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Introduction: Antibodies to thyroglobulin (Tg), thyroperoxidase (TPO), and TSH receptor (TSH-R)
are prevalent in autoimmune thyroid diseases. We aimed to assess whether females with Graves
disease or Hashimoto thyroiditis are more likely than age-matched controls to have thyroid anti-
bodies before clinical diagnosis and to measure the timing of antibody seroconversion.

Methods: This was a nested case-control study using the Department of Defense Serum Repository
and the Defense Medical Surveillance System, 1998–2007. We assessed thyroid antibodies in the
serum of 522 female, active-duty, military personnel including: 87 Graves disease cases, 87
Hashimoto thyroiditis cases, and 348 age matched controls. One serum sample was available at the
time of the clinical diagnosis (�6 months); three additional samples were retrieved from the
repository up to 7 yr before the clinical diagnosis, for a total of 2088 samples.

Results: In Hashimoto thyroiditis, TPO antibodies were found in about 66% of the cases at all time
points. Tg antibodies showed a similar stationary trend, at a lower prevalence of about 53%at all time
points. No TSH-R antibodies were found. In Graves disease, TPO antibodies gradually increased from
31%at5–7yrpriortodiagnosisto57%atdiagnosisandTgantibodiesfrom18to47%.TSH-Rantibodies
were present before diagnosis and showed an increasing prevalence from 2, 7, 20, to 55%.

Conclusions: Antibodies to Tg, TPO, and TSH-R precede by years the development of the diagnostic
autoimmune thyroid diseases phenotype. Overall, the presence of thyroid antibodies in apparently
healthy individuals should not be neglected. (J Clin Endocrinol Metab 96: E1466–E1471, 2011)

Autoimmune thyroid diseases (ATD) comprise Graves
disease and Hashimoto thyroiditis. ATD affect pre-

dominantly women and are the most common autoim-
mune diseases in the United States, with female population
prevalence around 0.5% (1, 2). Although managed rela-
tively well in most patients with current treatments, ATD
are associated with decreased quality of life and significant
morbidity from ophthalmological manifestations (3), os-

teoporosis (4), and cardiovascular diseases (5). ATD are
characterized immunologically by the presence of serum
antibodies directed against thyroid-specific or thyroid-re-
stricted antigens like the TSH receptor (TSH-R), thyroper-
oxidase (TPO), and thyroglobulin (Tg).

The last decade has seen a resurgent interest in using
antibodies as a clinical tool due to the discovery that an-
tibodies can predict the development of overt clinical dis-
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ease (6). For example, antibodies to glutamic acid de-
carboxylase-65 and insulin autoantibody-2 predict the
development of type 1 diabetes in asymptomatic first-
degree relatives (7), and antibodies to Ro and La (8) and
to cyclic citrullinated protein (9) precede by several years
the diagnosis of systemic lupus erythmatosus (SLE) and
rheumatoid arthritis. Thyroid antibodies have been asso-
ciated with subsequent hypothyroidism and ATD in those
with a family history of ATD (10, 11).

Using the Department of Defense Serum Repository
(DoDSR) and the Defense Medical Surveillance System, we
designed a nested case-control study to examine whether fe-
males with ATD are more likely than age-matched controls
to have thyroid antibodies before diagnosis.

Subjects and Methods

Study population
The DoDSR stores sera of active-duty military personnel col-

lected biannually and before and after each deployment for hu-
man immunodeficiency virus testing. Approximately 50 million
samples have been collected and stored since 1985. The Defense
Medical Surveillance System maintains records of inpatient and
outpatient medical diagnoses among all active-duty military per-
sonnel at the Military Healthcare System treatment facilities and
purchased civilian care sites coded by International Classifica-
tion of Disease, Clinical Modification 9 (ICD-9-CM) codes (10).

The eligible study population was all female, active-duty, U.S.
military personnel between January 1, 1998, and December 31,
2007, who utilized the Defense Medical Surveillance System and
who had at least four serum specimens available for retrieval in
the DoDSR during the specified time intervals. Men were ex-
cluded because Graves disease and Hashimoto thyroiditis affect
predominantly women, and an oversampling of male cases
would have been required to have a sample size sufficient to make
meaningful inferences.

Autoimmune thyroiditis cases (n � 174)
Cases were selected from the eligible study population with a

specific diagnosis of either Graves disease (ICD-9-CM 242.0) or
Hashimoto thyroiditis (ICD-9-CM 245.2). Cases were defined
as individuals in the Defense Medical Surveillance System with
either one inpatient ICD-9-CM diagnosis code in any diagnosis
position (DX1-DX8) or two or more primary (i.e. first diagnosis
position) outpatient ICD-9-CM diagnosis codes separated by at
least 7 d between diagnosis visits reported at rheumatology, en-
docrinology, obstetrics and gynecology, family medicine, or in-
ternal medicine clinics within the Military Healthcare System or
from a civilian care setting. The first inpatient or outpatient di-
agnosis code was considered the date of clinical onset (the index
date). One thousand six hundred eighty-four cases were identi-
fied among 543,097 female active military duty personnel during
the study period. One hundred seventy-four cases meeting the
inclusion criteria were randomly chosen as part of this study: 87
with Graves disease and 87 with Hashimoto thyroiditis.

Healthy controls (n � 348)
For each case we selected two age-matched (�1 yr) appar-

ently healthy controls. All controls were required to be on active
duty on the case’s index date, with identical demographic, serum,
and medical data obtained in relation to this date.

Serum time points. Each case and control, a total of 522 subjects,
were studied at four serum time points for a total of 2088 sera:
at the time of the clinical diagnosis � 6 months (Dx), between 0.5
and 2 yr before the clinical diagnosis (Pre1), between 2 and 5 yr
before (Pre2), and between 5 and 7 yr before (Pre3).

Tg, TPO, and TSH-R antibody tests
Tg and TPO antibodies were measured in all 2088 serum

samples using commercial ELISA kits (QUANTA Lite Thyroid T
and TPO; INOVA Diagnostics, Inc., San Diego, CA), according
to the manufacturer’s recommendations. The results were ex-
pressed as World Health Organization units and considered pos-
itive when 100 or greater.

TSH-R antibodies were measured using a commercial ELISA
kit (Kronus, Star, ID) and considered positive when greater than
3 IU/liter. TSH-R antibody was measured in all 87 Graves disease
cases at all four time points (348 samples) and in a 10% subset
of Hashimoto cases (17 patients, all at Pre3) and healthy controls
(17 individuals at both Pre3 and Dx).

Potential confounders
The presence of thyroid antibodies as well as clinical Graves

disease and Hashimoto thyroiditis are known to differ by age and
race. We accounted for differences in age by matching on age in
the control selection process. Self-identified race-ethnicity infor-
mation was recorded in the demographic record as white, black,
Hispanic, American Indian/Alaskan Native, Asian/Pacific Is-
lander, other, or unknown. In the analysis, race-ethnicity was
coded as white, African-American, Hispanic, or other due to
sample size limitations.

Data analysis
Baseline characteristics between cases and controls were com-

pared using Student’s t test for continuous variables and �2 test
for categorical variables. Conditional logistic regression was per-
formed to assess whether the odds of having thyroid antibodies
before diagnosis and at diagnosis differed between cases and
matched controls, adjusting for race-ethnicity. A value of P �
0.05 was considered statistically significant for all analyses,
which were conducted using SAS 9.2 (SAS Institute Inc., Cary,
NC). A validation study of the index date as the diagnosis date;
the sensitivity, specificity, and predictive value of each antibody
at each time point; and a model to assess the rate of change in
antibody level over time are provided in the Supplemental Tables
1–5, published on The Endocrine Society’s Journals Online web
site at http://jcem.endojournals.org.

Results

Cases and controls were similar with respect to the match-
ing factor age but differed for race-ethnicity (P � 0.001,
Table 1). Graves disease cases were more likely to be Af-
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rican-American (59.8%) than Hashimoto thyroiditis
cases (12.7%) or controls (34.2%). Hashimoto thyroiditis
cases were more likely to be white (65.5%) than Graves
disease cases (26.4%) or controls (48.3%). Hashimoto
thyroiditis cases were also more likely to be Hispanic
(14.9%) than Graves disease cases (5.8%) or controls
(9.2%).

Tg and TPO antibodies
The percentage of Hashimoto thyroiditis cases with

positive antibodies remained similar for Tg and TPO an-
tibodies at all time points, whereas the percentage of
Graves disease cases increased for both Tg and TPO an-
tibodies as time approached clinical diagnosis (Fig. 1).
This increase was statistically significant in the repeated-
measures analysis reported in the Supplemental Data. The
odds of having Tg or TPO antibodies were significantly
greater in Graves disease, and Hashimoto cases than in
matched controls at all time points (Fig. 2). In Graves
disease, the odds significantly increased approaching di-
agnosis, whereas in Hashimoto thyroiditis the increase

remained constant. Similarly, sensitivity of Tg or TPO an-
tibody positivity was similar up to 7 yr before diagnosis as
at diagnosis in Hashimoto thyroiditis (5–7 yr prior vs.
diagnostic: sensitivity 72 vs. 74; specificity 86 vs. 86), but
sensitivity increased in Graves’ disease (5–7 yr prior vs.
diagnostic: sensitivity 38 vs. 64; specificity 86 vs. 86; Sup-
plemental Tables 3 and 4).

TSH-R antibodies
In Graves disease, the prevalence of TSH-R antibodies

at the Pre3 time point (two of 87, 2%, Fig. 1C) and Pre2
time point (six of 87, 7%, Fig. 1C) was overall lower than
the prevalence of TPO antibodies (31 and 36%, Fig. 1A)
and Tg antibodies (18 and 29%, Fig. 1B). The TSH-R
antibody positivity prevalence then rose steeply, ap-
proaching that of the TPO and Tg antibodies at the Pre1
time point (17 of 87, 20%, Figure 1C) and were similar to
both Tg (47%) and TPO (57%) antibody positivity at
diagnosis (48 of 87, 55%, Fig. 1C). No TSH-R antibodies
were found in the subset of Hashimoto thyroiditis or
healthy controls studied (Fig. 1C). The sensitivity of

TABLE 1. Demographic comparison of Graves disease cases, Hashimoto thyroidits cases, and controls, 1998–2007

Graves
disease cases

Hashimoto
thyroiditis cases Controls P value

n 87 87 348
Calendar year of index datea, b 2004 2003 2004

Median 1.0
Age at index (yr)b 32 32 32

Median 1.0
(Minimun-maximum) (23–50) (23–50) (23–50)

Race-ethnicity (%) �0.001
White 26 66 48
African-American 60 13 34
Hispanic 6 15 9
Other 8 (4 A, 1 I, 0 O, 2 Z) 7 (1 A, 2 I, 1 O, 2 Z) 8 (12 A, 4 I, 2 O, 11 Z)

Clinical thyroid testing prior to
index date (%)

7 8 2 �0.01

A, Asian; I, American Indian/Pacific Islander; O, other; Z, unknown.
a Index date is the case’s diagnosis date; all information for cases and controls was collected relative to this date.
b Matching factor.

TABLE 2. Odds ratio comparing antibody positivity between cases and controls

Tg antibodies Thyroid peroxidase antibodies

Time of serum collection
(since index date)

Graves
disease

OR (95% CI)a

Hashimoto
thyroiditis

OR (95% CI)a

Graves
disease

OR (95% CI)a

Hashimoto
thyroiditis

OR (95% CI)a

Pre3 (5–7 yr) 2.7 (1.2–6.2) 78.0 (10.5–581.8) 3.5 (1.7–7.3) 19.1 (7.3–49.7)
Pre2 (2–5 yr) 4.6 (2.1–10.4) 25.0 (7.4–83.9) 6.5 (2.9–14.2) 12.5 (5.5–28.4)
Pre1 (6 months to 2 yr) 5.9 (2.5–14.0) 10.2 (4.5–23.3) 11.0 (4.8–25.3) 13.2 (5.8–30.2)
Diagnostic (�6 months) 17.8 (6.5–48.7) 10.1 (4.7–21.9) 23.1 (8.2–64.9) 10.6 (4.9–22.9)

OR, Odds ratio; CI, confidence interval.
a Odds ratio was calculated using conditional logistic regression accounting for matching factors and race-ethnicity.
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TSH-R antibodies for Graves disease at pre3 was 2%
(specificity 100%) compared with 55% at diagnosis (spec-
ificity 100%; Supplemental Table 3). Because no TSH-R
antibodies were found in controls, no odds ratios for
Graves disease could be calculated.

Combining positivity for Tg, TPO, or TSH-R antibod-
ies at the diagnostic sample yielded a higher sensitivity but
similar specificity than the combination of Tg or TPO
antibodies (sensitivity 75 vs. 64%; specificity 88 vs. 86%).
However, the sensitivity and specificity at the pre3 time
point was similar for antibody positivity to Tg, TPO, or
TSH-R and Tg or TPO (sensitivity 38 vs. 38; specificity
88 vs. 86).

Discussion

Thyroid antibody positivity precedes a clinical diagnosis
of Graves disease or Hashimoto thyroiditis by several
years. This anticipation was longer for the TPO and Tg
antibodies, which are more commonly associated with
Hashimoto thyroiditis. This findings is consistent with the

notion that Hashimoto thyroiditis, due to the regenerative
capacity of the thyroid gland under the influence of TSH,
can exist for several years before clinical hypothyroidism
(11). The anticipation was shorter for TSH-R antibodies,
which is not surprising as TSH-R antibodies are involved
in the causative pathway of Graves disease (11).

The prevalence of Tg or TPO antibody positivity of
14% in our study controls was similar to other estimates
from the United States including those from the National
Health and Nutrition Examination Survey (NHANES). In
NHANES III covering 1988 –1994, among women aged
30 –39 yr who were free of thyroid disease, 13.6% were
Tg antibody positive and 12.6% were TPO antibody
positive (1).

Our findings are consistent with studies of the relation-
ship between antibodies and type 1 diabetes (7), SLE (8),
and rheumatoid arthritis (9). Using the same DoDSR
source, Arbuckle et al. conducted a study of antibodies
preceding diagnosis of SLE (8). They found 88% of 130
patients had at least one SLE antibody present before di-
agnosis. On average, a SLE antibody was detectable 3.3 yr
before diagnosis, with antibody positivity in one patient
9.3yrbeforediagnosis. Inour study, themeanTgandTPO
antibody levels were above the World Health Organiza-
tion threshold of positivity on the first serum sample tested
5–7 yr before diagnosis, preventing us from estimating the
exact timing of conversion to antibody positivity (Supple-
mental Table 5). The timing of antibody detection may differ
between ATD and SLE because the time between antibody
seroconversion and diagnosis is shorter in SLE or because
there are actual differences in seroconversion timing.

Strengths of the current study include the well-charac-
terized population with equal access to care and the col-
lection of serum samples without regard to health status.
The availability of demographic and health information
on all women minimized the amount of missing data that
is common in retrospective studies. The DoDSR collects
serum routinely, independent of health status; thus, find-
ings are unlikely to be preferentially measured when cases
and controls may be ill.

FIG. 1. Antibody positivity at each serum collection time point. Abs, Antibodies; HT, Hashimoto thyroiditis; GD, Graves disease; C, control. No
control or Hashimoto thyroiditis case was TSH-R antibody positive.

FIG. 2. Odds ratio comparing antibody positivity in Graves disease or
Hashimoto thyroiditis cases and matched controls at each serum
collection time point. Odds rations calculated using conditional logistic
regression accounting for matching factors and race/ethnicity. Abs,
Antibodies.
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A weakness of our study was the inability to adjust for
medications and smoking status because this information
was not available in the data source. Smoking is known to
be more prevalent in military than civilian women in the
United States (12) and to have profound and complex
effects on the immune system (13). Smoking can be both
detrimental and beneficial for ATD. In Graves disease,
smoking has been consistently shown to be detrimental,
especially in patients with Graves ophthalmopathy. A
2002 metaanalysis of 25 studies reported a summary odds
ratio of 3.3 for smoking and Graves disease and also
showed a dose-effect because odds increased with greater
number of cigarettes smoked (14). In Hashimoto thyroid-
itis, however, smoking has been associated with a de-
creased risk of disease (11). Smoking has also been asso-
ciated with fewer thyroid antibodies. Belin et al. (15)
analyzed data from NHANES III and noted that smokers
had 11% fewer TPO and/or Tg antibodies than nonsmok-
ers. Studies of female ATD cases have also reported fewer
Tg or TPO antibodies in smokers or while cases were
smoking (17–19). In our study, taking into account the
role of smoking in decreasing thyroid antibodies, increas-
ing the risk of Graves disease and decreasing the risk of
Hashimoto thyroiditis, we may have underestimated the
relationship between antibodies and Graves disease and
overestimated the relationship between antibodies and
Hashimoto thyroiditis. Given the strength of the relation-
ship between antibodies and Hashimoto thyroiditis, it is
unlikely that accounting for smoking would have nullified
or reversed the direction of the relationships.

In conclusion, antibodies to Tg and TPO are present in
Graves disease and Hashimoto thyroiditis up to 7 yr be-
fore clinical diagnosis and are elevated compared with
controls. The antibody levels increased over time before
clinical diagnosis of Graves disease but were elevated at all
time points for Hashimoto thyroiditis. These findings sug-
gest that thyroid antibodies in apparently healthy individ-
uals should not be neglected and may serve as a useful tool
to screen for ATD before clinical diagnosis.
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