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Context: TSH reference limits, particularly the upper limit, are controversial. The traditional and
prevailing method for setting limits uses TSH distribution of thyroid disease-free individuals. The
curve is not Gaussian, but skewed to higher concentrations, even after log-transformation; values
in the skewed area are assumed to reflect mild hypothyroidism. The underlying assumption for this
traditional approach, which has not previously been tested, is that the limits derived from this curve
are applicable to all people. However, recent studies suggest that distinct subpopulations have
unique TSH distribution and reference limits that are significantly different from limits established
by the traditional approach.

Evidence Acquisition: A search was focused on articles that provide the basis for current recom-
mendations for setting TSH reference limits as well as articles that suggest that the traditional
method does not reflect accurately the TSH distribution and reference limits of distinct subpopu-
lations within the United States.

Evidence Synthesis: TSH distribution and reference limits shift to higher concentrations with age,
even up to centenarians, and are unique for different racial/ethnic groups, being at higher con-
centrations in Caucasians than either Blacks or Hispanics originating from Puerto Rico or the
Dominican Republic. The distribution curve derived by the traditional approach represents a com-
posite of curves from specific subpopulations that do not provide appropriate reference limits for
those unique groups.

Conclusions: Age- and race-specific TSH distribution and reference limits, possibly influenced by ge-
netic factors, should be employed to provide clinicians accurate limits for specific populations and
guidance for further evaluation of thyroid dysfunction. (J Clin Endocrinol Metab 95: 496-502, 2010)

erum TSH is the most sensitive index of thyroid func-
S tion in the absence of hypothalamic-pituitary dis-
ease. During the last § yr, several events have focused
attention on the determination of TSH reference limits,
particularly the upper limit. First, a detailed analysis of
TSH, T, and anti-thyroid antibodies in a representative
sample of the U.S. population [National Health and Nu-
trition Examination Survey III (NHANES IIT)] (1) showed
a dramatic and progressive increase in prevalence of TSH
above 4.5 mIU/liter with age, to up to 15% of individuals
more than 70 yr old without thyroid disease or risk factors
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for thyroid disease. Because about 35 million Americans
are currently older than 70 yr of age, 5.25 million would
be predicted to have raised TSH and therefore be desig-
nated hypothyroid by that analysis; 85% of those with
TSH above 4.5 mIU/liter had normal serum T, and would
therefore be diagnosed with subclinical hypothyroidism.
Second, in 2003, the American Association of Clinical En-
docrinologists abruptly recommended a decrease in the
upper limit of TSH to 3.0 mIU/liter (2); other experts rec-
ommended a further decrease to 2.5 mIU/liter (3, 4), pos-
sibly based on a similar suggestion in a monograph on

Abbreviations: AB, Antithyroid antibodies; SNP, single nucleotide polymorphism.
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laboratory medicine practice guidelines by the National
Academy of Clinical Biochemistry (NACB) (5). How-
ever, these recommendations were controversial (6, 7)
and still remain unsupported by studies of TSH distribu-
tion in thyroid disease-free populations. Moreover, if
those lower upper limits had been widely accepted, the
prevalence of raised TSH would have increased nearly
4-fold, designating about 20 million Americans with
raised TSH and possible hypothyroidism (6, 7). Lastly, the
ongoing debate over subclinical hypothyroidism, partic-
ularly its definition, association with adverse health out-
comes, recommendations for screening, and use of levo-
thyroxine for treatment (8—-10) has maintained focus on
defining the TSH upper limit.

Genetic Influence on Thyroid Hormone
and TSH Concentrations

In recent years, a number of reports have indicated hered-
itary and genetic influences on concentrations of free T,
and TSH. In an analysis of 12 monthly measurements of
free T, and TSH in 16 healthy men, Andersen et al. (11)
showed that the intraindividual variation in these hor-
mone concentrations was far smaller than the interindi-
vidual variation, demonstrating a high degree of repro-
ducibility in each individual’s measurements over time.
These findings suggested possible hereditary influences on
the concentrations of free T, and TSH and the negative
feedback set point. This thesis is supported by studies in
identical and fraternal twins that show a strong effect of
genetic factors and heredity on thyroid hormone and TSH
concentrations (12, 13) as well as the negative feedback set
point. Furthermore, a large study of Mexican-American
families, the San Antonio Family Heart Study (14), sug-
gested that genes controlled a substantial portion of the
variation in thyroid hormones. Lastly, recent studies (15—
19) showed that specific polymorphisms in genes that code
for the thyroid hormone receptors, the iodothyronine
deiodinases, and the TSH receptor are associated with
unique changes in serum thyroid hormone and TSH
concentrations.

Even if each individual has a unique genetically deter-
mined set point of serum thyroid hormones and TSH,
those previous concentrations are rarely available to cli-
nicians for comparison to current hormone measure-
ments. Thus, genetically determined hormone concentra-
tions are of limited practical help for diagnosis of thyroid
dysfunction. Practitioners must therefore depend on thy-
roid hormone and TSH distributions and reference limits
derived from population studies to determine whether
their patients fall within those limits or not. Such limits
may include TSH concentrations from a small number of
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people with thyroid disease whose genetically determined
serum TSH has changed, but not sufficiently to exceed
population-based reference limits. In fact, based on
NHANES III data (20), approximately 13% of the U.S.
population without known thyroid disease has antithy-
roid antibodies, and the majority of these individuals
(nearly 60%) have serum TSH between 0.4 and 2.5
mlU/liter.

At present, there are no data to support defining thyroid
dysfunction and providing treatment to patients whose
serum TSH concentration either minimally exceeds pop-
ulation-based upper limits, the 97.5 centile, or is mini-
mally below the lower limit, 2.5 centile. Treatment is gen-
erally recommended if serum TSH consistently exceeds 10
mlU/liter or remains less than 0.1 mIU/liter (8, 10). When
the serum TSH is at or minimally above or below popu-
lation-based limits, usually designated subclinical thyroid
dysfunction, the clinician should be alerted to assess the
patient carefully for thyroid disease. Treatment decisions
for individual patients should be based on the concentra-
tion of serum TSH, thorough clinical evaluation, and
within the framework of studies concerning adverse health
outcomes that are summarized in recent guidelines and
reviews (8, 10).

In this article, we examine the basic precepts and as-
sumptions underlying the prevailing interpretation of the
TSH distribution curve and methods for setting reference
limits for populations. Secondly, we review new findings,
which suggest that the prevailing interpretation does not
accurately reflect TSH distribution in specific age, race,
and ethnic groups, and finally, we evaluate the clinical
implications of using one distribution curve for all popula-
tions. We do not discuss the particular case of pregnant
women because this subject has recently been reviewed (21).

Prevailing Method for Determination of
TSH Reference Limits

Development of the RIA for TSH by Utiger (22) was a
landmark in endocrinology, subsequently enhanced by
employing monoclonal antibodies and immunometric
analysis, which resulted in a dramatic increase in assay
sensitivity. Clinicians can now readily distinguish un-
detectable TSH in patients with hyperthyroidism from
values of normal individuals. However, differences in
interlaboratory and intermethod precision, functional
sensitivity, particularly for decreased or suppressed
TSH, as well as assay specificity became apparent (23—
25). Because many institutions and independent labo-
ratories perform measurements of TSH using reagents
from a number of sources, concerns about assay reli-
ability persist.
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The recognition of these problematic issues, among
others, led to the development of rigorous standards for
TSH determination. In 2002, the NACB published con-
sensus guidelines that provided methodology and criteria
for optimal TSH determination, including quantitation of
assay interference, functional sensitivity, between-run
precision, and determination of reference limits (5). They
suggested that reference limits be established from TSH
concentrations of at least 120 individuals who do not have
thyroid disease. Such individuals should not have visible
goiter, family or personal history of thyroid disease, take
medications that can affect thyroid function, or have an-
tithyroid antibodies (AB). The TSH distribution curve of
such individuals is not Gaussian but is right-skewed to-
ward higher TSH concentrations, even after log-transfor-
mation (5). Recommended analyses employ nonparamet-
ric statistics and define the reference range using the
median TSH and 95 % confidence limits. Despite small but
statistically significant differences in median TSH and ref-
erence limits in different genders, races, and ages reported
in the NHANES IIT analysis, the authors suggested that
TSH reference intervals need not be individually adjusted
for these populations (1).

Does One TSH Distribution Curve Fit All?

The prevailing basis for interpreting TSH reference limits
for populations is that one distribution curve, developed
as recommended in the NACB guidelines, can be used for
all people in the U.S. population; that is “one size fits all.”
Two principal matters of debate are the inclusion of pa-
tients with thyroid ultrasound abnormalities and the im-
plications of the right skew or “tail” in the TSH distribu-
tion curve.

A minority of patients with undetected autoimmune
thyroid disease may have specific thyroid ultrasound ab-
normalities, including hypoechogenicity and heterogene-
ity of the echo signal, even in the absence of AB (26).
However, in one analysis, more than 70 % of AB— subjects
who had both hypoechogenicity and “irregular echo” had
TSH less than 3.6 mIU/liter (27), suggesting that the ma-
jority of individuals with these ultrasound abnormalities
do not have hypothyroidism.

The right skew of the TSH distribution curve has re-
ceived much attention and has been assumed to reflect
inclusion of patients with thyroid disease and early thyroid
failure (5). If that were true, the descending limb of the
distribution curve could be extrapolated to the x-axis,
with an intercept of about 2.5 to 3.0 mIU/liter, as sug-
gested (4, 5), and those individuals with TSH above that
limit could be considered hypothyroid. The evidence sup-
porting this assumption is a single report that showed a
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significant increase in rate of progression to overt hypo-
thyroidism when TSH was above 2.0 mIU/liter (28). For
all patients with TSH above 6.0 mIU/liter initially, the
20-yr incidence of overt hypothyroidism was 33% in
the absence of antithyroid antibodies (AB—) and 55%
in the presence of antithyroid antibodies (AB+). Extrap-
olation of a curve relating the probability of developing
hypothyroidism to the initial serum TSH was significant
statistically even when the initial TSH was in the 2.0 to 5.0
mlU/liter range (28).

However, a recent reanalysis of these data showed that
progression to overt hypothyroidism was much slower
when the initial TSH was 2.0 to 5.0 mIU/liter (7); 10-15%
per 20 yrin AB— and 20-40% per 20 yr in AB+ patients.
An important context for these findings is that even when
initial serum TSH was 1-2 mIU/liter, overt hypothyroid-
ism developed in 4% per 20 yr in AB— individuals and
20% per 20 yr in AB+ individuals (7). Thus, although
significant statistically, it is likely that only a minority of
people with TSH between 2 and 5 mIU/liter have thyroid
disease. This conclusion is generally supported by the rel-
atively low prevalence of AB (23.9%) when TSH was 2.5-
4.5 mIU/liter in clinically thyroid disease-free subjects re-
ported in NHANES III (1, 20).

The assumption that patients with autoimmune thy-
roid disease with mild hypothyroidism account for the
skew in TSH distribution curves has now been tested.
Three reports demonstrate that median TSH and reference
limits were not significantly influenced by exclusion of
patients with AB (29) or patients with both AB and ultra-
sound abnormalities (30, 31). These findings support the
conclusion that only a minority of people whose TSH falls
in the skew of the TSH distribution curve have thyroid
disease and that most do not. A recent review (7) of studies
of possible reasons that patients” TSH might fall in the
skew postulated that the majority of individuals, who do
not have thyroid disease, may have an exaggerated diurnal
variation or a shift in circadian TSH secretion caused by
working either the night shift or swing shift, or going to
sleep very late, engaging in vigorous exercise, having rare
congenital mutations in the TSH receptor, having TSH
with decreased biological activity, or being obese. Other
studies also show minimal increase in TSH in patients who
suffer from depression (32). None of these putative ex-
planations for the skew has been examined in population
studies.

One TSH Distribution Curve Does Not Fit
All

An alternative explanation for the skewed TSH distribu-
tion curve is that the currently employed curve is in fact a
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composite of unique curves for specific subpopulations,
such as people of different ages and ethnicities which,
when blended into a single distribution curve, creates the
appearance of a skew. If true, TSH reference limits derived
from the currently employed composite standard curve
would not appropriately apply to these subpopulations
and could lead to incorrectly designating patients either
within or outside of their respective population-specific
reference limits. For example, the NHANES III report de-
scribed a progressive increase in median TSH and refer-
ence limits with age for the thyroid disease-free popula-
tion, even after excluding those with AB (1). Italso showed
that median TSH and reference limits were lower in Black,
non-Hispanics compared with White, non-Hispanic indi-
viduals. The possibility that these changes in median TSH
and reference limits reflect TSH distributions unique for
these populations has recently been studied (20, 33, 34).

Theoretically, if a shift in median TSH derived from a
composite distribution curve reflects inclusion of patients
with thyroid dysfunction, the distribution curve would
have lower amplitude at peak frequency TSH concentra-
tion, which remains unchanged, and a significant skew
would be apparent (Fig. 1A). In contrast, when a shift in
median TSH represents the normal TSH distribution of a
subpopulation, the entire distribution curve would be dis-
placed in the direction of the changed median, including
the TSH concentration at peak frequency (Fig. 1B).

Age-Specific TSH Distribution and
Reference Limits

Using the NHANES IIT and NHANES 1999-2002 data-
bases, TSH distribution curves for thyroid disease-free
subjects appeared unique for different age groups and
shifted progressively to higher TSH concentrations with
age (Fig. 2) (20). Similar age-dependent shifts in TSH dis-
tribution were reported in an urban outpatient practice of

A Peak Frequency B Peak Frequencies
= 1=
S ] L
3 )
o a
e g
B b
TSH (miUiL) T TSH (miIUML) T T
97.5 74

Centile Centiles

FIG. 1. Theoretical curves to explain shift in median TSH for
populations. A, TSH distribution curves of a population without thyroid
disease (solid line), and the same population that includes subjects
with hypothyroidism (dashed line). B, TSH distribution curves of two
distinct subpopulations.
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FIG. 2. Shift in TSH distribution to higher concentrations with age. Data
from NHANES Il (NH3) and NHANES 1999-2002 (NH 99_02) populations.
[Reprinted with permission, Surks Ml and Hollowell JH (20).]

medicine, for well-defined Black, Caucasian, and His-
panic subgroups (33). The shift in TSH distribution to
higher concentrations with age has now been extended to
individuals who have achieved extreme longevity (34).
TSH distribution of a homogeneous cohort of Ashkenazi
Jewish centenarians (median age, 98 yr) was compared
with unrelated Ashkenazi controls, (median age, 69 yr)
and to age-matched controls from NHANES III (median
age, 70 yr). TSH distributed at higher concentrations in
the centenarians than in either control group (34). In an-
other study (19), TSH distribution of centenarians was
also shifted to significantly higher concentrations than
their offspring, and that of their offspring was at higher
TSH concentrations than their spouses, who served as age-
matched controls. These four reports suggest that the in-
crease in median TSH with age reflects mainly population
shifts in TSH distribution and support the use of age-spe-
cific reference limits in clinical practice.

Additionally, significant heritability of TSH between
the Ashkenazi Jewish centenarians and their offspring was
observed and was associated with two single nucleotide
polymorphisms (SNPs) in the TSH receptor gene (19). The
prevalence of the two SNPs was higher in the centenarians
and offspring than in the offspring’s spouses, and, within
groups, those who had these SNPs had higher TSH con-
centrations than those who did not. If these findings can be
extended to the other populations that demonstrate the
age shift in TSH distribution, they would suggest a genetic
origin for this change that could provide a basis for the
increased prevalence of raised TSH with aging. Moreover,
the increased prevalence of these SNPs in centenarians
raises the interesting hypothesis that the presence of the
two TSH receptor SNPs, associated with increased TSH,
may contribute to healthy aging (19).
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Race-Specific TSH Distribution and
Reference Limits

Several studies suggest that serum TSH in Blacks is lower
than in Caucasians (35-37), and the NHANES III report
(1) showed a significant decrease in median TSH in Blacks
compared with Caucasians: 1.14 mIU/liter compared with
1.43 mlU/liter, respectively. Because TSH distribution
curves for the groups were not reported, it was uncertain
whether the shift in median TSH resulted from skewed
curves or from population shifts in TSH distribution.
When TSH distribution curves for Whites, Blacks, and
Hispanics in a large urban outpatient medicine practice
were analyzed, the curves for Blacks and Hispanics were
superimposable. The curves for both of these populations
were significantly shifted to lower TSH concentrations
than the curve for Caucasians, including TSH concentra-
tion at peak frequency (33) (Fig. 3). The ascending and
descending limbs of both curves appeared parallel, with-
out significant skew. The median and 97.5th centile for
TSH in Whites were significantly higher than in Blacks.
Moreover, population shifts in TSH distribution to higher
values with aging occurred within each racial group. Me-
dian TSH and 97.5th centile were significantly higher in
older (>80 yr old) compared with younger (20-29 yr old)
Whites, and in older compared with younger Blacks.

A recent analysis (unpublished observations from the
NHANES III reference population) showed that TSH dis-
tribution and reference limits of Whites and Mexican-
Americans were superimposable and that both were sig-
nificantly shifted to higher TSH concentrations compared
with Blacks. The differences between Blacks and Cauca-
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sians in NHANES III were almost identical to the com-
parable populations from an urban outpatient medical
practice (33) (Fig. 3). However, TSH distribution of Mex-
ican-Americans in NHANES III, similar to Caucasians,
was quite different from that of urban Hispanics in Bronx,
New York (33). Because the Hispanic population studied
in the Bronx is derived mainly from Puerto Rico and the
Dominican Republic, genetic changes between these
groups and Mexican-Americans, both of Hispanic origins,
may be responsible for the different TSH distribution.

Potential Reclassification of Patients with
Thyroid Dysfunction

Given the evidence described above that the population
TSH distribution progressively increases with age and
shifts with race, significant misclassification of patients
with abnormal TSH and possible thyroid dysfunction can
occur unless age- and race-specific limits are employed. If
the traditional single composite curve from the reference
population of NHANES III is used, up to 15% of people
more than 70 yr of age exceed the upper reference limit of
4.12 mIU/liter (33). However, a published analysis shows
that up to 70% of those considered to have raised TSH
actually have values within their age-specific 97.5th cen-
tile (20). Using the 2.5th percentile from the NHANES III
reference population, i.e. 0.45 mIU/liter, 8 % of Blacks and
3.7% of Whites would be misclassified (based on race-
specific reference limits) as having decreased TSH. Mis-
classification may occur even when limits for subpopula-
tions are employed, depending on the thyroid disease-free

25 +

20 +

Percentage of population
>

—@— Disease-free Blacks
—&— Disease-free Whites
= © =Urban Blacks
= A =Urban Whites

0.01 0.02 0.03 0.04 0.05 0.08 0.12 0.18 0.27 04 0.6 0.91 1.37 2.07 3.12 4.7 7.08 10.68 16.09 24.25 36.54 55.07 83
TSH (miU/L)

FIG. 3. Shift in TSH distribution with race using NHANES Il disease-free population and urban outpatient population. Data for disease-free Blacks
and disease-free Caucasians are from NHANES IIl (1); data for urban Blacks and urban Caucasians are adapted from Boucai L and Surks Ml (33).
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volunteers who provide serum for TSH measurement. For
example, using the 97.5th centile from curves developed
with serum samples from young Blacks, 8% of old Blacks
and 10.7% of old Whites would be misclassified with
raised TSH and could be considered hypothyroid (33).

Conclusion, Recommendations, and
Challenges

First, the traditional “one size fits all” method for deter-
mining TSH reference limits does not reflect TSH distri-
bution and reference limits of specific ethnic groups and
people of different ages. The traditional curve is an inte-
gration of unique curves for each of these subpopulations.
Some of those curves, especially those of people older than
70 yr of age whose TSH distribution is shifted to higher
concentrations, likely account for much of the skew ob-
served in the traditional composite TSH distribution
curve. Based on the prevalence of AB, a minority of people
with TSH between 2.5 and 4.5 mIU/liter appear to have
thyroid disease.

Second, the shift to higher TSH concentration and ref-
erence limits with age has a genetic basis in an Ashkenazi
Jewish population, associated with the presence of two
SNPs in the regulatory/enhancer region of the TSH recep-
tor gene. The prevalence of these SNPs and increased TSH
is highest in centenarians and their offspring, compared
with controls that are age-matched to the offspring. All
populations studied to date exhibit the age-related shift in
TSH distribution, including other Caucasians, Blacks, and
Hispanics from Puerto Rico and the Dominican Republic,
and Mexican-Americans. If these or similar SNPs are re-
lated to increased TSH in these elderly populations, ge-
netic changes may be considered beneficial to healthy ag-
ing, and even to achieving extreme longevity.

And third, these new findings strongly argue for the use
of age- and ethnic/race-specific reference limits for TSH to
avoid significant misclassification of patients with abnor-
mal TSH who may or may not have thyroid dysfunction,
which occurs when the traditional composite curve and
derived limits are employed. This recommendation pro-
vides a challenge to clinical pathologists to devise new
paradigms for development of age- and ethnic-/race-spe-
cific TSH reference limits for use in clinical practice. When
a patient has serum TSH that is consistently outside of
their population-specific reference limits, the physician
should do a careful clinical evaluation to determine
whether the patient has thyroid dysfunction. Treatment is
generally recommended when patients have either overt or
subclinical hyperthyroidism because of associated adverse
cardiovascular events and bone loss (8, 10). However,
clinicians should be cautious about recommending life-
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time levothyroxine treatment when TSH is minimally
raised above population-specific reference limits, partic-
ularly in elderly patients, because adverse health outcomes
of minimally raised TSH concentrations, with the excep-
tion of a slow increase in risk of progression to overt hy-
pothyroidism, have not consistently been reported (8, 10).
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