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Context: The distribution of serum TSH shifts progressively to higher concentrations with age.

Objective: The aim of the study was to determine whether the population shift in TSH distribution
to higher concentrations with aging extends to people of exceptional longevity, namely cente-
narians, and to assess the relationship between concentrations of TSH and free T4 (FT4).

Design/Setting/Patients: We analyzed TSH, FT4, and TSH frequency distribution curves in thyroid
disease-free Ashkenazi Jews with exceptional longevity (centenarians; median age, 98 yr), in
younger Ashkenazi controls (median age, 72 yr), and in a population of thyroid disease-free in-
dividuals (median age, 68 yr) from the U.S. National Health and Nutrition Examination Survey
1998–2002 (NHANES controls).

Results: Serum TSH was significantly higher in centenarians [1.97 (0.42–7.15) mIU/liter] than in
Ashkenazi controls [1.55 (0.46–4.55) mIU/liter] and NHANES controls [1.61 (0.39–6.29) mIU/liter]
(median, 2.5 and 97.5 centiles) (P � 0.001). The TSH frequency distribution curve of centenarians
was relatively similar in shape to controls but shifted significantly to higher TSH, including TSH
concentration at peak frequency. The TSH distribution curve of the NHANES control group was
superimposable to and not significantly different from the Ashkenazi controls. FT4 was similar in
centenarians and Ashkenazi controls, and there was a significant inverse correlation between FT4
and TSH in both groups.

Conclusions: The TSH population shifts to higher concentrations with age appear to be a contin-
uum that extends even to people with exceptional longevity. The inverse correlation between TSH
and FT4 in our populations suggests that changes in negative feedback may contribute to excep-
tional longevity. (J Clin Endocrinol Metab 94: 1251–1254, 2009)

Subclinical hypothyroidism is diagnosed when serum TSH
concentration is above the upper reference limit and free T4

(FT4) remains within the reference range. Because the designa-
tion of subclinical hypothyroidism is so dependent on raised
serum TSH, accurate and population-specific reference ranges
are of major clinical importance.

Recent reports indicate that serum TSH concentrations and
distribution gradually increase with age (1), suggesting either a
decline in thyroid function or a reset in the TSH set point, which
may occur with aging. The prevailing recommendation of pro-
fessional societies (2), which is controversial (3), is to treat such

patients routinely with levothyroxine. However, despite exten-
sive study, the clinical implications of higher serum TSH ob-
served with aging remain unclear, and it is uncertain whether the
raised serum TSH adversely affects health, has no clinical im-
portance, or is a factor that contributes to healthy aging (3, 4).

Because hypothyroidism is associated with extreme longevity
in certain animal models (5) and various studies in humans show
an association between low thyroid function and longevity (6, 7),
we hypothesized that a progressive age-related shift in TSH
might be a continuum that would extend even to people with
exceptional longevity and possibly contribute to their longevity.
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To explore this hypothesis, we examined the distribution of se-
rum TSH and FT4 in a well-characterized population of Ash-
kenazi Jews with exceptional longevity (centenarians) and re-
lated their findings both to younger Ashkenazi controls and to
NHANES controls that are age-matched to the Ashkenazi
controls.

Subjects and Methods

Study population
A group of 232 Ashkenazi Jewish centenarians living independently

(166 females, median age, 97.8 yr; and 66 males, median age 97.6 yr)
were recruited to participate in the study; 188 younger unrelated Ash-
kenazi Jews served as a control group (Ashkenazi controls) (95 females,
median age, 69.7 yr; and 93 males, median age, 72.3 yr). The study
population was identified from the Longevity Genes Study at Albert
Einstein College of Medicine, Bronx, NY. Recruitment for the Longevity
Genes study has been described in detail elsewhere (8). Briefly, subjects
were recruited through publicity, and age was verified by birth certifi-
cates or U.S. passports. Medical history, demographic characteristics,
and clinical data were obtained uniformly using a structured question-
naire. All subjects underwent a physical examination and provided a
blood sample. Informed written consent was obtained in accordance
with the policy of the Committee on Clinical Investigation of the Albert
Einstein College of Medicine.

Exclusion criteria included: acute or debilitating medical condition
(not recruited), history of thyroid disease or subjects taking thyroid med-
ications (42 centenarians and 47 controls), or subjects with serum TSH
less than 0.4 mIU/liter and/or FT4 outside the reference limits (three
centenarians and three controls).

Another control group obtained from NHANES 1998–2002 data
included all 605 subjects in the 60- to 79-yr-old group who had serum
TSH determinations, did not have thyroid disease, or were taking thyroid
medications. We studied TSH distribution in this cohort (NHANES con-
trols), with median age 68 yr, comparable to the Ashkenazi controls, to
exclude the possibility of an ethnicity-related bias in the interpretation of
the data.

TSH and FT4 analyses
Measurements of TSH were performed at the laboratories of Mon-

tefiore Medical Center (Bronx, NY) using a solid-phase, two-site chemi-
luminescent immunometric assay (Immunolite 2000 Third Generation
TSH; Siemens Corp., Tarrytown, NY); manufacturer’s reference limits
were 0.4–4.0 mIU/liter. FT4 was measured using ELISA (Alpco Diag-
nostic, Salem, NH); manufacturer’s reference limits were 0.8–1.8 ng/dl.

Due to logistic and technical restrictions, serum TSH was analyzed in
232 centenarians and 185 controls, and serum FT4 was analyzed in 137
centenarians and 172 controls. However, only 97 centenarians and 150
controls had both serum TSH and FT4 determined. Also, due to insuf-
ficient serum available, we could not determine the antithyroid antibody
levels in our study population.

Statistical analysis
We used SAS software, version 9.12 (SAS Institute Inc., Cary, NC) for

data analysis. Plasma TSH and FT4 distributions were tested for nor-
mality using Shapiro-Wilk test and D’Agostino’s K-squared test and were
found to violate the normality assumption. Thus, a comparison between
nonparametric variables was performed using Kruskal-Wallis one-way
ANOVA by ranks and Mann-Whitney rank sum test. Spearman’s rank
correlation was used to examine the correlation between TSH and FT4.
The frequency distribution curves of TSH concentration were prepared
using log transformed values of TSH. To determine whether various
drugs taken by participants may affect TSH concentration, we applied a
linear regression model where serum TSH levels served as a dependent

variable, and various medications taken by our study subjects served as
independent variables. Data are presented as median (2.5 and 97.5 cen-
tiles). A P value �0.05 was considered statistically significant.

Results

Serum TSH was significantly higher in the centenarians [1.97
(0.42–7.15) mIU/liter] compared with the Ashkenazi controls
[1.55 (0.46–4.55) mIU/liter] (median, 2.5 and 97.5 centiles)
(P � 0.001). The frequency distribution curves for TSH ap-
peared relatively similar in shape but shifted to higher TSH con-
centrations in the centenarians, including the TSH concentration
at peak frequency (Fig. 1). The distribution curve for centenar-
ians may possibly be minimally skewed to higher values com-
pared with the Ashkenazi controls. The percentage of subjects
with TSH greater than 2.5 mIU/liter was 15.4% in the controls
and 35.2% in the centenarians.

We further compared the TSH distribution curves of the cen-
tenarians and Ashkenazi controls to the thyroid disease-free
NHANES control group (Fig. 1). Median TSH concentrations
were similar in the Ashkenazi and NHANES control groups
[1.55 (0.46–4.55) mIU/liter and 1.61 (0.39–6.29) mIU/liter, re-
spectively (P � 0.18)]. TSH distribution in the Ashkenazi control
group did not differ significantly from the NHANES control
group (P � 0.17). However, TSH distribution in the centenarians
was shifted significantly to higher serum concentrations com-
pared with Ashkenazi and NHANES control groups (P � 0.01
and P � 0.002, respectively).

Serum FT4 concentrations were similar in the centenarians
and Ashkenazi control group with a median of 1.02 (0.62–2.02)
ng/dl in centenarians and 1.02 (0.63–1.67) ng/dl in controls (P �

0.37). There was an inverse correlation between FT4 and TSH in
the centenarians (r � �0.27; P � 0.02; Fig. 2A) and in the control
group (r � �0.17; P � 0.047; Fig. 2B). FT4 determinations were
not available for the NHANES control group.

Analysis of the association between various medications
taken by the centenarians and serum TSH concentrations
showed no significant effect of any medication. Furthermore,
applying a statistical stepwise regression of a mixed model where
probability to enter was 0.25 and probability to leave was 0.05
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FIG. 1. TSH Distribution in disease-free centenarians, Ashkenazi controls, and
NHANES controls. The frequency distribution curves of TSH concentration were
prepared using log-transformed values of TSH concentrations. Bin values were
calculated by using the antilog function on the equal interval concentrations.
Note that intervals on horizontal axis are not equal.
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demonstrated that none of the medications had any significant
effect.

Discussion

Our data demonstrate that centenarians have significantly
higher median serum TSH concentrations compared with
younger Ashkenazi controls. Furthermore, TSH distribution in
centenarians was shifted toward higher TSH levels, underscoring
the fact that the majority of the centenarian population had
higher serum TSH values compared with the Ashkenazi control
group. Because the selection of Jewish subjects was a basic re-
quirement in the Longevity Genes Project (8, 9), all the cente-
narian and Ashkenazi control population was Jewish. The rea-
son we chose NHANES data as an additional control group was
to determine whether there might be an ethnicity-related effect
on serum TSH concentrations that could affect our results. In-
deed, our control group had a median serum TSH concentration
and distribution comparable to its age-matched cohort from
NHANES, demonstrating that our results were not biased by the
ethnicity of the centenarians and Ashkenazi controls. Moreover,
serum TSH determinations for the centenarian and Ashkenazi
control populations were performed at the same laboratory
(Montefiore Medical Center), excluding the possibility of labo-
ratory-related bias.

A previous analysis of TSH distribution in the U.S. population
demonstrated a progressive increase in median TSH with aging
(1). Recent reports showed that this progressive increase in se-
rum TSH resulted from a population distribution shift to higher
TSH, independent of antithyroid antibodies (10, 11). Median

TSH of centenarians (1.97 mIU/liter) was higher than Ashkenazi
or NHANES controls (1.51 and 1.61 mIU/liter, respectively), as
well as the older than 80 yr group in NHANES III (1.90 mIU/
liter) (1). Taken together, our findings suggest that the progres-
sive population increase in serum TSH with aging extends even
to individuals with extreme longevity.

Some of the increase in serum TSH distribution associated
with aging could be due to an increase in prevalence of acquired
autoimmune thyroid disease. Indeed, antithyroid antibody prev-
alence does increase with age (1, 10), appears to plateau after 60
yr of age at approximately 26%, and may decrease in those with
exceptional longevity (12). We believe that autoimmune thyroid
disease, while probably present in some individuals, is not pri-
marily responsible for the population shifts observed here and
elsewhere (10, 11). A progressive increase in the incidence of
acquired thyroid disease with age should not result in a shift to
higher TSH at peak frequency in TSH distribution curves and
should produce a notable skew to higher TSH. Neither of these
findings was apparent in our study, or in other reports (10, 11).

Our findings support other reports demonstrating elevated
serum TSH concentrations in extreme longevity (7, 13). Inter-
estingly, other studies show a decrease in serum TSH levels in
centenarians (14, 15). We suggest that these data should be in-
terpreted cautiously because the reported studies have smaller
numbers of subjects, some living in areas of variable iodine de-
ficiency, and have different genetic backgrounds. Our findings
should not, therefore, be extrapolated to populations outside of
North America.

Among possible explanations for a continuum of progressive
increase in TSH with aging, even to centenarians, are effects of
medications, age-related alterations in TSH glycosylation, atro-
phic nonautoimmune changes in the thyroid, negative feedback
set points, or hypothyroidism. The inverse correlation of FT4
and TSH observed here and previously (11) provides support
either for an altered set point or subtle hypothyroidism. Because
the population shifts in TSH with aging do not appear related
primarily to autoimmune thyroid disease (10), it is possible that
the same FT4 and TSH concentrations in these individuals were
present from a young age and contributed to healthy aging. This
could account for the progressive increase in prevalence of raised
TSH with aging in cross-sectional population studies because the
remainder of the population might die at earlier ages. Finally, we
cannot completely exclude the possibility that autoimmune thy-
roid disease, for which prevalence also increases with age, might
play a role in our findings. However, the fact that centenarians
have higher serum TSH concentration suggests that the increase
in serum TSH is related to a favorable role in their healthy aging
regardless of the underlying mechanism. In this regard, it is no-
table that animal studies (5, 16, 17) suggest an association of
hypothyroidism with improved longevity.

Although it remains unclear from numerous clinical studies
whether altered negative-feedback between FT4 and TSH or sub-
tle hypothyroidism raises the risk of adverse health outcomes,
this, a priori, does not seem likely for individuals who have
achieved exceptional longevity. Data concerning adverse health
consequences of subclinical hypothyroidism remain conflicting
(3, 4). Numerous studies of cardiovascular outcomes in subclin-
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FIG. 2. Correlation between FT4 and TSH in the centenarians (A), and in
Ashkenazi controls (B).
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ical hypothyroidism and even several meta-analyses have come
to opposite conclusions (18). However, two recent meta-analy-
ses suggest that increased risk for adverse cardiovascular out-
comes occurs in patients younger than 65 yr of age, but not in
those more than 65 yr old (19, 20). Until these issues are settled
by further research, it seems prudent not to treat routinely elderly
patients with levothyroxine because they are found to have a
minimal increase in serum TSH.
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