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Effectiveness of an Internet-Based Worksite
Smoking Cessation Intervention at 12 Months

Amanda L. Graham, PhD
Nathan K. Cobb, MD
Linda Raymond, MS
Stewart Sill, MS
Joyce Young, MD

Learning Objectives
• Summarize the results achieved to date in worksite smoking cessation

programs utilizing a wide range of approaches to persuade employees to
assist smokers in quitting.

• Recall the 12-month response and quit-smoking rates achieved in this effort,
based on a financial incentive and Internet-based program, and whether
these rates were influenced by participants’ motivational state at the outset.

• Identify any associations observed between abstinence at 12 months and
treatment-related parameters such as time spent on the Internet program,
social support, and pharmacotherapy.

Abstract
Objective: To evaluate effectiveness of an Internet-based smoking cessation program as

part of a comprehensive health risk reduction initiative in a large, geographically dispersed

employee population. Methods: A financial incentive for participation was offered during 2003

health benefits enrollment. The primary cessation outcome was 7-day point prevalence

abstinence at 12 months. Results: A total of 1776 employees used the Internet program. Among

those surveyed, the response rate was 32%. Quit rates ranged from 13% using intention to treat

analysis (nonresponders counted as smokers) to 43% among survey responders. Higher Web

site utilization was associated with better cessation outcomes, even after controlling for baseline

motivation. Conclusions: The Internet program was successful at reaching a large number of

geographically dispersed employees. The range of quit rates suggests that Internet cessation

programs can be effective in promoting cessation and preventing relapse in a worksite setting.

(J Occup Environ Med. 2007;49:821–828)

T obacco smoking is responsible for ap-
proximately 438,000 premature deaths
in the United States each year and
costs society an estimated $167 billion
each year in smoking-attributable
health care expenditures and produc-
tivity losses.1 Employers bear the
brunt of these financial costs through
increased health care costs, higher life
insurance rates, greater rates of absen-
teeism, and decreased productivity
among smokers.2

Worksites remain an important
channel for reaching a large percent-
age of the adult population with
health promotion programs.3 Approx-
imately 63% of the adult population in
the United States is employed,4 spend-
ing about a third of each day in the
workplace setting. Conducting pro-
grams at the worksite provides the
ability to simultaneously influence the
work, social, and personal environ-
ment of the smoker, and to monitor
smoking-related costs associated with
absenteeism, productivity, and health
care utilization, among others. Nu-
merous worksite smoking cessation
initiatives have been examined
over the past 15 years,5–7 including
individual and group counseling,
pharmacotherapy trials, restrictive
smoking policies, social support inter-
ventions, and combined approaches.
Nevertheless, despite the potential ad-
vantages of delivering health promo-
tion programs at the worksite, several
reviews have concluded that worksite-
based smoking cessation programs
have yielded only a modest impact on
smoking prevalence.5,6,8,9

Low participation rates have
been identified as a primary factor
limiting the success of worksite
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cessation initiatives.9,10 Participa-
tion rates in worksite cessation in-
itiatives vary,5 with a median of
23% of smokers participating in a
given worksite intervention.9 Com-
mon barriers to participation in-
clude limited access for part-time,
low-wage, or field-based employees;
scheduling conflicts; and insuffi-
cient promotion.11–13 If worksite
cessation programs are to have a
significant impact (impact � reach �
efficacy14) on changing health be-
havior at the population level, it is
necessary to identify new and inno-
vative strategies to increase access
and participation.

The Internet is a powerful delivery
channel that has the potential to
make cessation treatment widely ac-
cessible. Approximately 74% of
Americans use the Internet each
month,15 and over 60% of US house-
holds are connected to the Internet.16

Treatment of smoking cessation is
well suited to delivery via the Inter-
net: on-line chat groups, bulletin
boards, and e-mail contacts with ex-
perts may be used to provide both
intra- and extra-treatment social
support; individually tailored infor-
mation and feedback regarding be-
havioral skills, problem-solving
training, and medication usage may
be provided “real-time”; and treat-
ment is available at the user’s con-
venience (24/7) for as long as the
user needs it.17 Recent studies eval-
uating Internet-based interventions
for smoking cessation in nonwork-
site settings have reported short-
term quit rates of 6% to 26%,
typically at 3 or 6 months.18 –22

The Internet also offers a promis-
ing solution to the challenges of
worksite health promotion. Sus-
tained and targeted promotion may
be conducted through electronic
communications (eg, e-mail, Intra-
net). This approach is particularly
cost-effective for organizations
with a large or geographically dis-
persed employee population. Pro-
motion efforts may also be linked
with existing worksite communica-
tion channels (eg, monthly newslet-

ter, annual benefits enrollment) to
maximize awareness among em-
ployees. Employees may enroll in
and use Web-based treatment pro-
grams at their convenience and as
frequently as desired. Despite these
advantages, there have been no
reports of the effectiveness of In-
ternet-based smoking cessation
programs implemented within
worksites. A report by Hailstone et
al23 describes the feasibility of im-
plementing an Internet-based ces-
sation program among employees
in a large health service, but does
not present outcome data. Swartz et
al24 used worksites to recruit smok-
ers to evaluate the effectiveness of
a newly developed Internet cessa-
tion program; however, the focus
of this study was not on the inte-
gration of this cessation program
into the worksite.

Employer-based incentives may
be effective in increasing participa-
tion in worksite cessation pro-
grams.5,25 Incentives may be offered
to winners of a group smoking ces-
sation competition, either within a
single workplace or between work-
sites (often called “Quit and Win”
contests); for individual participation
in a cessation program; or for suc-
cessful cessation, which is the most
common use of incentives. Two sys-
tematic reviews5,25 have found that
although incentives do not result in
higher quit rates compared with
those of nonincentive comparison
groups, there is consistent evidence
that the use of incentives results in
higher participation rates. Studies
that have used biochemical verifica-
tion to confirm smoking status before
incentive disbursement have re-
ported minimal levels of deception.

The present study is one of the
first to examine the effectiveness of
an Internet-based cessation treat-
ment offered as part of a worksite
smoking cessation initiative at a
large, multisite company in the
United States. As previously re-
ported, the comprehensive smoking
cessation initiative was comprised
of several treatment options (print-

based, Internet-based, or commu-
nity groups) and a financial incen-
tive for participation.26 This study
focuses specifically on treatment
utilization and cessation outcomes
among employees who participated
in the Internet-based program.

Materials and Methods

Setting
International Business Machines

(IBM) is a multinational information
technology company that has main-
tained a consistent focus on health
promotion for more than 20 years.
IBM’s initiatives have included
health-promoting modifications to
the workplace environment, strategic
health plan design and offerings, and
innovative health risk reduction.
With regard to tobacco control, IBM
has promoted smoking cessation
through restrictive smoking policies,
benefits coverage for medications,
and a variety of worksite-based ces-
sation programs. As a function of
these efforts, and the fact that the
IBM workforce is largely college-
educated and office-based, smoking
prevalence among the IBM employ-
ees has consistently been lower than
the national average. The smoke-free
environments and worksite-based
programs, however, do not always
impact the significant number of em-
ployees telecommuting from home
or working at customer locations. In
1999, IBM added cessation assis-
tance in the form of a self-help print-
based kit, but given the relatively
low smoking prevalence and lack of
program visibility, fewer than 100
employees participated each year
through 2002. The present study fo-
cused on IBM’s active employees
within the United States in 2003.

Design
To reach an increasingly dispersed

employee population with cessation
treatments and to further reduce
smoking prevalence, IBM launched a
comprehensive smoking cessation
initiative in 2003 that leveraged its
expertise in information technolo-
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gies. The initiative consisted of a
financial incentive for participation
in an IBM-sponsored self-help pro-
gram (print- or Internet-based) or a
local community treatment program.
Promotion of the initiative was inte-
grated into the 2003 on-line benefits
enrollment process, guaranteeing max-
imal awareness among IBM employ-
ees. Employees were informed of the
cessation initiative in late 2002 via the
IBM intranet and e-mail before bene-
fits enrollment. During on-line benefits
enrollment, smoking status was as-
sessed using a single item (“Have you
smoked any tobacco products in the
past 30 days?”). Current smokers were
offered two smoking cessation treat-
ment options at no cost: 1) a self-help
print-based kit (SmokeStoppers�) and
2) an Internet-based intervention
(QuitNet�). Employees could also
choose to participate in local commu-
nity cessation programs, though IBM
did not subsidize these. Smokers who
agreed to participate in a cessation
program received a benefits premium
discount of $11 per month during
2003, for a total of $132 for the year.
Nonsmokers also received the pre-
mium discount. Delivery of each of
the cessation interventions was man-
aged by a worksite health promotion
consulting firm (MediFit Corporate
Services Norwalk, CT). This report
focuses on those employees who par-
ticipated in the Internet-based Quit-
Net� program, as the most rigorous
follow-up data were collected for this
intervention.

Internet Intervention
QuitNet� is a commercial Web

site that provides cessation treatment
in accordance with national guide-
lines.27 QuitNet� offers 1) clear and
strong advice to quit smoking; 2)
assistance in setting a quit date; 3)
specialized assessment of motivation
and nicotine dependence; 4) infor-
mation tailored to the individual
based on smoking history, motiva-
tional readiness, and select demo-
graphic characteristics; 5) practical
counseling including problem solv-
ing and skills training designed to

enhance self-efficacy; 6) tailored as-
sistance in selecting and using
FDA-approved smoking cessation
pharmacotherapies; and 7) intra-
and extra-treatment social support.
QuitNet� offers two versions of its
system: a basic version available free
of charge to the public, and an en-
hanced version available through a
prepaid subscription to sponsoring or-
ganizations. IBM sponsored all em-
ployee subscriptions to the enhanced
version of QuitNet�. The basic version
of QuitNet� has been described in
another manuscript.18 In addition to
basic features, the enhanced version
provided employees with direct access
to QuitNet� on-line cessation coun-
selors; access to several additional
expert systems that offer individu-
ally tailored assistance in selecting
and using a medication and in set-
ting a quit date; and unlimited use
of the social support system (eg,
forums, buddies, clubs).

Employees who agreed to partici-
pate in the Internet-based interven-
tion were required to register on-line
for the IBM-sponsored QuitNet�
program. This brief QuitNet� regis-
tration process included questions on
demographics (date of birth, gender)
and smoking history (eg, current
smoking rate, stage of change, num-
ber of 24-hour quits in the past year,
previous use of cessation pharmaco-
therapy, and nicotine dependence),
and resulted in each user having a
personalized QuitNet� account.
Once registered, participants could
log into their account and utilize all
features of the site from any com-
puter with Internet access. All inter-
actions with the QuitNet� system
were captured in a database that
compiles utilization metrics such as
the number and duration of logins,
program features used, and utiliza-
tion of social support resources. The
Institutional Review Board at the
primary authors’ institution of affili-
ation approved the study procedures.

Assessment
Smoking outcomes among em-

ployees who registered for the IBM-

sponsored QuitNet� program were
assessed via electronic survey 12
months after registration. An invita-
tion to complete the survey was sent
via automated e-mail that explained
the purpose of the survey and con-
tained a link to the survey Web site.
An encrypted identifier embedded in
the link tied the follow-up survey to
the user’s QuitNet� record. If the
survey was not completed within 10
days, an automated e-mail reminder
was sent. The follow-up survey con-
sisted of 11 items that assessed the
following outcomes: 7-day point
prevalence abstinence (PPA; “Have
you smoked even a puff in the past 7
days?”); actual quit date; number of
24-hour quit attempts; longest dura-
tion of continuous abstinence; and
use of various quit methods includ-
ing pharmacotherapy. Those still
smoking were also asked to indicate
their smoking rate, motivation for
quitting, desire and confidence to
quit, and time to first cigarette after
waking.28 All other data on those
surveyed were extracted from the
QuitNet� database. At 12 months, a
“snapshot” was recorded of the par-
ticipant’s Web site utilization pat-
terns. The “snapshot” was recorded
for all participants regardless of
survey completion, and included
number of logins, minutes per lo-
gin, interactions with other users
and counselors, and numerous
other Web site utilization metrics.

Statistical Analysis
The primary outcome measure

was self-reported 7-day PPA at 12
months postregistration. Two differ-
ent approaches were used in primary
and secondary analyses to examine
abstinence: 1) an intention to treat
(ITT) analysis, which counts all non-
responders as smokers and includes
them in the denominator (ITT anal-
ysis produces the most conservative
quit rate and is used to avoid bias
associated with nonrandom loss to
follow-up); and 2) a responder-only
analysis, which excludes nonre-
sponders from the denominator; this
approach produces what is consid-
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ered to be the most optimistic esti-
mate of treatment effectiveness.

Primary outcome analyses focused
on the effectiveness of QuitNet� in
promoting cessation and therefore
excluded the 12% (n � 205) of em-
ployees who had quit between the
time of benefits enrollment and
QuitNet� registration. Secondary
analyses examined the potential pub-
lic health impact of QuitNet� on
promoting cessation and preventing
relapse within the entire IBM em-
ployee population, and therefore in-
cluded the individuals who had quit
before QuitNet� registration. Lastly,
we analyzed cessation outcomes only
among those who had quit before reg-
istration to determine the percentage
that maintained abstinence.

We also examined Web site utili-
zation data to determine the extent to

which participants used the QuitNet�
Web site and the relationship be-
tween various indices of utilization
and cessation outcomes, controlling
for baseline motivational stage. Fre-
quency tables were used to summarize
the categorical data, and nonpara-
metric tests were used to determine
the statistical significance level. t tests
were used for normally distributed
continuous and ordinal variables. Lo-
gistic regression was used to iden-
tify predictors of abstinence. All
analyses were performed using the
Statistical Package for the Social
Sciences v15.0.29

Results

Participants
Of the 131,592 IBM employees

who completed 2003 benefits enroll-

ment, 6.6% (n � 8688) indicated
they were current smokers, 87.8%
(n � 115,587) reported they were
nonsmokers, and 5.6% (n � 7317)
declined to indicate their smoking
status (Fig. 1). A total of 6235
(71.8%) smokers participated in the
IBM smoking cessation initiative; of
those, 1713 elected to use the Quit-
Net� Internet-based program (partic-
ipation in the other treatment options
is reported in Graham et al, 200626).
Because of additional promotion of
QuitNet� to employees throughout
the year, a total of 1776 employees
actually registered with QuitNet�
during 2003.

The majority of QuitNet� regis-
trants were male (65%), the average
age was 44.1 years (SD � 9.6), and
employees were geographically dis-
persed throughout 46 states, with the
largest percentages in New York
(16.8%), North Carolina (10.3%),
and Texas (9.2%). Using the stages
of change algorithm,30 1.0% (n �
17) of employees were in Precon-
templation (not thinking about quit-
ting), 47.1% (n � 837) were in
Contemplation (planning to quit in
the next 6 months), 38.7% (n � 687)
were in Preparation (planning to quit
in the next 30 days), 10.8% (n �
192) were in Action (quit within the
past 6 months), and 0.7% (n � 13)
were in Maintenance (quit more than
6 months ago). Thirty employees
(1.7%) reported they were never
smokers at registration. QuitNet�
also provides support for those wish-
ing to help others quit, so these 30
employees could have been among
the additional employees who regis-
tered throughout the year because of
ongoing promotions. Employees had
made an average of 3.76 quit attempts
(SD � 8.1; median � 1, interquartile
range � 0–4) during the past year.

Follow-Up Survey
Response Rates

As shown in Fig. 1, employees
who indicated they were “never
smokers” at registration (n � 30)
were not surveyed at follow-up.Fig. 1. Study participation flowchart.
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When participants registered with
the QuitNet� Web site, they were
asked to indicate their willingness to
complete follow-up surveys. This
preference could also be changed at
any point during their use of the Web
site. Of the 1746 individuals who
registered with QuitNet�, 12.8%
(n � 224) were unwilling to receive
the 12-month survey. Thus, the sur-
vey sample size (“adjusted denomi-
nator”) excluding never smokers and
those who were unwilling to receive
the survey was 1522. Using this ad-
justed denominator, the response rate
was 31.7% (n � 482) at 12 months.

Comparison of 12-Month
Nonresponders and Responders

Demographic characteristics,
smoking variables, and Web site uti-
lization patterns among 12-month
survey nonresponders and respond-
ers were examined to determine if
there were systematic differences be-
tween the two groups. Compared
with survey responders, nonre-
sponders were younger (43.7 � 9.4
vs 46.0 � 8.8, t � �4.4, P � 0.000),
more likely to be male (66.4% vs
60.0%, �2 � 6.0, P � 0.01), and
more likely to be in early stages of
readiness to change at registration
(Precontemplation/Contemplation vs
Preparation: 49.5% vs 46.9%, �2 �
20.5, P � 0.001). Nonresponders
were less likely to have used the site
in the past 6 months (8.7% vs 26.0%,
�2 � 80.6, P � 0.001) and had
significantly fewer number of logins
(5.3 � 24.6 vs 27.2 � 159.1, t �
�4.3, P � 0.001) during the 12-
month study period.

Primary Outcome Analyses
Primary outcome analyses ex-

cluded subjects from the 12-month

“adjusted denominator” who had
quit before joining QuitNet� (n �
164; 155 in Action, 9 in Mainte-
nance). The 7-day PPA rate was
12.8% using ITT analysis (n � 1358)
and 42.9% in the adherence sample
(responders only; n � 406) (Table
1). There was no difference in base-
line motivational stage between quit-
ters and continued smokers. Among
quitters (n � 174), 66.1% had not
smoked for 5 months or longer.

Secondary Outcome Analyses
Next, we examined cessation

rates, including those of the partici-
pants who had quit before joining
QuitNet� to evaluate the impact of
QuitNet� on preventing relapse as
well as promoting cessation. Using
ITT analysis (n � 1522) yielded a
7-day PPA rate of 15.2% and the
adherence analysis (n � 482) yielded
a quit rate of 48%. Among those who
had quit before joining QuitNet�
(n � 164), between 34.8% and 75%
indicated they were not smoking at
the 12-month follow-up depending
on the analytic approach (ITT and
adherence analyses, respectively).

Web Site Utilization and
Cessation Outcomes

During the 12-month study period,
employees returned to the site after
registration an average of 12 times
(range � 0–1846; SD � 89.7; me-
dian � 2, interquartile range � 1–3).
Fifteen people (�1%) did not use the
site after they registered; 46.2% (n �
820) returned to the site once after
registration, 19.4% (n � 344) re-
turned twice, 9.7% (n � 172) re-
turned thrice, and 23.9% (n � 425)
returned four or more times. Univar-
iate logistic regression indicated that
participants who used the site four or

more times after registration were
1.7 times more likely to be abstinent
at 12 months than participants who
used the site fewer times (OR �
1.74, 95% CI � 1.18–2.56; P �
0.01) even after controlling for base-
line motivation. Among those who
used the site four or more times,
22.1% were not smoking at 12
months compared with only 10.1%
of participants who used the site
fewer than four times.

Consistent with other studies,18,19

there was significant variability in
Web site utilization patterns. A small
percentage of participants used the
Web site extensively, creating large
standard deviations. Therefore, the
median and interquartile range are
also reported to better represent
Web site usage among the majority
of participants. Participants used
the QuitNet� Web site for an aver-
age of 15 minutes per visit (SD �
10.3; median � 12, interquartile
range � 8 –19) and viewed an av-
erage of 95 pages during the 12-
month study period (SD � 518;
median � 18, interquartile range �
5– 43). To determine the amount of
“contact time” (USPHS, 2000),
minutes per visit was multiplied by
the number of total visits. On aver-
age, participants spent a total of
205 minutes on QuitNet� (SD �
2161; median � 23 minutes, inter-
quartile range � 12– 49 minutes).
Greater amount of contact time was
associated with higher likelihood
of abstinence at 12 months (Pear-
son r � 0.107, P � 0.05).

Participants who had quit by the
12-month follow-up were more
likely to have used social support
features on the QuitNet� Web site.
Specifically, Quitters were more
likely than continued Smokers to

TABLE 1
7-Day Point Prevalence Abstinence at 12 Months (Sample Size)

ITT Analysis Adherence Sample Analysis

Primary analyses:
Excluding those who were recent quitters at baseline 12.8% (n � 1,358) 42.9% (n � 406)

Secondary analyses:
Including those who were recent quitters at baseline 15.2% (n � 1,522) 48.0% (n � 482)
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have posted in the public forums
(6.9% vs 0.4%, �2 � 15.1, P �
0.001), to have a QuitNet� buddy
(8.2% vs 4.0%, �2 � 3.8, P � 0.05),
to belong to a QuitNet� club (8.7%
vs 2.4%, �2 � 9.3, P � 0.01), and to
send e-mail to other QuitNet� mem-
bers (11.7% vs 5.6%, �2 � 5.8, P �
0.05). There was no association be-
tween any metric of social support
utilization and baseline level of
motivation.

A majority of participants used the
expert system to help them set a quit
date (62%; n � 1097). Univariate
logistic regression indicated that par-
ticipants who used the quit date wiz-
ard were more likely to be abstinent
compared with those who did not use
this feature, even after controlling for
baseline motivation (OR � 1.65,
95% CI � 1.10–2.45, P � 0.05). A
smaller percentage used the medica-
tion expert system (17.5%; n � 311),
with no differences in 7-day PPA
between those who used the medica-
tion wizard and those who did not.
Similarly, only 26.8% (n � 109) of
survey responders reported using any
kind of pharmacotherapy during the
study period, with no differences in
7-day PPA between those who used
pharmacotherapy and those who did
not (56.9% vs 46.7%, �2 � 1.86,
P � 0.180). The power to detect any
differences in both analyses was
likely limited by the small sample
size combined with a relatively low
response rate.

Discussion
Results demonstrate great promise

for the impact of a Web-based ces-
sation approach combined with in-
centives within a defined worksite
population. Widely disbursed em-
ployees were able to participate in a
centralized program, resulting in quit
rates that ranged from 13% to 43% at
12 months. Although the most con-
servative quit rate (13%) may be
considered modest compared with
more intensive interventions, the ab-
solute number of program partici-
pants (n � 1776) in the first year of
this initiative suggests that the over-

all impact (reach � efficacy) in sub-
sequent years may be significant. As
worksite health promotion efforts
continue to increase the visibility and
acceptance of this Web-based pro-
gram and the availability of incen-
tives for participation, the overall
reach of the program into the popu-
lation of smokers may be expected to
increase. Similarly, as employees be-
come more familiar with the integra-
tion of a cessation programming with
on-line benefits enrollment, more
employees may disclose their smok-
ing status to take advantage of avail-
able treatment options. With more
than 16,000 potential smokers (in-
cluding those who did not disclose
smoking status), a program with a
13% quit rate at 12 months could
yield more than 2000 quitters each
year.

Given the high rate of relapse soon
after a quit attempt,31 evaluating
cessation outcomes at 12 months
minimizes the likelihood of exag-
gerating the effectiveness of an in-
tervention and is consistent with
recent recommendations.32,33 In-
cluding recent quitters in cessation
outcome analyses increased the
rate of 7-day PPA using ITT to
15.2%. To impact overall smoking
prevalence in a defined employee
population, worksite cessation pro-
grams will need to help current smok-
ers in quitting and assist recent quitters
in preventing relapse.18

Participation by smokers in the
early stages of readiness suggests
that these individuals are appropriate
for proactive recruitment into a ces-
sation intervention. The use of incen-
tives may have provided sufficient
extrinsic motivation to promote par-
ticipation among those who other-
wise would not consider cessation,34

and may also improve quit rates.
Within the context of a worksite
cessation initiative, an Internet-based
intervention is likely to be most ef-
fective when integrated into a com-
prehensive approach to cessation that
includes meaningful incentives for
participation, sustained promotion
through existing communication

channels, policies that encourage
cessation, and visible support from
management.9

The relationships between treat-
ment intensity (number of logins)
and duration (contact time) and
smoking outcomes in the present
study are consistent with findings
from other treatment methods as
reported in the Public Health Ser-
vice Clinical Practice Guideline.27

In addition, Web site utilization
patterns among participants in the
present study are similar to those of
the general QuitNet� member-
ship,18 suggesting that use of the
QuitNet� site was not substantially
different between employees re-
ceiving a financial incentive and
smokers proactively seeking cessa-
tion treatment on the Internet. One
noted difference is the small per-
centage (6% to 10%) of employees
who used any of the social support
features on QuitNet�. Given the
associations between treatment in-
tensity and duration and improved
cessation outcomes, and between
social support and cessation,18,27

employers should leverage the
unique context of the workplace to
encourage ongoing and sustained
use of these tools and to encourage
participation in social support forums.
Employers should emphasize confi-
dentiality in all promotional efforts,
maintain a nonsmoking environment
to encourage cessation, and provide
frequent reminders of the availability
and convenience of on-line cessation
assistance.

Results of this study should be
considered with several limitations
in mind. First, individually identifi-
able data were not collected during
QuitNet� registration. This decision
was made when the program was
first implemented in 2003 to ensure
that participants felt comfortable that
the company was not “tracking” their
individual Web site utilization and to
maximize participation. As a result,
it was not possible to link Web site
utilization data and cessation out-
comes with employee data such as
job type, job status (full/part-time,

826 Internet-Based Worksite Smoking Cessation • Graham et al



field/office based), or geographic lo-
cation to conduct subgroup analyses.
Given that IBM’s workforce is pre-
dominantly college-educated, it is
not clear the degree to which these
findings may generalize to other
worksites. Identifying data are now
collected at registration and should
be included in future analyses. A
second limitation is the relatively
low response rate (32%). Although
this limitation is consistent with
other Internet studies,18–21,35 it limits
the generalizability of findings. To
increase response rates, IBM modi-
fied the incentive program in 2005 so
that receipt of the financial incentive
is now contingent on participation in
a smoking treatment program and
completion of a 3-month follow-up
evaluation. Third, it is not possible to
determine how this Internet-based
program compared with the other
cessation treatments offered during
benefits enrollment, as no follow-up
was conducted for the community
program group and unreliable fol-
low-up procedures for the print-
based group prevented any valid
conclusions. Given the demonstrated
efficacy of these other treatment
methods in prior research, this ques-
tion warrants attention in future stud-
ies of worksite settings.

Fourth, the lack of biochemical
verification of smoking status may
be seen as a limitation because the
accuracy of self-reported smoking
status has not been examined in the
context of a financial incentive. Nev-
ertheless, participants would have
had little reason to misreport smok-
ing status since the incentive was
only contingent on participation in
the program, not actual cessation. In
addition, false reporting is consid-
ered to be minimal in a low-risk
population and when there is no per-
sonal contact with intervention
staff36,37 as was the case in the
present investigation. Finally, the use
of a nonrandomized design may be
considered a weakness of this study
since randomized controlled trials
are typically considered the gold
standard for determining the efficacy

of an intervention. Indeed, results
from the present study indicate that
a randomized trial of Internet ces-
sation programs in a worksite set-
ting is warranted. A trial evaluating
the effectiveness of QuitNet� is
presently underway, although not
specifically in a worksite setting.26

Nevertheless, it is important to note
that it is well established that non-
randomized evaluation designs also
contribute important data on the
reach and effectiveness of interven-
tions38,39 and have been widely
used in worksite smoking cessation
studies.5

In order for Internet-based be-
havior change interventions to have
a meaningful impact on the practice
of worksite health promotion, future
research should examine cost-effec-
tiveness and return on investment
outcomes. Worksite research offers a
unique opportunity to link cessation
initiatives and smoking outcomes to
health care utilization data, absentee-
ism and productivity data, and other
employer costs. These metrics are
likely to be of greatest interest to
employers who are considering
whether to offer smoking cessation
assistance and what type of approach
to pursue.

In summary, results of this inno-
vative cessation initiative demon-
strate the feasibility of using the
Internet and a financial incentive to
reach large numbers of geographi-
cally dispersed smokers employed in
a large, multisite company. This
study employed a real-world design
in which more than 1700 employee
smokers participated in the first year
of the initiative, and analyses indi-
cated that between 13% and 43%
were abstinent for 7 days or more at
12 months. Results of this uncon-
trolled study suggest that worksite
delivery of evidence-based interven-
tions for smoking cessation via the
Internet may represent a promising
intervention option for employers
seeking to reduce the prevalence of
smoking among employees.
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Learning Objectives
• Point out the drawbacks and limitations of air sampling, the traditional

means of measuring home mold concentrations.

• Describe the process of dust sampling and analysis that yields an Environ-
mental Relative Moldiness Index (ERMI).

• Give examples of how the ERMI has been used to support the diagnosis of
childhood respiratory disorders and monitor exposure after taking measures
to eliminate mold.

Abstract
Objective: The objective of this study was to establish a national relative moldiness index for

homes in the United States. Methods: As part of the Housing and Urban Development’s American
Healthy Homes Survey, dust samples were collected by vacuuming 2 m2 in the bedrooms plus 2 m2 in
the living rooms from a nationally representative 1096 homes in the United States using the Mitest
sampler. Five milligrams of sieved (300 �m pore, nylon mesh) dust was analyzed by mold-specific
quantitative polymerase chain reaction for the 36 indicator species in 1096 samples. Results: On the
basis of this standardized national sampling and analysis, an “Environmental Relative Moldiness
Index” was created with values ranging from about �10 to 20 or above (lowest to highest).
Conclusions: The Environmental Relative Moldiness Index scale may be useful for home
mold-burden estimates in epidemiological studies. ( J Occup Environ Med. 2007;49:829 – 833)

T o understand the risk from mold
exposure, the medical community
needs a reliable process for deter-
mining the extent of the mold burden
in a home based on standardized
sampling and analytical methods. Air
samples have primarily been used to
measure mold concentrations. For
practical reasons, air samples have
been limited to very short durations,
often 5 minutes or less with the
resulting limitations in understand-
ing long-term mold exposures.1,2

As an alternative to air samples,
mold specific quantitative polymer-
ase chain reaction (MSQPCR) anal-
ysis of dust has been proposed to
measure the mold burden in a
home.3– 6 Dust is a repository of the
history of the mold condition of
a home and of the environmental
spore load and supports the view
that settled dust represents more
than temporary microbial condi-
tions.7 Nevertheless, it is impracti-
cal to measure all the molds in a
home.

Therefore, indicator mold groups
for water-damaged and non–water-
damaged homes were selected from
a total of 82 species.6,8 Of the 82
species analyzed in samples of
water-damaged and control homes,
only 36 species were widely distrib-
uted. These 36 species were divided
into 26 group 1 species associated
with water damage and 10 group 2
species that are not associated with
water damage.6 By subtracting the
sum of the log-transformed concen-
trations of group 2 species from the
sum of the log-transformed concen-
trations of group 1 species, a “Rela-
tive Moldiness Index” (RMI) was
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created.6 This RMI was useful in
predicting health outcomes in studies
in Ohio homes.6,8 We now sought to
take this approach to a national sur-
vey of homes.

As part of the 2006 Housing and
Urban Development’s American
Healthy Home Survey (AHHS), dust
samples from a statistically represen-
tative set of homes across the United
States were analyzed. This national
spectrum of homes allowed us to
extend the RMI from just Ohio and
develop the “Environmental Relative
Moldiness Index” (ERMI) for the
United States.

Materials and Methods

Home Selection Process
AHHS targeted a nationally repre-

sentative sample of permanently oc-
cupied homes or housing units. A
housing unit is defined as a house,
apartment, mobile home, a group of
rooms, or a single room that is occu-
pied as separate living quarters. Sep-
arate living quarters are those in
which the occupants live and eat
separately from any other persons in
the building and which have direct
access from the outside or through a
common hall.

The first stage of the selection pro-
cess was to choose 100 clusters called
“primary sampling units” (PSUs),
which covered the entire United
States. The PSUs were selected with
probability proportional to popula-
tion in the 2000 census. The second
stage of the selection process was to
choose five “segments” in each PSU
with probability proportional to the
total number of housing units in the
segment. A segment consists of a
census block or a group of geograph-
ically contiguous blocks, and in most
cases is similar to a city block. The
third stage in selection of a sample of
housing units required the use of a
“sampling frame.” A sampling frame
is a list of all units in the segments
from which the sample of housing
units were drawn. A frame of hous-
ing units was created by a variation
of a process called “listing.” Listing

is the process of identifying and re-
cording the addresses of households
(or their descriptions and locations, if
they do not have addresses) on list-
ing sheets. In this way, all of the
places where people live, or might
live, within the boundaries of the
segment are eligible for inclusion in
the study.

For this survey, lists of households
in the sampled segments were ac-
quired from commercially available
sources. A sample of four residential
addresses, plus two backup ad-
dresses, was randomly selected from
the list in a typical segment to deter-
mine which households were eligible
to be included in the sample. These
lists were validated by a modified
listing process in which interviewers
visited the sampled segments with
the acquired lists to compare them
with the housing units actually
present to validate a list for each
designated segment within each
PSU. This comparison resulted in
some housing units being added to
the lists and others being deleted
from the lists. The result was the
ultimate selection of 1144 homes for
sampling. (For more detailed infor-
mation about the selection process,
go to www.hud.gov.)

Dust Sample Collection
and Analysis

Dust samples were collected from
the 1144 homes by vacuuming 2 m2

in the living room and 2 m2 in a
bedroom for 5 minutes each with a
Mitest sampler-fitted vacuum, di-
rectly adjacent to the sofa or bed,
respectively. The dust was sieved
through a 300-�m pore size nylon
mesh (Gilson Company, Lewis Cen-
ter, OH). Sieved dust samples from
1096 (96%) homes were analyzed.
(Insufficient dust was collected in 48
homes.)

The analysis of the 1096 dust sam-
ples was completed by Environmental
Protection Agency (EPA)-licensed
commercial laboratories, and the
analysis of 435 randomly selected
samples were repeated at our EPA

laboratory, as previously de-
scribed.9 –11 All primer and probe
sequences, as well as known spe-
cies comprising the assay cluster,
and the list of EPA-licensed com-
mercial laboratory were published
at the EPA web site: www.epa.gov/
microbes/moldtech.htm. Primers
and probes were synthesized com-
mercially (Applied Biosystems,
Foster City, CA; Integrated DNA
Technologies, Coralville IA; Sigma
Genosys, Woodlands, TX).

Statistical Methodology
Statistical analyses and graphics

were performed using SAS (SAS In-
stitute, Cary, NC) and the R Software
environment for statistical computing
and graphics (www.r-project.org).
Mold concentration values observed
below the minimum detection limit of
1 cell per milligram dust were treated
as left-censored data, and all summary
statistics referenced were estimated us-
ing a modified Kaplan–Meier survival
model adapted for left-censored data.12

The Kaplan–Meier model is widely
used in the analysis of right-censored
data as typically found in survival
studies.13 The modification involves
transforming the data from left-
censored to right censored, estimating
summary statistics, and transforming
back (as detailed).12

The three-stage sampling scheme
provided a nationally representa-
tive sample of occupied housing
units, and summary statistics for
that population accounted for the
probability weighting factors used
in drawing the sample. The ERMI
scale computation required that
each home in the survey be given
equal weight. Correlation between
the commercial laboratory results
and the results for the same sample
analyzed at our EPA laboratory
was determined by calculating the
Pearson correlation coefficient.

Results
Table 1 shows the rate of occur-

rence, the average concentration
and standard deviation, the geomet-
ric mean, and the highest concen-
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tration of each of the 36 species
found in the dust of the 1096
AHHS homes. The Pearson corre-
lation coefficient between the 435
homes analyzed by our EPA labo-

ratory and these same samples an-
alyzed by the licensed commercial
laboratories was 0.734.

For each home, the mold burden
was computed by taking the sum of

log-transformed group 1 mold spe-
cies concentrations minus the sum of
log-transformed group 2 mold spe-
cies concentrations.6,8 Assembling
these mold burden values from low-

TABLE 1
Mold Species Occurrence Percentages in Dust Collected From 1096 AHHS Homes, Averages (AVGs) Cell Equivalents (CEs)
per Milligram of Dust With Standard Deviations (SDs), Highest Concentrations (CEs per Milligram of Dust), and Their
Geometric Means (GMs) as CE per Milligram Dust

Mold Species and Groups % Occurrence AVG CE/mg SD AVG
Highest

Concentration CE/mg GM CE/mg

Group 1
Aspergillus flavusa 36 18 159 4,768 2
A. fumigatusb 62 19 205 5,800 3
A. nigerc 69 99 1,918 6,200 4
A. ochraceusd 27 34 432 12,000 2
A. penicillioides 90 8,609 18,1759 6,000,000 91
A. restrictuse 12 51 5,864 25,000 2
A. sclerotiorum 26 6 787 890 2
A. sydowii 29 60 41 14,666 3
A. unguis 20 16 579 5,588 2
A. versicolor 30 28 195 3,574 2
Aureobasidium pullulans 94 1,719 178 130,000 263
Chaetomium globosum 51 45 709 21,000 2
Cladosporium sphaerospermum 82 1,497 888 23,000 13
Eurotium amstelodamif 98 3,758 43,103 1,100,000 155
Paecilomyces variotii 46 208 450 204,539 2
Penicillium brevicompactum 52 98 113 6,200 5
P. corylophilum 17 16 281 2,600 2
Penicillium (Group 2)g 8 19 9 8,275 1
P. purpurogenum 15 2 60 260 1
P. spinulosumh 20 5 65 1,901 1
P. variabile 50 18 6,177 1,023 3
Scopulariopsis brevicaulis 53 18 175 5,200 2
S. chartarum 38 5 45 1,429 2
Stachybotrys chartarum 35 23 123 2,000 2
Trichoderma viridei 27 3 11 236 2
Wallemia sebi 75 962 12798 400000 18

Group 2
Acremonium strictum 57 16 517 970 4
Alternaria alternata 88 169 49 10,993 35
Aspergillus ustus 40 6 33 738 2
Cladosporium cladosporioides (Type 1) 99 1,497 6,355 140,000 331
C. cladosporioides (Type 2) 70 32 182 4,100 4
C. herbarum 84 432 2,004 52,000 31
Epicoccum nigrum 93 2,394 12,291 250,000 117
Mucor racemosusj 92 146 953 22,000 15
Penicillium chrysogenum (Type 2)k 66 129 1,533 38,000 5
Rhizopus stolonifer 29 3 21 530 1

aIncludes A. flavus and A. oryzae.
bIncludes A. fumigatus and Neosartorya fischeri.
cIncludes A. niger, A. foetidus, and A. pheonicis.
dIncludes A. ochraceus and A. ostianus.
eIncludes A. restrictus, A. caesillus, and A. conicus.
fIncludes E. amstelodami, E. chevalieri, E. herbariorum, E. rubrum, and E. repens.
gIncludes P. crustosum, P. camembertii, P. commune, P. echinulatum, and P. solitum.
hIncludes P. spinulosum, P. glabrum, P. lividum, P. pupurescens, and P. thomii.
iIncludes T. viride, T. atroviride, and T. koningii.
jIncludes M. amphibiorum, M. circinelloides, M. hiemalis, M. indicus, M. mucedo, M. racemosus, M. ramosissimus, R. azygosporus, R.

homothallicus, R. microsporus, R. oligosporus, and R. oryzae.
kThis is the dominant subgroup of species.
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est to highest resulted in a scale
designated the ERMI (Fig. 1). (Be-
cause the standard deviation of each
of the 36 MSQPCR assays is �half
of a log,11 the sum of the standard
deviations produces a standard devi-
ation of 3 for any ERMI value.) The
ERMI values from the survey homes
were divided into quartiles based on
the percentage of homes falling
within those particular ERMI value
ranges.

Discussion
Past surveys of mold concentra-

tions have relied on air samples. For
example, Shelton et al14 reported on
the analysis of over 9000 indoor air
samples and 2400 outdoor air sam-
ples from 1717 buildings. They
found that Cladosporium, Penicil-
lium, non-sporulating fungi, and As-
pergillus were the most common
molds. Nevertheless, these samples
were not collected at random but
came from buildings with employee
health complaints, in the evaluation
of visible mold growth or odors, or
from a “proactive” indoor air quality
program. So there was an inherent
bias in the sampling locations. Also,
the samples were short-term air sam-
ples, and these types of samples have
many inherent problems.

For example, in one study using
N6-Andersen samplers, in combina-
tion with DG-18 agar and a sampling
time of 5 minutes, it was reported
that “the number of CFU/m3 in the

indoor and outdoor air varied widely”
and the “low predictive value . . . limits
their use in epidemiological studies.”15

Spicer and Gangloff16 showed that
“the levels of fungi in the outdoor air
varied significantly between morning
and afternoon . . . with no pattern by
species, time of day, or location.”
Also, the methods used to analyze air
samples, either culturing or counting,
have there own set of limitations.

For culture-based analysis of air
samples, culture plates can be quickly
overgrown. Also, different molds have
different growth requirements and dif-
ferent growth rates. Identification of
the colonies on a plate can require
significant expertise in mycology.
Therefore, analysis of samples neces-
sarily favors the discovery and quanti-
fication of certain species.

For counting-based methods of air
sample analysis, short duration sam-
pling is again necessitated by the
limited surface area of the various
capture devices. These devices can
be quickly overwhelmed and the
mold cells not captured efficiently,
hidden by debris, or distorted by
drying. Also, because many mold
spores appear alike, similar appear-
ing spores tend to be combined into
large groups like “Pen-Asp,” which
includes not only Penicillium and
Aspergillus species but also any
other species with small round
spores. Therefore, the counts can be
greatly affected by the expertise of
the person doing the counting. In a
recent comparison test, identical air
samples were sent to various com-
mercial laboratories for testing.17

Significant variability was reported
between laboratories and between
the researcher’s own laboratory and
the commercial laboratories. For
these reasons, we have selected dust
as the most practical substrate for
comparing the mold burdens in
homes in the United States and a
DNA-based method to identify and
quantify the molds.

Dust has been used to estimate the
mold burden in homes,4–6,18 which
we define by both the concentrations
of the species as well as the diversity

of species in the home. Nevertheless,
it was not practical to measure all
molds in homes, so our goal was to
measure enough indicator species to
quantify mold burdens in homes
across the United States on a relative
basis. The 36 indicator species were
selected because they were widely
found.

The result of this approach is a
simple numeric scale, the ERMI
(Fig. 1). Because the ERMI scale
was developed using a nationally
representative sampling of homes,
one can now place any newly sam-
pled home in the United States on
this ERMI scale and assess its rela-
tive mold burden (lowest 25%, high-
est 25%, etc) within the standard
deviation of the ERMI value, which
is 3.10 This relatively high standard
deviation indicates that the ERMI is
not capable of separating small dif-
ferences in mold burdens, eg, a home
with an ERMI value of 2 is not
different from a 1 or a 4. Rather, the
ERMI is designed to distinguish
homes with major differences in
ERMI values. Thus, for example, a
home with an ERMI of 12 has a
greater mold burden than a home
with an ERMI of 2.

It is also important to note that the
ERMI is a mold index not a health
index. Each individual’s genetic
make-up and health status makes
their particular response to mold ex-
posures unique. Nevertheless, epide-
miological studies can help us to
understand group or population cen-
tered responses to mold. For exam-
ple, two epidemiological studies in
Ohio were conducted related to
asthma and the RMI. In Cleveland,
asthmatic children living in water-
damaged homes were studied and the
dust in these homes analyzed by
MSQPCR. There was an 80% likeli-
hood of finding an asthmatic child
in a home with a RMI value of
about 1 or greater.6 Remediation of
the moisture and mold in these
homes significantly reduced the
asthmatic child’s need for either
emergency room visits or hospital
admissions during follow-up.19 In a

Fig. 1. Environmental relative moldiness
index (ERMI) scale. The black curved line (at
arrow) represents the ERMI values of the
1096 homes assembled from lowest to high-
est. The scale is divided into quartiles to
facilitate interpretation. Because the result of
each of the 36 MSQPCR assays has a stan-
dard deviation of �half a log, each ERMI
value has a standard deviation of 3.
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prospective study of atopic infants
in Cincinnati, the risk of develop-
ing wheeze/rhinitis was 70% at a
RMI value of �2.5 or higher.8

The use of a highly standardized,
objective approach to mold analysis
centered on a DNA-based method of
identification and quantification
should provide more reliable mea-
sures of the mold burden in homes.
The resulting ERMI provides a sim-
ple numeric estimate of this mold
burden. The fact that the ERMI is
based on accumulated dust means
that it is not an instantaneous mea-
sure but a long-term measure of the
mold burden. On-going epidemio-
logical studies should help us deter-
mine if the ERMI improves our
understanding of the role of molds in
human health.
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Learning Objectives
• Compare serum levels of Clara cell protein (CC16) and surfactant protein D

(SP-D) in unexposed control subjects and workers exposed to silica who
had no, slight, or phase I chest radiographic changes of silicosis.

• Recall whether, and to what extent, serum CC16 and SP-D levels are
influenced by smoking status or the duration of exposure to silica.

• Predict the usefulness of these proteins for helping to diagnose silicosis at
an early stage, and consider how they might do so.

Abstract
Objective: To study roles of Clara cell protein 16 (CC16) and surfactant protein-D

(SP-D) as serum biomarkers in the early diagnosis and the pathogenesis of silicosis.
Methods: Thirty healthy volunteers, 30 silica-exposed workers, and 30 workers with
suspected silicosis and phase I silicosis were included. Serum CC16 and SP-D concentra-
tions were determined using enzyme-linked immunosorbent assay. Results: Serum CC16
concentrations decreased in silica-exposed workers when compared with in controls, but
serum SP-D levels increased, and this trend was obvious in phase 0� and I groups.
Discriminant analysis showed that the accuracies of classifying group membership into
control, phase 0, phase 0�, and phase I were 86.7%, 46.7%, 66.7%, and 70%, respectively,
and the total classification accuracy rate was 67.5%. Conclusion: Serum CC16 and SP-D
may be useful biomarkers for early diagnosis, and serum SP-D concentration may associate
with the pathogenesis of silicosis. ( J Occup Environ Med. 2007;49:834–839)

S ilicosis, an occupational disease with
the characteristic of external cell ma-
trix deposition in lung interstitial,
occurs because of the long-time in-
halation of free SiO2 dust. The 10th
International Occupational Respira-
tory Disease Meeting of China re-
ported that pneumoconiosis accounts
for 80% of all occupational disease
in 2003, and silicosis caused more
than 9 billion RenMinBi (¥, RMB,
Chinese Yuan, $1 US equals about 8
RMB) economic loss directly and
indirectly.1,2 There was a new trend
with high disability and mortality in
the population with short-period sil-
ica exposure, especially in some
peasant labor workers with rapidly
progressing silicosis, and this phe-
nomenon posed a challenge to pre-
vent and control this disease. Under
such condition, intervention in its
early phase may do good to slow the
progress of silicosis. Silicosis can be
confirmed by roentgenogram, but
there are no medicines or methods that
can reverse silicosis. Although high-
resolution computed tomography
(HRCT) can detect silica nodule ear-
lier than roentgenogram, it is not suit-
able for routine use because of high
costs.

Clara cell protein 16 (CC16) is a
16-kDa protein secreted by non-
ciliated cells of the tracheobronchial
tree. Bernard et al indicated that
serum CC16 is a sensitive marker of
Clara cell injury, which might im-
prove the ability to detect exposure
to harmful silica in the respiratory
tract.3 Human CC16 gene is local-
ized in p12-q13 region of the elev-
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enth chromosome; this region is a
region of inflammation regulation–
related genes, which suggests that
CC16 has a role in inflammation
regulation in the lung.4 Surfactant
protein-D (SP-D) is a 43-kDa glyco-
protein synthesized by alveolar type
II (AT II) cells and is secreted into
alveoli and conducting airways in the
lung. The extracellular accumulation
of SP-D markedly increased in silica-
induced lipoproteinosis, and SP-D
was associated with amorphous com-
ponents identified by electron mi-
croscopy.5 The objective for this
study was to explore the early diag-
nostic value of CC16 and SP-D as
serum biomarkers for silicosis, and
to study the their role in evaluating
the pathogenesis of silicosis.

Subjects and Methods

Subjects
Ninety male workers were se-

lected from a pyrite mine of Yang-
Quan city, ShanXi province, China,
and all the silica-exposed workers
were diagnosed as phase 0, phase 0�,
or phase I of silicosis using radiog-
raphy according to the National Di-
agnostic Standard (GBZ70-2002) of
Pneumoconiosis, China.

The phase 0 group comprises work-
ers with an occupational history of
silica exposure, but without abnormal
findings in thoracic plate radiograph.
Phase 0� represents the workers with
slight changes in thoracic plate radio-
graph, but without sufficient evidence
for the criteria of phase I silicosis.
Phase I indicates that the lung has a
radiological shadow of grade I pneu-
monitis that has dispersed to at least
two lobes. Epidemiologic data were
investigated using our questionnaire,
and 30 healthy male volunteers with-
out history of silica exposure were
chosen as controls.

All subjects were checked and
were without any cardiovascular, he-
patic, and other pulmonary diseases.
Laboratory examination showed that
glutamate-pyruvate transaminase
was less than 40 IU/L, white blood
cells were in the range of 4 to 10 �

109/L, and neutrophil percentage was
lower than 80%.

Blood samples were drawn from
the ulnar vein, and sera were ob-
tained by centrifugation and stored at
�80°C until examination. Informed
consent was obtained from each the
subject when blood samples and ra-
diographic examinations were taken.

Measurement of CC16 and SP-D
Serum CC16 and SP-D were mea-

sured with commercially available
enzyme-linked immunosorbent assay
kits provided by the BioVendor Lab-
oratory Medicine, Inc., Czech Re-
public (CC16 kit lot: RD-1182,
SP-D: RD-1207). The assay systems
were able to detect CC16 at 2.0 to
100 ng/mL and SP-D at 1.56 to 100
ng/mL. All assays were performed
strictly according to the manual pro-
cedures of the kits.

Statistical Analysis
All values were presented as

mean � SD, and comparisons of data
from the three or more groups were
made by one-factor analysis of vari-
ance. When there were significant
differences among the means, they
were analyzed with a post hoc mul-
tiple comparison using Dunnett T3
method. The relationship was calcu-
lated using Spearman’s correlation

method. The SPSS 11.5 (Chicago,
IL) for Windows statistical package
was used for all analyses, and signif-
icance was defined as P � 0.05.

Results

Subject Characteristics
All subjects were investigated us-

ing the questionnaire of this study.
Ninety male subjects were included
in this investigation, and history of
smoking, age, and the history of
silica exposure were collected (Table
1). The results showed that there was
no difference in the history of smok-
ing in all groups (�2 � 7.23, P �
0.06). Compared with the control
group, there were no differences in
age in the silica-exposed (0) and
silicosis-suspected groups (0�). Yet,
the phase I group of silicosis was
older than the control group (P �
0.000; Table 1), and there was an
increasing trend in the exposure du-
ration among the silica-exposed
groups, including the 0, 0�, and I
groups. The duration of exposure
was significantly correlated with the
stage of silicosis (rs � 0.408, P �
0.000) and the duration of exposure
for group I was significantly higher
than for group 0 (P � 0.000).

TABLE 1
General Information of the Subjects of this Study

Group N Age (yr)
Duration of

Exposure (yr)

Control
Smoking 11 49.00 � 4.29 No
No smoking 19 52.68 � 5.41 No

Silica-exposed (0)
Smoking 19 48.47 � 4.15 18.89 � 5.02
No smoking 11 48.73 � 5.57 21.45 � 5.70

Silicosis suspects (0�)
Smoking 20 49.05 � 3.36 23.00 � 4.77
No smoking 10 49.20 � 3.44 23.90 � 5.63

Silicosis phase (I)
Smoking 14 61.29 � 8.35 30.00 � 10.21
No smoking 16 65.81 � 6.23 27.00 � 9.69

Percentages of the smoke history rate among the control, 0, 0�, and phase I groups were
not different (�2 � 7.23, P � 0.06). The average age of the phase I group was obviously higher
than that of the control, 0, and 0� groups (P � 0.00, P � 0.00, and P � 0.00).

The duration of exposure were significantly correlated with the stage of silicosis (rs �
0.408, P � 0.000).
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Serum CC16 and
SP-D Concentration

The concentrations of CC16 in
serum were significantly decreased
in silica-exposed workers compared
with in the controls (F � 61.83,
P � 0.000). The concentrations of
CC16 in serum in control subjects
were higher in non-smokers than in
smokers (F � 5.40, P � 0.028), but
this trend was not manifested in the
90 silica-exposed workers (Fig. 1A,
Table 2). The SP-D in serum was
significantly increased in silica-
exposed workers when compared with
in controls (F � 45.75, P � 0.000).
Comparing with that of control sub-

jects, the serum levels of SP-D in
0� and I groups were remarkably
increased (P � 0.001 and 0.000,
respectively), and there was a weak
increasing trend with no obvious
change in group 0 (P � 0.529; Fig.
1B, Table 2). At the same time, the
serum levels of SP-D may be asso-
ciated with the progress of silicosis
(rs � 0.724, P � 0.000), and this
index was higher in the 0� and I
groups than in group 0 (P � 0.029
and 0.000, respectively). Serum
SP-D was not affected by history of
smoking in silica-exposed workers
including those in groups 0, 0�, I
and the controls (Table 2).

Relationship of Serum CC16,
SP-D, and Silica Exposure Time

To know whether serum levels of
CC16 and SP-D were associated with
the silica exposure time, correlations
were calculated using Spearman’s
method: there was no association of
serum levels of CC16 with silica ex-
posure time (rs � 0.115, P � 0.279;
Fig. 2A). On the contrary, serum levels
of SP-D were positively correlated
with silica exposure time (rs � 0.348,
P � 0.001; Fig. 2B).

The Roles of CC16 and SP-D in
the Early Diagnosis and
Progression of Silicosis

To know the roles of CC16 and
SP-D in the early diagnosis and in-
dicate the progression of silicosis,
discriminatory analysis was done us-
ing the enter independent together
method and Fisher linear discrimi-
nant was offered by the SPSS soft-
ware package and could be selected
in analyzing. The Fisher linear dis-
criminant function was drawn using
the analyzed results. The rate of ac-
curacy for predicting group member-
ship of the control, 0, 0�, and I
groups were 86.7%, 46.7%, 66.7%,
and 70%, respectively, and the total
rate of classification accuracy hit
67.5% (Tables 3 and 4). If data for
the 0 and 0� groups are combined
into a silica-exposed group before
discriminatory analysis, the rate of
predicting group membership of the
control, silica-exposed, and phase I
groups can be increased using CC16
and SP-D as diagnosis factors. The
rate of accuracy in classifying the
control group, the silica-exposed
group, and group I were 80%,
96.7%, and 66.7%, respectively, and
the total rate of accuracy of classifi-
cation was 85%.

Discussion
CC16, a microprotein of 16 kDa, is

one of the major secretory products of
Clara cells, which are non-ciliated
cells in the bronchiolar epithelium.6 It
is a homodimer protein consisting of
70 amino acid subunits in antiparallel

Fig. 1. Serum concentrations of CC16 (A) and SP-D (B) of the 30 healthy volunteers and 90
silica-exposed workers. Silica-exposed workers versus CC16 controls: F � 61.83, P � 0.000;
silica-exposed workers versus SP-D controls: F � 45.75, P � 0.000.

TABLE 2
Serum Concentrations of CC16 and SP-D (x� � s, ng/mL)

Group CC16 SP-D

Control
Smoking 9.45 � 2.99 36.16 � 14.78
No smoking 12.59 � 3.85 29.16 � 9.45

Silica-exposed (0)
Smoking 4.62 � 2.29 36.08 � 8.87
No smoking 4.42 � 1.83 37.36 � 14.98

Silicosis suspects (0�)
Smoking 4.15 � 2.00 47.26 � 18.06
No smoking 3.13 � 1.43 47.69 � 14.81

Silicosis phase (I)
Smoking 3.46 � 1.52 106.25 � 27.61
No smoking 4.55 � 2.03 113.90 � 70.67

The concentrations of CC16 in serum were significantly decreased in silica-exposed (0, 0�, I)
workers compared with in the controls (F � 61.83, P � 0.00).

The concentrations of CC16 in serum for the control subjects were higher in non-smokers
than in smokers (F � 5.40, P � 0.028).

The SP-D in serum was significantly increased in silica-exposed workers compared with in
controls (F � 45.75, P � 0.000). Compared with control subjects, the serum levels of SP-D
in the 0� and I groups were remarkably increased (P � 0.001 and 0.000 respectively), and
there was a weak increase trend with no obvious change in the 0 group (P � 0.529).
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orientation and connected by two di-
sulfide bonds and is much more like
the rabbit uteroglobulin in structure.
This protein was previously referred to
as the 10-kDa CC10 because of under-
estimation of its molecular weight by
sodium dodecyl sulfate polyacryl-
amide gel electrophoresis.6 Depending
on the species and the source of isola-
tion, it has been named variously in
different studies. For example, this
protein has been called uteroglobin,
human protein 1, urine protein1, poly-
chlorinated biphenyl-binding protein,
Clara cell secretory protein, CC10, and
CC16.7

Though the exact functions of
CC16 are still unknown, there is
increasing evidence showing that
CC16 plays important roles as an
immunosuppressive, anti-inflamma-
tory, antifibrotic, and antitumor
agent in the lung. The mechanism of
CC16 in an anti-inflammatory role
may include the following aspects:
1) inhibiting migration of peripheral
blood neutrophils and monocytes; 2)
inhibiting production of interferon-�,
thereby inhibiting antiviral activity
and phagocytosis; 3) inhibiting the
synthesis and biological activity of tu-
mor necrosis factor-	; 4) inhibiting the

activity of cytosolic phospholipase A2
(PLA2), a key enzyme in the inflam-
matory phenomena. By inhibiting
PLA2, CC16 could also prevent the
degradation of lung surfactant phos-
pholipids. The potential role of CC16
as a downregulator of inflammation is
supported by the increased sensitivity
to hyperoxic or ozone-induced lung
injury and an exaggerated inflamma-
tory response of CC16-deficient
mice.8

Based on the mechanism of anti-
inflammatory effect, CC16 may have a
role in antifibrosis. The presumed
mechanism of CC16 in antifibrosis
includes 1) inhibition of platelet-
derived growth factor-induced lung fi-
broblast chemotaxis by inhibiting
PLA2; and 2) combination of fi-
bronectin with high affinity to prevent
fibronectin deposition and prolifera-
tion. Thus, the lung may be influenced
if the factors affected the production of
CC16. Our data showed that silica dust
may decrease the serum CC16 level in
the workers who were exposed to it.
This phenomenon was also observed
by Bernard.1 The decreased serum lev-
els of CC16 may happen in three ways.
First, silica particles might directly
damage or impair Clara cells, which
decreased the secretion of CC16. The
surface structure of rat Clara cells is
electively and very rapidly damaged
after ozone exposure, indicating that
Clara cells are very sensitive to mem-
brane-reactive toxins, which may be
caused by silica particles.9 Second,
alveolar macrophage (AM) may be
activated for engulfing silica particles
and ensuing the release of cytotoxin,
which could also cause lesion Clara
cell. Third, Clara cells indeed act as
stem cells in the renewal of bronchio-
lar epithelium,10 and therefore, the tox-
icity and free radicals of silica particles
may lead to the decline in Clara cells,
and CC16 would maintain low levels
as a result of long-time silica exposure.
In addition, CC16, a micromolecular
hydrophilic protein, may permeate the
alveoli/blood capillary barrier into
blood circulation under the pressure of
concentration gradient in the healthy
population. So, barrier damage may

Fig. 2. Correlations of CC16 and SP-D with silica-exposure time. (A) Correlations of CC16
with silica-exposure time (rs � 0.115, P � 0.279). (B) Correlations of SP-D with silica-exposure
time (rs � 0.348, P � 0.001).

TABLE 3
Discriminatory Analysis for Classification of the Sample Using Serum CC16
and SP-D

Group Constant X1 (CC16) X2 (SP-D)

Control �11.988 1.755 0.036
0 �3.731 0.696 0.042
0� �3.783 0.584 0.054
I �9.601 0.617 0.126

Substituting an independent variable in discriminant equations, every equation got a
homologous value; the biggest value of the subjects belongs to it’s equation group.

TABLE 4
Discriminatory Analysis Results for Classification Using Serum CC16 and SP-D

Group

Predicted Group Membership

Control (%) 0 (%) 0� (%) I (%)

Control 26 (86.7) 3 (10.0) 1 (3.3) 0 (0)
0 4 (13.3) 14 (46.7) 12 (40.0) 0 (0)
0� 1 (3.3) 6 (20.0) 20 (66.7) 3 (10.0)
I 0 (0) 2 (6.7) 7 (23.3) 21 (70.0)

Of grouped cases, 67.5% were correctly classified.
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not be the key factor for the change in
serum CC16 levels, but it leads to low
secretion of CC16. Thus, the serum
level of CC16 mirrored the silica-
induced damage of Clara cells in the
lung.

However, the changes in serum
CC16 in the silica-exposed popula-
tion may be influenced by the history
of smoking and age. Bernard et al
showed that serum CC16 of silica-
exposure of 15.2 months on average
was 67.1% in non-smokers and
77.9% in healthy smoking controls,
and tobacco smoking caused a de-
crease in serum CC16.1 Our data
were similar to Bernard’s results in
healthy controls, but there was no
difference in serum CC16 among the
silica-exposed (0), silicosis suspects
(0�), and silicosis phase I groups,
probably because our subjects were
exposed to silica for more than 10
years and this period of silica-
exposure influenced CC16 levels
much more than smoking did. Some
researchers found that the serum
CC16 levels increased with age,11

and the ages of silicosis phase I
subjects were obviously higher than
those of the other groups. Thus, it is
possible that the increase of CC16 in
group I might be caused by older
age. Yet, Hermans’s result showed
that CC16 is cleared from blood by
the renal route,12 and therefore, the
kidney function should be paid more
attention in the further study of the
CC16 changes.

Pulmonary surfactant is a mixture of
various lipids, phospholipids, and pro-
teins that forms the phospholipid-rich
membrane at the air-liquid interface of
the lung.11 Pulmonary surfactant con-
tains specific proteins including SP-A,
SP-B, SP-C, and SP-D. SP-A and
SP-D are large hydrophilic proteins,
and SP-B (14 kDa) and SP-C (6 kDa)
are small hydrophobic proteins that
have important roles in phospholipid
packaging and surfactant homeostasis.
SP-D is secreted by AT II cells and
Clara cells, and it is secreted more
strongly in superproliferative AT II
cells. SP-D can increase the ability of
the respiratory tract to defend against

disease, antibacterial, and dust inva-
sion.11,13,14 At the same time, SP-D
can also keep immunity stabilization
of the lung through recognizing and
prompting the clearance of necrotic
and apoptotic cells.15

The increases in the serum SP-D
levels of the 0� and 0 groups sug-
gested that serum SP-D could reflect
early the injuries of AT II cells and
Clara cells and the integrality of
alveolar membrane, suggesting that
this index might be useful in silicosis
diagnosis. Non-specific binding of
SP-D to silica particles enhanced the
direct phagocytosis of AM to silica
and regulated the production of reac-
tive oxygen species and cytokines of
AM.11 The increase of serum SP-D
in the silica-exposed population may
be caused by the low clearance abil-
ity of AM impaired by silica. On the
other hand, silica toxicity and surface
free radicals impaired some AT II
cells and Clara cells in the early
stage, which restricted secretion of
SP-D, and damaged the permeability
of the alveoli/blood capillary barrier.
Thus, serum SP-D concentrations
were slightly increased in group 0.
With the prolonged and early silica
exposure, the lungs developed ad-
vanced silicosis and caused the pro-
liferation of AT II cells and secreted
more SP-D to the alveolus. With the
injury of the capillary barrier, the
serum level of SP-D positively cor-
related with the progress of silicosis
(rs � 0.724, P � 0.000). Smoking
decreased SP-D concentration of
bronchoalveolar lavage fluid, and
age may have less influence than
smoking.16 However, our study pre-
sented controversial results, and
smoking had no effect on the levels
of serum SP-D. This difference
may be attributed to the determined
samples.

Because of the changes in serum
CC16 and SP-D in different stages of
silicosis, the discriminant equations
set by these two indices were useful
in diagnosing silicosis. The rates of
accuracy for predicting group mem-
bership of the control, 0, 0�, and I
groups were 86.7%, 46.7%, 66.7%,

and 70%, respectively, and the total
rate of accuracy of classification hit
67.5% (Tables 3 and 4). These re-
sults indicated that there was low
accuracy in classifying 0 and 0�

groups. If data from the 0 and 0�

groups are combined into a silica-
exposed group before discriminatory
analysis, the rate of predicting group
membership of the control group, the
silica-exposed group, and group I
can be increased using CC16 and
SP-D as diagnosis factors. The rate
of accuracy in classifying the control
group, the silica-exposed group, and
group I were 80%, 96.7%, and
66.7%, respectively, and the total
rate of accuracy of classification was
85% (data not shown). So, after fur-
ther studies, the determination of se-
rum CC16 and SP-D concentration
might identify silicosis.

In conclusion, serum CC16 and
SP-D may be useful biomarkers for
silicosis in the early phase, and re-
flect the injuries of Clara cell, AT II
cells, and the integrality of the alve-
olar membrane.
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Air Trapping Detected on End-Expiratory
High-Resolution Computed Tomography in
Symptomatic World Trade Center Rescue and
Recovery Workers

David S. Mendelson, MD
Mark Roggeveen, MD
Stephen M. Levin, MD
Robin Herbert, MD
Rafael E. de la Hoz, MD, MPH, MSc

Objectives: We utilized end-expiratory chest computed tomography (CT) to
investigate air trapping (AT) in symptomatic former World Trade Center
(WTC) workers, and correlated the findings with clinical, physiological, and
exposure-related characteristics. Methods: Twenty-nine WTC workers with
lower respiratory symptoms were evaluated. Clinical data included symptom
inventories, quantitative respiratory symptom scores, WTC dust exposure
duration, pulmonary function tests, and inspiratory and end-expiratory
high-resolution chest CT scans. The latter were scored quantitatively for AT (by
two methods) and interstitial changes, and those scores were correlated with the
clinical data. Results: The two AT scoring methods yielded highly correlated
results. AT was demonstrated in 25 of 29 patients, with scores ranging from
0 to 24 (mean, 10.6). There was a statistically significant correlation between
AT and the duration of dust exposure. AT scores were significantly higher in
patients with restrictive lung function data, and in lifetime nonsmokers.
Conclusions: Our data suggest that AT from small airways disease may
account for some of the reported clinical and pulmonary functional abnor-
malities in WTC dust-exposed workers, and support the use of high-resolution
CT scans in the investigation and characterization of the pulmonary ailments
of selected workers. (J Occup Environ Med. 2007;49:840–845)

I n the aftermath of the September 11,
2001 terrorist attacks in New York
City, a large number of rescue and
recovery workers and volunteers
flocked to the World Trade Center
(WTC) site and were exposed to
particulate material and fumes cre-
ated by the crumbling towers and the
fires that ensued. The “WTC dust
cloud” contained a complex (if in-
completely characterized) mixture of
caustic cement particles, glass fibers,
polycyclic aromatic hydrocarbons
(PAHs), combustion products, and
many others.1 Exposure to WTC dust
has been linked to the development
of upper and lower respiratory
symptoms in exposed workers,2– 4

as well as bronchial hyperreactivity,
asthma,2 and evidence of prolonged
airway inflammation.5 However, in-
stead of a typical obstructive venti-
latory impairment expected from
irritant-induced airway injury, an un-
expectedly high proportion of ex-
posed workers have had spirometric
changes demonstrating declines in
1-second forced expiratory volume
(FEV1) and forced vital capacity
(FVC), with preservation of their
ratio.2–4,6 This pattern, which is most
commonly interpreted as represent-
ing ventilatory restrictive impair-
ment, can also result from airway
obstruction (usually at the bronchio-
lar level) with gas trapping.7,8 Given
the well-known difficulty in diagnos-
ing small airways disease by pulmo-
nary function testing (PFT),9,10 the
diagnostic characterization of many
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WTC responders’ clinical conditions
has been rather difficult. We report
on the findings of paired inspiratory
and end-expiratory chest computed
tomography (CT), which was em-
ployed to assist in the characteriza-
tion of the patients’ respiratory
complaints and, more specifically,
the investigation of air trapping
(AT). We investigated the correla-
tion of AT on expiratory chest CT
with WTC dust exposure duration,
respiratory symptom severity scores,
smoking status, and pulmonary func-
tion tests results.

Materials and Methods

Study Subjects and Clinical Data
Subjects were evaluated at the

WTC Health Effects Treatment Pro-
gram, a philanthropically funded
clinical program established in Janu-
ary of 2003 at The Mount Sinai
Medical Center to provide diagnostic
and treatment services to former
WTC rescue and recovery workers
and volunteers, after they have been
screened at other programs in New
York City. Of the first 453 patients
evaluated between January and Oc-
tober of 2003, 222 had symptomatic
lower respiratory disease that began
while or shortly after working at the
WTC site. Patients were referred for
CT evaluation if their clinical diag-
nosis could not be clearly character-
ized, and their spirometry was either
normal or showed a decreased vital
capacity or (less frequently) a mild
obstructive impairment, without ei-
ther clear spirometric or clinical
response to bronchodilator adminis-
tration. Patients with clear clinical
and functional evidence of asthma,
chronic obstructive pulmonary dis-
ease (COPD), or other lung diseases
were excluded from the study. The
study group thus consisted of the
first 29 patients (27 men and 2
women, with an average age of 47
years, ranging from 34–62 years)
who met the previously mentioned
criteria. They underwent a standard-
ized history and physical examina-
tion, chest radiography, as well as

office spirometry. Respiratory symp-
tom severity was assessed by means
of the asthma score component
(which rates symptoms of dyspnea,
wheezing, and cough, with a maxi-
mum possible score of 40) of a
previously described and validated
respiratory symptom score.11 A de-
tailed occupational history was ob-
tained, with particular attention to
the nature, duration (in weeks), and
timing (in relation to the terrorist
attack) of the workers’ exposures to
dust at the WTC site. WTC work
duration was utilized as a quantita-
tive measure of cumulative dust and
respiratory irritant exposure. Patients
were subsequently sent for detailed
pulmonary function tests, and a
combination of inspiratory and end-
expiratory chest CT studies (de-
scribed below). Chest CT scans were
obtained a median of 2.4 years
(range, 2.1–2.9 years) after Septem-
ber 11, 2001. A patient was consid-
ered a lifetime nonsmoker if he or
she had smoked less than 20 packs of
cigarettes (or 12 ounces of tobacco)
in a lifetime, or less than 1 ciga-
rette/d (or 1 cigar/wk) for 1 year.12 A
minimum of 12 months was required
to deem a patient a former smoker.
For analytical purposes, the patients’
smoking status was categorized as
ever smokers or lifetime nonsmok-
ers. The Institutional Review Board
of the Mount Sinai School of Medi-
cine approved this study.

Chest CT Technique
Noncontrast high-resolution CT

(HRCT) was performed on a Sie-
mens Somatom 16-slice multidetec-
tor CT unit using a 512 � 512
reconstruction matrix, 120 kVp, and
a Caredose protocol that automati-
cally adjusted tube current (mA) ac-
cording to patient size. The scans
were obtained from above the lung
apices to below the costophrenic
sulci with the patient in the supine
position. Scans were obtained at sus-
pended full inspiration with a
0.75-mm slice thickness followed by
scans at suspended full expiration.
The scans were reconstructed at 1

mm using a lung algorithm, as well
as at 5 mm with a soft tissue algo-
rithm. The patients were coached
with breathing instructions and al-
lowed to rehearse before inspiratory
and expiratory scanning. A radiolo-
gist monitored all studies.

Chest CT Evaluation
Each end-expiratory chest CT

evaluation was scored globally for
severity of AT (development of a
mosaic pattern on end-expiratory CT
only) and interstitial lung disease
(ILD) changes on an integer scale of
0 to 3 as follows: 0, no regions; 1,
1% to 25% of total lung parenchyma;
2, 26% to 50% of total; 3, 51% to
100% of total. These scores were
global in that they were an overall
assessment of both lung fields. In
addition, a more detailed zonal eval-
uation of the lungs was performed to
assess AT, using a system similar to
that described by other authors.13

Three zones were defined in each
lung as follows: upper zone, above
the level of the carina; middle zone,
between the level of the carina and
the level of the inferior pulmonary
veins; and lower zone, below the
level of the inferior pulmonary veins.
The following five-point integer
scoring scale was used: 0, no regions
of AT; 1, 1% to 25% of cross-
sectional area involved; 2, 26% to
50% of area; 3, 51% to 75% of area;
4, 76% to 100% of area. The scores
of each of the six lung zones were
then added, giving a maximum pos-
sible score of 24. With regard to
ILD, we evaluated the scans for in-
tra- and interlobular lines, reticular
density, ground glass density, and
nodules, and scored them utilizing a
global 0 to 3 severity scale as de-
scribed above for AT. Other struc-
tural changes were also noted and
tabulated, but not quantified. All
1-mm slices were reviewed. Two
radiologists (D.S.M., with 24 years
experience, and M.R., a third-year
radiology resident), blinded to func-
tional information, reviewed the
HRCT images together and reached
decision by consensus.
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Pulmonary Function Testing
PFT included pre- and post-

bronchodilator spirometry, plethysmo-
graphic lung volume measurement,
and diffusion capacity by the single-
breath method. In addition, in 14 of
29 patients, pulmonary function
evaluation included methacholine
bronchoprovocation testing. A de-
creased FEV1/FVC ratio defined
obstruction, a decreased total lung
capacity defined restriction, and an
increased residual volume defined
overinflation. A 20% decrease in
FEV1 by a concentration of metha-
choline (PC20) not exceeding 10
mg/mL was considered evidence of
significant bronchial hyperreactivity.
All testing and interpretation fol-
lowed published American Thoracic
Society recommendations, and con-
fidence intervals were used to deter-
mine normality categorically for all
pulmonary function measurements.14

Statistical Analyses
Statistical analyses were per-

formed using SPSS software.15 The
Mann-Whitney and �2 tests were
used to determine significant differ-
ences between any two groups (eg,
ever smokers vs lifetime nonsmok-
ers) on continuous and categorical
variables, respectively. In order to
identify statistically significant cor-
relations between two continuous
variables, the Spearman’s � (�) cor-
relation coefficient was used. Two-
tailed statistical significance testing
with a P level less than 0.05 was
used throughout.

Results
Subjects reported having worked a

median of 12 weeks at the disaster
site (duration range, 1 day to 44
weeks), with 16 patients (55%) hav-
ing arrived at the WTC site on Sep-
tember 11, 2001 and 21 patients
(72%) within the first 48 hours of the
attack. All workers reported having
been provided no respiratory protec-
tive equipment and having been pro-
vided with it only after days or
weeks of unprotected exposure or

infrequent resupplies (ie, new masks
or respirator cartridge replacements).
They also indicated that the charac-
teristics of their work made it very
difficult to wear such equipment dur-
ing a complete shift. None of the
workers was a resident of Lower
Manhattan, where the WTC was lo-
cated. Table 1 summarizes the char-
acteristics of the study group. The
median asthma symptom score was
13, ranging from 4 to 35. The
majority of patients were lifetime

nonsmokers (n � 15, 52%). The
ever-smoking group included current
(n � 7, 24%) and former (n � 7,
24%) smokers.

The two AT scoring systems were
very highly correlated (Spearman’s
� � 0.887, P � 0.001), all correla-
tions were equally significant with
either system, and the detailed zonal
system (with a maximum score of
24) will be used hereafter to report
all findings. AT scores ranged from 0
(4 patients) to 24 (mean 10.6 � 7.7,
median 10.0). Figure 1 shows a chest
CT scan in a patient with a score of
20. Although AT scores tended to
be higher in the lower lung zones,
the differences in AT score among
the three lung zones (upper, mid-
dle, lower) did not reach statistical
significance.

There was a statistically signifi-
cant correlation between the AT
score and the duration of WTC dust
exposure (� � 0.429, P � 0.020).
The correlation between AT score
and the asthma symptom severity
score was of similar magnitude but
failed to reach statistical significance
(� � 0.401, P � 0.052). Patients
with relatively higher AT scores (de-
fined arbitrarily as 6 or more, corre-
sponding to a minimum of 25%
cross-sectional degree of involve-
ment) were more likely to be lifetime
nonsmokers (12 of 18 or 66.7%) than
were those with AT scores of less
than 6 (3 of 11 or 27.2%, P � 0.039).
In a post hoc analysis, there appeared
to be no correlation between age and

Fig. 1. Patient with an AT score of 20 (maximum possible score of 24). Figure 1A
demonstrates a section of the lower zone from the end-inpiratory CT, and Figure 1B is a similar
level from the end-exspiratory examination. The mosaic pattern can be noted on the end
expiratory portion of the examination. The same level appears normal on the inspiratory image.
This combination is indicative of AT.

TABLE 1
Patient Characteristics

n (%)

Male sex 27 (93)
Smoking category

Lifetime non-smokers 15 (52)
Ever smokers 14 (48)

Occupation at WTC site
Laborers 9 (31)
Firefighters 8 (28)
Engineers 2 (7)
Ironworkers 2 (7)

Symptoms
Exertional dyspnea 26 (90)
Non-exertional dyspnea 15 (52)
Dry cough 20 (69)
Productive cough 20 (69)

Office spirometry
Decreased vital capacity 16 (55)
Normal 9 (31)
Obstruction 4 (14)

WTC-related comorbidities
Gastroesophageal reflux

disease
23 (79)

Chronic rhinitis � sinusitis 20 (69)
Psychological illness 14 (48)
Chronic musculoskeletal

conditions
6 (20)
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AT in our patient group (� � 0.007,
P � 0.971).

Analyses of PFTs revealed ob-
struction or overinflation in 8 pa-
tients, restriction in 12 patients,
decreased diffusion capacity in 8 pa-
tients (7 with restriction, and 1 with
overinflation), and only 4 of 14
(28.6%) methacholine broncho-
provocation tests revealed significant
bronchial hyperreactivity. Most ab-
normalities were mild, and nine pa-
tients (31%) had completely normal
PFTs. The AT score was signifi-
cantly higher in patients with evi-
dence of restriction (P � 0.030), but
not in those with evidence of ob-
struction, overinflation, or diffusion
abnormality (P � 0.254, 0.207,
0.374, respectively).

The chest CT scans also demon-
strated a few isolated and mild struc-
tural abnormalities, which did not
exhibit any correlation with any pa-
tient exposure, demographic, imag-
ing, or lung functional characteristic.
Very mild interstitial changes (scat-
tered linear densities for the most
part) were found with low ILD
scores (mean, 0.9 � 0.86; medi-
an,1.0), with 10 patients having a
score of 0, and 14 patients having a
score of 1. The ILD scores did not
demonstrate any correlation with the
AT score (� � �0.176, P � 0.361)
or with any of the pulmonary func-
tional measurements, including re-
striction (P � 0.516). Nine patients
had isolated, minimal bronchiectatic
changes, and five (3 former and 1
present smoker and 1 lifetime non-
smoker) had mild emphysematous
changes on their CT scans. There
were 41 pulmonary nodules detected
in 18 of the 29 patients, with a
maximum of five in one of the pa-
tients. The nodule diameters ranged
from 1 to 15 mm, with an average
size of 3.9 mm.

Discussion
Our study demonstrated AT (and

presumably small airway dysfunc-
tion) in persistently symptomatic
workers exposed to WTC dust in the
course of their rescue, cleanup, and

service restoration duties at the WTC
site. The AT score was higher in
patients with pulmonary functional
evidence of restriction, was corre-
lated with the duration of exposure to
dust and irritants at the WTC site,
and showed a borderline significant
correlation with the asthma symptom
score.

Disease at the level of the small
airways is present in many lung dis-
eases and contributes significantly to
functional impairment. Diagnostic
testing for small airway disease re-
mains challenging, since noninvasive
pulmonary function tests have failed
to demonstrate their sensitivity, or
clinical practicality,10,16 to obviate
the need for an open lung biopsy.
Small airway disease has also been
known to be one possible result from
exposures to respiratory irritants, eg,
in the occupational setting.16,17

Moreover, a recent case report sug-
gested an association of bronchiolitis
obliterans with WTC dust expo-
sure.18 The patient on that report had
a normal routine (ie, inspiratory)
chest CT scan. The patients in this
study presented with respiratory
symptoms and findings suggestive
of bronchial disease and/or asthma,
but exhibited only minimal initial
pulmonary functional findings (Ta-
ble 1). This group underwent in-
spiratory CT and end-expiratory
CT to allow evaluation of the more
peripheral airway segments which
might have been preferentially in-
jured by particulates in the respira-
ble range and/or relatively more
lipophilic.19 AT, manifested as the
failure of a portion of lung to in-
crease its attenuation homoge-
neously with adjacent segments
during expiratory CT scans, indi-
cates gas retention within that por-
tion of the lung,20 is a sensitive
indicator of small airway dis-
ease,21,22 and has been readily de-
tected in pulmonary diseases
known to be associated with
bronchiolitis.13,23–25

Data from the largest surveys of
WTC responders have documented
the high prevalence of new or aggra-

vated and persistent symptoms of
respiratory disease, which can be
frequently characterized as asthma or
COPD. A remarkably consistent
finding has been the high proportion
of individuals with reduction in their
FVC.2–4 This pattern is more fre-
quently interpreted as a restrictive
impairment, as opposed to the ob-
structive pattern more typical for
asthma. This apparent restriction
can, however, result from AT distal
to heterogeneously distributed ob-
structed bronchioles.7,8,26 The pres-
ence of true restriction in our patients
is not surprising since this is a fre-
quent manifestation of small airway
disease,27 which has been hypothe-
sized to result from subtraction of
distal lung units in parallel and de-
creased lung distensibility.28–30

There was limited sampling of the
WTC dust cloud, which limited vis-
ibility of the southern end of Man-
hattan for many months after the
September 11, 2001 attack. The dust
was a complex mixture, which prob-
ably varied in its characteristics
along time. Components of the WTC
dust included cement particles, glass
fibers, PAHs, and polychlorinated
biphenyls, among others. The pH of
the particles ranged from 9.5 to 11,1

and the concentrations of PAHs were
about threefold higher than those in
relatively polluted urban areas. There
were particulates of respirable aero-
dynamic diameter in the WTC dust,
which would be expected to reach
the peripheral airways. Different
lines of evidence suggest that WTC
dust induces inflammatory and ob-
structive airway changes. WTC
particulate matter induced cytokine
release by primary human lung mac-
rophage cell cultures31 and bronchial
hyperresponsiveness in exposed
mice.32 WTC dust exposure has been
associated with prolonged airway in-
flammatory changes manifested in
the induced sputum of New York
firefighters,5 and exposure intensity
(particularly within the first 48 hours
of the towers collapse) has been as-
sociated with increased risk of spiro-
metric abnormalities, and persistent
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bronchial hyperreactivity.2,6,33 Like-
wise, we found that the chest CT
scan-derived AT score was corre-
lated with the duration of the pa-
tient’s WTC dust exposure. It needs
to be noted that almost three of four
of these patients were also present at
the WTC site within 48 hours of the
towers collapse.

Two additional observations with
regard to the AT scoring systems
deserve comments. The first was the
high correlation between the two AT
scores that we derived. This correla-
tion suggests that the global score,
simpler to estimate during a reading
session, could be an acceptable
methodology for subjectively assess-
ing the presence and degree of AT.
The more detailed zonal scoring sys-
tem is a step toward a quantitative
approach, yet still falls short of pro-
viding a refined quantification of
AT, given that it remains a visual
assessment. The second related ob-
servation was that AT was more
easily assessed in the lower lung
zones (as defined in the Materials
and Methods section), to the point of
being most easily predictive of the
overall AT score compared with the
upper and mid lung zones. Lee et al34

reported a similar distribution. Fur-
ther research is warranted to provide
a robust, easily reproducible measure
of lung disease, which can be de-
ployed in routine clinical practice.

The extent of AT that can be
identified in “normal” individuals, as
well as the influence of age and
smoking on this finding,34 remain to
be established. Our study was not
designed to address those issues. Us-
ing a similar technique, however,
Lee et al34 reported that the AT
found in their asymptomatic individ-
uals never exceeded 25% of the
cross-sectional lung area. Most of
our patients with AT (18 of 25, 72%)
exceeded that proportion. With re-
gard to smoking, our patients with
higher AT scores were clearly more
likely to be lifetime nonsmokers, and
in a post hoc analysis, there was no
suggestion of a correlation between
AT scores and age. The very high

proportion of patients with concur-
rent rhinosinusitis is likely to be a
result of upper respiratory irritant
exposure, and an association be-
tween rhinitis and small airway dys-
function has been suggested.35 Less
clear and established, but increas-
ingly suggested by our observations
and those of others, is the potential
association of gastroesophageal re-
flux disease with irritant-induced
lung disease and bronchiolitis.36,37

Finally, the finding of nodules, and
of mild emphysematous and bron-
chiectatic changes may be due, re-
spectively, to preexisting disease or
sequelae of previous disease. At least
in some of the cases, however, they
may represent changes induced by
small airway disease.38

In conclusion, our data suggest
that high-resolution chest CT scans
with expiratory and inspiratory
views might provide a tool in the
diagnostic evaluation of symptom-
atic workers who were subjected to
dust and irritant inhalation at the
WTC site, in order to investigate the
presence of AT (and presumably
small airway disease). Our data sug-
gest that CT scans should be partic-
ularly useful in the subset of patients
who present with symptoms but un-
clear or no pulmonary functional
findings consistent with asthma or
COPD, and with similar decreases in
FEV1 and FVC or evidence of re-
striction by PFT. Scoring methods
expand the characterization of the
extent of those findings, and should
allow longitudinal follow-up of these
abnormalities.
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Non-Cancer Mortality in Supermarket
Meat Workers

Eric S. Johnson, PhD
Yi Zhou, MS

Objective: To report a non-cancer mortality update in supermarket
meat workers. Methods: Mortality of 10,383 supermarket meat workers
was compared with that of a control group of non-meat workers and the
US population from 1949 to 1989. Results: Compared with both
controls, male supermarket meat workers had an elevated relative risk
for diabetes. There is also a suggestion of an increase in deaths from
ischemic heart disease, other diseases of the kidney and ureter, alcohol-
ism, and subarachnoid hemorrhage. Women had elevated relative risks
for chronic bronchitis and ischemic heart disease, and possibly alcohol-
ism. Numbers were too small to interpret the apparent increase in deaths
from intracranial and intraspinal abcesses and acute nephritis in men
and peritonitis in women. Conclusions: The role of occupational exposure
to transmissible agents and exposure to fumes from the wrapping machine
warrants further investigation. (J Occup Environ Med. 2007;49:
846–852)

W orkers in the meat department of
supermarkets have been little studied
for health effects resulting from oc-
cupational exposures. Specific expo-
sures in this group may include
transmissible agents present in the
animal products, such as raw meat
and eggs,1–3 and fumes emitted from
the wrapping machine used to wrap
meat and from price labels.4,5 The
transmissible agents they could be
exposed to naturally infect cattle,
pigs, sheep, poultry, and other food
animals. These agents include prions
that cause bovine spongiform en-
cephalopathy (“mad cow” disease) in
cattle and scrapie in sheep; viruses
that cause cancer in cows, sheep, and
chickens, such as the bovine leuke-
mia virus; jagsietzke sheep retrovi-
rus; avian leukosis/sarcoma viruses;
and a plethora of bacteria, viruses,
protozoa, and fungi that cause a va-
riety of non-malignant diseases, in-
cluding neurological diseases, in these
animals.1,2 Whereas exposure to these
transmissible agents is highest for
workers engaged in slaughtering these
animals, exposure in supermarkets is
expected to be much less, because it
normally takes several days after
slaughter for meat to reach supermar-
kets, during which time survival of
these agents in meat products is ex-
pected to be much reduced because of
exposure to the deleterious effects of
the external environment (heat, dry-
ness, light).

In 1973, a new respiratory condi-
tion diagnosed as “meat-wrappers
asthma” was reported in women who
wrapped meat in supermarkets.6 It
was later found that the cause of this
condition was exposure to phthalic
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anhydride present in fumes emitted
when heat was applied to activate the
adhesive price labels and also from
the thermal decomposition products
of the polyvinyl chloride (PVC)
plastic film (phthalic anhydride and
epoxidized soybean oil) when an
electrically heated hot wire was
used to cut the PVC film in the
wrapping machine. The fumes from
the PVC film contained not only
phthalic anhydride but also hydro-
gen chloride, phthalates, adipates,
benzene, toluene, polycyclic aromatic
hydrocarbons, and other hydrocar-
bons.4,5 Excess concentrations of mu-
conic acid, a benzene metabolite, have
been observed in the urine of women
using the wrapping machine in super-
markets.7 The hot wire was subse-
quently removed from these machines
and replaced with a cool rod, which
was not supposed to emit fumes. Nev-
ertheless, there is evidence that some
supermarkets continued to use the hot
wire machines,7 and moreover, use of
the cool rod under certain circum-
stances could result in significant
amounts of fumes being emitted that
may even exceed those obtained with
the hot wire.8

We first studied cancer and non-
cancer mortality in 28,900 members
of a local meat-cutters’ union in
Baltimore, Maryland, which included
subjects who worked in the meat de-
partment of supermarkets for the pe-
riod 1949 to 1980.9–15 Follow-up for
cancer mortality in supermarket meat
workers was extended to the end of
1989.16 At the time this cohort was
first constituted in 1979, in the United
States, male and female supermarket
meat workers typically worked in the
same room but performed different
tasks. Men were primarily meat-
cutters and women were primarily
meat-wrappers. Both men and women
are exposed to transmissible agents
present in the raw meat, but men prob-
ably had much higher exposures than
did women, because of increased oc-
currences of scrapes, cuts, lacerations,
and other injuries from sharp bone
splinters and knives, which they sus-
tained while cutting meat.2,3 On the

other hand, women had much higher
and more direct exposures to fumes
emitted from the wrapping machines
they operated, whereas men were sec-
ondarily exposed to these fumes at
much lower levels because of general
area contamination of the room in
which they and the women worked.7,17

It has been shown, for example,
that in the breathing zone of work-
ers operating the wrapping ma-
chine, the average concentration of
hydrogen chloride present in the
fumes while the hot wire machine
was in use was 0.57 parts per mil-
lion (ppm), as compared with 0.03
ppm while the cool rod cutter was
in use. Similarly, background lev-
els of hydrogen chloride in the rest
of the store varied from 0.12 to
0.16 ppm while the hot wire ma-
chine was in use, as compared with
0 to 0.04 ppm when the cool rod
was in use.17 In general, then, ef-
fects from occupational exposures
observed to be higher in men than
in women were more likely caused
by transmissible agents, whereas
the reverse were more likely due to
exposure to fumes from the wrap-
ping machine.

Our results for the occurrence of
cancer in supermarket meat workers
in this union suggested that exposure
to these fumes could be responsible
for the excess of lung cancer that was
observed in women only (after con-
trolling for cigarette smoking), but
not in men who shared the same
work environment.14 On the other
hand, the excess of colon cancer and
cancer of the buccal cavity and phar-
ynx observed in men, but not in
women, could be attributed to either
non-occupational factors or to the
higher susceptibility of men to infec-
tion with oncogenic viruses during
cutting meat.9,10,13–16

We previously reported on non-
malignant diseases in the Baltimore
union supermarket meat workers for
the period 1949 to 1980, but these
were grouped into 10 broad causes of
death, and the results were therefore
not very informative, except for sta-
tistically significant excess risks ob-

served for arteriosclerotic heart dis-
ease, coronary heart disease, and
diabetes mellitus.11–13 We report
here the update of mortality from
non-cancer causes of death in this
cohort to the end of 1989, and this
time we have examined 130 specific
non-cancer causes as compared with
less than 30 causes examined in the
initial follow-up. To our knowledge,
this is the first time this many spe-
cific causes of death have been ex-
amined in this occupational group.

Materials and Methods
The study population reported

here consisted of 10,383 subjects in
this union who had worked exclu-
sively in the meat departments of
supermarkets during their entire
membership, and a control group of
6081 members from the same union
that were employed in a variety of
non-meat establishments such as soft
drinks manufacturing, oyster shuck-
ing, soup canning, etc., and who had
never worked in the meat industry
during their union membership. It
was defined as all persons for whom
dues were paid to the union anytime
between July 1949 and December
1979, and the follow-up period was
from July 1, 1949 to the end of
December 1989. Sources of follow-up
included 1) current union records; 2)
Social Security Administration Mor-
tality Files; 3) Maryland Department
of Motor Vehicle records; 4) Mary-
land State Department of Vital
Records; 5) National Death Index
(NDI); 6) US Postal Service records;
7) Pension Benefit Information
Company (PBIC) records; and (8)
personal contact by letter or tele-
phone call. During the follow-up pe-
riod a total of 1556 deaths were
recorded among the supermarket
workers, and 1202 deaths in the con-
trol group of non-meat workers. Be-
cause of the extensive methods of
follow-up that were employed, and
the fact that extensive searches for
deceased individuals through the
NDI, PBIC, and the Maryland State
Department of Vital Records were
conducted, subjects not identified as
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dead were assumed to be alive at the
end of the study, in the analyses. The
overwhelming majority of them were
in fact known to be alive within 4
years from the end of follow-up
since they had driver’s license re-
newals during that period.

Standardized mortality ratios
(SMRs) and proportional mortality
ratios (PMRs) were calculated using
the OCMAP Plus software from the
University of Pittsburgh.18 The PMR
analyses were included because in-
formation on all demographic vari-
ables, including race, was complete
and available for all deceased sub-
jects with death certificates (n �
2758), on which the analysis was
based. On the other hand, since in-
formation on race was not available
in the union records, the race was
unknown for subjects who were not
deceased (n � 13,631) or were de-
ceased but had no death certificates
(n � 75). Thus, in the SMR analyses,
all 13,706 subjects without a death
certificate were randomly assigned a
race based on the racial distribution
of the known deaths.

For the PMR analysis, deaths
from each cause were stratified by
department, sex, and race, and each
stratum was subdivided according to
age at entry into the cohort (5-year
intervals) and calendar year (5-year
intervals). For each cell, the propor-
tion of all deaths caused by a given
cause in the US population was mul-
tiplied by the total number of deaths
in the corresponding cell of the study
population to get the expected num-

ber of deaths. The observed number
of deaths and the expected number of
deaths in each cell were summed up
across all strata to get the total ob-
served and expected deaths. The ra-
tio of observed to expected deaths is
the PMR. The variance was calcu-
lated assuming a binomial distribu-
tion for the observations.19

For the SMR analysis, the study
population was stratified by depart-
ment, race, and sex, and each stra-
tum was subdivided according to
age at entry into the cohort (5-year
intervals) and calendar year (5-year
intervals). Person-years were accu-
mulated from January 1, 1949 for
those who were already members
of the union before that date. For
those who became members later,
person-years commenced on the
date of membership. Person-years
were enumerated up to the date of
death, or date of termination of the
study on December 31, 1989, which-
ever was earlier. Expected deaths
were derived by multiplying the
person-years in each cell by the
corresponding gender-, calendar
year-, and age–specific-mortality
rate for the US general population.
Observed and expected deaths for
each cell were summed over all ages
and calendar years, and over all
strata, and the SMR estimated as the
total observed number of deaths di-
vided by the total expected. The 95%
confidence intervals (CIs) for the
SMR were calculated according to a
simple exact method that links both
the Poisson and �2 distributions.20

We also calculated relative risks
defined as the ratio of cause-specific
SMR in the exposed group (super-
market workers) to that in the unex-
posed group of non-meat workers in
the union,21 with confidence interval
determined by a method for large
samples.22 Results for the relative
risks are considered the most appro-
priate, for the following reasons: 1)
they account for any variation be-
tween local mortality rates and US
rates, 2) they account to some extent
for the healthy worker effect, and
other unknown confounding factors,
since the control group is selected
from the same union as the meat
workers, and 3) the relative risks
represent comparison against two
distinct reference groups, (the US
general population and an internal
occupational control group of work-
ers from the same union). In nearly
all cases, no racial differences were
observed in the results. Thus, we
present results for all men combined and
for all women combined, and will point
out racial differences where present.

Results
A comparison of the age distri-

butions of workers in the meat
department of supermarkets and
those in the control group (non-
meat) indicates no difference in
their age structures (results not
shown), hence the SMRs and rela-
tive risks in the two groups may be
compared. Table 1 gives the distri-
butions of study subjects, person-
years at risk, and deaths, by gender

TABLE 1
Number of Subjects at Risk, Person-Years at Risk, Number of Deaths, by Work Type, Race, and Sex (1949–1989)

Males Females

No. at Risk Person-Years No. of Deaths No. at Risk Person-Years No. of Deaths

Supermarket meat workers
White 6,081 151,330.0 1,060 3,626 90,762.7 397
Non-white 499 12,226.6 85 177 4,439.5 14
Total 6,580 163,556.6 1,145 3,803 95,202.2 411

Non-meat workers
White 1,995 46,950.3 391 1,107 32,506.6 229
Non-white 1,796 42,000.5 343 1,183 34,981.3 239
Total 3,791 88,950.8 734 2,290 67,487.9 468

Cause of death was missing for a total of 75 deaths (34 in supermarkets, 41 in non-meat plants).
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and race. The results in Table 2 are
for causes of death for which a
statistically significant risk (SMR
or PMR) was observed in at least
one race or sex subgroup when the
observed number of deaths was
greater than one. Apart from isch-
emic heart disease and pulmonary
embolism (see below), no racial
differences were observed, hence
the results in Table 2 are presented
by gender for whites and blacks
combined. It is seen that within
each exposure group the SMR re-
sults agree very closely with those
of the corresponding PMRs as ex-
pected from theory when the all-
causes SMRs are close to unity,23

indicating no serious bias in the
results.

Interpretation of the results will be
based on the relative risk findings as
these are deemed the most appropri-
ate for reasons given above. For
men, the main findings in Table 2 are
the relative risk (RR) of 2.0 (95%
CI � 1.0–4.1) for diabetes mellitus;
and 0.4 (95% CI � 0.1–0.9) for

other accidents; and possibly the rel-
ative risks of infinity for intracranial
and intraspinal abscess; and acute
nephritis or nephritis syndrome; and
the RRs of 1.4 (95% CI � 0.5–3.8)
for alcoholic dependence and alco-
holism; 1.8 (95% CI � 0.6–5.7) for
subarachnoid hemorrhage; 1.5 (95%
CI � 0.1–16.5) for peritonitis; and
1.7 (95% CI � 0.4–7.1) for other
diseases of kidney and ureter. For
women, the main findings are the RR
of 1.3 (95% CI � 1.0–1.6) for isch-
emic heart disease; the RR of infinity
for chronic bronchitis; and possibly
the RRs of 4.3 (95% CI � 0.5–41.7)
for alcoholic dependence or alcohol-
ism; and 2.8 (95% CI � 0.3–30.6)
for peritonitis.

Discussion
There have been only two cohorts

drawn specifically from supermarket
or retail meat workers in which non-
cancer mortality has been exam-
ined.11,12,24 Fritschi et al recorded a
statistically significant fivefold risk
of death from cardiovascular dis-

eases in retail meat workers.24 In our
study of the Baltimore union, a sta-
tistically significant excess of deaths
for arteriosclerotic and coronary
heart diseases and for diabetes was
observed in male supermarket meat
workers, but not in their female
counterparts.11,12 Nevertheless, only
a handful of non-cancer causes has
been examined in both cohorts.11,12,24

In this report of mortality update in
our cohort of supermarket meat
workers, we examine 134 specific
causes of non-cancer deaths.

The main findings in this study are
for diabetes, ischemic heart disease,
chronic bronchitis, and accidents.
The observed excess occurrence of
deaths from diabetes in male super-
market workers but not in their fe-
male coworkers confirms the finding
in the previous follow-up.11,12 An
infective origin has been suggested
for diabetes,25 hence the increased
risk in male meat cutters but not in
female meat wrappers may be the
result of the possible higher exposure
the men may have had to transmissi-

TABLE 2
Cause-Specific Mortality in Supermarket Meat Workers (1949–1989)

Cause of Death

Males Females

Observed
Number

of Deaths
PMR

(95% CI)
SMR

(95% CI)
RR

(95% CI)

Observed
Number

of Deaths
PMR

(95% CI)
SMR

(95% CI)
RR

(95% CI)

Diabetes (ICD 250) 29 1.8 (1.3–2.6) 1.8 (1.2–2.6) 2.0 (1.0–4.1) 8 0.8 (0.4–1.6) 0.9 (0.4–1.7) 1.1 (0.5–2.7)
Alcoholic dependence/

alcoholism (ICD 303)

9 1.6 (0.9–3.1) 1.4 (0.6–2.7) 1.4 (0.5–3.8) 3 2.9 (1.0–8.5) 2.6 (0.5–7.7) 4.3 (0.5–41.7)

Intracranial and Intraspinal

abcess (ICD 324)

2 8.8 (2.8–27.7) 7.7 (0.9–27.6) — 0 — — —

Ischemic heart disease

(ICD 410–414)

420 1.3 (1.2–1.4) 1.3 (1.2–1.5) 1.1 (0.9–1.3) 107 1.4 (1.2–1.6) 1.5 (1.2–1.8) 1.3 (1.0–1.6)

Functional diseases of the

heart (ICD 426, 427)

22 1.6 (1.0–2.4) 1.5 (1.0–2.3) 0.9 (0.5–1.6) 4 0.7 (0.3–1.8) 0.7 (0.2–1.9) 0.6 (0.2–1.8)

Subarachnoid hemorrhage

(ICD 430)

10 2.0 (1.1–3.6) 1.8 (0.8–3.2) 1.8 (0.6–5.7) 2 0.4 (0.1–1.6) 0.4 (0.0–1.4) 0.7 (0.1–4.0)

Chronic bronchitis (ICD 491) 2 0.9 (0.2–3.6) 1.0 (0.1–3.6) — 5 7.5 (3.5–15.7) 8.2 (2.7–19.2) —
Peritonitis (ICD 567) 2 3.2 (0.9–11.7) 3.0 (0.4–10.9) 1.5 (0.1–16.5) 2 6.1 (1.8–20.5) 6.1 (0.7–22.2) 2.8 (0.3–30.6)
Acute nephritis, nephritis

syndrome (ICD 580–581)

2 4.2 (1.2–15.0) 4.1 (0.5–14.7) — 0 — — —

Other diseases of the kidney

and ureter (ICD 593)

5 3.5 (1.5–7.9) 3.4 (1.1–7.9) 1.7 (0.4–7.1) 2 3.5 (1.0–12.8) 3.3 (0.4–11.8) 0.8 (0.2–3.7)

Other accidents

(ICD E900–E928)

7 0.4 (0.2–0.8) 0.3 (0.1–0.6) 0.4 (0.1–0.9) 2 0.8 (0.2–3.3) 0.8 (0.1–2.8) 0.8 (0.1–4.8)

All causes of death 1145 — 1.0 (1.0–1.1) — 411 — 1.1 (1.0–1.2) —

PMR indicates proportional mortality ratio; SMR, standardized mortality ratio; RR, relative risk; CI, confidence interval.
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ble agents. On the other hand, the
excess could be related to non-
occupational factors such as obesity.
Alternatively, it is well known that
diabetes predisposes to infection. An
analysis of the second National
Health and Nutrition Examination
Survey (NHANES II) indicate that
diabetes is a strong predictor of in-
fection-related mortality.26 Hence,
the excess occurrence may simply
represent deaths among diabetic
workers who are susceptible to infec-
tions and who are excessively occu-
pationally exposed to infective
agents.

A statistically significant but small
increased risk of ischemic heart dis-
ease was observed in supermarket
women, and to some extent in men
also, confirming the findings in the
previous follow-up, as well as the
finding of Johnson and Fritschi et
al.11,24 The significance of these
findings is not known in the absence
of controlling for non-occupational
factors such as tobacco smoking,
obesity, dietary intake, etc.

Interestingly, a clear excess of
chronic bronchitis was observed in
female supermarket meat workers
but not in the men whom they work
with in the same vicinity. This is
consistent with the early reports of
the occurrence of meat-wrapper’s
asthma in these women resulting
from exposure to fumes emitted from
the thermal decomposition of the
plastic film and the heat-activated
price labels during wrapping, and of
a high frequency of chronic com-
plaints of cough, sputum, and dys-
pnea on exertion.27 This indicates
that persistent lung damage may well
be a long-term effect of exposure to
these fumes that contain irritants
such as hydrogen chloride, allergens
such as phthalic anhydride, and car-
cinogens such as phthalates, benzene
and polycyclic aromatic hydrocar-
bons.4,5 It is to be noted that the
acute effects of exposure to these
fumes included diminished FEV1,
bronchospasm, and acute attack of
asthma.4,27 Furthermore, these results
are also consistent with the interest-

ing observation that excess of lung
cancer (after controlling for smok-
ing) was also observed in female
supermarket meat workers but not in
males.9,10,16 Thus, it is possible that
the long-term effects of exposure to
wrapping fumes include increased
risk of death from chronic bronchitis
and lung cancer, and infections could
predispose to these occurrences. It
should be noted though that while
the study of Fritschi et al reported
excess of lung and colon cancers in
retail meat workers for exposure to
fumes from the plastic wrap as in
our study of supermarket meat
workers, they did not record any
evidence of excess deaths from re-
spiratory disease.24

It is not known which accidents are
in deficit in the study group. Usually
nearly all of the deaths in these Inter-
national Classification of Diseases
(ICD) categories are due to non-
occupational accidents such as those
due to weather conditions, drowning,
bites, suffocation, etc., or to accidents
in occupational groups other than su-
permarket workers such as in heavy
industries. None of the nine deaths
recorded were due to accidents nor-
mally encountered in the meat depart-
ment of supermarkets.

There is some indication that
deaths from subarachnoid hemor-
rhage, and other diseases of the kid-
ney and ureter may be in excess in
men but not in women; these are
conditions that may be caused by
microbial agents.28–30 Nevertheless,
the results are not clear-cut to war-
rant interpretation. Similarly, al-
though the data shows high risks of
death from intracranial and intraspi-
nal abcess, peritonitis, and acute ne-
phritis or nephritis syndrome, all of
which may result from infection,29,30

they were based on only two deaths
each, and their significance is un-
known at the moment.

The suggestion of an increased
risk of death from alcoholic depen-
dence or alcoholism especially in
female supermarket meat workers
could be indicative of the genuine
role non-occupational risk factors

may play in causing increased mor-
tality in occupational groups, and
highlight the need for caution in
interpreting possible confounding in
occupational mortality studies. An
increased risk of this cause only oc-
curs from ingesting alcohol, and may
only be expected to be genuinely
occupationally induced in situations
in which workers are exposed to
ingestion of alcohol as part of their
job or in the workplace (eg, as in
wine and other alcohol tasting, bar-
tenders). Otherwise its observation in
occupational groups in which this
exposure does not occur occupation-
ally may only be attributable to con-
founding, assuming other biases are
absent. While a recent study warns
about the undue emphasis on the
importance of non-occupational con-
founding in retrospective cohort
mortality studies,31 the results for
alcoholism and alcoholic depen-
dence in this study serves as a caveat
that it is possible for certain non-
occupational factors to be worthy of
consideration as significant con-
founders in occupational studies.

An SMR of 6.0 (95% CI � 1.6–
15.3) for pulmonary embolism (ICD
415) based on four deaths (not in-
cluded in Table 2) was observed for
black male meat workers in super-
markets, and the corresponding SMR
in the control group was 1.2 (95%
CI � 0.2–3.5). The significance of
this isolated finding, which was not
evident in other race and sex groups,
is unknown, but it is generally rec-
ognized that underlying systemic and
local bacterial infections may give
rise to infected emboli. These emboli
can travel to anywhere in the body
including the lungs and brain where
they may induce pulmonary embo-
lism and mycotic aneurysms and
stroke.28

The study described above had
limitations. In the SMR analyses,
information on race was missing for
subjects without a death certificate.
Nevertheless, the close agreement be-
tween the cause-specific SMR and
PMR results predicted by theory when
the all-causes SMRs are close to unity
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as is evident in these results indicates
that any bias resulting from the ab-
sence of this information for non-
deceased individuals in the study was
probably minimal.23 This is expected
since the artificial assignment of race
to persons without death certificates
was based on a known observed dis-
tribution of 94% of the deaths occur-
ring in whites and only 6% in blacks.

We attempted to conduct analysis
by latency (results not shown), but
this was primarily limited by lack
of statistical power, and was only
possible for a few causes of death.
Ischemic heart disease and sub-
arachnoid hemorrhage did not
show any latency trend. At the end
of follow-up only 20% of the mem-
bers of this cohort had died, thus
further follow-up might well reveal
a clearer picture, and more definite
associations.

Also, although in the previous
follow-up of this cohort we had used
duration of union membership as a
surrogate for duration of employ-
ment, we were unable to update du-
ration of union membership in the
present follow-up because of subse-
quent loss of data on dues payment
in the union database that occurred
after the first follow-up while the
union was converting from a hard
copy based record system to a com-
puterized system. Thus, we could not
examine risk by duration of union
membership.

Finally, since this occupational
group has been little studied, we
deliberately examined many causes
of death, in several subgroups, using
several measures of risk, to detect
any possible excess risk in the group.
Hence, because of these multiple
comparisons, some of the findings
could have arisen by chance. Be-
cause of these limitations, the inter-
pretation of the findings must be
tempered with caution.

In spite of these deficiencies, the
study is of importance and has obvi-
ous advantages. The study is very
large and is the only study of mor-
tality specifically of meat workers in
supermarkets and grocery stores. To

our knowledge this study and the one
by Fritschi et al,24 are the only stud-
ies specifically reporting on mortal-
ity in workers exposed to fumes from
the wrapping machine. It is to be
noted that the use of heat to cut and
seal plastic films during packaging is
also widespread outside the meat in-
dustry.8 Similarly, the large number
of specific causes investigated is
unique in occupational non-cancer
mortality studies. The cohort was
uniquely completely defined. Because
of the exceptional record-keeping
system of this union, everyone who
had ever been employed in these
establishments for even only a few
days had a record, thus making selec-
tion bias an unlikely factor that would
explain the findings. Similarly, the
presence of the control group of non-
meat workers from the same union
permitted the control for the healthy
worker effect and also for any geo-
graphic variation in rates between the
local general population and the US
general population.

Lack of detailed information on
exposure, a likely Achilles heel in
retrospective cohort mortality stud-
ies, is not a major problem in this
study since there were essentially
only two major tasks in this occupa-
tional group that were for the most
part separated along gender lines.
Also, the results were consistent
with the expected outcomes for this
occupational group, and suggest
that infections and exposure to
fumes may be significant occupa-
tional hazards for this population.
The fact that in nearly all instances,
the observed increased risks for
supermarket meat workers per-
sisted irrespective of whether the
US population or the non-meat
control group was used for compar-
ison reduces the likelihood that
most of the findings are due to
chance arising from multiple
comparisons.

Finally, the estimates of risk in this
study are very conservative, since all
subjects lost to follow-up were as-
sumed to be alive. Further follow-up
of this cohort and the conduct of

nested case-control studies that will
permit detailed characterization of
exposures and controlling for occu-
pational and non-occupational con-
founding factors is the logical next
step, as such studies will be impor-
tant in shedding light on some of the
interesting findings in this study, and
assist in the determination of which
of the effects observed are likely
occupationally-induced.
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Natural History and Risk Factors of Early
Respiratory Responses to Exposure to Cotton
Dust in Newly Exposed Workers
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Objective: A prospective study of newly exposed cotton workers was performed to
investigate the natural history of respiratory symptoms and lung function changes.
Methods: A total of 157 workers naive to cotton dust exposure were investigated by
questionnaire, spirometry, and skin tests. They were examined before employment
(baseline) and at the end of the first week, and the first, third, sixth, and 12th month
after starting work. Acute airway response was defined as either a cross–first-shift or
a cross-week fall in forced expiratory volume in one second (FEV1). The longitudinal
change of lung function over the year was also calculated. Five hundred seventy-two
personal dust sampling and 191 endotoxin measurements were performed to assess the
exposure. Results: Forty percent of workers reported work-related symptoms in the first
week of the study. Smoking, endotoxin, and dust concentrations were risk factors for
all work-related symptoms. Acute airway responses were witnessed after immediate
exposure. Female status was the only factor found to be predictive of acute airway
response. The mean longitudinal fall in FEV1 at 1 year was 65.5 mL (standard
error � 37.2). Age, early respiratory symptoms, and early fall in cross-week FEV1 were
found to predict the 12-month fall in FEV1. Cross–first-shift and cross-week falls in
FEV1 reduced in magnitude during the course of the study. Conclusions: This study
of workers naive to cotton dust exposure has demonstrated that respiratory symptoms
and acute airway responses develop early following first exposure, and a tolerance effect
develops in those workers with the continued exposure. Current smoking and
increasing exposure predicts the development of work-related lower respiratory tract
symptoms, while early symptoms and acute airway changes across the working week
predict the longitudinal loss of lung function at 1 year. (J Occup Environ Med.
2007;49:853–861)

T he effects of cotton exposure are
many and varied. There is convinc-
ing epidemiological evidence of
chronic effects in terms of symp-
toms, an asthma-like syndrome fea-
turing bronchial reactivity but with
an unusual symptomatic periodicity
now known as chronic byssinosis,
longstanding upper respiratory tract
irritation, and possibly even chronic
obstructive pulmonary disease. The
acute effects while described have
been less convincingly studied. Early
reports are of quite dramatic re-
sponses including asthma patterns,
poor toleration of the conditions, and
even reports of profound immuno-
logical responses including “mill fe-
ver.”1 One question that has not been
well answered is whether the recog-
nized high labor turnover seen in
workers first attempting to take em-
ployment in cotton mills was caused
by certain high-risk individuals
(atopic subjects, those demonstrating
an immediate airway response) leav-
ing early because of health effects.

Many of the reports of newly ex-
posed workers are descriptive and
few have been performed with a
methodical, longitudinal approach.
Two studies from China have re-
cently reported on both symptoms
and lung function changes occurring
in populations of newly exposed na-
ive cotton workers.2,3

We proposed to study the acute
effects of first exposure to cotton
dust in a Turkish population. The
cotton mills selected for this study
had a history of a high labor turnover
and were situated in an area of rela-
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tive deprivation. However, three
mills had taken efforts to develop a
healthy and safe conscious working
environment.

We specifically aimed to answer
the following questions in newly ex-
posed workers:

• When do work-related respiratory
(upper and lower) symptoms first
occur?

• What proportion of newly exposed
workers experience no symptoms
or airway response?

• What factors predict either the de-
velopment of respiratory symp-
toms or acute airway response?

• In workers who develop acute air-
way responses, do these ameliorate
over time or do they necessarily lead
to the worker leaving the industry?
We have already reported on the
factors that predict leaving the mill
environment.4

• Do acute changes in airway phys-
iology effect lung function decline
at 1 year?

Materials and Methods

Study Population
Three cotton mills were selected

because of the reasonable travel dis-

tance to the host university, their
situation in a relatively deprived re-
gion close to Istanbul, and their
known interest in providing a healthy
and safe working environment (more
likely to participate). Two of the
mills had been producing cotton for
several years and had relatively old
machinery, but the third mill had
modern spinning processes, and this
feature allowed a range of cotton
dust exposures and the single site
made them highly desirable for the
study.

One hundred ninety-eight consec-
utive newly hired workers identified
to the research team by management
were approached and invited to par-
ticipate. Of these, 41 were excluded
from the study: 23 workers left
within the first week and data avail-
able were insufficient for analysis;
15 workers had previously worked in
cotton mills and therefore were not
cotton “naive”; and 3 workers had
significant preemployment respira-
tory impairment (defined as preem-
ployment forced expiratory volume
in one second [FEV1] less than 80%
of predicted). The remaining 157
workers (79% of the target popula-

tion) agreed to participate. The de-
mographic features of this popula-
tion are presented in Table 1.

Timing of Assessments
All assessments were performed

before exposure (baseline � pre-
employment), during the first week
of exposure, and then at months 1,
3, 6, and 12 after first employment.
Seventy-three workers (46%) left
employment before 12 months of
employment had been completed.

Environmental
Exposure Assessment

A total of 572 personal dust samples
were collected using techniques previ-
ously reported.5 In brief, this involved
an Institute of Occupational Medicine
sampling head, attached to a pump
(Casella) running at 2 L/min. Pre-
weighed Whatman GF/A microglass
fiber filters were reweighed after expo-
sure for a minimum of 4 hours of a
normal working shift. After sampling
and after allowing for conditioning,
samples were reweighed and time-
weighted exposure to gravimetric dust
was calculated. Each worker and each
occupational group was targeted on
multiple occasions.

Endotoxin assays were performed
on the sampling filters after transfer-
ring them into pyrogen-free glass
tubes. The assay was performed after
extraction in pyrogen-free water as
previously described using a quanti-
tative kinetic turbidometric method
(LAL 5000e series).6 Between col-
lection and assay, samples were
stored at room temperature.

Ascribing Individual
Environmental Exposure

For each worker, personal cotton
dust and endotoxin was ascribed as
the geometric mean of two or more
samples if they were available for
that individual. For workers who did
not have at least two samples avail-
able for personal ascribing, the me-
dian values of all workers within the
same mill with the same occupa-
tional classification were used. For
this exercise, median values were

TABLE 1
General Characteristics and the Demographic Data of the Study Population

Study Population
All

N � 157
Leavers
n � 73

Active
Workers
n � 84 P

Age (yr), n (%)
15–16 45 (28.7) 17 (23.3) 28 (33.3)
17–18 73 (46.5) 35 (47.9) 38 (45.2) 0.32
�18 39 (24.8) 21 (28.8) 18 (21.4)

Male, n (%) 83 (52.9) 41 (56.2) 42 (50.0) 0.44
Mill, n (%)

1 76 (48.4) 39 (53.4) 37 (44.0)
2 23 (14.6) 9 (12.3) 14 (16.7) 0.48
3 58 (36.9) 25 (34.2) 33 (39.3)

Smoking, n (%)
Never smokers 103 (65.6) 43 (58.9) 60 (71.4)
Ex smokers 5 (3.2) 1 (1.4) 4 (4.8) 0.06
Current smokers 49 (31.2) 29 (39.7) 20 (23.8)

Atopic workers, n* (%) 26 (20.8) 7 (17.1) 19 (22.6) 0.47
Dust concentration (mg/m3), mean (SD) 2.39 (1.83) 2.39 (1.83) 2.39 (1.85) 0.99
Endotoxin concentration, n (%)

Low (�140 EU/m3) 55 (35.0) 24 (32.9) 31 (36.9)
Medium (140–260 EU/m3) 48 (30.6) 23 (31.5) 25 (29.8) 0.87
High (�260 EU/m3) 54 (34.4) 26 (35.6) 28 (33.3)

Irritation symptoms at start, n (%) 20 (12.7) 11 (15.1) 9 (10.7) 0.41

*n � 125.
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used, as it would minimize the effect
of spurious high level samples,
which occasionally occur and may
be due to worker “tampering” of
samples. Within the database, all
workers were given a personalized
occupational exposure estimate of
both cotton dust and endotoxin,
which was determined by individual
sampling or by specific occupational
coding during the study period.

Questionnaire
All questionnaires were a modi-

fied version of the Medical Research
Council respiratory questionnaire.7

The questionnaire, initially used in
English as part of epidemiological
studies in the United Kingdom with
additional questions for upper re-
spiratory tract and ocular symp-
toms,8 was directly translated into
Turkish. Blind reverse translation
was performed by different transla-
tors and reviewed by the original
UK investigators to verify accuracy
of translation. Baseline demo-
graphic questions were added to
determine age, sex, work history,
past work history, smoking habits,
and past allergy symptoms. Fol-
low-up questionnaires were used to
detect any change in occupational
group or mill of work, the develop-
ment of new work-related symptoms,
and changes in smoking habits.
Lower respiratory tract symptoms
(LRTS) are defined as cough,
phlegm, chest tightness, wheeze, and
shortness of breath. Upper respira-
tory tract symptoms (URTS) are de-
fines as ocular or nasal irritation.
Symptoms were defined as work-
related if symptoms were reported as
occurring after the individual first
started at work, or as being worse on
shift or as being better when the
worker was on days off. Workers
were classified as current-, ex-, or
nonsmokers according to their base-
line questionnaire response, but later
reclassified if they took up smoking
or subsequently stopped.

Lung Function Testing
Lung function tests were performed

pre-shift and at least 6 hours into the
shift by a single trained technician. A
Vitalograph Series-S dry wedge bel-
lows spirometer (Vitalograph Ltd,
Buckingham, UK) was used through-
out, and tests were performed accord-
ing to the American Thoracic Society
criteria.9 A minimum of three tests
were performed or continued until a
minimum of three tests with less than
5% variability were obtained.

Values were calculated as percent
predicted lung function using Pol-
gar10 equations or European Sum-
mary Equations.11 For all subjects
aged 18 and younger the Polgar
equations were used. European sum-
mary equations were used for all
subjects older than 18, assuming no
change in predicted lung function in
workers aged 18 to 25.

Any worker who presented with a
baseline lung function of less than
80% predicted was excluded from
the study.

Tests were performed at the start
of the test week in question on the
first shift, before work was com-
menced, and repeated at the end of
the first shift and last shift of that
working week. If a worker was ini-
tially tested on a morning shift, all
subsequent shifts were performed
when the worker rotated back to that
shift. All workers had tests on either
early or late day shifts. Cross–first-
shift and cross-week lung function
change was calculated from obtained
values at each time point.

Longitudinal change in lung func-
tion over the course of the study was
calculated by comparing preshift
lung function at baseline with the
preshift lung function at each subse-
quent time point.

Acute Airway Response
Acute airway response was de-

fined on the basis of one of two
possible variable changes:

• Across–first-shift change � �(pre–
first-shift FEV1 � post first shift
FEV1)/pre–first-shift FEV1� � 100.

• Across-week change � �(pre–first-
shift FEV1 � post–last-shift FEV1)/
pre–first-shift FEV1� � 100.

If either one of these values ex-
ceeded 5%, it was classified as an
acute airway response.

Skin Tests
All workers were invited to partic-

ipate in skin testing at the baseline
time point only. A trained nurse per-
formed and assessed all tests. Skin
tests were performed to detect 10
common aeroallergens (cat, dog,
Dermatophagoides pteronyssinus,
cockroach, grass pollen, tree pollen,
artemisia, Aspergillus, Alternaria,
and Cladosporium). Any skin weal
of 3 mm greater than that of the
negative control was used to define
the presence of atopy.

Statistical Analysis
Because endotoxin is not normally

distributed, it was classified as either
high (�260 EU/m3), medium (140–
260 EU/m3) or low (�140 EU/m3),
dust concentrations were included as
a continuous variable. For each
symptom and the presence of an
acute airway response, person-time
incidences were calculated. To in-
vestigate the factors associated with
the presence of work-related respira-
tory symptoms and acute airway re-
sponses, a Cox proportional hazards
analysis was used. Since there was a
strong correlation between dust con-
centrations and endotoxin levels, two
models were performed to investi-
gate the impact of each environmen-
tal variable separately. The backward
elimination method was used. Haz-
ard ratios and 95% confidence inter-
vals were calculated. A P value of
�0.05 was considered significant.

Survival curves of the work-
related upper (WR-URTS) and lower
(WR-LRTS) respiratory symptoms
were obtained using Kaplan-Meier
analysis.

Longitudinal decline in FEV1 was
calculated at 12 months, and factors
related to decline were investigated
by linear regression analysis.
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Results
The demographic features of the

study population (n � 157) are pre-
sented in Table 1. Almost half the
workers at baseline were in the 17 to
18 age group, and hence the need for
lung function regression equations
for young individuals. There was an
even male-female distribution, one
third were current smokers, and the
prevalence of atopy in the 125 who
agreed to undergo skin testing was
21%. Table 1 also presents the de-
mographic features of those workers
who left employment at the mill

within the first year (leavers) and
those workers who continued in em-
ployment throughout the study pe-
riod of 12 months (active workers).
There were no significant differences
between the two groups, except for a
borderline significant trend for active
workers to be more likely to be never
smokers; 71.4% versus 58.9% in
leavers (P � 0.06).

The environmental exposures
witnessed in the study are given in
Table 2. Endotoxin and dust con-
centrations were higher in mill 1
than the other mills and, as typi-

cally known from previous studies,
were higher in waste, open, and
card room workers when compared
with other occupations in the mill.
It is of note that the interquartile
range exceeds the occupational ex-
posure standard set in the United
Kingdom for all occupations with
the exception of packing, while
waste operatives are exposed to 3
times the advisory levels.

The prevalence of work-related re-
spiratory symptoms at each time
point, including the prevalence of
measurable acute airway responses,

TABLE 2
Personal Cotton Dust and Endotoxin Concentrations in Mills and Occupation Groups

Personal Cotton Dust Endotoxin

Samples
(n)

Concentration*
(mg/m3) IQR

Samples
(n)

Concentration*
(EU/m3) IQR

Total 572 2.01 1.05–3.48 191 191 91–394
Mill

1 297 2.55 1.34–4.25 86 275 153–462
2 89 1.83 0.85–3.44 36 198 128–391
3 186 1.55 0.79–2.54 69 97 56–244

Occupation groups
Open and card attendant 17 3.49 2.25–6.72 5 2135 348–4064
Draw/speed frame operative and comber 110 1.74 1.12–2.8 29 407 228–1572
Spinner 170 2.49 1.27–4.04 56 150 71–321
Porter in spinning 45 2.37 1.32–3.47 13 263 129–595
Doffer 55 1.74 0.91–3.05 21 142 88–300
Winder 66 2.04 0.77–4.77 24 129 71–337
Bobbin carrier in winding 50 1.02 0.64–2.01 15 128 56–191
Cleaner and quality control staff 29 2.56 1.46–5.37 14 202 151–397
Packing operatives 16 1.16 0.77–1.86 9 26 11–98
Waste room operatives 14 8.57 5.39–36.05 5 5857 1053–9607

*Median.
IQR indicates interquartile range (25th–75th percentile).

TABLE 3
Frequency of Work-Related Symptoms and Acute Airway Response in Follow-Up Time Points and Person-Time
Incidence Rates

1st Week
(n � 157)

1st Month
(n � 135)

3rd Month
(n � 115)

6th Month
(n � 99)

12th Month
(n � 84)

Person-Time
Incidence Rate

WR-LRTS, n (%) 5 (3.2) 12 (8.9) 18 (15.7) 4 (4.0) 6 (7.2) 0.38
Cough 3 (1.9) 4 (3.0) 11 (9.6) 3 (3.0) 3 (3.6) 0.25
Phlegm 3 (1.9) 10 (7.4) 16 (13.9) 4 (4.0) 4 (4.8) 0.31
Chest tightness — — 2 (1.7) — — 0.02
Shortness of breath — 1 (0.7) — — 1 (1.2) 0.02
Wheezing 1 (0.6) 2 (1.5) — — — 0.02

WR-URTS, n (%) 47 (29.9) 56 (41.5) 49 (42.6) 31 (31.3) 34 (40.5) 2.30
Nasal irritation 28 (17.8) 33 (24.4) 31 (27.0) 20 (20.2) 22 (26.2) 1.17
Ocular irritation 32 (20.4) 40 (29.6) 36 (31.3) 20 (20.2) 24 (28.6) 1.45

Acute airway response, n* (%) 61 (45.2) 35 (27.1) 21 (18.3) 29 (29.9) 21 (25.9) 2.74

*n � 135, 129, 115, 97, and 81, respectively.
WR-LRTS indicates work-related lower respiratory symptoms; WR-URTS, work-related upper respiratory symptoms.
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are presented in Table 3. Symptoms
appear to peak at 3 months with a fall
off in symptom reporting after this
time. In comparison, acute airway
responses were measured most fre-
quently in the first week (45.2%) and
were least frequent at 3 months,
when symptoms were most common
(18.3%). Work-related chest tight-
ness (an integral symptom of byssi-
nosis) was only reported by two
workers at the third month, whereas
upper respiratory tract symptoms
were frequently seen (30% to 40% of
workers at all time points).

Table 4 presents the Cox propor-
tional model analysis of factors pre-
dictive of work-related respiratory
symptoms. Lower and upper respira-
tory tract symptoms are presented
separately. Two models are reported
so that a direct comparison of the
impact of dust and endotoxin can be
perceived. Current smoking (hazard
ratio [HR] 2.8 in each model) pre-
dicts the presence of LRTS. For
endotoxin, either medium or high
concentration is associated with a
higher hazard when compared with
low-exposure workers (HR � 2.9,
2.1 respectively; P � 0.05). For
dust, the HR is 1.26 for each 1
mg/m3 increase in dust exposure
(P � 0.005).

For ocular symptoms, current
smokers were more likely to report
symptoms (HR � 1.6, 1.8 respec-
tively; P � 0.05). Medium (but not
high) endotoxin exposure (HR �
1.8; P � 0.05) and higher levels of
dust-exposed workers (HR � 1.12;
P � 0.05) reported symptoms.

Nasal irritation had no predictive
factors. Acute airway response was
only predicted by female status
(HR � 1.5; P � 0.05).

Longitudinal decline in FEV1 at
12 months in those workers who
stayed in the study was 66 mL (stan-
dard error � 37) as a group mean
(Table 5). In the univariate analysis,
there were large differences for those
younger than 16 years (rise of 84
mL/yr), compared with those 17 to
18 years old (loss of 116 mL/yr; P �
0.05) and those older than 19 yearsTA
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(loss of 180 mL/yr; P � 0.005).
Women (�148 mL/yr), when com-
pared with men (�16 mL/yr), were
more susceptible (P � 0.001). Those
with symptoms within the first 3
months and those who demon-
strated across-week falls in FEV1

in the first month also demon-
strated greater impacts. There was
a borderline trend for smokers, but
not for atopic status at baseline.

Table 6 presents the linear re-
gression analysis of factors predic-
tive of lung function decline in

survivors at 1 year. Older age (odds
ratio [OR] � 2.5; P � 0.05), work-
related symptoms reported in the
first 3 months (OR � 2.3; P � 0.05),
and across-week acute airway re-
sponses demonstrated in the first
month (OR � 2.6; P � 0.05) were
all independent predictors of loss of
lung function at 12 months.

Figure 1 demonstrates the survival
curves for workers experiencing up-
per or LRTS at one time within the
study. There is a visibly different
pattern, with 77% of workers reach-

ing 12 months without experiencing
work-related respiratory tract symp-
toms at one time.

Finally, Fig. 2 presents the chang-
ing pattern of cross-week and cross–
first-shift FEV1 response in workers
throughout the study. The data are
presented as absolute values in order
to highlight the magnitude of the
mean change over time. This is most
obviously expressed for across-week
change, which average 140 mL in the
first week, but improves to only 20
mL across the week at the end of 12
months.

Discussion
This study has investigated the

development of work-related symp-
toms and acute airway responses in
workers exposed to cotton dust for
the first time. During the study, there
was a high intensity of recording
symptoms and of investigating
changes in lung function across the
week and across the shift. The study
has also incorporated a high-inten-
sity exposure assessment protocol,
allowing us to believe that the expo-
sure estimates are very representa-
tive and individualized.

We encountered a number of prob-
lems and weaknesses within our initial
study design. First, the population was
very young, which has given us a
problem in determining representa-
tive predictor equations for lung
function. We ended up using Polgar
equations up to the age of 18 and
European summary equations, using
a minimum age of 25, in the calcu-
lation for those aged 18 to 25. These
assumptions are not ideal but gave us
the best fit with normality at base-
line.

The study was performed in three
mills in close proximity of each other
in a relatively deprived area in Tur-
key, with an expected high labor
turnover. Initially, we had also
planned to study leavers, but found it
impossible to invite participation of
workers on the day they left or sub-
sequently. Those who responded told
us that they usually left for personal
reasons or problems with manage-

TABLE 5
Longitudinal Change in FEV1 During the First Year of Occupation by
Several Characteristics

FEV1 Change at 12 Months* (mL)

Mean (SE) P†

All �65.5 (37.2) 0.082
Male 15.6 (59.8) 0.792
Female �148.7 (40.2) 0.001
Age groups

15–16 yr 84.0 (76.1) 0.281
17–18 yr �116.5 (50.7) 0.028
�19 yr �180.0 (50.3) 0.002

Smokers �128.5 (72.2) 0.091
Nonsmokers �43.4 (43.4) 0.322
Atopic �63.4 (48.3) 0.209
Nonatopic �66.0 (45.4) 0.151
Symptomatic‡ �124.2 (48.1) 0.013
Asymptomatic 26.5 (55.5) 0.637
Across-shift fall in FEV1§

�5% �74.6 (60.1) 0.226
�5% �60.8 (47.4) 0.106

Across-week fall in FEV1§
�5% �165.3 (62.8) 0.013
�5% 27.3 (39.3) 0.491

*Difference calculated as (FEV1 value at 12th month — baseline FEV1 value).
†Paired t test.
‡Respiratory symptoms reported during the first 3 months.
§Falls recorded during the first month.

TABLE 6
Risk Factors for the Longitudinal Change in FEV1 During the 12 Months of
Occupation (Linear Regression Analysis)

Independent Variables*
Standardized
Coefficient, � P

Age (yr) 2.5 0.016
Work-related symptoms† 2.3 0.026
Cross-week 	 FEV1‡ 2.6 0.012

*Variables included into the model are age, sex, smoking, cross-shift change in FEV1

(	 FEV1), cross-week 	 FEV1, work-related symptoms, atopy, dust, and endotoxin exposure
levels.

†Any work-related symptom developed during the first 3 months of occupation.
‡Having more then 5% cross week drop in FEV1 during the first month of occupation.

858 Early Respiratory Responses to Cotton Dust • Bakirci et al



ment, and it is possible that our
findings on leavers in this very high
turnover setting is confounded by
socioeconomic factors.

It has been considered previously
and other studies have reported that
some workers find the environment
of cotton spinning mills intolerable
and leave for health reasons.1 It has
been suggested partly because of the
low prevalence of atopy found in
cross-sectional studies that atopic
workers may be more likely to select
out of this challenging environment
because of the high level of particu-
larly fungal allergens encountered.
One of the aims of this study was to
examine this possibility, but as we
have previously reported, we have not

found evidence to support this theory.4

In the current analysis, atopy did not
have any predictive impact on the de-
velopment of symptoms, acute airway
responses, or lung function decline
over the first 12 months. Atopy as a
cause of chronic symptoms was not
found in a study from the United King-
dom,12 but has been reported to be
associated with early lung function
decline by other investigators.13

Of potential health predictors of
leaving, only the presence of work-
related lower respiratory tract
symptoms (WR-LRTS) at 3 months
influenced leaving at any time point
in the study.4 The finding of our
earlier analysis may be reflected
against the finding in this study that

this is the time of peak prevalence of
LRTS. Significant effects at this time
point may have occurred, because
the greater prevalence influenced the
power to demonstrate the effect. Al-
ternatively, 3 months may represent
a critical period of work duration
during which workers reflect on the
balance of benefits (work) against
impact (symptoms).

The initial increase of LRTS to 3
months followed by a fall in report-
ing may have several explanations:

1. It may simply reflect question-
naire fatigue, with workers less
likely to report effects they still
experienced (against this argu-
ment is the evidence that such an
effect of reduced reporting is not
seen for the upper respiratory
tract symptoms);

2. It may be caused by a “healthy
worker effect,” with the workers
leaving, diluting the remaining
population of symptomatic indi-
viduals; or

3. Alternatively, it may represent a
genuine tolerating effect after
continued exposure. The latter
implies that the individual devel-
ops a relative resistance to the
effects of ongoing exposure at the
same level. Such an effect is rec-
ognized on repeat exposure to
endotoxin, and therefore has bio-
logical plausibility.

Our findings mirror the findings
from the earlier study of Wang et al,
who found that many symptoms re-
ported at 3 months were not recorded
at 1 year in their population.3

URTS have been reported fre-
quently in previous cross-sectional
studies of cotton workers. The prev-
alence of upper respiratory tract
symptoms in this study is compara-
ble with those seen in the United
Kingdom, in Lancashire cotton spin-
ners.8 This study has suggested that
these symptoms occur very early in
the working life of people exposed to
cotton spinning (even within the first
week), and while they are a signifi-
cant health problem we did not find
that they influenced leaving the

Fig. 1. Cumulative survival function of being symptom-free (WR-LRTS and WR-URTS)
based on the Kaplan-Meier survival analyze. WR-LRTS indicates work-related lower respiratory
tract symptoms; WR-URTS, work-related upper respiratory tract symptoms.

Fig. 2. Mean values and 95% CI of cross-shift and cross-week changes in FEV1 throughout the
follow-up.
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working environment.4 The symp-
toms are related to the occupations
with medium endotoxin exposure,
but are correlated with increasing
dust exposure. These occupations are
the later processes such as spinning
and winding, when endotoxin has
been partially removed from cotton,
but large particle fibers remain in
abundance.5

A recent study by Wang et al
reported that symptoms suggestive
of byssinosis are rare in the workers
after early exposure.3 Our data sup-
port this finding, with only two re-
ports of work-related chest tightness
and neither of these fulfilled the cri-
teria used for a definition of chronic
byssinosis. This is not surprising, as
cross-sectional studies have demon-
strated that byssinosis is rare in
workers with less than 15 years ex-
perience of work in the cotton spin-
ning industry.14

In terms of determining risk fac-
tors for LRTS, we found that smok-
ing (not surprisingly) and endotoxin
or dust exposure predicted symp-
toms. It is difficult to try to sepa-
rately tease out the impact of dust or
endotoxin separately, because, how-
ever handled (grouped into tertile or
analyzed as continuous data), they
are very closely correlated. This
study has not been designed or pow-
ered to determine which of these
exposure indices is most important
for the development of health effects.

Intriguingly, exposure did not pre-
dict either acute airway response or
decline in lung function at 12
months. The former factor was only
related to female gender after multi-
variate analysis, and although we can
not comment on the plausibility of
this finding, it implies that the female
airways are more susceptible to the
acute effects of cotton dust and/or its
contaminants.

For this study, we used across-
shift change in FEV1 at an absolute
change of 5% as a cutoff for an acute
response. This level is of doubtful
clinical significance and is at the
level of minimum detection. It could
be argued that we should have used a

larger fall (either 8% or 10%), but
unfortunately, within the scope of the
size of this study, falls of this mag-
nitude were rare and therefore all
power to determine an influencing
effect was lost. There is some inter-
nal validation of using this level, as
certainly for across-week changes, it
became highly predictive of the 12-
month decline of lung function.
Those with across-week acute re-
sponses (defined at the 5% level) lost
165 mL/yr, while those without such
an acute across-week response had a
mean rise in lung function of 27
mL/yr. There is good previous evi-
dence that acute changes in lung
function can predict longer-term de-
cline.15–18 The across-week acute
airway response remained as a pre-
dictor in the multivariate analysis
and was independent of the effect of
LRTS.

It is also worth noting that the
number of acute airway responses
became smaller as the study pro-
gressed, and the mean across-shift
and across-week FEV1 change di-
minished markedly over the 12
months of the study. We do not
believe that this was caused by the
healthy worker effect because our
previous study showed no impact of
acute responses on the individuals
leaving the mill.4 This again implies
that there is the development of tol-
erance and it is perhaps a little too
easy to suggest that this may be
caused by developing tolerance to
endotoxin exposure and has been
seen in previous studies.19–21

Conclusions
We have demonstrated in this

study of workers naive to cotton dust
exposure that symptoms and acute
airway responses develop early after
first exposure, and if there is any
tolerance effect, it develops in those
workers who remain to 12 months
employment. Current smoking and
increasing exposure predict the de-
velopment of WR-LRTS, while early
symptoms and acute airway changes
across the working week predict the

loss of lung function seen at 12
months of continued employment.
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An Investigation of the Role of Non–Work-Time
Behavior in Buffering the Effects of Work Strain

Peter C. Winwood, BDS, PhD
Arnold B. Bakker, PhD
Anthony H. Winefield, PhD

Objective: In this exploratory study, we investigated the extent to
which common leisure time behaviors, which generate positive feelings of
fulfillment and personal reward, are significant in alleviating work-
induced stress between successive work periods. We tested the hypotheses
that such activities increase recovery from stress directly, and also by
improving sleep quality, thereby alleviating maladaptive outcomes from
work strain. Method: An on-line survey study was completed by a
heterogeneous sample of 314 workers in diverse occupations, in good
health. Results: Non–work-time behaviors play a significant role in
mediating maladaptive outcomes from work strain. Multivariate anal-
ysis of these relationships indicates both direct and indirect effects, the
latter being associated with mediating sleep quality. Respondents
reporting higher levels of active leisure activities, exercise, and creative
(hobby) and social activity, reported significantly better sleep, recovery
between work periods, and lower chronic maladaptive fatigue sympto-
mology. Conclusion: Active and fulfilling non–work-time behaviors are
more significant in maximizing recovery from work strain than is
commonly recognized. This effect is arguably due to the downregulation
of stress-induced brain arousal, and stimulation of the pleasure-reward
brain neurophysiology. Consistent recovery from work strain between
work periods may represent a crucial factor in avoiding work-related
“loss spirals” leading to maladaptive health outcomes, which can be
particularly relevant to workers in inherently stressful occupations.
(J Occup Environ Med. 2007;49:862–871)

O verall, human kind is well adapted to
withstand demanding environmental
pressures that are perceived to be
stressful.1,2 Sterling and Eyer (1988)
have coined the term “allostasis” to
describe the processes by which this
is accomplished.3 However, exten-
sive research performed during the
last decade, extending the work be-
gun by Cannon (1929)4 and Selye
(1956),5,6 has identified that the
capacity of the interrelated physio-
logical systems that underpin this
physiological mechanism within the
brain is not unlimited.7–9 Broadly,
allostasis is achieved through the
operation of a highly complex, inter-
related, non-linear network of neuro-
chemical processes throughout the
brain, and whose effects extend to
important bodily processes.10 The
neurochemical mechanism(s) under-
lying allostasis mediate the release of
various hormones and neurotrans-
mitters regulating the glucocorticoid
and catecholamine output from the
adrenal cortex and medulla. How-
ever, it has been demonstrated that the
functioning of this process places the
system itself under what McEwen
(2003) has termed “allostatic load.”
This “load” derives from the fact that
the overly long and overly frequent
expressions of the relevant neurotrans-
mitters and hormones have a cytotoxic
effect, resulting in crucial damage to
glucocorticoid receptors in the limbic
system.11

Consequently, in circumstances
where environmental stressors are
unremitting, or very frequently expe-
rienced,12,13 allostatic load is high
with the potential to cause cellular
level changes within the brain.14,15
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Such changes have been identified as
including, paradoxically, a progres-
sive inability to regulate the allo-
static mechanism adaptively. In other
words, the stress response mecha-
nism function becomes dysregulated,
inducing maladaptive responses in
associated networks within the over-
all allostasis network. The notable
consequences of such an evolution
include maladaptive changes within
the cardiovascular,16 immune,17,18

and reproductive systems,19 accom-
panied by significant depressive
traits.20–25

Between 11% and 30% of Euro-
pean workers are affected by persis-
tent work-related fatigue.26–29 The
US Health and Nutritional Survey
identified abnormal fatigue levels
among 14.3% of men and 20.4% of
women,30 and in Canada, similar lev-
els have been reported. The eco-
nomic cost of fatigue and stress and
stress- and fatigue-related illness is
notably high.20,31–34

However, examination of the cur-
rent literature on stress-response
neurophysiology suggests that work-
ers can adapt successfully to high-
stress and fatigue occupations in
certain circumstance. The important
determinant would seem to be
whether they achieve a consistent
level of recovery between successive
sequences of work-related stress.35–37

Intermittent stress experience followed
by complete recovery can build what
has been described as physiological
“toughness.” This is defined as low
sympathetic nervous system (SAM)
arousal base rates, but strong SAM
arousal in response to stressors. It is
associated with resistance to brain
catecholamine (adrenalin and nor-
adrenalin) depletion, and suppression
of pituitary adrenal-cortical responses.
Such “toughness” has been identified
as corresponding with positive and ef-
fective performance in even complex
tasks, emotional stability, and immune
system enhancement.38,39 However,
where recovery between stress experi-
ences is not consistently achieved, a
different pattern emerges, which is as-
sociated with progressive dysregula-

tion within the brain arousal processes,
which are described above.8,9,40,41

Some stress and fatigue recovery
can occur at work, during sanctioned
meal breaks, waiting for task reas-
signment, and other spontaneous
work breaks (microrecovery).42

However, the bulk of work stress and
fatigue recovery takes place in non-
work time, between work shifts. This
period offers the most extensive
opportunity for the reversal of de-
pleted physical and psychological
resources; and reduction of stress-
induced allostatic load. Mentally or
emotionally high-demanding work
strain has been noted to manifest a
strong “spillover” effect, such that even
though removal from the direct stress
environment has occurred, a stress
state, including anticipatory stress re-
sponses43–45 (with accompanying high
allostatic load) may persist long into
non-work time.

A few studies have confirmed the
significance of non–work-time
recovery to subsequent work per-
formance,46 – 48 and point to the
importance of consistently main-
taining a balance between energy
depletion at work, energy renewal
at home, and the reduction of allo-
static load.37,49 However, to date
(and to the best of our knowledge),
the significance of different catego-
ries of non-work activity (NWA)
(and their mediating or moderating
role in recovery from work strain)
has not been fully explored.

The accepted model of recovery
from work fatigue during the inter-
shift period seems to be essentially a
function of time. Adequate recovery
from acute work-related fatigue and
stress is assumed to occur simply if
an adequate amount of time is avail-
able for it, including time for effi-
cient sleep. The implicit assumption
seems to be that “recovery” is syn-
onymous with “rest,” and is essen-
tially a passive process.

Passive rest may be sufficient to
allow the physiological processes
within the musculoskeletal system to
be restored at a cellular level. How-
ever, high mental and emotional

strain has been shown to recover
better through active exercise, to lev-
els over and above the simple “rest”
afforded by being removed from the
stressful (work) environment. For
example, a Dutch study has identi-
fied that low levels of physical activ-
ity in men are a risk factor for the
onset of persistent fatigue50; Israeli
workers maintaining physical fitness
through exercise (including sport and
sport training) during leisure time
reported lower levels of persistent
fatigue51; a longitudinal study of
Norwegian nurses’ aides suggests
that physical exercise during non-
work time is protective against the
progression of acute fatigue states to
persistent fatigue traits.52 In a Cana-
dian study, women attributed their
fatigue to lack of exercise,53 and
finally, the value of exercise to sleep
efficiency has been confirmed in a
number of studies.54,55

To date, however, relatively few
studies have examined the relation-
ship between common non-work ac-
tivities, other than physical exercise,
and fatigue and stress recovery. This
is remarkable because two of the
most common non-work pastimes
are creative activity (including hob-
bies) and social activity. Broadly,
creative activity offers opportunities
for personal fulfillment, skill acqui-
sition, and mastery achieved in a
variety of ways ranging from the
materially creative (handicrafts, art,
etc) to the emotional (parenting, vol-
unteer work, etc). There is evidence
that such creative activities and hob-
bies play a significant role in workers’
lives. Positive psychology highlights
the importance of the sense of per-
sonal fulfillment as a significant
component of emotional resil-
ience.56–59 More specifically, sev-
eral studies have suggested that
maintaining fulfilling creative activ-
ities in non-work time is protective
against the progression of acute fa-
tigue to burnout or chronic fatigue
traits.60–62 Similarly, the social ac-
tivity that workers enjoy in non-work
time is reported to be an important
existential context for living, a per-
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spective that might be termed
“Working to Live.”60–64

These activities can be argued to
reduce allostatic load by stimulating
a parallel “pleasure-reward” system
network within the brain, whose ac-
tive components include endorphins,
dopamine, serotonin, etc. These
chemicals have effects within the
brain (broadly), which are almost the
exact opposite of allostatic load.65–70

It is thus arguable that if a work-
er’s response to acute work stress
and fatigue includes a progressive
reduction in exercise and creative
and social activities, there is a com-
mensurate loss of important sources
of personal fulfillment, which might
otherwise stimulate the release of
pleasure-reward neurotransmitters
with their stress-reducing, allostatic
load-opposing potential. This behav-
ioral change may lead to a prolonga-
tion of work stress spillover effects
in non-work time, thereby increasing
the overall period of allostatic load in
any 24-hour sequence.

Thus, enduring high allostatic
load mediates stress response
downregulation failure, mediating
even higher allostatic load, and so
on. In other words, a vicious cycle
has been established, inducing a
slow downward “loss spiral” asso-
ciated with declining mental and
physical health. Anecdotally,
workers affected by persistent
stress and fatigue speak of an evo-
lution in their work time and NWA
pattern to one of “Living to Work.”

The value of adequate quality
sleep to the recovery process is
well established.53,54,71,72 How-
ever, there seems to be a tendency
to assume, overly simplistically,
that if sufficient time for sleep is
available between work periods at
appropriate times of the day and
night cycle, adequate restorative
sleep will occur. In fact, many work-
ers with stressful occupations fre-
quently experience difficulties with
sleep quality, because of the persis-
tence of stress-response brain arousal
in non-work time.28,73–76 Active ex-
ercise is known to have a beneficial

effect on sleep quality, which may be
associated with the stress minimiza-
tion effects, previously described.71,77–80

By comparison, the influence of other
non–work-time activities, such as hob-
bies and social contact on sleep quality
does not seem to have been fully
explored.

In sum, current understanding of
brain psychoneurophysiology indi-
cates that recovery from work stress
and fatigue is a complex multifacto-
rial process, which includes various
behavioral elements. Importantly, all
these behaviors are potentially more
completely within the discretionary
control of the individual worker in
non-work time than (arguably) is
their stress exposure during work
time. Such behaviors mediate neuro-
hormonal effects, which could be
expected to enhance sleep quality
and broadly improve recovery from
work strain. This suggests that pas-
sive “resting” in non-work time may
not promote recovery from work
strain as well as is commonly ac-
cepted, particularly where such strain
has a high mental and emotional,
rather than physical, character. Ac-
cordingly, our hypotheses for this
study were as follows:

Hypothesis 1: Participants reporting
higher levels of activity in their
non-work time achieve better re-
covery (from their end-of-shift
acute fatigue).

Hypothesis 2: Participants reporting
higher levels of activity during
non-work time experience better
sleep quality.

Hypothesis 3: Participants reporting
higher levels of activity during
non-work time report lower
chronic fatigue experience.

Hypothesis 4: The relationship be-
tween non–work-time activity and
recovery is mediated by sleep
quality.

Hypothesis 5: Non–work-time activ-
ity mediates the relationship be-
tween recovery and chronic fatigue
evolution.

Methods

Participants
The study population comprised

314 working adults in good general
health of mean (SD) age of 40.45
(10.9) years, of whom 72% (225)
were women. The majority of partic-
ipants (89% [277]) worked full-time
for a mean (SD) of 39.4 (9.8) hours/
week in jobs they had held for a
mean (SD) of 14.7 (10.6) years. Ap-
proximately 28% (87) had dependent
children and 65% (203) had current
partners. The high proportion of fe-
male to male participants is notable,
the most likely explanation being
that nearly half of all respondents
identified as working in the nursing,
social work, education, or health care
(broadly) fields, which tend to be
dominated by women. The broad
breakdown of participants according
to occupation is shown in Table 1.

Materials
Among the demographic ques-

tions, participants were asked if they
were aware of any physical or med-

TABLE 1
Distribution of Type of Work
Undertaken by Study Participants

Work Area Frequency Percent

Academic 3 1.0
Administration 52 16.6
Civil service 4 1.3
Counselor 4 1.3
Education 27 8.6
Engineering 10 3.2
Finance 6 1.9
Health care 19 6.1
Human resources 6 1.9
Information

technology (IT)
12 3.8

Law 6 1.9
Management 12 3.8
Media 3 1.0
Medicine 10 3.2
Nursing 95 30.3
Research 10 3.2
Sales 9 2.9
Service work 8 2.5
Social work 11 3.5
Student 4 1.3
Transport 3 1.0

Total 314 100.0
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ical condition that reduced their
energy levels below what they con-
sidered “normal” or “average.” This
enabled a potentially confounding
variable of fatigue associated with a
pathology or disease, eg, multiple
sclerosis, chronic fatigue syndrome,
cardiovascular disease, etc (as op-
posed to simply work-related strain),
to be identified within the sample. In
addition to demographic questions,
all participants completed the fol-
lowing questionnaire measures.

The Occupational Fatigue Ex-
haustion Recovery Scale. This new
15-item measure has been validated
in several studies as a measure of
specifically work-related fatigue.81,82

It comprises three subscales of five
items each, representing chronic fa-
tigue, acute fatigue, and (inter-shift)
recovery, respectively. However, by
virtue of the nature of analyses per-
formed in the study, the acute fatigue
subscale was not utilized.

Typical items for chronic fatigue
include, “I often feel I’m at the end
of my rope with my work,” and, “I
often wonder how long I can keep
going with my work.” The unique
Occupational Fatigue Exhaustion
Recovery (OFER15) measure of re-
covery from acute fatigue between
work periods includes items such as,
“I’m often still feeling fatigued from
one work period by the time I start
the next one” (recoded), and “Even if
I’m tired from one work period, I’m
usually refreshed by the start of the
next work period.” The recovery sub-
scale is of particular value in examin-
ing the relationship between NWA
engagement and stress and fatigue re-
covery experience. Each statement
is responded to on a seven-point
Likert scale between parameters
of “completely agree” and “com-
pletely disagree.” Cronbach � co-
efficients for the subscales are high
(�0.83). Reported studies indicate
that the construct of recovery, mea-
sured with the OFER15 subscale,
strongly and negatively correlates
with the chronic fatigue subscale.

Pittsburgh Sleep Quality Inven-
tory. The Pittsburgh Sleep Quality

Inventory (PSQI) is a validated ques-
tionnaire for comprehensive analysis
of overall sleep quality comprising
19 items. The elements of sleep expe-
rience measured include length of time
to achieve sleep, use of sleep-inducing
medication, sleep disturbances, overall
sleep length, self-perception of sleep
quality, and non–sleep-time function-
ing. The PSQI index score is a number
from 0 to 21, a higher number indicat-
ing poorer sleep. The authors report
that a score of 5 or less on this scale is
indicative of high sleep quality with no
problems associated with sleeping.
Cronbach � for this scale is reported to
be 0.83.83,84

Non-work Activity. In the absence
of a suitable extant scale, a custom-
designed scale was created to mea-
sure the frequency of participant
involvement with different activi-
ties in non-work time. A number of
areas were assessed to be poten-
tially valuable contributors to re-
covery in non-work time. Exercise,
creative (hobby) activity, and so-
cial activity were anticipated to be
the most important.

Typical questions included “In an
average working week, how much
time in total do you spend working
alone on any hobbies or creative
activity you have, which give you
pleasure and satisfaction, and that
you do not regard as work? This
includes such things as arts and
crafts, handiwork, sewing and nee-
dlework, collecting, model-making,
gardening, etc?” A seven-point Lik-
ert response scale between the pa-
rameters of “None” and “More than
5 hours a week” was provided. Five
other similarly worded items deter-
mined time spent on physical exer-
cise, general social activity, social
activity within the home (involve-
ment with partner and dependant
children), interaction with family
pets, and finally particular household
activities (specialist cooking, do it
yourself, etc). The items stress that
the activity tested is not regarded as
work, but pleasurable and personally
rewarding. The activities measured
are a comprehensive range of realis-

tic and typical behaviors capable of
generating positive and relaxing
states in direct contrast with work-
activity stress and fatigue.

Procedure
The University of South Australia

ethics committee approved an ap-
proach to the Clinical Directors of
three metropolitan hospitals to allow
all health care personnel to be invited
to participate via the hospital’s intra-
net by logging in to the study Web
site. In addition, the study was
widely promoted in the local media
(print, television, and radio) inviting
participation of the general public by
e-mailing the first author to obtain an
electronic link to the study Web site.

All such e-mail requests were re-
plied to personally, providing brief
details of the study, assurance of
anonymity, and a “live” electronic
link to the study. In addition, it was
suggested that if the enquirer had
friends or colleagues who might also
be interested in participating, the link
to the study site might be forwarded
to them. In this way, it was hoped to
increase participation by a “snow-
balling” effect.

Such a method of recruitment is
criticizable on several theoretical
grounds, which need to be addressed.
For example, it was essentially lim-
ited to subjects with Internet connec-
tions. This can be argued to bias the
sample in favor of higher socioeco-
nomic status groups, although the
penetration of Internet connectivity
is reported to be currently of the
order of 66% or more within Austra-
lia.85 The reported occupational char-
acteristics of the population do suggest
a bias toward occupations with inher-
ently higher psychosocial strain, as
opposed to manual workers. However,
this was the group that was particularly
of interest, because the principle aim
of the study was to explore the out-
comes of the mediating or moderating
effects of non–work-time behavior on
high (neurocognitive) work strain.

It could be argued that the sample
distribution was skewed as a conse-
quence of “volunteer bias,” whereby
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more fatigued workers might be less
willing to participate, for example.
By contrast, it can also be argued that
fatigued workers may be more will-
ing to contribute because of a greater
personal interest in the subject. On
balance, it was felt that these latter
opposed positions are ultimately
self-canceling. In addition, the study
was of adequate size to ensure ade-
quate statistical power for the analy-
ses performed. In sum, it was felt
that the study population was appro-
priate for the exploratory study being
conducted, which was concerned
more with testing the relationship
between factors within the sample as
an exemplar, and less with demon-
strating absolute generalizability of
findings.

A total of 395 full responses to the
on-line questionnaire were received.
Of these, a total of 79 participants
responded affirmatively to the ques-
tion about abnormal energy levels
due to conditions (medical) other
than workplace demands. Accord-
ingly, these responses were excluded
from subsequent analysis.

Results

Statistics
All statistical analyses were per-

formed using SPSS 12 (Chicago, IL).
Analysis of the study population size
with the G-Power statistical applica-
tion86 indicated that a study N of 316
ensured a power of 0.95 to detect a
small to medium effect size (0.075)
at an � value of 0.05 in multiple
correlation F tests with five predic-
tors, and a small to medium effect
size (0.2) in correlations t tests. In
other words, there was a less than 5%
chance of any statistically significant
relationship being identified in these
analyses of the population, which
had occurred by chance.

Histograms of scores on the fatigue,
recovery, sleep, and age variables
were examined, which indicated
they were normally distributed and
therefore suitable for analysis with-
out transformation.

Correlation Analysis
Pearson correlations (r) between

the subscale scores of age, gender,
work status, and other variables are
reported in Table 2. A number of
these are notable. The non-signifi-
cant correlations among gender, age,
work status, and other variables re-
ported suggest that although the sam-
ple contained more women than
men, this was not of significance.
Similarly, the absence of any signif-
icant correlation between scale
scores and work status suggested that
the inclusion of a small percentage
(�11%) of part-time workers in
the sample was not likely to affect
the overall results. By contrast, the
correlations between the NWA and
sleep quality, chronic fatigue, and
recovery scores were all notably
significant and in directions (re-
spectively) that were predicted in
Hypotheses 1, 2, and 3.

Regression Analysis of Non-work
Activities and Recovery

The NWA measure contained six
different activities. To determine
their relative significance in predict-
ing recovery, a linear regression
analysis was performed with the
OFER-IR (Recovery) score as the
dependent variable and the separate
forms of activity (items NWA 1 to 6)
entered as independent variables in
one block using the stepwise method

of entry recommended by Tabach-
nick and Fidell.87

The results of this analysis indi-
cated, as expected, that exercise
(� � 0.141), creative (hobby) activ-
ity (� � 0.135), and social activity
(� � 0.236) were the only significant
predictors, explaining a total of 20%
of the variance of recovery:

Final regression equation: F (3,
311) � 19.78, P � 0.000; adjusted
r2 � 0.196.

In view of the results of this anal-
ysis, only the scores for exercise,
hobby, and social activity were used
thereafter for further testing of the
hypotheses. Analysis of these items
considered as a three-item scale in-
dicated a coefficient of internal reli-
ability (Cronbach �) of 0.85. The
sum of scores for these items was
used to create a factor termed NWA.

Multivariate Analysis
of Variance

Scores on the factor NWA were
distributed between a minimum
value of 3 and maximum value of 21.
Accordingly, scores on the NWA
scale were categorized into low (val-
ues between 0 and 9), medium (val-
ues between 9.1 and 15.0), and high
(values between 15.1 and 21) to cre-
ate the factor NWA Level.

Hypotheses 1, 2, and 3 predicted
that higher NWA (NWA Level)
would have a beneficial effect on

TABLE 2
Pearson r Correlations Between Age, Gender, Work Status, and Fatigue and
Recovery, and Sleep Quality Scores

OFER-CF OFER-IR
Sleep

Quality
NWAC
Level Age Gender

Work
Status

OFER-CF (0.89)
OFER-IR �0.62* (0.88)
Sleep quality �0.44* 0.44* (0.85)
NWAC level �0.33* 0.29* 0.27* (0.83)
Age �0.05 0.05 0.01 0.00 1.00
Gender �0.02 �0.04 0.06 0.00 0.03 1.00
Work status 0.03 �0.01 0.09 0.08 0.08 �0.08 1.00

Numbers in parentheses are Cronbach � coefficient (where applicable).
*P � 0.001.
OFER indicates occupational fatigue exhaustion recovery; CF, chronic fatigue; IR, inter-

shift recovery; NWAC, nonwork activity; Sleep Quality, Pittsburgh Sleep Quality Index
recoded; Part-Time, part-time working.
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recovery (OFER-IR score), sleep
quality (PSQI score), and chronic
fatigue (OFER-CF score). These hy-
potheses were tested simultaneously
in a multivariate analysis of variance
analysis with NWA Level as the
independent variable and scores on
the sleep quality, recovery, and
chronic fatigue scales as dependent
variables. Neither the Box test for
equality in covariance matrix nor the
Levene test of error variance was
significant (P � 0.754 and P �

0.185, 0.487, and 0.710, respectively
[for the three dependant variables]).

The results of this analysis are
presented in Table 3. They indicate a
significant effect of NWA Level on
recovery, sleep quality, and chronic
fatigue scores, as predicted in Hy-
potheses 1, 2, and 3.

This effect is also graphically il-
lustrated in Fig. 1. It indicates a
progressive and linear effect on
chronic fatigue (which is reduced),
inter-shift recovery (which is in-

creased), and sleep problems (which
are also reduced) according to the
level of engagement with activity(s)
(which have a stress response down-
regulating capacity) during the non-
work period between work shifts.

Testing for Mediation
A variable may be considered a

mediator to the extent to which it
carries the influence of a given inde-
pendent variable (IV) to a given de-
pendent variable (DV). Generally
speaking, mediation can be said to
occur when 1) the IV significantly
affects the mediator, 2) the IV signif-
icantly affects the DV in the absence
of the mediator, 3) the mediator has a
significant unique effect on the DV,
and 4) the effect of the IV on the DV
shrinks upon the addition of the me-
diator to the model.88

Hypotheses 4 predicted that NWA
Level would mediate the relationship
between recovery and chronic fa-
tigue. Hypothesis 5 predicted that
sleep quality would mediate the re-
lationship between NWA and recov-
ery. These were investigated using
the Sobel test of mediation by apply-
ing the following formula:

z-value � a*b/SQRT(b2*sa
2 � a2*sb

2)

where a � raw (unstandardized) re-
gression coefficient for the association
between the IV and the mediator; sa �
standard error of a; b � raw regression
coefficient for the association between
the mediator and the DV (when the IV

Fig. 1. Mean scores for chronic (maladaptive) fatigue, inter-shift recovery, and sleep difficulty
according to NWA level.

TABLE 3
Multivariate and Univariate Statistics for Sleep Quality and Recovery and Chronic Fatigue According to Non-work Activity
Level: Low, Medium, and High

Multivariate

Univariate

Source

NWA Low
(N � 94)

NWA Medium
(N � 154)

NWA High
(N � 66)

F Ratiodf F Ratio Mean SD Mean SD Mean SD

Sleep quality 8.78 3.15 7.8 3.45 6.7 3.2 7.43*
Recovery 6618 10.92** 42.48 21.7 53.98 23.4 67.12 20.6 23.73**
Chronic fatigue 54.94 22.91 42.73 22.9 31.51 21.6 28.96**

*P � 0.05; **P �0.001.
aMultivariate F ratio based on Wilk’s Lambda Statistic � 0.82, Univariate df � 2312.
df indicates degrees of freedom; NWA, non-work activity level; Recovery, OFER-IR subscale score; Chronic Fatigue, OFER-CF subscale

score; Sleep Quality, Pittsburgh Sleep Quality Index score.
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is also a predictor of the DV); and sb �
standard error of b.88

For Hypothesis 4, the Sobel test
statistic was �3.64, P � 0.0002, and
for Hypothesis 5, the Sobel test sta-
tistic was 3.43, P � 0.0005.

The Sobel test results confirm that
1) non–work-time activity is a signifi-
cant mediator of the relationship be-
tween recovery and chronic fatigue,
and that 2) sleep quality significantly
mediates the relationship between
non–work-time activity and recovery,
both as predicted by Hypotheses 4 and
5, respectively.

Discussion
Analysis of these exploratory

study results confirmed all of the
hypotheses, and suggested strongly
that, within the study population, a
worker’s pattern of non–work-time
activity (notably in the areas of so-
cial contacts, exercise, and creative
[hobby] activity) was significant in
determining their quantum of sleep
quality, recovery from acute work-
related strain between successive
work periods, and (reduced) chronic
maladaptive fatigue experience.

As with any single-wave correla-
tional survey study, it is acknowl-
edged that it is not possible to infer
causation from these results, and the
composition of the study population,
as a particular exemplar, is such that
wider generalization of the results
may be limited. Further, although we
identify a clear association between
non–work-time activity, sleep effi-
ciency, recovery, and chronic fa-
tigue, there is an important question
that remains unanswered, namely,
does work-strain recovery (with its
value to sleep and chronic fatigue
reduction) depend on non–work-time
activity, (as we suggest), or does
recovery (by some other means) per-
mit more NWA? Other studies, for
example, of a longitudinal quasi-
experimental nature or experimental
intervention design, are required to
answer such questions definitively.

Nevertheless, the statistical
power of this study was high, and
the support for the study hypothe-

ses is sufficiently strong to suggest
that such further investigations are
well merited. Furthermore, the neu-
rophysiological literature suggests
that adequate recovery from high-
stress brain arousal, particularly
when it is a regular (daily) feature,
does not occur by chance or en-
tirely through passive rest, unless
the time available for such rest is
generally much longer than the nor-
mal inter-shift period. In addition, a
common naturalistic observation of
individuals who become “burned
out” or suffer disabling stress-
related depression is that it tends to
follow to a similar pattern. This is,
typically, high work strain progres-
sively leading to increasingly pas-
sive rest and disengagement, which
is not recuperative, and a progres-
sion to ultimately maladaptive out-
comes. Clinical management of
such end states frequently involves
stimulation of activity and engage-
ment, not more rest or passivity.
Thus, of the two possible explana-
tions of our results, which we
acknowledge, we would argue that
ours is to be preferred.

According to current descriptions
of brain neurophysiology, these ef-
fects can be argued to result from an
activation of elements of “hedonis-
tic” brain psychophysiology that
have been described. The value of
physical exercise to both sleep qual-
ity and recovery has already been
identified in numerous other studies.
However, to the best of our knowl-
edge, this is the first study that has
confirmed the value of other com-
mon activities such as hobbies and
social activity to the work-strain
recovery process. It is notable that
the regression analysis indicated
that the NWA most predictive of
enhanced recovery was social ac-
tivity. Exercise was also confirmed
as being of significance, but inter-
estingly, was less so than social
activity; creative (hobby) activity
was the least predictive.

At a practical level, these findings
are potentially of some importance.
For example, an individual worker

may have limited control over how
work-stress minimization practices
are implemented in their workplace,
if at all. In addition, despite the best
implementation of such stress-
reducing practices, certain occupa-
tions may remain inherently stressful.
By comparison, however, a worker
can be assumed to enjoy much higher
discretionary control over their activi-
ties and behaviors in non-work time.
We have shown such activity to have a
significant potential capacity to affect
their work-related strain recovery.
These observations are consistent the
few other studies that have examined
non–work-time behavior effects, par-
ticularly by Sonnentag,46,47 and Fritz
and Sonnentag.89 They are also in
accordance with a longitudinal study
by Demerouti (2004), who identified
progressive increases in burnout inci-
dence among workers experiencing
significant work-home interference
problems.90

The logical conclusion to be
drawn from our results is that for
workers who do work in inherently
stressful occupations, their conscious
and deliberate involvement with ap-
propriate non–work-time activities
may potentially constitute an impor-
tant factor in determining whether
they enter upon a slow downward
spiral toward maladaptive responses
to their work strain, over time, or are
able to avoid them. We would thus
argue that this is an important matter,
which needs to be well understood
by workers in high-strain, particu-
larly mental or emotional strain,
work areas.

Any worker (or their family) who
observes a change in their pattern
of NWA, as a result of job strain,
wherein they begin to abandon the
activities we have identified, may
be starting on just such a downward
spiral. This might be synonymous
with a slow transition from a broad
existential position of “Working to
Live” to one of “Living to Work.”
For workers who are already expe-
riencing notable declines in neuro-
physiologically beneficial leisure-time
activity, because they feel (consis-
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tently) they are “. . . too tired” to do
otherwise, a serious consideration of
reordering of work and non-work pri-
orities might be indicated. Our study
results suggest that this may be the
outward and visible indicator of down-
ward loss spirals with serious end-state
potential for health breakdown and
premature career curtailment.

Significance
At the organizational level, our re-

sults would suggest that any invest-
ment directed toward the promotion of
employee social activity, exercise, and
personal hobby (creative) activity out-
side work hours, can yield a valuable
return in maintaining long-term
worker health. For extensively and ex-
pensively trained and valued employ-
ees, this is no small consideration.
Conversely, rewarding (directly or in-
directly) behaviors that reduce an
employee’s non–work-time stress re-
sponse downregulation activity may be
ultimately counterproductive. This can
occur in many insidious ways, for
example, by rewarding (in some sense)
employees who remain connected to
work (in some way) during non-work
time. This may be via electronic com-
munications systems such as Internet-
connected Personal Digital Assistants,
pagers, or by taking work home for
completion that cannot be completed
in a normal industrious day.

Such practices may have short-
term benefits to the organization, and
(perhaps) for the ambitious worker
anxious to demonstrate he or she is
“working harder.” However, during
the longer term, our observations
suggest that they can be predicted to
result in higher levels of adverse
health consequences, with career-
compromising potential.
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Longitudinal Study of Serum Lipids and Liver
Enzymes in Workers With Occupational
Exposure to Ammonium Perfluorooctanoate

Carine J. Sakr, MD, MPH
Robin C. Leonard, PhD
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Mark R. Cullen, MD

Objective: To examine the relationship between serum perfluo-
rooctanoate (PFOA), a biomarker of ammonium perfluorooctanoate
exposure, and lipids and liver enzymes. Methods: We conducted a
longitudinal study on 454 workers and used mixed models to examine
the relationship between serum PFOA and lipids and liver enzymes.
Results: One part per million (ppm) increase in serum PFOA was
associated with a 1.06 mg/dL increase in total cholesterol, but was not
associated with changes in triglycerides or other lipoproteins, after
adjusting for potential confounders. Serum PFOA was also associated
with total bilirubin (0.008 mg/dL decline/ppm) and serum aspartate
aminotransferase (0.35 units increase/ppm) but not with the other liver
enzymes. Conclusions: These medical surveillance data collected on
workers for up to 25 years contributes useful information on the effects
of ammonium perfluorooctanoate exposure on human liver and lipid
chemistry. (J Occup Environ Med. 2007;49:872–879)

P erfluorooctanoic acid (PFOA,
C7F15COO�) is a biopersistent sur-
factant used in the manufacture of
several types of fluoropolymers. In
recent years, this compound has been
the subject of regulatory and public
health interest because of its appar-
ent ubiquitous presence in environ-
mental media (surface and ground
water), wild animals, and humans,
even in the absence of obvious
sources of exposure.

PFOA has been used in industry
primarily as the ammonium salt (am-
monium perfluorooctanoate or
APFO). APFO is a perfluorinated
carboxylate surfactant used mainly
as a polymerization aid in the
production of fluoropolymer high-
performance materials. Fluoropoly-
mers are used in architectural fabrics,
chemical processing piping and
vessels, automotive fuel systems,
telecommunications and electronic
wiring insulation, and computer chip
processing equipment and systems,
in addition to consumer products
such as cookware and apparel. In the
presence of water, APFO dissociates
readily to PFOA and the ammonium
ion.

PFOA has been found in the
serum of production workers with
occupational exposure to this
chemical at levels between 0 and
100 parts per million (ppm), with
the majority residing under 20
ppm.1–3 Ubel et al reported that the
level of organofluorine (mostly
PFOA) in the blood was related to
the degree and duration of expo-
sure.1 Lower levels of PFOA (parts
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per billion, ppb range) have been
reported in serum samples of non-
occupationally exposed adults (me-
dian, 4.9 ppb), children (median,
5.1 ppb), and elderly (median, 4.2
ppb) in the United States, as well as
in other countries, suggesting a
widespread exposure to the general
population.4 –10

There is no evidence that PFOA is
metabolized in mammals, based on
studies in rats.11,12 There are major
species and gender differences in
elimination of PFOA in ani-
mals.13–15 Animal studies suggest
that the liver is the primary target
organ for PFOA-induced toxicity in
mice, rats, and monkeys. PFOA pro-
duced hypolipemia in rodents16,17

and increased liver weight in rodents
and monkeys.18,19

Little is known about the pharma-
cokinetics of PFOA in humans. Han
et al reported that greater than 90%
of PFOA would be bound to serum
albumin.20 Unlike animals, humans
seem to eliminate PFOA relatively
slowly.1,21,22 In an interim report,
Burris et al reported that the mean
serum half-life of elimination for
PFOA was 4.37 years (range, 1.50–
13.49 years, SD � 3.53) among nine
retirees with previous occupational
exposure to PFOA.22

Several epidemiology and medical
surveillance studies of workers occu-
pationally exposed to PFOA have
yielded inconsistent results. Some
studies described an association be-
tween serum PFOA and lipids or
liver enzymes, whereas others were
not able to replicate these find-
ings.1,3,23,24 The present longitudinal
study was designed to further exam-
ine the relationships between PFOA
and lipid and liver effects in a larger
population of exposed industrial
workers based on data from an on-
going health and exposure monitor-
ing program.

Materials and Methods

The Manufacturing Site
The Washington Works site was

opened in 1948. Fluoropolymers

have been produced there since
1951. Polymers are produced in two
forms: polytetrafluoroethylene ho-
mopolymers and melt copolymers.
The primary monomers synthesized
there for the further production of
longer-chain fluoropolymers include
tetrafluoroethylene and hexafluoro-
propylene. Other monomers might
also be used for the manufacture of
polymers with specific functional re-
quirements. The polymerization is a
multiple phase process where PFOA
is the key surfactant used as a poly-
merization aid.

PFOA was used as a powder until
1990. Beginning in 1990, PFOA has
been used as a solution in water,
which decreased the potential for
exposure. Employees may be ex-
posed while handling the product
without appropriate personal protec-
tive equipment (PFOA can be der-
mally absorbed). Inadvertent spillage
can result in airborne PFOA. In ad-
dition, production of some flu-
oropolymers can result in PFOA
evaporating as a dry exhaust.

Over time, the plant has averaged
approximately 2500 employees, of
whom approximately 500 work in
the fluoropolymer area. A total of
4436 employees worked for at least 1
year at the plant after 1979 (when
serum PFOA was first made avail-
able to workers).

Health Outcomes
For this study, the blood lipid and

hepatic clinical chemistry, as well as
the employees’ heights and weights,
were abstracted from the employees’
medical records at the plant. Outcomes
of interest included lipids: total choles-
terol (mg/dL), cholesterol low-density
lipoprotein (LDL, mg/dL), cholesterol
high-density lipoprotein (HDL, mg/
dL), and triglycerides (mg/dL) and
liver enzymes: total bilirubin (mg/dL),
�-glutamyl transpeptidase (GGT, IU/
L), aspartate aminotransferase
(AST, IU/L), alanine aminotrans-
ferase (ALT, IU/L), and alkaline
phosphatase (AP, IU/L). The over-
whelming majority of the laboratory
measurements in the medical records

(�95%) came from the plant medical
surveillance program data. These anal-
yses were done by standard laboratory
methods. Medical surveillance of em-
ployees included a detailed medical
history and physical examination at
least every 3 years that included stan-
dard clinical chemistry (glucose, liver
enzymes, urea, creatinin, uric acid, and
lipids). Additional surveillance in-
stituted for workers with specific
exposures included additional test-
ing (pulmonary function tests,
audiograms, stress tests, etc), as appro-
priate to the specific health concerns of
the specific occupational exposures.
There were no available data on use of
lipid-lowering medications.

LDL values were calculated based
on the Friedewald calculation
(LDL � total cholesterol � HDL �
triglycerides/5), except for the tests
that were done in 2004 when the
LDL were directly measured. The
Friedewald calculation is known to
be an accurate and reliable method to
estimate LDL when compared with
directly measured LDL when serum
triglyceride concentration is �400
mg/dL.25–27 We excluded nine LDL
observations with corresponding tri-
glyceride concentrations �400
mg/dL when the year was not 2004.
We also excluded a total cholesterol
of 19 mg/dL, because it was outside
the physiologically possible range.

Exposure Variable
Because PFOA appears to be a sta-

ble biomarker associated with occupa-
tional exposure, serum PFOA was
used as the primary independent expo-
sure variable. From 1979 to the present
time, DuPont has offered voluntary
PFOA blood testing, every 1 to 2 years
to workers exposed to APFO and ev-
ery 3 to 5 years to all other plant
workers. These tests were offered as
part of an industrial hygiene program
to verify the effectiveness of protective
control measures. These analyses were
done using standard methods to mea-
sure serum PFOA. Non-detectable val-
ues of serum PFOA were treated as
zeros. Because we did not transform
the serum PFOA level (eg, logarithmic
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transformation) and we treated it as a
continuous variable, this mislabeling
of the non-detectable as zero would
not affect our analyses and results,
especially because the number of such
values was negligible (17 observations
with a zero level, out of a total of more
than a thousand observations).

The Study Population and
Study Period

Our study group comprised the
employees who had two or more
measurements of serum PFOA (N �
461). Unless the lipid and hepatic
outcomes were measured in the same

year as PFOA, the levels correspond-
ing to a PFOA test were interpolated
from the two values surrounding the
date of the PFOA test. Seven em-
ployees had no medical surveillance
information available at the plant site
and were therefore excluded from
the analysis. The Yale Human Inves-
tigation Committee approved the
study protocol.

Statistical Analysis
For the longitudinal analysis, a

linear mixed effects model was used
to estimate the association between
exposure (serum PFOA) and the se-
lected outcomes measures of lipid
and hepatic clinical chemistry. Mod-
els for each outcome included a ran-
dom effect for subject, as well as
fixed effects for age and other poten-
tial confounders. A quadratic age
term was also included to allow for a
non-linear relationship. To reduce
the colinearity between the age and
age-squared terms, age was centered
by subtracting the overall mean age

Fig. 1. Serum PFOA average and calendar year among 454 DuPont employees who were part
of the longitudinal analysis. *Number of samples.

TABLE 1
Demographic Characteristics of All DuPont Employees Who Worked at the Plant for �1 Year After 1979 and of the
Longitudinal Study Population

Variable

Two or More Measurements
of Serum PFOA

(N � 454)

Workers at the Plant for >1 Yr
Employed After 1979

(N � 4436)

N (%) or Mean
(SD) Range

N (%) or Mean
(SD) Range

Male 334 (73.57%) 3740 (84.31%)
Female 120 (26.43%) 696 (15.69%)
Year of birth 1947 (10.54) 1916–1973 1948 (14.73) 1906–1981
Age at hire 27.11 (6.52) 18.38–60.45 28.82 (8.37) 11.23–64.01
Year of hire 1974 (10.93) 1948–1999 1977 (15.63) 1948–2002
Working status

Still active* 205 (45.15%) 1662 (37.47%)
Inactive alive* 222 (48.90%) 2363 (53.27%)
Inactive dead* 27 (5.95%) 411 (9.27%)

Mean duration of employment (yrs)† 26.98 (8.53) 3.36–44.82 21.65 (11.65) 0.96–48.56
Ever worked in the APFO area 435 (95.81%) 2258 (50.90%)
Never worked in APFO 19 (4.19%) 2178 (49.10%)
No. of PFOA measurements 3.7 (2.32) 2.0–17.0 NA
Age at first PFOA 37.9 (8.90) 22.2–63.0 NA
Year of first PFOA 1985 (7.46) 1979–2002 NA
No. of years worked at first PFOA 11.1 (8.79) 0–35.8 NA
Years between first and last PFOA 10.8 (8.44) 0.2–24.9 NA
First PFOA measurement (ppm) 1.04 (1.67) ND–18.00 NA
Last PFOA measurement (ppm) 1.16 (2.61) ND–26.00 NA

*As of January 1, 2007.
†From date of hire to termination for those inactive and from date of hire to January 1, 2007 for those still active.
SD indicates standard deviation; NA, not applicable; ND, nondetectable.
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from the observed age at each mea-
surement. The relationships between
each outcome variable and age were
also examined separately for men
and women. When the age effect dif-
fered, an interaction term between age
and gender was defined and added to

the exposure-response models to ac-
count for effect modification.

The distributions of PFOA and the
outcome measures were examined,
as well as the correlations between
repeated measures of each outcome.
Sample variograms were created for

each outcome variable to evaluate
serial correlation, the measurement
error, and the random effect for each
mixed model. The spatial Gaussian
covariance structure was found to
best describe the correlations be-
tween repeated outcome measures,
as appropriate for unequally spaced
measurements.28

Serum PFOA along with age,
age-squared, gender, body mass in-
dex (BMI), and decade of hire were
initially included in all models, as
well as interactions. Age, BMI,
gender, and decade of hire were
considered as possible confounders
by noting change in the coefficient
of exposure with and without each
covariate present in the model. A
backward elimination strategy was
used to eliminate covariates that
were not confounders, with signif-
icance level of 0.05 required to
remain in the model. SAS version
9.01 (Cary, NC) was used for all
analysis (mixed-effects regression
models).

Results
Table 1 shows the demographic

characteristics of all the employees
who worked for at least 1 year at the
plant after 1979, compared with the
employees with two or more serum
PFOA measurements eligible for this
study. The groups had comparable
average year of birth, age at hire, and
year of hire. Those with repeated
measurements of serum PFOA had a
longer mean duration of employment
and were much more likely to have
worked in APFO-exposed areas than
the larger population of workers in
the plant were (96% vs 51%).

Among study subjects with mul-
tiple serum PFOA measurements,
the average number of tests was
3.7; they were 38 years old at their
first measurement and had been
employed 11 years. The average
year of the first PFOA measure-
ment was 1985; on average, there
was 10.8 years between their first
and last PFOA serum measure-
ment. The mean of the first and last
PFOA measurement was 1.04 and

Fig. 2. Total cholesterol (mg/dL) and age, stratified by gender among 454 DuPont employees
who were part of the longitudinal analysis. Individual values are in the background, and the
moving average is represented by the two lines.

TABLE 2
Grand Means of Individually Averaged Values of BMI, Age, Serum PFOA, and
Chemical Endpoints Among 454 DuPont Employees Who Were Part of the
Longitudinal Analysis

Variable N Mean SD Range

BMI 445 26.74 3.97 16.75–40.32
Age 454 43 8.36 24–66
PFOA (ppm) 454 1.13 2.1 0–22.66
Total cholesterol (mg/dL) 446 210 36.74 96–324
LDL cholesterol (mg/dL) 274 129 33.6 48–262
HDL cholesterol (mg/dL) 280 44 11.95 21–93
Triglycerides (mg/dL) 281 185 137.94 32–1647
Total bilirubin (mg/dL) 436 0.65 0.26 0.26–2.33
GGT (IU/L) 204 32 23.79 9–179
AST (IU/L) 436 25 10.48 9–147
ALT (IU/L) 205 24 11.52 5–77
AP (IU/L) 436 69 19.19 23–152
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1.16 ppm, respectively. Neverthe-
less, serum PFOA appears to have
decreased over time (Fig. 1), from
4.78 ppm in 1980 to 1.00 ppm in
2001 to 2004.

We calculated the individual means
for BMI, age, serum PFOA, and se-
lected chemical endpoints and aver-
aged these values across all subjects
(Table 2). The mean serum PFOA
over the 23-year study period was 1.13
ppm (range, 0–22.66). All clinical
endpoints were within the normal
range, as expected for a group of
healthy workers. We found that the
association between age and total cho-
lesterol was different for men and

women (Fig. 2). We therefore added
an interaction term between age and
gender to the mixed models.

Table 3 shows the results of the
longitudinal analyses of lipids. Se-
rum PFOA was positively associated
with total cholesterol, with an in-
crease of 1.06 mg/dL of cholesterol
for each 1 ppm increase in PFOA
(P � 0.011) after adjusting for age,
BMI, gender, and decade of hire.
Serum PFOA was not significantly
associated with triglycerides, LDL,
or HDL. The age-squared variable
was statistically significant in mod-
els for both total cholesterol and
LDL, which suggests a non-linear

relationship between age and these
two outcomes.

Because many of the independent
variables covary (such as age and
BMI), it is hard to interpret each coef-
ficient separately. To illustrate how
total cholesterol varies with age and
gender according to the fitted model,
we calculated the predicted cholesterol
level at the median values of all con-
tinuous covariates, separately for men
and women. These results indicate that
for women, cholesterol continues to
rise with age, whereas for men, cho-
lesterol increases up to age 40 and
then declines (Fig. 3). We attribute
the decrease of total cholesterol for
men around the age of 40 to the
effect of lipid lowering medications.
Nevertheless, we did not have infor-
mation on medication use for these
study participants.

Tables 4 and 5 show the result of
the longitudinal analyses of liver en-
zymes. PFOA was significantly as-
sociated with total bilirubin and
AST, with a 0.01 decrease in biliru-
bin, (P � 0.006) and 0.35 increase in
AST (P � 0.009) related to a 1 ppm
increase in PFOA, after adjustment
for age, BMI, gender, and decade of
hire. There was no significant asso-
ciation between serum PFOA and
GGT, ALT, and AP.

Discussion
We examined repeated measure-

ments of lipid and hepatic clinical

Fig. 3. Calculated total cholesterol versus age by gender among 454 DuPont employees who
were part of the longitudinal analysis. *Number of observations for women; †Number of
observations for men.

TABLE 3
Longitudinal Analyses of Lipids (Triglycerides, Total Cholesterol, LDL, and HDL) by PFOA and Other Covariates Among 454
DuPont Employees Who Were Part of the Longitudinal Analysis

Total Cholesterol
N � 1585*

Triglycerides
N � 508*

HDL
N � 509*

LDL
N � 504*

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Serum PFOA �1.06 0.24 to 1.88 0.79 �5.99 to 7.57 0.16 �0.39 to 0.71 0.46 �0.87 to 1.79
Age �0.33 �0.62 to �0.04 �2.21 �3.68 to �0.74 0.53 0.37 to 0.69 �0.50 �1.11 to 0.11
Age-squared �0.08 �0.10 to �0.06 �0.09 �0.13 to �0.05
BMI 0.99 0.32 to 1.66 7.33 4.63 to 10.03 �0.74 �0.98 to �0.50 0.02 �0.71 to 0.75
Gender (female) �7.50 �16.89 to 1.89 �50.97 �86.88 to �15.06 13.09 10.17 to 16.01 0.02 �8.27 to 8.31
Decade of hire �4.23 �7.60 to �0.86 �18.26 �35.92 to �0.60 3.72 2.19 to 5.25 �7.56 �12.24 to �2.88
Age gender* 1.55 0.96 to 2.14
Age-squared

gendera
0.06 0.00 to 0.12

*Number of outcome measurements.
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chemistry endpoints in a group of
workers with occupational exposures
to APFO. We found that serum
PFOA was positively associated with
total cholesterol, but not associated
with triglycerides, LDL, or HDL
after adjusting for potential con-
founders. Serum PFOA was also
negatively associated with total bil-
irubin and positively associated with
AST, but not associated with ALT,
GGT, and AP.

Previous studies looked at the re-
lationship between serum PFOA, and
lipids and liver enzymes, in workers
with occupational exposure to
APFO. Ubel and colleagues did not
detect any disease pattern attribut-
able or related to fluorochemicals
among workers with occupational
exposure to organofluorine, primar-
ily PFOA.1 Likewise, Gilliland and
colleagues showed no relationship in
a cross-sectional study of serum
PFOA and cholesterol, lipoproteins,
and hepatic enzymes in 115 occupa-

tionally exposed men.23 In a sub-
population of obese persons,
however, AST and serum ALT were
higher among those with higher
PFOA. Among drinkers, PFOA
blocked the elevation of HDL asso-
ciated with alcohol use and GGT was
inversely associated with PFOA. The
explanation the authors had for these
findings was that PFOA modulates
effects of endogenous and exoge-
nous determinants of hepatic metab-
olism. Olsen, however, found no
significant clinical hepatic toxicity
and no change in LDL, HDL, or
triglycerides with change in PFOA in
cross-sectional studies based on
medical surveillance data from a
large chemical company.24 Nor did
PFOA appear to modulate hepatic
responses to either obesity or alcohol
consumption in those studies. In a
more recent longitudinal study, Ol-
sen reported a positive relationship
between PFOA and the natural log of
total cholesterol (coefficient, 0.032;

95% confidence interval, 0.013–
0.051) in occupationally exposed
workers.3

The only significant positive asso-
ciation for liver enzymes that we
found was between serum PFOA and
AST. The associations with GGT
and ALT did not reach statistical
significance, but fewer observations
contributed to the analysis (233 for
GGT and 231 for ALT). An increase
of 1 ppm in serum PFOA would
result in an increase of 0.35 IU/L in
AST. It is difficult to understand
the potential biological signifi-
cance of the small negative associ-
ation between serum PFOA and
total bilirubin.

Although the human health conse-
quences of exposure to APFO are not
fully understood, and because of the
described associations between se-
rum PFOA and lipids and liver
enzymes, it would be prudent to
monitor the liver enzymes and lipids
of workers with significant occupa-
tional exposure to APFO.

A study of non-worker exposure
to PFOA was conducted to examine
the relationships between PFOA
and hematologic and biochemical
clinical markers in a community
located near a fluoropolymer pro-
duction facility.29 In this popula-
tion, the median serum PFOA was
354 ppb (interquartile range, 184 –
571 ppb), which is higher than the
US general population level (me-
dian for the general adult US pop-
ulation, 4.9 ppb).4 No association
between serum PFOA level and

TABLE 4
Longitudinal Analyses of Liver Enzymes (Total Bilirubin, GGT, and AP) by PFOA and Other Covariates Among 454 DuPont
Employees Who Were Part of the Longitudinal Analysis

Total Bilirubin
N � 1327a

GGT
N � 233a

AP
N � 1327a

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Serum PFOA �0.008 �0.0139, �0.0021 1.24 �1.09, 3.57 �0.21 �0.60, 0.18
Age 0.0021 0.0003, 0.0039 �0.16 �0.71, 0.39 0.54 0.40, 0.68
Age-squared 0.0002 0, 0.0003
BMI �0.0027 �0.0066, 0.0013 1.03 0.38, 1.68 0.8 0.43, 1.17
Gender (female) �0.1705 �0.2254, �0.1156 �12.55 �19.86, �5.24 �4.46 �8.79, �0.13
Decade of hire 0.031 0.0075, 0.0545 �1.33 �6.07, 3.41 1.42 �0.36, 3.20

TABLE 5
Longitudinal Analyses of Liver Enzymes (AST and ALT) by PFOA and Other
Covariates Among 454 DuPont Employees Who Were Part of the
Longitudinal Analysis

AST
N � 1326*

ALT
N � 231*

Coefficient 95% CI Coefficient 95% CI

Serum PFOA 0.35 0.10 to 0.60 0.54 �0.46 to 1.54
Age �0.21 �0.29 to �0.13 �0.16 �0.41 to 0.09
Age-squared
BMI 0.18 �0.02 to 0.38 0.57 0.28 to 0.86
Gender (female) �5.52 �7.62 to �3.42 �9.06 �12.29 to �5.83
Decade of hire �1.79 �2.69 to �0.89 �0.66 �2.87 to 1.55

*Number of outcome measurements.
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adverse health effects was seen.
Because much lower levels of
PFOA have been reported in serum
samples of non-occupationally ex-
posed adults, it is unlikely that the
effect observed in occupationally
exposed workers would be seen in
the general population, where the
range of exposure is orders of magni-
tude less.4–10 Other studies addressing
the relationship between PFOA and
adverse health outcomes in the general
population are underway.

Strengths and Limitations
Our study had several limitations.

Our results are based only on em-
ployees who had at least two PFOA
measurements in the PFOA surveil-
lance program at Washington Works.
These workers represent almost 16%
of all workers who ever worked in
the APFO area and almost 10% of all
workers who ever worked at the
plant for at least 1 year after 1979.
As shown in Table 1, compared with
the rest of the workers, those who
were part of our repeated measures
analysis had similar demographic
characteristics but a much higher
percentage of work history in the
APFO area (96% compared with
only 51%). We could not evaluate
the potential selection bias because
of the inclusion of this fraction of
eligible workers who participated in
the industrial hygiene surveillance
program. Because there were no
known health effects of exposure to
APFO at the time the measurements
were taken, we therefore do not ex-
pect the selection to be related to the
outcomes of interest, reducing the
potential for bias.

We did not have any information
on lipid-lowering medications. It is
possible that the decrease in total
cholesterol observed in men after
the age of 40 was due, at least in
part, to the use of lipid lowering
medications (Fig. 3). Leonard et al
reported an 18% prevalence of use
of lipid lowering medications
among the 1025 Washington
Works employees (assigned to
APFO and non-APFO sites) in the

cross-sectional study undertaken in
2004 (Dupont 2006, unpublished
report). Our longitudinal study in-
cluded 201 employees that were
part of this cross-sectional study.
The effect of systematic underesti-
mation of higher cholesterol levels,
however, if non-differential with
respect to exposure, would most
likely be toward the null.

We had no information on alcohol
intake. Alcohol intake is known to
impact the liver and should be con-
sidered as a possible confounder in
studies evaluating liver enzymes.30

Indeed, Leonard et al showed that the
associations of liver enzymes were
dependent on alcohol consumption
variables. Nevertheless, we have no
reason to believe that alcohol con-
sumption would be differentially
distributed by exposure levels, and
thus believe it is unlikely to be a
confounder.

Another limitation of this study
was that the exposure and outcome
were not measured on the same date.
When they were not obtained in the
same year, we interpolated to esti-
mate the outcome values for lipid
and hepatic chemistry, knowing that
on average employees had their
chemistry profile checked every 2 to
3 years. This was part of an effort to
take advantage of all the existing
data that was available to us.

Finally, except for the 2004 data,
the LDL was calculated based on the
Friedewald formula. This formula
has many known limitations.31–35

For the data collected in 2004, the
LDL was directly measured. Our cal-
culations showed that the measured
and calculated LDL on this subgroup
of employees had a correlation of
97.21% (P � 0.001).

The primary strength of our
study is that both exposure and
outcome were measured over time
in a large occupational group with
relatively high exposures. The
analysis of this large amount of
data collected over many years for
454 individuals constitutes signifi-
cant information on the human

health effects of exposure to APFO
on liver and lipid chemistry.

Follow-up studies are planned to
evaluate the associations described.
A cross-sectional study of lipids,
liver enzymes, and serum PFOA has
been completed and the manuscript
has been submitted for publication.
Because increased lipids are a well-
recognized risk factor for ischemic
heart disease, a mortality study of
ischemic heart disease among PFOA
workers is underway. Other inci-
dence studies in this cohort are in the
planning stage. Meanwhile, the bio-
logical monitoring program will con-
tinue to be offered to employees
working with APFO.
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Acute Effects of Some Volatile Organic
Compounds Emitted From Water-Based Paints

Lena Ernstgård, PhD
Agneta Löf, PhD
Gunilla Wieslander, PhD
Dan Norbäck, PhD
Gunnar Johanson, PhD

Objective: Acute effects during controlled exposure to some of the
volatile organic compounds emitted from water-based paints were
evaluated. Methods: Healthy volunteers (10 atopics, 10 nonatopics,
and 10 painters) were exposed to a mixture of propyleneglycol, texanol,
diethyleneglycol monoethylether, diethyleneglycol monobutyl ether, and
dipropyleneglycol monomethyl ether at a total concentration of 35
mg/m3 (G), a mixture of G and ammonia (15 mg/m3) (GA), and clean
air (C). Results: Subjective ratings of irritation in eyes, nose, throat,
and dyspnea were significantly higher during the G and GA conditions,
when compared with during the C condition. Nasal mucosal swelling
was observed after G but not after GA exposure. No effects of the
exposure on the pulmonary function, markers of inflammation in
nasal lavages, and renal function in urine were seen. Conclusion:
Exposure to G and GA caused mild irritation in eyes, nose, and airways.
(J Occup Environ Med. 2007;49:880–889)

S olvent-based paints have gradually
been replaced by water-based
paints to reduce or eliminate expo-
sure to organic solvents such as
toluene, xylene, and white spirit
(Stoddard solvent). This substitu-
tion is reflected by a fourfold de-
crease in occupational exposure
levels for hydrocarbon solvents
1960 to 1998.1 In the Scandinavian
countries, water-based paints are
not only used for indoor painting
but also used for most construction
painting.2 The increased use of wa-
ter-based paints has changed the
exposure pattern for the painters.
Water-based paint has a lower con-
tent, and thus lower total emission,
of volatile organic compounds
(VOCs). On the other hand, these
paints contains more reactive or
polar compounds, including bio-
cides, glycols, glycol ethers, and
other high molecular solvents.3

Glycols and glycol ethers are used
in water-based paint in concentra-
tions ranging from 1% to 10% or
more.4,5 Glycol ethers are added to
promote the film formation process
and to improve the application
properties. The polar solvents have
lower evaporation rates and bind to
a higher degree to building materi-
als; thus, in contrast to hydrocar-
bon solvents, the emission occurs
at a low rate but for a long period
of time. Still most of the glycol
ethers evaporate a few hours after
application of water-based paint.4

Glycol ethers are readily absorbed
by the lungs and skin because of
their high blood-air partition coef-
ficients6 and solvent properties.7

Ammonia is used to stabilize the
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binder and the paint at a pH of 8 to
9. Ammonia is known as an irritat-
ing substance.8,9

The aim of the study was to eval-
uate the acute effects in humans after
exposure to some prominent VOCs
emitted from water-based paints. To
our knowledge, this is the first expo-
sure chamber study on ocular and
respiratory effects of a mixture of
major volatile compounds used in
water-based paints.

The VOCs in our study were a
mixture of glycol and glycol ethers;
propylene glycol, texanol, diethylene
glycol monoethylether, diethylene gly-
col monobuthylether, and dipropylene
glycol monomethylether, with or with-
out ammonia. Diglycol ethers and
texanol are the major VOCs emitted
from water-based paints.6,10 The mix-
tures in our study were chosen to
represent the maximum air levels
reached during normal indoor painting
with typical water-based paints.

Effects were assessed via a battery
of physiological and biochemical
tests for human effects of airborne
pollutants.11–14

Materials and Methods

Subjects
To participate in the study the

volunteers had to be nonsmokers
without a history of chronic dis-
eases. Thirty healthy men with a
mean age of 35 years (range, 20 to
61 years) participated in the study.
Ten were atopic (mean age, 28), 10
were without allergies (mean age,
30), and 10 were occupationally
exposed painters (without known
allergies) reporting irritation symp-
toms when working with water-
based paints (mean age, 46). None
had doctor-diagnosed asthma. A
medical examination, including
clinical blood chemistry tests, was
performed before exposure. Skin-
prick tests containing extracts from
10 common aeroallergens (birch,
timothy, mugwort, dog, cat, horse,
two types of mold [Alternaria and
Cladosporium]) and two types of
house-dust mite (Farinae and Der-

matophagoides pteronyssinus)
were conducted to test for atopy.
Histamine chloride, 10 mg/mL,
was used as positive reference, and
dilution solution was used as
negative control. The study was
approved by the Regional Ethical
Review Board and performed after
informed consent and according to
the Helsinki declaration.

Experimental Design
Five subjects at a time were ex-

posed on three different occasions, to
a mixture of glycol and glycol ethers
(G) (35 mg/m3), a mixture of G and
ammonia (GA) (35 mg/m3 � 15
mg/m3), and clean air as a control
exposure (C). G was a mixture of
propyleneglycol (10 mg/m3), texanol
(2,2,4-trimethyl 1,3-pentanediol mo-
noisobutyrate, 5 mg/m3), diethyl-
eneglycol monoethyl ether (10 mg/
m3), diethyleneglycol monobutyl
ether (5 mg/m3), and dipropyleneg-
lycol monomethyl ether (5 mg/m3).
Each exposure lasted for 4 hours and
was conducted during resting condi-
tions with the subjects seated. The
exposure sessions were separated by
at least 2 weeks and were performed
in different exposure order in a bal-
anced design. The subjects were
instructed not to discuss their
symptoms or assumed exposure
level during the session.

Exposure Chamber
The exposures were carried out in

a 20-m3 dynamic exposure chamber
with 18 to 20 air changes per hour.
Temperature, relative humidity, car-
bon dioxide level, and outlet flow
rates of chamber air were continu-
ously monitored via an analog digital
converter (Squirrel Meter Logger
1200 Series, Grant Instruments,
Cambridge, UK). The temperature
and humidity in the chamber were
set to 22°C and 30%, respectively.
This corresponds to a typical indoor
climate in Sweden in the wintertime.
To avoid leakage of solvent vapor
into the surrounding laboratory the
outlet airflow rate was set slightly
higher than the inlet rate. Solvent

vapor was generated by injecting liq-
uid solvents into inlet air by means
of a high-pressure piston pump
(Gilson 302, Villiers-le-Bel, France).
The inlet air was dispersed through-
out the entire chamber ceiling.

Air was sampled from the upper
central part of the exposure chamber
to monitor the concentration of sol-
vent during exposures. The air
samples were transferred through a
Teflon-coated tube to a gas chro-
matograph by means of a pump
(DDA-P101-BN, Gast, Benton Har-
bor, USA). The gas chromatograph
(Auto system, PerkinElmer, Bucking-
hamshire, UK) was equipped with a
wide bore capillary column (Supel-
cowax wide bore 50 m � 0.65 mm,
Chrompack) and a flame ionization
detector. Nitrogen was used as a
carrier gas at a flow rate of 11
mL/min (0.3 psi). The temperature of
the oven was 150°C and of the de-
tector was 275°C.

Chemicals
Ammonia (chemical purity pro

analysis) was purchased from Merck
(Darmstadt, Germany). Texanol (2,2,4-
trimethyl 1,3-pentanediol monoisobu-
tyrate, for gas chromatography) and
diethyleneglycol monobutyl ether
(98%) were obtained from Fluka
Chemie AG (Buchs, Switzerland).
Diethyleneglycol monoethyl ether
(98% to 99%), dipropyleneglycol
monomethyl ether (97%), and pro-
pyleneglycol (99%) were from Al-
drich (Steinheim, Germany).

Symptom Ratings
The subjects rated symptoms on 0

mm to 100 mm visual analog scales
(VAS) graded from “not at all” (0
mm) through “hardly at all,” “some-
what,” “rather,” “quite,” “very,” to
“almost unbearable” (100 mm) in a
questionnaire with 10 questions. The
10 questions were (Q1) “discomfort
in the eyes: burning, irritated, or
running eyes”; (Q2) “discomfort in
the nose: burning, irritated, or runny
nose”; (Q3) “discomfort in the throat
or airways”; (Q4) “breathing diffi-
culty”; (Q5) “solvent smell”; (Q6)
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“headache”; (Q7) “fatigue”; (Q8)
“nausea”; (Q9) “dizziness”; and (Q10)
“feeling of intoxication.” The present
questionnaire was elaborated for vapor
exposure and has been used in several
similar inhalation studies performed in
our laboratory.11–17 Symptom ratings
were performed immediately before,
during (0.1, 0.5, 1, 2, 3, and 4 hours
from start of exposure), and after ex-
posure (4.1, 5, and 7 hours from onset
of exposure).

Pulmonary Function
Pulmonary function measurements

were performed before and immedi-
ately after exposure. Measurements
included vital capacity (VC), forced
expiratory volume in 1 second (FEV1),
and forced expiratory flow in 50% of
FVC (FEF50). The highest value of
three measurements was used. The
measurements were performed accord-
ing to a standard procedure,18 using a
wedge spirometer (Vitalograf, Buck-
ingham, United Kingdom).

Measurements of diffusing capacity
for carbon monoxide in the lung
(DLCO) were performed according to
the single breath holding method.19

The subject inhaled a maximal breath
of a test gas containing carbon monox-
ide (0.3%) and helium (14%), held it in
the lungs for 8 seconds, and then ex-
haled. A sample of the exhaled alveo-
lar gas was taken for analysis. DLCO

was measured before exposure and
immediately after exposure.

Acoustic Rhinometry
Nasal mucosal swelling was as-

sessed by acoustic rhinometry before
and immediately after exposure. The
instrument and software (Nasal Area
Distance Acquisition Program, v 1.3,
University of Aarhus, Aarhus, Denmark)
used have been described previous-
ly.20 The recordings were performed
after at least 0.5 hours acclimatiza-
tion to room temperature. The nasal
volume (patency) and the minimal
nasal cross-sectional area were deter-
mined as an average of three mea-
surements in each nostril. The sum of
volumes (areas) of the left and right
nostrils was used in the analyses.

Nasal Lavage
Inflammatory markers were mea-

sured in nasal lavages before expo-
sure and at 3 hours after exposure.
The procedure of sampling nasal la-
vage is described by Sundblad et al.8

The analyses included myeloperoxi-
dase (MPO), eosinophilic cationic
protein (ECP), lysozyme, albumin,
and interleukin-8 (IL-8). IL-8 was
determined with the use of a specific
enzyme-linked immunosorbent assay
(ELISA). In addition, cells were
counted and calculated for the num-
ber of cells per milliliter of recovered
fluid of the nasal lavages.

Urine Samples
To investigate effects on renal

function, urine was sampled before
exposure and at 0 and 3 hours after
exposure. Fractions of urine samples
were stored in glass vials at �20°C
for later analyses of density, creati-
nine, pH, �2-mikroglobulin, and
N-acetyl-�-D-glucose amidase (NAG).
�2-mikroglobulin and NAG values
were corrected for creatinine.

The chemical analyses of nasal
lavage (except IL-8 and cell counts)
and urine were performed at the De-
partment of Clinical Chemistry, Uni-
versity Hospital, Uppsala, Sweden.

Statistical Calculations
Nonparametric tests (Kruskal-

Wallis test and Wilcoxon signed
rank test) were used to compare VAS
ratings, nasal lavages fluid samples
and urinary markers. All other statis-
tical comparisons were made using
repeated measures analysis of vari-
ance (ANOVA). All analyses were
performed in Statview v.5.0 (SAS
Institute, Cary, NC) and the signifi-
cance level was set at 0.05.

Results
The total concentration of the mix-

ture of glycol-glycol ethers was
slightly higher than the target level
of 35 mg/m3 but did not differ be-
tween the two exposure conditions
(mean 38.9, SD 5.1 mg/m3 for G vs
39.7, SD 3.7 mg/m3 for GA). The

ammonia level (14.5 mg/m3, SD 1.2
mg/m3) was close to the target of 15
mg/m3. There were no significant
differences among the three
conditions with regard to tempera-
ture (22.0°C, SD 0.9°C) or humidity
(31.7%, SD 1.6%).

Symptom Ratings
The VAS ratings of eye irritation

(Q1) increased during the GA and G
conditions, compared with during the
clean air condition (Fig. 1A). The
increases were statistically signifi-
cant (P � 0.05, Wilcoxon signed
rank test) at all but two time points;
however, the magnitude of the rat-
ings was generally small. Thus, the
median ratings correspond to “hardly
at all” for the G condition and some-
where between “somewhat” and
“hardly at all” for the GA condition.
Furthermore, a large intraindividual
variability in rating was seen, the
magnitude ranging from “not at all”
to “rather.”

The ratings of nasal irritation
(Q2) were minimally increased dur-
ing the G exposure and slightly
higher during the GA exposure,
when compared with during the con-
trol condition (Fig. 1B). The in-
creases were statistically significant
at two time points for the G condi-
tion and all time points for the GA
condition; however, the magnitude
of the ratings was small and corre-
sponds to “hardly at all” or less.

The ratings of discomfort in the
throat (Q3) and breathing difficulty
(Q4) were similar to or lower than
those of nasal irritation (Fig. 1C, D)
and statistical significance was
reached at fewer time points.

Not surprising, the rating of sol-
vent smell (Q5) was close to none at
all during exposure to clean air (Fig.
1E). The ratings increased markedly
during the G exposure condition, the
medians corresponding to somewhere
between “rather” and “somewhat.”
The ratings during GA exposure
started at “quite” and then gradually
decreased to “rather.”

With respect to headache (Q6),
significantly increased ratings were
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observed at three and five of the six
time points during the G and GA
condition, respectively (Fig. 1F). The
magnitudes of the ratings were gen-
erally small, corresponding to
“hardly at all” or less.

No increased ratings were seen for
fatigue (Q7) and nausea (Q8) (data
not shown).

The increase in ratings of dizziness
(Q9) and feeling of intoxication
(Q10) reached significance at one or
none of six time points for both
exposure conditions. The magnitudes
were small and similar to headache
(data not shown).

Overall, the four questions that can
be considered to be related to irritation
(Q1 to Q4) all showed a similar pat-
tern, with ratings close to “not at all”
for clean air, significantly increased
ratings around “hardly at all” or less
for the G condition, and between
“somewhat” and “hardly at all” or less
for the GA condition. The ratings dur-
ing the GA condition appeared to be
higher than during the G condition for
Q1 to Q4, however, this difference was
only statistically significant at one or
two time points. The ratings declined
rapidly after cessation of exposure to
G as well as GA.

In contrast to the ratings of irrita-
tion (Q1 to Q4), the ratings of smell
tended to decrease during the 4 hours
of exposure at both exposure condi-
tions. The ratings of smell were sig-
nificantly increased at all time points
during exposure to the GA when
compared with the G condition.

When comparing the three groups
(subjects with/without atopy and paint-
ers) the only significant difference was in
the ratings “discomfort in the eyes” at
almost all time points (Fig. 2) and “head-
ache” at 180 minutes after exposure to
GA. The painters gave the highest rat-
ings and the subjects with atopy gave the

Fig. 1. Box plots of the rating of discomfort in the eyes (A), nose (B), throat and airways (C), breathing difficulty (D), solvent smell (E), and
headache (F). Thirty volunteers were exposed to clean air (C) and a mixture of glycol ethers (including glycol and texanol) without ammonia (G)
and with ammonia (GA) for 4 hours. The box plots denote the 10th, 25th, 50th (median), 75th, and 90th percentiles.
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lowest ratings. Overall, the subjects with
atopy rated lower in almost all symp-
toms compared with both subjects with
no atopy and painters.

Pulmonary Function
No significant effects of exposure

to G and GA were detected with

respect to VC, FEV1, and FEF50,
compared with effects of control ex-
posure (Table 1). However, signifi-
cant changes over time (P � 0.04,
repeated measures ANOVA): VC
and FEF50 decreased during the con-
trol exposure but increased and re-
mained constant during exposure to

G and GA, respectively. No differ-
ence in pulmonary function was de-
tected when comparing the G with
the GA exposure condition. Compar-
ing the three groups, there was a
significant difference in all three pul-
monary parameters (VC, FEV1, and
FEF50). The painters had the lowest
absolute values and the atopics had
the highest.

DLCO was not significantly af-
fected by the different exposure con-
ditions (Table 1). However, DLCO

was significantly decreased over
time at all three exposure conditions
(P � 0.001, repeated measures
ANOVA). No significant differences
between the two exposure conditions
(G and GA) or between the three
groups were seen.

Acoustic Rhinometry
Assessment of nasal mucosal swell-

ing showed that the nasal volume was
significantly decreased (P � 0.02, re-
peated measures ANOVA) after expo-
sure to G compared with after control

Fig. 2. The median ratings of discomfort in the eyes in 30 volunteers (10 atopic, 10 nonatopic,
and 10 painters) exposed to clean air (C) and a mixture of glycol ethers (including glycol and
texanol) without ammonia (G) and with ammonia (GA) for 4 hours.

TABLE 1
Pulmonary Function in Nonatopics (n � 10), Atopics (n � 10), and Painters (n � 10) (Total � 30) Before and After Exposure
to Clean Air (C), Mixture of Glycols and Glycolethers Without (G) and With Ammonia (GA) for 4 Hours*

Test

C G GA

Before 0 hr After Before 0 hr After Before 0 hr After

VC, L
Nonatopics 5.77 � 0.28 5.76 � 0.32 5.70 � 0.32 5.74 � 0.30 5.83 � 0.42 5.76 � 0.34
Atopics 6.09 � 0.72 6.00 � 0.68 6.03 � 0.59 6.00 � 0.64 5.99 � 0.62 6.04 � 0.61
Painters 5.55 � 0.57 5.47 � 0.58 5.53 � 0.56 5.51 � 0.51 5.49 � 0.56 5.48 � 0.59
All† 5.80 � 0.58 5.75 � 0.57 5.76 � 0.53 5.75 � 0.53 5.77 � 0.56 5.76 � 0.56

FEV1, L
Nonatopics 4.60 � 0.29 4.64 � 0.28 4.54 � 0.33 4.59 � 0.28 4.64 � 0.36 4.62 � 0.30
Atopics 4.95 � 0.68 4.98 � 0.72 4.93 � 0.62 4.95 � 0.68 4.82 � 0.56 4.96 � 0.60
Painters 4.34 � 0.56 4.28 � 0.53 4.36 � 0.54 4.36 � 0.54 4.47 � 0.74 4.38 � 0.58
All 4.63 � 0.58 4.63 � 0.60 4.61 � 0.55 4.63 � 0.56 4.64 � 0.58 4.65 � 0.55

FEF50, s
Nonatopics 5.50 � 0.94 5.63 � 0.93 5.31 � 0.71 5.58 � 1.05 6.17 � 1.55 6.18 � 1.32
Atopics 6.50 � 1.66 6.28 � 1.58 6.39 � 1.80 6.38 � 1.71 6.51 � 1.93 6.76 � 1.66
Painters 5.72 � 1.52 5.27 � 1.46 5.68 � 1.41 5.78 � 1.56 5.74 � 1.34 6.01 � 1.31
All† 5.91 � 1.43 5.73 � 1.37 5.79 � 1.41 5.91 � 1.46 6.14 � 1.60 6.32 � 1.43

DLCO, �mol�(s�kPa)�1

Nonatopics 223 � 18 223 � 22 230 � 31 208 � 18 224 � 42 210 � 12
Atopics 248 � 43 223 � 37 234 � 55 230 � 48 229 � 47 224 � 43
Painters 227 � 24 218 � 26 226 � 29 221 � 28 217 � 30 215 � 30
All† 233 � 31 222 � 28 230 � 39 220 � 34 223 � 39 216 � 31

Values are given as mean � standard deviation.
*See Materials and Methods for abbreviations and details on exposure conditions.
†Significant change over time (P � 0.05, repeated measures ANOVA).
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exposure (Table 2). The decrease was
most pronounced in the painters and
the nonatopic subjects. No significant
effects of exposure were seen compar-
ing GA with C or GA with G. The
minimal nasal cross-sectional area was
not affected by any of the exposures.

Nasal Lavage
Lysozyme in the nasal lavage fluid

was significantly higher after expo-
sure to C, and G (P � 0.01 and P �
0.04, respectively, Wilcoxon signed
rank test) tended to increase also
after exposure to GA (not significant,

P � 0.06) compared with before
exposure (Table 3). The effect was
most pronounced in the painters.
There was no significant difference
before and after exposure of any of
the exposure conditions for albumin,
ECP, MPO, IL-8, or the total cell

TABLE 2
Rhinometric Measurements in Nonatopics (n � 10), Atopics (n � 10), and Painters (n � 10) (Total � 30) Before and After
Exposure to Clean Air (C), Mixture of Glycols and Glycolethers Without (G) and With Ammonia (GA) for 4 Hours*

Test

C G GA

Before 0 hr After Before 0 hr After Before 0 hr After

Nasal area (cm2)
Nonatopics 0.9 � 0.18 0.92 � 0.18 0.95 � 0.27 0.90 � 0.21 0.89 � 0.19 0.90 � 0.28
Atopics 1.01 � 0.24 0.86 � 0.25 0.88 � 0.20 0.84 � 0.27 0.92 � 0.18 0.91 � 0.30
Painters 0.94 � 0.34 0.92 � 0.33 0.92 � 0.22 0.87 � 0.28 0.82 � 0.31 0.89 � 0.27
All 0.95 � 0.24 0.90 � 0.25 0.92 � 0.23 0.87 � 0.25 0.88 � 0.22 0.90 � 0.27

Nasal volume (mL)
Nonatopics 17.0 � 3.0 15.9 � 2.9 18.0 � 3.9 14.9 � 2.6 18.1 � 3.6 16.3 � 3.5
Atopics 19.7 � 2.5 18.4 � 4.0 19.4 � 4.6 17.5 � 3.7 20.2 � 2.8 17.8 � 4.7
Painters 18.9 � 8.2 18.5 � 7.7 23.2 � 6.5 19.6 � 8.1 19.8 � 6.4 19.7 � 6.0
All 18.6 � 5.1 17.6 � 5.2 20.2 � 5.4 17.3 � 5.8† 19.3 � 4.3 18.0 � 4.9

Values are given as mean � standard deviation.
*See Materials and Methods for details on exposure conditions.
†Significantly different from C (P � 0.05, repeated measures ANOVA).

TABLE 3
Nasal Lavage Markers in Nonatopics (n � 10), Atopics (n � 10), and Painters (n � 10) (Total � 30) Before and After
Exposure to Clean Air (C), Mixture of Glycols and Glycolethers Without (G) and With Ammonia (GA) for 4 Hours*

Marker

C G GA

Before 3 hr After Before 3 hr After Before 3 hr After

Lysozyme (�g/L)
Nonatopics 1,669 (1,163–3,452) 2,164 (1,445–2,937) 2,362† (1,149–3,646) 2,213 (1,460–5,292) 1,931 (1,086–4,237) 2,402 (1,698–2,992)
Atopics 1,272 (834–3,039) 1,945 (1,417–2,714) 1,303 (1,097–2,387) 1,928 (1,173–2,399) 1,139 (1,019–2,755) 1,990 (1,023–3,188)
Painters 1,524 (831–3,016) 1,615 (1,216–7,649) 1,005 (683–1,565) 1,606 (1,396–2,621) 1,329 (941–2,034) 1,483 (1,024–4,804)
All 1,524 (904–3,361) 2,084‡ (1,216–3,238) 1,352 (886–2,950) 1,820‡ (1,262–3,945) 1,391 (958–3,802) 2,079 (1,030–4,556)

Eosinophilic cationic protein (�g/L)
Nonatopics 0.40 (0.17–1.73) 0.42 (0.21–1.03) 0.37 (0.16–1.19) 0.53 (0.18–1.32) 0.62 (0.16–1.51) 0.35 (0.22–1.75)
Atopics 0.50 (0.22–1.44) 0.83 (0.17–1.93) 0.56 (0.24–0.99) 0.58 (0.23–1.43) 0.61 (0.28–1.20) 0.68 (0.24–1.13)
Painters 0.26 (0.14–0.72) 0.27 (0.17–1.18) 0.26 (0.09–0.69) 0.32 (0.21–0.66) 0.32 (0.22–1.1) 0.56 (0.21–0.92)
All 0.40 (0.18–1.38) 0.40 (0.18–1.23) 0.37 (0.10–0.99) 0.35 (0.20–1.29) 0.47 (0.20–1.30) 0.53 (0.21–1.33)

Myeloperoxidase (�g/L)
Nonatopics 7.9 (1.7–45.0) 6.5 (3.6–12.8) 7.8 (1.7–39.5) 6.5 (2.9–19.5) 6.6 2.1–13.0) 5.2 (3.4–15.8)
Atopics 2.8 (1.9–28.9) 4.9 (2.1–15.6) 12.6 (5.4–26.3) 7.1 (2.7–19.2) 7.9 (3.9–29.6) 10.1 (2.8–22.5)
Painters 4.2 (1.5–20.6) 4.2 (1.5–19.6) 5.6 (1.0–16.3) 5.4 (2.7–20.0) 4.4 (2.8–31.6) 6.4 (3.1–30.8)
All 4.7 (11.7–28.9) 4.3 (2.0–15.5) 8.5 (1.6–18.9) 6.2 (2.7–20.2) 5.9 (2.2–26.8) 6.4 (3.0–28.0)

Albumin (mg/L)
Nonatopics 1.7 (1.2–7.1) 1.8 (1.0–3.6) 1.5 (1.0–5.2) 2.0 (1.2–6.6) 1.2 (0.6–2.5) 1.6 (0.8–5.4)
Atopics 3.2 (1.1–9.8) 3.6 (1.8–7.6) 3.9 (1.4–8.4) 3.6 (1.3–8.8) 2.5 (1.2–7.6) 3.2 (1.7–5.6)
Painters 1.1 (0.6–5.6) 2.3 (0.6–3.0) 1.8 (0.4–3.4) 1.0 (0.5–4.7) 1.4 (1.0–9.6) 1.2 (0.6–12.0)
All 1.8 (0.7–7.8) 2.2 (0.6–5.0) 1.9 (0.7–5.6) 1.6 (0.7–7.4) 1.4 (0.7–7.4) 2.2 (0.8–5.6)

Total cell count per mL of nasal lavage fluid
Nonatopics 2.5 (0.9–4.2) 2.5 (0.5–6.8) 2.0 (0.5–6.4) 1.4 (0.8–6.3) 1.01 (0.5–10.5) 1.8 (1.1–12.5)
Atopics 1.5 (0.5–6.7) 0.9 (0.4–4.6) 1.7 (0.6–6.4) 2.6 (1.1–5.5) 1.9 (0.8–4.2) 2.8 (1.6–32.8)
Painters 1.3 (0.5–4.2) 1.2 (1.0–4.8) 1.1 (0.5–1.8) 1.4 (0.3–3.4) 0.9 (0.6–5.0) 1.5 (0.7–4.0)
All 1.46 (0.5–5.2) 1.20 (0.5–6.0) 1.35 (0.5–4.7) 1.67 (0.6–4.1) 1.22 (0.5–8.3) 1.94‡ (0.8–12.5)

Values are given as medians and 10th–90th percentiles.
*See Materials and Methods for Abbreviations and details on exposure conditions.
†Significantly different from nonatopics and painters (P � 0.05, Kruskal-Wallis test).
‡Significantly different from control exposure (P � 0.05, Wilcoxon signed rank test).
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count in nasal lavages. However, the
atopics had significantly higher la-
vage levels of albumin compared
with that of the nonatopics and paint-
ers. No significant difference was
seen in any of the inflammatory
markers in the nasal lavage fluid
when comparing exposure condition
GA with G.

Urine Analyses
The levels of �2-mikroglobulin,

NAG, urinary density, and pH fell within
the normal range for healthy persons in
practically all urine samples.

The pH in urine was significantly
increased after all exposures includ-
ing the control condition (Table 4).
However, with the exception of atop-
ics, no significant change after expo-
sure to G or GA compared with the
control exposure was found. In sub-
jects with atopy, the pH increase was
significant (P � 0.01, Kruskal-
Wallis test) in samples taken
immediately after exposure to GA
compared with those of the other two
groups of subjects.

The urinary density was signifi-
cantly decreased immediately after
exposure to all the three exposure
conditions, including C, compared
with before exposure (Table 4). In
the samples taken 3 hours after ex-
posure to G and GA the density was
significantly decreased compared
with before (P � 0.01, and P �
0.003, respectively, Wilcoxon signed
rank test). The decrease was signifi-
cantly larger in the atopics than in
the other two groups (P � 0.03,
Kruskal-Wallis test) in the samples
taken at 0 hours after exposure to
GA. No significant differences be-
tween the groups were seen at 3
hours.

The urinary markers of tubular
damage, �2-mikroglobulin and
NAG, were not affected by the ex-
posure to G and GA compared with
to control exposure (Table 4). The
painters had higher values of �2-
mikroglobulin before exposure to G
as well as GA and immediately after
exposure to G (P � 0.05, Kruskal-
Wallis test) than the other two TA
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groups of subjects. No other differ-
ence between the three groups of
subjects was seen. Furthermore,
there were no significant differences
between the G and the GA condi-
tions in any of the urinary markers.

Discussion
The aim of this study was to evalu-

ate acute effects after a controlled
chamber exposure to components of
water-based paints. In addition, we
wanted to investigate if our three
groups of subjects, atopics, nonatopics
and painters expressing symptoms re-
lated to their occupational activity, dif-
fered in sensitivity.

Extensive exposure to emissions
from solvent-based paint may cause
health effects such as tiredness, eye
irritation, and nausea.21,22 Consider-
ing the differences in composition,
other health effects may be expected
from water-based than from solvent-
based paints,4 including bad smell,
contact eczema, headache, and irrita-
tion. Such effects have indeed been
reported in painters in a few stud-
ies.5,23,24

Water-based paints contain a com-
plex mixture of chemicals, such as
binders, biocides, surfactants, and
traces of monomers. Some of these
compounds have low volatility or
occurs in low concentrations and will
not significantly contribute to the
paint emissions. In our study, we
focused on major compounds in the
emission from conventional water-
based paints, identified in previous
studies.10

The design of the study, in which
the subjects served as their own con-
trols, has the advantage that even
relatively subtle differences affecting
magnitude may reach statistical sig-
nificance. The results indicate sev-
eral mild effects, mainly higher
ratings of several symptoms related
to irritation during exposure to the
GA as well as the G condition, com-
pared with to clean air. In addition,
nasal swelling was observed after
exposure to the G condition. Only
minor differences between the three
groups of subjects were observed.

Irritation (discomfort in the eyes,
nose, throat, and airways) and
breathing difficulty were increased
during exposure to the G and GA
conditions compared with to the con-
trol condition. Our findings are in
line with what previously have been
found in other studies with similar
exposure. Thus, in a comparison of
255 Swedish housepainters with a
mean exposure of 3.9 mg/m3 (sum of
glycols and glycol ethers) and 302
unexposed controls, an increased risk
of eye irritation was shown (OR 1.7,
1.03 to 2.7).23 Eye and throat irrita-
tion have been reported in a study in
which 27 nonasthmatic subjects were
exposed to mist of propylene glycol
(average concentration, 360 mg/m3)
for 1 minute,10 a very high concen-
tration compared with the levels used
in our study as well as those ex-
pected when using water-based
paints. In addition to irritation, we
noted an increase in the ratings of
headache during both the G and GA
condition compared with the control
condition. This may be a secondary
effect to irritation as also suggested
by Hansen and colleagues.4

There was a significant difference
between the three groups in our
study in the ratings of “discomfort in
the eyes” (Fig. 2). The painters had
the highest and the atopics had the
lowest ratings. Overall, the subjects
with atopy tended to rate lower in
almost all questions compared with
the ratings of nonatopics as well as
painters. The higher ratings among
painters were not unexpected since
this group was selected because of
having reported symptoms of irrita-
tion when working with water-based
paints. This is also in line with an
experimental study of toluene in
which it was shown that painters
who had reported high symptom fre-
quencies on a questionnaire previ-
ously also had higher frequency of
symptoms of local irritation.25

In the present study, there was no
effect of exposure on pulmonary
function. The painters had the lowest
absolute values of the pulmonary
function parameters when comparing

the three groups of subjects. Previ-
ously, a decrease in FEV1 and FVC
during the working day has been
observed in young painters. The
numbers of years working as a
painter was related to the decrease in
FEV1, which was most pronounced
in subjects with atopy.26 This is in
apparent disagreement with present
results where the subjects with atopy
had the highest absolute values. The
atopics in our study were younger
than the painters (mean age of 28 vs
46) and it is well known that lung
function decreases with age. How-
ever, only about 15% of the differ-
ence between atopics and painters in,
for example, VC is explained by age.

No increase in respiratory symp-
toms (estimated total exposure to
volatile organic compounds [TVOCs] 1
to 3 mg/m3) was detected in a 4-year
longitudinal study of 50 house paint-
ers working only with water-based
paints. In a follow-up study, involv-
ing 207 painters, higher prevalence
of nonspecific hyperreactivity and
airway irritation at work were seen
among the 32 painters that left their
occupation during the study period.3

This study suggests a healthy worker
effects, and that acute effects such as
irritation, therefore, may remain un-
detected in workplace studies.

Ulfvarson and colleagues5 found
decreases in FEV1 and FVC in all
experiments after exposures to
eight different water-based paints.
The exposures were carried out in
an experimental room where 18
painters applied water-based
paints. The eight paints contained
less than 13% organic solvents and
0% to 0.5% ammonia. The authors
assumed that the biocide derivates
of isothiazolinine, the most com-
monly used preservatives, were the
most likely causative agents.

The difference between exposure
to G and GA, ie, the contribution of
ammonia, is difficult to evaluate in
the objective measurements in our
study. The only difference was a
decrease in the nasal volume seen
after exposure to G, which was not
found after exposure to GA. In the
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four questions related to irritation,
the symptom ratings were increased
to around “hardly at all” or less for
the G condition and between “some-
what” and “hardly at all” or less for
the GA condition (Fig. 1A to D).
These numerical and verbal differ-
ences, statistically significant at
some time points, indicate that the
symptom ratings were slightly in-
creased by ammonia. This is in
agreement with Sundblad and col-
leagues8 who, using the same VAS
symptom questionnaire as in the
present study, reported significantly
increased ratings for all 10 questions
during exposure to 25 ppm (17.7
mg/m3) ammonia for 3 hours. In the
same study, irritation in the eyes,
solvent smell, headache, dizziness,
and feeling of intoxication were
slightly but significantly increased
also at 5 ppm (3.5 mg/m3). Hansen
and colleagues4 suggested that ammo-
nia from water-based paints may be
emitted to the air in concentrations
high enough (2 to 12 mg/m3) to cause
irritation of the mucous membranes.

A small but significant effect of
the exposure to G on the nasal vol-
ume was found. The decrease was
most pronounced in the painters and
the nonatopic subjects. Previously, in
studies by Shusterman et al,27 a
lower perceptual threshold to VOCs
after provoking was found in sub-
jects with seasonal allergic rhinitis
compared with in normal subjects.
Furthermore, in another study, 21
nonasthmatic subjects were exposed
for 4 hours to emissions from two
different formulations of water-
based paint, with emissions from vis-
cose water as control. The new for-
mulation had a reduced emission of
VOCs including propylene glycol,
isobutanol, ethylene glycol monobu-
tyl ether, and diisobutylglutarate.
None of the two paint formulations
had a significant effect on tear film
stability, nasal patency measured by
acoustic rhinometry, or concentra-
tion of biomarkers of inflammation
in nasal lavage. The old paint formu-
lation (TVOC, 1.6 to 7.3 mg/m3)
induced some acute symptoms, had

more smell, and induced a minor
acute airway obstruction, whereas
the new paint (TVOC, 0.9 to 2.9
mg/m3) had no such effect.28

In the present study, no effects of
the exposure to the G or GA condition
on inflammatory markers in nasal la-
vage fluid were seen. In contrast, it has
been suggested that VOCs can induce
nasal inflammation in healthy sub-
jects.29 Significant increases in neutro-
phils, both immediately after exposure
and 18 hours later, were noted after 4
hours exposure to 25 mg/m3 of a mix-
ture of VOCs said to represent typical
indoor air, including aromatics, alde-
hydes, and ketones.29 Furthermore, in-
creased levels of lysozyme in nasal
lavage fluid have been reported from a
study in 31 house painters and 22
controls exposed to water-based
paints.30 It has been discussed that
lysozyme, which is a less specific bi-
omarker in nasal lavage fluid, might be
the most sensitive endpoint in the la-
vage test battery of biomarkers, espe-
cially since it is secreted from several
cell types,31 ie, nasal submucosal
glands, activated macrophages, and
neutrophil granulocytes.32

No exposure-related effects on the
proximal tubular markers �2-mikro-
globulin, NAG, urinary density, or
the pH was found in this study.
However, we observed that the paint-
ers had higher levels of �2-mikro-
globulin at all exposure conditions
compared with those of the subjects
with and without atopy. This could
be in line with a previous study in
which decreased urinary density,
complaints of frequent urination, and
effects on the renal function have
been reported in painters exposed to
water-based paints.33 A number of
chemicals may adversely affect one
or more structures of the kidney,
such as the glomeruli or the tubular
apparatus.34

In this study, we have chosen a
mixture of glycol, glycol ethers,
and ammonia to represent the most
important emissions from a typical
water-based paint. The experiment
indicated mild effects, mainly of
irritative nature, in spite of expo-

sure levels higher than generally
encountered during and after paint-
ing with water-based paints. Nev-
ertheless, from a health point of
view it might be wise to reduce the
chemical emissions from water-
based paints. Recently, some man-
ufacturers have developed new
types of low-emitting water-based
paints, and these paints induce less
airway obstruction in asthmatic
subjects, when compared with that
induced by conventional water-based
paints.35 However, water-based paints
are more complex in that they also
contain biocides, surfactants, pig-
ments, binders, amines, monomers,
and additional solvents.4,36 Effects
from such additional components
were not studied and can, thus, not
be excluded.
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10. Norbäck D, Wieslander G, Edling C.
Occupational exposure to volatile organic
compounds (VOCs), and other air pollut-
ants from the indoor application of water-
based paints. Ann Occup Hyg. 1995;39:
783–794.

11. Wålinder R, Ernstgård L, Johanson G,
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ratory symptoms, and nasal inflammation
in house painters mainly exposed to wa-
ter-based paints. In: Chiyotani K, Hosada
Y, Aizawa Y, eds. Advances in the
Prevention of Occupational Respira-
tory Diseases. Amsterdam: Elsevier;
1998:408 – 412.

31. Wieslander G, Norbäck D, Wålinder R,
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Mental Health Effects of Changes in
Psychosocial Work Characteristics: A
Prospective Cohort Study

Lore De Raeve, MSc
Rineke M. Vasse, PhD
Nicole W. H. Jansen, PhD
Piet A. van den Brandt, PhD
IJmert Kant, PhD

Objective: To explore a possible causal relationship between psycho-
social work characteristics and mental health. Methods: Using longitu-
dinal data from the Maastricht Cohort Study on “Fatigue at Work” (n �
2332), the effects of changes in job demands and decision latitude on
subsequent changes in need for recovery and prolonged fatigue were studied.
Results: Increasing job demands are a significant predictor of a subsequent
increase in need for recovery (� � 0.063) and prolonged fatigue (� �
0.057). An increase in decision latitude predicted a subsequent decrease in
need for recovery (� � �0.078) and prolonged fatigue (� � �0.063).
After adjusting for changes in other work characteristics, the effects on
changes in prolonged fatigue were no longer significant. Conclusion: These
findings support a possible causal relationship between work char-
acteristics and mental health and can be used for designing effective
prevention and intervention strategies. (J Occup Environ Med.
2007;49:890 – 899)

P sychosocial work characteristics
have previously been associated with
a variety of adverse health effects,
including cardiovascular health,1–3

musculoskeletal disorders,4–6 men-
tal disorders,7–10 and fatigue,11–13

but also with poor self-reported
health,14 –16 sickness absence,17,18

and a number of behavioral risk
factors.19 –21 A leading conceptual
model to describe the psychosocial
work environment is the model de-
scribed by Karasek.22 The initial
model identifies two crucial com-
ponents of the psychosocial work
environment: job demands and job
control (or decision latitude). Nu-
merous studies have shown that
both high job demands as well as
low decision latitude are associated
with adverse health outcomes.23,24

The majority of the studies exam-
ining the relationship between psy-
chosocial work characteristics and
mental health is based on a cross-
sectional design.25 Consequently
no causal inferences can be drawn
on the relationship between work
characteristics and health. Some
studies, however, did examine the
prospective relationship between
psychosocial work characteristics
and mental health outcomes. A re-
cent meta-analysis10 provides evi-
dence that high demands and low
decision latitude are prospective
risk factors for common mental
disorders and suggests that the psy-
chosocial work environment is im-
portant for mental health. Despite
their longitudinal design, previous
prospective studies did not always
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succeed in disentangling the cause
and effect relationship between
psychosocial work characteristics
and mental health. Two important
methodological limitations, that is
(1) the dynamic nature of the psy-
chosocial work environment is not
taken into account and (2) a change
in the work environment was not
measured before a change in men-
tal health outcome, often prevent
researchers from establishing a
cause and effect relationship.

With respect to the first issue,
existing longitudinal studies often
use a so-called time lag model in
which psychosocial work character-
istics are modeled prior in time to the
outcome variable. An important dis-
advantage of these studies is that
they often ignore the rather dynamic
nature of certain work characteris-
tics. Only few previous studies have
examined the relationship between
changes in job demands and job con-
trol and changes in mental health
outcomes.25 A study of Janssen and
Nijhuis13 showed that a decrease in
job demands and an increase in de-
cision latitude were associated with
decreases in fatigue, emotional ex-
haustion, and psychological dis-
tress. Another previous prospective
study26 found that increasing de-
mands were associated with an in-
crease in emotional exhaustion and
that increases in aspects of job con-
trol (skill discretion and decision au-
thority) were associated with a
higher level of job satisfaction.
Moreover, they also found evi-
dence for a reversed effect of
changes in health and well-being
on changes in work conditions. The
changes in work conditions and
changes in health seemed to mutu-
ally influence each other. Another
longitudinal study27 found that re-
cent onset of job stress was
strongly associated with the inci-
dence of depression, anxiety, and
chronic fatigue. Although these
studies all applied a longitudinal
design, the change in work charac-
teristics was measured simulta-
neously with the change in the

outcome measures, which brings us
to the second methodological limi-
tation, namely that a change in the
work environment was not mea-
sured before a change in mental
health outcome. Therefore, no con-
clusions could be drawn regarding
a possible causal relationship and
normal and reversed effects could
not be disentangled. After all, a
prerequisite for examining causal-
ity is that the change in exposure is
measured before the actual change
in the health outcome.28,29 To our
knowledge, a study examining the
relationship between changes in
psychosocial work characteristics
and subsequent changes in mental
health has not been conducted yet.

To date, there is little information
available on the time course of cause
and effect between psychosocial
work characteristics and mental
health.30–32 In this respect, it might
be questioned whether changes in
job demands and control occur rather
simultaneously with or before
changes in mental health outcomes.
In this study, two mental health out-
comes were used that might react
differently in the course of time.33

Need for recovery represents the
short-term effects of a working day
and has previously been associated
with several work-related fac-
tors.33–35 Moreover, previous pro-
spective studies have shown that
need for recovery is associated with
the development of cardiovascular
disease,36 subjective health com-
plaints,34 and sickness absence.34

Prolonged fatigue in contrast repre-
sents long-term effects and has pre-
viously been associated with work
schedules,37 psychosocial work char-
acteristics,11 long-term illness,38 sick
leave,39 and work disability.40

The net effect of changes in psy-
chosocial work characteristics on
mental health can only be deter-
mined by controlling for other fac-
tors that could disturb their actual
relationship. When studying the ef-
fect of changes in job demands and
control it is important to minimize
selection bias, for example by ex-

cluding employees with a long-term
illness, and to rule out the effect of
changes in other characteristics of
the job, such as changes in job func-
tion, working time arrangements,
and other work characteristics.23 In
this respect, it must be noticed that
studying changes reduces the possi-
bility that any observed associations
are spurious as a result of confound-
ing by unobserved stable personality
characteristics.41

Elaborating on previous stud-
ies,8,13,26 this study examines the
longitudinal association between
changes in psychological job de-
mands and decision latitude within 1
year of follow-up and changes in
need for recovery and prolonged fa-
tigue within the same period of time.
The primary goal of this study, how-
ever, is to gain more insight into a
possible causal relationship between
psychosocial work characteristics
and mental health by examining the
effects of changes in psychological
job demands and decision latitude on
subsequent changes in need for re-
covery and prolonged fatigue, while
controlling for potential confounding
factors. A detailed insight into a
possible causal relationship between
psychosocial work characteristics
and mental health is indispensable
for designing effective prevention
and intervention strategies.42

Materials and Methods

Study Population
This study is based on data from

the Maastricht Cohort Study, a pro-
spective study on fatigue at work,43

in which employees from 45 differ-
ent companies (both blue-collar and
white-collar jobs) were followed by
means of self-administered question-
naires, which they received at
4-month intervals. Once a year, in
May, employees received an exten-
sive questionnaire with items on
work and non–work-related factors,
demographics, and health factors.
Twice a year (in September and in
January) employees received a short
questionnaire, capturing mainly out-
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come measures. In May 1998, the
baseline questionnaire was sent out
to 26,978 employees. Altogether,
12,161 employees completed and re-
turned the baseline questionnaire (re-
sponse rate of 45%). Twenty-one
questionnaires were excluded from
analysis because of technical rea-
sons. The baseline (T0) cohort thus
consisted of 12,140 people. Employ-
ees who had completed the baseline
questionnaire and at least one of the
following two short questionnaires

(T1 and/or T2) received the 1-year
follow-up questionnaire (T3) in May
1999 (response rate 79.5%, n �
9655). The consecutive short ques-
tionnaire (T4) was sent out in Sep-
tember 1999 (response rate 73.8%,
n � 8956). Non-response analyses at
baseline yielded no significant dif-
ferences between respondents and
non-respondents regarding demo-
graphic characteristics. Non-respon-
dents were somewhat less likely to
report fatigue complaints. A non-

response analysis after 1 year of
follow-up revealed that dropouts
during the first year of follow-up
were likely to report more fatigue
complaints at baseline than were re-
spondents. Further details on the sec-
tors and trades represented in the
Maastricht Cohort Study, the proce-
dure, and the non-response has been
reported elsewhere.37,43–45

Changes in psychosocial work
characteristics (psychological job de-
mands and decision latitude) were
assessed between baseline (T0) and
1-year follow-up (T3; Fig. 1). As
earlier analyses showed that changes
in work schedule (day work vs shift
work) and changes in working hours
(part time vs full time) were prospec-
tively related to changes in mental
health,37,46 only employees involved
in day work for at least 36 hrs/wk at
both T0 and T3 were selected. More-
over, as a previous study46 showed
that increasing working hours from
36 to 40 hrs/wk to �40 hrs/wk in-
creased the odds of developing self-
reported health problems within 1
year of follow-up, employees who
changed between working 36 to 40
hrs/wk and �40 hrs/wk were also
excluded from this study. This selec-
tion resulted in 3830 employees who

Fig. 1.Questionnaires, preliminary and main analysis in the present study (n � 2332) as part of the Maastricht Cohort Study. PJD indicates
psychological job demands; DL, decision latitude; NFR, need for recovery; PF, prolonged fatigue.

TABLE 1
Baseline Characteristics of the Study Population and Frequencies of Changes in
Psychosocial Work Characteristics From T0 to T3

Total study population 2332
Male (%) 88.1
Age, mean (SD) 42.32 (8.45)
Occupational mobility (%) 16.9
Prolonged fatigue (0.93)* (20–140)†, mean (SD) 51.04 (20.77)
Need for recovery (0.77)* (0–100)†, mean (SD) 32.91 (24.98)
Psychological job demands (0.67)* (12–48)†, mean (SD) 33.14 (5.32)

Decreasing job demands (%) 44.0
Stable job demands (%) 15.2
Increasing job demands (%) 40.8

Decision latitude (0.77)* (24–96)†, mean (SD) 75.66 (9.60)
Decreasing decision latitude (%) 45.8
Stable decision latitude (%) 13.4
Increasing decision latitude (%) 40.8

*Cronbach � in this study.
†Scale range.
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were comparable with respect to
working hours and in whom interde-
pendency between changes in psy-
chosocial work characteristics and
changes in work time arrangements
could be ruled out. From this selec-
tion, employees with multiple jobs at

T0 or T3 (n � 175) were also ex-
cluded, because information about
the content and the characteristics of
the other job was lacking. Moreover,
employees who reported themselves
to be absent from work because of
illness or reported working under

modified conditions related to
former sickness absence (eg, fewer
hours, modified tasks, or other func-
tions) at the time of administering
the T0 or T3 questionnaire (n � 448)
were excluded from the analyses as
they might have a distorted view of
their work situation because of sick-
ness absence. Finally, employees
with a long-term illness at T0 or T3
(n � 875) were excluded from the
analyses. These exclusions resulted
in a final study population of 2332
employees. Baseline characteristics
of the study population are presented
in Table 1.

Measures
Psychosocial Work Characteris-

tics. A validated Dutch version of the
self-administered Job Content Ques-
tionnaire was used to measure psycho-
logical job demands, decision latitude,
and social support at work.47,48 Psy-
chological job demands were as-
sessed by the sum of five items.
Decision latitude consisted of two
subscales: skill discretion (six items
on the amount of skill used in the
job) and decision authority (three
items on the opportunity to make
decisions concerning the job). For
each item, the response options var-
ied from “strongly disagree” to
“strongly agree” on a four-point
scale. Social support was measured
with two scales (coworker support
and supervisor support), each con-
sisting of four items. For each scale
the total score was calculated by
adding the response scores to the
items. Physical demands were as-
sessed with a one-item question
“would you consider your work to be
physically demanding? (yes or no).”
Mental demands were assessed using
a one-item question “would you con-
sider your work to be mentally de-
manding? (yes or no).” The latter
two questions were derived from the
Dutch questionnaire on Work and
Health.49 Change scores of the work
characteristics were calculated by
subtracting the T0 score from the T3
score. For psychological job de-
mands, a differential score above

TABLE 2
Stepwise Regression Analyses for Changes in Psychosocial Work
Characteristics Between T0 and T3 and Changes in Fatigue and Need for
Recovery Between T0 and T3

� Need for Recovery
(n � 1973)

� Prolonged Fatigue
(n � 1952)

�R2 � �R2 �

Occupational mobility T0-T3 0.001 �0.010 0.001 �0.022
Need for recovery/fatigue T0a 0.006** �0.178*** 0.137*** �0.427***
Physical demands T0 0.008* 0.077** 0.007* 0.041
Mental demands T0 0.168*** 0.095***
Coworker social support T0 �0.022 �0.023
Supervisor social support T0 �0.052* �0.015
Psychological job demands T0 0.125*** 0.097***
Decision latitude T0 �0.035 �0.133***
� Physical demands 0.103*** 0.093*** 0.061*** 0.089***
� Mental demands 0.238*** 0.145***
� Coworker social support �0.030 �0.023
� Supervisor social support �0.075** �0.072**
� Psychological job demands 0.173*** 0.108***
� Decision latitude �0.088** �0.134***
Total R2 0.117*** 0.206***
Adjusted R2 0.110 0.200

*P � 0.05; **P � 0.01; ***P � 0.001.
aNeed for recovery and prolonged fatigue at T0 were added as covariates in the analysis

with � need for recovery and � prolonged fatigue as outcome measures, respectively.

TABLE 3
Stepwise Regression Analyses for Changes in Psychosocial Work
Characteristics Between T0 and T3 and a Subsequent Change in Fatigue and
Need for Recovery Between T3 and T4

� Need for Recovery � Prolonged Fatigue

�R2 � �R2 �

Occupational mobility T0-T3 0.001 �0.030 0.001 �0.043
Need for recovery/fatigue T3a 0.126*** �0.384*** 0.074*** �0.284***
Psychological job demands T0 0.003** 0.087** 0.001 0.061*
� Psychological job demands 0.003* 0.063* 0.003* 0.057*
Total R2 0.132*** 0.079***
Adjusted R2 0.130 0.077
N 1919 1886
Occupational mobility T0-T3 0.001 �0.017 0.001 �0.032
Need for recovery/fatigue T3a 0.125*** �0.360*** 0.076*** �0.292***
Decision latitude T0 0.001 �0.070** 0.002 �0.073**
� Decision latitude 0.005** �0.078** 0.003* �0.063*
Total R2 0.132*** 0.082***
Adjusted R2 0.130 0.080
N 1972 1938

*P � 0.05; **P � 0.01; ***P � 0.001.
aNeed for recovery and prolonged fatigue at T3 were added as covariates in the analysis

with � need for recovery and � prolonged fatigue as outcome measures, respectively.
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zero implied a negative change, ie,
an increase in psychological job de-
mands. For decision latitude, a dif-
ferential score above zero implied a
positive change, ie, an increase in
decision latitude. Higher absolute
differential scores implied more
change, whereas differential scores
approaching zero could be consid-
ered as approximately equaling a sta-
ble work situation. The frequency of
changes in psychological job de-
mands or decision latitude is also
described in Table 1.

Mental Health Outcomes. The need
for recovery from work was assessed
using an 11-item scale from the Dutch
Questionnaire on the Experience and
Evaluation of Work (Dutch abbrevia-
tion, VBBA).35,50 The items represent
short-term effects of a day of work (eg,
“it is difficult for me to relax at the end
of a working day”). Responses (no or
yes) to the 11 items were summed up
and standardized to generate a total
score ranging from 0 to 100. Higher
scores indicate a higher need for recov-
ery. Prolonged fatigue was measured
with the Checklist Individual
Strength (CIS), a 20-item question-

naire developed to measure several
aspects of prolonged fatigue.51

Whereas the need for recovery scale
measures the recuperation period af-
ter 1 day of work and thus represents
short-term effects, the CIS asks em-
ployees how they felt during the past
2 weeks. The CIS is a self-report
instrument consisting of four sub-
scales: subjective experience of fa-
tigue (eight items, eg, “I feel tired”),
concentration (five items, eg, “I have
trouble concentrating”), motivation
(four items, eg, “I feel no desire to do
anything”), and physical activity
level (three items, eg, “I don’t do
much during the day”). The re-
sponses to each statement are scored
on seven-point Likert scales ranging
from “yes, that is true,” to “no, that is
not true.” Higher scores indicate a
higher degree of fatigue, lower levels
of concentration, reduced motiva-
tion, or less activity. A composite
CIS-total score, ranging from 20 to
140, was constructed by adding the
individual’s scores on the four fac-
tors. Change scores on the need for
recovery scale and the fatigue scale
were calculated by subtracting the

T0 score from the T3 score (prelim-
inary analyses) or by subtracting the
T3 score from the T4 score (main
analyses). A differential score above
zero implied a negative change, ie,
an increase in need for recovery or
fatigue.

Occupational Mobility. Within the
first year of follow-up (between T0
and T3), employees were asked every
4 months whether they changed their
job function in the past 4 months.
These scores were combined into the
variable occupational mobility, which
was defined as a change in job func-
tion between T0 and T3 and which
was included as a confounder in the
model. As such, it was possible to
study the health effects of changes in
psychosocial work characteristics in-
dependent of changes in job function.

Statistical Analysis
The analyses in this study can be

divided into preliminary and main
analyses (Fig. 1). In the preliminary
analyses, the longitudinal relationship
between changes in psychological job
demands and decision latitude within 1
year of follow-up and changes in men-
tal health outcomes within the same
period of time was examined (second-
ary goal of the study). In the main
analyses, a possible causal relationship
was examined between changes in
psychological job demands and deci-
sion latitude and subsequent changes
in need for recovery and prolonged
fatigue after 4 months (main goal of
the study).

In the preliminary analyses, the
longitudinal relationship between a
change in psychological job de-
mands and decision latitude between
T0 and T3 and a change in need for
recovery and prolonged fatigue be-
tween T0 and T3 was examined us-
ing two stepwise linear regression
analyses. In the first step of the
regression analyses, we controlled
for occupational mobility. The T0
score of the dependent variable in-
volved was added in the second step.
The third step of the regression anal-
ysis was to control for the work
characteristics at T0. Finally, changes

TABLE 4
Stepwise Regression Analyses for Changes in Psychosocial Work
Characteristics Between T0 and T3 and a Subsequent Change in Fatigue and
Need for Recovery Between T3 and T4

� Need for Recovery
(n � 1851)

� Prolonged Fatigue
(n � 1821)

�R2 � �R2 �

Occupational mobility T0-T3 0.001 �0.019 0.001 �0.026
Need for recovery/fatigue T3a 0.127*** �0.403*** 0.076*** �0.324***
Physical demands T0 0.012*** �0.015 0.011** 0.009
Mental demands T0 0.014 0.046
Coworker social support T0 �0.026 �0.025
Supervisor social support T0 �0.072** �0.101***
Psychological job demands T0 0.087** 0.034
Decision latitude T0 �0.072** �0.054
� Physical demands 0.010** �0.022 0.009** �0.010
� Mental demands �0.034 0.005
� Coworker social support �0.013 �0.036
� Supervisor social support �0.008 �0.056*
� Psychological job demands 0.077** 0.049
� Decision latitude �0.079** �0.051
Total R2 0.150*** 0.097***
Adjusted R2 0.144 0.090

*P � 0.001; **P � 0.01; *** P � 0.05.
aNeed for recovery and prolonged fatigue at T3 were added as covariates in the analysis

with � need for recovery and � prolonged fatigue as outcome measures, respectively.
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in other work characteristics between
T0 and T3 were controlled for in the
fourth step.

In the main analyses, four linear
regression analyses were performed
to examine the effects of changes in
psychological job demands and deci-
sion latitude between T0 and T3 on
subsequent changes in need for re-
covery and prolonged fatigue be-
tween T3 and T4. In this case, the
change in work characteristics oc-
curs before the change in need for
recovery or fatigue and a possible
causal relationship might be de-
tected. To gain insight into a rather
crude effect, two linear regression
analyses were performed to study the
relationship between changes in psy-
chological job demands between T0
and T3 and changes in need for
recovery and prolonged fatigue be-
tween T3 and T4, while stepwise
controlling for occupational mobility
(step 1), the T3 value of the respec-
tive outcome variable (step 2), and
the baseline psychological job
demands (step 3). Two analogous
linear regression analyses were per-
formed for the change in decision
latitude between T0 and T3. Finally,
to gain insight into the net effect of
changes in psychological job
demands and decision latitude, two
linear regression analyses were per-
formed, while stepwise controlling
for occupational mobility (step 1),
the T3 value of the respective out-
come variable (step 2), baseline work
characteristics (step 3), and changes
in other work characteristics between
T0 and T3 (step 4). By controlling
for the previous measurement of
both the dependent as well as the
independent variables in the regres-
sion analyses, we were able to con-
trol for regression to the mean, floor
and ceiling effects, which are the
most important artifacts of the statis-
tical analysis of change scores.52–54

The focus of all the analyses in this
study is the effect of the change in
psychological job and the change in
decision latitude in the last step of
the analyses. All analyses were per-

formed using the SPSS 13.0 statisti-
cal packages (Chicago, IL).55

Results
Table 1 shows that a rather ex-

tensive part of the study population
experienced a change in psycholog-
ical job demands and decision lat-
itude in the first year of follow-up.
A decrease in psychological job
demands occurred in 44% of the
study population whereas 40.8%
experienced an increase in de-
mands between T0 and T3. Almost
46% encountered a decrease in de-
cision latitude whereas about 41%
experienced an increase in decision
latitude.

Table 2 presents the results of the
preliminary analyses, ie, two step-
wise regression analyses for the lon-
gitudinal relationship between
changes in psychological job de-
mands and decision latitude and
changes in fatigue and need for re-
covery in the same follow-up period.
The standardized � values of the end
model are presented. Results show
that increasing psychological job de-
mands are significantly associated
with increases in need for recovery
(� � 0.173) and prolonged fatigue
(� � 0.108). An increase in decision
latitude is significantly associated
with lower levels of need for recov-
ery (� � �0.088) and with less
prolonged fatigue (� � �0.134).

The results from the main analyses
of this study are presented in Tables
3 and 4. Table 3 presents the effects
of changes in psychological job de-
mands and decision latitude on sub-
sequent changes in need for recovery
and prolonged fatigue without
correcting for other work character-
istics. After correction for occupa-
tional mobility, fatigue at T3 and
baseline psychological job demands,
increasing psychological job de-
mands are a significant predictor of a
subsequent increase in the level of
need for recovery (� � 0.063) and
prolonged fatigue (� � 0.057).
Moreover, Table 3 shows that an
increase in decision latitude predicts
a subsequent decrease in need for

recovery (� � �0.078) and pro-
longed fatigue (� � �0.063).

Table 4 presents the effects of
changes in psychological job de-
mands and decision latitude on sub-
sequent changes in need for recovery
and prolonged fatigue, adjusted for
other work characteristics. Results
show that changes in psychological
job demands and decision latitude
have no significant effect on subse-
quent changes in the level of pro-
longed fatigue. The corresponding P
values are 0.065 for psychological
job demands and 0.060 for decision
latitude. Increasing psychological
job demands are a significant predic-
tor of a subsequent increase in the
need for recovery (� � 0.077). An
increase in decision latitude is a sig-
nificant predictor of subsequent de-
creasing levels of need for recovery
(� � �0.060).

Discussion
This study confirms and extends

the results of earlier studies, which
have indicated that changes in psy-
chosocial work characteristics are as-
sociated with employees’ health and
well-being.8,13,56 The results of this
study show a significant longitudinal
relationship between changes in psy-
chological job demands and decision
latitude within 1 year of follow-up
and changes in need for recovery and
prolonged fatigue within the same
period of time. These results were in
line with previous research.13,26

Nevertheless, it was still not possible
to fully disentangle a possible cause
and effect relationship. In this study,
we therefore tried to extend previous
research in this field by measuring
changes in mental health outcomes
within a relatively short time span (4
months) after a change in psycholog-
ical job demands or decision latitude.
When changes in other work charac-
teristics were not controlled for, a
significant effect was found for psy-
chological job demands and decision
latitude on both the subsequent need
for recovery and subsequent pro-
longed fatigue. When controlling for
changes in other work characteris-
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tics, increasing psychological job de-
mands were a significant predictor of
a subsequent increase in need for
recovery, whereas an increase in de-
cision latitude significantly predicted
a decrease in subsequent levels of
need for recovery. After including
other work characteristics as con-
founders in the model, the effects of
psychological job demands and deci-
sion latitude on subsequent levels of
prolonged fatigue were no longer
significant. All relationships were in
the expected direction.

The results of this study suggest
that the impact of changes in psycho-
logical job demands and decision
latitude depends rather strongly on
the time course of cause and effect
between psychosocial work charac-
teristics and mental health outcomes.
Frese and Zapf30 describe two mod-
els of how a stressor can affect ill
health in the course of time. First, in
the exposure time model, the inci-
dence of ill health increases with the
duration of exposure to a stressor.
According to the stress reaction
model, a specific type of the expo-
sure time model, the impact of a
stressor increases and leads to psy-
chological dysfunction after a certain
time. Once the stressor is removed,
there is an improvement in psycho-
logical functioning. In the second
model ill health can be considered a
rather immediate response to the
shock of being exposed to a stressor,
and has the tendency to reduce over
time. This model is also known as
the initial impact model. As changes
in mental health outcomes were mea-
sured within a relatively short period
of time (4 months) after a change in
psychological job demands and deci-
sion latitude, the results of this study
might be an indication of a rather
immediate effect of changes in psy-
chosocial work characteristics on
subsequent changes in need for re-
covery and prolonged fatigue, in
other words, an initial impact. Nev-
ertheless, it can also be questioned
whether the impact was actually ini-
tially being measured in this study.
Despite frequent sampling in the

Maastricht cohort study, items on
psychosocial work characteristics
were only measured in the question-
naires that were sent out annually.
Consequently, the change in psycho-
logical job demands and decision
latitude was measured over the
1-year period from baseline (T0) to
1-year follow-up (T3). As such, we
do not exactly know when the
change in job demands and decision
latitude took place. Therefore, ac-
cording to the initial impact model, it
is possible that the initial effects had
already reduced at the time the out-
comes were measured and that only a
residual effect, that is an underesti-
mation of the actual effect, was mea-
sured. Future research might profit
from using shorter time intervals for
measuring changes in psychosocial
work characteristics. On the other
hand, it is also possible that, in line
with the stress reaction model, the
impact of a change in, for example,
psychological job demands has not
reached its peak yet. Therefore, fu-
ture research might also benefit from
using different time lags for measur-
ing mental health outcomes. Never-
theless, we do think that time lags
should not be too long, as work
characteristics can change again
within this period.

A frequent flaw in previous re-
search on psychosocial work charac-
teristics is that it often ignores the
rather dynamic nature of certain
work characteristics. For example,
job demands are studied at a partic-
ular point in time, whereas health
outcomes are studied 1 year after-
wards. As such, the fact that job
demands seem to change rather fre-
quently over time is often neglected.
Hence, when comparing employees
with low demands with employees
with high demands at a particular
time and examining the health of
these two groups 1 year afterwards, a
serious misclassification might oc-
cur, because a rather extensive part
of the total population already expe-
rienced a change in demands within
this year of follow-up. As in this
study a rather dynamic work envi-

ronment was observed, studying
individual changes in work charac-
teristics in relation to individual
changes in mental health outcomes
over time is essential and allows us
to gain more insight into the causal
relationship between work character-
istics and health.

Besides the fact that changes in
exposure need to be measured before
a change in the outcome, the exis-
tence of a possible causal relation-
ship cannot be established without
ruling out other plausible explana-
tions. In this study, several attempts
have been made to minimize the
influence of selection bias and pos-
sible confounding factors.

First, selection bias was mini-
mized by selecting a rather homog-
enous study population.23 For
example, by selecting only employ-
ees involved in stable day work for at
least 36 hrs/wk at both T0 and T3,
we were able to study the effects of
changes in psychological job de-
mands and decision latitude indepen-
dently of changes in work schedule
or working hours. Although this in-
creases the internal validity of the
study it may limit the ability to gen-
eralize the findings. Additionally,
some exclusion criteria could also
have resulted in over-control and
hence in an underestimation of the
actual effects. Despite our attempts
to minimize selection bias, it is rather
unlikely that we were able to elimi-
nate all selection effects. In this re-
spect, it can be argued that our first
measurement is not a true baseline
measurement. The employees in this
study were already in the middle of
an ongoing process with regard to
both psychosocial work characteris-
tics as well as health. The preexisting
work environment and changes that
have already taken place in the past
might have already influenced the
health of the respondents before our
actual baseline measurement. For ex-
ample, employees experiencing high
psychological job demands might
have undertaken some kind of action
to reduce the demands (eg, working
fewer hours) and the hazards that
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might bring to their health. In other
words, a selection bias might have
already occurred before our first
measurement.

Second, studying individual changes
in exposure in relation to individual
changes in health over time cancels
out the possibility that observed as-
sociations are due to confounding by
unobserved stable characteristics.41

If change scores are computed by
subtracting two measurements of the
same variable, then both measure-
ments are affected equally by stable
variables and relationships between
intra-individual changes are not
affected.57

Third, in this study, the influence
of possible confounding factors was
minimized. In the analyses, the base-
line level of both the dependent as
well as the independent variables
was controlled for. Although the
highly significant inverse relation-
ship between, eg, baseline prolonged
fatigue and the change in prolonged
fatigue seems to indicate regression
toward the mean, this possibility was
largely ruled out in this study. As
change scores of the outcome vari-
ables were used while correcting for
the initial value of the outcome vari-
able, it was possible to control for
regression to the mean and for floor
and ceiling effects.52–54 Addition-
ally, we controlled for changes in
other work characteristics. Com-
pared with a cruder model, these
adjustments resulted in smaller �
values for prolonged fatigue, and the
results for prolonged fatigue became
insignificant. Nevertheless, the �
values were still in the expected di-
rection and the corresponding P val-
ues (0.065 for psychological job
demands and 0.060 for decision lat-
itude) showed that the relationship
was borderline significant. These re-
sults might be an indication of the
fact that changes in psychosocial
work characteristics coincide with
one another and that it is rather
difficult to study changes in psycho-
logical job demands irrespective of
changes in, for example, social sup-
port. We further examined whether

changes in health behaviors, such as
smoking, drinking, physical activity,
and body mass index caused a rele-
vant change in the regression coeffi-
cient, but as they did not, they were
left out of the analyses.

Although this study showed that
changes in psychological job de-
mands and decision latitude were
often statistically significant, in gen-
eral the observed effects were rather
small. Therefore, clinical relevance
might be questioned. Some method-
ological features of this study might
have had an impact on the strength of
the effects found. First, as change
scores in psychological job demands
and decision latitude were measured
in this study, it is possible that even a
small change has resulted in increas-
ing levels of, for example, prolonged
fatigue. Increasing the contrast in the
independent variables through, for
example, changes to the highest ter-
tile of the scale would probably have
resulted in a larger effect and clini-
cally more relevant changes in, for
example, prolonged fatigue. Second,
linear data analysis might have re-
sulted in an underestimation of the
true effect of changes in work char-
acteristics on changes in mental
health outcomes.32 In this study, the
change score of, for example, psy-
chological job demands contained
both positive as well as negative
changes on the job demands scale,
thereby automatically assuming that
increases in demands would have the
same impact as decreases in de-
mands, only the direction of the as-
sociation should be reversed.32 It is,
however, possible that the strength of
the effect of increasing demands is
not the same as the strength of the
effect of decreasing demands and
that separate analyses for increasing
and decreasing demands would in-
duce a larger contrast, perhaps result-
ing in higher or lower � values.

Third, the baseline response of
45% and the loss of follow-up over
time might raise the question of se-
lective participation of employees
and selective dropout, which may
have biased the findings in this

study. Non-response analyses43 re-
vealed that fatigue complaints were
lower among nonrespondents at the
baseline measurement, but higher
during follow-up compared with the
respondents. This selective dropout
may have resulted in an underestima-
tion of the findings in this study.

Fourth, both psychosocial work
characteristics as well as mental
health outcomes were measured by
means of questionnaire data. The
findings could thus reflect common
method variance, which may lead to
an overestimation of the strength of
the association between the psycho-
social work characteristics and men-
tal health. Including some objective
measures of the work environment
and health outcomes as well might
be interesting for future research.

The results of this study clearly
show that changes in psychosocial
work characteristics are prospec-
tively related to statistically signif-
icant changes in need for recovery
and prolonged fatigue. In this
study, the dynamic nature of the
work characteristics was thor-
oughly taken into account, selec-
tion bias was restrained, and the
influence of possible confounding
factors was minimized. Moreover,
changes in exposure were mea-
sured before changes in mental
health outcomes. Therefore, these
findings support a possible causal
relationship between changes in
psychosocial work characteristics
and changes in mental health out-
comes. Given the considerable im-
pact of changes in psychological
job demands and decision latitude
on the employee and the high fre-
quency in which these changes can
occur, these findings underline the
need for interventions addressing
psychosocial work characteristics.
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Nurse Practitioners as Attending Providers for
Workers With Uncomplicated Back Injuries:
Using Administrative Data to Evaluate Quality
and Process of Care

Jeanne M. Sears, PhD, MS, RN
Thomas M. Wickizer, PhD, MPH
Gary M. Franklin, MD, MPH
Allen D. Cheadle, PhD
Bobbie Berkowitz, PhD

Objective: The objectives of this study were 1) to identify quality and
process of care indicators available in administrative workers’ compen-
sation data and to document their association with work disability
outcomes, and 2) to use these indicators to assess whether nurse
practitioners (NPs), recently authorized to serve as attending providers
for injured workers in Washington State, performed differently than did
primary care physicians (PCPs). Methods: Quality and process of care
indicators for NP and PCP back injury claims from Washington State
were compared using direct standardization and logistic regression.
Results: This study found little evidence of differences between NP and
PCP claims in case mix or quality of care. Conclusions: The process of
care indicators that we identified were highly associated with the
duration of work disability and have potential for further development
to assess and promote quality improvement. (J Occup Environ Med.
2007;49:900–908)

T he quality of occupational health
care has been linked to outcomes
such as duration of work-related
disability and is therefore increas-
ingly receiving attention in efforts
to improve outcomes and reduce
costs in workers’ compensation sys-
tems.1,2 Workers’ compensation-
related health care is in particular need
of quality improvement; outcomes,
medical costs, and patient satisfaction
are generally worse than for medical
care in general.2,3 Nevertheless, mon-
itoring and improving quality of care is
challenging, and there is much varia-
tion between jurisdictions in terms of
both the specifics of how workers’
compensation benefits are provided
and the data available to conduct sys-
tem-level research.2

Administrative data offer an effi-
cient way of tracking quality im-
provement efforts, but have been
underutilized to date in the workers’
compensation arena.4 The use of ad-
ministrative databases to assess qual-
ity of care requires clarity regarding
how the quality and process of care
might be represented in available
data, a plausible link with outcomes,
and careful consideration of the con-
straints of the data structure.5 Never-
theless, administrative data can be
used to evaluate both system-level
and provider-level processes that af-
fect work-related disability.6

In Washington State, most health
care for injured workers is super-
vised by a single public payer, the
Washington State Department of La-
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bor and Industries (L&I), and there-
fore substantial leverage can be
brought to the development, imple-
mentation, and evaluation of innova-
tive community-wide health delivery
interventions aimed at improving
quality and preventing disability.7

L&I has previously conducted a for-
mal evaluation of a statewide man-
aged care pilot project and is in the
process of evaluating an innovative
quality improvement pilot project,
the Washington State Centers of Oc-
cupational Health and Education
(COHE) project, which offers finan-
cial incentives for occupational
health best practices in two large
regions of the state.2,7 In 2004, the
Washington State legislature enacted
a 3-year pilot program that autho-
rized nurse practitioners (NPs) to
function as attending providers for
injured workers. The formal evalua-
tion of this program offered the op-
portunity to examine the utility of
several potential quality and process
of care measures available from
L&I’s administrative databases.

A primary goal of this study was
to identify quality and process of
care indicators available in adminis-
trative workers’ compensation data
and document their association with
work disability outcomes. A second
goal was to demonstrate the applica-
tion of these indicators by using
them to assess whether NPs per-
formed differently than did primary
care physicians (PCPs) in serving as
attending providers for workers with
uncomplicated back injuries.

Materials and Methods

Study Setting
Approximately 70% of non-fed-

eral employees in Washington are
covered by the State Fund (the state-
administered workers’ compensation
insurance fund). Self-insured em-
ployers account for the balance. In-
jured workers can select the health
care provider of their choice, but the
provider must enroll with L&I before
billing for workers’ compensation-
related services. Providers of work-

ers’ compensation-related care in
Washington are legally required to
file an accident report within 5 days
of identifying a work-related injury
or illness, and the provider that files
the accident report is recorded as the
first attending provider. Workers
have the right to change attending
providers with notice to L&I. The
attending provider is responsible for
ensuring adequate monitoring and
care for the injured worker, including
both health care and disability man-
agement. In Washington State, a
claimant becomes eligible for time loss
compensation after losing �3 days
from work. (Time loss refers to com-
pensated time away from work for a
work-related injury or illness.)

Substitute House Bill (SHB) 1691
(Washington State Laws of 2004,
chapter 65) took effect July 1, 2004
and authorized NPs to independently
perform those functions of an attend-
ing physician within their scope of
practice, with the exception of rating
permanent impairment. This pro-
gram was implemented because of
concerns about timely access to health
care for injured workers in rural areas,
delays in work-related injury report-
ing, and efforts by NPs to expand their
scope. Before SHB 1691, NPs could
be reimbursed for providing health
care to injured workers, but were re-
stricted from performing some func-
tions related to disability management
(such as signing accident report forms
and certifying time loss benefits).
Many studies have documented that
NPs provide safe and cost-effective
care, generally equivalent in quality to
that of physicians,8–15 but little infor-
mation is available regarding care pro-
vided by NPs specifically to injured
workers.16

Study Population and
Data Sources

The study population included
workers 18 to 70 years of age who
were injured on or after July 1, 2004
and had both 1) a first medical visit
at a primary care facility (eg, office,
clinic, urgent care), and 2) an ac-

cepted State Fund workers’ compen-
sation claim filed by an NP or PCP,
between July 1, 2004 and June 30,
2005 (the first year after implemen-
tation of SHB 1691). PCPs were de-
fined as allopathic and osteopathic
physicians (MDs and DOs) specializ-
ing in general practice, family practice,
or internal medicine. (L&I does not
record specialty for NPs.) Claims were
included only if the injury occurred in
Washington and the first attending
provider was located in Washington.
Providers reporting �500 claims in
the year after implementation were
excluded, because such high claims
activity likely reflected a more special-
ized practice of occupational health
rather than primary care. Providers
participating in the COHE project
were also excluded, because of the
financial incentives offered for occu-
pational health best practices.

To appropriately assess differences
in process indicators across provider
type, the identification of a relatively
homogeneous sample of claimants
with a prevalent disorder was desir-
able.5,17 The injury category of back
sprains or strains was selected for this
study (using American National Stan-
dards Institute Z16.2 coding18) be-
cause it was the largest in absolute
numbers and accounted for the largest
proportion of medical costs and time
loss days. To increase homogeneity,
the sample was further restricted by
excluding those claims with evidence
of high baseline severity or complex-
ity. To this end, fatalities and claims
with total permanent disability were
excluded (based on claims data), as
were claims with inpatient, ambulance,
or emergency department services at
the first medical visit (based on medi-
cal billing data). Claimants presenting
with baseline radiculopathy (based on
medical billing data), coexisting con-
ditions that might delay recovery, or
who had received prior treatment for
the same or similar condition were also
excluded. Information on prior treat-
ment and coexisting conditions was
obtained from the provider via the
accident report form.
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L&I provided claimant, provider,
and medical billing data through
June 30, 2006, resulting in 12 to 24
months of follow-up data for each
claim. Data was extracted on Octo-
ber 2, 2006 to allow for 3 additional
months of bill processing time. The
University of Washington Human
Subjects Division reviewed and ap-
proved this study.

Study Design and Data Analysis
This study used administrative data

to compare the performance of NPs
with that of PCPs to assess the poten-
tial impact of SHB 1691’s expansion
of the definition of attending provider
on quality of care for injured work-
ers.19 Claims were assigned to the NP
or PCP group based on the initial
attending provider type, and the two
groups were compared using a two-
sample test of proportions for each
process indicator.

Standardization has been recom-
mended when assessing quality in a
diverse population.17 Although we
controlled for injury type and sever-
ity via exclusion and there was little
difference in employment-related
variables across provider type, NPs
in this sample were more likely to be
responsible for the care of claimants
who were younger and female (see
Results). We used direct standardiza-
tion on the basis of age (categorized
as 18 to 24, 25 to 34, 35 to 44, 45 to
54, and 55 to 70 years) and sex to
generate the proportion of claims for
which each process of care indicator
was met, using the entire population-
based sample as the reference popu-
lation. Therefore, the standardized
results reflect theoretical proportions
that would hold if NPs and PCPs
were responsible for the care of in-
jured workers with the same age and
sex distribution (that of the overall
sample). Direct standardization is
a reasonable alternative to logistic
regression when the number of com-
parison groups is small and a straight-
forward presentation of proportions is
preferable to odds ratios.20 Findings
based on direct standardization were
compared with findings from logistic

regression models in which robust
variance estimates were used to ac-
count for heteroskedasticity, and stan-
dard errors were adjusted to account
for any correlation of outcomes within
a specific provider’s practice (which
could be related to unmeasured factors
such as office procedures and training
in occupational health). All statistical
analyses were conducted using Stata
8.2 for Windows (StataCorp, College
Station, TX).

Claim Characteristics
A number of claim characteristics

were compared across attending pro-
vider type. These included 1) whether
a claimant received any time loss com-
pensation, 2) whether there was a per-
manent partial disability payment, 3)
whether the claim remained open at 6
and 12 months after report filing, 4)
whether a closed claim had been re-
opened, 5) whether there were any
transfers of attending provider over the
life of the claim, 6) whether the claim-
ant had attorney representation, and 7)
whether any claim disputes (protests or
appeals) had been filed by the claim-
ant, provider, or employer. These com-
parisons are presented to give a picture
of possible differences in case mix and
administrative friction between NP
and PCP claims, but these characteris-
tics are only partially under the control
of the attending provider. They could
also be affected by unmeasured
worker, injury, and employment char-
acteristics, and are intertwined with
claim costs and disability in complex
ways. For each of these indicators, a
lower percentage would be considered
“better” (theoretically associated with
lower potential friction cost, dissatis-
faction, disability, etc).21,22

Quality and Process of
Care Indicators

The following quality and process
of care indicators were identified for
use in this study based on meeting
the criteria of availability in admin-
istrative data, relevance to assessing
differences in quality and process of
care across provider type, and plau-

sible association with work-related
disability: 1) whether the first visit
occurred within 1 day of injury, 2)
whether the accident report was filed
within 7 days of the first visit, 3)
whether there was early telephone
communication about care coordi-
nation or treatment, 4) whether
work-relatedness was specified on
the accident report, and 5) regular-
ity of care while on time loss. Variants
of these indicators were evaluated for
use in the COHE project via a system-
atic review of the best available data
and the development of formal con-
sensus among clinical experts,2,7,23

and were among the quality and per-
formance measures for process of care
suggested by Pransky et al.1

Each process indicator was framed
as a binary variable, so that each
claim either met or did not meet the
criteria for each indicator. The as-
sociation of the first four process
indicators with disability was de-
scribed in two ways: 1) the percent
of claims involving any time loss
compensation, and 2) the median
number of compensated time loss
days for those claims with any time
loss compensation. These were base-
line indicators, in the sense that they
were met (or not) very early in the
natural history of a claim, so that
associations with the presence or
duration of time loss can be at least
tentatively interpreted as causal.
The association of the more down-
stream regularity of care indicator
with time loss compensation was
described using only median num-
ber of time loss days, because the
denominator included only claims
with any time loss compensation.

As a step toward further validation
of these indicators, association with
claim volume was assessed, because
volume has often been associated
with quality and performance in clin-
ical settings.24,25 For each provider,
the number of claims for which that
provider filed an accident report or
served as an attending provider at
any point between July 1, 2004 and
June 30, 2005 (the year after imple-
mentation) was derived using all
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State Fund claims (not solely those
claims eligible for inclusion in this
study). As a proxy for familiarity
with the L&I system, providers who
were responsible for at least the me-
dian provider-level claim volume of
24 claims during the year after
implementation of SHB 1691 were
considered higher volume providers
(because volume might affect a pro-
vider’s efficiency or knowledge of
best practices).

Each of the five selected quality
and process of care indicators is de-
scribed in more detail below. This
includes the rationale for selecting
the indicator and the criteria used to
determine whether each indicator
was met.

First Visit Within 1 Day of Injury.
Reducing delays in diagnosis and
treatment may shorten work ab-
sence.26,27 L&I’s Attending Doctor’s
Return to Work Desk Reference lists
same-day scheduling for work-
related injuries or illnesses as a best
practice.28 We considered this indi-
cator to be met if the first medical
visit occurred within 1 calendar day
of the injury, because we had no
information on the time of day that
the injury occurred.

Report Filed Within 7 Days of
First Visit. Delays in accident report
filing are associated with longer
work absence.27,29,30 Providers of
workers’ compensation-related care
in Washington State are legally re-
quired to file the accident report
within 5 days of identifying a work-
related injury or illness; however,
compliance is inconsistent. Time
from the first visit to filing of the
accident report was identified in the
COHE quality indicator report as a
useful performance indicator, and the
COHE project uses 2 days as a
benchmark for incentives.23,27 We
considered this indicator to be met if
the accident report was received by
L&I within 7 calendar days of the
first medical visit, reflecting the
5-day requirement and a 2-day al-
lowance for weekends.

Telephone Communication About
Case at the First Visit. Return to

work can be facilitated by improv-
ing communication between health
care providers, employers, and in-
jured workers, and communication
failures are linked with poor out-
comes.26,31,32 We considered this
indicator to be met if there was a
submitted and allowed bill for dis-
cussing or coordinating care or
treatment with the injured worker,
department staff, nurse case man-
ager, department medical consul-
tant, or employer by telephone on
the first medical visit date. (Tele-
phone calls for authorization, reso-
lution of billing issues, or ordering
prescriptions are not payable and
were not included.) The COHE
quality indicator report recom-
mended the use of two-way com-
munication with the employer at
the first visit when the worker is off
or expected to be off work.23 Unfor-
tunately, the special billing codes
created for the COHE project and
used to identify such calls were un-
available to the non-COHE providers
in this study. We did not limit the
denominator to claims resulting in
compensated time loss, because it
was feasible that early communica-
tion could prevent time loss of �3
days via arrangements for modified
work. But, we also recognized that
many claims would not require
such communication.

Work-Relatedness Specified on
Report. Absent or inadequate docu-
mentation of work-relatedness on
the accident report can delay claim
approval and delay payment for
medical care and time loss.23 We
considered this indicator to be met
if question 48 on the accident re-
port form (“Was the diagnosed
condition caused by this injury or
exposure?” Yes, Probably, Possi-
bly, No) was answered rather than
left blank. This measure reflects
the care taken by a provider to
document whether an illness is
work-related, and was recom-
mended in the COHE quality indi-
cator report.23 The COHE report
also recommended the use of two
other aspects of work-relatedness

documentation (documentation of
the presence or absence of a disor-
der and adequate description of
relevant work or incident history),
but those aspects were not avail-
able in the administrative data.

Regularity of Care While on Time
Loss. Continuity of care, defined var-
iously as transfers of care, regularity
of visits, intensity of care, breaks in
contact, etc,33 has been linked with
improved outcomes and less unnec-
essary utilization.34–36 The COHE
quality indicator report23 recom-
mended that continuity of care be
operationalized as the percentage of
workers who had a health care pro-
vider visit every 2 weeks for the first
2 months while they had not yet
returned to work (this is also consid-
ered a measure of regularity of
care37). The COHE report also rec-
ommended there be at least one
visit 2 to 4 weeks after return to
work; however, the date of return
to work was not available in the
administrative data. Only claims
with �2 weeks of time loss were
included in the denominator for
this indicator. Any visit (other than
the first medical visit) was consid-
ered qualified if it was billed using
an Evaluation and Management
Current Procedural Terminology
code and was allowed by L&I.
We considered this indicator to be
met if any of the following were
true:

• At least 2 but less than 4 weeks of
time loss and at least one qualify-
ing visit within 2 weeks of the first
visit.

• At least 4 but less than 6 weeks of
time loss and at least one qualify-
ing visit in each of the first two
2-week periods.

• At least 6 but less than 8 weeks of
time loss and at least one qualify-
ing visit in each of the first three
2-week periods.

• More than 8 weeks of time loss
and at least one qualifying visit
in each of the first four 2-week
periods.
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Results

Provider Characteristics
Eighty-five NPs and 974 PCPs

were recorded as first attending pro-
viders for the 2779 eligible back
sprain or strain claims filed during
the year after SHB 1691 implemen-
tation (some providers filed accident
reports for more than one claimant).
Of the PCPs, 17% were internists,
68% were family practitioners, and
15% were general practitioners.
(L&I does not record specialty for
NPs.) NPs tended to be responsible
for fewer claims; 65% of NPs were
responsible for fewer than 24 claims
during the first year after implemen-
tation, compared with 47% of PCPs
(P � 0.002).

Claimant and
Employer Characteristics

Of the 2779 eligible back sprain or
strain claims, 217 were filed by NPs
and 2562 by PCPs. Mean age was
34.8 for claimants seeing NPs, com-
pared with 37.0 for those seeing
PCPs (P � 0.004). Male claimants
were more likely to have PCPs as
their attending provider (Table 1).
Median pre-injury monthly income
was $1936 for claimants seeing NPs,
compared with $2227 for those see-
ing PCPs (computed using only the
870 claims involving time loss; P �
0.08). Median claim duration (mea-
sured from accident report filing to
claim closure) was 91 days for both
NP and PCP claims. The distribution
of employment-related variables was

quite similar between NP and PCP
claims (Table 1).

Claim Characteristics
NP claims were less likely to have

any time loss compensation than
were PCP claims (Table 2). There
were no significant differences in
other claim characteristics across
provider type. Crude percentages and
P values were almost identical to
those derived (and presented in Ta-
ble 2) using direct standardization by
age and sex.

Quality and Process of
Care Indicators

There were fairly strong associa-
tions of these process indicators with
disability (Table 3). Claims for
which there was a first visit within a

TABLE 1
Sample Characteristics by Attending Provider Type

Claimant/Employer Characteristics
Percent of NP Claims

(N � 217)
Percent of PCP Claims

(N � 2562) P

Male 57.6 66.2 0.01
Industry* 0.68

Agriculture/forestry/fishing 8.3 6.0
Services 30.9 30.0
Construction/mining 13.4 16.2
Manufacturing 11.5 11.2
Transportation/communications/utilities 4.2 5.1
Wholesale/retail trade 25.8 24.1
Finance/real estate/administration 6.0 7.4

Public sector employment 5.5 8.4 0.14
Retrospective rating group at time of injury† 54.4 50.3 0.25
Small employer (�25 FTE) 29.5 28.0 0.64

*Based on collapsed Standard Industrial Classification (SIC) codes.
†Retrospective rating group reflects employer participation in an optional LI financial incentive program intended to encourage employers

to control their workers’ compensation costs.

TABLE 2
Claim Characteristics by Provider Type

Claim Characteristics
Percent of NP Claims*

(N � 217)
Percent of PCP Claims*

(N � 2562) P

Time loss claim 25.3 31.8 0.047
Permanent partial disability payment 1.6 2.6 0.37
Claim still open at 6 mo 18.6 22.3 0.21
Claim still open at 12 mo 9.1 11.0 0.39
Claim reopened 1.3 0.9 0.56
Transfers of attending provider 19.3 20.1 0.78
Attorney representation 0.7 1.8 0.23
Claim disputes 15.2 12.9 0.33

*Age/sex standardized.
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day of injury were less likely to have
any time loss, and among those with
time loss, duration was shorter. Time
loss duration was shorter when the
accident report was filed within 7
days. Claims for which there was
telephone communication at the first
visit were less likely to have any
time loss, but time loss duration was
not affected. Claims for which work-
relatedness was specified on the ac-
cident report tended to have a shorter
duration of time loss, though there
was no association between work-
relatedness and whether there was
any time loss. Lastly, regularity of
care while on time loss was associ-
ated with shorter time loss duration.

There were also strong associa-
tions of these process indicators with
claim volume (Table 4). Providers
responsible for fewer claims were
significantly less likely to meet every
process indicator, with the exception
of regularity of care.

Age and sex standardized percent-
ages of claims meeting each process
indicator by provider type are pre-
sented in Table 5. There was wide
variation in the percentage of claims
meeting each indicator, from under
5% for telephone communication at
the first visit to over 95% for docu-
mentation of work-relatedness on the
accident report. In general, there
were few significant differences be-

tween NP and PCP claims. Claim-
ants seeing NPs were somewhat
more likely to be seen within 1 day
of injury (52.4% compared with
44.4% for those seeing PCPs, P �
0.03). Logistic regression models
that controlled for age and sex and
accounted for the correlation of out-
comes within a specific provider’s
practice did not provide evidence for
significant differences between NP
and PCP claims in the odds of having
met any of these indicators.

Discussion
This study analyzed a number of

quality and process of care indica-
tors available in Washington State

TABLE 3
Associations of Quality/Process Indicators With Disability/Time Loss

Quality/Process Indicator N
Claims With Any
Time Loss (%) P N

Median Time Loss
Duration* (d) P

Baseline
First visit within 1 d of injury 2678 0.01 840 0.02

Met 28.9 16.0
Not met 33.4 23.0

Report filed within 7 d of first visit 2681 0.07 843 0.03
Met 30.1 18.0
Not met 33.4 26.0

Telephone communication at first visit 2779 �0.001 870 0.28
Met 9.5 79.0
Not met 32.1 20.0

Work-relatedness specified on report 2779 0.92 870 0.02
Met 31.3 19.5
Not met 31.9 80.0

Downstream
Regularity of care while on time loss† N/A N/A 503 �0.001

Met N/A 31.0
Not met N/A 142.0

*Denominator limited to claims with any time loss.
†Denominator limited to claims with �2 wk of time loss.

TABLE 4
Associations of Quality and Process Indicators With Claim Volume

Quality and Process Indicator N

Percent of Low Volume
Provider Claims*

(N � 661)

Percent of Higher Volume
Provider Claims†

(N � 2118) P

Baseline
First visit within 1 d of injury 2678 35.8 47.6 �0.001
Report filed within 7 d of first visit 2681 52.8 62.5 �0.001
Telephone communication at first visit 2779 0.3 4.4 �0.001
Work-relatedness specified on report 2779 96.1 98.0 0.006

Downstream
Regularity of care while on time loss‡ 503 40.9 44.3 0.50

*Those claims having attending providers who were responsible for �24 claims/yr.
†Those claims having attending providers who were responsible for �24 claims/yr.
‡Denominator limited to claims with �2 wk of time loss.
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workers’ compensation administra-
tive data. There were fairly strong
associations of these indicators
with claim volume and with mea-
sures of disability outcomes (any
time loss and duration of time loss).
We then used these indicators to
evaluate the impact of pilot legis-
lation authorizing NPs to function
as attending providers. Related
studies evaluating this pilot pro-
gram did not find evidence for any
negative impact on medical costs or
disability outcomes and suggested
that authorizing NPs as attending
providers for injured workers may
be a cost-effective approach to ad-
dress access barriers.38,39 Never-
theless, process measures provide a
more appropriate and sensitive
“closer to the source” assessment of
provider practice differences than do
outcome measures.40–42 Using this
set of indicators, we found no evi-
dence of systematic differences in the
care provided to claimants with un-
complicated back injuries based on
first attending provider type (NP or
PCP).

Although not intended to be defin-
itive measures of quality or of pro-
vider performance, these indicators
demonstrated some potential as met-
rics for tracking system performance
and improving disability outcomes.
We limited our sample to back
sprains or strains to maximize homo-
geneity; however, these indicators
are generic and could be applied
across conditions. Providers respon-

sible for fewer claims were signifi-
cantly less likely to meet every
process indicator, with the exception
of regularity of care. (Even for reg-
ularity of care, the direction of effect
was as expected and lack of signifi-
cance may have been a function of
fewer observations because of in-
cluding only claims with over 2
weeks of time loss.) This is consis-
tent with prior research showing a
relationship between volume and qual-
ity indicators.24 Based on the literature
supporting an association between
volume and outcomes,25 these find-
ings suggest a need for further
research into the relationship be-
tween volume, quality, and out-
comes in occupational health care.
It is worth noting that although NPs
were responsible for fewer claims
on average, their group perfor-
mance on these indicators (relative
to PCP performance) did not ap-
pear to be negatively impacted.

As anticipated, there was wide
variation in the percentage of claims
meeting each indicator (Table 5).
The highest compliance was found
for documentation of work-related-
ness on the accident report. This was
unsurprising (because a claim cannot
be processed without this informa-
tion), but even small rates of missing
information can lead to delays that
can negatively impact workers. Tele-
phone communication at the first
visit had the lowest percentages,
which was also unsurprising because
most simple claims would not re-

quire such communication. An in-
jured worker being seen within 1 day
of injury is a best practices goal, but
perhaps is less likely to occur for
uncomplicated back injuries where
there may tend to be a delay between
the date of injury and the date a
worker contacts a health care pro-
vider. The two metrics that appear
most in need of and perhaps most
amenable to intervention are 1) timely
filing of the accident report and 2)
regularity of care while on time loss.
Approximately half of claims did
not have at least one of these two
important indicators met, despite
the regulatory requirement that the
accident report be filed within 5
days and the high risk for extended
time loss that work-disabled claim-
ants face if their care is not closely
monitored. Data from the COHE
project suggest that providing incen-
tives for meeting quality improve-
ment indicators can substantially
increase compliance and, in turn,
can substantially improve disability
outcomes.29,30

Limitations
The usefulness of the indicators

evaluated in this study may vary
across jurisdictions, depending on lo-
cal workers’ compensation regula-
tions and data availability. There
were also conceptual and measure-
ment issues with each indicator that
must be taken into account in further
development. For example, time
from injury to the first visit was

TABLE 5
Associations of Quality/Process Indicators With Provider Type

Quality/Process Indicator N

Percent of NP
Claims*

(N � 217)

Percent of PCP
Claims*

(N � 2562) P

Baseline
First visit within 1 d of injury 2678 52.4 44.4 0.03
Report filed within 7 d of first visit 2681 57.5 60.5 0.39
Telephone communication at first visit 2779 4.7 3.3 0.28
Work-relatedness specified on report 2779 96.2 97.7 0.17

Downstream
Regularity of care while on time loss† 503 46.2 43.1 0.73

*Age/sex standardized.
†Denominator limited to claims with �2 wk of time loss.

906 Using Administrative Data to Evaluate Quality • Sears et al



considered as a possible quality indi-
cator for the COHE project, but the
ability to track when the worker first
contacted the provider’s office was
considered critical to assess individ-
ual provider performance.23 As an-
other example, a higher prevalence
of telephone communication billing
codes on the first visit date could
mean that the attending provider type
was more likely to call the employer
or others involved in the case to
discuss or coordinate care, or was
more likely to have cases requiring
such calls, or simply was more likely
to bill for such phone conversations.

Despite the inclusion of all eligible
claims filed in the year after imple-
mentation of SHB 1691, we had a
relatively small (though population-
based) sample of claims filed by a
relatively small number of NPs. For
this initial analysis, all eligible PCP
claims were retained to enhance
power. As larger numbers of NP
claims become available for further
research, it may be preferable to
choose a random or propensity score-
matched sample of PCP claims for
comparison purposes. This study had
80% power to detect differences of
approximately 5 to 10 percentage
points in the quality indicators. More
work is needed to determine what a
clinically significant difference in
these indicators might be, and to vali-
date their use with clinical data and in
larger samples of claims.5

This observational study included
statistical control for case mix and
controlled for injury type and sever-
ity by restriction. Selection bias re-
mained of some concern because of
the potential for unmeasured differ-
ences in worker choice of attending
provider. Nevertheless, there was lit-
tle difference in case mix between
NPs and PCPs in this sample, and
direct standardization by age and sex
had little impact on the findings. NP
claims were less likely to have any
time loss compensation than were
PCP claims, but there were essen-
tially no differences in other poten-
tially costly claim characteristics
across provider type.

The use of administrative data
may have contributed error in several
well-known ways.43,44 The exclusion
of self-insured companies may have
led to underestimates of claim vol-
ume. NPs certified as occupational
health specialists were not identifi-
able as such, and there may be asso-
ciated practice differences.11,16 The
data do not allow for a full under-
standing of the reasons that process
indicators were not met. In addition,
NPs and physicians may tend to code
or bill differently for the same care.

Despite the limitations inherent
in relying on administrative data,
there were important advantages,
particularly the population-based
nature of this study and the ability
to efficiently link enrolled provider
data with claim and injury, medical
billing, and time loss data.45 An-
other strength of this study was the
implementation of variants of qual-
ity indicators that had previously
been vetted by expert panels for
use in Washington State.7

Conclusions
We took advantage of the imple-

mentation of SHB 1691 to evaluate
the use of several generic quality and
process of care indicators that were
available in Washington State work-
ers’ compensation administrative
data, including 1) whether the first
visit occurred within 1 day of injury,
2) whether the accident report was
filed within 7 days of the first visit,
3) whether there was early tele-
phone communication about care
coordination or treatment, 4) whether
work-relatedness was specified on
the accident report, and 5) regularity
of care while on time loss. Using
these indicators, we found no evi-
dence of systematic differences in
the care provided by attending NPs
and PCPs to workers with uncom-
plicated back injuries. Neverthe-
less, these indicators were strongly
associated with work-related dis-
ability and there was considerable
room for improvement, suggesting
that targeted incentives could sub-
stantially improve outcomes.
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Five Annual Observations of Respiratory
Findings in Gun Factory Workers Exposed
to Solvents

Meral Saygun, MD
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Objective: We investigated whether long-term, low-level exposures to
solvents had adverse longitudinal effects on pulmonary functions.
Methods: The study was performed on 1091 workers 5 years ago and
then on 697 workers 5 years later. Chronic respiratory symptoms were
recorded using a questionnaire on respiratory symptoms. Results: The
annual decrease in forced expiratory volume in 1 second in the workers
exposed to solvents was not significantly different from that of the
unexposed workers (69.7 � 89.9 vs 75.8 � 87.6 mL/yr, P � 0.5,
respectively). In 453 workers who were exposed to solvents 5 years ago,
the prevalence rate of asthma was 1.1%. Five years later, it was 3.6%
in 193 workers from the same group. The difference was statistically
significant (P � 0.03). Conclusions: Longitudinally, the chronic
exposure to low doses of solvents does not adversely affect the pulmonary
functions, whereas it increases the asthma prevalence. (J Occup
Environ Med. 2007;49:909–912)

O rganic solvents are commonly used
as mixtures rather than individual
solvents in industry.1 The health ef-
fects of long-term, low-level expo-
sure to organic solvents have been
studied for many years.2 Exposure to
solvents is an important health haz-
ard in workplaces.3 Exposure to or-
ganic solvents has been reported to
increase the risks for acute and
chronic health effects among work-
ers.4 Nevertheless, information on
adverse health effects associated
with long-term solvent exposure is
still controversial.5 A number of
population-based studies have
showed a significant association of
occupational solvent exposure with
respiratory symptoms, impaired pul-
monary function, but analysis of
these studies is limited by self-
reported exposure data.6–8 Neverthe-
less, there are a few studies that
determine the longitudinal effects of
long-term, low-level exposure to or-
ganic solvents on the pulmonary
functions.

Gun factory workers are exposed
to many solvents. We investigated
whether long-term, low-level expo-
sures to solvents had adverse longitu-
dinal effects on pulmonary functions.

Materials and Methods

Workers
Our earlier study, conducted 5

years ago, involved 2350 male work-
ers from different sections in a gun
factory.9 The study was performed
on a total of 1091 workers divided
into two groups as the workers ex-
posed to solvents only and those that
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were not exposed (control group)
who work in service areas such as
security, office, and engineering de-
partments. In this study, we excluded
workers such as welders, carpenters,
lathe operators, etc. At that factory,
gun parts are produced from raw
materials in workshops. These parts
are cleaned with solvents, and the
workers are exposed to toluene, ace-
tone, butanol, xylene, benzene, and
trichloroethylene during their work
shift (continually 8 hr/d, 5 d/wk).

In our study conducted 5 years
after the previous one, there were
1971 male workers from different
sections of the gun factory. The
study was performed on a total of
697 workers.

All the workers were grouped ac-
cording to their smoking habits as
smokers and non-smokers. Each of
these groups was separated into two
subgroups as exposed and unexposed
workers depending on their exposure
to solvents. Smokers also consisted
of ex-smokers and current smokers.
Chronic respiratory symptoms were
recorded using a questionnaire on
respiratory symptoms, during the
morning work shift. A detailed occu-
pational history, as well as questions
about their smoking habits, was re-
corded for all the workers.

Asthma Definition. For the aims of
this study, “definite asthma” was de-
fined as positive responses to all
three of these questions (American
Thoracic Society [ATS] questions
20A, 20B, and 20C3): 1) “Have you
ever had asthma?” 2) “Do you still
have it?” and 3) “Was it confirmed
by a doctor?”

Study subjects took the spiromet-
ric tests in the standing position.
Before the test, each worker was
instructed on how to take the pulmo-
nary function test. Spirometric tests
were performed with portable dry
rolling (MIR spirobank, Italy). Max-
imal expiratory flow-volume curves
were recorded. Each spirometric
value was calculated according to the
worker’s age, sex, weight, and
height. Measurements were per-

formed during the morning work
shift.

The Assessment of
Health-Related Quality of Life

The Short Form 12 Health Survey
(SF-12) was used to assess health-
related quality of life in this study.
SF-12 is an abbreviated form of the
SF-36 Health Survey, which can be
used for large-scale health measure-
ment and monitoring. It consists of
12 items that are used to calculate
summary measures for physical and
mental health. The higher the score,
the better is the person’s health and
functioning.10,11 Scores are con-
structed so that the mean for the
general population is set at 50 with a
standard deviation of 10.

Assessment of
Psychological Status

The participants were asked to
fill in the self-reported Hospital
Anxiety and Depression (HAD)
Scale questionnaire for the assess-
ment of psychological distress. The
questionnaire consisted of 14 ques-
tions in which the overall severity of
anxiety and depression was rated on
a 4-point scale (0–3). Seven ques-
tions were related to anxiety and
seven to depression.12 The psycho-
logical distress score was defined as
the total HAD score.

Statistical Analysis
The �2 test (or when appropriate,

Fisher exact test) was used for testing
the differences between the groups for
the prevalence of respiratory symp-
toms. To compare continuous vari-
ables, a t test was performed. The
rate of decline in forced expiratory
volume in 1 second (FEV1) (mL/yr)
was calculated for each subject by
linear regression of FEV1 against
time. The decline in FEV1 over time
for the group as a whole was calcu-
lated as the average value of individ-
ual FEV1 slopes. P � 0.05 was
considered significant.

Results
Only 393 of 1091 workers who

were included in the study performed
5 years ago could be contacted 5
years later for the second stage of the
study for reasons of retirement, quit-
ting the job, and moving. All of the
393 workers were men and their
mean age was 43.92 � 6.38 years
(range, 26–64 years). No difference
was detected between the mean age
of the exposed and unexposed work-
ers (n � 214, 44.14 � 6.13 vs n �
179, 43.64 � 6.68, P � 0.438). The
mean duration of exposure to sol-
vents was 11.83 � 8.07 years (range,
1–35 years). Of 214 exposed work-
ers, 148 (69.2%) and of 179 unex-
posed workers, 110 (61.5%) were
smokers (P � 0.06). The clinical
respiratory symptoms of the smokers
and non-smokers among the workers
from both groups have been listed in
Table 1. Based on the results of
inter-group comparisons, no statisti-
cally significant difference was
found between the smokers and non-
smokers from the exposed and unex-
posed groups for definite diagnosis
of asthma and dyspnea. The mean
annual FEV1 decrease in the exposed
workers was not significantly dif-
ferent from that of the unexposed
workers (69.7 � 89.9 mL/yr vs
75.8 � 87.6 mL/yr, P � 0.5,
respectively).

The mean annual FEV1 decrease in
the current smokers was significantly
higher than that of the non-smokers
(current smokers: 85.8 � 87.3 mL/yr
vs non-smokers: 62.5 � 88.7 mL/yr,
P � 0.01). When evaluated on the
basis of smoking habit, no difference
was detected between the mean values
for annual FEV1 decrease of the smok-
ers and non-smokers and those of the
exposed and unexposed workers (Ta-
ble 2). The evaluation of the rates of
definite asthma diagnosis for the work-
ers from both groups revealed that 7
(3.3%) of 214 exposed workers and 2
(1.1%) of 179 unexposed workers
were diagnosed with asthma; however,
the difference was not statistically sig-
nificant (P � 0.139). In 453 workers
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who were exposed to solvents 5 years
ago, the rate of asthma prevalence was
1.1%, whereas 5 years later, this rate
was 3.6% among 193 workers from
the same group. The difference
between the rates was statistically
significant (P � 0.03).

The evaluation of life quality (SF-
12) revealed the following scores.
Physical scores for the exposed were
70.08 � 17.84; for the unexposed,
74.13 � 16.90, P � 0.03; mental
component scores for the exposed,
61.41 � 15.33; for the unexposed,
63.36 � 16.44; P � 0.25; and total
scores for the exposed, 65.75 �
14.33; for the unexposed, 68.75 �
14.35; P � 0.05. Overall, the scores
of the exposed workers were lower;
however, only the difference be-
tween the physical scores of the two
groups was statistically significant.

In the evaluation of the psycholog-
ical conditions of the workers in both
groups, no difference was detected
between the anxiety and depression
scores and total HAD scores of the
exposed and unexposed workers (for

the exposed: 12.30 � 5.41; for the
unexposed: 12.10 � 5.65; P � 0.73).

Discussion
The annual rates for FEV1 de-

crease in the workers who were ex-
posed and unexposed to solvents
were not different. Accordingly, sol-
vents do not have negative effects on
the respiratory functions. As was ex-
pected, when solvent exposure was
disregarded, the FEV1 value of the
smokers decreased more rapidly than
that of the non-smokers. Five years
ago, 453 people were working with
solvents, and 5 years later, only 193
were working with the same sub-
stances. Thus, this may suggest that
some of the workers working with
the solvents 5 years ago might have
retired or transferred to other depart-
ments, resulting in the absence of a
difference between the FEV1 values
of the groups. Similarly, the spiro-
metric results in newspaper press-
room workers did not significantly
differ between the exposed and the
unexposed control group (both

groups had the same cigarette pack-
year).13 No difference in pulmonary
functions was found between the un-
exposed workers and those exposed
only to organic solvents in a polyure-
thane molding process.14 In contrast,
the measured ventilator capacity val-
ues in workers exposed to solvents
were significantly lower in compari-
son with the values of the unexposed
workers in shoe manufacturing
workers.14

The definite asthma diagnosis in
the exposed workers was more
common; however, the difference
between the two groups was not
statistically significant. Furthermore,
in the exposed workers, the rate of
definite asthma diagnosis was signif-
icantly higher compared with the rate
5 years ago, which indicates that
solvent exposure increases asthma
prevalence. Lee et al12 found that the
newspaper press workers who were
exposed to solvents had significantly
more respiratory symptoms than the
control group had, even though the de-
gree of exposure was within the cur-

TABLE 1
Chronic Respiratory Symptoms

Non-smokers

P

Smokers

PExposed Unexposed Exposed Unexposed

Mean age 43.5 � 6.4* 43.9 � 6.7 0.7 44.4 � 5.9* 43.4 � 6.7 0.2
Exposure duration 12.73 � 8.8* (1–31) 0 11.43 � 7.7* (1–35) 0
Definite asthma 1 (0.7)† 0 0.4 6 (4.1)† 2 (1.8) 0.2
Dyspnea 16 (24.2)† 14 (20.3) 0.4 46 (31.1)† 42 (38.2) 0.1

*Values are mean � standard deviation.
†Values are percentages, with the number of subjects in parentheses.

TABLE 2
The Annual FEV1 Decrease Rates of the Solvent-Exposed and Unexposed Workers

Exposed
n (mean � SD)

Unexposed
n (mean � SD) P

FEV1 decrease of non-smokers (mL/yr) 66 (59.9 � 92.3) 69 (71.8 � 81.6) 0.4
FEV1 decrease of smokers (mL/yr) 148 (74.1 � 88.7) 110 (78.2 � 91.4) 0.7
SF-12

PCS score 214 (70.08 � 17.84) 140 (74.13 � 16.9) 0.03
MCS score 214 (61.41 � 15.33) 179 (63.36 � 16.44) 0.2
Overall score 214 (65.75 � 14.33) 179 (68.75 � 14.35) 0.05
Psychological distress score 214 (12.30 � 5.41) 179 (12.10 � 5.65) 0.7

Psychological distress score was defined as the total HAD score.
SF-12 indicates Short-Form 12 Health Survey; PCS, physical component summary; MCS, mental component summary, SD, standard

deviation.
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rent permissible exposure limits.
Zuskin et al15 also found that the
high prevalence of respiratory symp-
toms was primarily a consequence of
exposure to the numerous organic
solvents found in the workplace in
the leather shoe manufacturing in-
dustry. Similarly, Wieslander et al16

indicated that exposure to solvent-
based paint might cause an increase
in respiratory symptoms among
painters, but water-based paint did
not. Talini et al17 found higher prev-
alence of chronic cough in spray
painters exposed to low concentra-
tion of diisocyanates and solvents
than in the controls and a trend in
increasing the prevalence of short-
ness of breath with wheeze, dyspnea,
and asthma. Paggiaro et al18 showed
that occupational exposure to or-
ganic solvents might cause chronic
airway impairment with non-specific
bronchial hyperresponsiveness in
three shoe factory workers. Zock et
al also indicated that asthma symp-
toms in domestic cleaning women
are associated with exposure to irri-
tant agents.19–21 In line with our
study, these studies demonstrated
that chronic exposure to solvents
may cause adverse effects on respi-
ratory system. In contrast, Akbar-
Khanzadeh and Rivas14 found no
significant difference in the rates of
respiratory symptoms between the
solvent-exposed group and non-
exposed group in polyurethane
molding process workers.

In those exposed to solvents, the
quality of life is lower in terms of
physical and mental components and
total scores than that of the unex-
posed individuals. Nevertheless, the
difference is statistically significant
only for the physical component.
Thus, exposure to solvents may have
negative effects on the quality of life
without changing the psychological
condition of the individuals. Litera-
ture reveals no studies on the effects
of solvents on the quality of life.
Nevertheless, many studies have
been reported on the negative effects
of solvents on the psychological con-
dition of the individuals.22–24

In conclusion, this longitudinal
study has shown that long-term, low-
level exposure to solvents does not
have adverse effects on the pulmo-
nary functions. Moreover, chronic
exposure to low-level of solvents
increases the asthma prevalence and
may negatively affect the quality of
life without impairing the psycholog-
ical condition of the individuals.
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Body Mass Index and Premature Mortality in
Physically Heavily Working Men—A Ten-Year
Follow-Up of 20,000 Construction Workers

Volker Arndt, MD, MPH
Dietrich Rothenbacher, MD, MPH
Bernd Zschenderlein, MD
Stephan Schuberth, MD
Hermann Brenner, MD, MPH

Objective: Although obesity is clearly associated with diabetes and
cardiovascular disease, health consequences of being mildly or moder-
ately overweight are less clear in physically heavily working men.
Methods: The association between body mass index (BMI) and mortal-
ity was assessed over a 10-year period in a cohort of 19,513 male
construction workers, who underwent routine occupational health
examination during 1986 to 1992. Results: Among never smokers
normal and overweight men experienced similar mortality. Among
smokers, we observed a strong U-shaped association between BMI and
all-cause mortality, which was lowest for BMI levels between 25 and 35
kg/m2 after control for potential covariates. Conclusions: BMI levels
commonly considered to reflect overweight may not necessarily be
associated with increased mortality in physically heavily working men.
(J Occup Environ Med. 2007;49:913–921)

D uring the last decade, overweight and
obesity, which are commonly de-
fined by a body mass index (BMI) of
25.0 to 29.9 kg/m2 and �30.0 kg/m2,
respectively, have reached epidemic
proportions globally. It is estimated
that there are now more than 1 bil-
lion overweight adults with at least
300 million of them obese.1 Over-
weight and obesity represent major
risk factors for certain chronic dis-
eases, including type 2 diabetes, car-
diovascular disease, and several
forms of cancer.2 Much of the liter-
ature examining the relation between
body weight and mortality supports
the hypothesis of a curvilinear rela-
tion, in which the risk is increased
among the very heavy and the very
lean.3–6 However, the health conse-
quences of mild or moderate over-
weight are less clear.3,7,8

According to a recent study, which
provoked a lively discussion, being
moderately overweight may even be
associated with a reduction in mor-
tality relative to the normal-weight
persons.9 Although other studies in-
cluding three meta-analyses3,6,10 and
two other recently published large
scale studies4,5 also found that over-
weight subjects may experience
lower mortality than do normal
weight subjects, results from several
prospective studies that excluded
smokers and those with existing dis-
ease propose that death rates linearly
increase with increasing BMI, with
no excess risk among the very
lean.7,11–17

Most studies, to date, were con-
ducted in the general population, and
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limited attention has been paid to
specific occupational groups who are
subject to a large diversity of physi-
cal activity, physical demands, and
lifestyle habits. In a former study
among a large cohort of male con-
struction workers, who represent an
occupational group with high expo-
sure to heavy physical work, we
found a negative, graded relation be-
tween BMI and all-cause mortality.18

This inverse association persisted af-
ter controlling for multiple covari-
ates including age and cigarette
smoking, and after excluding the ini-
tial 2 years of follow-up. We now
were able to expand the follow-up
from 5 to 10 years and the size of the
study population from 8043 up to
almost 20,000 subjects to address the
aforementioned association in much
more detail, taking potential effect
modification by smoking and pat-
terns of cause-specific mortality into
account.

Materials and Methods

Study Population
The study cohort comprised

19,943 male employees from the
German construction industry, aged
25 to 64 years, who were working as
bricklayers (n � 6367), painters (n �
3011), laborers (n � 2977), plumb-
ers (n � 2857), carpenters (n �
2681), or plasterers (n � 2050), and
who underwent routine occupational
health surveillance in Württemberg,
Southern Germany, between 1986
and 1992.19 This occupational health
surveillance is based on legislation
on health and safety at work and
regular examinations are offered to
all construction workers. Participa-
tion is voluntary but more than 75%
of all invited employees attended the
medical examination during the pe-
riod of recruitment and were eligible
for follow-up.

Data Collection
Health examinations included a

standardized physical examination
(including measurements of height,
weight, and blood pressure), func-

tional measurements (such as elec-
trocardiograms and lung function),
as well as laboratory measures,
which were taken according to a
standardized protocol. In addition,
occupational and lifestyle factors as
well as medical history and current
medication were recorded. Height
and weight was measured in 19,513
study members at baseline. In the
absence of a national death index in
Germany, residents’ registration of-
fices were contacted to obtain most
recent information on vital status of
all cohort members between October
1998 and February 2000. Study
members who moved to a foreign
country (n � 719) or with unknown
place of residence (n � 159) were
censored with date of last known
residence. No follow-up information
was available for 116 subjects of the
baseline population. Subjects who
could be followed and those who had
been lost to follow-up did not differ
with respect to BMI (P � 0.98).

In case of deceased study partici-
pants, death certificates were obtained
from the regional public health depart-
ments, and cause of death was ab-
stracted from each death certificate by
two trained physicians and classified
according to the ninth revision of the
International Classification of Diseases
(ICD-9). A professional nosologist re-
solved discrepant indexing. The study
was approved by the local and regional
ethics committees and by the Baden-
Württemberg state ministry of social
affairs.

Statistical Analysis
For initial analysis, BMI (kg/m2)

was categorized as lower than 18.5,
18.5 to 22.4, 22.5 to 24.9, 25.0 to
27.4, 27.5 to 29.9, 30.0 to 34.9, 35.0
to 39.9, and 40.0 or higher. These
eight categories allow a detailed ex-
amination of the association between
BMI and mortality across a wide
range of body mass values without a
priori assumptions about the shape of
the dose-response curve. Moreover,
they also may be combined accord-
ing to the BMI classification scheme
proposed by the World Health Organi-

zation20 and the US National Institutes
of Health,21 which distinguishes be-
tween underweight (BMI �18.5
kg/m2), normal weight (18.5 to
24.9 kg/m2), overweight (25.0 to
29.9 kg/m2), mild or class I obesity
(30.0 to 34.9 kg/m2), moderate or
class II obesity (35.0 to 39.9 kg/m2),
and severe or class III obesity (BMI
�40 kg/m2).

Relative mortality hazards de-
pending on level of BMI were cal-
culated using Cox’s proportional
hazards model.22 We divided the
follow-up into earlier (up to 3 years)
and later periods after checking the
proportional hazards assumption
with log-log survival plots. Baseline
variables considered as covariates in
the multivariable analysis included
age, nationality, smoking status, and
alcohol consumption. For the multi-
variable analysis, a linear and a qua-
dratic age term were simultaneously
entered into the model and index
variables were created for the other,
categorical variables. With respect
to nationality, the subjects were
grouped as German, former Yugosla-
vian, Italian, Turkish, and other. Na-
tionality was included to account for
potential confounding because of a
“healthy migrant effect” as indicated
by a lower mortality among foreign
study participants.19 Further baseline
data available comprised information
regarding comorbidity such as diabe-
tes (ICD-9: 250) and cardiovascular
disease (ICD-9: 390 to 459; both as
recorded by the physician). As
diabetes and most cardiovascular
diseases (namely hypertension,
ischemic heart disease, and stroke)
may represent intermediate steps in
the causal pathway between obesity
and mortality, they were not in-
cluded as confounders in the mul-
tivariate modeling.

Average daily amount of alcohol
was calculated from frequency and
type of beverage and categorized as
none, 1 to 30, 31 to 60, 61 to 90, and
�90 g alcohol per day. Smoking
status was classified as never,
former, or current smoking with the
latter subdivided into up to 20, about
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20, more than 20 cigarettes per day,
and pipe, cigar, or other smokers. As
information regarding alcohol con-
sumption and smoking status was
missing in 9% and 16% of all sub-
jects, respectively, multiple imputa-
tion was used to fill in the pertinent
missing baseline data according to
subject’s age and nationality.23 The
results of the regression analysis
based on the imputed data were con-
sistent with results using either only
complete cases or adding index
variables to indicate subjects with
missing information. To overcome
statistical drawbacks of treating BMI
as a categorical variable, BMI was
entered as a continuous variable in
supplementary regression models us-
ing fractional polynomials as
described by Royston et al. and
Sauerbrei et al.24,25

Additional analyses were carried
out in specific age groups (25 to 44,

45 to 54, 55 to 64 years), in sub-
groups according to comorbidity and
smoking status and with respect to
cause-specific mortality. Within these
subgroup-specific analyses, broader
BMI categories were used to avoid
too imprecise effect estimates (�25
kg/m2, 25.0 to 29.9 kg/m2, 30.0 to
34.9 kg/m2, �35.0 kg/m2). To min-
imize the potential effect of bias
owing to preexisting disease and
disease-related weight loss, we ex-
cluded the first 3 years of fol-
low-up for these subgroup-specific
analyses. All statistical analyses
were carried out with the SAS sta-
tistical software package, release
8.2 (SAS Institute, Inc, Cary, NC).

Results

Baseline Characteristics
Of all 19,513 subjects included at

baseline, 6984 men (36%) were in

the range of normal BMI (18.5 to
24.9 kg/m2), 69 (�1%) were under-
weight (BMI �18.5 kg/m2), 9432
(48%) were overweight (BMI 25.0 to
29.9 kg/m2), and 3028 (16%) were
obese (BMI �30.0 kg/m2). Older
age, being a nonsmoker, alcohol con-
sumption, and age-adjusted preva-
lences of diabetes and cardiovascular
disease were strongly associated
with higher BMI (Table 1). Hyper-
tension accounted for about 70% of
all cases with cardiovascular disease.

All-Cause Mortality According
to BMI

Eight hundred two deaths occurred
during the follow-up period. Crude
analysis revealed a U-shaped associa-
tion between BMI and all-cause mor-
tality with highest mortality among the
very lean (BMI �18.5 kg/m2) and the
very obese (BMI �40 kg/m2) subjects

TABLE 1
Characteristics of the Study Population at the Baseline Examination by Category of Body Mass Index

Body Mass Index (kg/m2)

Total
(n � 19,513)

<18.5
(n � 69)

18.5–22.4
(n � 2322)

22.5–24.9
(n � 4662)

25.0–27.4
(n � 5594)

27.5–29.9
(n �
3838)

30.0–34.9
(n � 2641)

35.0–39.9
(n � 327)

>40.0
(n � 60)

Mean age (SD) 37.7 (10.5) 37.5 (10.7) 40.0 (10.8) 43.3 (10.6) 45.4 (10.1) 46.2 (9.8) 46.2 (9.8) 46.4 (9.2) 42.6 (10.8)
Nationality

German (%) 71 74 75 75 73 74 77 85 74
Former Yugoslavian (%) 13 8 8 10 10 10 9 5 9
Italian (%) 4 7 7 6 7 8 7 7 7
Turkish (%) 9 7 6 6 7 6 6 0 7
Other (%) 3 4 4 3 3 3 2 3 3

Smoking*
Never (%) 9 16 23 28 27 27 26 22 25
Former (%) 11 7 13 18 26 25 23 28 18
Current (%) 80 76 63 54 48 49 51 50 57

�20 cigarettes/d (%) 17 20 18 16 15 15 16 18 17
20 cigarettes/d (%) 36 34 27 22 17 17 14 14 23
�20 cigarettes/d (%) 24 19 14 12 11 11 14 14 13
Pipe, cigar, other (%) 3 4 4 4 4 5 8 4 4

Alcohol consumption†
None (%) 16 11 10 10 10 10 11 4 10
1–30 g/d (%) 45 50 52 50 47 45 44 60 49
31–60 g/d (%) 24 18 20 21 22 22 21 11 21
�60 g/d (%) 16 21 18 19 21 23 24 25 20

Comorbidity (age adjusted
prevalence)‡

Diabetes mellitus (%) 8 3 3 4 5 8 11 16 5
Cardiovascular disease (%) 37 23 24 29 36 48 61 70 32

*Information regarding smoking status was missing in 3046 cases (16%).
†Information regarding alcohol consumption was missing in 1848 cases (9%).
‡Prevalence adjusted to the age distribution in the entire cohort by the direct method; diabetes mellitus, ICD-9: 250; cardiovascular disease,

ICD-9: 390–459.
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(Table 2). Lowest mortality was found
for the BMI range of 25.0 to 27.4
kg/m2. Adjusting for age, nationality,
smoking status, and alcohol consump-
tion did not substantially affect the
increased mortality among the very
lean men, whereas it attenuated the
excess mortality among the obese sub-
jects, resulting in a broad interval of
lowest mortality ranging from 25.0 to
34.9 kg/m2.

During the first 3 years of the fol-
low-up period, 174 deaths (22% of all
deaths) occurred. Risk of short-term
mortality was extremely high among
the small group of very lean persons
(relative risk around 6), whereas sub-
jects with a BMI between 35.0 and
39.9 kg/m2 experienced only some
moderate increase in mortality.

After exclusion of the first 3 years of
follow-up, there was no clear associa-
tion between BMI and mortality for
any BMI under 40 kg/m2 in crude
analysis. Only very obese subjects
(BMI �40 kg/m2) were at substan-
tially higher risk of dying than were
the rest of all other men. After adjust-
ment for age, a strong U-shaped asso-
ciation between BMI and all-cause
mortality became apparent with lowest
mortality observed in BMI categories
usually considered to represent over-
weight (25.0 to 29.9 kg/m2) and mild
obesity (30.0 to 34.9 kg/m2). Addi-
tional adjustment for nationality,
smoking status, and alcohol consump-
tion did not change the U-shaped as-
sociation. This curvilinear relationship
could also be observed when BMI was
entered as a continuous variable in
supplementary regression models us-
ing fractional polynomials (Fig. 1).

For further subgroup-specific cate-
gorical analyses, broader BMI catego-
ries were used to avoid too imprecise
effect estimates. In detail, the initial
three categories at the lower end of the
BMI scale (ie, BMI �18.5, 18.5 to
22.4, and 22.5 to 24.9 kg/m2) were
combined as subjects from these three
categories experienced very similar
mortality after the exclusion of the first
3 years of follow-up. Similarly, the
two BMI categories 25.0 to 27.4 and
27.5 to 29.9 were combined and allTA
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subjects with modest (BMI 35.0 to
39.9 kg/m2) and severe obesity (BMI
�40 kg/m2) were combined. The in-
clusion of the small number of lean
subjects with BMI �18.5 kg/m2 into
the new reference group “�25.0 kg/m2”
neither increased the mortality rate
of the reference group to any rele-
vant extent (from 515 to 516/100,000
person-years), nor did it change the
relative effect measures in the subse-
quent analyses.

All-Cause Mortality According to
BMI and Comorbidity

Table 3 shows the mortality after
the exclusion of the first 3 years of
follow-up for the entire study sample
according to BMI levels �25.0 kg/m2,
25.0 to 29.9 kg/m2 (overweight), 30.0

to 34.9 kg/m2 (obesity I°) and �35.0
kg/m2 (obesity II–III°). After adjust-
ment for age, nationality, smoking sta-
tus, and alcohol consumption, lowest
mortality was observed for BMI levels
between 25.0 and 34.9 kg/m2. Men in
this BMI range experienced about
25% to 30% lower mortality than did
men with a BMI �25kg/m2 or men
with a BMI �35 kg/m2. This curvilin-
ear relationship did not change when
we stratified the study population ac-
cording to the presence or absence of
cardiovascular disease and/or diabetes
mellitus at baseline.

Mortality According to BMI and
Cause of Death

Figure 1 contrasts the U-shaped
association between BMI and all-

cause mortality with the results
from cause of death–specific anal-
yses after exclusion of the first 3
years of follow-up. Information on
cause of death could be obtained
for 88% of all deceased. Overall,
142 men died because of cardiovas-
cular disease and there was a clear
positive linear relationship between
BMI and cardiovascular disease
risk of dying (P value for trend �
0.03). The lowest cardiovascular
disease mortality was found for
men with a BMI smaller than 25.0
kg/m2. When compared with men
with a BMI �25.0 kg/m2, the rela-
tive cardiovascular mortality was
1.12 (95% confidence interval,
0.74 to 1.70), 1.28 (0.76 to 2.13),
and 2.71 (1.25 to 5.89) for BMI

Fig. 1. All-cause and cause-specific mortality according to body mass index after exclusion of the first 3 years of follow-up. Hazard ratios are
adjusted for age, nationality, smoking status, and alcohol consumption. A BMI of 20.0 kg/m2 was used as the reference. Results of dose-response
modeling by fractional polynomials.24,25 Dashed lines indicate 95% confidence limits.
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ranges 25.0 to 29.9, 30.0 to 34.9,
and �35.0 kg/m2.

In contrast, a strong inverse as-
sociation was observed between
BMI and cancer mortality, which
caused 251 deaths (P value for
trend � 0.0009). When compared
with men with a BMI �25.0 kg/m2,
the relative cancer mortality was
0.67 (95% confidence interval,
0.51 to 0.88), 0.51 (0.34 to 0.77),
and 0.34 (0.11 to 1.08) for BMI
ranges 25.0 to 29.9, 30.0 to 34.9,
and �35.0 kg/m2. This inverse as-
sociation was particularly strong
with respect to lung cancer mortal-
ity (68 cases), but an inverse asso-
ciation was also observed with
respect to cancer mortality other
than lung cancer (data not shown).

With respect to noncardiovascular,
noncancer mortality (161 deaths), we
found a U-shaped association be-
tween BMI and risk of death with
lowest mortality for men with a BMI
between 25.0 and 30.0 kg/m2. Ex-
cess mortality within this cause of
death category, among men with
BMI �25.0 kg/m2 was mainly due
to accidents and neurological and
gastrointestinal diseases.

Further age-specific analysis did
not provide any indication that age is
modifying the association between
BMI and all-cause mortality in this
group of physically active working
men. The relative risk estimates
within each BMI category varied by
�10% across different age catego-
ries (data not shown).

Smoking Status–Specific Analysis
Smoking status–specific analysis

revealed that the U-shaped relation
between BMI and all-cause mortality
was restricted to smokers whereas
higher levels of BMI were tenta-
tively associated with higher mortal-
ity among never and former smokers
(Fig. 2). Among never smokers,
however, normal and overweight
men experienced similar mortality.
The curvilinear relationship between
BMI and all-cause mortality among
smokers even persisted after addi-
tionally controlling for the duration
and number of cigarettes smoked per
day: the relative risks were 0.64
(95% confidence interval, 0.51 to
0.80), 0.57 (0.40 to 0.81), and 0.85

TABLE 3
All-Cause Mortality by Body Mass Index (4 Categories) and Comorbidity After Exclusion of the First 3 Years of Follow-Up

Entire Cohort

Body Mass Index (kg/m2)

<25.0 25.0–29.9 30.0–34.9 >35

Total N 6800 9148 2550 374
Total deaths 225 292 93 18
Crude death rate* 515 491 563 752
Hazard ratio (95% confidence interval)

Crude 1.00 (ref.) 0.94 (0.79, 1.12) 1.08 (0.85, 1.38) 1.44 (0.89, 2.33)
Adjusted† 1.00 (ref.) 0.66 (0.55, 0.78) 0.65 (0.51, 0.84) 0.90 (0.55, 1.45)
Adjusted‡ 1.00 (ref.) 0.71 (0.60, 0.85) 0.70 (0.55, 0.90) 0.95 (0.59, 1.54)

By baseline comorbidity status§
Without CVD and DM 1.00 (ref.) 0.68 (0.53, 0.88) 0.63 (0.41, 0.96) 0.79 (0.25, 2.49)
With CVD or DM 1.00 (ref.) 0.70 (0.54, 0.90) 0.65 (0.47, 0.89) 0.85 (0.49, 1.48)

*Per 100.000 person-years.
†Adjusted for age.
‡Adjusted for age, nationality, smoking status, and alcohol consumption.
§Defined by presence or absence of cardiovascular disease (CVD) or diabetes mellitus (DM).

Fig. 2. All-cause mortality according to body mass index and smoking status after exclusion of the first 3 years of follow-up. Hazard ratios are
adjusted for age, nationality, alcohol consumption. A BMI of 20.0 kg/m2 was used as the reference. Results of dose-response modeling by fractional
polynomials.24,25 Dashed lines, 95% confidence limits.
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(0.43 to 1.66) for smokers with BMI
in the range of 25.0 to 29.9, 30.0 to
34.9, and �35.0 kg/m2 compared
with smokers with BMI �25.0 kg/m2.
Nevertheless, smokers with a BMI
�25 kg/m2 experienced an approxi-
mately three times higher mortality
than did never smokers with a simi-
lar BMI, whereas mortality among
overweight and obese smokers was
about 1.5 to 1.8 times the mortality
of nonsmokers within the same BMI
ranges (data not shown). Testing for
interaction between BMI and smok-
ing status revealed a P value of 0.04
indicating statistically significant ef-
fect modification of the association
between BMI and all-cause mortality
by smoking status.

Discussion
In this cohort of male construction

workers, we found a strong U-shaped
association between BMI and all-
cause mortality, which was lowest
for BMI levels between 25 and 35
kg/m2. Mortality was 35% to 40%
lower among men in this broad range
of BMI compared with men with a
BMI of 18.5 to 24.9 kg/m2, which is
usually considered to reflect normal
or optimal weight. Although exclu-
sion of the first 3 years of follow-up
substantially reduced the high mor-
tality of the small group of very lean
subjects a strong curvilinear, U-
shaped association was still seen
after controlling for age and other
covariates, making confounding by
illness-related weight loss an un-
likely explanation. However, cause
of death and smoking status–specific
analysis revealed some possible ex-
planations for the striking pattern of
the association between BMI and
mortality observed in our study.

Like in a recent study from Fin-
land,26 BMI was inversely associ-
ated with cancer mortality, which
constituted the most common cause
of death in our study population.
This might be surprising at first
sight given that obesity is consid-
ered a risk factor for several tumor
sites including colon, breast, endo-
metrial, kidney, and esophageal

cancer.27 In contrast, being over-
weight or obese has been associ-
ated with decreased lung cancer
risk,28 but it has been questioned
whether the association between
leanness and lung cancer mortality
reflects a causal relationship, a bet-
ter survival for obese cancer pa-
tients, or an artifact due to residual
confounding by the effects of
smoking and preexisting disease.29

Many epidemiological studies in-
dicate that overweight and obesity
are considered to be more strongly
associated with cardiovascular dis-
eases mortality than with all-cause
mortality as obesity is a strong risk
factor for developing cardiovascular
diseases, and our analysis is in line
with these findings.9,30 However,
cardiovascular mortality is only sec-
ond to cancer mortality as cause of
death in our study population as op-
posed to many other studies. Despite
a high proportion of active smokers,
the cardiovascular mortality in con-
struction workers is about 40% lower
than in men from the general popu-
lation.19 Regardless whether this low
cardiovascular mortality is due to a
healthy worker effect (which usually
affects cardiovascular disease mor-
tality to a much higher extent than
cancer mortality)31 or a consequence
of regular occupational physical ac-
tivity, it partly explains the observed
pattern with respect to all-cause mor-
tality. Our cohort of construction
workers comprises a quite specific
study population, which on the one
hand may limit the generalizability
of our results. In particular, our study
sample only includes men and is also
characterized by a high proportion of
smokers and men with high alcohol
consumption. On the other hand, our
study allows to specifically address
the impact of body weight in a fairly
homogenous study population with
respect to socioeconomic status and
work-related physical activity, thus
reducing the potential of confound-
ing by these factors.

Smoking is very common among
construction workers, and our study
indicates that effect modification by

smoking seems to be of particular
relevance in the association between
BMI and mortality. Effect modifica-
tion of the association between BMI
and mortality by smoking has been
observed in several studies to a dif-
ferent degree.11,14,32–34 In our study,
mortality was higher among normal
weight than among overweight or
mildly obese smokers, even after ad-
justment for duration and intensity of
smoking. No such pattern was seen
for never smokers for whom mortal-
ity was highest for BMI levels of 30
kg/m2 and more. This observation is
quite comparable to other prospec-
tive studies that excluded smokers
and which have suggested that death
rates increase linearly with increas-
ing BMI in nonsmokers with no ex-
cess risk among the very lean.11–15 In
our study, however, never smokers
with a BMI between 25.0 and 29.9
kg/m2, which is usually considered
to reflect overweight, experienced
similar mortality as men with a BMI
up to 25.0 kg/m2.

The impact of overweight and
obesity on mortality has rarely been
addressed in specific working popu-
lations, to date. One study, we were
able to find, was based on middle-
aged workers from the petrochemical
industry,35 another study was based
on radiation technicians.36 Like in
our study, both studies found a sim-
ilar risk for all-cause mortality
among overweight and normal
weight men.

An important limitation of our and
many other pertinent studies is that
no direct measure of body composi-
tion was available. Although BMI is
considered to represent a reasonable
measure of adiposity and highly cor-
relates with body fat,37 it is affected
by dietary intake and physical activ-
ity levels, which may themselves
affect risk of mortality. Furthermore,
recent research suggests that associ-
ations of BMI and mortality repre-
sent joint but opposite associations
of body fat and fat free mass with
mortality.38 In particular, a moder-
ately increased BMI does not dis-
tinguish between muscularity and
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increased total body fat and its
distribution.39 However, the use of
alternative proxy measures of obe-
sity such as waist circumference and
waist-to-hip ratio to assess the rela-
tion between obesity and mortality is
also discussed controversially.40 One
strength of our study is the fact that
information regarding BMI was
based on measured height and
weight. Information regarding smok-
ing and alcohol consumption relied
on self-reports and thus may be sub-
ject to error and introduce residual
confounding. However, the associa-
tion between BMI and mortality
among never-smokers may be con-
sidered to be less subject to bias than
in other settings as current smokers
are less likely to define themselves
as past or never smokers in groups
where smoking is the norm.17

As a note of caution, our findings
do not challenge the fact that obesity
is a risk factor for a number of
chronic diseases. Despite the fact
that most pertinent studies have fo-
cused on the effect on mortality, it
should be kept in mind that obesity
in working age adults may also result
in productivity losses, greater costs
to employee health plans41–43 and to
workers’ compensation claims44

through reduced workforce partici-
pation, increased work limitation,
obesity related sick leave and work
disability.45–51 In addition, certain
kinds of non fatal, work related inju-
ries may be related to increased
weight, such as musculoskeletal
problems in the lower back,52,53

knee,54,55 and hip.56–58

Although there is little doubt that
obesity is unhealthy, we conclude
that optimal BMI levels may vary
between specific population groups,
however. Such variation may partly
explain inconsistencies in previous
results of studies conducted in dif-
ferent settings and populations (eg,
occupational groups) and might de-
serve more attention in future re-
search and derivation of public
health implications.
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The National Response Plan (NRP) establishes the framework for the
nation’s response to major disasters. We offer seven recommendations
related to surveillance of workers who respond to events under the NRP.
These recommendations address the rationale for and principles of
medical surveillance in the context of large-scale disasters and the NRP;
means of identifying and registering the populations that should be
included in surveillance activities; the role of exposure assessment in
medical surveillance; behavioral health issues; and principles regarding
the communication and use of surveillance data. (J Occup Environ
Med. 2007;49:922–927)

T he National Response Plan (NRP)
establishes “a comprehensive, na-
tional, all-hazards approach to do-
mestic incident management across a
spectrum of activities, including pre-
vention, preparedness, response, and
recovery.”1 In case of a major disas-
ter (either natural or manmade) or
threat of an event, the NRP estab-
lishes the framework for federal in-
teraction with state, local, and tribal
governments; the private sector; and
nongovernmental organizations in
managing the response. The NRP
also provides for worker safety and
health during the response, in the
form of a support annex.2 During an
event of national significance, the
US Department of Labor Occupa-
tional Safety and Health Administra-
tion (OSHA) coordinates Federal
and worker safety and health activi-
ties, including a specific responsibil-
ity, not assigned to any other entity
in the NRP, to “implement a system
to capture and manage incident ex-
posure data in a centralized location
to enable data-sharing among agen-
cies with a responder health and
safety focus.”2

OSHA has identified a number of
standards relevant to emergency pre-
paredness, though not specifically to
disasters under the NRP.3 One, the
hazardous waste operations and emer-
gency response (HAZWOPER) stan-
dard, requires surveillance for certain
categories of workers who may be
exposed to hazardous substances or
health hazards at or above the estab-
lished permissible exposure limit for
30 days or more a year; wear a respi-
rator for 30 days or more; are injured,
become ill or show signs or symptoms
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from possible exposures involving
hazards from an emergency response
or hazardous waste operation; and
are members of HAZMAT teams. The
standard also partially specifies the
structure and content of the surveil-
lance examinations. They must include
a medical and work history “with spe-
cial emphasis on symptoms related to
the handling of hazardous substances
and health hazards, and to fitness for
duty including the ability to wear any
required PPE (personal protective
equipment) under conditions (ie, tem-
perature extremes) that may be ex-
pected at the worksite.”4

Unlike typical workplaces, a disas-
ter requiring activation of the NRP
could involve exposures to chemical,
biological, radiological, nuclear, or
high explosive (CBRNE) agents, as
well as more conventional hazards
such as falls and fire.5 The nature
and extent of the hazards will evolve
over time, with exposures from acute,
uncontrolled, and unpredictable to
more predictable and controlled (as the
recovery phase proceeds). By contrast,
a typical workplace involves fixed and
predictable hazards that can be mea-
sured and controlled. Thus, the design
and implementation of surveillance
programs for a major disaster will be
different from a usual workplace ca-
lamity. We discuss here the hazards
involved in disaster response; the ra-
tionale for surveillance of workers
who respond under the NRP; and rec-
ommendations for the structure and
content of responder surveillance in
disaster response under the NRP, in-
cluding the incorporation of psycho-
logical surveillance within a medical
surveillance program. The recommen-
dations are a collaborative effort
growing out of the September 2005
conference, “Protecting the Protec-
tors: Medical, Psychological & En-
vironmental Surveillance Needs for
Workers Involved in Incident Re-
sponse Under the National Response
Plan,” sponsored by the Centers for
Public Health Preparedness of the
School of Public Health of the Univer-
sity of Medicine and Dentistry of

New Jersey, and the Johns Hopkins
Bloomberg School of Public Health.

Principles of Medical
Surveillance Under the NRP

Under the NRP, OSHA establishes
policies for medical surveillance and
medical monitoring of response
workers, and for any longer term
monitoring and surveillance. The
agency is also supposed to collect
and manage exposure, safety, and
health outcomes data; communicate
with labor unions and other organi-
zations regarding worker safety and
health; coordinate incident-specific
responder training; provide psycho-
logical first aid during and after re-
sponse and recovery activities; and
identify appropriate immunization
and prophylaxis for responders and
recovery workers.2

Traditionally, medical surveillance
of workers was intended to identify
exposures and clinical effects of expo-
sures in populations and individuals
with regular and repeated probabilities
of exposure over time.6,7 In the case of
workers exposed to multiple hazards in
a disaster, it may be very expensive to
measure all of the possible exposures
and health outcomes.8

Principle 1. The purpose of medi-
cal surveillance is to identify expo-
sures or early symptoms or both of
disease, and to link those findings to
individual care and preventive inter-
ventions to 1) prevent and mitigate
adverse physical and mental health
outcomes and 2) assess and maintain
worker functionality. By functional-
ity, we mean the ability of the worker
to attend and respond effectively to
both personal and professional re-
sponsibilities. Mental health and
physical health must be integrated to
enhance functionality.

A primary goal of surveillance
associated with response under the
NRP is to maintain the physical and
mental health and functionality of
the responders. One potential out-
come of a surveillance program is
the identification of unanticipated
new clinical entities (eg, World

Trade Center cough).9,10 In addition,
although environmental and biologi-
cal monitoring are important for ex-
posures to many chemical, physical,
and biological agents, there are still
clinical outcomes (including mental
health outcomes and injuries) for
which traditional medical and expo-
sure monitoring are insufficient.11

Therefore, it is important to establish
comprehensive surveillance systems
that examine a broad range of ill-
nesses, injuries, and mental health
outcomes.12

Another purpose of surveillance is
to demonstrate whether protective
measures are adequate to prevent
detrimental exposures and health ef-
fects. Thus, in the WTC disaster, a
comparison of pulmonary function in
firefighters at the site with a refer-
ence group of nonexposed, off-duty
firefighters showed that there were
significant symptoms and pulmonary
function effects in the exposed pop-
ulation.13 A similar comparison was
used to determine whether firefight-
ers had been exposed to certain met-
als and organic chemicals while
involved in the WTC response.14 In
the 2005 Gulf Coast disasters, sur-
veillance of workers has focused on
injuries, dermatologic conditions, and
infectious diseases. The results have
been used to develop targeted pre-
vention messages for workers.15,16

Surveillance also plays an important
role in mental health symptoms asso-
ciated with disaster response.17,18

There is an extensive literature on
mental health sequelae of previous nat-
ural and manmade disasters for various
working populations, including re-
sponders.19–22 In a study of 1138
WTC rescue/recovery workers con-
ducted between July 2002 and August
2004, 51% of the workers met criteria
on at least one screening instrument
indicating the need for a more in-depth
clinical mental health evaluation dur-
ing the first 6 months of the study.
However, only 3% reported they had
ever used mental health services be-
fore the study began.23 Another recent
report recommended the consider-
ation of critical incident stress
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management in response planning,
including its application for nontra-
ditional responder groups such as
construction and trade workers and
the families of responders. The re-
port noted the importance of con-
sidering responder stress levels
before, during, and after deploy-
ment, as well as the history of prior
deployments.24

Integrating psychological and med-
ical surveillance requires an under-
standing of the relationship between
the types of disaster exposures and
how they can serve as “triggers” for
severe trauma responses among peo-
ple who are vulnerable because of
previous exposures.25–27 Incorporat-
ing mental health screening into the
medical component of surveillance is
a challenge, however. A number of
instruments have been developed to
screen for PTSD and other disorders
specifically associated with disasters
(including some for non–English-
speaking populations), but there is a
need for research to validate the in-
struments and determine the optimal
method of screening as part of a com-
prehensive surveillance program.28–31

In addition, there is considerable liter-
ature regarding appropriate methods
for ameliorating the mental health
effects of disaster response experi-
ences and the effectiveness of these
methods, including critical incident
stress management.32–36

Principle 2. Participation in sur-
veillance should be confidential and
voluntary, to the extent feasible. In
the context of the NRP, surveillance
should be an ongoing process, occur-
ring all the way from predeployment,
to the field, to the postdeployment
period and beyond.

Surveillance programs, like other
programs in occupational health, re-
quire buy-in by both the employer
and worker. While surveillance un-
der the NRP may never be com-
pletely voluntary, workers will be
more likely to participate if they feel
that they are not going to be penal-
ized either for their participation or
as a result of findings generated by
the surveillance (although in some

cases workers could be disqualified
from duty or reassigned to other duties
if surveillance shows exposures or
effects). In this regard, confidential-
ity is particularly important, since
part of the data collection process
may involve personal data of a sen-
sitive nature.

The surveillance program should
also be of sufficient duration to de-
tect latent conditions caused by ex-
posures to chemical, biological, or
physical agents. Therefore, responsi-
ble agencies may need to ensure
continuation of surveillance even af-
ter the NRP is no longer in effect.

Surveillance in traditional work-
places has raised several ethical is-
sues. These include the nonvoluntary
nature of many surveillance pro-
grams; the possibility that the results
will be used to discipline or dismiss
workers found to have had exposures
or preexisting health conditions; the
threat that workers who are found
to have an increased risk of health
effects will be terminated or other-
wise discriminated against; and con-
cerns about the confidentiality of
results.37–41 A further consideration
is whether and under what circum-
stances it is ethical to use medical
and psychological surveillance data
obtained during disaster responses
for research purposes. Although the
research might not benefit the cur-
rent responders; it could potentially
benefit others in the future. The issue
is further complicated where sur-
veillance data is obtained from re-
sponders exposed to an infectious
agent who are quarantined to pro-
tect others. Both the autonomy and
privacy of these workers has to be
weighed against potential public
health benefits.42

Principle 3. On activation of the
NRP, there should be a centralized
mechanism to capture data related to
individual and collective exposures
to facilitate individual treatment, pre-
ventive interventions and future long
term public health needs.

There is a specific need to share
data between groups assessing expo-
sure and those providing health care

at the disaster. This helps to ensure
that health care providers are aware
of the latest information on hazards
detected, while exposure assessment
professionals can focus measure-
ments on areas and hazards indicated
by clinical reports from health care
professionals (eg, worker reports of
specific types of symptoms might
indicate exposures to particular types
of chemical agents).

Information management is criti-
cally important in effective surveil-
lance programs to track employees,
job assignments, exposure records,
health records, and in some cases in-
surance information. The Department
of Defense has made significant
progress in the design and implemen-
tation of integrated information sys-
tems to aid in surveillance.43 However,
the challenges of assembling such in-
tegrated systems in the civilian sector
are considerable, given a multiplicity
of employers, preexisting, incompati-
ble systems, and concerns about data
sharing and confidentiality.

Identifying and Registering
Affected Populations

Principle 4. Creation of a registry
of workers at the site is critical for
effective surveillance. Once a disas-
ter site is identified and the Incident
Command System (ICS) is estab-
lished, access to the site should be
controlled and entering workers reg-
istered. Appropriate on-site surveil-
lance should then be initiated.

One of the most important determi-
nants of success for any surveillance
program is the ability to identify all
those who need to be enrolled. In a
large-scale disaster, effective surveil-
lance absolutely requires a system to
identify workers entering the site. This
could be done in conjunction with
training, so that workers entering a site
for the first time would be required to
have appropriate training and to be
enrolled in a database with, if appro-
priate, an initial surveillance encounter
to collect baseline data. This serves
several purposes: 1) it ensures that
untrained workers do not enter the site;
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2) it controls access to the site; 3) it
identifies all entrants to the site who
might be at risk for purposes of a
surveillance system; 4) it can be used
to ensure that workers have been
trained and can use appropriate PPE;
and 5) it ensures that workers meet any
established requirements for site entry.

Many first responders (particularly
firefighters and hazardous materials
response teams) are already enrolled
in surveillance programs under the
HAZWOPER standard and before
being deployed under the NRP.44

This is not true for many other re-
sponders. For those deployed early in
a disaster zone, predeployment
screening may be impractical. How-
ever, with adequate planning many
secondary responders (security, con-
struction workers etc.) could undergo
a short but valuable predeployment
screening/surveillance examination
before being admitted to the disaster
site. Given the need to train workers
who are responding to the disaster
before they start, the predeployment
(baseline) surveillance examination
could be coupled with training on-
site-specific hazards, PPE, commu-
nications, emergency procedures,
site-specific responsibilities and
other required training elements.45

A particular concern in this re-
gard is the self-employed worker.
Many large employers (including
the Federal government) have little
difficulty carrying out surveillance
or identifying their workers. Unfor-
tunately, there are few mechanisms
to effectively capture or register
self-employed workers, despite the
fact that they are often found in
abundance once the disaster has
progressed to the recovery/recon-
struction phase.

Non–English-speaking workers
also are difficult to reach and thus
may not be included in surveillance.
This can be especially important be-
cause these workers may have par-
ticularly high exposures in some
cases, may have limited access to
health care, and may have had little
previous training in health and safety
in their own language.46

Exposure Identification and
Dose Quantification

Principle 5. Exposure assessment
strategies should be developed and
implemented under the ICS as a way
to protect workers on the job, and
should be integrated with medical/
psychological surveillance to help
guide interventions.

Exposure assessment can have
many different purposes. Some ex-
posure assessment focuses on identi-
fying risks to the general population
and preventing health effects. Yet,
there is a specific need for exposure
information focused on workers
who are responding to the disaster.
The collection and analysis of these
data require different assessment
strategies than community expo-
sure sampling. Although these rec-
ommendations pertain primarily to
workers who are full-time profes-
sional responders responding under
the NRP, there are large numbers
of community members (including
Red Cross volunteers, volunteer fire-
fighters, and others) who may have
responded in some capacity and have
been potentially exposed within the
disaster site. Exposure assessment and
surveillance strategies should recog-
nize this fact.

Anything approaching even a
semiquantitative estimate of dose is
not likely in the first hours or even
the first few days of a disaster, with
the possible exception of radionu-
clide exposures (unless, of course,
individuals manifest acute symptoms
of exposure).47 Dose estimation is
often imprecise for chemical and bi-
ological agents and even for airborne
particulate matter. Where there is no
reliably valid quantitative biological
marker of exposure, exposure can
sometimes be estimated using mod-
els that incorporate exposure zones,
concentrations in the zones, and in-
dividual time and activity in the zone.
It also may include the use of physio-
logically based pharmacokinetic mod-
els and is usually performed when
there is no opportunity for field testing
or validation.48

Biological monitoring can be used
to estimate dose as well as early
biological effects. For example,
blood lead reflects recent exposure,
whereas free erythrocyte protopor-
phyrin is a biomarker of lead effect
in the hematopoietic system. The
advantages of biological markers of
exposure include their ability to in-
tegrate all sources and routes of ex-
posure (cumulative exposure) and to
account for differences in absorp-
tion, metabolism, and distribution.
The use of biological markers of
exposure is likely to be limited in
disasters; however, because such
biomarkers typically require a so-
phisticated understanding of the
hazard and its biology, prior devel-
opment of a well-validated marker,
and ready access to a laboratory
that is proficient in the assay. None
of this is likely to be available in
the case of most disasters involving
the NRP. However, part of the
justification for including biologi-
cal monitoring as part of surveil-
lance might be to bank specimens
for future use.14,49 The investiga-
tive and speculative purposes of
this new form of exposure assess-
ment may call for more detailed
explanations to the participants.
The evolving experience of the De-
partment of Defense in establishing
registries and exposure assessment
methodologies for Gulf War veter-
ans potentially exposed to depleted
uranium may be helpful in this
regard.50

Communication
Principle 6. Each individual

worker should receive detailed and
interpreted biomedical and exposure
data. All de-identified surveillance
and exposure data should be publicly
available, provided to all workers,
and interpreted appropriately.

A primary ethical tenet of occupa-
tional health is the right of each
worker to his/her own personal ex-
posure and health information. This
requirement is recognized under the
law and under regulation, along with
privacy rights.51 The interpretation
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of these exposure and health data
must be done by appropriately
trained health and safety profession-
als. Because the exposures are unique,
and the health implications are poten-
tially complicated, effective risk
communication is absolutely essen-
tial and should provide workers with
opportunities to ask questions and
receive answers.

In the context of a large disaster
under the NRP, particularly one in
which the threat of unusual expo-
sures exists, it is essential that appro-
priately de-identified surveillance
and exposure data also be available
to the general public health and
health care communities. Although it
is understandable in some cases to
restrict data access for either security
or law enforcement considerations,
public health needs ordinarily should
trump these justifications, except in
the rarest of circumstances.

Principle 7. Risk communication
needs to be an integral part of the
entire worker protection program, in-
cluding surveillance.

As noted above, the unique as-
pects of a large-scale disaster re-
quire that considerable thought go
into the design and implementation
of the communication components
of the surveillance system. Workers
are more likely to participate and
more likely to continue participating,
if they understand and support the
reasons for the program.

Conclusion
Surveillance in the context of the

NRP is complicated by the nature of
disasters, the workforces responding
to the disaster, the unique gover-
nance of the disaster under the NRP,
and the structure of occupational
safety and health delivery in the
United States. Surveillance, how-
ever, is essential to guarantee that
workers are adequately protected un-
der the auspices of the NRP. The
elements of a surveillance pro-
gram— exposure assessment, the
clinical component, and program
management—should be integrated

under the ICS and should not be an
afterthought.
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On September 5, ACOEM will
present a one hour webinar on
“Commercial Driver Medical Certi-
fication – Current Issues You’ll
Want to Know.” The webinar will
address recent and pending modifi-
cations to the commercial driver
medical examination process. Topics
will include Medical Review Board
recommendations on insulin-treated
drivers, drivers on potentially im-
pairing medications, and drivers with
cardiovascular disease. The current
status of the National Registry of
Certified Medical Examiners will
also be reviewed.

For more information or to register,
contact ACOEM, 25 Northwest Point
Boulevard, Suite 700, Elk Grove Vil-
lage, IL 60007; telephone: 847/818-
1800; Web site: www.acoem.org.

The National Institute for Occupa-
tional Safety and Health (NIOSH)
will sponsor “WorkLife2007: Pro-
tecting and Promoting Worker
Health” on September 10–11, 2007,
at the Hyatt Regency in Bethesda,
Maryland. This two-day national
symposium, which includes the
American College of Occupational
and Environmental Medicine among
its co-sponsors, is part of the Work-
Life Initiative, NIOSH’s response to
the 2004 Steps to a HealthierUS
Workforce Symposium.

Symposium goals include identi-
fying effective worksite programs,
policies, and practices and under-
standing what it takes to put them in
place; gathering researchers and
practitioners in the area of health
protection and health promotion to
present the latest research and iden-
tify research needs; and contributing
to the development and dissemina-
tion of the tools and skills needed to
improve workplace health-directed
efforts.

WorkLife2007 will also explore
solutions to challenges such as mak-
ing worker health an organizational
priority; sustaining the health and
safety of an aging work force; mak-
ing the economic case for effective
programs; and overcoming barriers
to organizational change.

Continuing education credits will
be offered. For more information
and on-line registration, access the
WorkLife2007 web site at www.
worklife2007.com. For questions
regarding meeting logistics contact
Andrea Williams at Professional
and Scientific Associates, Inc.,
2100 Reston Parkway, Suite 300,
Reston, VA 20191; telephone: 703/
234-1749; e-mail: A_Williams@
team-psa.com.

The Alabama Occupational and
Environmental Medical Association
(Alabama OEMA), one of ACOEM’s
component societies, will hold an af-
ternoon meeting September 14 at the
Hilton Sandestin Beach Resort, South
Destin, Fla., in conjunction with the
“19th Annual OccMed Update” on
September 14–15. The Update is
jointly sponsored by the Deep South
Center for Occupational Health and
Safety of the UAB School of Public
Health and the Alabama OEMA.

Topics on September 14 include:
“Our Aging and Injured Workforce:
A New Challenge in Occupational
Health”; “Pharmaceutical Litigation
and Its Impact on Providing the
Health Care for our Workforce”;
“Post Traumatic Stress Disorder: Di-
agnosis and Treatment for Veterans
Returning from Iraq and Afghani-
stan”; “Pandemic Flu Preparation or
Don’t Hug Your Chickens Too
Tight”; “Double Double Toil and
Trouble: The Impaired Health Pro-
fessional”; “Elements of an Effective
Hearing Conservation Program:

What Professional Supervisors Need
to Know”; and “Case Studies in Oc-
cupational Medicine.”

Other topics offered on September
15 are: “Why Folks Hire Attorneys”;
“Ergonomic Interventions for the
Aging Workforce—From Industry to
the Healthcare Setting”; “Occupa-
tional Hearing Loss from Generation
X to Babyboomers: Causation, Med-
ical Aspects, Rehabilitation and
Hearing Conservation.”

ACOEM designates this educa-
tional activity for a maximum of 9.15
AMA PRA Category 1 credit(s)TM

for physicians. The UAB School of
Medicine designates this activity for
a maximum of 9.25 AMA PRA Cat-
egory 1 credit(s)TM for physicians.
The Deep South Center, an approved
provider of the Alabama Board of
Nursing, has awarded the Update 11
contact hours for nurses.

For more details or registration
information, contact the Deep South
Center by telephone: 205/934-7178;
e-mail:dsc@uab.edu;Website:www.
soph.uab.edu/dsc.

The Kentucky Occupational and
Environmental Medical Association
(KOEMA), an ACOEM component,
will hold a meeting September 25
beginning at 6:30 PM at the Hyatt
Regency in Louisville. This meeting
will be held in conjunction with the
Kentucky Medical Association
(KMA) meeting on September 24–26,
“Inside Look: A Workforce Under
Stress,” at the Kentucky International
Convention Center in Louisville.

The KOEMA meeting will feature
Natalie Hartenbaum, MD, as the
speaker on “Current Topics in Com-
mercial Driver Medical Certification.”
For more information, contact Kath-
leen Ohlmann, KOEMA Executive
Secretary; telephone: 502/426-5971;
e-mail: wplacesolutions@bellsouth.net.
For details on the KMA meeting, visit
their web site at www.kyma.org.

The Michigan Occupational and
Environmental Medicine Associa-
tion (MOEMA), an ACOEM compo-

928 People and Events



nent, will hold its 82nd Annual Sci-
entific Meeting “Current Topics in
Occupational and Environmental
Medicine 2007” on September 27–
28, 2007, at the Kellogg Hotel and
Conference Center in East Lansing,
Mich. On September 26, a full day
program “Spirometry Workshop for
the Health Care Professional” pre-
sented by Mary Townsend, DrPH,
will precede the meeting.

Conference presentations on Sep-
tember 27 will include: “Evidence-
Based Decision-Making in Return to
Work and the New ACOEM Work
Disability Prevention Guideline”;
“Common Occupational Hand and
Wrist Injuries: Diagnosis, Treatment,
Practice Pearls”; “Sleep Apnea and
Truck Drivers: Practical Issues and
Controversies”; “Work-Related
Asthma Deaths in Michigan”; “MI-
OSHA Overview, Resources and
Involvement”; and “Frontline Occu-
pational Health Practitioners and
Disaster Response: Understanding
Your Role.” ACOEM’s President,
Robert K. McLellan, MD, FACOEM,
will be the featured luncheon
speaker.

Offerings on September 28 are as
follows: “New Issues in Infectious
Diseases: A New Test for Latent TB
Infection and a New Booster Vac-
cine for Adult Pertussis”; “Workers’
Compensation Update — Legal and
Case Review”; “The Evaluation and
Treatment of Acute Pain in Work
Related Injuries”; “Environment,
Medicine, Law and Industrial
Hygiene”; “The Science of Hair
Testing: Elements of a Forensically
Defensible Hair Test”; “Post Trau-
matic Stress Syndrome: Fact or Fic-
tion”; and “Ophthalmology for the
Occupational Medicine Practitioner.”

The one-day Spirometry Work-
shop on September 26 presents cur-
rent aspects of spirometry testing
that are not covered in depth during
standard medical training, so that
occupational health professionals
who perform, evaluate, and interpret
spirometry tests can update their
knowledge of technique, equipment,
and interpretation of results. The

workshop is available under a sepa-
rate registration and will be limited
to 30 attendees. Continuing educa-
tion credits for physicians and nurses
will be provided.

For more information, contact
Linda Masters, MOEMA Executive
Secretary; telephone: 313/874-1360
ext. 17; fax: 313/874-1366; e-mail:
lmasters@msms.org; Web site:
www.moema.org.

The University of Cincinnati
Medical Center will present two
workshops this fall. “Respiratory
Protection & Fit Testing” will be
held September 24–26, and “Spi-
rometry for Physicians” is scheduled
on October 3. Roy T. McKay, PhD,
of the Department of Environmental
Health, Occupational Medicine Divi-
sion of the University of Cincinnati,
is the course director.

The September 24–26 workshop
is a comprehensive one-day “Over-
view of Respiratory Protection” with
an optional two-day “Fit Testing
Workshop” that concentrates on all
aspects of respiratory protection in-
cluding hands-on qualitative and
quantitative fit testing in a small
group setting using a variety of dif-
ferent style facepieces.

“Spirometry for Physicians” will
provide guidelines for interpretation
of pulmonary function test results,
and practice problems will incorpo-
rate recent changes in spirometry
standards published by the American
Thoracic Society to help the physi-
cian understand correct interpreta-
tion techniques. Other examples
will be used to show the physician
how poor effort, invalid maneu-
vers, limitations of equipment, and
other factors may alter the interpre-
tation. Guidelines regarding the use
and selection of predicted values,
and race adjustments will also be
presented.

For information contact Roy
McKay, PhD, at the University of
Cincinnati Medical Center, P.O. Box
670458, Cincinnati, OH 45267-

0458; telephone: 513/558-1234;
Web site: www.DrMcKay.com.

On September 28 –29, 2007, two
of ACOEM’s components, the
Tri-State Occupational Medical As-
sociation and Western Ohio Occupa-
tional and Environmental Medical
Association, will hold a joint meet-
ing at the Embassy Suites, in
Charleston, WVa.

September 28 events will include
an audiology workshop and tour of a
Toyota engine plant. September 29
topics are “Public Safety Worker
Standards and Guidance: NFPA
1582 and the New Unpublished
ACOEM Law Enforcement Officer
Guidance”; “Doing Good Medicine
in Bad Places”; “Common Health
Concerns and Outcomes in Veterans
of Operation Enduring Freedom/
Operation Iraqi Freedom (OEF/
OIF)”; and “Management of Neuro-
pathic Pain.” For more information
or to register, contact Ed McVay,
MD, Tri-State Secretary/Treasurer,
at 814/375-3000 or via e-mail at
ejmcvay@drmc.org.

The Western Occupational Health
Conference (WOHC 07) is sched-
uled October 4 –7, 2007, at the
Loews Coronado Bay Resort in San
Diego, Calif. This is the annual
meeting of the Western Occupational
and Environmental Medical Associ-
ation (WOEMA), one of ACOEM’s
component societies. WOHC 07 will
feature offsite tours, post-graduate
sessions, plenary sessions, and CME
breakfasts.

Session topics range from “New
Issues and Developments on the
NIOSH Research Agenda” presented
by John Howard, MD, Director of
NIOSH; “Power Orthopedics: The
Spine”; “Reproductively Destructive
Workplace and Environment”; “The
New Asbestos: Bronchiolitis Obliter-
ans and Food Flavorings – Diacetyl”;
“National Fire Protection Associa-
tion Guidelines”; “Sleep Apnea in
Commercial Drivers Update”;
“Treating Spider and Venomous In-
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sect Bites”; “Don’t Change a Job
Because of Occupational Dermati-
tis”; “Healthcare Worker Immuni-
zations: New Vaccines and New
Recommendations on Old Vac-
cines”; “Can QuantiFERON Replace
TB Skin Testing?”; and “Chronic
Pain Management.”

ACOEM President, Robert K.
McLellan, MD, will present “The
Future of Occupational Medicine”
on October 6, followed by Kurt Heg-
mann, MD, who will discuss the
“Latest on the ACOEM Guidelines
Update.”

ACOEM designates this activity
for 19.5 Category 1 hours awarded
toward the Physician Recognition
Award of the American Medical As-
sociation. The California Board of
Registered Nursing recognizes Cate-
gory 1 CME for license renewal
purposes. For more information,
contact WOEMA, 575 Market
Street, Suite 2125, San Francisco,
CA 94105; telephone: 415/927-
5736; e-mail: woema@hp-assoc.
com; Web site: www.woema.com.

The 19th International Conference
on Epidemiology in Occupational
Health (EPICOH), “Frontiers of Oc-
cupational Epidemiology,” will be
held October 9–12, 2007, in Banff,
Alberta, Canada. EPICOH 2007 will
focus on emerging issues in occupa-
tional epidemiology and its role in
preventing occupational disease and
injury, and include methodological
techniques as well as new and tradi-
tional topic areas.

For more information, contact
Nicola Cherry, 13-103, Clinical Sci-
ences Building, University of Al-
berta, Edmonton, Alberta, Canada;
telephone: 780/492-7851; e-mail:
epicoh2007@med.ualberta.ca; Web
site: www.epicoh2007.ca.

CALENDAR OF MEETINGS
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 Scientific
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 14–15, 2007—“Deep South Occ Med Up-
date/Alabama OEMA Meeting,” Sandestin
Hilton Hotel, South Destin, Fla. Information:
Deep South Center: telephone: 205/934-7178;
e-mail: dsc@uab.edu; Web site: www.soph.
uab.edu/dsc. Alabama OEMA Information:
Cheryl Szabo: telephone: 205/783-4194;
e-mail: cszabo@uss.com.

Sep 25, 2007—“Kentucky Occupational and En-
vironmental Medical Association Meeting,”
Hyatt Regency Hotel, Louisville, Kentucky.
Co-sponsor: Kentucky Medical Association.
Topic: Update on DOT Physical and CDL
Licensure Process. Information: Kathleen
Ohlmann, KOEMA Executive Secretary; tele-
phone: 502/426-5971; e-mail: wplacesolutions@
bellsouth.net.

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, MO-
EMA Executive Secretary; telephone: 313/
874-1360, ext. 17; e-mail: lmasters@msms.
org; Web site: www.moema.org.

Sep 28–29, 2007—“Joint Meeting Tri-State Oc-
cupational Medical Association and Western
Ohio Occupational and Environmental Medi-

cal Association,” Embassy Suites, Charleston,
WVa. Information: Alan Stein, Tri-State OEMA
President: telephone: 814/266-8466; e-mail:
astein@conemaugh.org; or Ed McVay, Tri-
State OEMA Secretary/Treasurer: telephone:
814/375-3000; e-mail: ejmcvay@drmc.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; e-mail: 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,” Loews 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 Oc-
cupational Health,” Banff Centre, Banff,
Alberta, Canada. Theme: Frontiers of Occu-
pational Epidemiology. Information: Nicola
Cherry, 13-103, Clinical Sciences Building,
University of Alberta, Edmonton, Alberta,
Canada, T6G 2G3; telephone: 780/492-7851;
fax: 780/492-9677; e-mail: epicoh2007@med.
ualberta.ca; Web site: www.epicoh2007.ca.

Oct 13, 2007—“5th Annual Mid-Atlantic Re-
gional Conference on Occupational Medicine
(MARCOM V),” Johns Hopkins School of
Nursing, Baltimore, Md. Sponsored by
ACOEM components: Maryland COEM and
Philadelphia OEMS. Information: Keith Choi,
Johns Hopkins Bloomberg School of Public
Health; phone: 410/955-4088; e-mail: kchoi@
jhsph.edu; Web site: www.marylandcoem.org.

Oct 17–19, 2007—“Northwest Occupational
Health Conference,” meeting of the Northwest
Association of Occupational and Environmental
Medicine, Seaside Civic Convention Center,
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
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Work Ability Towards a Productive Aging.
Sponsored by ICOH, VINAOH, UOEH,
IEA. Information: Jean-Luc Malo, Sympo-
sium Secretary; fax: �81-93-692-0392;
e-mail: malo-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:
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 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.

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
Environmental Medicine and Massachusetts
Association of Occupational Health Nurses,”
Bedford Glen Hotel, Bedford, Mass. Informa-
tion: Dianne Plantamura, NECOEM Executive
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/
Naperville 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 Occupa-
tional Health Conference (AOHC),” Marriott
Marquis Hotel, New York, NY. 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.

May 7–9, 2008—“Combined Conference of the
Australasian Faculty of Rehabilitation Medi-
cine and the Australasian Faculty of Occupa-
tional and Environmental Medicine,” Hilton
Hotel, Adelaide, South Australia. Informa-
tion: DC Conferences, PO Box 637, North
Sydney, NSW 2059, Australia; telephone: 02
9954 4400; e-mail: afrmafoem@dcconferences.
com.au; Web site: www.dcconferences.com.au/
afrmafoem.

May 31–Jun 5, 2008—“American Industrial Hy-
giene 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.

Jun 29–Jul 2, 2008—“XVIII World Congress
on Safety and Health at Work – A Global
Forum for Prevention,” COEX Convention
Center, Seoul, Korea. Topic: Safety and
Health at Work: A Societal Responsibility.
Sponsors: International Labor Organization
(ILO), International Social Security Associa-
tion (ISSA), and Korea Occupational Safety
and Health Agency (KOSHA). Information:
Congress Secretariat, KOSHA, 34-4 Gusan-
dong, Bupyeong-gu, Incheon, Republic of
Korea; telephone: �82-32-5100-740/748/749;
e-mail: safety2008@kosha.net; Web site: www.
safety2008korea.org.

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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Clinical Highlights

This Issue: Articles of Interest for Clinicians
� Effectiveness of an Internet-Based Worksite Smoking Cessation Intervention at

12 Months
Worksites are an important channel for reaching smokers with treatment. However, low participation rates have limited the success
of worksite cessation initiatives. Results from the present study suggest that Internet programs can deliver cessation treatment to
large numbers of geographically dispersed employees to promote cessation and prevent relapse. Page 821 (Graham)

� Development of an Environmental Relative Moldiness Index for U.S. Homes
Application of the Environmental Relative Moldiness Index (ERMI), centered on a DNA-based method of mold identification and
quantification, should improve our understanding of the role of mold exposures in human health. Page 829 (Vesper)

� The Roles of Serum CC16 and SP-D on Early Diagnosis and Progression of Silicosis
Combined using the determination of serum CC16 and SP-D may be an easy way of discriminating the early silicosis from the
non-silicosis control. If this combination can be used in field examination, great progress could be made in diagnosing silicosis
in the early phase. Page 834 (Wang)

� Air Trapping Detected on End-Expiratory High Resolution CT in Symptomatic World
Trade Center (WTC) Rescue and Recovery Workers
We present both a potential explanation for and a diagnostic tool to investigate a widely reported and almost always misinterpreted
pulmonary functional abnormality in symptomatic former WTC workers. Page 840 (Mendelson)

� Non-Cancer Mortality in Supermarket Meat Workers
Physicians treating patients in this occupational group should be vigilant for the occurrence of a wide range of infections in these
workers. A timely diagnosis and vigorous treatment are necessary to avoid serious long-term complications. Recommendations
should be made to industry/union to institute measures to reduce exposures in the workplace. Page 846 (Johnson)

� Natural History and Risk Factors of Early Respiratory Responses to Exposure to Cotton
Dust in Newly Exposed Workers
Respiratory symptoms and acute airway responses develop early following first exposure and a tolerance effect develops in those
workers with the continued exposure. Current smoking and increasing exposure predicts the development of work-related lower
respiratory tract symptoms. Early symptoms and acute airway changes across the working week predict the longitudinal loss of
lung function at one year. Page 853 (Bakirci)

� An Investigation of the Role of Non-Work Time Behavior in Buffering the Effects of
Work Strain
The paper is clinically significant insofar as it identifies important and hitherto under-researched elements of behavior mediating
recovery in non-work time from work strain resulting from work-time activity, which may significantly affect the progression of
work strain to maladaptive health responses. Page 862 (Winwood)

� Longitudinal Study of Serum Lipids and Liver Enzymes in Workers With Occupational
Exposure to Ammonium Perfluorooctanoate (APFO)
Serum PFOA was positively associated with total cholesterol and one liver enzyme (AST) in workers with occupational exposure.
Although possible human health consequences of exposure to APFO are not fully understood, it would be prudent to monitor the
liver enzymes and lipids of workers with significant occupational exposure to APFO. Page 872 (Sakr)

� Acute Effects of Some Volatile Organic Compounds Emitted From Water-Based Paints
This is an inhalation-based study with a mixture of glycol, glycol ethers and ammonia selected to represent the most important
emissions from a typical water-based paint. The results indicate mild effects, mainly of irritative nature and no significant
difference between the three groups of volunteers; atopics, non-atopics, and painters. Page 880 (Ernstgård)
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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.


