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Background: Hyperthyroidism caused by Graves’ dis-
ease is common in women, yet little is known about risk
factors for the disease. We sought to determine whether
lifestyle factors, including smoking, alcohol consump-
tion, physical activity level, and body mass index, are risk
factors for Graves’ hyperthyroidism.

Methods: This analysis was conducted using data from
the Nurses’ Health Study II, among 115109 women aged
25 to 42 at entry. Incident reports of women with Graves’
hyperthyroidism, confirmed to have the disorder, were
included.

Results: During 1 328 270 person-years of follow-up,
incident diagnoses of Graves’ hyperthyroidism were con-
firmed in 543 women; the 12-year incidence was 4.6 per
1000 women. Cigarette smoking was a predictor of Graves’
hyperthyroidism. The hazard ratio among current smok-
ers was 1.93 (95% confidence interval [CI], 1.54-2.43),

and among past smokers it was 1.27 (95% CI, 1.03-
1.56), after adjusting for recent pregnancy, parity, and
other variables. Among current smokers, the hazard ra-
tio increased with the intensity of smoking and was 2.63
(95% CI, 1.71-4.04) among women who smoked 25 or
more cigarettes daily. Obesity was associated with a de-
creased risk of Graves’ hyperthyroidism. The hazard ra-
tio for the disorder among women with a body mass in-
dex of 30 kg/m2 or higher was 0.68 (95% CI, 0.49-0.92).
Alcohol intake and physical activity level were not asso-
ciated with risk of Graves’ hyperthyroidism.

Conclusions: Smoking is a risk factor for Graves’ hy-
perthyroidism in women. Obesity may be associated with
a reduced risk, although weight loss as the first mani-
festation of hyperthyroidism cannot be excluded.
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G RAVES’ DISEASE IS AN

autoimmune disorder
characterized by hyper-
thyroidism, goiter, oph-
thalmopathy, and der-

mopathy. Among women, the incidence of
hyperthyroidism, the most common mani-
festation of the disease, has been estimated
to be 0.1 to 1 per 1000 women per year.1-3

Given this frequency, it is surprising how
little is known about risk factors for the dis-
order. Based on family and twin studies, ge-
netic factors are important.4-7 Postulated en-
vironmental and lifestyle risk factors include
cigarette smoking,8-10 stress and adverse life
events,4,10,11 and high dietary iodine in-
take.12 Alcohol consumption may be pro-
tective.4,10 The evidence linking these fac-
tors to Graves’ hyperthyroidism is based on
small case-control studies, which are prone
to recall bias. To our knowledge, no large
prospective cohort studies of Graves’ hy-
perthyroidism have been conducted.

We studied the association between
lifestyle factors, including smoking, alco-

hol consumption, physical activity, and
body mass index, and Graves’ hyperthy-
roidism among participants in the Nurses’
Health Study (NHS) II. This large cohort
study allowed us to identify cases of
Graves’ hyperthyroidism prospectively
and to identify factors associated with its
development.

METHODS

STUDY SUBJECTS

The NHS II was started in 1989 among a co-
hort of 116 671 nurses aged 25 to 42 years
(aged 37-54 at the end of the present fol-
low-up in 2001); 92% of the women were
white. Since 1989, information has been col-
lected every 2 years. In the first question-
naire, information was collected on height,
current weight, weight at age 18, race and
ethnicity, age at menarche, number of preg-
nancies before September 1989, smoking sta-
tus, and number of cigarettes smoked per day
during each 5-year interval from age 15 to 35.
Information was updated every 2 years. Alco-
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hol intake was updated in 1991 and 1995 from the food fre-
quency questionnaire included in the biennial surveys done
in those years. In 1989, 1991, and 1997, the women were
asked about time spent each week in 8 activities, including
walking, jogging, running, bicycling, aerobics, calisthenics,
racket sports, and swimming.

Derived variables were obtained using the information from
the questionnaires. The variables included smoking status, years
since cessation of smoking, pack-years of smoking, cumula-
tive duration of oral contraceptive use, total number of preg-
nancies, and menopausal status. Physical activity level was
assessed based on the time spent each week in each of the
8 activities listed at the end of the previous paragraph, and the
weekly metabolic equivalent task score was calculated. Body
mass index (BMI) was calculated as weight in kilograms di-
vided by the square of height in meters, using the reported height
in 1989 and the weight reported at age 18 and on each ques-
tionnaire. Grams per day of alcohol ingested was determined
from the food frequency questionnaire.

The institutional review board at the Brigham and Wom-
en’s Hospital approved this study.

ASSESSMENT OF
GRAVES’ HYPERTHYROIDISM

In 1993, the women were asked if they had developed Graves’
disease before or after September 1989, and, starting in 1995,
they were asked if they had developed Graves’ disease or Graves’
hyperthyroidism in the preceding 2 years. Women reporting a
diagnosis before 1989 were excluded. Hereafter, we use the term
Graves’ hyperthyroidism to describe the diagnosis of women who
met the criteria for hyperthyroidism caused by Graves’ dis-
ease, as described herein.

A validation study was performed in 1995 to assess the re-
liability of self-reports of Graves’ disease or Graves’ hyperthy-
roidism. A supplemental questionnaire and request for per-
mission to obtain medical records from the treating physician
were sent to women who had reported this outcome on the NHS
II questionnaire. On the supplemental questionnaire, the women
were asked about the following: if they had been diagnosed as
having Graves’ disease or Graves’ hyperthyroidism and the year
of diagnosis; symptoms and signs of hyperthyroidism; whether
they had goiter or eye changes; tests done to confirm the di-
agnosis (thyroid function tests, thyroid scan and uptake, and
ophthalmologic examination); antithyroid drug, radioiodine,
or surgical treatment; and diagnosis of other thyroid disorders
(hyperfunctioning nodule, multinodular goiter, hypothyroid-
ism, or thyroid cancer). If permission was granted to contact
the physician, the physician was asked to send copies of medi-
cal records confirming the diagnosis and treatment or to com-
plete a questionnaire similar to the questionnaire sent to the
women. The supplemental questionnaires and medical re-
cords were reviewed for 72 women who had reported having
Graves’ hyperthyroidism on the questionnaire to determine if
the supplemental questionnaire alone was reliable or if the medi-
cal record was needed to confirm the diagnosis. Criteria for the
diagnosis of Graves’ hyperthyroidism included test results con-
sistent with hyperthyroidism, institution of treatment for hy-
perthyroidism, and absence of other thyroid disorders. Based
on review of the supplemental questionnaire alone, the inves-
tigators corroborated the diagnosis of Graves’ hyperthyroid-
ism in 61 (85%) of the 72 women. Subsequently, the physi-
cians’ reports for these 61 women were reviewed, and in 59
(97%) of the cases, the physicians’ reports confirmed the di-
agnosis of Graves’ hyperthyroidism. This finding demon-
strated that the supplemental questionnaire alone provided suf-
ficient information to confirm the diagnosis in most cases.

However, permission to obtain the medical record was always
requested to ensure the most accurate data possible.

Since 1993, supplemental questionnaires and requests to con-
tact the treating physician have been sent to 1637 women who
responded affirmatively to having Graves’ disease or Graves’ hy-
perthyroidism on the NHS II questionnaire. The following
women were excluded: 352 women denied the diagnosis of
Graves’ disease or Graves’ hyperthyroidism on the supplemen-
tal questionnaire, 258 women gave a date of diagnosis before
September 1989, 125 women could not be contacted, 3 women
declined to participate, and 2 women had died. In addition, 93
questionnaires were returned after the analysis was per-
formed; the physicians’ records are still missing for 17 wom-
en; and 63 women declined to give permission to contact their
physician. Therefore, 724 supplemental questionnaires were
reviewed.

We designed a coding scheme to identify women with docu-
mented Graves’ hyperthyroidism. We based the coding on the
following information gathered from the supplemental ques-
tionnaire and, if available, from the medical record: symptoms
and signs of hyperthyroidism; results of thyroid function tests;
results of a thyroid radioiodine uptake or scan study; treat-
ment with an antithyroid drug, radioactive iodine, or surgery;
and absence of other thyroid disorders.

Women were assigned a “definite” diagnosis of Graves’ hy-
perthyroidism if they had high serum thyroxine and low se-
rum thyrotropin concentrations, and a high thyroid radioio-
dine uptake or diffuse pattern of uptake on scan; were treated
for hyperthyroidism with an antithyroid drug, radioactive io-
dine, or thyroidectomy; and did not have another thyroid dis-
order. The presence of symptoms or signs was not required for
a definite diagnosis of Graves’ hyperthyroidism. Women were
assigned a “probable” diagnosis of Graves’ hyperthyroidism if
they had at least 1 symptom of hyperthyroidism or 1 of 2 signs
(goiter or eye changes); high serum thyroxine and low serum
thyrotropin concentrations, or a high thyroid radioiodine up-
take or diffuse pattern of uptake on scan (but not both); were
treated for hyperthyroidism; and did not have another thyroid
disorder. Women who had all of the clinical signs of Graves’
hyperthyroidism (goiter, eye changes, and at least 1 symp-
tom) and had laboratory test results consistent with Graves’ hy-
perthyroidism, but were not treated, were also categorized as
probable case subjects.

Based on these definitions, women with a definite or prob-
able diagnosis of Graves’ hyperthyroidism were considered to
be “confirmed” case subjects with Graves’ hyperthyroidism.
The diagnosis of Graves’ hyperthyroidism was coded as “un-
confirmed” in women who were not treated (with the excep-
tion noted in the previous paragraph), did not fulfill the crite-
ria outlined in the previous paragraph, or had another thyroid
disorder. Two reviewers (I.A.H. and R.D.U.) coded all of the
questionnaires.

STATISTICAL ANALYSIS

We calculated person-time from the date of return of the 1989
baseline questionnaire to the date of diagnosis of Graves’ hy-
perthyroidism, or June 2001, whichever came first. Hazard ra-
tios and 95% confidence intervals (CIs) for developing Graves’
hyperthyroidism were determined using Cox proportional haz-
ards regression analysis. The exposures and covariates were up-
dated biennially, except for age at menarche and BMI at age
18. The updated exposures and covariates were assessed from
the questionnaire completed 2 years before the questionnaire
indicating the diagnosis of Graves’ hyperthyroidism. For one
analysis of BMI, we used the BMI from 4 years before the di-
agnosis of Graves’ hyperthyroidism (2 questionnaires before the
questionnaire indicating the diagnosis).
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For the smoking variables, the reference group was “never
smokers.” Smoking status was categorized as never, past, or cur-
rent. The number of cigarettes per day for past and current smok-
ers was categorized as 1 to 14, 15 to 24, or 25 or more. Years
since a smoker quit smoking was classified in 5-year intervals.
Pack-years of smoking were categorized as 1 to 5, 6 to 10, 11
to 15, 16 to 20, 21 to 25, or more than 25. Body mass index
was included in the analysis in the categories of less than 21
(reference group), 21 to 22.9, 23 to 24.9, 25 to 29.9, or 30 or
higher. Physical activity scores (metabolic equivalent tasks per
week) were categorized as less than 3 (reference group), 3 to
less than 9, 9 to less than 18, 18 to less than 27, 27 to less than
42, or 42 or higher. Alcohol intake (from the 1991 and 1995
food frequency questionnaires) was categorized as none (ref-
erence group), 0 to less than 5 g/d, 5 to less than 10 g/d, 10 to
less than 15 g/d, or 15 g/d or more. Age was categorized as a
continuous variable. Menopausal status was categorized as pre-
menopausal or postmenopausal. Duration of oral contracep-
tive use was listed as never (reference group), 1 to 23 months,
24 to 47 months, 48 to 71 months, 72 to 95 months, 96 to 119
months, or 120 months or longer. Parity (defined as the num-
ber of pregnancies lasting �6 months) was categorized as nul-
liparous (reference group), 1, 2, 3, or 4 or more. Women were
asked if they were pregnant at the time the questionnaire was
completed (yes or no). Age at menarche was categorized as 10
or younger, 11, 12, 13 (reference group), 14, 15, or 16 or older.

Tests for trend for the smoking variables were carried out
using the midpoint of the interval as the value for that inter-
val. Tests for trend for the BMI variables were carried out us-
ing the continuous variables for all of the BMI variables.

Cases that were unconfirmed were excluded from the sta-
tistical analysis. After the exclusions, 115 109 women formed
the study population for this analysis.

RESULTS

During 1 328 270 person-years of follow-up, the diag-
nosis of Graves’ hyperthyroidism was confirmed in 543
women, including 424 definite and 119 probable cases.
The incidence was 4.6 per 1000 women during the 12-
year period (1989-2001). The mean age of women who
developed Graves’ hyperthyroidism was 38.8 years,

which was similar to that of those who did not (mean
age, 39.2 years).

Smoking status was available for 114 963 women, in-
cluding 541 of the 543 women who had Graves’ hyper-
thyroidism. Smoking was associated with risk of Graves’
hyperthyroidism. The risk of Graves’ hyperthyroidism
among past and current smokers was increased above that
of never smokers, with the highest risk among current
smokers (Table 1). When only the 424 definite cases
were included, the results for past and current smokers
were similar (data not shown). When women who never
smoked were included in the trend test, the risk of Graves’
hyperthyroidism increased as the number of cigarettes
smoked per day increased for past and current smokers
(Table 1). Women currently smoking 25 or more ciga-
rettes daily had the highest risk among all of the groups
(hazard ratio, 2.63; 95% CI, 1.71-4.04). In addition, the
greater the number of pack-years smoked, the greater the
risk (P�.001 for trend) (Table 2). Finally, among past
smokers, the risk decreased as the time since smoking
cessation increased (Table 3).

Body mass index was available for 114 848 women,
including 500 of the 543 women who had Graves’ hy-
perthyroidism. In addition to BMI (updated biennially),
we assessed BMI in 1989 and BMI at age 18 as expo-
sures. A BMI of 30 or higher was associated with a de-
creased risk of Graves’ hyperthyroidism (Table 4), and
as BMI increased, the risk of Graves’ hyperthyroidism de-
creased (P=.02 for trend). A BMI in 1989 of 30 or higher
was also associated with a decreased risk (hazard ratio,
0.68; 95% CI, 0.49-0.96), and as BMI in 1989 increased,
the risk decreased (P=.03 for trend) (data not shown).
A BMI at age 18 of 25 to 29.9 (but not a BMI at age 18 of
�30) was associated with a decreased risk (hazard ra-
tio, 0.69; 95% CI, 0.48-1.00) (data not shown). How-
ever, an increasing BMI at age 18 was not associated with
a decreasing risk (P=.11 for trend) (data not shown). Be-
cause the exposures and covariates were assessed from
the questionnaire preceding the questionnaire indicat-

Table 1. Hazard Ratios (HRs) for Graves’ Hyperthyroidism Associated With Smoking Status
Among Participants of the Nurses’ Health Study II Assessed From 1989 to 2001

Smoking Status No. of Cases Person-Years of Follow-up Age-Adjusted HR (95% CI) Covariate-Adjusted HR (95% CI)*

Never smoker 299 859 338 1.00 1.00
Past smoker† 137 302 682 1.28 (1.05-1.57)‡ 1.27 (1.03-1.56)§

1-14 Cigarettes/d 71 167 639 1.21 (0.93-1.56) 1.19 (0.91-1.54)
15-24 Cigarettes/d 41 87 025 1.34 (0.96-1.85) 1.33 (0.95-1.84)
�25 Cigarettes/d 23 43 504 1.47 (0.96-2.25) 1.47 (0.96-2.26)

Current smoker† 105 150 203 1.96 (1.57-2.45)� 1.93 (1.54-2.43)¶
1-14 Cigarettes/d 45 66 024 1.93 (1.41-2.64) 1.88 (1.37-2.58)
15-24 Cigarettes/d 35 56 077 1.74 (1.23-2.48) 1.73 (1.21-2.46)
�25 Cigarettes/d 23 24 002 2.63 (1.72-4.03) 2.63 (1.71-4.04)

Abbreviation: CI, confidence interval.
*Model adjusted for age, duration of oral contraceptive use, age at menarche, parity, recent pregnancy, menopausal status, body mass index, alcohol intake,

and physical activity level.
†Numbers do not sum to total numbers of cases because of missing data.
‡P=.38 for trend among past smokers only; P=.01 for trend among never and past smokers.
§P=.35 for trend among past smokers only; P=.02 for trend among never and past smokers.
�P=.49 for trend among current smokers only; P�.001 for trend among never and current smokers.
¶P=.40 for trend among current smokers only; P�.001 for trend among never and current smokers.
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ing the diagnosis of Graves’ hyperthyroidism, we in-
creased the lag time and assessed the BMI as reported on
the questionnaire 4 years (2 cycles) before the question-
naire on which Graves’ hyperthyroidism was reported.
In this model, BMI was not associated with risk of Graves’
hyperthyroidism (Table 4).

Height and physical activity level were not associ-
ated with risk of Graves’ hyperthyroidism. Alcohol in-
take was also not associated with risk of Graves’ hyper-
thyroidism, in the unadjusted model or in the model
adjusted for smoking status (data not shown).

COMMENT

In this large cohort of women, smoking was a predictor
of the risk of Graves’ hyperthyroidism. The relationship
was time dependent; current smokers had a higher risk
than past smokers; and among the women who quit smok-
ing, the risk decreased progressively with time. The re-
lationship was also dose dependent; those with the high-
est risk of Graves’ hyperthyroidism were women with the
greatest number of pack-years of smoking and current
smokers who smoked the most cigarettes per day. The
results among women without ophthalmopathy were simi-
lar to the results among all case subjects. However, the

data collected on Graves’ ophthalmopathy were not op-
timal; therefore, results of that analysis are not pre-
sented herein.

Case-control studies4,10,13-15 have assessed smoking as
a risk factor for Graves’ hyperthyroidism. In a meta-
analysis16 of 25 studies of the association between smok-
ing and thyroid diseases (8 of which assessed the risk of
Graves’ hyperthyroidism alone), compared with never
smokers, the odds ratio was 3.30 (95% CI, 2.09-5.22)
among current smokers, and it was 1.41 (95% CI, 0.77-
2.58) among previous smokers. The numbers of cases in
these studies ranged from 62 to 208. To our knowledge,
our study of 543 cases is the largest study of Graves’ hy-
perthyroidism reported to date and the first with a pro-
spective design.

We found a dose-response relationship between smok-
ing and Graves’ hyperthyroidism, with increasing num-
bers of cigarettes smoked and increasing pack-years of
smoking associated with an increased risk of the disor-
der. Two retrospective studies assessed the risk of Graves’
hyperthyroidism and the number of cigarettes smoked.
In a study15 of 13 twin pairs who smoked but were dis-
cordant for Graves’ hyperthyroidism, pack-years of smok-
ing was higher in the affected twin. In another study10 of
228 women who were smokers, the risk was increased

Table 2. Hazard Ratios (HRs) for Graves’ Hyperthyroidism Associated With Pack-Years of Smoking
Among Participants of the Nurses’ Health Study II Assessed From 1989 to 2001

Smoking Status No. of Cases Person-Years of Follow-up Age-Adjusted HR (95% CI) Covariate-Adjusted HR (95% CI)*

Never smoker 299 859 338 1.00 1.00
Ever smoker† 242 452 885 1.51 (1.27-1.79)‡ 1.49 (1.25-1.78)‡

1-5 Pack-year 43 134 757 0.92 (0.67-1.27) 0.91 (0.66-1.26)
6-10 Pack-year 55 105 474 1.49 (1.12-1.99) 1.47 (1.10-1.97)
11-15 Pack-year 49 79 249 1.78 (1.32-2.42) 1.77 (1.31-2.41)
16-20 Pack-year 35 58 153 1.76 (1.24-2.51) 1.76 (1.24-2.51)
21-25 Pack-year 27 39 788 1.98 (1.33-2.95) 1.97 (1.32-2.95)
�25 Pack-year 30 44 877 1.97 (1.34-2.89) 1.96 (1.33-2.90)

Abbreviation: CI, confidence interval.
*Model adjusted for age, duration of oral contraceptive use, age at menarche, parity, recent pregnancy, menopausal status, body mass index, alcohol intake,

and physical activity level.
†Numbers do not sum to total number of cases because of missing data.
‡P�.001 for trend excluding and including those who never smoked.

Table 3. Hazard Ratios (HRs) for Graves’ Hyperthyroidism Associated With Number of Years Since a Past Smoker Stopped Smoking
Among Participants of the Nurses’ Health Study II Assessed From 1989 to 2001

Smoking Status No. of Cases* Person-Years of Follow-up Age-Adjusted HR (95% CI) Covariate-Adjusted HR (95% CI)†

Current smoker 105 150 203 1.00 1.00
Past smoker, y since quit ‡ §

5 39 65 597 0.84 (0.58-1.21) 0.83 (0.58-1.21)
�5-10 32 59 905 0.75 (0.50-1.12) 0.75 (0.51-1.12)
�10-15 30 70 126 0.58 (0.38-0.87) 0.58 (0.39-0.87)
�15 35 105 954 0.52 (0.35-0.76) 0.52 (0.35-0.77)

Never smoker 299 859 338 0.51 (0.41-0.64) 0.52 (0.41-0.65)

*Among 540 women for whom information on years since smoking cessation was available.
†Model adjusted for age, duration of oral contraceptive use, age at menarche, parity, recent pregnancy, menopausal status, body mass index, alcohol intake,

and physical activity level.
‡P=.001 for trend excluding current smokers; P�.001 for trend including current smokers.
§P=.002 for trend excluding current smokers; P�.001 for trend including current smokers.
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(odds ratio, 5.1; 95% CI, 1.0-27) among the 8 women
who smoked 21 to 40 cigarettes per day. This compares
with the hazard ratio of 2.63 for the 23 women who were
the heaviest smokers (�25 cigarettes/d) in our study. We
also found that the risk of Graves’ hyperthyroidism di-
minishes with time after smoking cessation, and by 10
to 15 years after cessation, the risk significantly de-
creases. To our knowledge, previous studies have not as-
sessed the relationship with smoking cessation.

The mechanism by which smoking increases the risk
of Graves’ hyperthyroidism is not known. Smokers have
higher serum thiocyanate concentrations than nonsmok-
ers. Thiocyanate inhibits iodide transport into thyroid
cells,17,18 which may decrease thyroid hormone synthe-
sis. Benzpyrene, another component of cigarette smoke,
may stimulate thyroid secretion by stimulating the sym-
pathetic nervous system.9 Smoking also has effects on the
immune system. It increases the production of the pro-
inflammatory cytokines from mononuclear cells.19,20 Al-
though smoking decreases serum immunoglobulin con-
centrations overall, smokers tend to have higher serum
concentrations of autoantibodies than nonsmokers.21 How
these changes might affect the risk of Graves’ hyperthy-
roidism is not known.

We found that a high BMI in the interval 2 years be-
fore the diagnosis and in 1989 (at the beginning of the
study) was associated with a lower risk of Graves’ hy-
perthyroidism. However, this finding must be inter-
preted with caution, because the association could be ex-
plained by reverse causality. When we assessed the
exposure 4 years before the diagnosis, the association was
no longer significant. Therefore, we cannot rule out the
possibility that Graves’ hyperthyroidism was present for
more than 2 years before the diagnosis, led to weight loss,
and thus was the first sign of hyperthyroidism, rather than
low weight being protective. In addition, an increasing

BMI at age 18, well before the onset of Graves’ hyper-
thyroidism, was not associated with a decreasing risk of
Graves’ hyperthyroidism.

A limitation of this study is that we might have mis-
classified some women, particularly in our probable cat-
egory, as having Graves’ hyperthyroidism who did not
have the disorder. We were as stringent as possible in our
classification to avoid this problem. Another limitation
is that the exposure data were gathered by self-report.
However, the women were all nurses, who would be ex-
pected to report health-related behaviors more accu-
rately than the general population. In addition, one would
expect underreporting of smoking, especially by nurses,
given the stigma against smoking, which might bias the
results toward the null hypothesis. The facts that the sub-
jects were all nurses, nearly all were white, and all were
women may limit the generalizability of the results. Fi-
nally, another limitation is that we have little data on other
environmental factors, such as iodine intake, stress, nega-
tive life events, and infections.

In conclusion, this prospective study confirms and ex-
pands on the work of earlier studies that demonstrate that
smoking is a risk factor for Graves’ hyperthyroidism. The
finding of an inverse relationship between BMI 2 years
before diagnosis and the risk of Graves’ hyperthyroid-
ism is intriguing but should be interpreted with cau-
tion, as this may be related to preclinical weight loss as-
sociated with the disease.
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Table 4. Hazard Ratios (HRs) for Graves’ Hyperthyroidism Associated With Body Mass Index (BMI)
Among Participants of the Nurses’ Health Study II Assessed From 1989 to 2001

BMI Before Diagnosis
of Graves’ Hyperthyroidism* No. of Cases

Person-Years
of Follow-up Age-Adjusted HR (95% CI) Covariate-Adjusted HR (95% CI)†

Assessed 2 y before ‡ §
�21 117 245 426 1.00 1.00
21-22.9 113 247 133 0.96 (0.74-1.24) 0.96 (0.74-1.24)
23-24.9 88 205 758 0.90 (0.68-1.19) 0.89 (0.67-1.18)
25-29.9 114 271 126 0.89 (0.68-1.15) 0.87 (0.66-1.13)
�30 68 204 753 0.71 (0.52-0.96) 0.68 (0.49-0.92)

Assessed 4 y before � ¶ #
�21 102 220 929 1.00 1.00
21-22.9 117 217 060 1.20 (0.92-1.56) 1.20 (0.92-1.56)
23-24.9 69 177 311 0.89 (0.66-1.21) 0.88 (0.65-1.20)
25-29.9 97 228 141 1.00 (0.76-1.32) 0.98 (0.74-1.31)
�30 59 167 915 0.85 (0.61-1.17) 0.81 (0.58-1.14)

*BMI calculated as weight in kilograms divided by the square of height in meters.
†Model adjusted for age, duration of oral contraceptive use, age at menarche, parity, recent pregnancy, menopausal status, smoking status, alcohol intake, and

physical activity level.
‡P=.03 for trend.
§P=.02 for trend.
�Among 444 women, as the analysis was restricted to women reporting the diagnosis on the 1993 questionnaire and beyond. In addition, BMI data are missing

for 25 women.
¶P=.22 for trend.
#P=.15 for trend.

(REPRINTED) ARCH INTERN MED/ VOL 165, JULY 25, 2005 WWW.ARCHINTERNMED.COM
1610

©2005 American Medical Association. All rights reserved.



Md. Dr Holm’s work was supported in part by grant T32
HS000063 from the Agency for Healthcare Research and
Quality, Rockville, Md, to the Harvard Pediatric Health
Services Research Fellowship Program.
Previous Presentation: This study was presented at the
85th Annual Meeting of The Endocrine Society; June 19,
2003; Philadelphia, Pa.
Acknowledgment: We thank the dedicated participants
in the NHS II. We are grateful to Susan Malspeis, SM,
and Eleni Konstantis for their expert help, and to Caren
Solomon, MD, for performing the initial validation study
for Graves’ disease.

REFERENCES

1. Paunkovic N, Paunkovic J, Pavlovic O, Paunovic Z. The significant increase in
incidence of Graves’ disease in eastern Serbia during the civil war in the former
Yugoslavia (1992 to 1995). Thyroid. 1998;8:37-41.

2. Li Y, Li C, Yin H. A large scale epidemiological survey of Graves’ disease in Da-
qing area. Chin Med J (Engl). 2000;113:31-34.

3. Kalk WJ, Kalk J. Incidence and causes of hyperthyroidism in blacks. S Afr Med
J. 1989;75:114-117.

4. Winsa B, Adami HO, Bergstrom R, et al. Stressful life events and Graves’ disease.
Lancet. 1991;338:1475-1479.

5. Tomer Y, Davies TF. Searching for the autoimmune thyroid disease susceptibil-
ity genes: from gene mapping to gene function. Endocr Rev. 2003;24:694-
717.

6. Brix TH, Christensen K, Holm NV, Harvald B, Hegedus L. A population-based study
of Graves’ disease in Danish twins. Clin Endocrinol (Oxf ). 1998;48:397-400.

7. Brix TH, Kyvik KO, Christensen K, Hegedus L. Evidence for a major role of he-
redity in Graves’ disease: a population-based study of two Danish twin cohorts.
J Clin Endocrinol Metab. 2001;86:930-934.

8. Utiger RD. Cigarette smoking and the thyroid. N Engl J Med. 1995;333:1001-1002.

9. Bertelsen JB, Hegedus L. Cigarette smoking and the thyroid. Thyroid. 1994;4:327-
331.

10. Yoshiuchi K, Kumano H, Nomura S, et al. Stressful life events and smoking were
associated with Graves’ disease in women, but not in men. Psychosom Med.
1998;60:182-185.

11. Matos-Santos A, Nobre EL, Costa JG, et al. Relationship between the number
and impact of stressful life events and the onset of Graves’ disease and toxic
nodular goitre. Clin Endocrinol (Oxf ). 2001;55:15-19.

12. Laurberg P, Pedersen KM, Vestergaard H, Sigurdsson G. High incidence of mul-
tinodular toxic goitre in the elderly population in a low iodine intake area vs. high
incidence of Graves’ disease in the young in a high iodine intake area: compara-
tive surveys of thyrotoxicosis epidemiology in East-Jutland Denmark and Iceland.
J Intern Med. 1991;229:415-420.

13. Prummel MF, Wiersinga WM. Smoking and risk of Graves’ disease. JAMA. 1993;
269:479-482.

14. Vestergaard P, Rejnmark L, Weeke J, et al. Smoking as a risk factor for Graves’
disease, toxic nodular goiter, and autoimmune hypothyroidism. Thyroid. 2002;
12:69-75.

15. Brix TH, Hansen PS, Kyvik KO, Hegedus L. Cigarette smoking and risk of clini-
cally overt thyroid disease: a population-based twin case-control study. Arch In-
tern Med. 2000;160:661-666.

16. Vestergaard P. Smoking and thyroid disorders: a meta-analysis. Eur J Endocrinol.
2002;146:153-161.

17. Fukayama H, Nasu M, Murakami S, Sugawara M. Examination of antithyroid ef-
fects of smoking products in cultured thyroid follicles: only thiocyanate is a po-
tent antithyroid agent. Acta Endocrinol (Copenh). 1992;127:520-525.

18. Ajjan RA, Findlay C, Metcalfe RA, et al. The modulation of the human sodium
iodide symporter activity by Graves’ disease sera. J Clin Endocrinol Metab. 1998;
83:1217-1221.

19. Zeidel A, Beilin B, Yardeni I, Mayburd E, Smirnov G, Bessler H. Immune response
in asymptomatic smokers. Acta Anaesthesiol Scand. 2002;46:959-964.

20. Ryder MI, Saghizadeh M, Ding Y, Nguyen N, Soskolne A. Effects of tobacco smoke
on the secretion of interleukin-1�, tumor necrosis factor-�, and transforming
growth factor-� from peripheral blood mononuclear cells. Oral Microbiol Immunol.
2002;17:331-336.

21. Sopori M. Effects of cigarette smoke on the immune system. Nat Rev Immunol.
2002;2:372-377.

(REPRINTED) ARCH INTERN MED/ VOL 165, JULY 25, 2005 WWW.ARCHINTERNMED.COM
1611

©2005 American Medical Association. All rights reserved.


