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Abstract. Background: Current reference values for thyroid function tests are derived from data from differ-
ent ethnicities and geographical areas. In this article, we aim to select criteria from the guidelines proposed
by the National Academy of Clinical Biochemistry (NACB) and to determine the TSH and T4 reference
limits in the iodine-sufficient area of Isfahan, a metropolitan city in Iran. Materials and methods: This study
was conducted within the framework of “Isfahan Thyroid Study (ITS)”, an ongoing prospective cohort
that started in 2006 (n=2523) until 2011 (n=711) and included participants above the age of twenty. We
measured TSH, total T4, thyroid peroxidase antibody (TPOAD), and thyroglobulin antibody (TgAb). Re-
sults: Recruitment was based on the NACB criteria, 1899 participants were included in 2006(58.5% male)
and 377 in 2011(62.3% male). The mean+ SD age was 39.66 +12.71 and 48.96+12.35 years in 2006 and
2011, respectively. The mean+ SD for TSH was 2.0+1.19 and 2.11+1.11 mU/L and T4 was 6.67+1.47 and
8.3+2.95 pg /dl in 2006 and 2011, respectively. In 2006, the 2.5th percentile of serum TSH levels was 0.4
mU/L (males: 0.4 mU/L, females: 0.5 mU/L) and the 97.5th percentile of serum TSH was 4.96 mU/L
(males: 4.72 mU/L, females: 5. 3 mU/L). In 2011, the 2.5th percentile of serum TSH levels was 0.7 mU/L
(males: 0.6 mU/L, females: 0.77 mU/L) and 97.5th percentiles of serum TSH was 4.9 mU/L (males: 5.7
mU/L, females: 5. 57 mU/L). Conclusion: This study determined age and sex specific TSH and T4 reference
ranges in the Isfahanian population, which could theoretically enable clinicians to classify patients more
accurately. (www.actabiomedica.it)
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Background

Thyroid stimulating hormone (TSH) is known
as a sensitive indicator of hypothalamo-pituitary-
thyroid axis (HPT) integrity with a reciprocal log-
linear relationship with free thyroxine (FT4) (1).
Therefore, determining the TSH reference range has
a critical role in the diagnosis of thyroid dysfunction

(2,3).
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The upper reference limit of TSH is important for
the diagnosis of subclinical hypothyroidism (4). Since
adverse health outcomes occur when clinical hypothy-
roidism occurs (5), some studies have recommended a
narrower T'SH reference range (6, 7).

Guideline 22 of the National Academy of Clini-
cal Biochemistry (NACB) states that TSH reference
intervals from the 95% confidence limits of the log-
transformed values of at least 120 rigorously screened
normal euthyroid volunteers with no visible or palpa-
ble goiter, no family history of thyroid dysfunction,
negative thyroid auto-antibodies, who are also not
taking any medications that affect HPT axis, should be
used to determine the TSH reference range (8).

The most commonly TSH reference intervals
used are 0.5 — 5.0 mU/L or 0.4 — 4.0 mU/L based on
the assay method used (9). However, these reference
intervals were refuted due to the randomness of the
background populations (10).

Based on the TSH distribution in a reference
population of disease-free subjects from the Na-
tional Health and Nutrition Examination Survey(
NHANES III)(8), NACB recommended reducing
the TSH reference interval to be : 0.4 — 2.5 mU/L(9).
The matter of lowering the upper TSH reference limit
is currently being discussed/ (11, 12).

Age, gender, thyroid autoantibodies, smoking and
iodine intake and the methodological and selective
criteria used for laboratory assessment could influence
TSH reference range (8, 13-16). TSH and FT4 ref-
erences differ among various populations. NHANES
IIT reported that upper limits of TSH progressively in-
creased with age to levels above 4.5 mU/L in the US
population (8, 17, 18). Several studies reported the dif-
ference in serum TSH levels based on a race-specific
distribution, for example median TSH level is consid-
erably lower in Black people compared to Caucasians
(8,19, 20).

A recent Iranian study demonstrated age and sex
specific TSH and T4 reference ranges in a Tehranian
population (21). Therefore, we used the selection cri-
teria proposed by NACB guidelines for determining
the TSH and total T4 reference limits in the iodine-
sufficient area of Isfahan, a metropolitan city of Iran.

Methods
Subjects

A population-based cohort study was performed
in the iodine sufficient areas of Isfahan, a metropolitan
city, of Iran, from 2006 (n=2523) to 2011 (n=711). The
prospective study is detailed elsewhere (22, 23). All of
the information was gathered from the «Isfahan Co-
hort Thyroid Study» (ITS). A total of 2523 and 711
people were selected in year 2006 and 2011 respec-
tively and 1899 and 377 persons age 220 were included
in 2006 and 2011, based on the NACB criteria (22,
23). All participants provided a written informed con-
sent. The ethics committee of the Isfahan University of
Medical Sciences approved the protocol for this study
according to the Declaration of Helsinki.

The exclusion criteria for the study were as fol-
lows: 1) known history of thyroid disease 2) taking
medicine affecting thyroid function such as levothy-
roxine, methimazole, carbimazole, amiodarone, lith-
ium, iodine treatment, oral contraceptives, estrogen,
glucocorticoids and anti-epileptic drugs ; 3) pregnancy
or breast feeding; 4) TSH >10 or TSH<0.1mU/L ;5)
positive thyroid peroxidase antibody (TPOAD) or thy-
roid globulin antibody (T'gAb);6) history of visible or
palpable goiter or nodule; 7) history of chronic disease
;8)admission to a hospital within the previous month.

Sampling and Laboratory measurements

All blood samples were obtained in the morning be-
tween 07:00- 09:00 h, after 12 hours overnight fast-
ing. Centrifugation was performed within 30 min of
obtaining the blood sample and it was stored at =70 C.
TSH, T4 and TPOAD, Tg Ab were determined in all
stored samples.

Serum total T4 and T3RU (T3 resin uptake) were an-
alyzed by radioimmunoassay (Kavoshyar Co., Tehran,
Iran). T4 intra- and inter-assay CV were 4.7 and 4.9%,
respectively.

Normal range of T4 concentration was 4.5-12.0 pg/
dL. T3 intra- and inter-assay CV were 5.2 and 3.9%,
respectively. Normal range of T3 concentration was
0.92-2.79 nmol/L.

Serum TSH concentration was assessed by immuno-
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radiometric assay (KavoshyarCo., Tehran, Iran). Intra-
assay and inter-assay coeflicient of variation (CV') was
1.5 and 1.9%, respectively. The normal range for TSH
was 0.3-3.6 mU/LmU/L. Serum TPOAb and TgAb
were determined with Rapid ELISA (Genesis Diag-
nostic Products Corp.). The intra-assay CV for TPO-
Ab was 7 and inter-assay was 5%, and for TgAb, it was
less than 12%. TPOADb and TgAb concentrations of
more than 75 and 100 IU/ mL were considered posi-
tive.

Statistical analysis

Normality of continuous data was evaluated using
Kolmogrov- Smirnov test and Q-Q plot and report-
ed as meant SD (median (interquartile range). Cat-
egorical data were reported as frequency (percentage).
Logarithmic transformation was applied for positively
skewed TSH distribution. Upper limits of 97.5 and
95 and lower limits of 5 and 2.5 percentiles were cal-
culated for providing the reference intervals for TSH
and £ T4 in the total sample as well as in different age,
gender and thyroid antibodies groups. TSH and fT'4
levels were compared between gender and thyroid
antibodies groups were compared using independent
samples t-test or Mann-Whitney U test while between
age group analysis variance (ANOVA) or Kruskal-
Wallis tests were used. The association between TSH
and fT4 levels in 2006 with counterpart values in 2011
was evaluated using Pearson and Spearman correlation
coeflicients. The smooth distribution curves were illus-
trated with locating reference limits of TSH and fT4.
All statistical analyses were conducted using SPSS
software version 15. (SPSS Inc. Chicago USA).

Results

There were 2523 participants in 2006 and 711
in 2011. Mean+ SD age was 39.03+12.42 years (male
40.67+12.26 and female 37.36212.36) in 2006 and
47.29+11.89 years (male 48.67+12.02 and female
46.02+11.64) in 2011, respectively.

Of the participants, 1275(50.5%) were males in
2006 and 340 (47.8%) in 2011.In 2006, a total of 134
(29.2%) subjects were TPOAD positive. In 2011, 171
(29.3%) individuals had positive TPOAb.

After applying all exclusion criteria, data of 1899
participants were included for analysis in 2006 and 377
in 2011. The mean+SD age was 39.66 +12.71 years in
2006 and 48.96+12.35 years in 2011.

Table 1 shows the means+ SD and reference in-
tervals for TSH levels in the total sample and age, gen-
der and thyroid autoantibodies groups. Of the partici-
pants, 1111(58.5%) were male in 2006 and 235(62.3%)
in 2011.

In 2006, the 2.5th percentile of serum TSH levels
was 0.4 mU/LI (males: 0.4 mU/L, females: 0.5 mU/L)
and 97.5th percentiles of serum TSH was 4.96 mU/L
(males: 4.72 mU/L, females: 5. 3 mU/L). In 2011, the
2.5th percentile of serum TSH levels was 0.7 mU/L
(males: 0.6 mU/L, females: 0.77 mU/L) and 97.5th
percentiles of serum TSH was 4.9 mU/L (males: 5.7
mU/L, females: 5. 57 mU/L). More details are avail-
able in Table1, Figure 1A, 1B, 1C).

The results indicate that TSH ranges are signifi-
cantly gender specific. Women had higher TSH val-
ues than men (mean+ SD; 2.19+1.23 5 1.87+1.15) in
2006 (p<0.001) and a similar result was observed in
2011 (p=0.002) (Tablel and Figure 1D).

The oldest group (=50) had the highest mean
(2.04 £1.4 mU/L), (2.21+1.19) with 97.5th percen-
tile (6.67 mU/L) (5.57 mU/L) of TSH concentration
in comparison to other age groups in 2006 and 2011,
respectively. Comparison of TSH levels between the
years 2006 and 2011 in each age group is shown in
Figure 1E. In addition, Figure 1F illustrates the se-
rum TSH levels at 2006 and 2011in different age-sex
groups.

We also described the TSH distribution in terms
of TPOAD status; mean+SD of TSH was significantly
higher in TPOAD positive participants (4.9+2.42) than
the TPOAb negative group (3.36+2.18) (p<0.001).
In 2006 the 97.5th percentile of TSH was 9.4 in the
TPOAD-positive individuals, significantly higher than
the TPOAD negative individuals where it was 8.28. In
2011 the 97.5th percentile for the respective groups
was 14.62 and 6.3. In participants who were TPOAb-
positive, there was an elevated upper limit of the TSH
range both in 2006 and in 2011. Table 2 shows the
means+ SD and reference intervals for T4 levels in the
total sample and age, sex and thyroid autoantibodies
categories.
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Table 1. The distribution of TSH concentrations (mU/]) in the total sample and based in age, sex and TPO, T'g antibodies groups.

2006 2011
Percentile Percentile
[l\lgﬁn;faz 5t g5tk 95h 975h P [I;\’[/I":I‘l“;fa])?] 5% 95k 25 9750 P
T(();ajls;g;le [2002191;9] 06 39 04 495 T‘)(ti;a;;;ﬂe 2[(}1*;;]1 07 43 07 49
) (Fne:;gls‘; 2[012%;? 0.6 44 05 53 p<0.001* (1?:3315 2['5‘.352:216 1.0 47 077 555 0.002*
) oty | (o907 05 37 04 47 ) | (01608 07 464 05 57
(1339) 1[09?;;]2 06 39 047 48 (;3;)4) 2['01?2:3? 07 359 05 486
. (2:;(;) 1[092*;;]3 05 39 04 45 e (11;:; [2(')?:_141"()72] 0.64 461 04 625 .
< (:2;51‘;) [200;1919‘? 07 40 05 512 (‘:11;952) 1[09?22]5 081 466 07 609
o E::t;;‘)’ E{g_ziz]g 0.47 9.07 02 9.4 oo E‘:}i‘;‘%’)" é{l?ié% 0.04 7.08 0.02 14.62 oo
] (Iff;;l;)e [.0.;9_.7] 03 722 0.22 828 (Iff;;lg)e [6.41:7:8] 0.7 47 053 63
y ?::;t;‘s")’ ‘Eﬁ‘z‘figi’ 024 864 0.2 880 - Pz’rfitsi‘)’e Tﬁf;’:gf 11 240 11 240 oo
o | (027 03573 022 ser | NoERRe |TRTST 005 43 oo 49

*result from independent t-test or Mann-Whitney U test, ** result from ANOVA or Kruskal-Wallis

In 2006, the meant SD of T4 for all negative
TPOAD subjects was (6.68+1.42) which was signifi-
cantly higher (p=0.01) than in positive TPOAD sub-
jects (5.92+1.32).

In 2006, the 2.5th percentile of T4 was 3.17 and
the 97.5th percentiles of T4 was 10.74 ng/dl in the
total population. Those figures were 2.7 ng/dl and
10.7 for men and 5.0 and 11.6 ng/dl for women, re-
spectively. However, in 2011, mean+ SD of T4 was
significantly higher in females than males (p=0.001).
Both in 2006 and 2011, the oldest group (250) had
the lowest mean (6.2+1.34) (8.16+1.58) with 97.5th
percentile (7.6 mU/L) (11.43 mU/L) of T4 concen-
tration in comparison to other age groups. A total T4
distribution curve between 2006 and 2011 is shown in
Figure 2.

Table 3 shows different percentiles of TSH and
T4 concentration in combined age- groups. In the fe-
male group in 2006, with increasing age, 97.5 percen-
tiles of TSH have increased and a decline in T4 level

is observed.

A positive correlation between TSH levels in
2006 and 2011 in the total sample was detected as well
in different age groups and both genders but signifi-
cant correlations between T4 levels in 2006 and 2011
were observed in males, age< 30 and in the total sam-

ple (Table 4).

Discussion

This population-based cohort study was the first
to evaluate the range of serum TSH levels in the
population of Isfahan, Iran .We previously reported
the thyroid volume reference range (24) and recently
evaluated the levels of serum TSH in the disease-free
population and compared our data with the results of
the NHANES in the US where the 2.5th and 97.5th
percentiles of serum TSH were 0.45 and 4.12 mU/L,
respectively(8).
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Figure 1. (A) TSH distribution curves in 2006 and 2011,(B) TSH distribution curves for males and females in 2006, (C) TSH distri-
bution curves for males and females in 2011, (D) Serum TSH levels for males and females in 2006 and 2011, (E) Serum TSH levels
in different age groups in 2006 and 2011, (F) Serum TSH levels in different age and sex groups in 2006 and 2011.

Table 2. The distribution of total T4 concentration (pg /dl) in total sample and based on age, sex and TPO, Tg antibodies groups.

2006 2011
Percentile Percentile
[I\f/fi:f;/ls:z] 5% 95k 5% 975% P [MMC;H;/IS::?] 595k 2.5h 9750 P
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*result from independent t-test or Mann-Whitney U test, ** result from ANOVA or Kruskal-Wallis
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Figure 2. Total T4 distribution curves in 2006 and 2011

However, in our study, those corresponding val-
ues were 0.4 and 4.96 mU/L for 2006 and 0.7 and 4.9
mU/L for 2011.This finding is also compatible with
those of a recent single-institutional study in Tehran,
Iran, that indicated the 2.5th and 97.5th percentiles
of serum T'SH were 0.32 mU/L and 5.06 mU/L(21).

In studies in China and Korea, the reference range
of serum TSH with 2.5%-97.5% confidence intervals

were 0.48-5.50 mU/L (25) and 0.62 to 6.68 mU/L
(26), respectively. However, in  a study in Koreans, the
TSH reference level was reported to be 0.68 to 3.70
mU/L (4). These findings proposed that other factors
than race might have affected levels of serum TSH in
the same population.

In our population in 2006, serum TSH appeared
to be non-significantly higher in people aged above
50 without apparent risk factors for thyroid disease
than in younger people. This does not agree with some
extensively reviewed published reports (27).The rela-
tionship between TSH and age are not consistent (8,
28-30). Data from Germany presented that TSH ref-
erence levels decreased with age in iodine deficient ar-
eas (31, 32). On the other hand, it has been suggested
that increasing median and 97.5 centile for TSH occur
with aging (8, 33, 34). Diverse results may be described
by the difference in iodine supply in different regions.
Another explanation for a shift in reference range to
higher TSH concentrations in older people is the con-
sequence of healthy aging (35) or the presence of TSH
isoforms with low bioactivity or use of different medi-
cations (36).

Surks et.al suggested that an age-specific 97.5
centile is better used instead of the fixed 4.5 mU/
Liter(33).According to the accepted high prevalence

Table 3. The percentiles of TSH (mU/1) and total T4 (ug/dL) concentrations in combined sex-age groups.

2006 2011
Age Group Male Female Male Female
5 95 25 975 5 95 25 975 5 95 25 975 5§ 95 25 975
<30 TSH 05 41 04 502 06 39 05 48 TSH 052 467 05 49 1.1 36 1.1 3.6
T4 32 85 32 85 50 116 50 116 T4 513 10.13 50 112 59 121 59 12.1
3140 TSH 05 33 04 391 05 44 04 533 TSH 066 538 027 677 04 47 04 47
T4 53 107 53 107 51 98 51 98 T4 57 11.56 393 1231 555 11.94 51 132
4150 TSH 0.6 3.8 04 468 09 485 0.62 543 TSH 0.75 3.51 0.57 553 092 6.04 0.73 6.45
T4 53 97 53 97 51 84 51 84 T4 6.05 1058 522 2195 594 11.28 5.0 12.54
>50 TSH 0.54 396 04 6.65 054 486 04 69 TSH 0.7 512 06 573 1.1 49 09 5.0
T4 27 76 27 76 51 74 51 74 T4 56 1036 50 108 58 11.5 54 11.8
Table 4. Correlation between TSH and total T4 levels in 2006 with their counterpart values in 2011.
TSH T4
Total Female Male <30 31-40 41-50 >50 Total Female Male <30 31-40 41-50 >50
0.60* 0.52% 0.63* 0.65* 0.52* 0.58* 0.65* 0.66* 0.39 0.86*  0.85% 0.47 -1.0* 0.42

*Significant at p<0.01
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of subclinical hypothyroidism in older people 250, it
could be suggested that the upper limit of TSH that
was used in NH-III:4.5 mU/Liter(97.5 centile) (8)
may not be applicable for older people. Our study has
also produced results that show a much higher level
of 6.67 and 5.57 mU/Liter both in 2006 and 2011(8).

Jensen et al. showed no difference in serum TSH
concentrations with respect to age, gender, or medi-
cation for individuals without thyroid antibodies and
other risk factors (37). In our study, we did not observe
any difference in serum TSH concentrations with re-
spect to age, unlike to gender.

Our results indicated that gender significantly af-
fects the TSH range. This finding is consistent with
many previous reports (8, 25). These results may indi-
cate that TSH levels are regulated by estrogen, genetic
susceptibility and environmental factors (11, 38).An-
other study, the Wickham survey, showed that TSH
levels increased markedly in women aged >45 yrs. but
this was not the case in men (39).

The median serum TSH level in the reference
population was also higher in our study (2.0 mU/L in
2006 and 2.11 mU/L in 2011) than that in the US
NHANES III data (1.39 mU/L) (8). This difference
in serum TSH levels can be explained by ethnic dif-
ferences (19, 40). Indeed, whether the normal limit of
TSH in Middle East is similar to that in the Caucasian
population has not been answered.

As regards to T'4 concentrations, in our study, T4
level in the oldest group (250) had the lowest mean
and 97.5th percentile of T4 concentration in compari-
son to other age groups. In the Tehran study (21), no
specific pattern in FT4 concentration of their popula-
tion was reported but data from both the NHANES
IIT study and our study show that the mean total T4
significantly declines with age (8).

For determining the TSH and fT4 reference
ranges, we excluded individuals with TPOAb and Tg
positivity but when we entered this population in our
analysis, significant differences in medians and 97.5th
centiles of TSH between antibody positive and nega-
tive cases were observed. This finding disagrees with
studies reporting that it is not necessary to exclude
thyroid antibody positive cases for determination of
TSH and T4 reference limits (2, 20, 41). It is however
in agreement with the guidelines published by Baloch

et al. based on designation of TSH reference limits in
the disease free population(9).

In our study, TPOAb and TgAb had a role in
raising the upper limit of the TSH range but without
consistent effect in the lower limit of the TSH range.
However, Jensen’s e# al. observed that, TPOAb was in-
volved in increasing the upper limit of TSH, whereas
TgAb decreased the lower limit of the TSH range
slightly(37). Many studies have shown that autoim-
mune thyroid disease is one of the main pathological
factors affecting TSH level (25, 42), but the role of
TgAD is unclear (25), somehow, we didn't observe the
consistent effect of TgAb on T'SH level either in 2006
and 2011.

In addition, in 2006 we observed that the antiT-
PO positive population had lower levels of T4 than
negative subjects did. Previously, euthyroid subjects
with positive thyroid antibodies had a lower value of
T3/T4 ratio and T3 compared to subjects with nega-
tive antibodies (43).

Recent studies suggest that distinct age groups
and subpopulations have unique TSH distributions
and reference limits that are significantly different
from limits established by the traditional approach.
One explanation may be different immunoassays used
in the different studies. One of our limitations is that
due to financial restraints we had to measure T4 with
radioimmunoassay instead of more efficient methods
such as chemiluminescence. Various conditions af-
fect the relationship between total and free thyroid
hormones. Changes in the thyroid binding proteins
(TBG) affect the total TH concentrations but not free
TH, this happens for example when sex steroids are
used. However, transient changes in free T4 and free
T3 can happen (44). Another factor that can affect the
evaluation is the presence of agents such as heparin
in the serum that can detach T4 and T3 from their
binding sites. Accordingly, total T4 is therefore rarely
used and is usually utilized in conjunction with a TBG
measurement or an estimate of binding proteins (45).

T3RU is used to correct the total T'4; it is used as
an indirect measure of serum thyroid hormone binding
capacity (46).

Another limitation of our study is that at the time,
we had no access to the reliable free T4 kit. Therefore,
we measured total T4 and T3RU. We measured T3RU
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for some patients then calculated free T4. The calcu-
lated free T4 amount was consistent with the total T4
measurement. Based on this finding, we used total T4
as a replacement free T4. The final limitation of the
study is that our study is based on the Iranian popula-
tion, hence may not be generalized to other popula-
tions.

Conclusion

Our findings discuss the use of age and sex spe-
cific TSH and T4 reference ranges to diagnose, treat
and monitor patients optimally.

The results of this study provide our Iranian clini-
cians with population-specific reference limits, which
would eventually result in improved patient care. Fur-
ther studies with larger number of reference subjects
are necessary for broader conclusions.
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