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ABSTRACT

Objective: In this study, the seasonal variations of HbA1c and
serum 25(0OH) vitamin D were investigated during different sea-
sons in Istanbul.

Materials and Methods: The alterations in HbA1c and vitamin
D were evaluated concerning age and sex. The study consisted
of 86,835 samples, selected from the Istanbul Faculty of Medi-
cine Electronic Medical Records.

Results: LC-MS/MS quantified 25(OH)D levels, and HbAlc were
measured in HPLC. The HbA1c level in women was significantly
lower than in men (p<0.001), and the HbA1c level was higher in
summer compared with winter (p<0.001) and autumn (p=0.005).
The 25(OH)D levels of all groups was 28.2+15.5 ng/mL with no
difference between men and women. The highest vitamin-D lev-
els were in summer, and the lowest were in winter.

Conclusion: Studies have shown that in both hemispheres of the
world, HbA1c levels decrease when the air is warm and increase
when the weather is cold. However, contrary to expectations,
we witnessed that HbA1c wa s 0.3% higher in summer than in
winter in Istanbul, where the temperature change over a year is
22.5°C, the coldest month is January, and the hottest month is
August. A possible explanation of our findings could stem from
the occurrence of Ramadan in the summer months between

OZET

Amag: Bu calismada istanbul'da farkli mevsimlerde HbA1c ve
serum 25(OH) vitamin D’'nin mevsimsel degisimleri arastinlmistir.

Gereg ve Yéntem: Calismada kullanilan 86.835 drnek, istanbul
Tip Fakiltesi Elektronik Tip Kayitlarindan secilmistir. HbATc ve
vitamin D duizeyindeki degisiklikler yas ve cinsiyete gore deger-
lendirilmistir. 25(OH)D seviyeleri LC-MS/MS, HbAlc ise HPLC
yontemleriyle &lctlmastr.

Bulgular: HbA1c dizeyi kadinlarda erkeklere gére anlam-
Il olarak dustk (p<0,001) ve yaz aylarinda, kis (p<0,001) ve
sonbahar (p=0,005) aylar ile karsilastinldiginda daha ylksek
bulunmustur. 25(0OH)D ortalamasi 28,2+15,5 ng/mL olup, er-
kekler ve kadinlar arasinda fark bulunmamistir. En ytksek D
vitamini seviyelerinin yaz aylarinda, en dusik ise kis aylarinda
oldugu gorilmustar.

Sonug: Calismalar, diinyanin her iki yarim kiresinde de hava isin-
diginda HbATc seviyelerinin azaldigini, hava soguk oldugunda
ise arttigini géstermektedir. Ancak bir yil icinde sicaklik degisimi-
nin 22,5°C oldugu, en soguk ayin Ocak, en sicak ayin ise Agustos
oldugu istanbul’da HbA1c'nin beklenenin aksine yaz aylarinda
kis aylarina gére %0,3 daha yiiksek oldugu goérildi. Bu durumun,
2015-2017 arasindaki yaz aylarinda Ramazan ayinin varligindan
kaynaklaniyor olabilecedi distiniildii. Ote yandan HbAlc ile
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2015-2017. However, variations between HbA1c and 25(OH)D
related to temperature changes during the year and age groups
were detected.

Keywords: Diabetes mellitus, vitamin D, seasonal variation,
HbA1c, Ramadan

25(0OH)D arasinda yil ve yas gruplarnindaki sicaklik degisimlerine
bagli farkliliklar tespit edildi.

Anahtar Kelimeler: Diabetes mellitus, vitamin D, mevsimsel de-
Jisiklikler, HbAlc, Ramazan

INTRODUCTION

Some metabolic factors and hormones demonstrate cir-
cannual patterns depending on seasonal environmental
factors (1). Some metabolic changes with seasonal vari-
ations are seen in blood pressure, heart rate, and some
serum metabolites such as serum lipids, glycated hemo-
globin (HbA1c), vitamin D, and hormone levels.

Cold weather and some climate factors have been re-
vealed to induce cyclical, seasonal variations. The body’s
standard thermoregulatory mechanism functions to pre-
serve a stable internal state to survive, and the hypothal-
amus maintains this. In winter, the production of hor-
mones such as glucagon, epinephrine, and cortisol levels
increase with the effect of the cold temperature, which
results in high blood glucose levels (2, 3). Recent studies
have shown that increased body fat and consequently in-
sulin resistance in winter are associated with high cortisol
levels and increased tissue sensitivity of glucocorticoids
(4). Several studies reported physiologic responses to
cold temperatures (5, 6).

The hemoglobin Alc (HbA1c) test is essential for accom-
plishing adequate glucose monitoring in patients with
type 1 or type 2 diabetes and screening tests to diag-
nose diabetes mellitus. The International Expert Com-
mittee and the American Diabetes Association (ADA)'s
current diagnostic criteria suggest that Alc levels of 6.5%
are indicative of type 2 diabetes, and a level between
5.7-6.4% indicates a high risk for progression to diabe-
tes mellitus (7, 8). Although HbA1c has many advantages,
such as being highly standardized with low biologic vari-
ation, it also shows poor validity with a sensitivity of 44%
and a specificity of 79% at a diagnostic threshold value
(6.5%) (9-11). However, the ADA recently recommended
using repeated blood glucose measurements with the
estimated average glucose (€AG) to make the best infer-
ence from individual data (12). Studies have shown that
new-onset type 1 diabetes is mostly seen in winter in the
northern hemisphere with seasonal changes (13). How-
ever, such seasonal patterns’ significance is unclear due
to the multifactorial etiology of diabetes (14). Seasonal
changes also affect glycemic control and HbAlc levels in
patients with diabetes. These alterations are associated
with geographic regions based on temperature varia-
tions and latitudes (13, 15).

Vitamin D is an important factor in human metabolism,
recently shown to have additional roles in insulin resis-

tance, type 2 diabetes, cancer, immune system and cog-
nitive dysfunction, and bone metabolism. Many studies
have shown a link between insufficient vitamin D levels
and diabetes, hypertension, coronary artery disease, and
cancer development (16-19). In recent years, the grow-
ing public awareness of vitamin D functions, as well as
bone metabolism, has led to increased vitamin D sup-
plementation. Also, seasonal variations of vitamin D
concentration depending on latitude, diet, and clothing
habits have been investigated in previous studies (20, 21).
Changes in HbA1c and 25(OH)D levels have been report-
ed between seasons or months throughout the year and
in both hemispheres (22-24).

In this study, we aimed to evaluate the seasonal variations
of HbA1c and serum 25(0OH) vitamin D concentrations
during different seasons of the year in Istanbul and as-
sess the alterations in HbA1c and serum 25(OH)D levels
concerning age and sex.

MATERIALS AND METHODS

Study group

This study consisted of 86,835 subjects, selected from the
Istanbul Faculty of Medicine Clinical Laboratory Electron-
ic Medical Records between September 2015 and Feb-
ruary 2018. The data selected were unidentified and only
included age, sex, the month of blood sampling, and
HbATc and 25(0OH)D levels. All subjects who participat-
ed in the study were residing in Istanbul (Latitude: North
41°00).

The blood samples were collected in vacutainer tubes
containing dipotassium-EDTA (K2-EDTA) (Becton Dick-
inson, Plymouth, UK), for HbAlc and 25(OH)D assays.
The subjects were categorized according their age and
sex. According to age, the study group was classified in 6
subgroups: 0-5 years, 6-19 years, 20-39 years, 40-65 years,
65-80 years, and over 80 years. The study protocol was
approved by the Ethical Committee of Istanbul Faculty of
Medicine (Date: 29.03.2019, No: 06).

Methods

HbATc levels were measured using cation-exchange
high-performance liquid chromatography [HPLC] with
Bio-Rad Turbo Il (Bio-Rad, Richmond, California, USA)
on the same day within four hours of blood sampling.
All HbATc results are expressed in percentage (%), using
the certified method of the National Glycohemoglobin
Standardization Program/Diabetes Control and Compli-
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cations Trial (NGSP/DCCT). The precision results (CVs%)
were 2.5, 4.0, and 2.3% at normal, high, and intermediate
HbA1lc levels, respectively. Based on ADA criteria, Alc
levels of 6.5% were accepted as an indicator of type 2
diabetes and a level between 5.7-6.4% were accepted as
an indicator of a high risk of progression to diabetes mel-
litus (pre-diabetes) (8).

The collected blood samples for vitamin D measurement
were protected from light, centrifuged, and stored at
-80°C until studied. 25(OH)D levels were quantified using
the LC-MS/MS method with a Zivak Tandem Gold HPLC
unit and a Zivak D2/D3 Tandem GOLD Triple Quadrupole
MS/MS unit (Zivak Technologies, Turkey). The precision re-
sults (CVs %) were 7.2% and 7.3% at low (22.4+3.3 ng/mL)
and high levels (82.3+11.8 ng/mL), respectively. Vitamin D
deficiency is defined as 25(OH)D levels of below 20 ng/mL
(50 mmol/L) according to the Endocrine Society (25).

The monthly and seasonal mean HbATc and 25(OH)D
levels for the entire study group were calculated using a
maximum of one and half years’ data, and evaluated for
subgroups depending on age groups, sex, and tempera-
ture differences.

The mean monthly temperatures for different months
were obtained from available meteorological information
for Istanbul.

Statistical interpretation

The statistical analysis was performed using the SPSS
15 software program (SPSS, Chicago, IL, USA). A p val-
ue of <0.05 was considered statistically significant. The
differences among multiple subgroups were determined
using one-way analysis of variance (ANOVA) or the Krus-
kal-Wallis test with post-hoc analysis. Multivariate logistic

regression analysis was performed to determine the in-
dependent variables that were associated with Vitamin
D and HbAc.

RESULTS

The study comprised of 86,835 subjects (58.5% women,
40.5% men). The participants’ mean age was 39.4+23.2
(range, 1-84) years. The women were slightly older than
the men (40.1+21 years vs. 38.5+24.3 years, respective-
ly). Of the study group, 12% (n=12243) were less than 5
years of age; 13% (n=12540) were aged 6-19 years; 21%
(n=20568) were aged 20-39 years; 41% (n=39684) were
aged 40-65 years, 11% (n=1800) were aged 65-80 years,
and 2% were over 80 years of age.

The mean HbA1c concentration of all participants was
6.53+1.8%. The women's HbA1c levels were significant-
ly lower than in men (6.42+1.8% vs. 6.64+1.8%; p<0.001)
(Table 1).

Istanbul’s average temperature obtained from available
meteorologic information was the lowest in January
(+4.0°C), and the highest in August (26.6°C). The HbA'c
levels varied significantly across the different seasons.
The average HbA1c level was higher in summer com-
pared with winter (6.66+1.9% vs. 6.53+1.9%; p<0.001)
and autumn (6.52+1.7%; p=0.005). The HbA1c levels in
winter were also significantly different compared with
spring (p=0.003). The monthly variations in HbA1c levels
showed a peak in June and July, and lowered following
October. Significant differences were obtained between
January and June, July and August (p<0.001), and also
between February and August (p<0.001) (Figure 1A).

When we investigated HbATc levels according to the
age groups, the HbA1c levels of the subjects aged 0-5

Table 1: HbAT1c and 25(OH) vitamin D levels between sex and age subgroups

Mean age Sex distribution HbA1c 25(OH) Vitamin D

(years=SD) (%) (%) (ng/mL)
Women 41.1£21.0 58.5 6.42+1.80" 27.4+20.2
Men 38.5+24.3 40.5 6.64+1.80 27.5+15.9
Age groups Mean age .Age groups HbA1c 25(0OH) Vitamin D

(years=SD) distributions (%) (%) (ng/mL)
0-5 years 27115 12 5.99+1.52bc 32.3+17.120
6-19 years 11.4+4.2 13 6.29+2 220 24.8+14 654
20-39 years 30.3+£5.9 21 5.70+1.12bc 24.43+19.72bc
40-65 years 52.7+7 1 4 6.80+1.9 27.00+18.84
66-80 years 71.3+£4.02 11 6.71+£1.8 28.83+19.64
>80 years 84.0+3.5 2 6.44+1.3 30.30+23.1

*: p<0.001: intergroup analysis, * p<0.001: in comparison with group 3 (aged 40-65), b: p<0.001: in comparison with group 4 (aged 65-80),
¢ p>0.001: in comparison with group 5 (aged >80 years), % p<0.001
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Figure 1(A): Alteration in HbA1c percentages in respect
to months

years and 20-39 years and were lower compared with
subjects older than 40 years (40-65; 65-80 and >80 years;
p<0.001, p<0.001 and p=0.003, respectively). The mean
HbA1c levels in those aged 40-65 and 65-80 were also
higher than in subjects aged over 80. HbA1c levels be-
tween sex and age subgroups are presented in Table 1.

The mean 25(0OH)D levels of all participants was
28.2+15.5ng/mL. No significant difference was obtained
between the mean levels 25(OH)D of men and women
(27.5+15.9 ng/mL, 27.4+20.2 ng/mL, respectively) (Table

1). When the vitamin D levels were evaluated across dif-

ferent seasons, all groups’ highest vitamin D levels were
in summer. The lowest was in winter with a difference of
6.5 ng/mL (30.98+12.7 vs. 24.48+17.8 ng/mL, p<0.001).
The mean 25(OH)D levels were also higher in summer
compared with autumn and spring (29.8+17.9 ng/mL,
26.9+21.0 ng/mL, respectively; p<0.001, for both) (Table
2). The monthly alterations in 25(OH)D levels demon-
strated a peak in August (34% increase) through January
to August, and tended to decline following October.
Significant differences were found between vitamin D
levels of January and July/August (p<0.001 for both),
and also between December and August, and Septem-
ber (p<0.001, for both) (Figure 1B). Average monthly
25(0OH)D levels are presented in Figure 1(B).

When we compared 25(0OH)D levels according to the age
groups, the groups aged 6-19 and 20-39 years were the
lowest among all age groups. The mean 25(OH)D con-
centrations of individuals in these groups were signifi-
cantly lower than those aged 0-5 years, 40-65 years, and
65-80 years (p<0.001 and p<0.001) (Figure 2B) (Table 1).

The prevalence of vitamin D deficiency for all participants
was 42.4%: 41.4% for men and 44.5% for women.

Factors associated with the risk of 25(OH)D deficiency
and the risk of prediabetes and diabetes mellitus were
evaluated using multiple logistic regression models. Age,
sex, and some months were associated with increased

Table 2: Mean HbA1c and 25(0OH) vitamin D levels and average temperatures for Istanbul in different seasons

Mean temperature

Seasons °C)
Spring 15.1
Summer 25.7
Autumn 18.5
Winter 6.98

HbA1c 25(OH) Vitamin D
(%) (ng/mL)
6.61£1.9 26.9+21.0¢
6.66+1.92P 30.98+12.7°
6.52+1.7 29.8+17.9
6.53+£1.9 245+17.8

2 p<0.001: in comparison with winter, ®: p<0.01: in comparison with autumn, & p<0.001: in comparison with summer

Vitamin D (ng/mL)
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Figure 1(B): Alteration in 25(OH)vitamin D concentra-

tions in respect to months
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Figure 2(A): Alteration in HbA1c percentages in respect
to age groups

120




) Seasonal variation in HbA1c and 25(0OH)D
Istanbul Tip Fakiltesi Dergisi  J Ist Faculty Med 2022;85(1):117-24

W W
S O

[35]
G

—_
[

Vitamin D (ng/mL)
s 8

[

9
b ]
2 P
I | | I I I
0-5y 619y 2039y 4065y 6580y  >81y
Group of Ages
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b: Differences between group 6-19y to 0-5y, 40-65y and 65-80y;
p<0.001
o: Differences between group 20-30y to 0-5y, 40-65y and 65-80y;
p<0.001

HbA1c concentration (the results were not shared). In
women, an increase in HbA1c levels was associated with
a higher risk in the prevalence of diabetes than in men
(p=0.002 in women, p=0.021 in men). The months April
and May seemed to be associated with an increase in
HbA1c levels (p=0.005 and p=0.002, respectively).

Age, certain months (February, March), and Ramadan
(Jun 6 to July 4, 2016) were determined as associated with
vitamin D deficiency (p<0.001, p=0.025, p=0.009, and
p=0.004, respectively). Also, an association was found
between seasonal temperature change and 25(OH)D lev-
els (r=0.184, p<0.001).

DISCUSSION

Studies have shown that in both hemispheres of the
world, HbA1c levels decrease when the air is warm and
increase when the weather is cold. This situation has
been associated with an increase in dietary energy and
decreased physical activity during the winter months in
most of the studies. In fact, in studies conducted in dif-
ferent geographies, it has been observed that the HbA1c
values are even lower in the colder winter months (23,
24, 26, 27). However, contrary to expectations, we have
seen that HbATc is 0.3% higher in summer than in winter
in Istanbul, where the temperature change over a year
is 22.5°C, the coldest month is January, and the hottest
month is August. Tseng et al. reported that the tempera-
ture differences were around 25°C for East Orange, New
Jersey in the United States of America, with a difference
in HbA1c values of 0.22%, in accordance with our find-
ings (24). They also suggested that seasonal variations in
HbA1c levels were greater where the temperature differ-
ences were larger (24). For example, seasonal variation

was not observed in a study conducted in a tropical coun-
try with no significant temperature differences (30).

A possible explanation of our findings could stem from
the presence of Ramadan in the summer months be-
tween 2015-2017, which requires fasting from dawn to
sunset, and may cause a change of dietary habits and
frequency in people who are fasting. Consuming a high
calorie diet depending on the long fasting period may
cause high glucose and increased HbA1c levels. The loss
of circadian rhythm and increased evening cortisol levels
have been reported to cause detrimental effects on met-
abolic regulation during Ramadan (28). According to our
data, the peak of HbA1c seen in July can be explained
by the fact that the fasting periods for Ramadan were in
June for both years and 50% of the HbATc reflects the
average glucose level over the last 30 days in a three-
month period (29). Additionally, it is also inevitable that
people who fast do less physical activity because of the
low energy intake during the whole day.

When we tested the HbA1c levels according to sex and
age groups, the HbA1c levels in women were significant-
ly lower than in men. The mean HbAlc levels in subjects
aged 40-65 and 65-80 were higher than in subjects aged
under 40 years and over 80 years. These findings are con-
sistent with the previous studies’ results (15, 26). When
the HbA1c levels were controlled with logistic regression
models, the months depending on the temperature dif-
ferences remained associated with increases in HbA1c.
Women also had a higher risk than men related to the
increased HbA1c values. Aging is another known factor
associated with the higher HbA1c-associated increased
prevalence of prediabetes and diabetes mellitus. In our
cross-sectional population-based study performed in ur-
ban and rural parts of Turkey, the prevalence of prediabe-
tes and diabetes was 8.2% and 16.5%, respectively, high-
er in women than in men. We also found an association
between increasing age and the prevalence of diabetes
in both sexes (31).

In recent years, several studies have investigated the re-
lation between serum 25(0OH)D and glucose homeostasis
(32, 33). We obtained the highest vitamin D levels in Au-
gust and September and the lowest in January and Feb-
ruary, with a difference of 6.5 ng/mL between summer
and winter, which is consistent with other studies (34-36).
The 25(0OH)D level of summer was also higher than au-
tumn and spring. Nevertheless, studies show no seasonal
differences in vitamin D levels associated with the sunny
season (22, 37). When we tested changes in vitamin D
levels over the months, we found that the highest vitamin
D levels from January to August were in August (a 34%
increase from January). They tended to decline following
October, presenting significant differences between Jan-
uary with July and August. However, studies have sug-
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gested that seasonal temperature changes are not the
only reason for alterations in vitamin D concentrations.
Aging, body mass index/body fat percentage, calcium
intake, genetics, dietary fat content, some diseases, and
some medications are other factors that affect levels of
25(OH)D (38, 39).

According to our results, 42.4% of our study group had vi-
tamin D deficiency (41.4% for men and 44.5% for women).
Similar or higher deficiency rates were reported by other
studies (22, 31, 40). It has been reported that vitamin D
deficiency is more prevalent in certain regions of the w
orld (41). In the current study, 25(OH)D levels were low-
er in subjects aged 0-5 years than over 40 years. Heidari
et al. also reported higher vitamin D levels for subjects
aged over 60 years and lower levels for those younger
than 30 years, in accordance with our findings (22). When
we controlled the 25(OH)D levels with multivariate logis-
tic regression models, the effect of age, month (February,
March), and Ramadan remained significant. According
to our data, the lowest vitamin D levels were between
January and March. Zho et al. reported a significant ef-
fect of seasons on 25(0OH)D levels by logistic regression
analysis (42). Also, the significant association of tempera-
ture in a year with 25(OH)D concentrations supports the
importance of a sunny climate in synthesizing vitamin D
(41). Several studies have revealed that the generation of
25(0OH)D is decreased with aging and skin pigmentation
(18, 43, 44). Although the subjects had higher vitamin D
levels between 40-65 years than at younger ages, signifi-
cantly lower vitamin D levels were obtained from sub-
jects above 80 years compared with middle ages. These
findings also indicate that the skin's ability to synthesize
vitamin D decreases with older age. The fact that the av-
erage 25(0OH)D levels were not significantly different in
both sexes could be due to our study group’s characteris-
tics. Our study group consisted of subjects selected from
our electronic medical records. Accordingly, we had no
information about their dietary habits, diseases such as
tuberculosis, diabetes, therapeutic drugs, including vi-
tamin D and/or oral antidiabetics, and the lack of other
biochemical parameters supporting vitamin D deficien-
cy or serum glucose levels. Therefore, other potentially
confounding factors could not be evaluated, which is the
major limitation of our study.

Our study has shown that although many studies con-
cretely reveal the close relationship between changes
in air temperature, HbA1c, and 25(0OH)D, the changes
in physiological and human habits caused by Ramadan
can change what is known. However, our study could
not determine how many subjects fasted, received vi-
tamin D replacement, had diabetes or a disease that
could affect sugar regulation, or used drugs that could
cause an increase in blood sugar. Therefore, further
studies are needed to investigate the effects of dietary

habits, exercise, and chronic diseases on HbA1c and vi-
tamin D levels.
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