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Summary 
Background: This study aims to establish reference inter-
vals (RIs) for thyroid hormones in the elderly population
and analyze their influence on the prevalence of subclinical
hypothyroidism.
Methods: Thyroid hormone records of subjects who under-
went routine health checkup at our hospital between 2018
and 2020 were analyzed. Thyroid stimulating hormone
(TSH), total triiodothyronine, total thyroxine, free triiodothy-
ronine (FT3), and free thyroxine (FT4) levels were com-
pared between young and elderly subjects. Thresholds of
these thyroid hormones were established for elderly sub-
jects. 
Results: A total of 22,207 subjects were included. Of them,
2,254 (10.15%) were aged ≥ 65 years. Elderly subjects had
higher TSH, and lower FT3 and FT4 levels when compared
with young subjects. In the elderly group, the RIs for TSH,
FT3 and FT4 were 0.55–5.14 mIU/L, 3.68–5.47 pmol/L,
and 12.00–19.87 pmol/L, respectively. The age- and sex-
specific RIs for TSH were 0.56–5.07 mIU/L for men and
0.51–5.25 mIU/L for women. With whole-group RIs and
age- and sex-specific RIs for elderly people, the prevalence
of subclinical hypothyroidism was 9.83% and 6.29% (p <
0.001), respectively. 
Conclusions: Elderly individuals had higher TSH levels than
young individuals. Our study indicated that establishing
specific RIs for elderly individuals is needed. This has impli-
cations for the diagnosis and management of subclinical
hypothyroidism in the elderly population.

Keywords: subclinical hypothyroidism, elderly, thyroid
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Kratak sadr`aj
Uvod: Ova studija ima za cilj da utvrdi referentne intervale
(RI) za tiroidne hormone u starijoj populaciji i analizira nji-
hov uticaj na prevalenciju subklini~kog hipotireoze.
Metode: Analizirani su podaci o hormonima {titaste `lezde
ispitanika koji su bili podvrgnuti rutinskom zdravstvenom
pregledu u na{oj bolnici u periodu od 2018. do 2020.
godine. Tireostimuli{u}i hormon (TSH), ukupni trijod -
tironin, ukupni tiroksin, slobodni trijodtironin (FT3) i nivo
slobodnog tiroksina (FT4) upore|ivani su izme|u mladih i
starijih ispitanika. Pragovi vrednosti ovih tiroidnih hormona
su utvr|eni za starije osobe.
Rezultati: Uklju~eno je ukupno 22.207 ispitanika. Od njih
2.254 (10,15%) bilo je staro ≥ 65 godina. Stariji subjekti su
imali ve}i TSH i ni`e nivoe FT3 i FT4 u pore|enju sa
mladim subjektima. U starijoj grupi, RI za TSH, FT3 i FT4
bili su 0,55–5,14 mIU/L, 3,68–5,47 pmol/L i 12,00–
19,87 pmol/L, respektivno. RI za TSH bio je 0,56–5,07
mIU/L za mu{karce i 0,51–5,25 mIU/L za `ene. Kod RI
cele grupe i RI specifi~nih za uzrast i pol za starije osobe,
prevalencija subklini~kog hipotireoze bila je 9,83% i 6,29%
(p < 0,001), respektivno.
Zaklju~ak: Starije osobe su imale ve}i nivo TSH od mladih
osoba. Na{a studija je pokazala da je potrebno uspostav -
ljanje specifi~nih RI za starije osobe. Ovo ima implikacije na
dijagnozu i le~enje subklini~kog hipotireoze kod starije
populacije.

Klju~ne re~i: subklini~ki hipotireoza, starije osobe,
tiroidni hormoni, referentni intervali
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Introduction 

According to the Seventh National Population
Census of China in 2020, which was released by the
National Bureau of Statistics of China, the Chinese
population aged ≥ 60 years numbered over 264 mil-
lion (264,018,766), accounting for 18.70% of the
total population, and the population aged ≥ 65 years
accounted for 13.50% of the total population (1).
Compared with 2010, the proportion of the popula-
tion aged ≥ 60 years and ≥ 65 years increased by
5.44% and 4.63%, respectively (1). China’s popula-
tion is rapidly aging, with a high prevalence of age-
related diseases; this poses a significant challenge to
the Chinese healthcare system. The morphology of
the thyroid gland and its synthetic and secretory func-
tions change physiologically and pathologically with
age. Thyroid volume shrinks gradually after 50 years
of age, and is associated with the fibrosis, atrophy,
and lymphocytic  infiltration of the gland (2).
Compared with young people, iodine level in the eld-
erly population is reduced, which may be related to a
low-salt diet and decreased absorption capacity
caused by comorbidities and drugs (2). It has been
reported that with normal aging, thyroid stimulating
hormone (TSH) level increases, free thyroxine (FT4)
level remains stable or increases slightly, and total tri-
iodothyronine (TT3) and free triiodothyronine (FT3)
levels decrease (3–5).

As reported previously, the prevalence of
hypothyroidism ranges from about 12–18% in the
elderly population, comparatively higher than the
3.7–9.5% in the general population (6–9). Subclinical
hypothyroidism with elevated TSH and normal FT4
levels is largely proportional to the prevalence of
hypothyroidism. This relationship is reflected in a
study based on the National Health and Nutrition
Examination Survey (NHANES), which showed that
the prevalence rate of subclinical hypothyroidism
increased in older age categories (7). The age cate-
gories of 12–49, 50–79, and > 80 years showed
prevalence rates of 2.2%, 5.0%, and 10.9%, respec-
tively (7). The prevalence rate in NHANES is based
on reference intervals (RIs) for the general popula-
tion. The clinical manifestations of hypothyroidism in
the elderly are often diverse, lack specificity, and are
also affected by comorbidities (10). Therefore, the
diagnosis of hypothyroidism and subclinical hypothy-
roidism in the elderly is dependent mainly on serum
thyroid function tests, including TSH, FT4, and FT3. 

TSH level increases gradually with age and can
be considered a part of the normal human aging
process (8). Nevertheless, most hospitals still use a
unified reference interval for people of different age
categories, established based on the general popula-
tion, which may increase cases of misdiagnosed
hypothyroidism, especially subclinical hypothyroidism,
in elderly people. Consequently, unnecessary thyrox-
ine replacement therapy is prescribed, which has no

benefits and increases the risk of developing atrial fib-
rillation and fractures (11,12).

In this study, we analyzed the influence of age
on thyroid hormone levels and established RIs for thy-
roid function tests in the Chinese elderly population.
Further, we also analyzed the influence of these RIs
on the diagnosis of hypothyroidism.

Materials and Methods

Data collection

Thyroid hormone records of patients who under-
went routine health checkup at Xuanwu Hospital,
Capital Medical University, Beijing, China, between
January 2018 and July 2020 were extracted from the
laboratory information system. The extracted data
included sex, age of routine health checkups, and the
TSH, TT3, TT4, FT3, and FT4 values. We extracted
24,780 subjects from the laboratory information sys-
tem. The exclusion criteria were as follows: subjects
with missing information (including TSH, TT3, TT4,
FT3, FT4, sex, and age), TSH out of detection range
(>150 mIU/L and <0.008 mIU/L), <18 years old,
pregnant females, and abnormal anti-thyroid peroxi-
dase antibody (>60,000 IU/L) or anti-thyroglobulin
antibody (>41,000 IU/L) (13). Finally, 24,609 sub-
jects were included in the study.

Laboratory measurements and quality assurance

Fasting blood samples were drawn into red-
capped vacuette blood collection tubes (Greiner Bio-
One, Kremsmünster, Austria) and we used it through-
out the study. All samples were centrifuged at 3000
rpm for 10 min. Sample collection, transportation,
and pretreatment were performed strictly according
to the standard operating procedures of our laborato-
ry based on the National Guide to Clinical Laboratory
Procedures and The Clinical & Laboratory Standards
Institute. Fasting blood samples were collected from
7:30 am to 10:30 am. Centrifugation was completed
within 2 hours of collection. Samples with lipemia and
hemolysis were excluded based on the unqualified
sample process. All samples were tested using a
Siemens ADVIA Centaur XP Immunoassay System
(Siemens Healthcare Diagnostics Inc., Tarrytown, NY,
USA), and regular calibration was conducted using
the matching reagent as suggested by the manufac-
turer. To ensure the measurement quality, internal
quality control was performed using quality control
materials (BIO RAD lyphochek Immunoassay Plus
Control) before sample data were collected every day.
We also participated in external quality assessments
by the National Center for Clinical Laboratories to
ensure precision.
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Statistical Analysis

We used the Tukey method to remove outliers
(13). The median, first quartile (Q1), third quartile
(Q3), and interquartile range (IQR) were calculated.
Datapoints below Q1–1.5*IQR or above Q3+
1.5*IQR were considered outliers. The Kolmogorov–
Smirnov test was used to measure data distribution.
Normally distributed data are presented as the mean
± SD. Non-normally distributed data are described as
the median and IQR. For non-normally distributed
data, the Mann–Whitney U test and Kruskal–Wallis
test were used to compare differences between
groups, as appropriate. The thresholds for TSH, TT3,
TT4, FT3, and FT4 were established as the 2.5th and
97.5th percentiles of the distribution for the reference
subjects. We analyzed the prevalence of hypothy-
roidism with whole-group RIs, and our recommended
age- and sex-specific RIs for elderly people. Overt
hypothyroidism was defined as high TSH and low
TT4 or FT4 levels. Subclinical hypothyroidism was
defined as high TSH and normal TT4 and FT4 levels.
Elderly individuals were defined as those aged ≥ 65
years. When analyzing the prevalence of hypothy-
roidism, all subjects aged ≥ 65 years in our database
were considered. SPSS 23 software (IBM Inc.,
Armonk, NY, USA) was used to analyze the data.
Results with p < 0.05 were considered significant.

Results

The data of 24,780 subjects were extracted
from the laboratory information system. After remov-

ing data that fell under the exclusion criteria
(n=171), 24,609 subjects were included in the study.
Then, we excluded 2402 outliers using the Tukey
method; 22,207 subjects were finally included. Of
them, 2,254 (10.15%) were aged ≥ 65 years. The
Kolmogorov-Smirnov test showed that TSH, TT3,
TT4, FT3 and FT4 levels were non-normally distrib-
uted. The median (IQR) TSH, TT3, TT4, FT3, FT4
levels were 1.91 (1.38–2.65) mIU/L, 1.60 (1.45-
1.77) nmol/L, 98.04 (86.43–108.36) nmol/L, 4.79
(4.45–5.14) pmol/L and 15.74 (14.45–17.03)
pmol/L, respectively. The basic characteristics of the
subjects are listed in Table I.

Distribution of thyroid hormones according to
age

As shown in Table I, FT3 and FT4 levels declined
with age. TSH (Figure 1) and TT4 levels tended to
increase with age after 30–39 years. TT3 showed no
apparent trend with age. 

As shown in Table I and Figure 2, elderly sub-
jects had higher TSH (median 1.96 vs. 1.91 mIU/L),
and TT4 (median 100.62 vs. 96.75 nmol/L) levels,
lower FT3 (median 4.57 vs. 4.80 pmol/L) and FT4
(median 15.48 vs. 15.74 pmol/L) levels when com-
pared with those of younger subjects. TT3 (median
1.60 vs. 1.60 nmol/L) levels were similar between the
two groups. 

Table I The basic characteristics of subjects and distribution among different gender and age groups.

Characteristics Number TSH
(mIU/L) p TT3

(nmol/L) p TT4
(nmol/L) p FT3

pmol/L) p FT4
(pmol/L) p

Gender

Men 10548 1.80 <0.001 1.65 <0.001 96.75 0.001 5.04 <0.001 16.38 <0.001

Women 11659 2.02 1.57 98.04 4.57 15.22

Age

18–29 2781 1.94 <0.001 1.60 <0.001 98.04 <0.001 4.90 <0.001 16.25 <0.001

30–39 6545 1.87 1.59 95.46 4.87 15.87

40–49 5206 1.89 1.59 96.75 4.74 15.61

50–64 5421 1.97 1.62 99.33 4.76 15.61

>=65 2254 1.96 1.60 100.62 4.57 15.48

Young/Elderly

Young (18–64) 2254 1.91 0.002 1.60 0.862 96.75 <0.001 4.80 <0.001 15.74 <0.001

Elderly (>=65) 19953 1.96 1.60 100.62 4.57 15.48

TSH, TT3, TT4, FT3, and FT4 are presented as median.
Abbreviations: TSH, thyroid stimulating hormone; TT3, total triiodothyronine; TT4, total thyroxine; FT3, free triiodothyronine;
FT4, free thyroxine.



RIs in elderly subjects

As shown in Table II, the RIs for TSH, TT3, TT4,
FT3, and FT4 were 0.64–4.31 mIU/L, 1.17–2.13
nmol/L, 67.08–131.58 nmol/L, 3.85–5.85 pmol/L,
and 12.38–19.74 pmol/L in whole group, respective-
ly. In the elderly group, the RIs for TSH, FT3 and FT4
were 0.55–5.14 mIU/L, 3.68–5.47 pmol/L, and
12.00–19.87 pmol/L, respectively. In the elderly
group, women had higher TSH (median, 2.18 vs.
1.85 mIU/L, p<0.001, Figure 3) and TT4 (median,
104.49 vs. 98.04 nmol/L, p<0.001) levels and lower
FT3 (median, 4.47 vs. 4.67 pmol/L, p<0.001) and
FT4 (median, 15.22 vs. 15.74 pmol/L, p<0.001)
levels. TT3 levels were similar between women and
men (median, 1.60 vs. 1.60 nmol/L, p=0.872). 

After excluding 278 outliers, 2377 subjects
were used to establish RIs for elderly individuals. The
RIs for elderly women and men are shown in Table II.
The age- and sex-specific RIs for TSH were 0.56–
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Figure 1 The distribution of thyroid stimulating hormone
(TSH) with age
Plots showing the median TSH for each of the changes accord-
ing to different age group.

Figure 2 Thyroid stimulating hormone (TSH) distribution in
young and elderly individuals.
Plots showing the median TSH of young individuals (aged 18–
64 years) and elderly individuals (aged ≥ 65 years). *p<0.05.

Figure 3 Gender distribution of thyroid stimulating hormone
(TSH) in elderly individuals
Plots showing the median TSH of men and women in elderly
individuals. *p<0.05.

Table II Whole-group RIs and age- and sex-specific RIs for elderly people for thyroid hormones.

Whole-group RIs and age- and sex-specific RIs for elderly people were established as the P2.5 and P97.5.
Abbreviations: TSH, thyroid stimulating hormone; TT3, total triiodothyronine; TT4, total thyroxine; FT3, free triiodothyronine; FT4, free
thyroxine; RIs, reference intervals.

TSH (mIU/L) TT3 (nmol/L) TT4 (nmol/L) FT3 (pmol/L) FT4 (pmol/L)

Whole-group RIs 0.64–4.31 1.17–2.13 67.08–131.58 3.85–5.85 12.38–19.74

Age- and 
sex-specific RIs 
for elderly people

Men 0.56–5.07 1.08–2.14 61.92–135.45 3.73–5.53 12.13–20.00

Women 0.51–5.25 1.17–2.13 72.24–139.32 3.65–5.31 11.74–19.22
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5.07 mIU/L for men and 0.51–5.25 mIU/L for
women.

A total of 2,655 elderly subjects were included
to analyze the prevalence of overt and subclinical
hypothyroidism. Applying whole-group RIs and age-
and sex-specific RIs for elderly people, 2218 and
2375 (p<0.001) subjects had normal TSH, respec-
tively. With age- and sex-specific RIs, more subjects
had normal TSH. As shown in Table III, with whole-
group RIs and age- and sex-specific RIs for elderly
people, the prevalence of hypothyroidism (including
overt or subclinical hypothyroidism) was 12.09% and
7.83% (p< 0.001), respectively; prevalence of sub-
clinical hypothyroidism was 9.83% and 6.29% (p<
0.001), respectively; and the prevalence of overt
hypothyroidism was 2.30% and 1.54% (p= 0.056),
respectively. Less individuals were diagnosed with
subclinical hypothyroidism with age- and sex-specific
RIs for elderly people.

Discussion

In the present study, we found that elderly peo-
ple had higher TSH levels than young people; this is
similar to previous reports (3–5, 14). NHANES III, a
cross-sectional study that included 16,533 individu-
als, demonstrated that TSH concentration increases
with age. For individuals aged 20–29 and > 80 years,
the median TSH level was 1.28 mIU/L and 2.08
mIU/L, respectively (15). In a longitudinal study of a
community-based cohort, TSH, FT4, thyroglobulin
antibodies, and thyroid peroxidase were measured in
1,100 participants in 1981 and 1994 (4). After
excluding participants with thyroid disease or thyroid
antibodies, 908 participants were analyzed. The
mean baseline age (in 1981) was 45 years. During
13 years of follow-up, TSH increased from 1.49 to
1.81 mIU/L (4). Another study included 843 partici-
pants > 85 years from the Cardiovascular Health
Study All Stars Study; TSH, FT4, TT3, and thyroid
peroxidase antibodies were measured in 1992–1993
and 2005–2006. During follow-up, there was a sta-
tistically significant 13% increase in TSH levels (3). 

It has been reported that FT4 remains stable or
increase slightly with age; TT3 and FT3 levels
decrease with age (3, 4, 14). In the Cardiovascular
Health Study All Stars Study, there was a 1.7%

increase in FT4 and a 13% decrease in TT3 over 13
years (3). In a community-based cohort longitudinal
study, the mean FT4 remained unchanged (16.6
pmol/L vs. 16.6 pmol/L) at the 13-year follow-up (4).
Similar to these studies, we found that FT3 levels
decreased with age. However, in the present study,
elderly subjects had lower FT4 levels than young sub-
jects, and TT3 was similar between the two groups,
which is different from previous reports. There are
several reasons for this. First, the research methods
used were different. The Cardiovascular Health Study
All Stars Study and the study by Waring et al. (3) and
Bremner et al. (4) were cohort studies. The present
study was a cross-sectional study. Second, the study
population differed. Previous studies were communi-
ty-based; our study was based on data acquired from
routine health checkups (3, 4). 

In the present study, we devised RIs for thyroid
hormone levels in the elderly. We recommended
0.56–5.07 mIU/L for men and 0.51–5.25 mIU/L for
women as RIs for TSH in the elderly. In previous stud-
ies, RIs recommended for the elderly were 0.32–5.55
mIU/L; 0.53–5.24 mIU/L (men), and 0.34–5.73
mIU/L (women); 0.28–6.53 mIU/L (men) and 0.44–
6.8 mIU/L (women); and 0.58–6.2 mIU/L (men) and
0.54–6.07 mIU/L (women) (16–19). The recom-
mended RIs for elderly subjects were different in
these studies. There are several reasons for this. First,
race, seasons, temperature, sampling time, and iodine
intake influence thyroid hormone levels (8, 20).
Second, the equipment and reagents influenced thy-
roid hormone testing. Third, in these studies, the def-
inition of elderly differed, including >65, >70, and
>80 years (16–19). As many factors influence RIs, it
is meaningful to establish new RIs, although several
RIs for elderly subjects have been reported, as shown
above. The newly established RIs are more applicable
in our region and institutes using the same automatic
method. In the 2019 French Endocrine Society con-
sensus statement, for individuals > 60 years, the
upper limit of RIs is the patient’s age (decade) divided
by 10: for example, TSH ≤ 7 for 70-year-old, or ≤ 8
mIU/L for 80-year-old individuals (21).

Symptoms of subclinical hypothyroidism are
non-specific or atypical in the elderly; therefore, the
diagnosis of subclinical hypothyroidism is dependent
on thyroid hormone levels. The prevalence of subclin-
ical hypothyroidism depends on the upper limit of

Table III Prevalence of overt and subclinical hypothyroidism in elderly individuals with whole-group RIs and age- and sex-specific
RIs for elderly people.

Overt 
hypothyroidism p Subclinical 

hypothyroidism p Overt or subclinical
hypothyroidism p

Whole-group RIs 60 (2.30%) 0.056 261 (9.83%) < 0.001 321 (12.09%) <0.001

Age- and sex-specific RIs 
for elderly people 41 (1.54%) 167 (6.29%) 208 (7.83%)
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TSH levels. The upper limits of RIs for TSH were 5.07
mIU/L for men and 5.25 mIU/L for women in the
elderly. This is higher than 4.31 mIU/L, which is
whole-group upper limit for the general population.
With a higher TSH upper limit reference interval,
fewer elderly individuals will be diagnosed with sub-
clinical hypothyroidism. After applying whole-group
RIs and age- and sex-specific RIs for elderly people,
the prevalence rates of subclinical hypothyroidism
were 9.83% and 6.29% (p< 0.001), respectively; the
prevalence of subclinical hypothyroidism was reduced
by approximately 3.5%. Considering that there are
more than 190 million elderly individuals in China,
the change in RIs for TSH will prevent many such
patients from being misdiagnosed with subclinical
hypothyroidism. It has been reported that in elderly
individuals with TSH <7 mIU/L, the cardiovascular,
musculoskeletal, and neurocognitive risks did not
increase (21, 22). Moreover, mortality in elderly indi-
viduals with subclinical hypothyroidism is not
increased (3). In the 2019 French Endocrine Society
consensus statement, levothyroxine replacement ther-
apy is not recommended for patients with TSH < 10
mIU/L (21). A higher TSH upper limit of normal will
result in fewer elderly individuals being diagnosed
with subclinical hypothyroidism and reduce unneces-
sary replacement therapy.

This study had some limitations. Firstly, when we
establish RIs for thyroid hormones, we need to
exclude individuals with goiter and known thyroid dis-
ease. In the present study, these individuals were not
completely excluded. Instead, outliers were excluded
with the Tukey method. The RIs established in the
present study cannot be directly used. Before clinical
application, we need to establish age- and sex-specif-
ic RIs with strict inclusion and exclusion criteria.
Secondly, we used the same population to establish
RIs and calculate the prevalence hypothyroidism.
Calculation of the prevalence of hypothyroidism with
an independent population is needed.

Conclusion

Elderly individuals had higher TSH levels than
young individuals. Our study indicated that establish-
ing specific RIs for elderly individuals is needed. This
has implications for the diagnosis and management of
subclinical hypothyroidism in the elderly population.

Ethics approval and informed consent

All procedures performed in studies involving
human participants were in accordance with the eth-
ical standards of the institutional and/or national
research committee and with the 1964 Helsinki dec-
laration. The study was approved by the Bioethics
Committee of Xuanwu Hospital, Capital Medical
University. Written informed consent from the study
subjects was not acquired because: this is a retrospec-
tive study, the research could not practicably be car-
ried out without the requested waiver or alteration.
The research involves no more than minimal risk to
the subjects; the waiver or alteration will not adversely
affect the rights and welfare of the subjects. We con-
firm that patient data confidentiality is protected
strictly. There is no identifiable information in the
paper.

Funding. This study was supported by the
National Nature Science Foundation of China (grant
number 81901406), Beijing Municipal Adminis -
tration of Hospitals’ Ascent Plan (DFL20180803),
and Beijing High-level Public Health Technical Talent
Development Plan (2022-01-023).

Abbreviations: TSH, thyroid stimulating hor-
mone; TT3, total triiodothyronine; TT4, total thyrox-
ine; FT3, free triiodothyronine; FT4, free thyroxine;
RIs, reference intervals; Q1, first quartile; Q3 third
quartile; IQR, interquartile range 

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

References

1. National Bureau of Statistics of China. The Seventh
National Population Census of China. URL:http://www.
stats.gov.cn/ztjc/zdtjgz/zgrkpc/dqcrkpc/ggl/202105/t2
0210519_1817698.html. Accessed at Nov 3rd, 2021.

2. Higgins K. Thyroid Disorders in the Elderly: An Overall
Summary. Clin Geriatr Med 2018; 34: 259–77.

3. Waring AC, Arnold AM, Newman AB, Buzkova P, Hirsch
C, Cappola AR. Longitudinal changes in thyroid function
in the oldest old and survival: the cardiovascular health
study all-stars study. J Clin Endocrinol Metab 2012; 97:
3944–50.

4. Bremner AP, Feddema P, Leedman PJ, Brown SJ, Beilby
JP, Lim EM, et al. Age-related changes in thyroid func-
tion: a longitudinal study of a community-based cohort.
J Clin Endocrinol Metab 2012; 97: 1554–62.

5. Bjergved L, Jorgensen T, Perrild H, Carle A, Cerqueira
C, Krejbjerg A, et al. Predictors of change in serum
TSH after iodine fortification: an 11-year follow-up to
the DanThyr study. J Clin Endocrinol Metab 2012; 97:
4022–9.

6. Gussekloo J, van Exel E, de Craen AJ, Meinders AE,
Frolich M, Westendorp RG. Thyroid status, disability and



264 Fu et al.: TSH increases with age and appropriate RIs are needed

   Received: April 17, 2022
     Accepted: October 01, 2022

cognitive function, and survival in old age. JAMA 2004;
292: 2591–9.

7. Aoki Y, Belin RM, Clickner R, Jeffries R, Phillips L,
Mahaffey KR. Serum TSH and total T4 in the United
States population and their association with participant
characteristics: National Health and Nutrition Ex -
amination Survey (NHANES 1999-2002). Thyroid
2007; 17: 1211–23.

8. Hollowell JG, Staehling NW, Flanders WD, Hannon WH,
Gunter EW, Spencer CA, et al. Serum TSH, T(4), and
thyroid antibodies in the United States population (1988
to 1994): National Health and Nutrition Examination
Survey (NHANES III). J Clin Endocrinol Metab 2002; 87:
489–99.

9. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The
Colorado thyroid disease prevalence study. Arch Intern
Med 2000; 160: 526–34.

10. Carle A, Pedersen IB, Knudsen N, Perrild H, Ovesen L,
Andersen S, et al. Hypothyroid Symptoms Fail to Predict
Thyroid Insufficiency in Old People: A Population-Based
Case-Control Study. Am J Med 2016; 129: 1082–92.

11. Stott DJ, Rodondi N, Kearney PM, Ford I, Westendorp
RGJ, Mooijaart SP, et al. Thyroid Hormone Therapy for
Older Adults with Subclinical Hypothyroidism. N Engl J
Med 2017; 376: 2534–44.

12. Flynn RW, Bonellie SR, Jung RT, MacDonald TM, Morris
AD, Leese GP. Serum thyroid-stimulating hormone con-
centration and morbidity from cardiovascular disease and
fractures in patients on long-term thyroxine therapy. J.
Clin Endocrinol Metab 2010; 95: 186–93.

13. Mirjanic-Azaric B, Milinkovic N, Bogavac-Stanojevic N,
Avram S, Stojakovic-Jelisavac T, Stojanovic D. Indirect
estimation of reference intervals for thyroid parameters
using advia centaur XP analyzer. J Med Biochem 2022;
41(2): 238–45.

14. Chen X, Zheng X, Ding Z, Su Y, Wang S, Cui B, et al.
Relationship of gender and age on thyroid hormone

parameters in a large Chinese population. Arch Endo -
crinol Metab 2020; 64: 52–8.

15. Surks MI, Hollowell JG. Age-specific distribution of serum
thyrotropin and antithyroid antibodies in the US popula-
tion: implications for the prevalence of subclinical
hypothyroidism. The Journal of Clinical Endocrinology
and Metabolism 2007; 92: 4575–82.

16. Clerico A, Trenti T, Aloe R, Dittadi R, Rizzardi S, Migliardi
M, et al. A multicenter study for the evaluation of the ref-
erence interval for TSH in Italy (ELAS TSH Italian Study).
Clin Chem Lab Med 2018; 57: 259–67.

17. Wang D, Yu S, Ma C, Li H, Qiu L, Cheng X, et al.
Reference intervals for thyroid-stimulating hormone, free
thyroxine, and free triiodothyronine in elderly Chinese
persons. Clin Chem Lab Med 2019; 57: 1044–52.

18. Park SY, Kim HI, Oh HK, Kim TH, Jang HW, Chung JH,
et al. Age- and gender-specific reference intervals of TSH
and free T4 in an iodine-replete area: Data from Korean
National Health and Nutrition Examination Survey IV
(2013–2015). PloS one 2018; 13:e0190738.

19. Ehrenkranz J, Bach PR, Snow GL, Schneider A, Lee JL,
Ilstrup S, et al. Circadian and Circannual Rhythms in
Thyroid Hormones: Determining the TSH and Free T4
Reference Intervals Based Upon Time of Day, Age, and
Sex Thyroid 2015; 25: 954–61.

20. Wang D, Li D, Guo X, Yu S, Qiu L, Cheng X, et al. Effects
of sex, age, sampling time, and season on thyroid-stimu-
lating hormone concentrations: A retrospective study.
Biochem Biophys Res Commun 2018; 506: 450–54.

21. Goichot B, Raverot V, Klein M, Vija Racaru L, Abeillon-
Du Payrat J, Lairez O, et al. Management of thyroid dys-
functions in the elderly. French Endocrine Society con-
sensus statement 2019. Long version. Ann Endocrinol
(Paris) 2020; 81: 89–100.

22. Biondi B, Cappola AR, Cooper DS. Subclinical Hypo -
thyroidism: A Review. JAMA 2019; 322: 153–60.


