
two case groups might be real or re-
flect limitations to our measure of not
working for pay.

Not working for pay encompasses
many subgroups. Although a major-
ity of those not working for pay are
not seeking and have never sought
work, this group also includes indi-
viduals who are disabled for a week
or more. We cannot distinguish dia-
betes patients that are on short-term
disability, temporarily away from
work, from those who are perma-
nently disabled. The latter is impor-
tant, as previous studies indicate that
diabetes is associated with disability
status.3,11,13 Longitudinal analysis of
HRS data indicates an adjusted OR
of 2.8 for self-reported disability (ie,
not currently working because of dis-
ability) among diabetics who were
not disabled a year earlier.11 The OR
for self-reported disability status
from the HRS, although higher than
our estimate of unemployment sta-
tus, is consistent with our findings.

In general, the prevalence of
self-reported physician-diagnosed
diabetes in our study is in line with
expectations. The 2002 prevalence of
self-reported clinically diagnosed di-
abetes among 40 to 65 year olds in
the general US population participat-
ing in the National Health Interview
Survey (NHIS) was 9.3%29 com-
pared with 5.4% for employed indi-
viduals in our study. In our study, the
crude OR for work status (ie, em-
ployed vs not working for pay) was
between 2.5 and 4.6 for those with
diabetes, indicating that diabetes
prevalence among those not working
for pay is substantially higher than
that observed in the workforce,
largely accounting for the differ-
ences in our study and the NHIS.
Recent Bureau of Labor Statistics
data indicated that 26.7% of individ-
uals aged 40 to 64 years in the
United States were not working for
pay. We used data on the crude ORs
and the proportion of diabetes cases
with and without neuropathic symp-
toms to estimate prevalence of dia-
betes among those not working for
pay. We estimated (ie, 2.41 �
0.62 � 0.054 � 4.65 � 0.38 �
0.054) a prevalence of 18.2% among
the 26% of the population not work-

ing for pay and an overall population
estimate of 8.7% (ie, 0.182 � 0.26 �
0.054 � 0.74) for 40 to 65 year olds.

Diabetics are susceptible to sen-
sory neuropathies, the most common
of which is expressed as pain from a
peripheral neuropathy.30 In our
study, we classified 38% of those
with diabetes as having a peripheral
neuropathy. Of those employed indi-
viduals with non-insulin dependent
diabetes, the median duration of di-
abetes was 5 years. In the Rochester
Diabetic Neuropathy study,31 the
prevalence of symptomatic neuropa-
thies among 40 to 59 year olds, a
younger age population, was 13%
among non-insulin dependent diabet-
ics and 15% among insulin depen-
dent diabetics. Cases in this study
were limited to distal symmetric neu-
ropathy, and do not include other
sensory neuropathies. Moreover,
Dyck’s criteria31 included more than
a sensory symptom (ie, weakness in
ankle dorsiflexion). The 1989 Na-
tional Health Interview Survey (HIS)
prevalence estimate was based on
criteria more proximal to that used in
our survey. Sensory neuropathies of
the hands and feet were considerably
more common in those with non-
insulin dependent diabetes (38%)
compared with in those without dia-
betes (10.5%).32 For those with a
duration of diabetes of 5 to 9 years,
31.9% of men and 38.3% of women
had symptoms of sensory neuropa-
thy. Our prevalence estimate of dia-
betic neuropathy could be influenced
by several factors. First, as previ-
ously noted, diabetes is often undi-
agnosed. However, undiagnosed
cases are more likely to be at the
mild end of the disease spectrum and
less likely to have neuropathies. Ex-
cluding such individuals from the
denominator will result in an overes-
timate of prevalence. Second, the
question we used might be more
sensitive to mild or moderate, not
severe, peripheral neuropathies. Pe-
ripheral neuropathies are asymptom-
atic (ie, abnormal nerve conduction
velocity, diminished reflex response,
loss of sensitivity on vibration test-
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ing) in a majority of those with
diabetes. Pain usually emerges as the
negative symptom of numbness, fol-
lowed later by numbness and overt
pain, and in the last stages by loss of
sensation, especially in the feet.33

Excluding such cases from the nu-
merator will result in an underesti-
mate of prevalence.

Given the natural history of neu-
ropathies, the question we used
might be more sensitive to individu-
als in the early symptomatic stage of
the neuropathy, and might pick up
others in more moderate or advanced
cases of diabetic neuropathy in
which the patients continue to expe-
rience numbness and tingling. Taken
together, the false positive cases and
absence of more severe cases might
result in an underestimate of the
overall work impact of diabetic pe-
ripheral neuropathies.

Our estimate of $3.65 billion/yr in
LPT costs because of diabetes with
neuropathic symptoms does not in-
clude costs from three other causes.
First, we do not account for disability
that leads to continuous absence of 1
week or more. Second, we did not
consider secondary costs from other
factors such as the hiring and train-
ing of replacement workers or the
institutional effect among cowork-
ers.34 Third, we might be prone to
under-estimating current LPT given
the chronic nature of diabetes-related
disability. To the extent that these
workers remain employed, they
might adjust both their performance
and perception of their performance
over time. Finally, in estimating LPT
costs we have assumed that there is a
monetary equivalence between an
hour of work absence and reduced
performance. The validity of this as-
sumption is likely to vary by work
setting, position, percent-reduced
performance, degree of interdepen-
dence and exchangeability of work-
ers, and other factors.
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Mortality and Cancer Incidence Among Tire
Manufacturing Workers Hired in or After 1962

Colleen Beall, DrPH
Morton Corn, PhD
Hong Cheng, PhD
Robert Matthews, BS
Elizabeth Delzell, SD

Objective: This study evaluated mortality during 1962 through
2003 and cancer incidence during 1995 through 2003 at a tire
manufacturing plant. Methods: The mortality study included 3425
men and women, employed for at least one year. Of these, 3069 were
eligible for the cancer incidence study. Results: Employees experienced
390 deaths compared with 608 expected (standardized mortality ratio
(SMR) � 64; 95% confidence interval (CI) � 58–71). Total cancer
mortality (123 observed, SMR � 75, CI � 62–89) and lung cancer
mortality (47 observed, SMR � 72, CI � 53–96) were lower than
expected. Hourly white men had small increases in stomach cancer,
bladder cancer, and leukemia deaths. During 1995 through 2003, 169
incident cancers were observed compared with 197 expected (SIR � 86,
95% CI � 74–100). Three mesothelioma cases occurred among hourly
white men (SIR � 653, CI � 135–1907); all were exposed potentially
to asbestos before starting at the rubber plant. Conclusions: Small
numbers and limited information on jobs, occupational agents, and
lifestyle preclude attribution of observed increases to workplace expo-
sures. (J Occup Environ Med. 2007;49:680–690)

T he International Agency for Re-
search on Cancer (IARC) has de-
termined that work in the rubber
industry is carcinogenic to hu-
mans.1,2 The evidence of a causal
relation is strongest for bladder
cancer and is at least suggestive for
leukemia, stomach cancer, and lung
cancer.1– 4 Epidemiologic assess-
ment of specific agents or work
activities within the industry have
indicated that bladder cancer was as-
sociated with potential exposure to an-
tioxidants contaminated with aromatic
amines and with jobs in materials
preparation, tire building, maintenance
or storage operations, and leukemia,
with exposure to solvents and work
in materials preparation, tire curing,
and storage.4,5 Although the specific
aromatic amine (�-naphthylamine)
possibly responsible for the bladder
cancer excess was removed from
the manufacturing environment by
1960,4,6 some studies of rubber work-
ers hired after 1960 reported an excess
of this cancer.5,7 Also, rubber workers
hired in or after 1950 may have in-
creased risks of leukemia, lung cancer,
and stomach cancer,5,6,8–10 although
the evidence is not consistent or
conclusive.7

Carlo et al11 previously reported
the mortality of 2306 men employed
for a year or more at the Goodyear
Tire and Rubber Company’s tire
manufacturing plant in Tyler, Texas.
The plant opened in 1962. During a
period of follow-up through 1989,
Carlo et al observed 102 deaths from
all causes combined, compared with
192 deaths expected based on com-
parisons with US mortality rates, and
reported 24 observed, compared with
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37 expected, cancer deaths. The
present study expanded the original
cohort to include 3425 men and
women who worked at the plant for
at least one year between 1962 and
the end of 2003. The study also
evaluated cancer incidence among
3069 employees who lived in Texas
in or after 1995, the earliest year for
which statewide incidence data were
available.

Materials and Methods
The Institutional Review Board at

the University of Alabama at Bir-
mingham approved the research and
monitored process.

Plant Description and Exposure
Monitoring Data

The plant includes operations of
compounding and mixing, process-
ing (extrusion for tread formation,
cutting/winding, beading), assembly,
curing, and inspection.12 Extensive
local exhaust and general dilution
ventilation was part of the original
design and was built into the facility
in 1962. Ventilation has been contin-
uously improved with process modi-
fications. Major process changes and
upgrading and expansion occurred in
the mid 1980s. Currently, approxi-
mately 25,000 truck and passenger
vehicle tires per day are produced.

Industrial hygiene considerations
and oversight have been present
since plant inception. Early ap-
proaches to exposure monitoring at
the plant used departments, or areas
of particular interest, as the nucleus
of worker selection for sampling. In
recent years, homogenous exposure
groups and random sampling of em-
ployees for scheduled sampling has
been used in a more sophisticated,
defensible approach to scientifically
based air sampling.13

Air sampling records for the years
1972 to 1988 were previously ana-
lyzed as part of the study by Carlo et
al.11 We updated the data with per-
sonal air sampling results collected
since 1988. Both the original and the
updated data included area samples,
as well as personal air samples, ie,

samples collected in the breathing
zone of the worker. The personal
samples were collected for full eight-
hour shifts. A sample of completed
air sampling, chain of custody, and
analytical laboratory forms was ex-
amined on-site and found to be com-
plete. We compared air sampling
results for 45 analytes in 1972 to
1988 and for 43 in 1988 to 2006,
exclusive of noise, to threshold limit
values (TLVs) or permissible expo-
sure limits (PELs). A total of 3503
eight-hour time-weighted average
personal samples for analytes (exclu-
sive of noise) are included in the two
Goodyear databases: 1972 to 1988
(1192 samples) and 1988 to 2006
(2311 samples). Additional, non-
eight-hour personal samples and area
samples existed but were not in-
cluded in the results. The criterion
for using a TLV or PEL was to select
whichever was lower, ie, more strin-
gent. In instances where a PEL or
TLV did not exist for an analyte,
professionals at the plant adopted a
criterion. For example, for nitro-
samines, Goodyear used 2.5 �g/
M3, Germany’s Technical Rule for
Dangerous Materials 552, as an
internal guideline for processes
such as curing.

Mortality Study Subjects,
Follow-Up, and Analysis

Subjects for the retrospective fol-
low-up study were employees of the
Tyler tire plant who worked for at
least one year during the period 1962
through 2003 and who had records
containing information on birth date,
gender, social security number
(SSN), and plant hire date. Fol-
low-up was from 1963 through 2003.
Follow-up ended in 2003 because
this was the most recent year for
which mortality data were available
from national sources when we con-
ducted record linkages to determine
vital status and causes of death.

To identify subjects, we compiled
an employee list using data from the
study by Carlo et al11 and from
electronic data in the Goodyear

Employee Management System
(GEMS) and cross-checked the list
with hardcopy employment records
stored at the Tyler tire plant. For
each subject, we developed informa-
tion on name, SSN, birth date, gen-
der, race, plant hire and separation
dates, and, where applicable, death
date and cause of death. Data from
these sources identified 4879 em-
ployees who were hired at Tyler
before 2003 and who had valid SSNs
and hire and separation dates. De-
tailed data on all jobs held while
working at the plant were available
for 2851 (58%) of these employees.
We did not develop detailed work
histories on all employees because
this information was not available
from the previous study, because
GEMS contained incomplete job his-
tories for many employees and be-
cause we lacked resources to obtain
and abstract all plant employee
records. We classified workers’ pay
status as always salaried if their
available work history was com-
prised entirely of salaried jobs, or if
they had no work history and Carlo
et al classified them as salaried. Em-
ployees with any hourly job or with
an hourly pay status in the Carlo et al
study were classified as ever hourly.

For the employees with detailed
work histories, we calculated dura-
tion of employment as the sum of the
time spent working in each job. For
the remaining employees, we esti-
mated duration of employment as the
difference between their first hire
and separation dates. Using these
data, we identified 3425 employees,
who worked for at least 1 year by the
end of 2003, as eligible for the mor-
tality study. Of these, detailed data
on all jobs were available for 1704
(50%).

Information on race was not avail-
able for 252 eligible employees. For
117 of these, we assigned race based
on the school they had attended (N �
51) (indicated on employment appli-
cations) or based on the personal
recollection of long-term active em-
ployees at the plant (N � 66). For
race assignments based on school,
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we contacted the applicable school
or Board of Education to ascertain if
the school of interest was segregated
during the years an employee at-
tended and, if so, to what race the
student belonged. We assumed that
the remaining employees with un-
known race were white because the
majority (76%) of employees with
known race were white, and we in-
cluded these employees in all analyses.
We were unable to determine pay sta-
tus for a small number of employees
and excluded these employees from
separate analyses of hourly and sala-
ried subgroups.

Information on vital status as of
December 31, 2003, came from
Goodyear sources, from the previous
study,11 and from linkages with the
Social Security Administration and
the National Death Index (NDI). In
all, we confirmed the vital status as
alive for 2887 (84%), deceased for
390 (12%), and unknown for 148
(4%). For employees who died be-
fore 1979, we retrieved death certif-
icates and coded the underlying
cause of death according to the In-
ternational Classification of Diseases
(ICD) code in effect at the time of
death. For subjects who died in or
after 1979, NDI furnished causes of
death, coded using the ICD revision
in effect on the death date. We were
unable to determine the cause of
death of 3 (1%) of the 390 decedents.

Analyses considered all employ-
ees and subgroups specified by gen-
der, race, years since hire, years
worked, and pay status. Using the
standardized mortality ratio (SMR)
as the measure of association, we
compared employees’ overall and
cause-specific mortality rates with
the mortality rates of the general
population of the 15 counties within
a 50-mile radius of the plant; includ-
ing Anderson, Camp, Cherokee,
Franklin, Gregg, Harrison, Hender-
son, Hopkins, Kaufman, Rains,
Rusk, Smith, Upshur, Van Zandt,
and Wood. To compute the expected
numbers of deaths, we accumulated
person-years of observation for each
subject into race- and gender-

specific 5-year age and calendar time
categories beginning when the em-
ployee had worked for 1 year. Per-
son-year accumulation ended on the
earlier of the study closing date (De-
cember 31, 2003) or the date of
death. We assumed that employees
with unknown vital status were alive
at the end of 2003. When there were
at least three observed or expected
deaths, we computed SMRs and their
exact 95% confidence intervals
(CIs). To reduce the dilution of any
true association between occupa-
tional factors and cancer resulting
from the inclusion of relatively
short-term or recently hired employ-
ees, we restricted some analyses to
employee subgroups with 20 or more
years since hire and 10 or more years
worked.

We also carried out comparisons
of employees’ mortality rates with
those of the general population of the
entire state of Texas or the entire
United States. We mention the re-
sults of these analyses only briefly,
as the population of the region is
likely to be a more appropriate gen-
eral population comparison group.

Cancer Incidence Study
Subjects, Follow-Up,
and Analysis

The cancer incidence study was
limited to 3069 employees who lived
in Texas in or after 1995, the earliest
year for which state-wide cancer in-
cidence data were available. Assess-
ment of eligibility for the cancer
incidence study required the devel-
opment of residential histories.14

GEMS provided residential history
for employees who were actively
working, and for other employees we
obtained their post-employment res-
idential history from LexisNexis, a
private vendor.

We identified incident cancer
cases through record linkage with the
Texas Cancer Registry (TCR). We
counted as cases all invasive cancers
identified among eligible employees
between 1995 and the end of 2003, if
the diagnosis date occurred after ac-

cruing 1 year of employment and
occurred when the employees were
living in Texas.

Analyses compared employees’
cancer incidence rates during 1995
through 2003 with those of the
general population of the 15-
county region surrounding the
plant, using the standardized inci-
dence ratio (SIR) as the measure of
association. Person-year accumula-
tion began on the later of the TCR
inception date (January 1, 1995) or
the date on which an employee ac-
crued 1 year of employment, and it
ended on the earliest of the study
closing date, the date of last resi-
dence in Texas, or the death date.
The TCR provided general popula-
tion rates for the 15-county region
surrounding the plant.

Results

Exposure Data
Exposure data included a total of

3503 personal samples for analytes,
exclusive of noise. During 1972 to
1988, 10 (0.84%) of 1192 samples
exceeded the TLV or PEL, and during
1988 to 2006, 11 (0.48%) of 2311
personal samples exceeded the TLV or
PEL (Table 1). Measured concentra-
tions were predominantly at least 96%
lower than the TLV or PEL.

Mortality
The total group of 3425 employees

eligible for the mortality study in-
cluded 2488 white men (73%), 691
nonwhite men (20%), 150 white
women (4%), and 96 nonwhite
women (3%) (Table 2). The pay
status was hourly for 2806 (82%),
salaried for 589 (17%), and unknown
for 30 (�1%). Employees had
79,281 person-years of follow-up,
and median values were 1973 for
year of hire, 29 years for age at hire,
11 for years worked, and 28 for years
since hire.

Overall, employees at the plant
had 390 observed, compared with
608 expected, deaths (SMR � 64,
CI � 58–71), indicating that their
overall mortality rate was 36% lower
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TABLE 1
Agent Measured in the Goodyear Plant, Permissible Exposure Limit (PEL) or Threshold Limit Value (TLV) Used for
Comparison, Total Number of Samples, and Number of Samples Above the PEL/TLV, by Time Period*

Agent

1972–1988 1988–2006

Number of samples Number of samples

PEL/TLV† Total‡ >PEL/TLV§ PEL/TLV Total‡ >PEL/TLV§

1,3-Butadiene 1000 ppm 27 1 ppm
Acetaldhyde 200 ppm 200 ppm 13
Acrylonitrile 2 ppm 1
Acetone 750 ppm 500 ppm 113
Ammonia 25 ppm
Aniline 2 ppm
Asbestos 2 f/cc 7
BD dibenzo chrysene None 1 ppm 25
Benzene 10 ppm 186 0.5 ppm 116
Branched hexanes 500 ppm 125
Butyl cellosolve 25 ppm 1
Calcium carbonate 15 mg/M3 1
Carbon black 3.5 mg/M3 4 3.5 mg/M3 11
Carbon disulfide 4 ppm 47
Carbon monoxide 50 ppm 25 ppm (1992) 48 7
Carbon tetrachloride 10 ppm/5 ppm in

1980
Cellosolve 5 ppm 2
Cellosolve acetate 100 ppm 4 5 ppm 2
Cyclohexanone 50 ppm 2
Diacetone alcohol 50 ppm 6
Ethanol 1000 ppm 1000 ppm 110
Formaldehyde 0.75 ppm 29 0.75 ppm 104
Hawkax No regulation 5
Hexylene glycol None
Hydrochloric acid No regulation 5
Iron oxide 5 mg/M3 1
ISOL 200 ppm 115
Isoprene No regulation
Isopropanol 400 ppm 54 1
Lead 0.5 mg/M3

MEK (methyl ethyl ketone)
(butanone) 200 ppm 33 200 ppm 110

Methyl cellosolve 25 ppm 6
Methyl chloride 50 ppm
Methylcyclohexane 400 ppm 400 ppm 115
MIBK (Hexone)

(methyl isobutyl ketone) 50 ppm 5 50 ppm 110
Mineral spirits 350 ppm 17 1
N-Butyl acetate 150 ppm 1
N-Heptane 400 ppm 87 400 ppm 119
N-Hexane 50 ppm 7 1 50 ppm 117
Nitrobenzene 1 ppm
Nitrosamines 2.5 �g/M3¶ 159 2.5 �g/M3¶ 311
Nuisance particulates (total

nuisance dust)
15 mg/M3; 10 mg/M3 41 4 10 mg/M3 24 2

Ortho-Toluidine 2 ppm
Ozone 0.1 ppm 0.05 ppm 4
Petroleum naphtha GY used 1350 mg/M3 39 1
Phenol 5 ppm 2 5 ppm 25
Resorcinal 10 ppm 4 10 ppm 30
Respirable Particulates 10 mg/M3 (1978–80);

5 mg/M3 (1980–87)
35 2 3 mg/M3 64 2

Silica (quartz) 10 mg/M3; 0.1 mg/M3 7
Styrene 50 ppm 28
Thiram 1 mg/M3 3
Toluene 50 ppm 131 50 ppm 122

(Continued)
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than that of the regional general pop-
ulation (Table 3). Cancer mortality
was lower than expected overall (123
deaths, SMR � 75, CI � 62–89).
Employees had a statistically signif-
icant deficit of deaths from colorec-
tal cancer (4 observed, SMR � 28,
CI � 8–73) and from lung cancer
(47 deaths, SMR � 72, CI � 53–96).
Results for other specific forms of
cancer were unremarkable and in-
cluded totals of four observed stom-
ach cancer deaths (SMR � 97, CI �
26–248), three bladder cancer deaths

(SMR � 132, CI � 27–384), and
five leukemia deaths (SMR � 95,
CI � 31–233). Of the observed
deaths, 375 (96%) were in men
(SMR � 63, CI � 57–70), and 15
were in women (SMR � 90, 50–
148). Women had eight cancer
deaths overall compared with 5.5
expected (SMR � 146, CI � 63–
288), and fewer than three deaths
from any specific cancer. All further
results pertain to male employees.

SMRs for all causes of death and
for all cancers were considerably

lower for nonwhite men (all causes:
SMR � 42, CI � 32–54; all cancers:
SMR � 28, CI � 14–52) than for
white men (all causes: SMR � 70,
CI � 63–78; all cancers: SMR � 85,
CI � 70–103). Separate analyses for
white and nonwhite men did not find
a statistically significant excess of
any cause of death. Also, SMRs
tended to be lower for salaried (all
causes: 49 observed, SMR � 47,
CI � 35– 63; all cancer: 15 ob-
served, SMR � 50, CI � 28 – 83)
than for hourly (all causes: 321

TABLE 1
Continued

Agent

1972–1988 1988–2006

Number of samples Number of samples

PEL/TLV† Total‡ >PEL/TLV§ PEL/TLV Total‡ >PEL/TLV§

Total hydrocarbons 1350 mg/M3¶ 27 1350 mg/M3¶ 116
1,1,1-TCE (Trichloroethane) 350 ppm 6 350 ppm 110
TRRF (total respirable rubber

fumes)
0.75 mg/M3¶ 91

Welding fumes 5 mg/M3 1
Xylenes 100 ppm 116 100 ppm 116

*mg/M3, milligrams per cubic meter of air; f/cc, fibers � 5 �m length per cubic centimeter of air; ppm, parts per million parts of air; �g/M3,
micrograms per cubic meter of air; GY, Goodyear.

†A blank cell in the PEL/TLV column means that samples for that analyte were not taken during that period or that a PEL/TLV did not exist.
‡A blank cell in the total number of samples column indicates that personal eight-hour time-weighted average samples were not obtained.

Area, ceiling or less than eight-hour samples may have been taken.
§A blank cell in the �PEL/TLV column means that all samples were below the PEL/TLV.
¶A PEL/TLV used by GY and having the following sources: for nitrosamines, Technical Rule for Dangerous Materials 552–Germany; for total

hydrocarbons, an internal GY standard; for TRRF, an internal GY guideline derived from an internal project comparing the UK standard for
cyclohexane soluble materials (0.6 mg/M3) to TRRF collected with a cyclone.

TABLE 2
Characteristics of Employees at the Tyler Plant Mortality Study Group

Characteristic

White men* Nonwhite men
White

women†
Nonwhite
women Total‡

N (%) N (%) N (%) N (%) N (%)

All employees 2488 (73) 691 (20) 150 (4) 96 (3) 3425 (100)
Hourly 2017 (72) 627 (22) 77 (3) 85 (3) 2806 (100)
Salaried 446 (76) 63 (10) 69 (12) 11 (2) 589 (100)
Unknown 25 (84) 1 (3) 4 (13) 0 (0) 30 (100)

Deaths 316 (81) 59 (15) 11 (3) 4 (1) 390 (100)
Person-yr, 1962–2003 61,024 (77) 14,162 (18) 2885 (4) 1210 (1) 79,281 (100)
Median year of hire 1972 1976 1981 1990 1973
Median age at hire (yrs) 28 29 31 32 29
Median yr worked at Tyler 11 16 6 11 11
Median yr since hire 30 22 21 14 28

*Includes 115 men with unknown race.
†Includes 20 women with unknown race.
‡Includes 135 employees with unknown race
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observed, SMR � 67, CI � 60 –75;
all cancer: 99 observed, SMR �
78, CI � 63–95) male employees.
Neither group had a large or statis-
tically significant increase in ob-
served, compared with expected,
deaths from any cause.

Because most deaths occurred
among hourly male employees and
because SMRs differed by race and
pay status, we restricted further anal-
yses to hourly male employees and
present results separately for all
hourly men and for hourly white men
(Table 4). Small increases in ob-
served, compared with expected,
numbers of deaths from stomach
cancer, bladder cancer, and leukemia
occurred among hourly men and

were restricted to hourly white men.
These increases were concentrated in
the subgroup of hourly white men,
who had 20 or more years since hire
and 10 or more years worked, for
stomach cancer (3 observed, SMR �
347, CI � 72–1015) and leukemia (4
observed, SMR � 256, CI � 70–
656), but not for bladder cancer (1
observed vs 0.9 expected). All re-
sults were based on fewer than five
observed and expected deaths, and
none was statistically significant. Re-
sults for lung cancer mortality were
unremarkable.

SMRs computed using expected
numbers based on Texas or US gen-
eral population rates were higher
than SMRs based on regional rates

for most causes of death. However,
analyses using Texas and US com-
parison groups, like those using the
regional comparison group, did not
identify a statistically significant ex-
cess of any cause of death. For the
entire cohort, the SMR computed
using Texas mortality rates was 76
(CI � 68–83) for all causes of death
combined, 95 (CI � 79–113) for all
cancers, 99 (CI � 27–255) for stom-
ach cancer, 100 (CI � 73–134) for
lung cancer, 164 (CI � 34–481) for
bladder cancer, and 105 (CI � 34–
245) for leukemia. Hourly white
male employees with 20 or more
years since hire and 10 or more years
of work had Texas-based SMRs of
301 (CI � 62–881) for stomach

TABLE 3
Observed Number of Deaths, SMR* and 95% Confidence Interval (CI) for Men and Total Employees at the Tyler
Manufacturing Facility With Follow-Up Through 2003, Using Regional† Comparison Rates

Cause of Death‡

Men Total

Obs SMR 95% CI Obs SMR 95% CI

All causes 375 63 57–70 390 64 58–71
All cancer 115 72 60–87 123 75 62–89

Esophagus 5 105 34–246 5 105 34–244
Stomach 4 99 27–253 4 97 26–248
Colorectum 4 29 8–75 4 28 8–73
Liver 1 21 1–118 2 42 5–150
Pancreas 8 98 42–193 8 95 41–187
Larynx 2 �2.0� — 2 �2.0� —
Lung 45 70 51–94 47 72 53–96
Prostate 6 84 31–183 6 84 31–183
Melanoma of skin 4 127 35–324 5 155 50–361
Bladder 3 134 28–391 3 132 27–384
Kidney 3 62 13–182 3 61 13–179
Central nervous system 4 74 20–190 4 72 20–185
Non-Hodgkin lymphoma 5 85 28–199 5 83 27–194
Leukemia 5 99 32–230 5 95 31–223
Multiple myeloma 3 136 28–396 3 132 27–385
Other cancer§ 13 60 32–103 17 71 41–113

Diabetes 6 42 15–90 6 40 15–87
Cerebrovascular disease 13 56 30–96 14 58 32–98
Heart disease 103 61 50–74 106 61 50–74
NMRD 18 52 31–83 18 51 30–80
Cirrhosis of liver 9 71 33–135 9 70 32–133
Nephritis & nephrosis 1 29 1–163 1 28 1–157
AIDS 4 68 19–174 5 84 27–195
External causes 67 66 51–84 68 66 51–84
Other known causes 36 53 37–74 36 52 46–72
Unknown 3 3

*Expected number is provided in brackets, without the SMR and the 95% confidence interval, when the observed number and the expected
number of deaths were both �3.

†Regional rates include rates of 15 counties within a 50-mile radius of Tyler, TX.
‡NMRD, non-malignant respiratory disease; AIDS, Acquired immunodeficiency syndrome.
§Other cancer sites included mouth (1), pharynx (1), peritoneum, (1) retroperitoneum, (1), small intestine (1), mesothelioma, (2), soft tissue

(1), skin (1), male breast (1); female breast (2); uterus (1); unspecified (4).
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cancer and 308 (CI � 84–790) for
leukemia and had one observed,
compared with 0.67 expected, death
from bladder cancer. This subgroup
also had more than the expected
number of deaths from lung cancer
when compared with the Texas gen-
eral population (SMR � 131, CI �
78–207), but the Texas-based SMR
also was elevated for hourly white
male employees with less than 20
years since hire and less than 10
years of work (7 observed, Texas
SMR � 222, CI � 89–458) and for
those with 20 or more years since
hire and less than 10 years of work (7
observed, Texas SMR � 121, CI �
49–250).

The death certificates of two white
male hourly employees indicated
“mesothelioma” as the cause of
death. Comparison mortality rates
were not available to estimate the
expected number of mesothelioma
deaths. Data pertaining to the inci-
dence of mesothelioma are presented
later in the paper.

Cancer Incidence
Of the 3425 employees in the mor-

tality study, 3069 (90%) were eligi-
ble for the cancer incidence study. Of
those eligible, 73% were white men,
20% were nonwhite men, 4% were
white women, and 3% were non-
white women. The pay status was
hourly for 2576 (84%), salaried for
474 (15%), and unknown for 19
(�1%). Median values were 1974
for year of hire, 28 for years of age at
hire, 12 for years worked, and 28 for
years since hire at the plant. Overall,
employees in the incidence study had
24,044 person-years of follow-up, or
30% of the person-time included in
the mortality study. The proportion
of mortality study person-time in-
cluded in the incidence study was
higher (58%) for those with 20 or
more years since hire and 10 or more
years worked.

Employees had 169 observed and
196 expected incident cancers
(SIR � 86, CI � 74–100) (Table 5).
Of the observed cases, 161 (95%)

occurred among men (SIR � 86,
CI � 73–100), and 8 occurred
among women (SIR � 99, CI �
43–194). We observed fewer than
expected cases of stomach cancer,
lung cancer, bladder cancer, and leu-
kemia, overall and among men; none
of these deficits was statistically sig-
nificant. Nonstatistically significant
increases in observed, compared
with expected, cases were seen
among men for cancer of the pan-
creas (6 cases, SIR � 123, CI �
45–267), mesothelioma (3 cases,
SIR � 475, CI � 98–1389), kidney
cancer (9 cases, SIR � 118, CI �
54 –225), non-Hodgkin lymphoma
(10 cases, SIR � 144, CI � 69–
264), and multiple myeloma (5
cases, SIR � 191, CI � 62–446).

Separate analyses of cancer inci-
dence among white men and non-
white men indicated that 81% of the
male cases occurred among the
former. The SIR for all cancer was
slightly lower for nonwhite (31 ob-
served, SIR � 78, CI � 53–111)

TABLE 4
Observed Number of Deaths, SMR* and 95% Confidence Interval (CI) for Selected Causes of Death, for Hourly Men and
for Hourly White Men at the Tyler Manufacturing Facility, Overall and for the Subgoups With �20 Yr Since Hire (YSH) and
�10 Yr Worked (YRS), Using Regional Comparison Rates

Cause of Death

All Hourly Men
Hourly Men With >20

YSH, >10 YRS Hourly White Men

Hourly White Men
With >20 YSH, >10

YRS

Obs SMR 95% CI Obs SMR 95% CI Obs SMR 95% CI Obs SMR 95% CI

All causes 321 67 60–75 142 64 54–76 267 76 67–86 111 73 60–87
All cancer 99 78 63–95 52 74 55–97 89 94 75–116 46 95 69–127

Esophagus 4 103 28–265 1 �2.1� — 4 154 42–395 1 �1.3� —
Stomach 4 120 33–306 3 168 35–492 4 213 58–545 3 347 72–1015
Colorectum 3 27 6–80 2 33 4–119 3 38 8–110 2 49 6–178
Liver 1 26 1–144 1 �2.2� — 0 �2.6� — 0 �1.3� —
Pancreas 5 77 25–179 2 55 7–199 5 104 34–242 2 �2.4� —
Larynx 2 �1.6� — 1 �0.9� — 2 �1.0� — 1 �0.5� —
Lung 38 75 53–103 20 69 42–106 35 91 63–126 18 87 51–137
Prostate 6 107 39–233 5 124 40–289 5 140 46–328 4 171 47–439
Melanoma of skin 2 �2.5� — 2 �1.0� — 2 �2.5� — 2 �0.9� —
Bladder 3 175 36–511 1 �1.1� — 3 206 42–601 1 �0.9� —
Kidney 2 53 6–190 1 �2.1� — 2 64 8–232 1 �1.6� —
Central nervous system 4 92 25–235 1 �1.9� — 4 107 29–274 1 �1.6� —
Non-Hodgkin lymphoma 5 107 35–249 4 168 46–430 3 79 16–231 2 �1.8� —
Leukemia 5 124 40–289 4 208 57–532 5 148 48–345 4 256 70–656
Multiple myeloma 3 168 35–492 1 �1.1� — 2 �1.2� — 1 �0.7� —
Other cancer 12 69 25–104 3 34 7–100 10 81 39–148 3 52 11–151

*Expected number is provided in brackets, without the SMR and the 95% confidence interval, when the observed number and the expected
number of cancers were both �3.
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than for white (130 observed, SIR �
87, CI � 73–104) men. The excess
of mesothelioma was restricted to
white men (3 cases, SIR � 521,
CI � 107–1521). Neither white nor
nonwhite men had a large or statisti-
cally significant increase in any other
form of cancer.

Analyses by pay status indicated
that hourly male employees had 138
observed and 155 expected cancer
cases (SIR � 89, CI � 75–105),
whereas the salaried group had 19
observed and 31 expected cases
(SIR � 61, CI � 36 –95). The
increases in pancreatic cancer, me-
sothelioma, kidney cancer, non-
Hodgkin lymphoma, and multiple
myeloma among all male employees
were limited mainly or entirely to
hourly men; the only statistically sig-
nificant excess in this group was for
mesothelioma (3 cases, SIR � 591,
CI � 122–1726) (Table 6). All cases
of mesothelioma occurred among
hourly white men with 20 or more
years since hire and 10 or more years

worked at the Tyler tire plant (SIR �
966, CI � 199–2823).

The comparison of employees’
cancer incidence rates with Texas,
rather than regional, rates yielded a
Texas SIR of 93 (CI � 80–108) for
all cancers combined, and Texas
SIRs were below 100 for stomach
cancer, bladder cancer, and leuke-
mia. For lung cancer, the Texas SIR
was 102 (CI � 71–142). Hourly
white male employees with 20 or
more years since hire and 10 or more
years of work had a Texas SIR of 94
(CI � 73–120) for all cancers, 2
observed, compared with 1.2 ex-
pected, stomach cancers; 3 observed,
compared with 3.8 expected, bladder
cancers; and 2 observed, compared
with 1.7 expected, leukemia cases.
For lung cancer, the Texas SIR was
124 (CI � 71–201) in this subgroup,
based on 16 observed and about 13
expected. There also were slightly
more than expected lung cancer
cases among hourly white men with
less than 20 years since hire and less

than 10 years of work (2 observed,
0.7 expected), among those with less
than 20 years since hire and 10 or
more years worked (1 observed, 0.8
expected) and among those with 20
or more years since hire and less than
10 years of work (6 observed, 5.3
expected).

Discussion
Employees at the Tyler tire plant

had mortality rates that, overall, were
36% lower than those of the general
regional population. These results
were not unexpected and may reflect
the possibility that the employees
studied were relatively healthy at
hire and had socioeconomic advan-
tages over the general population
during and after employment. Some
other studies of rubber products
workers employed during similar
time periods have reported similar
mortality patterns,7,15,16 although
one study reported somewhat higher
mortality rates from all causes and

TABLE 5
Observed Number of Cases, SIR* and 95% Confidence Interval (CI) for Men and Total Employees at the Tyler
Manufacturing Facility Using Regional Comparison Rates†

Type of Cancer

Men Total

Obs SIR 95% CI Obs SIR 95% CI

All cancer sites combined 161 86 73–100 169 86 74–100
Oral cavity and pharynx 5 66 21–153 5 65 21–151
Esophagus 2 60 7–217 2 59 7–214
Stomach 2 �2.5� — 2 �2.6� —
Colorectum 19 88 53–138 20 89 54–138
Liver and biliary 2 �2.7� — 3 109 23–318
Pancreas 6 123 45–267 6 119 44–258
Larynx 1 24 1–133 1 24 1–132
Lung 32 73 50–104 34 76 53–106
Mesothelioma 3 475 98–1389 3 468 97–1368
Prostate 45 86 63–116 45 86 63–116
Melanoma of skin 4 102 28–262 4 99 27–252
Bladder 7 73 30–151 7 73 29–149
Kidney 9 118 54–225 9 115 53–219
Central nervous system 2 �2.5� — 2 77 9–278
Non-Hodgkin lymphoma 10 144 69–264 10 138 66–253
Leukemia 3 70 15–205 3 68 14–198
Multiple myeloma 5 191 62–446 5 183 60–428
Other specified cancer‡ 1 12 0–68 5 39 13–92

Unknown cancer site 3 3

*Expected number is provided in brackets, without the SIR and the 95% confidence interval, when the observed number and the expected
number of deaths were both �3.

†Regional rates include rates of 15 counties within a 50-mile radius of Tyler, TX.
‡Other cancer sites included soft tissue (1); female breast (3); endometrium (1).
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all cancers among employees hired
in or after 1960.6,9

In the present study, results for
several specific forms of cancer, in-
cluding bladder cancer, leukemia,
stomach cancer, and lung cancer,
were of a priori interest, because of
previously reported excesses among
workers at other rubber industry fa-
cilities.1,2,4 In analyses based on
comparisons with the regional gen-
eral population, we did not observe
any positive association between em-
ployment at the Tyler tire plant and
lung cancer mortality or incidence.
Analyses using the Texas or US gen-
eral population as the comparison
group found an increase in lung can-
cer mortality among hourly white
men, but the increase was not con-
centrated in long-term employees
with many years since hire, and it
was not statistically significant.
Hourly white male employees had
slightly increased mortality from
stomach cancer, bladder cancer, and
leukemia. These results were based

on small numbers, they were not
clearly supported by cancer inci-
dence results, and they were compat-
ible with chance.

Our cancer incidence results indi-
cated that white male employees had
slightly increased rates of pancreatic
cancer, kidney cancer, non-Hodgkin
lymphoma, and multiple myeloma.
Analyses by years since hire and
duration of employment were ham-
pered by small numbers but did not
suggest that the increases resulted
from occupational exposures, and the
results for these cancers may be due
to chance. Increases in lymphoma
deaths have been noted among work-
ers exposed to solvents in the manu-
facture of rubber footwear and tires,2

although in one study the association
was limited to Hodgkin lymphoma.17

Pancreatic cancer, kidney cancer,
and multiple myeloma have not been
consistently associated with work in
the rubber industry.4

The excess incidence of mesothe-
lioma, a disease caused by exposure

to asbestos,18 among hourly white
men in the present study was unex-
pected. Three cases were observed
among long-term employees with
many years since hire at the plant.
Two of these employees, one with
pleural mesothelioma and one with
peritoneal mesothelioma, worked for
a plant that manufactured asbestos
insulation for pipe before starting at
the Tyler tire plant. Employees at the
pipe manufacturing plant were po-
tentially exposed to high levels of
asbestos, and they have sustained a
high rate of mesothelioma.19 The
third employee with mesothelioma
began working at the Tyler tire plant
at age 39 after spending 20 years
repairing communications equip-
ment in the Air Force and spending a
few months as a welder for pipeline
contractors. It is plausible that the
three mesothelioma cases were ex-
posed to asbestos before they started
working at the Tyler tire plant. Thus,
the observed excess of this cancer

TABLE 6
Observed Number of Cancers, SIR* and 95% Confidence Interval (CI) for Selected Types of Cancer, for Hourly Men and for
Hourly White Men at the Tyler Manufacturing Facility, Overall and for the Subgoups With �20 yr Since Hire (YSH) and
�10� yr Worked (YRS), Using Regional Comparison Rates

Type of Cancer

All Hourly Men
Hourly Men With >20

YSH, >10 YRS Hourly White Men
Hourly White Men With

>20 YSH, >10 YRS

Obs SIR 95% CI Obs SIR 95% CI Obs SIR 95% CI Obs SIR 95% CI

All cancer sites combined 138 89 75–105 90 85 69–105 111 94 77–113 65 87 67–111
Oral cavity and pharynx 4 63 17–162 3 74 15–216 4 82 22–210 3 103 21–302
Esophagus 1 �2.8� — 0 �1.9� — 1 �2.1� — 0 �1.2� —
Stomach 2 �2.1� — 2 �1.5� — 2 �1.4� — 2 �0.8� —
Colorectum 17 95 56–153 8 67 29–132 14 102 56–172 6 70 26–153
Liver and biliary 2 �2.3� — 1 �1.5� — 1 �1.6� — 0 �0.9� —
Pancreas 5 123 40–287 2 �2.8� — 5 168 55–392 2 �1.8� —
Larynx 1 29 1–160 0 �2.4� — 1 �2.4� — 0 �1.5� —
Lung 29 81 54–116 19 76 46–118 25 92 60–136 16 90 52–147
Mesothelioma 3 591 122–1726 3 872 180–2549 3 656 135–1916 3 966 199–2823
Prostate 39 91 65–125 27 87 57–126 24 77 49–114 12 58 30–101
Melanoma of skin 2 63 8–227 2 �1.9� — 2 66 8–238 2 �1.7� —
Bladder 5 65 21–151 4 78 21–199 4 58 16–149 3 67 14–196
Kidney 8 128 55–251 5 124 40–290 7 140 56–288 4 133 36–341
Central nervous system 2 �2.1� — 1 �1.2� — 2 �1.8� — 1 �1.0� —
Non-Hodgkin lymphoma 7 122 49–252 5 142 46–331 6 125 46–273 4 141 38–361
Leukemia 2 56 7–203 2 �2.3� — 2 �2.7� — 2 �1.6� —
Multiple myeloma 5 229 74–535 3 190 39–556 4 279 76–714 2 �0.9� —
Other cancer 1 16 0–88 1 28 1–157 1 16 0–88 1 �2.9� —

Unknown cancer site 3 2 3 2

*Expected number is provided in brackets, without the SIR and the 95% confidence interval, when the observed number and the expected
number of cancers were both �3.
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among employees of the tire plant
may not be causal.

Compared with the original inves-
tigation of the Tyler tire plant work-
ers,11 the present study included
approximately 1.8 times more per-
son-years of follow-up and four
times as many deaths. Comparisons
of the study group’s mortality rates
with regional and Texas general pop-
ulation rates permitted control for
confounding by correlates of geo-
graphic region, such as socioeco-
nomic status and smoking patterns.20

The present study also examined the
possible effect of time since hire, a
surrogate for potential induction
time.

Limitations of the study included
the lack of detailed work histories for
many employees, absence of infor-
mation on exposure to specific
agents and lack of data on occupa-
tional and lifestyle exposures outside
of the Tyler tire plant for most em-
ployees. Without detailed work his-
tories, we were unable to analyze
mortality patterns by job or work
area, and we probably misclassified
as salaried some employees whose
early jobs were hourly. Lack of data
on lifestyle exposures impedes the
interpretation of patterns observed
for certain diseases, such as lung
cancer. Our results for lung cancer,
particularly the observation of small
excesses regardless of duration of
employment or time since hire, sug-
gest confounding by smoking, but
without appropriate data we cannot
confirm this possible explanation.

Due to the small size of the study
group, information on the occur-
rences of rare diseases was sparse,
particularly for women and for the
subgroup of employees with long
potential induction time and long
duration of employment. With regard
to these considerations, the cancer
incidence analyses were more se-
verely limited than were the mortal-
ity analyses because the time period
for observing cancer incidence pat-
terns was brief. Discrepancies be-
tween results from the mortality
study and the cancer incidence study

could be attributed to temporal re-
strictions on follow-up for the inci-
dence study that resulted in the loss
of cases and person-years accrued
before the registry inception date or
after a person left the state.14 The
temporal and geographic restrictions
imposed by using the TCR as the
sole source of information on cancer
incidence also resulted in the loss of
cancer cases. On the other hand,
inclusion of TCR incidence data
identified a number of employees
with cancer who were alive as of the
end of the study or who died of
cancer in states other than Texas. For
example, 30 employees were
counted as lung cancer deaths but not
as cases, 17 were identified both as
lung cancer decedents and as lung
cancer cases, and 17 counted as in-
cident lung cancer cases but not as
deaths.

Most measured concentrations
were at least 96% below the TLV or
PEL during the working life of the
plant from 1972 to 2006. Area sam-
pling results were consistent with
personal sample results, suggesting
that contaminants were effectively
controlled both in worker breathing
zones and in general plant air. Dur-
ing the years 2000 and 2002, the
facility’s ventilation capacity, ex-
haust, and supply, was approximately
2 million cubic feet per minute of air.
The extensive ventilation systems
were largely responsible for the excel-
lent control of airborne contaminants.
Although some of the 3058 area and
personal air samples for 1972 to
1988 analyzed in the 1992 mortality
study were no longer available, the
conclusion from the earlier analysis
that, “overall, specific levels of
workplace chemicals in this facility
were well below established
TLVs,”11 is consistent with present
findings.

In summary, employees had a fa-
vorable mortality experience overall
in comparison to regional, Texas,
and US general populations. Hourly
white male employees had elevated
mortality rates for several cancers
previously associated with employ-

ment before 1960 in the rubber prod-
ucts manufacturing industry, includ-
ing stomach cancer, bladder cancer,
and leukemia. Results for these can-
cers were based on small numbers,
and detailed data on jobs, occupa-
tional exposures, and lifestyle factors
were lacking. These limitations pre-
clude attribution of the observed in-
creases to occupational exposure at
the tire plant. Analyses of cancer
incidence among Tyler tire plant em-
ployees were limited by a restricted
time period of observation, but re-
sults did not indicate any cancer
increases likely to be attributable to
occupational exposures at the plant.
An observed excess of mesothelioma
cases may be due to employment
outside the Tyler tire plant.
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Medical Fitness Evaluation for Respirator
Users: Results of a National Survey of Private
Sector Employers

Girija Syamlal, MBBS, MPH
Brent Doney, MS, MPH
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William Hoffman, MBA

Objective: To provide information on medical evaluation procedures
for respirator use in private sector establishments. Methods: In 2001,
data on respirator use and practices were collected in a survey of private
sector establishments. Results: Of establishments where respirators were
required, 46% did not evaluate employees’ medical fitness. Evaluations
for fitness increased with establishment size, ranging from 35% in
small establishments (1–10 workers) to 95% in large establishments
(�1000 workers). Questionnaire with a follow-up examination, as
needed, was the most common method of evaluating medical fitness
(48%). Conclusions: Results suggest that about half of all private sector
establishments where respirators are required do not comply with
Occupational Safety and Health Administration requirements for
medical fitness evaluations. Improved awareness among employers and
workers and identification of methods to increase medical evaluation
practices, especially among smaller establishments, is needed. (J Occup
Environ Med. 2007;49:691–699)

P roper use of respirators can reduce
the inhalation of harmful airborne
substances and thus reduce or pre-
vent health risks to workers. How-
ever, the use of respirators can be
physically demanding, especially
when they are bulky and heavy (eg,
self-contained breathing apparatus
[SCBA]), when used in extreme tem-
perature, or if they restrict workers’
vision. Adverse health effects asso-
ciated with respirator use may be
greater in individuals with existing
respiratory, cardiovascular, psycho-
logical, or other medical conditions.
Thus, it is important to evaluate med-
ical fitness for respirator use based
on an understanding of workplace
environmental factors, physical de-
mands of the job, respirator charac-
teristics, and health conditions of the
individual.1–4 A medical evaluation
should be performed before respira-
tor fit testing and before the user is
assigned to a task requiring use of a
respirator. In this way, workers who
cannot safely and effectively use res-
pirators can be identified before be-
ing placed in hazardous situations.
Medical evaluation methods range in
complexity from a self-administered
questionnaire to a physician inter-
view and examination, which might
include spirometry and possibly even
exercise testing.5

The Occupational Safety and
Health Administration (OSHA) man-
dates, and the American National
Standards Institute (ANSI) recom-
mends, that workers required to wear
respirators receive a medical clear-
ance prior to fit testing for respirator
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use.6,7 In metal/nonmetal mines, the
Mine Safety and Health Administra-
tion (MSHA) requires the operator to
establish a respiratory protection
program consistent with the ANSI
recommendations when the use of
personal respiratory protection is re-
quired.8,9 In coal mines, the MSHA
requires that approved respiratory
protection must be made available by
employers to all affected under-
ground coal miners (though it is not
required to be worn).10 Details re-
garding OSHA and MSHA regula-
tions for respirator use are available
elsewhere.6,8–12

The revised OSHA respiratory
protection standard, in effect since
April 8, 1998, requires the employer
(in any workplace where respirators
are necessary to protect the health of
the employee or whenever respira-
tors are required) to identify a phy-
sician or other licensed health care
professional to perform the evalua-
tion of employees using a self-
administered screening questionnaire
or an initial medical examination
(which elicits the same information
as the questionnaire) to determine
the employees’ ability to use a
respirator. A follow-up medical ex-
amination is also required if a
worker gives a positive response to
any of the questions numbered 1
through 8 in section 2, part A of
Appendix C (questionnaire) of the
OSHA standard.6

The OSHA medical evaluation
questionnaire includes questions
regarding the worker’s smoking
status; medical conditions like dia-
betes, allergies, specific lung con-
ditions (eg, asbestosis, emphysema,
pneumonia, breathing problems);
cardiac conditions; current medica-
tions; and any other problems
(medical or physical) that inter-
fered with previous use of a res-
pirator. Employees must have a
re-evaluation if they exhibit prob-
lems with wearing a respirator ei-
ther during fit testing or in the
workplace. OSHA regulations pro-
hibit the assignment of a worker to
a task requiring a respirator unless

the worker is physically able to
perform the work while wearing a
respirator.

This paper presents and discusses
selected results from the Survey of
Respirator Use and Practices, which
was developed by the National Insti-
tute for Occupational Safety and
Health (NIOSH) and the Bureau of
Labor Statistics (BLS).13

Materials and Methods

Description of Survey
In August 2001, the BLS mailed a

standardized survey questionnaire to
40,002 establishments selected from
a sampling frame of 174,305 US
private sector establishments used
in the 1999 BLS Survey of Occu-
pational Injuries and Illnesses
(SOII).14 The survey sample in-
cluded establishments from all parts
of the US private sector, with the
exception of self-employed individ-
uals and farms with fewer than 11
employees. The final response rate of
the survey was 76%.

Establishments were classified
into industry categories based on the
Standard Industrial Classification
(SIC) manual published in 1987.15

The results of the survey are national
estimates based on the survey
weighting applied to a selected prob-
ability sample. Survey sample
weights were assigned for estimating
numbers of establishments and num-
bers of employees. Details of the
questionnaire design (including cog-
nitive interviews and field testing),
estimating procedures, reliability of
estimates, and non-sampling errors
are described in Respirator Usage in
Private Sector Firms, 2001.13

According to the instructions, the
survey was to be completed by the
person responsible for directing and
overseeing the use of respirators in
each sampled establishment. The
survey included questions concern-
ing respirator use and practices (eg,
number of workers in each establish-
ment using respirators for required
purposes, types of respirators worn,
agents the respirators were intended

to protect against, types of fit testing,
existence and features of written
respiratory protection programs,
qualifications of respirator program
administrators, and respirator label-
ing), and three questions that specif-
ically addressed the characteristics of
medical evaluation for fitness to
wear respirators.13

Description of Results
Presented in This Report

This report focuses on responses
to the three BLS/NIOSH survey
questions specifically concerned
with medical evaluation of fitness for
required respirator use:

1. Does your establishment assess
your employees’ medical fitness
to wear respirators? (Yes; No, our
employees are not assessed; Don’t
know).

2. Which method does your estab-
lishment use to assess your em-
ployees’ medical fitness to wear
respirators? ([Check only ONE.]
Questionnaire only; Questionnaire
with follow-up examination, as
needed; Physical examination only;
Other; Don’t know).

3. Which of the following typically
determine(s) your employees’
medical fitness for respirator use?
([Check ALL that apply.] Nurse(s)
employed by contract, direct sal-
ary, or fee for service; Physician(s)
employed by contract, direct sal-
ary, or fee for service; Individual
employees’ personal physicians;
Contract occupational health ser-
vice; Other; Don’t know).

For a No or Don’t know response
to the first of these three questions,
the respondent was instructed to skip
the remaining two questions.

For this report, we abstracted se-
lected findings relating to medical
evaluation of fitness for required res-
pirator use from the report, Respira-
tor Usage in Private Sector Firms,
2001.13 Additional analyses (not
available from the published BLS/
NIOSH report) were performed by
the BLS by restricting the survey
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data16 to those establishments re-
sponding Yes to assessing their em-
ployees’ medical fitness to wear
respirators. In addition, we calcu-
lated 95% confidence intervals for
survey estimates using a formula
provided by the BLS.

Results
Survey-derived estimates are

presented by industry division and
establishment size for 1) establish-
ments with required respirator use, 2)
establishments with required respira-
tor use providing (or not providing)
medical evaluations, 3) methods
used to evaluate medical fitness for
required respirator use, and 4) pro-
viders used for medical fitness eval-
uations.

Establishments With Required
Respirator Use

An estimated 3% (3,303,414 �
6906) of all employees in private
sector establishments used respira-
tors for required purposes in the 12
months prior to completion of the
survey.13 Of all private sector estab-
lishments in the United States, an
estimated 5% (n � 281,776) used
respirators for required (by federal

regulations or by the employer) pur-
poses in the 12 months prior to the
completion of the survey.13 Industry
divisions with the highest percent-
ages of establishments with required
respirator use were manufacturing
(13%); mining (12%); construction
(10%); and agriculture, forestry, and
fishing (9%).13

Establishments With Required
Respirator Use Providing
Medical Evaluations

Among establishments with re-
quired respirator use, the industry
divisions with the highest percent-
ages of establishments providing
medical evaluation were transporta-

Fig. 1. Percent of establishments with required respirator use indicating whether medical
evaluations were done, by industry division.13

TABLE 1
Estimated Number and Percent of Establishments With Required Respirator Use Indicating Whether Medical Evaluations
Were Performed, by Industry Division13

Industry Division
Yes, Evaluate

Fitness
No, Do Not

Evaluate Fitness
Don’t Know If

Evaluate Fitness

Number of Establishments
With Required Respirator

Use

Agriculture, forestry, and
fishing

3309 (25) ��205� 7805 (59) ��470� 2073 (16) ��434� 13,186 ��404�

Mining 2246 (64) ��61� 1068 (31) ��3� 150 (4) ��1� 3493 ��45�
Construction 24,142 (38) ��341� 33,522 (52) ��426� 4324 (7) ��823� 64,172 ��417�
Manufacturing 27,172 (56) ��53� 18,315 (38) ��147� 1457 (3) ��92� 48,556 ��88�
Transportation and public

utilities
8984 (87) ��386� 1366 (13) ��211� — 10,351 ��372�

Wholesale trade 20,093 (64) ��449� 10,662 (34) ��416� 483 (2) ��60� 31,238 ��431�
Retail trade 4544 (27) ��191� 11,440 (68) ��499� 640 (4) ��22� 16,948 ��396�
Finance, insurance, and

real estate
2777 (66) ��2082� 1230 (29) ��191� — 4202 ��1412�

Services 39,081 (44) ��1459� 45,240 (50) ��857� 4275 (5) ��411� 89,629 ��1180�
All private industry 132,346 (47) ��509� 130,648 (46) ��499� 13,598 (5) ��434� 281,776 ��506�

Data are number (%) �95% CI�. Number and percentages may not sum to totals due to rounding and or data exclusion of non-classifiable
responses.

— Data did not meet BLS publication guidelines.
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tion and public utilities (87%); fi-
nance, insurance, and real estate
(66%); wholesale trade (64%); and
mining (64%). Agriculture, forestry,
and fishing (16%) had the highest
frequency of establishments with
Don’t know responses (Table 1 and
Fig. 1).

The percent of respirator-using es-
tablishments that evaluated medical
fitness generally increased as the size
of the establishment increased, rang-
ing from 35% of establishments em-
ploying 1 to 10 workers to 95% of
establishments employing 1000
workers or more (Table 2 and Fig. 2).

Establishments With Required
Respirator Use Not Providing
Medical Evaluations

Nearly half (46%) of all establish-
ments requiring respirator use did
not evaluate employees’ medical fit-
ness to wear respirators (Table 1 and
Fig. 1). Among establishments re-
quiring respirator use, the highest
percent of establishments with no
medical evaluation of workers was
in retail trade (68%), followed by
agriculture, forestry, and fishing
(59%), construction (52%), and
services (50%) (Table 1 and Fig.
1). The percent of Don’t know re-
sponses for medical evaluations of
fitness for respirator use was in-
versely related to the size of estab-
lishments ranging from less than
1% in larger establishments to 7%
in smaller establishments (Table 2
and Fig. 2).

Among the establishments requir-
ing air-purifying respirators, a simi-
lar percentage (47%; n � 126,152;
95% CI � �500) did not undertake
evaluations, whereas a much smaller
percentage of establishments requir-
ing air-supplied respirators (26%;
n � 12,383; 95% CI � �245) did
not undertake evaluations.13

Methods Used to Evaluate
Medical Fitness for Required
Respirator Use

Among all private sector establish-
ments that required respirator use
and provided medical fitness evalua-
tions, the most commonly used eval-

uation methods were questionnaire
with follow-up examination, as
needed (48%) and physical examina-
tion only (31%) (Table 3). Question-
naire with follow-up examination, as
needed was the most commonly used
method of medical evaluation in
each industry division except for ser-
vices, where physical examination
only was the most commonly used
method (Table 3).

The method of evaluating medical
fitness also varied by size of estab-
lishment. Among the smallest sized
establishments (1–10 employees),
the most commonly used method
was physical examination only
(46%), followed by questionnaire

Fig. 2. Percent of establishments with required respirator use indicating whether medical
evaluations were done, by employment size group.13

TABLE 2
Estimated Number and Percent of Establishments With Required Respirator Use Indicating Whether Medical Evaluations
Were Performed, by Employment Size Group

Employment Size Group
Yes, Evaluate

Fitness
No, Do Not

Evaluate Fitness
Don’t Know If

Evaluate Fitness
Number of Establishments

With Required Respirator Use

1–10 42,580 (35) ��1920� 67,389 (55) ��538� 9094 (7) ��620� 122,620 ��1106�
11–49 33,551 (40) ��331� 45,998 (55) ��517� 3437 (4) ��233� 83,716 ��427�
50–249 29,203 (64) ��127� 14,342 (32) ��381� 927 (2) ��59� 45,291 ��214�
250–999 19,007 (87) ��215� 2579 (12) ��234� 85 (0.4) ��31� 21,742 ��215�
�1000 8004 (95) ��171� 339 (4) ��100� — 8406 ��169�
All private industry 132,346 (47) ��509� 130,648 (46) ��499� 13,598 (5) ��434� 281,776 ��506�

Data are number (%) �95% CI�. Number and percentages may not sum to totals due to rounding and or data exclusion of non-classifiable
responses.

— Data did not meet BLS publication guidelines.
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with follow-up examination, as
needed (27%). Among all other
employment size groups the most
commonly used method was ques-
tionnaire with follow-up examina-
tion, as needed, followed by physical
examination only. The percentage
using the questionnaire with fol-
low-up examination, as needed
method trended upward with size of
establishment, from 27% of estab-
lishments with 1 to 10 employees to
80% of establishments with 1000 or
more employees (Table 4).

Providers Used for Medical
Fitness Evaluations

Overall, physician(s) employed by
contract, direct salary, or fee for
service was the most commonly re-
ported provider used to evaluate
medical fitness (49% of all establish-
ments with required respirator use).
This was true for each industry divi-
sion, except for the mining and
wholesale trade divisions, where
contract occupational health ser-
vice was the most commonly used
provider for medical fitness evalu-

ations (51% and 55%, respectively)
(Table 5). In the smallest establish-
ments (1–10 employees), individ-
ual employees’ personal physician
was a commonly used provider for
evaluating medical fitness (30%)
(Table 6).

Discussion
Respirators are used to prevent

adverse health effects due to hazard-
ous exposures, but problems can
arise if respirators are not used
appropriately, especially if the us-

TABLE 3
Estimated Number and Percent of Establishments With Required Respirator Use Evaluating Medical Fitness, by Method of
Evaluation and Industry Division

Industry Division

Methods of Evaluation Establishments
Evaluating
Employees’

Medical Fitness
Questionnaire With

Follow-Up
Physical Exam

Only Questionnaire Only Other Don’t Know

Agriculture, forestry,
and fishing

1141 (34) ��137� 584 (18) ��271� 746 (23) ��171� 837 (25) ��297� — 3309 ��205�

Mining 1203 (54) ��71� 569 (25) ��72� 168 (7) ��3� 305 (14) ��26� — 2246 ��61�

Construction 13,791 (50) ��320� 6341 (26) ��383� 1589 (7) ��382� 1414 (6) ��227� 1006 (4) ��685� 24,142 ��341�

Manufacturing 17,765 (65) ��51� 5074 (19) ��45� 916 (3) ��60� 3259 (12) ��65� 102 (0.4) ��52� 27,172 ��53�

Transportation and
public utilities

4045 (45) ��158� 3406 (38) ��882� 400 (4) ��104� 1132 (13) ��170� — 8984 ��386�

Wholesale trade 12,446 (62) �� 462� 5663 (28) ��476� 514 (3) ��35� 1470 (7) ��393� — 20,093 ��449�

Retail trade 2428 (53) ��164� 1406 (31) ��256� 456 (10) ��168� 253 (6) ��23� — 4544 ��191�

Finance, insurance,
and real estate

— — — 161 (6) ��104� 2777 ��2082�

Services 7457 (19) ��239� 17,476 (45) ��3475� 9597 (25) ��2185� 3853 (10) ��821� 230 (1) ��71� 39,081 ��1459�

All private industry 62,893 (48) ��229� 40,520 (31) ��944� 14,388 (11) ��1219� 12,683 (10) ��278� 1339 (1) ��415� 132,346 ��509�

Data are number (%) �95% CI�. Number and percentages may not sum to totals due to rounding and or data exclusion of non-classifiable
responses.

— Data did not meet BLS publication guidelines.

TABLE 4
Estimated Number and Percent of Establishments With Required Respirator Use Evaluating Medical Fitness, by Method of
Evaluation and Employment Size Group

Employment
Size Group

Method of Evaluation
Establishments

Evaluating
Employees’

Medical
Fitness

Questionnaire
With Follow-Up

Physical Exam
Only Questionnaire Only Other Don’t Know

1–10 11,511 (27) ��791� 19,650 (46) ��3144� 7474 (18) ��2707� 2906 (7) ��378� 1039 (2) ��660� 42,580 ��1920�
11–49 14,963 (45) ��230� 10,252 (31) ��487� 5013 (15) ��402� 2745 (8) ��160� — 33,551 ��331�
50–249 17,367 (59) ��126� 6413 (22) ��144� 1456 (5) ��97� 3755 (13) ��110� 213 (1) ��75� 29,203 ��127�
250–999 12,653 (67) ��151� 3025 (16) ��228� 306 (2) ��41� 3000 (16) ��467� 23 (0) ��10� 19,007 ��215�
�1000 6400 (80) ��168� 1180 (15) ��282� 139 (2) ��53� 277 (3) ��20� — 8004 ��171�
All private

industry
62,893 (48) ��229� 40,520 (31) ��944� 14,388 (11) ��1219� 12,683 (10) ��278� 1339 (1) ��415� 132,346 ��509�

Data are number (%) �95% CI�. Number and percentages may not sum to totals due to rounding and or data exclusion of non-classifiable
responses.

— Data did not meet BLS publication guidelines.
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er’s vulnerability is enhanced by an
underlying health condition. Medi-
cal evaluation of workers is intended
to prevent adverse health effects
associated with improper respirator
use. Evidence from various studies
indicates that a respirator user’s
health condition (eg, pulmonary, car-
diac, psychological, and dermal irri-
tation), can adversely impact the
worker’s ability to safely and effec-
tively wear respiratory protection,
and the importance of medical eval-
uation for respirator use is empha-
sized by OSHA regulations and other
recommendations.1–5 Despite this,
results of the BLS/NIOSH survey
suggest that only about half of estab-
lishments with required respirator
use evaluated their employees’ med-
ical fitness for respirator use.

An acute or chronic cough can
have an adverse impact on effective
use of a respirator.4 A single cough
can potentially break the face seal of
a tight-fitting respirator mask, thus
compromising respiratory protection.
Cough that raises phlegm has the
added complication that the respira-
tor user may have the urge to remove
the respirator to expectorate, rather
than swallow the phlegm. The BLS/
NIOSH survey13 indicates that 96%
of establishments with required res-
pirator use rely on tight-fitting respi-
rators for which cough should be
considered a contraindication.17

The type of respirator used has
relevance to the medical evaluation
of workers. Different types of respi-
rators variously influence breathing
resistance, dead space volume within
the respirator, and the weight of the
respirator, each of which present ad-
ditional burdens on the worker.2

Dead space (ie, the volume of air
contained within the respirator
mask) is medically important be-
cause the wearer must re-breathe
exhaled air within the dead space,
leading to potential dyspnea among
some users with underlying lung or
neuromuscular diseases. Among
respirator types, full facepiece non-
powered air purifying respirators,
full-facepiece powered air purifyingTA
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respirators, full-facepiece airline res-
pirators, and SCBAs (worn in about
61,000, 18,000, 20,000 and 22,000
private sector establishments, respec-
tively13) have the largest dead space.

The weight of the respirator also
needs to be considered when evalu-
ating medical fitness for respirator
use. Depending on the workload,
even a healthy worker can fatigue
quickly when using respiratory pro-
tection.18,19 For example, SCBAs
(weighing from 23–35 pounds) are
used by firefighters typically wear-
ing heavy protective clothing (10–25
pounds) and working at maximal ex-
ercise levels under life-threatening
conditions with the added heat stress
caused by intense ambient tempera-
ture. Together, these factors could
substantially increase cardiac output.
In these cases, workers need to be
evaluated for medical fitness to rule
out existing cardiac conditions,
which may manifest under heavy
stress. The medical evaluation could
include exercise stress testing with
electrocardiogram monitoring for
respirator users with existing car-
diovascular risk factors or when-
ever highly stressful conditions are
expected.2

Survey results indicated that about
46% of all small establishments
(1–10 workers) relied on the pre-
sumably more expensive physical
examination only method. A study
conducted by Pappas et al4 shows
that a self-administered question-
naire was effective in identifying
workers requiring medical evalua-
tion. The results of the study indicated
that the questionnaire successfully
identified workers who required work
restrictions while using respirators, but
was only modestly sensitive in detect-
ing specific medical conditions like
asthma, other chronic lung conditions,
and heart conditions as compared with
detection by physician evaluation.4

Questionnaire-based evaluations
should be linked to physician evalu-
ations, especially for those workers
who have difficulties with respirator
use or for workers with any underly-TA
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ing medical condition.5 This will
help protect worker health.

Of all establishments with re-
quired respirator use, 73% had 49 or
fewer workers.13 Less than 40% of
establishments employing 49 or
fewer workers with required respira-
tor use evaluated medical fitness of
employees for respirator use.

The BLS/NIOSH survey results
indicate that the smaller the estab-
lishment, the less likely a worker
required to use a respirator will re-
ceive a medical evaluation. Possible
deterrents to completing a medical
evaluation among employees of
smaller establishments are more fre-
quent use and presumably greater
expense of the physical examination
only method instead of the question-
naire with a follow-up examination,
as needed method, and a greater
reliance on personal physicians. In
contrast, questionnaire with a fol-
low-up examination, as needed was
the most common method of evalu-
ating medical fitness in the larger
establishments and the evaluations
were most often provided by physi-
cians or nurses employed or paid for
by the employer.

These findings raise concerns
that medical fitness is generally not
adequately evaluated in the smaller
establishments. Small businesses
often lack the expertise of the
occupational health and safety pro-
fessionals for identifying and pre-
venting specific hazards.20 Many
employers, especially those with
smaller establishments, may be un-
familiar, or may choose not to com-
ply, with OSHA’s requirements for
medical fitness evaluation related
to respirator use.

Several limitations apply to the
findings from the BLS/NIOSH Sur-
vey of Respirator Use and Practices.
First, the findings of the survey apply
only to private sector establishments.
Public sector establishments (ap-
proximately 20 million workers in
200121), self-employed, and agricul-
ture establishments with less than 11
workers (approximately 1.3 million
workers in 200121) were not included

in the surveyed population. Second,
the data are limited by the knowl-
edge and expertise of the person
filling out the mailed questionnaire.
Although the instructions stated that
the person most familiar with respi-
ratory protection should complete
the questionnaire, this may not have
always happened. Third, in spite of
the cognitive and field testing of the
questionnaire prior to mailing of the
survey, even knowledgeable persons
might have misinterpreted the writ-
ten questions. For instance, in re-
sponse to the first question, “Does
your establishment assess your em-
ployee’s medical fitness to wear res-
pirators?”, respondents may have
answered No if their establishment
did not do the evaluations (ie, if
evaluations were performed by a
private physician) and then skipped
the other two questions as directed
by the survey questionnaire. A
small percentage of the respon-
dents answered Don’t know, possi-
bly because they did not understand
evaluation procedures used at their
establishment or the question itself.

Findings of the BLS/NIOSH sur-
vey suggest that a large number of
employers do not follow the OSHA
requirements for medical evaluation
procedures for fitness to use respira-
tors. From October 2004 through
September 2005, the OSHA issued
about 4300 citations relating to respi-
ratory protection, ranking this as the
4th most violated OSHA standard in
2005.22 Survey results indicate that
the mining industry had a high per-
centage of establishments (12%) that
were required to wear respira-
tors.12,13 Of these, an estimated 31%
didn’t assess medical fitness for res-
pirator use.

Recommendations
More employers need to ensure

that employees’ medical fitness is
evaluated before respirator use, as
required by regulations. Both em-
ployers and employees should be
informed and educated about the im-
portance of medical evaluation for

respirator use and the potential
health risks associated with lack of
medical evaluations. Future research
should focus on understanding the
barriers to providing medical evalu-
ations for respirator use (eg, cost;
time away from work; lack of aware-
ness of the requirements, especially
in smaller establishments; and access
to health care providers).23 Efforts
should be made to improve aware-
ness of and encourage employers in
smaller establishments to consider
using the questionnaire with fol-
low-up examination, as needed
method of medical evaluation.
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ACOEM POSITION STATEMENT

Pertussis Vaccination of Health Care Workers

Infection with Bordetella pertussis,
the cause of whooping cough, is
common in the adult and adolescent
population because immunity from
prior illness or childhood vaccina-
tion is not life-long. As many as
800,000 to 3.3 million cases of per-
tussis may occur annually in the
United States, and many adults and
adolescents with cough lasting
longer than 5 days may suffer from
the disease. Because pertussis causes
cough for prolonged periods of time,
and the organism spreads readily
from person to person, adults may
spread it unwittingly to vulnerable
infants who are unprotected or not
fully protected by the acellular per-
tussis vaccine.

Health care environments have
been the setting for a number of
pertussis outbreaks. Health care
workers are at risk for occupational
infections with pertussis and at risk
for inadvertently transmitting per-
tussis to vulnerable patients, partic-
ularly the very young. An acellular
pertussis vaccine was approved in
2005 by the US Food and Drug
Administration (FDA) for adults
and adolescents, and a final recom-
mendation was issued December
15, 2006, from the US Centers for
Disease Control and Prevention
(CDC) calling for its administra-
tion to the general population and,
specifically, as soon as feasible to
health care personnel who work in
hospitals or ambulatory care set-
tings and have direct patient con-
tact. The American College of
Occupational and Environmental
Medicine (ACOEM) issues this
position statement in support of
that recommendation. The Col-
lege’s support of the recommenda-
tion is based on current knowledge
of the epidemiology of pertussis,

its transmission characteristics,
documented risk in patient care
settings, and efficacy of the newly
approved vaccine.

Epidemiology of Pertussis
The number of reported pertussis

cases has risen dramatically in recent
years. A low of 1010 cases was
reported in 1976, compared with
25,827 cases in 2004. Age group
distribution has also changed, with
adolescents and adults comprising an
increasing proportion of the total.
The rise in reported illness is likely a
result of increased use of diagnostic
testing to detect pertussis in adults,
and may also reflect an increased
disease frequency.

However, reported cases represent
only the tip of the iceberg. A recent
trial of acellular pertussis vaccine
evaluated the incidence of pertussis
in a control population by testing
for B. pertussis infection whenever
prolonged cough occurred. Incidence
of infection ranged from 370 to 450
cases per 100,000 person-years. Ex-
trapolating that rate to the total US
population suggests that there are
nearly 1 million pertussis cases per
year among those aged 15 to 65
years in the United States.1 A num-
ber of other studies have yielded
similar results, with estimates rang-
ing from a US annual incidence of
800,000 to 3.3 million cases per
year.2

Estimates vary regarding how fre-
quently pertussis is the causal agent
when a person suffers prolonged
cough. A recent report reviewed 13
studies carried out since 1987 ad-
dressing pertussis frequency among
adolescents and adults. Results var-
ied widely because of the criteria
used to assign a diagnosis of pertus-

sis and whether the study was per-
formed during a pertussis outbreak.
Among studies performed when no
known pertussis outbreak was occur-
ring, an estimated 12% to 50% of
chronic cough illnesses were associ-
ated with pertussis infection. When
only the most specific diagnostic
criteria were used in non-outbreak
settings, a median 13% of chronic
cough illnesses were caused by
pertussis.2

Clinical Characteristics and
Disease Transmission

Because pertussis is often unrec-
ognized among adolescents and
adults and because the disease is
highly contagious for a period of
several weeks (80% of susceptible
household contacts become infected
with pertussis), the large case reser-
voir represents a substantial threat
to those unprotected or incompletely
protected by vaccine. Infants under 6
months are the most vulnerable
group and make up 90% of pertussis-
related mortality. Between 2001 and
2003, for example, 42 children under
the age of 2 months died from the
disease.3 Pertussis is most conta-
gious during its early catarrhal stage,
when infected persons experience
only runny nose, sneezing, low-
grade fever, and mild occasional
cough, similar to the common cold.
It is not until the paroxysmal stage,
characterized by coughing fits and a
prolonged inspiratory phase, that
pertussis is likely to be clinically
suspected and diagnosed. Nearly
80% of adults with confirmed pertus-
sis have an illness involving a cough
of at least 3 weeks’ duration, and
27% have cough lasting longer than
90 days.4
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The Health Care Setting
In health care settings, where

despite recommendations to the
contrary, health care workers fre-
quently remain on the job with
respiratory symptoms, the threat of
transmission from symptomatic,
but undiagnosed health care work-
ers to vulnerable patients is very
real. A number of pertussis out-
breaks have occurred in hospital,
resulting in transmissions to health
care workers, vulnerable infants,
and other patients.5,6 Those out-
breaks also have resulted in labor
intensive contact tracing and ad-
ministration of prophylactic antibi-
otics to large numbers of exposed
individuals.

Adult Acellular Pertussis
Vaccine (Tdap)

In 2005, the FDA gave approval to
two new acellular pertussis vaccines,
one approved for use in adolescents,
the other approved for persons aged
11 to 64. The vaccines (referred to as
Tdap) contain pertussis antigens in a
reduced quantity compared to the
pediatric formulation and similar
amounts of tetanus and diphtheria
toxoids to the tetanus/diphtheria
booster vaccines currently in use in
the adult population. Vaccine effi-
cacy for pertussis is 92%, and the
side effect profile does not differ
significantly from the currently used
tetanus and diphtheria booster vac-
cine.1 Most common side effects are
pain, redness, or swelling at the in-
jection site. Other reported symp-
toms include headache, fatigue, and
gastrointestinal symptoms. No seri-
ous adverse events have been attrib-
uted to Tdap.3

Advisory Committee on Immuni-
zation Practices (ACIP) recommen-
dations for administration of Tdap to
adolescents have been published by
the CDC. ACIP voted in October
2005, to approve recommendations
for administration of Tdap to adults
in the general population, and in
February 2006, ACIP voted that
Tdap should be administered as soon

as feasible to all health care workers
who are employed in hospitals and
ambulatory settings and have direct
patient contact. Those recommenda-
tions were finalized by the CDC and
published in the MMWR December
15, 2006.7 Targeted groups in-
clude— but are not limited to—
physicians, other primary care pro-
viders, nurses, aides, respiratory
therapists, radiology technicians, stu-
dents (medical, nursing, and other),
dentists, social workers, chaplains,
volunteers, and dietary and clerical
workers. The recommendation for
administration in health care settings
is based on heightened transmission
risk in health care settings, the need
to protect vulnerable patients, partic-
ularly infants from pertussis, and the
desire to minimize transmission risk
to health care workers. The recom-
mendation assigns highest priority to
health care workers who have con-
tact with infants �12 months old,
and encourages health care institu-
tions to utilize methods shown to
maximize vaccination rates, namely
education about the benefits of vac-
cination, convenient access, and the
provision of Tdap to health care
workers at no charge. Further study
is needed to determine whether vac-
cination will obviate the need for
post-exposure antibiotic prophylaxis
of adults.

ACOEM Position
As the largest professional organi-

zation concerned with the prevention
and management of occupational ex-
posures, injuries, and illnesses,
ACOEM endorses the CDC/ACIP
recommendation that Tdap be ad-
ministered as soon as feasible to
health care workers with direct pa-
tient contact as a vital step to protect
both health care workers and pa-
tients. Although the initial cost to
administer Tdap to large numbers of
health care workers will be high
(approximately $35/dose), a recent
cost-benefit analysis found that vac-
cination of health care workers will
actually result in net savings to hos-
pitals.8 Yearly expenses to adminis-

ter vaccine will also decrease after
the first year. Although licensed for a
single dose, it is anticipated that for
continued protection from pertussis,
additional doses will be required ev-
ery 10 years. With wider vaccination
coverage, the general population will
gradually contain a larger proportion
of vaccinated individuals.

Occupational medicine physicians
in hospital settings bring vital expe-
rience in the management of vaccine
campaigns to this important public
health issue. It is expected that initial
Tdap administration will be most
successfully accomplished by using
techniques already shown to be suc-
cessful in influenza vaccination
campaigns, and many occupational
medicine physicians may choose to
fold Tdap administration into those
campaigns. Some may favor a tiered
approach, vaccinating first those with
direct infant contact. In many hospi-
tals, occupational medicine physicians,
in cooperation with colleagues in in-
fection control, will need to present the
case to hospital administrators that ex-
penditures for Tdap administration are
justified by patient safety and health
care worker protection.

Pertussis is a disease that kills
otherwise healthy infants in the
United States. Until its epidemiology
is fundamentally altered by eliminat-
ing the large reservoir of adult and
adolescent cases, infants will con-
tinue to die from it. Because the most
vulnerable of the very young are
treated in hospitals, administration of
Tdap vaccine as soon as feasible to
health care workers will reduce the
likelihood of devastating outcomes
among such patients. It will also
provide vital protection to millions
of US health care workers at en-
hanced exposure risk from pertussis.
ACOEM fully supports pertussis
vaccination of health care workers
with direct patient contact, and
urges physicians in its membership
who oversee occupational health
programs in medical centers to as-
sign high priority to vaccinating
health care workers as soon as
feasible.
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Effective January 1, 2007, the fol-
lowing members of the American
College of Occupational and Envi-
ronmental Medicine (ACOEM) were
certified in occupational medicine by
the American Board of Preventive
Medicine (ABPM):

Daunis A. Aboaba, MD; A-Ha-
fudh Al-Pachachi, MD; Damon T.
Arnold, MD; Jaspal S. Arora, MD;
Brian H. Bennett, MD; Michael L.
Bledsoe, MD; Catherine D. Boomus,
MD; Richard S. Campbell, MD;
Laura G. Carr, MD; Brian W. Case,
MD; James A. Caviness, Jr., MD;
Michael H. Collins, DO; Gerard P.
de Guzman, MD; Sulagna De, MD;
Carrie D. Dorsey, MD; Paul C.
Eagan, MD; Ekong B. Ekong, MD;
Brian P. Fawcett, MD; Brent R.
Gibson, MD; M. Andrew Greenwood,
MD; Carol E. Gunn, MD; John F.
Halpin, MD; Dale R. Harman, MD;
Camille Z. Hinojosa, MD; Marc K.
Hutchison, MD; Lisa R. Ide, MD;
Samuel S. Jang, DO; Jeffrey F.
Kessel, MD; Theodore A. Koerner,
MD; Michael D. Lappi, DO; Brooke
N. Maylie, MD; Damir Mazlagic,
MD; Indrek Melder, MD; Maria G.
Michas, MD; Victor M. Nwiloh,
MBBS; Spencer S. Olsen, MD;
Craig S. Packard, MD; John H.
Petrisko, MD; Alfred K. Quansah,
MD; Sabrina Rajendran, MD;
Yashbir T. Rana, MD; Nancy V.
Rodway, MD; Heidi K. Roeber Rice,
MD; Steven Ross, MD; Carine
Sakr, MD; Andrew E. Schaecken-
bach, MD; Andrew M. Sebby, DO;
Christopher D. Smelser, DO; James
M. Stanton, MD; Jerry E. Strohkorb,
MD; Austin D. Sumner, MD; Tanisha
K. Taylor, MD; Susanne C. Thobe,
MD; Gregory A. Thomas, MD;
Christina M. Vokt, MD; Stephen B.
Walker, MD; and Kelvin Wren, MD.

Certified by ABPM in aerospace
medicine were Arnold A. Angelici

Jr., MD; Alfred C. Emmel, MD; Fred
Marks, MD; Mark A. Nassir, MD;
Scott B. Norris, MD; and Dana J.
Windhorst, MD. Board certified in
public health and general preventive
medicine were Gregory D. Gutke,
MD; Robert P. Hurley, MD; John D.
Meyer, MD; and Alfred K. Quansah,
MD. Board certified in undersea and
hyperbaric medicine was Austin H.
Chhoeu, DO.

ACOEM members who were re-
certified in medical toxicology were
Beth A. Baker, MD; Stephen W.
Borron, MD; and David W. Paul,
MD.

ABPM offers certification exami-
nations in aerospace medicine, occu-
pational medicine, and public health/
general preventive medicine and the
subspecialty certification exam in
undersea and hyperbaric medicine
in October. For more information
contact ABPM at 330 S. Wells
Street, Ste 1018, Chicago, IL
60606; telephone: 312/939-2276;
e-mail: abpm@abprevmed.org;
Web site: www.abprevmed.org.

The American College of Occupa-
tional and Environmental Medicine
(ACOEM) will sponsor three courses
in July 2007 in Chicago, Ill. The
one-day “Commercial Driver Medi-
cal Examiner” will be held July 13.
The two-day “Medical Review Of-
ficer (MRO) I: Fast Track” will be
held July 14 –15, as will the “Inde-
pendent Medical Evaluations:
Challenging Issues and Achieving
Excellence” course.

The updated “Commercial Driver
Medical Examiner” course is for the
physician, physician’s assistant, ad-
vanced practice nurse, occupational
health nurse, or other health care
professional responsible for or in-
volved in certifying the eight million
truck and bus drivers on the road
who are required to meet 13 inter-
state federal medical requirements.
An added value of a “certificate of
completion” opportunity is available
to those who attend the course, suc-
cessfully complete the self-adminis-

tered post-course examination, and
turn in the required documentation to
ACOEM. It is ACOEM’s intent that
this course will meet the eventual
educational requirements of the Fed-
eral Motor Carrier Safety Adminis-
tration’s proposed National Registry
of Certified Medical Examiners.
ACOEM designates this activity for
a maximum of 7.5 AMA PRA cate-
gory 1 credit(s).� Natalie Harten-
baum, MD, MPH, FACOEM, is the
course director.

ACOEM’s “MRO I: Drug & Al-
cohol Testing Fast Track” course
fully meets the U.S. Department of
Transportation’s qualification train-
ing requirements for medical review
officers (MROs) and is designed for
physicians and other collection and
health care professionals who are
familiar with basic substance abuse
testing procedures. The course is also
appropriate for MROs who seek the
required CME hours for initial cer-
tification or recertification oppor-
tunities from the Medical Review
Officer Certification Council
(MROCC). ACOEM designates
this educational activity for a max-
imum of 12 AMA PRA category
1 credit(s).� ACOEM’s MRO
courses are directed by Kent Peter-
son, MD, FACOEM.

ACOEM’s new course “Indepen-
dent Medical Evaluations (IMEs):
Challenging Issues and Achieving
Excellence” will enable physicians
to face the many challenges in per-
forming accurate and unbiased as-
sessments with successful outcomes.
Throughout the two days attendees
will be actively involved in the learn-
ing process via small group exer-
cises, performing cases, role playing,
and discussion. Day One will focus
on causation and apportionment,
and Day Two on specific ap-
proaches to enhancing the success
of an IME practice. ACOEM des-
ignates this educational activity for
a maximum of 15 AMA PRA cat-
egory 1 credit(s).� Christopher
Brigham, MD, FACOEM, is the
course director.
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For more information about these
and other College-sponsored courses,
contact ACOEM, 25 Northwest
Point Blvd, Ste 700, Elk Grove Vil-
lage, IL 60007; telephone: 847/818-
1800; fax: 847/818-9266; Web site:
www.acoem.org.

CALENDAR OF MEETINGS
Jul 12–14, 2007—“9th Contact Dermatitis

State-of-the-Art Conference,” Hershey Hotel,
Hershey, Pa. Information: Penn State Col-
lege of Medicine Continuing Education,
2120 Academic Support Building, P.O.
Box 851, Hershey, PA 17033; Web site:
ContinuingEd@hmc.psu.edu.

Jul 13, 2007—“Commercial Driver Medical Ex-
aminer,” Westin Chicago River North, Chi-
cago, Ill. Information: ACOEM, 25 Northwest
Point Boulevard, Suite 700, Elk Grove Vil-
lage, IL 60007; telephone: 847/818-1800; fax:
847/818-9266; Web site: www.acoem.org.

Jul 14–15, 2007—“MRO I: Fast Track Course,”
Westin Chicago River North, Chicago, Ill.
Information: ACOEM, 25 Northwest Point
Boulevard, Suite 700, Elk Grove Village, IL
60007; telephone: 847/818-1800; fax: 847/
818-9266; Web site: www.acoem.org.

Jul 14–15, 2007—“Independent Medical Eval-
uations: Challenging Issues and Achieving
Excellence,” Westin Chicago River North,
Chicago, Ill. Information: ACOEM, 25 North-
west Point Boulevard, Suite 700, Elk Grove
Village, IL 60007; telephone: 847/818-1800;
fax: 847/818-9266; Web site: www.acoem. org.

Aug 14, 2007—“Annual Business Meeting of
the Florida Association of Occupational and
Environmental Medicine,” Orlando World
Center Marriott Resort, Orlando, Fla. Infor-
mation: Diana McCluskey, FAOEM, 30402
USF Holly Drive, Tampa, FL 33620; tele-
phone: 813/974-9732; fax: 813/974-7556;
e-mail: dmcclusk@health.usf.edu.

Aug 23–26, 2007—“2007 World Conference of
Stress,” including the “3rd Cell Stress Society
International Congress on Stress Responses
in Biology and Medicine,” Eötvös Conven-
tion Center, Budapest, Hungary. Informa-
tion: Attila Varga, Diamond Congress Ltd.,
H-1027 Budapest, Főutca 68, Hungary; tele-
phone: (�36 1)214 7701; e-mail; diamond@
diamond-congress.hu; Web site: www.stress07.
com.

Aug 28–31, 2007—“18th International Sympo-
sium on Shiftwork and Working Time,”
Rydges Resort, Yeppoon, QLD, Australia.
Information: Sue Woodfield, Secretariat; tele-
phone: �61 7 4930 6828; e-mail: shiftwork
2007@cqu.edu.au; Web site: http://shiftwork.
cqu.edu.au/index2.htm.

Aug 29–Sep 1, 2007—“3rd International Sym-
posium on Nanotechnology, Occupational and
Environmental Health,” Academia Sinica,
Taipei, Taiwan. Information: e-mail: julinyeh@

phys.sinica.edu.tw; Web site: http://nano-
taiwan.sinica.edu.tw/EHS2007/index.htm.

Sep 5, 2007—Webinar on “Commercial Driver
Medical Certification – Current Issues You’ll
Want to Know.” Information: ACOEM, 25
Northwest Point Boulevard, Suite 700, Elk
Grove Village, IL 60007; telephone: 847/818-
1800; fax: 847/818-9266; Web site: www.
acoem.org.

Sep 7–8, 2007—“Annual Symposium of the
Carolinas Occupational and Environmental
Medicine Association,” Charleston Place,
Charleston, SC. Information: Vicki Smith,
University of North Carolina; telephone: 888/
235-3320 or 919/962-2101; fax: 919/966-
7579; e-mail: vicki_smith@unc.edu.

Sep 10–11, 2007—“WorkLife 2007: Protecting
and Promoting Worker Health, A NIOSH
National Symposium,” Hyatt Regency, Be-
thesda, Md. Information: Andrea Williams,
Program Manager, Professional and Scien-
tific Associates, Inc., 2100 Reston Parkway,
Suite 300, Reston, VA 20191; telephone:
703/234-1749; fax: 703/234-1701; e-mail:
A_Williams@team-psa.com; Web site: www.
worklife2007.com.

Sep 13–15, 2007—“The XXXV Medichem
Congress,” Misión Querétaro Grand Juriquilla
Hotel, Querétaro, Mexico. Theme: Responsi-
ble Use of Chemicals. Information: Dr. Jorge
Morales; e-mail: morales.ja@pg.com; Web site:
http://congresomedichemfenastac.org.mx.

Sep 14–15, 2007—“Annual Fall Seminar of the
Central States Occupational Medical Associ-
ation,” Hyatt Regency Milwaukee Hotel, Mil-
waukee, Wisc. Information: Marlyce Nutt,
CSOMA Executive Director, 6 Phillippi
Creek, Elgin, IL 60120; telephone: 630/497-
0286; fax: 630/497-0364; e-mail: marlyce@
csoma.org; Web site: www.csoma.org.

Sep 27–28, 2007—“Annual Meeting of the
Michigan Occupational and Environmental
Medicine Association,” Kellogg Hotel and
Conference Center, Michigan State Univer-
sity, East Lansing, Mich. Theme: Current
Topics in Occupational and Environmental
Medicine. Information: Linda Masters,
MOEMA Executive Secretary; telephone: 313/
874-1360, ext. 17; e-mail: lmasters@msms. org;
Web site: www.moema.org.

Oct 3–6, 2007—“3rd Annual Coastal Dermatol-
ogy Symposium,” Quail Lodge, Carmel,
Calif. Sponsors: Caribbean Dermatology
Symposium and American Contact Dermatitis
Society (ACDS). Information: ACDS, 138
Palm Coast Parkway NE #333, Palm Coast,
FL 32137; telephone: 386/437-4405; fax: 386/
437-4427; Email: info@contactderm.org; Web
site: www.coastalderm.org.

Oct 4, 2007—“HPM Clinic: Moving Health to
the Bottom Line,” InterContinental Hotel,
New Orleans, La. Information: ACOEM, 25
Northwest Point Boulevard, Suite 700, Elk
Grove Village, IL 60007; telephone: 847/818-
1800; fax: 847/818-9266; Web site: www.
acoem.org.

Oct 4–7, 2007—“Western Occupational Health

Conference,” Loew’s Coronado Bay Resort,
San Diego, Calif. Information: Kerry Parker,
WOEMA/WOHC Executive Director, 575
Market Street, Suite 2125, San Francisco, CA
94105; telephone: 415/927-5736; fax: 415/
927-5726; e-mail: woema@hp-assoc.com;
Web site: www.woema.com.

Oct 9–12, 2007—EPICOH 2007 “19th Interna-
tional Conference on Epidemiology in Occupa-
tional Health,” Banff Centre, Banff, Alberta,
Canada. Theme: Frontiers of Occupational Epi-
demiology. Information: Nicola Cherry, 13–
103, Clinical Sciences Building, University of
Alberta, Edmonton, Alberta, Canada, T6G 2G3;
telephone: 780/492-7851; fax: 780/492-9677;
email: epicoh2007@med.ualberta.ca; Web site:
www.epicoh2007.ca.

Oct 17–19, 2007—“Northwest Occupational
Health Conference,” meeting of the Northwest
Association of Occupational and Environmen-
tal Medicine, Seaside Civic Convention Cen-
ter, Seaside, Ore. Information: Linda Slane,
NAOEM Executive Administrator, 2033 6th
Avenue, Suite 1100, Seattle, WA 98121; tele-
phone: 206/441-9762; e-mail: lls@wsma.org;
Web site: www.naoem.org.

Oct 19–24, 2007—“North American Congress
of Clinical Toxicology,” Sheraton New
Orleans, New Orleans, La. Information:
NACCT, 11900 Silvergate Drive, Dublin, CA
94568; telephone: 925/828-7100; e-mail:
nacct@cforums.com; Web site: www.clintox.
org.

Oct 22–24, 2007—“3rd International Sympo-
sium on Work Ability,” Sol Melia Hotel,
Hanoi, Vietnam. Theme: Promotion of Work
Ability Towards a Productive Aging. Spon-
sored by ICOH, VINAOH, UOEH, IEA.
Information: Jean-Luc Malo, Symposium
Secretary; fax: �81-93-692-0392; e-mail: ma-
lo-j-l@med.uoeh-u.ac.jp; Web site: www.
uoeh-u.ac.jp/kouza/ningen/aging.html.

Oct 24, 2007—“Handling Outbreaks & Emerg-
ing Infectious Diseases in Medical Centers
Course,” Sheraton Wall Centre Hotel, Van-
couver, BC, Canada. Information: ACOEM,
25 Northwest Point Boulevard, Suite 700, Elk
Grove Village, IL 60007; telephone: 847/818-
1800; fax: 847/818-9266; Web site: www.
acoem.org.

Oct 24–25, 2007—“MRO I: Comprehensive
Course,” Sheraton Wall Centre Hotel, Van-
couver, BC, Canada. Information: ACOEM,
25 Northwest Point Boulevard, Suite 700, Elk
Grove Village, IL 60007; telephone: 847/818-
1800; fax: 847/818-9266; Web site: www.
acoem.org.

Oct 24–25, 2007—“Basic Curriculum in Occu-
pational Medicine, Segment 1,” Sheraton
Wall Centre Hotel, Vancouver, BC, Canada.
Information: ACOEM, 25 Northwest Point
Boulevard, Suite 700, Elk Grove Village, IL
60007; telephone: 847/818-1800; fax: 847/
818-9266; Web site: www.acoem.org.

Oct 24–25, 2007—“Musculoskeletal Exam and
Treatment Techniques,” Sheraton Wall Centre
Hotel, Vancouver, BC, Canada. Information:
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ACOEM, 25 Northwest Point Boulevard,
Suite 700, Elk Grove Village, IL 60007;
telephone: 847/818-1800; fax: 847/818-9266;
Web site: www.acoem.org.

Oct 26–28, 2007—“ACOEM State-of-the-Art
Conference (SOTAC)” in partnership with
“International Commission on Occupational
Health (ICOH) Conference on Health Care
Worker Health,” Sheraton Wall Centre Ho-
tel, Vancouver, BC, Canada. Information:
ACOEM, 25 Northwest Point Boulevard,
Suite 700, Elk Grove Village, IL 60007;
telephone: 847/818-1800; fax: 847/818-9266;
Web site: www.acoem.org.

Nov 3–7, 2007—“135th Annual Meeting of the
American Public Health Association,” Wash-
ington Convention Center, Washington, DC.
Theme: Politics, Policy & Public Health. In-
formation: APHA, 800 I Street, NW, Wash-
ington, DC 20001; telephone: 202/777-2742;
e-mail: annualmeeting@apha.org; Web site:
www.apha.org/meetings.

Nov 4–8, 2007—“56th Annual Meeting of
American Society of Tropical Medicine and
Hygiene,” Philadelphia Marriott Downtown,
Philadelphia, Pa. Information: ASTMH, 60
Revere Drive, Suite 500, Northbrook, IL
60062; telephone: 847/480-9592; e-mail:
astmh@astmh.org; Web site: www.astmh.
org.

Nov 29–30, 2007—“Annual Conference of New
England College of Occupational and Envi-
ronmental Medicine and Massachusetts Asso-
ciation of Occupational Health Nurses,”

Bedford Glen Hotel, Bedford, Mass. Informa-
tion: Dianne Plantamura, NECOEM Execu-
tive Director, 22 Mill Street, Groveland, MA
01834; telephone: 978/373-5597; e-mail:
NECOEM@ comcast.net; Web site: www.
necoem.org.

Jan 15–19, 2008—“7th Annual Caribbean Der-
matology Symposium,” Frenchman’s Reef
and Morningstar Marriott Beach Resort, St.
Thomas, U.S. Virgin Islands. Information:
William Schneider, telephone: 502/569-1356;
fax: 502/458-8563; e-mail: help@caribederm.
org; Web site: www.caribederm.org.

Jan 20–22, 2008—“World Congress on Neck
Pain,” Hyatt Regency Century Plaza, Los
Angeles, Calif. Sponsors: Canadian Institute
for the Relief of Pain and Disability (CIRPD)
and American College of Occupational
and Environmental Medicine. Information:
CIRPD; telephone: 604/684-4148 or 800/872-
3105; fax: 604/684-6247; Web site: www.
neckpaincongress.org.

Feb 22–24, 2008—“Winter Scientific Meeting
of Northwest Association of Occupational and
Environmental Medicine,” Timberline Lodge,
Mt. Hood, Ore. Information: Linda Slane,
NAOEM Executive Administrator, 2033 6th
Avenue, Suite 1100, Seattle, WA 98121; tele-
phone: 206/441-9762; e-mail: lls@wsma.org;
Web site: www.naoem.org.

Mar 13–15, 2008—“One Day and 84th Annual
Spring Seminar of the Central States Occupa-
tional Medical Association,” Hilton Lisle/Na-
perville Hotel, Lisle, Ill. March 13 Topic:
Occupational Medicine: Where Medicine

Meets the Workplace. Information: Marlyce
Nutt, CSOMA Executive Director, 6 Phillippi
Creek, Elgin, IL 60120; telephone: 630/497-
0286; fax: 630/497/0364; e-mail: marlyce@
csoma.org; Web site: www.csoma.org.

Apr 13–16, 2008—ACOEM “American Oc-
cupational Health Conference (AOHC),”
Marriott Marquis Hotel, New York, NY. In-
formation: ACOEM, 25 Northwest Point Bou-
levard, Suite 700, Elk Grove Village, IL
60007; telephone: 847/818-1800; fax: 847/
818-9266; Web site: www.acoem.org.

May 31–Jun 5, 2008—“American Industrial
Hygiene Conference and Exposition (AIHce),”
Minneapolis Convention Center, Minneapolis,
Minn. Sponsors: AIHA and ACHIG. Informa-
tion: AIHA, 2700 Prosperity Ave., Suite 250,
Fairfax, VA 22031; telephone: 703/849-8888;
fax: 703/207-3561; Web site: www.aiha.org/
content/CE/aihce/aihce.htm.

CALENDAR OF MEETINGS

Items for consideration in the Calen-
dar may be sent to Marianne Dreger,
ACOEM Communications Depart-
ment; fax: 847-818-9266; e-mail:
mdreger@acoem.org. Material must
be sent six months prior to events.
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Instructions for Obtaining Category 1 CME Credits
1. Read the CME-designated articles in this issue.

2. Go to the ACOEM web site, www.acoem.org, to access
the CME test, which is available on line only. From the
site, download the PDF file containing the test/evalua-
tion form. There are five questions pertaining to each
CME article on the test.

3. After completing the form, mail or fax to ACOEM by
the submission deadline published on the test.

4. You will be notified promptly if you fail to pass the
CME test.

To earn CME credit, you must answer at least 70% of the
questions correctly. If you fail a test, you may not take it a
second time. Mail a copy or fax the completed test/
evaluation form(s) along with a check payable to ACOEM
for US $20 (members) or US $35 (non-members) for each
test to:

ACOEM Lock Box
6583 Eagle Way
Chicago, IL 60678-1065

If paying by credit card, you may also submit the test via fax.
The ACOEM fax number is 847-818-9286.

To be considered for CME credit, ACOEM must
receive your test by the submission deadline (stated on the
top of each test). You will receive documentation of your
CME award two weeks after the test submission deadline.
The correct answers will be posted on the ACOEM web
site after the test expiration date.

For more information about this CME program, please
contact Barbara Choyke, Director of Education, ACOEM,
25 Northwest Point Boulevard, Suite 700, Elk Grove
Village, IL 60007-1030.

The JOEM CME Program
Twelve individual CME activities are available through

the Journal of Occupational and Environmental Medicine
(JOEM) each year.

The American College of Occupational and Environmen-
tal Medicine (ACOEM) is accredited by the Accreditation
Council for Continuing Medical Education to provide con-
tinuing medical education for physicians.

ACOEM designates this educational activity for one (1)
hour in Category 1 credit towards the AMA Physician’s
Recognition Award. Each physician should claim only those
hours of credit that he/she actually spent in the educational
activity.

An annual total of 36 hours in Category 1 credit towards
the AMA Physician’s Recognition Award are available
through the 12 issues of JOEM.

This CME activity is intended for occupational and
environmental medicine health professionals with an interest
in the diagnosis and management of work-related diseases
and conditions.

The treatment of patients suffering from work-related
injuries and conditions is a process in which the physician
must correctly diagnose the disease or condition, select the
appropriate course of treatment, and restore an optimal level
of disease-free function. To that end, occupational and
environmental medicine physicians have expressed a desire
for increased knowledge in all areas of occupational medi-
cine, including environmental health, epidemiology, ergo-
nomics, health policy, ethics, law, management, economics,
occupational/environmental medicine practice, prevention,
healthpromotion, productivity, disability, compensation,
safety, injuries, and toxicology. Rapid advances in our

understanding of work-related diseases and conditions make
it difficult for the busy practicing physician to keep abreast
of important information.

JOEM is an established, peer-reviewed journal designed
to meet the needs of both practicing occupational and
environmental medicine physicians and researchers in this
field. The journal is intended to address the concerns
challenging today’s practitioners and to establish a network
with the highest levels of expertise in this field.

The Editor of JOEM, Paul W. Brandt-Rauf, MD, ScD,
DrPH, is a world-renowned expert in occupational and
environmental medicine. He has developed an editorial
board of nationally and internationally recognized physi-
cians to assist him in selecting and evaluating articles for
publication.

The format and design of JOEM will allow it to serve as
a credible and effective distance-learning tool for physicians
interested in refining their problem-solving skills, learning
about the most recent advances in the field, and applying
these advances to patient care.

Learning objectives for each CME activity appear at
the beginning of each CME article in each issue of JOEM.
Author credentials and financial disclosure information
are procured and printed for each CME article. Between
one and three articles published in each issue of JOEM
will be designated CME-eligible reading. Those who are
interested in earning CME credit should read each article
and then complete the brief Post-Test found on the
ACOEM web site at www.acoem.org. The tuition for each
of the issue’s CME activities is US $20 for members and
US $35 for nonmembers.



Clinical Highlights

This Issue: Articles of Interest for Clinicians
� The Effects of Prescription Co-Payments on Medication Adherence during the First Two

Years of Drug Treatment
Lack of medication adherence is a serious problem. Employers are increasingly using high co-payments to control drug
expenditures, exacerbating the adherence problem. We investigate the effect on this problem of a low initial co-payment that
increases only after the patient has made enough fills to become insensitive to co-payment level. Page 597 (Kessler)

� Associations between Particulate Sulfate and Organic Carbon Exposures and Heart Rate
Variability in Patients With or At Risk for Cardiovascular Diseases
Patients or workers with or at risk of cardiovascular diseases who were exposed to fine particles of sulfate and organic carbon in
general or working environments should be monitored for decrease in heart rate variability (HRV), a possible mechanism linking
particulate air pollution to increased risk for cardiovascular diseases. Page 610 (Chuang)

� Physician Perceptions of Access to Quality Care in California’s Workers’ Compensation
System
Recent reforms fundamentally changed delivery of WC care in California from a fee-for-service system to intensive care
management not too dissimilar to that of a tightly managed Health Maintenance Organization. The additional layers of
administration, paperwork, and utilization review may have significantly impacted the clinical practice of WC providers in
California. Page 618 (Pourat)

� Employer Benefit Design Considerations for the Era of Biotech Drugs
Biotech medications for chronic and potentially disabling conditions of working age adults have significant implications for
employers in terms of productivity, human capital preservation and health care costs. New approaches, including sophisticated
modeling techniques, are providing employers with the insights and guidance necessary to make better benefit design decisions.

Page 626 (Vogenberg)

� Physical Activity, Cardio-Respiratory Fitness and Body Mass Index in Relation to Work
Productivity and Sickness Absence in Computer Workers with Pre-Existing Neck and
Upper Limb Symptoms
The present study suggests that obesity is associated with lower productivity levels in computer workers with neck and upper limb
symptoms. More studies are needed to confirm this result. Intervention studies are needed to show whether physical activity
programs can improve work productivity. Page 633 (Bernaards)

� Gender and the Physical and Psychosocial Work Environments are Related to Indoor
Air Symptoms
Gender and strain may be associated with symptoms and perceptions of indoor environments. Objectively assessed indoor
environments may differ between the genders. Air velocity less than 15 cm/s and relative humidity in the range of 15–35% might
affect perception of indoor environments in the heating season. Page 641 (Bakke)

� Measuring Work Disability: What Can Administrative Data Tell Us About
Patient Outcomes?
Administrative measures of work disability are strongly associated with self-reported measures of pain and functional status. Use
of these measures to investigate workers’ compensation health outcomes is a reasonable and cost-efficient method when use of
more resource-intensive methods such as worker surveys is not feasible or practical. Page 651 (Fulton-Kehoe)

� Preemployment Family Factors as Predictors of Effort/Reward Imbalance in Adulthood:
A Prospective 18-Year Follow-Up in the Cardiovascular Risk in Young Finns Study
The question has been raised of whether the excess health risk among employees with high ERI reflects a non-causal relation
attributable to confounding by preemployment effects. We found that although preemployment family factors were associated
with components of ERI, they had little effect on the total ERI. Page 659 (Hintsa)
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