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Abstract: Objective: Hemoglobin A1c (HbA1c) is routinely used to evaluate glycemic control in patients with diabetes. 
Using HbA1c of ≥ 6.5% for screening and diagnosis of type 2 diabetes is also recommended. The purpose of this 
study was to investigate seasonal variations of HbA1c in residents of Beijing city (China), including both diabetic and 
non-diabetic subjects. Methods: The study cohort included 61,167 HbA1c observations (HbA1c < 6.5%: n=36,174; 
HbA1c ≥ 6.5%: n=24,993) from residents who performed physical examination in Beijing Hospital over 5 years (from 
Jan 2007 to Apr 2011). We calculated monthly average HbA1c for both overall population and subpopulations de-
fined by HbA1c values (HbA1c < 6.5% or HbA1c ≥ 6.5%). In addition, we analyzed whether there are any differences 
in HbA1c among subgroups divided by gender, age and time of blood specimen collection. Finally, general linear 
models (GLM) were applied to the data to assess the impact and potential interactions of various independent vari-
ables (age, time, month and gender) on the HbA1c changes. Results: For overall population, we observed a peak of 
HbA1c value (6.67%) in January and a trough (6.38%) in June to August. Surprisingly, it was noticed that the lowest 
value (6.36%) was in November. Similar monthly pattern was found in the subpopulations of HbA1c < 6.5%. For the 
subpopulations with higher values (HbA1c ≥ 6.5%), very slight changes were shown, with higher value (7.48%) in 
January to February and lower value (7.31%) in September. These seasonal fluctuations of monthly HbA1c values 
are statistically significant adjusted for all of the other factors in GLM analysis (age, time, and gender). Conclusion: 
In residents of Beijing, relatively higher HbA1c values in winter and lower values in summer were observed. In ad-
dition, the lowest HbA1c value was noticed in November, especially for subgroup of HbA1c < 6.5%. We think both 
geographical and cultural influences are directly related to HbA1c monthly variations. These findings have implica-
tions for epidemiologic studies and clinical assessment in both diabetic and non-diabetic populations. 
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Introduction

As the prevalence of diabetes is increasing, the 
achievement of adequate glycemic control and 
prevention of chronic complications are getting 
more and more important [1, 2]. Hemoglobin 
A1c (HbA1c), also known as glycated hemoglo-
bin, is a marker of glycemia and reflects the 
average blood glucose levels for the previous 
60-90 days [3]. It has been estimated that 50% 
of the HbA1c level was determined by the plas-
ma glucose level during the preceding 30 days 
[4]. Therefore, HbA1c level is routinely used to 
monitor the long-term glycemic control in indi-
viduals with diabetes and serves as an indica-
tor for future risk of complications [5, 6]. It is 
also recommended by an International Expert 

Committee to use the A1c test to diagnose dia-
betes, with a threshold of ≥ 6.5% [7].

Increasing evidences suggest that glycemic lev-
els, as shown by the HbA1c levels, exhibit a sea-
sonal pattern in both type 1 and type 2 diabetic 
patients [8-17]. The phenomenon of lower lev-
els of HbA1c during the summer months has 
been observed in children with type 1 diabetes 
in both Poland and U.K. [9, 15]. In addition, fluc-
tuation of higher in winter and lower in summer 
of HbA1c value was reported in type 2 diabetic 
patients in Greece and Portugal, respectively 
[13, 17]. Overall, most of these studies were 
performed in the northern hemisphere with sig-
nificant differences between winter and sum-
mer temperatures. A further study encompass-
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ing 5 different geographic locations demon-
strated that smaller differences between the 
lowest and highest HbA1c mean monthly value 
was shown in location with less variation in 
temperature over the course of the year like 
Singapore [18]. Several studies from Asia, like 
Korea [16], Japan [14] and Taiwan [12], have 
revealed seasonal pattern of HbA1c in diabetic 
patients. However, fluctuations in HbA1c levels 
by climatic change have not been reported for 
large populations of people in China, and 
whether these fluctuations differ by subject 
characteristics such as gender, age, or time of 
blood specimen collection is not known.

In our study, to evaluate whether there is a sea-
sonal change of HbA1c levels in residents of 
Beijing City, China, we examined the associa-
tion between mean values of HbA1c and time 
(calendar month) in subjects including both dia-
betic and non-diabetic populations for a five 
year-period.

Materials and methods

Subjects and data collection

We retrieved data from electronic medical 
records of the residents who performed physi-
cal examination in Beijing Hospital from Jan 
1st, 2007 to Apr 30, 2011. Beijing is located in 

the target value of 0.1%. For our analyses, we 
excluded subjects if: 1) patients with fever and 
infection; 2) patients with severe kidney dis-
ease, diabetic ketoacidosis and hyperosmolar 
hyperglycemic state; 3) patients with thyroid 
dysfunction, severe anemia, leukemia and 
other diseases that affect metabolism. 
According to these criteria, a total of 61,167 
HbA1c observations (HbA1c < 6.5%: n=36,174; 
HbA1c ≥ 6.5%: n=24,993) were subjected to 
the final analyses. We also divided the patients 
into subgroups by gender, age and time of 
blood specimen collection. 

Statistical analysis

To determine whether there were differences 
among multiple subgroups, one-way ANOVA or 
Kruskal-Wallis test with post hoc analysis using 
Student-Newman-Keuls (SNK) test were used. 
The HbA1c observations were stratified into 
two categories determined according to HbA1c: 
HbA1c < 6.5% and HbA1c ≥ 6.5%. General lin-
ear models (GLM)-multivariate analyses with 
type III sum of squares, was performed, which 
using HbA1c as dependent variable and gen-
der, age, time and month as independent vari-
ables. Statistical analyses were carried out 
using SAS 9.3 software (SAS Institute Inc., Cary, 
NC, USA) and differences were considered to 
be statistically significant at P < 0.05 level.

Table 1. Monthly mean HbA1c values in Beijing resi-
dents from Jan 2007 to Apr 2011 (n=61,167)

Month N
(Total)

HbA1c (%)
Mean ± SD

HbA1c < 
6.5%
N, (%)

HbA1c ≥ 
6.5%
N, (%)

January 3803 6.67 ± 1.13a 1932, (51) 1871, (49)
February 3895 6.60 ± 1.15b 2101, (54) 1794, (46)
March 6701 6.54 ± 1.10b 3816, (57) 2885, (43)
April 6513 6.44 ± 1.07c 4014, (62) 2499, (38)
May 5097 6.43 ± 1.07c,d 3124, (61) 1973, (39)
June 4908 6.38 ± 1.04d 3076, (63) 1832, (37)
July 4762 6.38 ± 1.03c,d 2976, (62) 1786, (38)
August 4879 6.38 ± 1.01c 3084, (63) 1795, (37)
September 4890 6.44 ± 1.00b 2865, (59) 2025, (41)
October 4826 6.43 ± 1.06c,d 2904, (60) 1922, (40)
November 5418 6.36 ± 1.08e 3378, (62) 2040, (38)
December 5475 6.60 ± 1.12b 2904, (53) 2571, (47)
Superscript letters (a, b, c, d, e) indicate statistically significant 
differences between the subgroups of month. Means sharing the 
same superscript are not significantly different from each other 
(P > 0.05). Different superscript indicates significant difference 
between the subgroups (P < 0.05).

northeastern China and has a temperate 
and continental monsoon climate. The 
highest mean monthly temperature is in 
July at an average of 26°C (79°F), while the 
lowest was in January at an average of -4°C 
(25°F). 

Both non-diabetic subjects and diabetic 
subjects with anti-diabetic therapy, using 
lifestyle modification, oral anti-diabetic 
drugs, insulin therapy and combined thera-
py, were included. The data collected from 
electronic medical records contain infor-
mation of age, gender, diagnosis, HbA1c, 
prescribed medications. In total, we col-
lected 190,945 HbA1c values measured 
using ultra2TM HbA1c analyzer (Primus 
Corp., Kansas, USA), which is based on 
boronate affinity chromatography method. 
Commercial lyophilized human whole blood 
(Lyphochek® Diabetes Control, Cat. No. 
740, Bio-Rad Laboratories, USA) was used 
as a periodic quality control. To keep the 
results consistent, re-calibration was per-
formed if quality control results exceeded 
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Results

Monthly variations in HbA1c values

Overall, in total of 61,167 HbA1c observations 
collected from Beijing residents during Jan 
2007 to Apr 2011 (Table 1), we observed a 
peak of the highest monthly HbA1c level in 
January (6.67 ± 1.13%), slightly lower in Dece- 
mber (6.60 ± 1.12%) and February (6.60 ± 
1.15%). On the other hand, we found a trough 
of lower levels in June to August (6.38 ± 1.04%, 

not remarkable (about 0.17%), with higher 
value in January (7.48 ± 1.08%) to February 
(7.48 ± 1.12%) and lower value (7.31 ± 0.94%) 
in September (Figure 1B).

Comparisons among subgroups divided by 
gender, age and time of blood specimen col-
lection

Overall, there was no difference in HbA1c levels 
between 32,119 female subjects (6.46 ± 
1.06%) compared to 29,048 male subjects 

Figure 1. Time series of changes in HbA1c monthly average values in the subgroups stratified according to HbA1c: 
HbA1c < 6.5% (A) and HbA1c ≥ 6.5% (B). Same letters in the figure indicate no significant difference between the 
means of the groups analyzed (P > 0.05). Different letters indicate significant difference between the means of the 
groups analyzed (P < 0.05).

Table 2. Comparisons of HbA1c (%) between gender subgroups

Gender
All HbA1c < 6.5 HbA1c ≥ 6.5

N Mean ± SD N Mean ± SD N Mean ± SD
Female 32,119 6.46 ± 1.06a 19,027 5.82 ± 0.40a 13,092 7.40 ± 1.02a

Male 29,048 6.47 ± 1.09a 17,147 5.79 ± 0.40b 11,901 7.44 ± 1.04b

Superscript letters (a, b) indicate statistically significant differences between gender 
subgroups. Means sharing the same superscript are not significantly different from 
each other (P > 0.05). Different superscript indicates significant difference between the 
subgroups (P < 0.05).

Table 3. Comparisons of HbA1c (%) between age subgroups

Age N
(Total)

HbA1c (%)
Mean ± SD

HbA1c < 
6.5%
N, (%)

HbA1c ≥ 
6.5%
N, (%)

Age < 30 1751 5.56 ± 0.78a 1628, (93) 123, (7)
30 ≤ age < 40 5614 5.69 ± 0.85b 5090, (91) 524, (9)
40 ≤ age < 50 8049 6.15 ± 1.11c 6015, (75) 2034, (25)
50 ≤ age < 60 15200 6.57 ± 1.08d 8537, (56) 6663, (44)
60 ≤ age < 70 15355 6.64 ± 1.02e 8030, (52) 7325, (48)
70 ≤ age < 80 11463 6.73 ± 0.97f 5219, (46) 6244, (54)
80 ≤ age 3735 6.79 ± 1.00g 1655, (44) 2080, (56)
Superscript letters (a, b, c, d, e, f, g) indicate statistically significant differences 
between age subgroups. Means sharing the same superscript are not significantly dif-
ferent from each other (P > 0.05). Different superscript indicates significant difference 
between the subgroups (P < 0.05).

6.38 ± 1.03%, 6.38 ± 
1.01%, respectively). The 
differences between the 
highest and lowest HbA1c 
values were about 0.29%. 
Surprisingly, the lowest 
level of the whole year was 
noticed in November (6.36 
± 1.08%). In further analy-
ses, we divided the data 
into two subgroups acc- 
ording to HbA1c: HbA1c  
< 6.5% (n=36,174) and 
HbA1c ≥ 6.5% (n=24,993). 
Then, we found similar 
monthly pattern of HbA1c 
values in the subgroup of 
HbA1c < 6.5% (Figure 1A), 
which reflected the whole 
trend due to the higher 
proportion of this group in 
the whole observations in 
each month (Table 1). 
However, for the higher 
HbA1c group (HbA1c ≥ 
6.5%), the changes bet- 
ween each month were 
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(6.47 ± 1.09%) (Table 2). However, after we 
divided them into subgroups according to 
HbA1c < 6.5% and HbA1c ≥ 6.5%, there was 
significant difference between female subjects 
and male subjects. In the subgroup of HbA1c < 
6.5%, HbA1c level was shown less in male 
group (5.79 ± 0.40%) compared to female 
group (5.82 ± 0.40%). In contrast, for subgroup 
of HbA1c ≥ 6.5%, less HbA1c value was found 
in female group (7.40 ± 1.02%) instead of male 
group (7.44 ± 1.04%) (Table 2). Actually, the dif-
ference between mean values of different gen-
der subgroups was within 0.04%, which is a 
slight difference.

All of the HbA1c observations were divided into 
seven subgroups according to the age of the 

the higher HbA1c subgroup, HbA1c levels were 
reduced with age and kept the same in sub-
groups with age more than 50 (Figure 2B). 

We also examined if there was any difference of 
HbA1c values among different time of blood 
specimen collection (from 8 AM to 4 PM) (Table 
4). Overall, HbA1c observations which were col-
lected around 10 AM were shown less (6.15 ± 
0.98%) compared with which were collected at 
the other times, and 27.5% (16,145 in totally of 
58,725) of the blood sample were collected at 
this time. The higher value of around 6.84 ± 
1.13% was shown from samples collected in 
the afternoon between 2 PM to 4 PM. In the 
lower HbA1c subgroup of HbA1c < 6.5%, similar 
trend was shown as the whole trend, with less 

Figure 2. Variations of HbA1c value in different age groups in the subgroups stratified according to HbA1c: HbA1c 
< 6.5% (A) and HbA1c ≥ 6.5% (B). Same letters in the figure indicate no significant difference between the means 
of the groups analyzed (P > 0.05). Different letters indicate significant difference between the means of the groups 
analyzed (P < 0.05).

Table 4. Comparisons of HbA1c (%) between subgroups divided by 
time of blood specimen collection

Time
All HbA1C < 6.5 HbA1C ≥ 6.5

N Mean ± SD N Mean ± SD N Mean ± SD
8 AM 3384 6.63 ± 1.13a,b 1808 5.87 ± 0.39a,b 1576 7.51 ± 1.07a

9 AM 7533 6.55 ± 1.06a,b 4274 5.90 ± 0.38a,b 3259 7.42 ± 1.04a

10 AM 16145 6.15 ± 0.98b 11660 5.68 ± 0.40b 4485 7.37 ± 0.99a

11 AM 14896 6.43 ± 1.04a,b 8935 5.80 ± 0.40a,b 5961 7.38 ± 0.99a

12 PM 9970 6.70 ± 1.09a,b 4910 5.93 ± 0.36a,b 5060 7.44 ± 1.05a

1 PM 3577 6.74 ± 1.10a,b 1706 5.96 ± 0.33a 1871 7.45 ± 1.08a

2 PM 1948 6.84 ± 1.13a 826 5.98 ± 0.34a 1122 7.48 ± 1.09a

3 PM 813 6.84 ± 1.09a 347 5.98 ± 0.36a 466 7.48 ± 1.00a

4 PM 459 6.83 ± 1.11a 201 5.97 ± 0.34a 258 7.50 ± 1.04a

Superscript letters (a, b) indicate statistically significant differences between time 
subgroups. Means sharing the same superscript are not significantly different from 
each other (P > 0.05). Different superscript indicates significant difference between the 
subgroups (P < 0.05).

subjects (Table 3). Overall, 
increased HbA1c values 
were shown with the in- 
creased age. Then, in each 
age group, we divided 
them into subgroups of 
HbA1c < 6.5% and HbA1c 
≥ 6.5%. In the lower HbA1c 
subgroup, HbA1c levels 
were increased with age, 
in which the highest val-
ues were seen in those 
aged 70-80 and over 
(Figure 2A). This trend is 
similar with the overall 
trend due to the higher 
proportion of these sub-
jects in the whole popula-
tion (Table 3). However, in 
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variations between highest (5.98 ± 0.36%) and 
lowest (5.68 ± 0.40%) values. However, in the 
higher HbA1c subgroup of HbA1c ≥ 6.5%, there 
was no difference among each of the time 
subgroups.

General linear models (GLM)-multivariate anal-
yses were applied to the data to assess the 
impact and potential interactions of various 
independent variables (age, time, month and 
gender) on the change in the HbA1c values 
(Table 5). These seasonal and monthly fluctua-
tions of HbA1c values are statistically signifi-
cant (P < 0.001) adjusted for all of the other 
factors in GLM analysis (age, gender and time 
of blood collection). Additionally, there is a 
strong influence of subject characteristics such 
as age, gender and time of blood collection on 
the HbA1c value changes.

Discussion

From the analyses of monthly HbA1c values in 
Beijing residents over almost five years, we 
observed a peak in cooler winter months of 
January and a trough in summer of June to 
August. Surprisingly, we noticed that the lowest 
value was in November. Similar monthly pat-
tern was found in the subpopulations of HbA1c 
< 6.5%. For the subpopulations with higher val-
ues (HbA1c ≥ 6.5%), there was only very slight 
changes, with higher values in January to 
February and lower values in September.

Seasonal variations of HbA1c have been report-
ed in several other studies, in which climate 
and local temperature was thought to be direct-
ly associated with HbA1c changes [12, 14, 16]. 
Beijing city (latitude 39° 54’ North) has a tem-
perate and continental monsoon climate, with 
four distinct seasons. The coldest month is 
January and the hottest month is July. Overall, 
our data found higher HbA1c values in January 
and lower HbA1c values in summer from June 

tively [17]. In another study in Seoul (latitude 
37° 34’ North), the Spearman coefficient 
between daily mean HbA1c values and 3 
month-moving averages of daily ambient tem-
perature was correlated, which suggesting that 
a lower temperature may have a negative influ-
ence on glycemic control in type 2 diabetic 
patients [16]. In addition, from the study of sev-
eral different geographic areas including 
Marshfield, Edmonton, Melbourne, and Sin- 
gapore, difference between the low and high-
est HbA1c mean value is thought related to the 
variation in temperature over the course of the 
year. Singapore showed the least difference in 
HbA1c mean value, which is possibly due to the 
very little variation (2.0°C) in mean monthly 
high temperature [18]. Tseng et al. also com-
mented that the difference in HbA1c values 
was temperature related, with greater HbA1c 
changes noted when there were larger temper-
ature differences [11]. The seasonal pattern in 
HbA1c was also observed in our study, which 
we think this phenomenon is also related to cli-
mate and temperature.

In addition to local temperature, we think cul-
tural factors such as physical activity and 
dietary patterns are also related to the season-
al pattern of HbA1c. It has been shown that 
physical activity advice is associated with lower 
HbA1c, but only when combined with dietary 
advice [19]. In Beijing city, most of people typi-
cally choose exercise like jogging or running 
outdoors other than treadmill running inside 
the gym. So the average outside exercise is 
much less in cold winter compared that in sum-
mer. On the other hand, food intake is greater 
in the winter months and people like sitting 
around a steaming beef or lamb hot pot on a 
cold evening. During Chinese Lunar New Year 
holiday in January or February, the main tradi-
tional celebrations of the festival are eating at 
home or restaurant with families and friends. 
Both this physical exercise and dietary culture 

Table 5. Impact of age, time, month, gender on the 
HbA1c values analyzed by general linear models (GLM)
Source DF Type III SS Mean Square F Value P
Intercept 1 557148.05 557148.05 557732 < 0.001
Age 6 5534.47 922.41 923.38 < 0.001
Time 8 1435.87 179.48 179.67 < 0.001
Month 11 294.63 26.78 26.81 < 0.001
Gender 1 60.64 60.64 60.71 < 0.001

to August, which seems reversely related 
to temperature. The study conducted in 
one hospital of Portugal, which has simi-
lar latitude (41° 08’ North), showed peak 
of HbA1c levels in January-February and 
trough in late-summer of August-Sept- 
ember. Similarly, mean local temperature 
of this place ranges between an average 
minimum and maximum of 5.2°C and 
25.7°C in January and August, respec-
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are thought contributed to the higher HbA1c 
values of Beijing residents in winter. For the 
small drop of monthly HbA1c values in 
November we noticed, a possible explanation 
for this is many people choose travel to some 
attractions either in Beijing or other places 
even abroad during the National Day holiday 
from Oct 1 to Oct 7 (Golden week). Decreased 
appetite may coincide with intense travel, which 
may cause less food intake, resulting in lower 
HbA1c levels in November. Since the popula-
tion who travel during this holiday are mostly 
healthy people, we only found this phenome-
non in lower HbA1c group (HbA1c < 6.5%), not 
in the higher HbA1c group (HbA1c ≥ 6.5%). 
Further questionnaire for physical exercise, 
dietary habit and travel experience would be 
helpful for confirming this speculation.

The seasonal variations of HbA1c levels in 
group of HbA1c ≥ 6.5% has smaller amplitude 
compared to that in lower HbA1c group, with a 
difference of 0.17% and 0.29%, respectively. 
Studies by Tseng et al. on US diabetic veterans 
in East Orange, New Jersey showed HbA1c val-
ues were higher in winter and lower in summer 
with a difference of 0.22 [11], which is compa-
rable with our results. In contrast, Maguire et 
al. and Hajime et al. reported much bigger sea-
sonal changes in diabetic patients at about 
0.47-0.69 and 0.5, respectively [20, 21]. In 
non-diabetic subjects, MacDonald et al. 
showed amplitude about 0.7 [22]. However, all 
of these studies were conducted in population 
of a much smaller scale, which is less represen-
tative for the whole population.

In our study, we observed seasonal variations 
in HbA1c levels in Beijing residents including 
both diabetic and non-diabetic subjects. These 
fluctuations are likely attributable to climate, 
with higher HbA1c levels in winter and lower 
levels in summer, with a contrast of about 
0.29%. A small drop in HbA1c values was 
noticed in November especially in group of 
HbA1c < 6.5%. Smaller mean amplitude of vari-
ation was shown in the group of HbA1c ≥ 6.5%. 
We suggest a combination of potential environ-
mental, biologic and cultural factors, especially 
physical exercise and food intake patterns, may 
all contribute to this seasonal pattern of HbA1c. 
These findings may have implications for the 
diagnosis of diabetes based on HbA1c values, 
the assessment of the effects of treatments or 

interventions, and the design of clinical trials 
using HbA1c levels as their primary outcome.
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