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Context: Longitudinal studies of risk factors for hypothyroidism are required to inform debate
regarding the TSH reference range. There are limited longitudinal data on the predictive value of
thyroid antibodies measured by automated immunoassay (as opposed to semiquantitative
methods).

Methods: We measured TSH, free T4, thyroid peroxidase antibodies (TPOAbs), and thyroglobulin
antibodies (TgAbs) using the Immulite platform on sera from 1184 participants in the 1981 and 1994
Busselton Health Surveys. Outcome measures at follow-up were hypothyroidism, defined as TSH
greater than 4.0 mU/liter or on thyroxine treatment; and overt hypothyroidism, defined as TSH
above 10.0 mU/liter or on thyroxine treatment. Receiver-operator characteristic analysis was used
to determine optimal cutoffs for baseline TSH, TPOAbs, and TgAbs as predictors of hypothyroidism.

Results: At 13 yr follow-up, 110 subjects (84 women) had hypothyroidism, of whom 42 (38 women)
had overt hypothyroidism. Optimal cutoffs for predicting hypothyroidism were baseline TSH above
2.5 mU/liter, TPOAbs above 29 kIU/liter, and TgAbs above 22 kIU/liter, compared with reference
range upper limits of 4.0 mU/liter, 35 kIU/liter, and 55 kIU/liter, respectively. In women with positive
thyroid antibodies (TPOAbs or TgAbs), the prevalence of hypothyroidism at follow-up (with 95%
confidence intervals) was 12.0% (3.0–21.0%) when baseline TSH was 2.5 mU/liter or less, 55.2%
(37.1–73.3%) for TSH between 2.5 and 4.0 mU/liter, and 85.7% (74.1–97.3%) for TSH above 4.0
mU/liter.

Conclusions: The use of TSH cutoffs of 2.5 and 4.0 mU/liter, combined with thyroid antibodies,
provides a clinically useful estimate of the long-term risk of hypothyroidism. (J Clin Endocrinol
Metab 95: 1095–1104, 2010)
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Autoimmune hypothyroidism is a common disorder,
with a prevalence between 1 and 10%, depending

on the population studied and the definition used (1–3).
The most sensitive diagnostic marker is a raised serum
TSH concentration, making it essential that the reference
range for TSH is soundly based. Conventionally, this is
based on the 95% confidence interval of log-transformed
TSH concentrations from healthy individuals, which in
iodine-sufficient populations gives an upper limit of ap-
proximately 4.0 – 4.5 mU/liter (1, 4 – 8). Several author-
ities believe that the upper limit of the TSH reference
range should be lowered to 2.5 or 3 mU/liter, which
remains controversial (2, 3, 9 –13). The arguments in
favor of this include the increased prevalence of thyroid
antibodies and risk of developing hypothyroidism in
people whose TSH concentrations are in the upper part
of the reference range.

Clearly longitudinal studies examining the association
between baseline TSH and the development of hypothy-
roidism are crucial to inform this debate, but few have
been published. The most influential is the Whickham Sur-
vey, in which a baseline serum TSH concentration above
2 mU/liter was associated with an increased risk of hypo-
thyroidism at 20 yr follow-up (14). In women who were
euthyroid at baseline, positive thyroid antibody status was
a strong predictor of hypothyroidism, with similar pre-
dictive value to raised TSH at baseline. In the Whickham
Survey, baseline measurements of TSH were carried out
using a first-generation RIA with a reference range of less
than 6 mU/liter (15), which may give higher measured
TSH values than the third-generation immunoassays
now in general use (10, 16, 17). Thyroid antibody status
was based on the detection of antimicrosomal, anticy-
toplasmic, and antithyroglobulin antibodies by semi-
quantitative methods of red cell agglutination, particle
agglutination, and immunofluorescence. These meth-
ods are less sensitive than the quantitative, automated
immunoassays for thyroid peroxidase antibodies (TPOAbs)
and thyroglobulin antibodies (TgAbs) now used, and
the pathological significance of a mildly raised TPOAb
or TgAb concentration measured by immunoassay is
uncertain (10).

There is therefore a need for longitudinal studies ex-
amining risk factors for the development of hypothy-
roidism using current techniques to measure thyroid
antibodies and TSH. In a recent study from China, Teng
and colleagues (18 –20) confirmed that TPOAb and
TgAb concentrations measured by immunoassay were
risk factors for the development of hypothyroidism, but
the follow-up period of 5 yr was relatively short.

We previously reported a cross-sectional analysis of the
prevalence of thyroid disease in participants in the 1981 Bus-

seltonHealthSurveyinBusselton,WesternAustralia(6).The
majority of subjects participated in a follow-up survey in
1994.Accordingly,weexaminedriskfactors for thepresence
of hypothyroidism at 13 yr follow-up.

Subjects and Methods

The Busselton Health Study (http://bsn.uwa.edu.au) includes
cross-sectional health surveys of residents of Busselton, a rural
town in Western Australia with a predominantly white, iodine-
sufficient population (21). Detailed descriptions of the surveys
have been published previously (22). The Busselton Thyroid
Study is based on the 1981 and 1994 surveys, in which partici-
pants completed a health questionnaire, underwent physical ex-
amination, and gave a venous blood sample in the morning after
an overnight fast. In 2001 archived sera from 2108 participants
in the 1981 survey were assayed for TSH, free T4, TPOAb, and
TgAb concentrations using an Immulite 2000 chemiluminescent
analyzer (Siemens Healthcare Diagnostics Products, Deerfield,
IL), as previously described (6, 23). Of these 2108 subjects, 1328
also attended the 1994 survey and had a blood sample collected.
In 2007 archived sera from these subjects were assayed for TSH,
free T4, and TPOAb concentrations using the same immunoas-
say platform. All serum samples had been securely stored at �70
C in air-tight polypropylene tubes that were filled to capacity and
had not been thawed during storage. Reference ranges derived
from a cross-sectional analysis of the cohort [as previously de-
scribed (6)] were as follows: TSH, 0.4–4.0 mU/liter; free T4,
0.7–1.8 ng/dl (9–23 pmol/liter); TPOAb, less than 35 kIU/liter;
and TgAb less than 55 kIU/liter. Positive thyroid antibody status
was defined as elevated concentration of either TPOAb or TgAb.

The primary outcome measure (as determined at the 1994
visit) was hypothyroidism, defined as serum TSH greater than
4.0 mU/liter or on treatment with T4, and the secondary outcome
measure was overt hypothyroidism, defined as serum TSH
greater than 10.0 mU/liter or on T4 treatment. The rationale for
this was that an elevated serum TSH concentration is the most
sensitive indicator of hypothyroidism, but the need for routine
T4 replacement for people with mildly elevated TSH concentra-
tions up to 10 mU/liter is uncertain (3, 9, 11, 12, 24–28). We
excluded subjects with the following baseline characteristics:
raised serum TSH with low free T4, treatment with T4 or anti-
thyroid drugs, evidence of hyperthyroidism (defined as serum
TSH �0.1 mU/liter) or missing serum TSH value. We also ex-
cluded those with discordant thyroid function test results that
suggested pituitary disease or antibody interference (e.g. in-
creased TSH and increased free T4) in either survey and subjects
on amiodarone or lithium treatment because of the confounding
effects of these drugs on thyroid function. Subjects with mildly
reduced baseline TSH concentrations between 0.1 and 0.4 mU/
liter were not excluded because the pathological significance of
this is uncertain, and TSH often returns to the reference range on
repeat testing (29). Subjects with raised TSH and free T4 within
the reference range at baseline were not excluded because this too
can normalize on repeat testing (29, 30), and we wanted to ex-
amine the predictive value of raised TSH for comparison with the
results of the Whickham Survey.

Baseline characteristics of subjects who participated in the
1994 follow-up study were compared with those of subjects who
died before 1994 and subjects who declined to participate using
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�2 tests or t tests. Characteristics of the study cohort at the base-
line and follow-up visits were compared using paired t tests or
McNemar’s tests. We examined each of the following baseline
variables as potential predictors of hypothyroidism using logistic
regression models: age, sex, TSH, parity (defined as number of
live births), body mass index, smoking (never smoked, former
smoker, current smoker), TPOAbs, and TgAbs. Variables con-
sidered in the univariate analyses were entered into multivariate
logistic regression models including TPOAbs and TgAbs as ei-
ther continuous or categorical variables. Variables that were not
significant at the 5% level in either the univariate analyses or the
multivariate models were removed stepwise, with variables that
were significant in the univariate analyses retained for adjustment
purposes. Functional forms of covariates (e.g. TSH2, in case of a
quadratic relationship) and interactions were explored, and TSH2

was included because it significantly improved goodness of fit.
Receiver-operator characteristic (ROC) curves were used to

determine the cutoffs for each of baseline TSH, TPOAbs, and
TgAbs that optimized both sensitivity and specificity as predic-
tors of hypothyroidism and overt hypothyroidism. Univariate
and multivariate logistic regression models were used to examine
the association between TPOAb concentration and outcomes in
TPOAb-positive subjects using arbitrarily selected, but poten-
tially clinically relevant, TPOAb concentration cutoffs of 3 times
the upper reference limit (105 kU/liter) and 10 times the reference
limit (350 kU/liter). Similar methodology was used to explore the
association between TgAb concentration and outcomes using
groups based on TgAb cutoffs of 22 and 55 kIU/liter identified
from the ROC analysis and our previous cross-sectional analysis
(6) respectively.

Prevalence estimates (with 95% confidence intervals) for hypo-
thyroidism and overt hypothyroidism at follow-up were deter-
mined for categories of baseline TSH and thyroid antibody status
and age-adjusted odds ratios calculated using logistic regression
models. Using the optimal TSH cutoff identified from ROC anal-
yses, split logistic regression models were used to examine the odds
of hypothyroidism being present at follow-up in subjects with base-
line TSH below and above the 2.5 mU/liter threshold, with further
adjustment for sex, age, and antibody status.

Analyses were conducted using PASW Statistics 17.0.2 (SPSS
Inc., Chicago, IL) and R version 2.9.1 (R Foundation for Statis-
tical Computing, http://www.R-project.org). Significance was
set at 0.05. The study was approved by the Busselton Population
Medical Research Foundation and the Royal Perth Hospital Eth-
ics Committee.

Results

Demographics and subject disposition
Of the 2108 subjects in the 1981 cross-sectional sam-

ple, 1804 were alive in 1994, and of these 1461 (81%)
attended the 1994 survey. A flow chart detailing subject
disposition is shown in Fig. 1, and baseline demographic
data are provided in Table 1. Subjects who died before
1994 tended to be older, were more likely to be male and
more likely to have smoked than survivors, but did not
differ significantly from survivors in prevalence of self-
reported thyroid disease or goiter, thyroid antibody sta-
tus, or baseline TSH. Subjects who were alive but did not

participate in the 1994 survey were significantly older
than those who did take part but did not differ signifi-
cantly from them in prevalence of self-reported thyroid
disease, thyroid antibody status, or baseline TSH. After
excluding subjects with raised TSH combined with low
free T4 or on T4 treatment at baseline, those with hyper-
thyroidism, and those with missing data or who breached
other exclusion criteria, the final study sample consisted of
1184 subjects. The mean time between study visits was
13.0 yr (range 12.3–14.0).

Outcome measures and predictors of
hypothyroidism

The thyroid status of the 1184 study subjects at the
baseline and follow-up visits is summarized in Table 2.
The prevalence of positive TPOAbs increased from 11.1%
in 1981 to 15.1% in 1994 (P � 0.001, McNemar’s test).
A change in TPOAb status occurred in 6.5% of subjects:
from negative to positive in 5.2% and from positive to
negative in 1.3%. At baseline, 1110 subjects (93.7%) had
serum TSH concentrations between 0.1 and 4.0 mU/liter
and none were on T4 treatment. At follow-up, 29 subjects
(2.4%) had commenced T4 treatment and a further 81
(6.8%) had elevated serum TSH concentrations, of whom
three had low free T4 concentrations. Therefore, 110 sub-
jects (9.3%) including 84 women had hypothyroidism at
follow-up (defined as TSH �4 mU/liter or on T4 treat-
ment). Of these, 42 subjects (3.5% of the cohort) including
38 women had overt hypothyroidism (defined as TSH
�10 mU/liter or on T4 treatment).

In univariate analyses, the following baseline variables
were significantly associated with hypothyroidism at fol-

FIG. 1. Subject disposition scheme showing how the study cohort of
1184 subjects was derived. fT4, free T4.
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low-up: age, gender, TSH, TPOAb concentration, TgAb
concentration, TPOAb-positive status, and TgAb-positive
status, whereas smoking status and parity at baseline were
not significant predictors (Table 3). We also analyzed out-
comes with regard to parity and smoking status at follow-
up, age at menopause, and change in weight between base-
line and follow-up visits: none was a significant predictor
of hypothyroidism. Of the 76 subjects with positive TgAb,
26 were TPOAb negative; of these 4 (15.4%) had hypo-
thyroidism at follow-up, which was not a significantly
increased risk compared with TPOAb-negative, TgAb-
negative subjects (odds ratio 1.80, 95% confidence inter-
val 0.52–4.82).

In multivariate logistic regression models including
TPOAbs and TgAbs as either continuous or categorical
variables, female gender and baseline TSH were the
strongest predictors of hypothyroidism, whereas age
was not significant (Table 3). The predictive value of
thyroid antibodies was greatly attenuated in the multi-
variate model, with only TgAbs (as a continuous vari-
able) remaining significant.

Optimal cutoffs for TSH, TPOAbs, and TgAbs
Using ROC curve analysis, the baseline TSH cutoff as-

sociated with the optimal combination of sensitivity and
specificity for predicting outcomes was 2.4 mU/liter for
hypothyroidism (sensitivity 76%, specificity 90%) and
2.6 mU/liter for overt hypothyroidism (sensitivity 79%,
specificity 90%) (Supplemental Fig. 1 published as sup-
plemental data on The Endocrine Society’s Journals On-
line web site at http://jcem.endojournals. org). Results
were similar for males and females analyzed separately,
with cutoffs for hypothyroidism of 2.6 mU/liter for
women (sensitivity 76%, specificity 92%) and 2.3 mU/
liter for men (sensitivity 77%, specificity 88%). On this
basis, we selected 2.5 mU/liter as the threshold for further
examining outcomes by categories of baseline TSH. The
positive predictive value of a serum TSH concentration
above 2.5 mU/liter at baseline for the presence of hy-
pothyroidism at follow-up was 47%, whereas the nega-
tive predictive value was 97% (Table 4). By contrast, for
baseline TSH above 4 mU/liter (the upper limit of the refer-

TABLE 1. Baseline characteristics of members of the original 1981 cohort (n � 2108, categorized by vital status in
1994 and participation or nonparticipation in the 1994 survey) and the 1184 study subjects

Attended
1994 survey
(n � 1461)

Did not attend
1994 survey

(n � 343) P valuea

Deceased
in 1994

(n � 304) P valueb
Study subjects

(n � 1184)
Age, mean (SD) (yr) 46.2 (14.9) 48.9 (18.5) 0.005 68.7 (10.6) �0.001 45.8 (14.5)
Female, n (%) 747 (51) 177 (52) 0.9 121 (40) �0.001 611 (52)
History of thyroid disease

or goiter, n (%)
50 (3.4) 12 (3.5) 0.9 13 (4.3) 0.5 25 (2.1)

Smoking status, n (%)
Current 275 (19) 76 (22) 0.13 65 (21) �0.001 219 (19)
Former 423 (29) 107 (32) 130 (43) 330 (28)
Never 752 (52) 156 (46) 108 (36) 625 (53)

BMI, mean (SD) (kg/m2) 25.2 (3.8) 26.2 (4.1) �0.001 26.3 (3.9) �0.001 25.2 (3.8)
TSH, median (interquartile

range) (mU/liter)
1.42 (0.97–2.03) 1.45 (1.03–2.18) 0.5 1.54 (1.06–2.26) 1.0 1.43 (0.98–2.02)

TPOAb positive, n (%) 180 (12.3) 45 (13.1) 0.7 34 (11.2) 0.6 132 (11.1)
TgAb positive, n (%) 101 (6.9) 18 (5.2) 0.3 16 (5.3) 0.3 76 (6.4)
Thyroid antibody positive

(TPOAb or TgAb), n (%)
213 (14.6) 50 (14.6) 0.9 35 (1.2) 0.2 158 (13.3)

Women only: parity,
median (range)

2 (0–9) 2 (0–10) 0.4 3 (0–7) 0.9 2 (0–9)

a P values for comparison between the 1461 subjects who attended the 1994 survey and the 343 subjects who were alive in 1994 but did not
attend.
b P values for comparison between the 1461 subjects who attended the 1994 survey and the 304 subjects who were deceased in 1994.

TABLE 2. Characteristics of the 1184 study subjects at
baseline and follow-up

Baseline
(n � 1184)

Follow-up
(n � 1184)

Age, mean (SD) (yr) 45.8 (14.5) 58.8 (14.4)
TSH, median

(interquartile
range) (mU/liter)

1.43 (0.98, 2.02) 1.73 (1.18, 2.51)

TPOAb positive, n (%) 132 (11.1) 179 (15.1)
On T4 treatment 0 (0%) 29 (2.4%)
Not on T4 treatment

Serum TSH (mU/liter)
Less than 0.4 13 (1.1%) 17 (1.4%)
0.4 to 4.0 1110 (93.7%) 1057 (89.3%)
4.01–10.0 45 (3.8%) 68 (5.7%)
Greater than 10.0 16 (1.4%) 13 (1.1%)
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ence range), the positive predictive value for hypothyroidism
was 84% and the negative predictive value 95%.

For TPOAb, the optimal cutoffs identified by ROC
analysis were 29 kIU/liter for hypothyroidism (sensitivity
52%, specificity 92%) and 32 kIU/liter for overt hypo-
thyroidism (sensitivity 69%, specificity 90%) (Supple-
mental Fig. 1). These cutoffs were close to the upper limit
of the reference range of 35 kIU/liter derived from cross-
sectional analysis of participants in the 1981 study (6),
which was associated with 53% sensitivity and 93% spec-
ificity for hypothyroidism and 67% sensitivity and spec-
ificity 91% for overt hypothyroidism. Applying the cutoff

of 29 kIU/liter to the cohort of 1184 subjects resulted in
reclassification of 12 subjects and only minor changes in
sensitivity and specificity, whereas applying the cutoff of
32 kIU/liter did not reclassify any participant. Accord-
ingly, we did not reanalyze outcomes using the lower cut-
offs. Using logistic regression models, we examined the
association between categories of TPOAb concentration
and outcomes in TPOAb-positive subjects (Table 5). The
risk of hypothyroidism and overt hypothyroidism in-
creased markedly across groups with higher TPOAb
concentrations, but the association was greatly attenu-
ated by adjustment for age, sex, and TSH.

For TgAbs, ROC curve analysis (Supplemental Fig. 1)
identified an optimal cutoff of 22 kIU/liter for both hy-
pothyroidism (49% sensitivity, 84% specificity) and overt
hypothyroidism (63% sensitivity, 83% specificity). This
cutoff differed substantially from the reference range limit
of 55 kIU/liter derived from the cross-sectional analysis,
which was associated with 25% sensitivity and 94% spec-
ificity for hypothyroidism and 24% sensitivity and 94%
specificity for overt hypothyroidism. To explore this fur-
ther, we examined outcomes in groups based on TgAb cut-
offs of 22 and 55 kIU/liter (Table 5). In unadjusted analyses,
the risk of hypothyroidism and overt hypothyroidism was
significantly increased in subjects with TgAb concentration
of 22–55 kIU/liter and those with TgAb greater than 55 kIU/
liter, but after adjustment for age, sex, and TSH, neither
category was associated with significantly increased risk
compared with lower values. The small number of subjects
with TgAbs above 55 kIU/liter precluded further analysis of
outcomes according to TgAb concentration.

Risk of hypothyroidism according to gender,
baseline TSH, and antibody status

We used TSH cutoffs of 2.5 and 4.0 mU/liter (derived
from the ROC analysis and the reference range, respec-
tively) together with gender and antibody status to ex-
amine the absolute and relative risks of hypothyroidism
in subgroups of subjects (Tables 6 and 7). For men, the
risk of hypothyroidism was very low in subjects with
baseline TSH of 2.5 mU/liter or less and increased pro-

TABLE 4. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of baseline
serum TSH greater than 2.5 mU/liter or greater than 4 mU/liter for the presence of hypothyroidism and overt
hypothyroidism at follow-up

Baseline serum TSH concentration

Greater than 2.5 mU/liter Greater than 4 mU/liter

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Hypothyroidism 73 91 47 97 45 99 84 95
Overt hypothyroidism 79 88 19 99 64 94 31 99

TABLE 3. Results of logistic regression analysis of
potential risk factors at baseline for the presence of
hypothyroidism at follow-up

Odds ratio 95% CI P
Univariate analysis

Age (yr) 1.02 1.01, 1.04 0.002
Female sex 3.35 2.16, 5.38 �0.001
TSH, mU/liter 3.50 2.83, 4.41 �0.001
BMI (kg/m2) 1.02 0.97, 1.07 0.49
Smoking status

Former smoker 0.86 0.55, 1.36 0.52
Current smoker 0.59 0.32, 1.07 0.08

Parity 0.96 0.83, 1.10 0.15
TPOAb (kIU/liter) 1.004 1.003, 1.005 �0.001
TgAb (kIU/liter) 1.005 1.003, 1.008 �0.001
Antibody status

TPOAb positive 12.9 8.35, 20.2 �0.001
TgAb positive 6.80 4.01, 11.4 �0.001

Multivariate analysis
Age (yr) 1.01 0.99, 1.03 0.40
Female sex 2.50 1.39, 4.45 0.002
TSH (mU/liter) 3.59 2.74, 4.71 �0.001
TSH2 0.98 0.97, 0.99 �0.001
TPOAb (kIU/liter) 1.001 1.000, 1.002 0.12
TgAb (kIU/liter) 1.003 1.000, 1.005 0.03

Multivariate analysis
Age (yr) 1.01 0.99, 1.03 0.50
Female sex 2.53 1.41, 4.53 0.002
TSH (mU/liter) 3.41 2.58, 4.51 �0.001
TSH2 0.98 0.96, 0.99 0.02
TPOAb positive 1.92 0.94, 3.90 0.07
TgAb positive 1.50 0.65, 3.44 0.34

For continuous variables, the odds ratio shown is per unit increase
in explanatory variable. Smoking status refers to comparison with
never-smokers. CI, Confidence interval; BMI, body mass index.
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gressively across higher categories of TSH. Of 36 men
with positive thyroid antibodies and TSH between 0.1
and 4.0 mU/liter, only 2 (5.6%) developed hypothy-
roidism, of whom 1 (2.8%) had overt hypothyroidism.
The small number of men with positive antibodies and
outcome measures precluded more detailed analysis.

For women, the risk of hypothyroidism was lowest in
antibody-negativesubjectswithbaselineTSHof2.5mU/liter
or less and increased progressively across categories of TSH
and antibody status. In women with positive thyroid anti-
bodiesatbaseline (definedasTPOAborTgAbconcentration
abovethereferencerange), theprevalenceofhypothyroidism
at follow-up (with 95% confidence intervals) was 12.0%
(3.0–21.0%) when baseline TSH was 2.5 mU/liter or less,

55.2%(37.1–73.3%)forTSHbetween2.5and4.0mU/liter,
and 85.7% (74.1–97.3%) for baseline TSH above 4.0 mU/
liter, suggesting that these TSH cutoffs provided useful risk
stratification.

Using split regression models, the odds ratio and proba-
bility for hypothyroidism at 13 yr follow-up was determined
in all subjects with baseline TSH below or above the 2.5
mU/liter cutoff. The results are shown graphically in Fig. 2.

Discussion

This study provides longitudinal data on risk factors for
hypothyroidism over a 13-yr period, using current meth-

TABLE 6. Study outcomes analyzed by categories of baseline TSH for males

TSH (mU/liter)

0.1–2.5 (n � 514) 2.5–4.0 (n � 43) >4.0 (n � 16) P for trend
Hypothyroidism 10 4 12

1.9% 9.3% 75.0% �0.001
Odds ratioa 1.0 4.9 136
95% CI 1.5, 16.4 36.9, 501
Overt hypothyroidism 1 1 2

0.20% 2.3% 12.5% 0.001
Odds ratioa 1.0 16.1 375
95% CI 0.9, 279 14.7, 9574

Data are shown as number, percentage, and for females, 95% confidence interval (CI) for the percentage (where this could be calculated). P
values are shown for the trend across groups. Positive thyroid antibody status was defined as TPOAb or TgAb concentration above the laboratory
reference range.
a Adjusted for age.

TABLE 5. Study outcomes analyzed by baseline TPOAb concentration and TgAb concentration

TPOAb concentration (kIU/liter)

<35
(n � 1052)

35–105
(n � 43)

106–350
(n � 38)

>350
(n � 51)

Hypothyroidism, n (%) 55 (5.2) 6 (14.0) 16 (42.1) 33 (64.7)
Odds ratio (95% CI)

Unadjusted 1.0 2.9 (1.2–7.3) 13.2 (6.6–26.5) 33.2 (17.6–62.7)
Adjusted for age, sex, TSH, TSH2 1.0 1.1 (0.4–3.3) 2.1 (0.8–5.5) 4.3 (1.7–10.9)

Overt hypothyroidism, n (%) 14 (1.3) 2 (4.7) 7 (18.4) 19 (37.3)
Odds ratio (95% CI)

Unadjusted 1.0 3.6 (0.8–16.4) 16.7 (6.3–44.4) 44.0 (22.3–95.5)
Adjusted for age, sex, TSH, TSH2 1.0 2.9 (0.6–13.9) 4.3 (1.2–15.8) 7.5 (2.4–23.5)

TgAb concentration (kIU/liter)

<22
(n � 963)

22–55
(n � 145)

>55
(n � 76)

Hypothyroidism, n (%) 57 (5.9) 26 (17.9) 27 (35.5)
Odds ratio (95% CI)

Unadjusted 1.0 3.6 (2.2–5.9) 9.3 (5.4–16.0)
Adjusted for age, sex, TSH, TSH2 1.0 1.1 (0.5–2.3) 2.1 (1.0–4.6)

Overt hypothyroidism 16 (1.7) 16 (11.0) 10 (13.2)
Odds ratio (95% CI)

Unadjusted 1.0 7.2 (3.5–14.7) 9.2 (4.0–21.2)
Adjusted for age, sex, TSH, TSH2 1.0 2.7 (1.0–7.1) 1.9 (0.6–6.2)

Data are given as number and percentage unless otherwise shown. Reference ranges: TPOAb, less than 35 kIU/liter; TgAb less than 55 kIU/liter. CI,
Confidence interval.
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ods for measurement of TSH and thyroid antibodies. The
results will help inform debate regarding the reference
range for TSH and provide a tool for clinicians to estimate
the long-term risk of hypothyroidism in patients based on
gender, TSH, and thyroid antibody status.

As expected from previous longitudinal studies (14, 18,
31), age, female gender, thyroid antibodies, and baseline
TSH were associated with hypothyroidism in univariate
analyses. Smoking was not associated with a significant
reduction in the risk of hypothyroidism, in contrast to
the results of cross-sectional studies (32–34), but the
number of smokers was small and statistical power ac-
cordingly limited. Parity was not a risk factor for hy-
pothyroidism, consistent with cross-sectional analyses
of this and another cohort (35, 36) but in contrast to
another study in which parity was associated with au-
toimmune thyroiditis (37). In the multivariate analysis,
female gender and TSH were the strongest independent
predictors of hypothyroidism, whereas age was no
longer significant, and thyroid antibodies were of bor-
derline significance.

For baseline TSH, ROC analysis identified a threshold
of 2.5 mU/liter as associated with optimal sensitivity and
specificity in predicting hypothyroidism. This is broadly
consistent with data from Whickham (14) and China (18–
20), in which the risk of hypothyroidism was higher if
baseline TSH was above 2 mU/liter. Based in part on the
Whickham Survey, it has been argued that the upper limit
of the TSH reference range should be lowered to 2.5 or 3
mU/liter (9–11, 24). Our study demonstrates that indi-
viduals with serum TSH between 2.5 and 4 mU/liter are
indeed at increased risk of hypothyroidism, but the ma-
jority of such subjects did not develop hypothyroidism by
13 yr follow-up. For this reason, we do not support low-
ering the upper limit of the TSH reference range to 2.5
mU/liter, but it is certainly reasonable to regard TSH con-
centrations of 2.5–4 mU/liter as a category of intermediate
risk, especially in women with positive thyroid antibodies.
Follow-up thyroid function testing for such individuals is
appropriate, as already recommended (2, 3).

In our previous cross-sectional study (6), we derived
reference ranges for TPOAbs and TgAbs based on 95%
confidence intervals from 2026 subjects with no history of
thyroid disease. For comparison, we also used the ap-
proach recommended by National Academy of Clinical
Biochemistry (NACB) guidelines of deriving these refer-
ence ranges from males aged under 30 yr with serum TSH
between 0.5 and 2.0 mU/liter (10). In the present study, the
optimal TPOAb cutoffs identified by ROC analysis (29
kIU/liter for hypothyroidism and 32 kIU/liter for overt
hypothyroidism) were close to the reference range upper
limits derived from the whole cohort (35 kIU/liter) and thatTA
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derived by the NACB-recommended approach (30 kIU/
liter). For TPOAb-positive subjects, the risk of hypothyroid-
ism was highest in subjects with the highest TPOAb concen-
trations, whereas mildly elevated TPOAb concentrations of
up to 3 times normal had no independent predictive value
after adjustment for age, sex, and TSH.

For TgAbs, the cutoff of 22 kIU/liter from the ROC
analysis differed substantially from the cutoff of 55 kIU/
liter derived from our cross-sectional analysis and was
closer to the cutoff of 28 kIU obtained using NACB guide-
lines (6). TgAb concentrations between 22 and 55 kIU/
liter were associated with a greater risk of hypothyroidism
than lower levels, but this was not significant after adjust-
ment for age, sex, and TSH. If the 22 kIU/liter cutoff were
adopted as reference range limit, the prevalence of TgAb
positivity in the cohort would increase from 6.4 to 17.3%,
and the prevalence of positive thyroid antibodies (TPOAbs
or TgAbs) from 13.3 to 21.1%. Unless positive TgAb status
(in the absence of TPOAbs) is shown to be an independent
risk factor for hypothyroidism, we do not believe that such
a drastic change to the reference interval is warranted, but
our data suggest that this question warrants further study.

In the Whickham Survey, positive thyroid antibody sta-
tus in women who were euthyroid at baseline (defined as
serum TSH �6 mU/liter) was a strong predictor of hypo-
thyroidism at follow-up, with an associated risk of 2.1%
per year (14). It is difficult to compare our results with
those because of differences in assay methods, TSH ref-
erence range, and follow-up duration. We found, how-
ever, that useful risk stratification is achieved by examin-
ing outcomes according to whether baseline TSH is in the

lower or upper part of the reference range. For
example, in antibody-positive women with
baseline TSH less than 2.5 mU/liter, the risk of
hypothyroidism was approximately 1% per
year and the risk of overt hypothyroidism
0.2% per year, whereas in antibody-positive
women with baseline TSH between 2.5 and 4.0
mU/liter, the risks were much higher, at 4 and
1% per year, respectively. (This use of annual-
ized estimates of risk may not be strictly valid
because it assumes a constant incidence of hypo-
thyroidism over time, but it is the only practical
way of comparing results from studies with dif-
ferent durations of follow-up.) Our results, as
summarized in Tables 6 and 7, will allow clini-
cians to use patients’ serum TSH and thyroid an-
tibody status to estimate the long-term risk of
hypothyroidism or overt hypothyroidism, as
preferred.

The strengths of our study include its large,
community-based cohort and the long fol-
low-up duration of 13 yr. Our study also has

limitations. First, we were able to study only survivors in
the cohort and have no information on the ultimate thy-
roid status of those who died or declined to participate in
the 1994 survey. However, the participation rate among
survivors was high (81%), and baseline thyroid and thy-
roid antibody status did not differ significantly between
participants and nonparticipants, making this unlikely
to be an important source of bias. Second, the definition
of hypothyroidism included physician-prescribed T4 re-
placement, and we had no access to serum TSH con-
centrations at the time of diagnosis for independent
verification.

In conclusion, in this 13-yr longitudinal analysis of a
community-based cohort, female gender and TSH were
the strongest risk factors for the presence of hypothyroid-
ism at follow-up. The use of TSH cutoffs of 2.5 and 4.0
mU/liter, combined with thyroid antibodies as measured
by automated immunoassay, provides a clinically useful
estimate of the long-term risk of hypothyroidism.
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Kyvik KO, Hegedüs L 2004 Establishment of a serum thyroid stim-
ulating hormone (TSH) reference interval in healthy adults. The
importance of environmental factors, including thyroid antibodies.
Clin Chem Lab Med 42:824–832

6. O’Leary PC, Feddema PH, Michelangeli VP, Leedman PJ, Chew GT,
Knuiman M, Kaye J, Walsh JP 2006 Investigations of thyroid hor-
mones and antibodies based on a community health survey: the
Busselton thyroid study. Clin Endocrinol (Oxf) 64:97–104

7. Kratzsch J, Fiedler GM, Leichtle A, Brüugel M, Buchbinder S, Otto
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