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Abstract 
 

This work aims to compare the levels of blood sugar, hemoglobin and glycosylated hemo-
globin between type 2 diabetic patients of different gender and age, living at different alti-
tudes in Yunnan, China. We selected 410 patients with type 2 diabetes from Kunming, Liji-
ang and Jinghong of Yunnan Province and compared their levels of fasting blood sugar, 2-
hour postprandial blood sugar, hemoglobin and glycosylated hemoglobin. We categorized 
our findings in terms of gender, age, and the altitude where the patients normally inhabit. 
We analyzed the Pearson correlation coefficient of single factor of altitude and glycosylated 
hemoglobin. The fasting blood sugar, 2-hour postprandial blood sugar and glycosylated he-
moglobin were not statistically different between the patients with type 2 diabetes of differ-
ent genders and ages living at different altitudes, but the hemoglobin concentration were 
found to be statistically different. No significant relationship was, however, observed be-
tween the levels of altitude and glycosylated hemoglobin. Levels of altitude, gender and age 
showed effects on hemoglobin concentration in diabetic patients, but they failed to exert any 
significant effects on blood sugar and glycosylated hemoglobin concentrations. 
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Introduction 
 
In the past several decades, detection of glycosylated he-
moglobin (HbA1C) has become a standard in diabetic pa-
tient care. With the increasing understanding of the role of 
HbA1C in diabetes management, HbA1C has become one 
of the hotspots in clinical research today. HbA1C reflects 
the average blood sugar level of patients over a period of 
time, and large-scale studies have shown that HbA1C is a 
test index with the highest correlation with diabetic reti-
nopathy, diabetic nephropathy and diabetic neuropathy 
[1]. In addition, HbA1C is more stable and affected by 
fewer factors than fasting blood sugar and 2-hour post-
prandial blood sugar [2] and is becoming increasingly 
used in clinical applications. HbA1C is not only used as a 
monitoring index to control blood sugar in patients with 
diabetes, but is also used for screening and diagnosis of 
diabetes [3]. The combination of HbA1C, blood glucose 
point values and dynamic blood sugar monitoring pro-
vides health care providers with a better understanding of 
the patient’s ability to control his or her blood sugar level, 

as well as a means to monitor and predict of the risks as-
sociated with chronic diabetes [4]. In addition to long-
term blood sugar levels, whether other non-pathological 
factors such as altitude, ethnicity, and gender affect the 
measured levels of HbA1C is still an open question [5]. 
 
At present, China has not yet adopted HbA1C as an index 
for screening and diagnosis of diabetes, mainly because 
there is not a standardized method for detecting HbA1C 

across various laboratories. Furthermore, the vast geo-
graphical variability of each province in China may also 
result in discrepancies in measured HbA1C values. There-
fore, further clarification of the effect of non-pathological 
factors on the measured levels of HbA1C will help to pro-
mote the clinical application of HbA1C in China. Early 
identification of the desired threshold for diagnosis or 
screening diabetes by using HbA1C in China has important 
clinical significance [6,7]. 

 
Yunnan is a multi-ethnic province, including Han Chinese 
and 25 minority ethnic groups. At the same time, Yunnan 



Ju/Yang/Fan/Shu 

 

Biomed Res- India 2014 Volume 25 Issue 4 312 

Province has complex terrain with an average elevation of 
about 2000m above sea level. However, the elevation dif-
fers greatly throughout the province with the lowest point 
being 76m above the sea level, and the highest elevation 
being 6740m above the sea level. In this study, patients 
with type 2 diabetes were selected from three different 
elevations in order to assess the difference in blood sugar 
and glycosylated hemoglobin between the patients with 
diabetes living at different altitudes of Chinese provinces.  
 
Subjects and Methods 
 
Subjects 
Between January 2011 and June 2012, unadjusted patients 
with type 2 diabetes who lived in Kunming, Lijiang and 
Jinghong, at different altitudes of Yunnan Province, for 
more than 5 years were selected. The patients had been 
diagnosed with diabetes for more than six months and 
received glucose lowering treatment for more than 3 
months. Elimination criteria: Blood disease such as he-
mophthisis and hemoglobinopathy; acute complications 
of diabetes such as diabetic ketoacidosis, hyperosmolar 
coma and hypoglycemia; patients under a state of physi-
cal stress such as acute myocardial infarction, acute cere-
bral infarction, infection, trauma, and operation. Based on 
these criteria, 101 patients were selected from an eleva-
tion of 500m above the sea level in Jinghong city, 208 
patients were selected from an elevation of 1900m above 
the sea level in Kunming city, and 101 patients were se-
lected from an elevation of 2420m above the sea level in 
Lijiang city. This study was conducted in accordance with 
the declaration of Helsinki and approval from the Ethics 
Committee of Kunming General Hospital of Chengdu 
Military Area. Written informed consent was obtained 
from all participants.  
 
Methods 
Eligible patients (410 totals) with type 2 diabetes mellitus 
were phlebotomized at three different times to test their 
fasting and 2-hour postprandial blood sugar. Their serum 
glucose was tested with the oxidase method and the aver 
 

 

age value of three tests was taken as the fasting blood 
glucose and 2-hour postprandial blood glucose. The fast-
ing patients were phlebotomized in the early morning to 
test their glycosylated hemoglobin with the immunotur-
bidimetric method using a fully automatic blood cell ana-
lyzer. The level of hemoglobin was considered normal if 
the values ranged between 110g/L-160g/L, and consid-
ered high if the value showed >160g/L. 

 
Statistical analysis 
 
SPSS13 software was used for statistical analysis and the 
measured data were expressed as the mean + standard 
deviation. The test was used for comparison between two 
groups, Pearson correlation analysis was used for correla-
tion analysis, Kruskal-Wallis test was used to compare 
multiple independent samples at different altitudes and 
ethnicity, Nemenyi test was used for pairwise compari-
son, and we considered any differences to be statistically 
significant when P<0.05. 
 
Results 
 
Clinical data 
 
Table 1 shows that using the Kruskal-Wallis test of multi-
ple independent samples, patient factors such as age 
(kw=0.48 P=0.79), disease duration (kw=3.38 P =0.19), 
fasting blood sugar (kw=1.42P =0.49), postprandial blood 
sugar (kw=2.2 P =0.33), and glycosylated hemoglobin 
(kw=1.53 P =0.47) were not significantly different in the 
patients from three different altitudes.  
 

The overall distribution of hemoglobin was significantly 
different (kw=68.9 P<0.001). Pairwise comparison of 
hemoglobin between the three groups showed that the 
values found in patients from Jinghong and Kunming 

( =41.7, P<0.001), Jinghong and Lijiang (=57.8, P 

<0.001) as well as Kunming and Lijiang (=12.2, P 
<0.001) were all significantly different. 
 

Table 1.  Comparison of clinical indexes in type 2 diabetic patients at different altitudes (mean + standard deviation) 

 

Region 
Number 

of patients 
Age 

(year) 
Disease duration 

(month) 

Fasting 
blood sugar 
(mmol/L) 

Postprandial 
blood sugar 
(mmol/L) 

Hemoglobin 
(g/L) 

Glycosylated 
hemoglobin (%) 

Jinghong 101 58.9±12.7 50.5±28.7 9.9±2.8 15.2±3.6 129.9±16.7 8.7±2.1 

Kunming 208 57.8±13.8 59.8±33.8 9.7±3.0 14.6±4.5 144.0±17.5 8.5±2.4 

Lijiang 

 

101 57.2±13.9 43.0±25.3 9.9±3.2 15.9±12.2 152. 5±19.7 8.4±2.2 
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Table 2.  Comparison of clinical data in type 2 diabetic patients of different ethnic groups (mean + standard deviation) 
 

Races Number of 
patients 

Age 
(year) 

 

Fasting blood 
sugar 

(mmol/L) 

Postprandial 
blood sugar 

(mmol/L) 

Hemoglobin 
(g/L) 

Glycosylated 
hemoglobin 

(%) 
Han 297 58.1±13. 7 9.7±2.9 15.1±7.8 141.4±19.2 8.5±2.3 
Naxi 63 59.5±14.2 10.1±3.4 15.1±5.0 150.9±19.7 8.5±2.3 
Yi 11 47.7±12.0 10.6±2.6 15.7±4.4 138.7±30.7 9.0±1.9 

Jinuo 9 59.7±7.0 11.6±2.9 16.8±4.1 140.4±14.8 9.7±2.1 
Bai 8 54.9±12.7 7.9±1.9 12.7±5.1 146.0±7.9 7.4±1.2 
Dai 5 57.2±14.9 7.9±1.7 12.4±1.5 128.4±14.7 7.4±1.5 
Hani 5 55.4±12.2 8.9±2.2 14.2±2.7 137.0±12.2 8.1±2.1 

 
Table 3. Comparison of clinical data between the diabetic patients of different age and gender (mean + standard deviation) 
 

 
 

Number of 
patients 

Fasting blood sugar 
(mmol/L) 

Postprandial blood 
sugar (mmol/L) 

Hemoglobin 
(g/L) 

Glycosylated                  
hemoglobin (%) 

Male 207 10.0±2.9 15.2±4.5 148.6±21.4 8.7±2.4 
Gender 

Female 203 9.5±3.1 15.0±9.0 136.6±15.4 8.5±2.2 
t   1.7 0.3 6.5 1.2 
P   0.09 0.7 <0.001 0.2 

≥60 194 9.7±3.1 14.5±8.8 138.9±19.9 8.4±2.3 
Age 

<60 216 9.8±2.8 15.6±4.3 146.1±18.5 8.6±2.3 
t   1.1 1.6 3.8 1.8 
P   0.3 0.1 <0.001 0.07 
 
Table 2 compares the age difference, disease duration, 
fasting blood sugar, postprandial blood sugar, hemo-
globin and glycosylated hemoglobin between the pa-
tients of 7 ethnic groups (Dai, Hani, Jinuo, Han, Naxi, 
Yi and Bai). There were more than 5 individuals from 
each ethnic group. The Kruskal-Wallis test was used 
for multiple independent samples. The overall distribu-
tion of age (kw=9.0, P =0.17), disease duration 
(kw=6.3, P =0.39), fasting blood sugar (kw=10.6, P 
=0.1), postprandial blood sugar (kw=6.0, P =0.4) and 
glycosylated hemoglobin (kw=7.5, P =0.28) was not 
significantly different in patients from various ethnic 
groups, while the overall distribution of hemoglobin 
was found to be significantly different (kw=15.8, P 
=0.015). Independent variables for correlation analysis 
of ethnic group to glycosylated hemoglobin showed 
that ethnic group did not have a significant effect on 
glycosylated hemoglobin (F=0.8, P =0.6). 
       
As shown in Table 3, the hemoglobin concentrations 
were significantly different between males and fe-
males, while the fasting blood glucose, postprandial 
blood glucose and glycosylated hemoglobin were not 
significantly different. Hemoglobin was significantly 
different between patients of 60 years old or above and 
patients below 60 years of age, while fasting blood 
glucose, postprandial blood glucose, and glycosylated 

hemoglobin were not significantly different between 
the patients of 60 years or above and patients below 60 
years of age. 
 
Discussion 
 
Glycosylated hemoglobin is the product of continuous 
and irreversible non-enzymatic protein glycosylation 
reaction between hemoglobin (Hb) in red blood cells 
and glucose. HbA1C is the most stable glycosylated he-
moglobin with highest content. Under conditions where 
the concentration of Hb is relatively stable, the level of 
glycosylation mainly depends on the blood glucose 
concentration and contact time between glucose and Hb 
[8]. The average life of red blood cells in circulation is 
about 120 days and the synthesis of HbA1c is a continu-
ous process during the life of the red blood cells. 
Therefore, glycosylated hemoglobin levels reflect the 
patient’s average blood sugar levels over the 2-3 
months period prior to the test. The American Diabetes 
Association first adopted HbA1c levels ≥6.5% as one of 
the four diagnostic criteria for diabetes in 2010; The 
WHO officially recommended HbA1c as the criterion 
for diagnosis of diabetes in 2011. At present, HbA1c is 
not only a monitoring index, but also a diagnostic in-
dex used in the United States, Europe, and Japan. 
China has launched the "Chinese glycosylated hemo-



Ju/Yang/Fan/Shu 

 

Biomed Res- India 2014 Volume 25 Issue 4 314 

globin education program" to promote the study of gly-
cosylated hemoglobin [9] and accumulated data that 
will allow HbA1c to be used as a gold standard for dia-
betic blood sugar control as well as an index for diag-
nosis or screening of diabetes. Blood sugar is undoubt-
edly a main factor that affects levels of glycosylated 
hemoglobin, but other factors that may influence levels 
of glycosylated hemoglobin [10, 11] include natural 
environments, age, gender and ethnicity. A complete 
understanding of the factors that affect HbA1c levels is 
important for clinicians, as it would allow them to ac-
curately judge the patient’s control over his or her 
blood sugar levels, predict the risks of diabetes compli-
cations, and screen or diagnose diabetes. 
 
Our findings showed that fasting blood sugar, 2-hour 
postprandial blood sugar, and glycosylated hemoglobin 
levels were not significantly different in the patients 
with type 2 diabetes from three different altitudes. 
There are several studies performed both in China and 
abroad on the influence of altitude on blood sugar and 
glycosylated hemoglobin levels. The research on Yang 
Lixinon healthy individuals showed that fasting blood 
sugar, 2-hour postprandial blood sugar, and glycosy-
lated hemoglobin levels were not different from 
healthy adults of Suzhou (average elevation of 6m 
above sea level) and Xining (average elevation of 
2260m above sea level). However, when these data 
were compared to individuals from Golmud (average 
altitude of 2800m above sea level), adults from Gol-
mud showed similar levels of fasting blood sugar and 
2-hour postprandial blood sugar as found in the adults 
from Suzhou and Xining, but showed different levels 
of glycosylated hemoglobin. Castillo et al. [12] found, 
that people from high altitude have significantly lower 
levels of fasting blood sugar and postprandial blood 
sugar than people from low altitude, but their fasting 
and postprandial insulin levels are not significantly 
different. Their study, however, did not include glyco-
sylated hemoglobin. Baracco et al. found that fasting 
blood sugar levels at a high altitude population (4462m 
above sea level) were lower than those in a low altitude 
population (110m above sea level) [13].  
 
A study by Sayarlioglu et al. showed that among pa-
tients with type 2 diabetes, blood sugar, glycosylated 
hemoglobin, and prevalence rate of retinopathy were 
not statistically different at high altitude (1727m above 
sea level) and at sea level [14]. Chen et al [15] showed 
that fasting blood sugar in healthy people was slightly 
increased on the 3rd and 25th day following an excur-
sion from low altitude to an altitude of 2200-3800m, 
but their postprandial blood sugar decreased, suggest-
ing that high altitude training may improve insulin sen-
sitivity in healthy adults. Our study showed that hemo-
globin in patients with type 2 diabetes is significantly 
higher in patients at high altitude compared to that at 

low altitude. Hemoglobin levels were statistically dif-
ferent between patients from three different altitudes 
and the concentration of hemoglobin increased with 
increasing altitude, suggesting that altitude has a sig-
nificant effect on hemoglobin concentration. It is 
known that as a compensatory mechanism to the stimu-
lus from chronic hypoxia at high altitude for an ex-
tended period of time, erythropoietin levels increased, 
subsequently red blood cells count and hemoglobin 
concentration also increase. The results of our study 
showed that after eliminating patients with hemoglobi-
nopathy, hepatic and renal dysfunction and hemophthi-
sis, which can be caused by a variety of reasons, the 
increase of hemoglobin does not affect patients’ fasting 
blood sugar, 2-hour postprandial blood sugar and gly-
cosylated hemoglobin. 
 
Yunnan is a multi-ethnic province. In our patient sam-
ple, five or more individuals represented seven ethnic 
groups. These are the Han, Naxi, Yi, Dai, Hani, Jinuo 
and Bai, which allowed us to analyze differences in 
serum levels of blood sugar and hemoglobin among 
these ethnic groups. Levels of blood sugar, postpran-
dial blood sugar and glycosylated hemoglobin were not 
different between diabetic patients from different eth-
nic groups, but hemoglobin levels differed between the 
patients of different ethnic groups. This observed dif-
ference may be related to the different geographical 
environments inhabited by different ethnic groups. 
Herman et al. [16] showed that HbA1c was different in 
0.15-0.4% of non-Caucasian patients with impaired 
glucose tolerance, such as those of Hispanic, Asian and 
African origin. Another study by Herman [17] com-
pared average blood sugar, fasting blood sugar, post-
prandial blood sugar and glycosylated hemoglobin in 
more than 2000 patients of Caucasian, African, Spanish 
and Asian origin with diabetes and found that post-
prandial blood sugar in Asians was higher than in Cau-
casians, while fasting blood sugar and average blood 
sugar were not different between Asians and Cauca-
sians. Fasting, postprandial, and average blood sugar 
levels were not different between Africans, Hispanics 
and Caucasians.  
 
Glycosylated hemoglobin was not different between 
Caucasians and Africans, while it was slightly higher in 
Hispanics and Asians than in Caucasians and Africans. 
Hawkins [18] showed that glycosylated hemoglobin in 
healthy Asians is 0.3-0.6% higher than in Caucasians, 
and is highest in Indians, Malays, Eurasians, and Chi-
nese, in descending order. Venkataraman et al. [19] 
showed that when fasting blood sugar is low, Malays 
and Indians have lower HbA1c than Chinese. When 
fasting blood sugar is over 5mmol/L, Malays and Indi-
ans have higher HbA1c than Chinese. The observed dif-
ference between Malays, Indians and Chinese increased 
with increasing fasting blood sugar. When fasting 
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blood sugar was at the threshold for diagnosis of diabe-
tes (7mmol/L), the contribution of ethnicity to glycosy-
lated hemoglobin was 0.19-0.24%. Dynamic blood 
sugar monitoring of healthy people of different races 
by Hill showed [20] that average blood sugar is not 
different in Caucasians, Hispanics, Asians and Afri-
cans. The period during which patient blood sugar was 
lower than 3.5mmol/L and higher than 7mmol/L was 
1.2% and 2.1%, respectively, and there was no differ-
ence between races. The above studies indicate that 
there is not a uniform conclusion as to whether race or 
ethnicity has an effect on blood sugar and glycosylated 
hemoglobin and whether the effect is clinically signifi-
cant. Our results using variance analysis of ethnic 
group as a single factor for HbA1c using 13 ethnic 
groups as independent variables showed that different 
ethnic groups have little effect on glycosylated hemo-
globin. 
 
Our results showed that neither gender nor age has any 
significant influence on blood sugar and glycosylated 
hemoglobin, but age and gender do affect hemoglobin. 
A study of healthy people by Wu et al. [21] indicated 
that with increasing altitude, men had more hemoglo-
bin than women among Han people, but not among 
Tibetan people. Above 2664m, this gender-related dif-
ference in hemoglobin concentration increased from 
childhood to young adulthood more significantly in 
Han people than in Tibetans, which indicate an effect 
of altitude, ethnic group, and gender on hemoglobin. 
As for the difference in glycosylated hemoglobin be-
tween genders, Herman [17] suggested that HbA1c is 
higher in females than that in males. However, Misra 
[22] showed that glycosylated hemoglobin is not sig-
nificantly different between males and females, which 
is consistent with our findings.  
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