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Abstract

Context: Seasonal variation in thyroid function, especially serum free triiodothyronine (FT3) and free thyroxine (FT4) levels, in healthy subjects
remains unclear.

Methods: \We examined thyroid function, including serum FT3 and FT4 levels, in healthy Japanese subjects using data of more than 7,000 health
check-up participants and applied the analysis of means with transformed ranks (ANOMTR) to compare each month. In addition, we reviewed
reports published in the last 2 decades.

Results: The median serum thyrotropin (TSH) level was the highest in January (1.61 mlU/L), and the lowest in May (1.16 mIU/L). ANOMTR re-
vealed that serum TSH levels are high in winter and low in summer. Conversely, the median serum FT3 level was higher in July than in other
months, and the ANOMTR plot demonstrated serum FT3 levels to be significantly higher in summer and lower in winter. In contrast, serum FT4
levels were more consistent throughout the year, but statistically, those in February and March, October, and November were higher than those
in other months. ANOMTR revealed variations in serum FT4 levels to be small through the year but biphasic.

Conclusions: Taken together with previous reports, our study demonstrated seasonal changes in the serum TSH levels to be high in winter
in the northern hemisphere; however, the serum FT3 differed among countries, and those of Japanese, an iodine-sufficient country, were
high in summer. In contrast, FT4 levels were more consistent. These changes should be taken into account to precisely evaluate thyroid

function.
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Serum thyroid hormone levels are regulated mainly by the
hypothalamic-pituitary-thyroid (HPT) axis [1, 2]. The serum
TSH level is sensitive to slight changes in the serum thyroid
hormones levels even within the reference range and is used as
the most sensitive biomarker for assessing thyroid function.
We can therefore diagnose subclinical both hypothyroidism
and hyperthyroidism using serum TSH levels in subjects with
serum thyroid hormone levels in the reference range [3].

In healthy individuals, serum thyroid hormone levels ex-
hibit substantial interindividual variability, resulting in wide
reference ranges. However, the intraindividual variability lies
within a much narrower range. This suggests that every in-
dividual may have a distinct set point of the HPT axis [4],
although this remains controversial. Patients therefore can
still be in relatively hypothyroid or hyperthyroid states when
serum TSH and thyroid hormones levels are within the refer-
ence ranges due to the individual set point of the HPT axis.

These set points may be affected factors related to seasons.
Studies in several countries revealed different characteristic
seasonal changes [5-16]. Therefore, there are no consistent

seasonal changes in thyroid function, which may affect the
definition of thyroid dysfunction such as subclinical hypo-
and hyperthyroidism.

Seasonal variations in serum TSH levels were recently re-
ported using a large database of Japanese patients with
several thyroid disorders [10]. However, it remains unclear
whether the variations in serum thyroid function, including
serum FT4 and FT3 levels, are observed in healthy subjects.

We therefore investigated variations in thyroid function in
healthy subjects, including serum thyroid hormone levels, in
Gunma, Japan, which has 4 distinct seasons and is an iodine-
sufficient region. Furthermore, we performed the analysis
of means (ANOM) with transformed ranks (ANOMTR) to
compare each month, which is suitable for graphical repre-
sentation of testing for simple comparative experiments. This
ANOM was introduced for testing the equality of population
means by Ott in 1967 [17], and it became popular during
the early 1980s when it was applied to experimental data for
manufacturing and quality control. Furthermore, compared
with ANOM, ANOMTR provides reliable results regardless
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of the shape of the distribution and number of replications, as
long as the variances are homogeneous [18].

Materials and Methods
Subjects and Methods

This was a cross-sectional study including 7,256 Japanese
subjects (4,066 men and 3,190 women) who underwent
annual health checkups at Takasaki Hidaka Hospital in
Gunma prefecture between April 2020 and March 2021.
Subjects were asked to complete a self-questionnaire by
the same nurses, which included questions on medical and
medication histories and smoking habits. Exclusion criteria
were overt hyperthyroidism or hypothyroidism; history of
thyroid disease; liver cirrhosis; renal failure; subjects cur-
rently on medications, including levothyroxine, antithyroid
drugs, insulin, and steroid hormones; and subjects with
missing data.

In total, 6,343 subjects (3,667 men and 2,676 women)
were enrolled in this study. The average age of the groups was
53.8 = 11 years (54.8 = 11 years for men and 52.5 = 10 years
for women).

Regarding the number of participants each month, the lar-
gest number of participants was 735 in December, and the
smallest number was 248 in May (Table 1). These numbers
were sufficient for statistical evaluation of hormone levels
each month.

In the present study, we examined monthly variations in the
serum FT4 and FT3 levels and serum TSH levels in healthy
Japanese subjects, not patients with thyroid disorders. In add-
ition, as the daily circadian rhythm of thyroid function, espe-
cially serum TSH values, increases from evening to midnight
[19,20], blood was sampled at 8:00 to 9:00 am to exclude the
effects of diurnal variation. We are not using sunlight saving
times in Japan.

All methods were performed in accordance with the rele-
vant guidelines and regulations, including ethical guidelines
for Medical and Health Research Involving Human Subjects
presented by the Ministry of Health, Labour, and Welfare
in Japan. This study was approved by the ethics committee
on human research of Hidaka Hospital (approval number
3: Hidaka Hospital Human Genome Ethics Committee.).
According to the ethical guidelines for Medical and Health
Research Involving Human Subjects, with this study design,
written informed consent is not necessarily required, but we
widely disclosed the outline of our study and provided oppor-
tunities for unenrollment.

Blood Tests for Serum Thyroid Hormones and
TSH Levels

Blood samples were collected from all subjects in the morning
between 8:00 and 9:00 am after fasting for at least 11 hours.
Serum thyroid hormone and TSH levels were measured using
the following kits: TSH, Architect TSH CLIA (Abbott, Inc.,
Matsudo-shi, Chiba; the manufacturer’s reference range was
0.35~4.94 mIU/L), FT4, FT4eAbbott CLIA (Abbott, Inc.,
Matsudo-shi, Chiba; the manufacturer’s reference range was
0.70-1.48 ng/dL), and FT3, FT3eAbbott CLIA (Abbott, Inc.,
Matsudo-shi, Chiba; the manufacturer’s reference range was
1.71-3.71 pg/mL). All samples were measured with Architect
i2000SR in the hospital laboratory.
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Statistical Analyses

Medians, percentiles, P-values, and ClIs were calculated
using JMP 15.2.0 (SAS Institute Inc.). Multiple compari-
sons of the median of serum TSH, FT4, and FT3 levels
in each month were performed using Dunn’s Multiple
Comparison Test.

To compare serum TSH, FT4, and FT3 levels in each
month with annual ranges, we used ANOMTR. ANOMTR
compares the mean transformed rank of each group with the
overall mean transformed rank. Transformed ranks suppose
that there are n observations and were calculated as

. R;
Transformed R; = Normal Quartile {(Zn n 1) + 0.5] .

The ANOM procedure was applied to the transformed R,. We
ranked all observations from smallest to largest, accounting
for ties, and denoted the ranks by R, R, ..., R . As the ranks
have a uniform distribution, the transformed ranks have a
folded normal distribution.

The estimated sample size between the groups was based
on the difference in measured value and SD in serum TSH,
FT4, and FT3 levels between groups, with a 2-sided type
1 error of less than 5% and power of 80%. The estimated
sample size was sufficient for each month.

Results

Monthly Variation in the Median SerumTSH Levels

As shown in Table 1, the monthly median serum TSH levels
were evaluated. The annual median TSH level was 1.34
mlIU/L (0.43~4.27, the 2.5th~97.5th percentiles). The highest
TSH level was 1.61 mIU/L in January (P < 0.01), which com-
pared with other months. The lowest was 1.16 mIU/L in May
(P <0.01).

The 2.5th to 97.5th percentiles are shown in parentheses
for each month in Table 1.

Monthly Variation in Median of Serum FT3 and
FT4 Levels

The monthly median serum FT3 and FT4 levels are also
shown in Table 1. The median FT3 level in the entire year
was 3.13 pg/mL, the 2.5th percentile was 2.44 pg/mL, and
the 97.5th percentile was 3.66 pg/mL. The serum FT3 level
in July was 3.39 pg/mL, which was significantly higher than
those in other months (P < 0.01). The lowest value was in
January at 2.97 pg/mL.

The median FT4 in the entire year was 1.02 ng/dL, the
2.5th percentile was 0.83 ng/dL, and the 97.5th percentile
was 1.27 ng/dL. The FT4 levels in February, March, October,
and November were significantly higher than those in
other months (P < 0.01). The lowest value was observed in
December at 0.99 ng/dL.

ANOMTR ofThyroid Function in Each Month

To assess the variation in the annual mean and create a
visual image, we applied ANOMTR for thyroid function.
The ANOM plot demonstrates a transformed rank mean
in each month compared with the overall mean, and when
the transformed rank mean is outside of the upper definition
lines (UDL) and lower definition lines (LDL) considering
the sample number in each month, the value is significant.
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Table 1. Medians and ranges of the serum thyrotropin, free triiodothyronine, and free thyroxine levels each month

TSH (mIU/L) FT3 (pg/mL) FT4 (ng/dL) n

median (range) median (range) median (range)
January 1.61 (0.51-5.22) 2.97 (2.35-3.55) 1.00 (0.83-1.20) 628
February 1.52 (0.39-5.11) 3.14 (2.48-3.64) 1.04 (0.86-1.26) 651
March 1.45 (0.49-4.82) 3.10 (2.37-3.64) 1.04 (0.83-1.29) 554
April 1.28 (0.46-4.61) 3.35 (2.46-3.70) 1.00 (0.82-1.22) 382
May 1.16 (0.37-4.02) 3.32 (2.64-3.70) 1.00 (0.81-1.21) 248
June 1.17 (0.43-3.63) 3.37 (2.75-3.68) 1.02 (0.83-1.25) 370
July 1.23 (0.41-4.30) 3.39 (2.79-3.70) 1.03 (0.83-1.30) 452
August 1.24 (0.41-3.44) 3.29 (2.43-3.69) 1.02 (0.84-1.29) 586
September 1.26 (0.45-3.69) 3.00 (2.37-3.50) 1.03 (0.82-1.28) 551
October 1.30 (0.41-4.08) 3.00 (2.33-3.56) 1.04 (0.85-1.31) 610
November 1.30 (0.38-3.86) 3.05 (2.39-3.58) 1.04 (0.84-1.32) 576
December 1.34 (0.46-4.10) 3.01 (2.36-3.62) 0.99 (0.81-1.21) 735
All 1.34 (0.43-4.27) 3.13 (2.44-3.66) 1.02 (0.83-1.27) 6,343

Range represents 2.5th to 97.5th percentiles.

Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyrotropin.
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Figure 1. Analysis of means (ANOM) with transformed ranks of monthly changes in the serum thyrotropin (TSH) levels. UDL indicates upper definition
lines, and LDL indicates lower definition lines. When the value was outside of the area representing P < 0.05 within UDL and LDL, it was significant
and indicated by a red dot. The overall transformed mean was 0.7979. The ANOM plot demonstrated that the TSH levels were significantly higher from
January to March and significantly lower in May, June, and August than the overall transformed mean. *P < 0.05, **P < 0.01.

The red dots in Figures 1 to 3 indicate significantly different
months based on UDL or LDL.

Regarding the serum TSH level each month, the values in
January, February, and March were significantly higher than
the overall transformed mean (P < 0.01) (Fig. 1).

The FT3 levels from April to August were higher (P < 0.01),
and those from September to January were lower than the
overall mean (P < 0.01) (Fig. 2).

Regarding FT4, although the values were more consistent
through the year and the differences among months were
small, those in February, March, October, and November
were higher, and those in January, April, May, and December
were lower (P < 0.01), demonstrating small biphasic changes
throughout the year (Fig. 3).

Table 2 shows the number of subjects with normal thy-
roid function who were diagnosed as subclinical dysfunction
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Figure 2. Analysis of means with transformed ranks (ANOMTR) of monthly changes in the serum free triiodothyronine (FT3) levels. ANOMTR of
monthly changes in serum FT3 levels. The overall transformed mean was 0.798. The ANOM plot demonstrated that the FT3 levels were significantly
higher from April to August and significantly lower in January and from September to December than the overall transformed mean. *P < 0.05,

**P<0.01.
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Figure 3. Analysis of means with transformed ranks (ANOMTR) of monthly changes in the serum free thyroxine (FT4) levels. ANOMTR of monthly
changes in serum FT4 levels. The overall transformed mean was 0.7978. ANOMTR demonstrated that the FT4 levels were significantly higher in
February, March, October, and November and significantly lower in January, April, May, and December than the overall transformed mean. *P < 0.05,

**P<0.01.
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Table 2. Number of subjects with normal thyroid function who were
diagnosed as subclinical dysfunction using the manufacturer’s reference
range in each month

Subclinical Subclinical

hyperthyroidism, hypothyroidism,

n (%) n (%)
January 4 (0.64) 17 (2.71)
February 10 (1.54) 17 (2.61)
March 3(0.54) 12 (2.17)
April 4(1.05) 5(1.31)
May 5(2.02) 3(1.21)
June 3(0.81) 4(1.08)
July 5(1.11) 7 (1.55)
August 8 (1.37) 6(1.02)
September 8 (1.45) 3(0.54)
October 9(1.48) 4 (0.66)
November 8 (1.39) 7 (1.22)
December 5(0.68) 5(0.68)
All 72(1.14) 90 (1.42)

using the manufacturer’s reference range. The distribution
was significantly different (P < 0.05), suggesting the clinical
relevance of seasonal changes particularly when subclinical
dysfunction was diagnosed.

Discussion

In the present study, we investigated annual variation in thy-
roid function in over 7,000 healthy subjects in Japan, an
iodine-sufficient country.

Several reports have been published regarding seasonal
variations in thyroid function worldwide, and previous re-
ports regarding seasonal variation in thyroid function in the
last 2 decades using PubMed with the search terms “sea-
sonal” and “thyroid function” or “TSH” and “thyroid hor-
mones” are shown in Table 3 [5-16]. As shown in Table 3, 8
out of 12 reports demonstrated seasonal variation in serum
TSH levels to be high in winter and low in summer [7, 9-12,
14-16], whereas 2 studies reported no changes in Iraq and
Siberia, which has no clear seasonal changes and is a rela-
tively cold area, respectively [8, 13]. A recent study from Ito
Hospital in Japan investigating many patients with thyroid
disorders reported similar results [10]. The studies listed in
Table 3 are all from northern hemisphere countries; however,
studies conducted in the Antarctic, which were excluded be-
cause of the small number of studies, reported that TSH was
elevated in winter [21]. Therefore, taken together with the
present study, at least in the northern hemisphere, the serum
TSH levels in healthy subjects are high in winter.

In contrast, as shown in Table 3, there are no consistent
data regarding seasonal variation in serum FT3 and FT4
levels. Regarding FT3, 3 out of 8 studies reported high values
in winter [5, 8, 10], and 3 reported high values in summer
[13, 14, 16]. As shown in Table 1, the present study revealed
the difference in median serum FT3 levels between the highest
and lowest month to be approximately 0.5 pg/mL, and we
applied ANOMTR to these results. The ANOM plot dem-
onstrated changes in serum FT3 levels to be high from April
to August and low from September to January (P <0.01)
(Fig. 2). What causes these difference in serum FT3 levels

among countries? Several possibilities were raised, including
different conditions of iodine intake, lifestyle of the country,
blood sampling, kits using for assays, and racial differences.
In the present study, blood samples were taken at 8:00 to
9:00 am after fasting to exclude the effects of feeding and di-
urnal variation in thyroid hormone, and over 95% of subjects
examined were Japanese.

Similar to FT3 levels, 5 out of 9 studies reported no
changes in FT4 levels through the year [6-8, 12, 16], whereas
2 reported low levels in winter [13, 14] and 2 reported low
levels in summer or autumn [5, 10] (Table 3). As shown in
Table 1, the present study demonstrated the variation in the
median serum FT4 levels throughout the year to be small.
However, the ANOM plot revealed a smaller difference than
that in the serum FT3 level but significant biphasic changes
(Fig. 3). These discrepancies among countries may be similar
to those of serum FT3 levels, as discussed earlier. In addition,
each country or region has different temperatures, tempera-
ture differences throughout the year, sunshine hours, and hu-
midity, in addition to a different prevalence of thyroid disease.

The present study was performed in Gunma prefecture,
Japan, which has 4 distinct seasons. The temperature and sun-
shine time in each month examined in the present study are
shown in Figure 4. The maximum temperature was observed
in August, corresponding to the peak serum FT3 level, and the
temperature was negatively correlated with the serum TSH
throughout the year except for July. In Japan, during the tran-
sition from spring to summer, there is a seasonal phenomenon
known as the rainy season. In this season, it rains more, and
there is less sunlight than in the preceding and following sea-
sons. In 2020, the rainy season began on June 11 and ended
on August 1, which is thought to have resulted in shorter sun-
shine hours and relatively cool weather in July.

Mechanisms of Variations in Thyroid Function

Based on the present study, serum FT3 levels, a strong factor
in the downregulation of pituitary TSH production and se-
cretion, seems to affect the serum TSH level, suggesting that
seasonal changes in thyroid function are peripheral (thyroid
hormone production-dependent). However, Hefco et al re-
ported that experimental acute cold exposure increased serum
TSH and thyroid hormone levels in rats and suggested both
thyroid hormone and nonthyroid hormone-dependent mech-
anisms of changes in serum TSH [22]. On the other hand, as a
study of cold exposure in humans, Leppiluoto et al reported
changes in serum TSH and FT3 levels in healthy 20 men in
Finland, a subarctic country [23], which were similar with the
levels observed in our study. They suggested that changes in
serum TSH levels are due to the photoperiod, and changes in
serum FT3 may be polar T3 syndrome. Similarly, Reed et al
evaluated the changes in thyroid functions in Antarctica and
noted high serum TSH levels and low serum FT3 levels [21].

Furthermore, studies other than those cited here conducted
between 1980s and 2000s reported possible mechanisms
underlying seasonal variation of thyroid functions including
the effect of sleeping metabolic rate, body composition, and
serum leptin level [24]. Furthermore, other studies reported a
greater response of TSH in the thyrotropin-releasing hormone
test and high serum T4 and T3 values in winter [25]. On the
other hand, another study reported high total T4, T3, and
FT4 in summer and a relationship between relative weight
and total T4 and FT4 levels [26]. In addition, a recent meta-
analysis also reported that TSH levels were high in winter
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Figure 4. The mean temperature and hours of sunshine in Maebashi,
Japan. The data for the period when this study was performed in
Maebashi City. The temperature each month is indicated by the line

and hours of sunshine each month by the black bar. The data for April

to December were from 2020 and the data for January to March were
from 2021. The temperature was the highest in August, and the lowest
temperature was in January. The hours of sunshine were highest in April
and lowest in July. In Japan, there is a seasonal phenomenon called the
“rainy season” in which the transition from spring to summer is marked
by more rain and less sunshine than in the period before and after it. In
2020, the rainy season started on June 11 and ended on August 1, which
is thought to have resulted in shorter sunshine hours in July. In addition,
from the latter half of August to October, there is a phenomenon called
"autumn rain” with shorter sunshine hours in September and October.
These data were obtained from the Japan Meteorological Agency

and Ministry of Land, Infrastructure, Transport, and Tourism. Hours

of sunshine are calculated using observations from ground-based
meteorological observation, and weather distribution are estimated from
meteorological satellites. Historical Weather Data Search. The Japan
Meteorological Agency and Ministry of Land, Infrastructure, Transport,
and Tourism. https://www.jma.go.jp/jma/index.html. Accessed March 1,
2022.

and FT4 levels were higher in autumn than in winter; how-
ever, FT3 levels were lower in summer. These results suggest
that seasonal dynamics of TSH are influenced by the extent
of the annual dynamics of the partial density of oxygen in the
air as well as the magnitude of the annual dynamic of me-
teorological factors such as atmospheric pressure and relative
humidity [27].

Several studies of circannual rhythms of HPT axis on pedi-
atric cohorts have also been reported. Onsesveren et al re-
ported that large differences in the reported reference ranges
for TSH and FT4 during childhood showed significant eleva-
tion between day 1 and day 7 and gradually decreased until
the age of 10 years. Furthermore, season at venipuncture was
associated with serum FT4, with the highest being during au-
tumn; however, there was no seasonal variation of serum TSH
[28]. Nicolau et al reported that children around 11 years old
showed seasonal variations in FT4 as well as FT3, with the
highest values in the fall and the highest TSH values in the
summer [29]. Bellastella et al reported that in prepuberty
TSH was high in December while T4 and T3 did not show a
circannual rhythm [30]. Although in pediatric subjects, differ-
ences in the time of blood withdrawal and fasting time may
make the data inconsistent, thyroid function in the pediatric
period may be affected by age and changes of life-style.

In addition, a relationship between the sexual cycle of mi-
gratory birds and TSH secreted from the pars tuberalis has
been reported [31], suggesting that serum TSH does not
originate from the anterior pituitary. In another animal ex-
periment, there were reports showing that T4 had biphasic
variations in deer, with high levels in early winter and spring,

which is similar to the findings of the present study [32]. On
the other hand, T4 in ewes was high in winter and low in
summer [33]. It is interesting to note that laboratory rats were
reported to show higher levels of T4 in summer [34], sug-
gesting these hormonal changes may not be due only to cli-
mate factors.

Further studies are required to clarify the molecular mech-
anisms of seasonal variation in thyroid hormones in human
including whether these thyroid changes may be due to the
changing set points of the HPT axis.

Limitations of the Study

Several limitations of this study need to be considered when
interpreting the results. First, compared with a population-
based cohort study, this study only included health checkup
participants; therefore, there was bias regarding the economic
status of the subjects. Second, ethnicity may influence thyroid
hormone levels, as the local population was evaluated using
their own reference range. However, in the present study,
more than 95% of the subjects were Japanese; thus, the ef-
fects of ethnicity and place of residence on thyroid hormones
was minimal.

Conclusions

The present study demonstrated seasonal changes in the
serum TSH levels, with high levels in winter, whereas serum
FT3 levels of Japanese were high in summer. Seasonal vari-
ation in thyroid function should be taken into account to pre-
cisely evaluate thyroid function in clinical practice.
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