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history of hypertension on hypertension risk: 
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Abstract 

Background:  Hemoglobin glycation index (HGI) is considered to be a convenient measurable indicator to assess the 
inter-individual variation of HbA1c. In the present study, we tested the relationship between HGI and risk of hyper-
tension, and further explored the possible interacting influences of HGI with other such factors on hypertension risk 
among Chinese individuals.

Methods:  The eligible subjects were chosen from a community-based cross-sectional survey in China. We collected 
relevant data and clinical indicators for each participant. HGI was calculated as “measured HbA1c-predicted HbA1c” 
and divided into four categories according to quartile. The following indicators were used to assess interactive effects: 
(1) relative excess risk due to interaction (RERI); (2) attributable proportion due to interaction (AP); and (3) synergy 
index (SI). Statistical analysis was performed using R software.

Results:  Specifically, 1777 eligible participants were selected in this cross-sectional survey. There were 433 subjects 
who were identified to have hypertension (24.4%). A significant increase in the prevalence of hypertension from Q1 
to Q4 of HGI was observed (p < 0.001). Multivariable logistic model demonstrated that subjects at the highest HGI 
group had a substantially increased risk of being hypertensive than subjects in the first quartile of HGI, as indicated 
by the OR value of 1.87 (95% CI 1.26–2.78). Moreover, a significant interaction between family history of hypertension 
and HGI on hypertension risk was detected (RERI: 1.36, 95% CI 0.11–2.63; AP: 0.43, 95% CI 0.17–0.69; and SI:2.68, 95% CI 
1.10–6.48). The interactive effect between HGI and abdominal obesity was also found to be significant, as estimated 
by the value of RERI (1.04, 95% CI 0.24–1.85), AP (0.33, 95% CI 0.11–0.56) and SI (1.96, 95% CI 1.01–3.79). However, 
in the analysis of the interaction between HGI and general obesity, only the AP value (0.28, 95% CI 0.01–0.54) was 
observed to be significant.

Conclusion:  High HGI was independently associated with the risk of hypertension. Moreover, HGI significantly shared 
interactions with obesity and family history of hypertension that influenced the risk of hypertension.
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Introduction
Hypertension, along with complications such as stroke 
and chronic kidney disease, substantially consumes 
social and medical resources while heavily burdening 
families and society [1]. Nearly 43% of cardiovascular 
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events were found to be attributed to hypertension 
[2]. Meanwhile, a number of national surveys have 
showed that the prevalence of hypertension is generally 
increasing in China [3–5]. Therefore, it is a matter of 
considerable importance to understand its pathogen-
esis in reducing cardiovascular disease mortality and 
disease burden.

Individuals with hypertension are often accompanied 
by abnormal glucose metabolism [6]. Glycated hemo-
globin (HbA1c), an indicator of blood glucose stability, 
is extensively used in modern clinical practice and epi-
demiological surveys [7]. However, evidence suggests 
that HbA1c levels are affected by average glycemia as 
well as the biological differences between individuals [8]. 
Accordingly, in individuals with similarly average blood 
glucose levels, HbA1c values may appear to be con-
sistently higher or lower than others [8, 9]. Therefore, 
researchers introduced the hemoglobin glycation index 
(HGI) as an indicator to assess the inter-individual vari-
ation of HbA1c, which could reflect individuals’ glyca-
tion tendency [10]. HGI was defined as the discrepancy 
between the measured HbA1c and predicted HbA1c 
based on plasma glucose levels [10]. Enhanced HGI lev-
els represented a higher sensitivity to protein glycosyla-
tion and increased accumulation of advanced glycation 
end products (AGEs) [11]. In diabetic subjects, HGI was 
reported to be independently associated with a higher 
risk of diabetic complications like diabetic retinopa-
thy and nephropathy [12]. For every standard increase 
in HGI, the risk of diabetic microvascular complica-
tions would increase by 14% [12]. Moreover, in nondia-
betic individuals, a significantly positive relationship 
between HGI and cardiometabolic risk factors cluster-
ing was observed [13]. However, thus far, a limited num-
ber of articles have evaluated the relationship between 
HGI and hypertension risk. Additionally, hypertension 
is a complicated disease stemming from multiple fac-
tors, and several studies have investigated the combined 
impacts between such factors on hypertension risk. For 
instance, obesity was reported to significantly interact 
with the family history of hypertension, increasing the 
risk of hypertension [14]. Insulin resistance had a com-
bined effect with obesity and family history of hyperten-
sion that substantially enhanced the risk of hypertension 
[15]. However, whether HGI has an interactive effect 
with other influencing factors on hypertension risk is 
unknown.

To gain a deeper understanding of the relationship 
between inter-individual variation of HbA1c and hyper-
tension risk, by utilizing data from a community-based 
cross-sectional survey in China, this study aimed to:(1) 
analyze the independent association between HGI 
and hypertension risk; (2) explore possible interactive 

influences of HGI with other associated factors on hyper-
tension risk.

Methods
Study population
This study was a community-based cross-sectional sur-
vey that was performed in Longzihu, Bengbu, China. Eli-
gible residents were selected using stratified multi-stage 
cluster sampling method. All enrolled participants must 
reach all the below conditions: (1) a local resident in 
selected communities (continuous residence ≥ 6  months 
in the past year); (2) have the ability to complete the 
whole survey independently; (3) agreed to participate 
in this survey voluntarily and be willing to cooperate in 
completing the questionnaire and medical examination. 
Exclusion criteria included: (1) those with mental disor-
ders or disturbances of consciousness due to various rea-
sons that affected normal communication; (2) pregnant 
or lactating women; (3) individuals with incomplete sur-
vey. All respondents provided informed consent before 
data collection. The Ethics Committee of Bengbu Medi-
cal College reviewed this study.

Data collection

1	 Questionnaire survey: A self-designed questionnaire 
was utilized, and all investigators received uniform 
training. The questionnaire included general infor-
mation such as gender, age, past medical history, 
income, marriage status, smoking, educational level, 
and family history of hypertension. Individuals with 
at least one parent or sibling with hypertension were 
defined as having a positive family history of hyper-
tension. The questionnaire survey developed for this 
study is provided as Additional File 1.

2	 Anthropometric measurements: During measure-
ment, the subjects were required to stand, take off 
their shoes and hats, and wear lightweight cloth-
ing. Waist circumference (WC) was measuring 
using a standard soft ruler horizontally surround-
ing the abdomen placed at the midpoint of the line 
connecting the anterior superior iliac crest and the 
lower edge of the 12th rib. The BMI was defined as 
the weight (kg) divided by the height squared (m2). 
According to the Chinese Health Industry Standard 
of Adult Weight Determination (WS/T428-2013), 
individuals with BMI ≥ 28 kg/m2 were considered to 
have general obesity [16]. Males with WC ≥ 90  cm 
and females with WC ≥ 85  cm were considered to 
have abdominal obesity, respectively [16].

3	 Blood pressure (BP) measurement: After the par-
ticipants rested quietly for about 10  min, the inves-
tigators performed three consecutive measurements 



Page 3 of 8Mi et al. BMC Cardiovasc Disord          (2020) 20:477 	

for each participant using the standard method [17]. 
Finally, the average of the three measurements was 
taken as the individual BP value. Those who met any 
of the below conditions were defined as hyperten-
sion:(1) under therapy with antihypertensive drugs; 
(2) Systolic BP (SBP) ≥ 140  mmHg; (3) Diastolic BP 
(DBP) ≥ 90 mmHg [18].

4	 HGI calculation: Subjects fasted for at least 8  h, 
and 5  ml of cubital vein blood was collected from 
the morning of the day of the physical examination. 
Fasting plasma glucose (FPG), HbA1c, triglycerides 
(TG) and total cholesterol (TC) were examined. A 
linear regression model was established between 
HbA1c and FPG: predicted HbA1c = 0.256 × FPG 
(mmol/l) + 3.840 (r = 0.608, p < 0.001). The HGI was 
calculated as “measured HbA1c- predict HbA1c” 
[10], then divided into four categories according to 
quartile (Q1–Q4).

Statistical methods
Statistical analysis was performed using R software. 
Quantitative data was described by their mean ± stand-
ard deviation or median (P25, P75), and their differences 
between HGI quartiles (Q1–Q4) were compared by anal-
ysis of variance or the Kruskal–Wallis H test. Categorical 
data was described by percentages (%) and their differ-
ences across HGI groups were compared using the Chi-
square test. The independent association between HGI 
and hypertension risk was evaluated by univariate as well 
as multivariable logistic regression model. The adjusted 
variables included age, gender, income, marital status, 
educational level, smoking, family history of hyperten-
sion, obesity, FPG, HbA1c, TG and TC. Using the low-
est HGI group (Q1) as reference, we calculated the OR 
(odds ratio) value and its corresponding 95%CI for the 
other HGI groups (Q2, Q3, and Q4). Since the interaction 
analysis required the variables to be dichotomous, a ROC 
(receiver operating characteristic) curve analysis was 
conducted to calculate the best threshold of HGI. Finally, 
the following interactive indicators were calculated 
respectively: (1) the relative excess risk due to interac-
tion (RERI); (2) attributable proportion due to interaction 
(AP) and (3) the synergy index (SI) [19, 20]. Interaction 
was considered significant when the 95%CI of RERI, AP 
and SI did not comprise 0.0 and 1, separately [19, 20]. All 
statistical analyses were performed with α = 0.05 as the 
test level.

Results
General Characteristics of enrolled subjects
In this cross-sectional survey, 1777 eligible participants 
were selected with a mean age was 60.82 ± 11.24  years. 

Among the respondents, 433 subjects (24.4%) were 
found to have hypertension. The comparisons of the 
general characteristics across HGI groups are listed 
in Table  1. There was a remarkable difference of age 
across HGI groups (p < 0.001), and the subjects among 
Q4 group were the oldest. The distribution of gender 
across the groups of HGI were found to be nonsignifi-
cant (p = 0.796). A remarkable difference of smoking rate 
was observed across HGI groups (p = 0.023). In terms of 
anthropometric features, we observed a remarkable dif-
ference in WC across the HGI groups (p < 0.001), how-
ever, BMI was not found to be significant (p = 0.610). 
From Q1 to Q4 of HGI, the level of HbA1c dramatically 
increased (p < 0.001). Also, significant differences in FPG 
(p < 0.001) as well as TG (p = 0.044) between the groups 
were observed. Moreover, a significant increase in the 
prevalence of hypertension from Q1 to Q4 of HGI was 
seen (p < 0.001), as shown in Fig. 1. However, no statisti-
cally significant differences were detected for the follow-
ing variables: marital status (p = 0.178), family history 
of hypertension (p = 0.452), education level (p = 0.171), 
income (p = 0.539) and TC (p = 0.531).

Association between HGI and hypertension risk
The results of the univariate logistic regression analysis 
indicated that when compared to the reference group 
(Q1), individuals in Q3 as well as the highest group (Q4) 
had a significantly higher risk of acquiring hypertension 
(OR: 1.44, 95% CI 1.04–1.99 and OR: 2.17, 95% CI 1.59–
2.97). After adjusting for confounding factors including 
HbA1c levels, individuals in the highest HGI group still 
remained a significantly increased risk of being hyper-
tension than subjects at the first quartile of HGI, as 
indicated by the OR of 1.87 (95% CI 1.26–2.78). When 
treating HGI as a continuous variable, the correspond-
ing OR (1.16, 95% CI 1.06–1.27) suggested that a per unit 
increase of HGI would confer a 1.16-fold risk of acquiring 
hypertension. These results are presented in Table 2.

Interaction between HGI and hypertension risk
Subjects were then classified into four subgroups based 
on their HGI level as well as their family history of hyper-
tension, general obesity, and abdominal obesity, respec-
tively, as presented in Table 3. Individuals with high-HGI 
and a positive family history of hypertension possessed 
the highest risk of getting hypertension as compared 
to those with low-HGI and a negative family history of 
hypertension (OR:3.18, 95% CI 2.05–4.94). Moreover, 
a significant interaction was detected between the HGI 
and family history of hypertension on hypertension in 
all indicators: RERI (1.36, 95% CI 0.11–2.63), AP (0.43, 
95% CI 0.17–0.69) and SI (2.68, 95% CI 1.10–6.48). Com-
pared to individuals with a low-HGI and BMI < 28, the 
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corresponding adjusted ORs (95%CI) for subjects with 
low-HGI and BMI ≥ 28, high HGI and BMI < 28, high 
HGI and BMI ≥ 28 were 1.38 (0.96–1.99), 1.57 (1.05–
2.34) and 2.70 (1.83–3.98), respectively. However, only 
the AP value was observed to be significant (0.28, 95% 

CI 0.01–0.54). Similarly, the hypertension risk among 
subjects with a high-HGI accompanied by abdomi-
nal obesity was 3.14 times that of those in the reference 
group. Moreover, the interactive effect between HGI and 
abdominal obesity was determined to be significant, as 
shown by the values of RERI (1.04, 95% CI 0.24–1.85), AP 
(0.33, 95% CI 0.11–0.56) and SI (1.96, 95% CI 1.01–3.79).

Discussion
HGI, an indicator used to assess the inter-individual 
variation of HbA1c, reflects the difference in the degree 
of hemoglobin glycosylation at a given plasma glucose 
level [10]. In addition to being influenced by blood glu-
cose concentrations, the individual differences of HbA1c 
may be also associated with biological factors that influ-
ence non-enzymatic protein glycation such as genetics, 
and the life cycle of red blood cells [21].Various studies 
have confirmed that there are consistent inconsistencies 
between HbA1c and other clinically used blood glucose 
homeostasis indicators, such as fructosamine and mean 
blood glucose [8, 21, 22]. An increasing amount of evi-
dence shows that such inconsistencies may affect the 
accuracy of HbA1c in management of diabetes and its 

Table 1  Basic characteristic of the study participants

BMI: body mass index; WC: waist circumference; FPG: fasting plasma glucose; TG: triglycerides; TC: total cholesterol
a  Analysis of variance;
b  Chi-square test;
c  Kruskal-Wallis H test

HGI F/H/χ2  p

Q1 Q2 Q3 Q1

Age (years) 59.69 ± 11.38 59.32 ± 11.37 61.96 ± 11.25 62.30 ± 10.67 8.303a  < 0.001

Male (N (%)) 192 (43.2) 184 (41.3) 180 (40.5) 192 (43.2) 1.022b 0.796

Marital status (N (%)) 4.916b 0.178

 Currently married 367 (82.7) 388 (87.2) 366 (82.4) 376 (84.7)

 Currently not married 77 (17.3) 57 (12.8) 78 (17.6) 68 (15.3)

Educational level (N (%)) 5.009b 0.171

 Middle school or lower 323 (72.7) 294 (66.1) 312 (70.3) 304 (68.5)

 High school or higher 121 (27.3) 151 (33.9) 132 (29.7) 140 (31.5)

Income (yuan) (N (%)) 2.167b 0.539

 < = 2000 248 (55.9) 246 (55.3) 242 (54.5) 228 (51.4)

 > 2000 196 (44.1) 199 (44.7) 202 (45.5) 216 (48.6)

Family history of hypertension (N (%)) 93 (20.9) 76 (17.1) 81 (18.3) 78 (18.5) 2.630b 0.452

Smoking (%) 114 (25.7) 124 (27.9) 134 (30.2) 154 (34.7) 9.504- 0.023

BMI (kg/m2) 24.56 (22.24,26.61) 24.28 (22.21,26.77) 24.62 (22.32,27.00) 24.46 (22.51,27.00) 1.823c 0.61

WC (cm) 85.00 (80.00,90.00) 85.00 (79.00,91.00) 86.00 (80.00,93.00) 87.00 (80.00,93.00) 17.539c  < 0.001

FPG (mmol/L) 5.86 ± 1.73 5.33 ± 1.52 5.23 ± 1.55 5.54 ± 2.01 11.639a  < 0.001

HbA1c (%) 4.20 (3.80,4.60) 4.70 (4.50,5.10) 5.30 (5.10,5.70) 6.50 (5.90,7.50) 1064.07c  < 0.001

TG (mmol/L) 1.36 (0.97,1.89) 1.35,0.96,1.99) 1.45 (0.95,2.00) 1.53 (1.02,2.15) 8.107c 0.044

TC (mmol/L) 4.92 (4.30,5.51) 4.98 (4.34,5.70) 4.96 (4.20,5.66) 5.00 (4.24.5.76) 2.206c 0.531

Hypertension (N (%)) 81 (18.2) 99 (22.2) 108 (24.3) 145 (32.7) 26.680b  < 0.001

Fig. 1  The prevalence of prehypertension across HGI quartiles (The 
prevalence of prehypertension significantly increased across HGI 
quartiles: P for trend < 0.001)
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other applications. For instance, the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) trial stated 
that interventions aimed solely at reducing HbA1c lev-
els in diabetic patients did not reduce the incidence 
of cardiovascular events. Conversely, the risk of mor-
tality increased in the intensive therapy group (target 
HbA1c < 6%) compared to the standard treatment group 
(target HbA1c 7.0% to 7.9%) [23]. However, the hazards 
or benefits from intensive glycemic control could be 
identified by HGI subgroups, suggesting that HGI should 
also be considered in addition to HbA1c levels [24]. 
Therefore, some researchers proposed that HGI may 
serve as an alternative marker for diseases management 
and prediction.

This study found that HGI serves as an independ-
ent risk factor in the onset of hypertension, regard-
less of HbA1c levels. Similarly, HGI was reported to be 

positively correlated with cardo-metabolic risk factors, 
independent of other glucose indexes, including HbA1c 
and post-load glucose concentrations [25]. A ten-year 
prospective cohort survey in Korean demonstrated that 
baseline HGI was significantly associated with the inci-
dence of cardiovascular disease even after controlling 
HbA1c levels [26]. Overall, this strongly suggested that 
HGI may confer additional influences on cardiovascular 
diseases over other glucose measurements. In addition, 
this study used FPG rather than mean blood glucose to 
calculate the HGI for several reasons. First, it was indi-
cated that HGI calculated by average total glucose had 
significantly high correlation with that by prebreakfast 
FPG only [27]. Second, FPG is comparatively more com-
mon and easily available in daily practice, whereas mean 
blood glucose data is not easily accessible and inconven-
ient to ascertain. Furthermore, a number of past studies 

Table 2  HGI and risk of hypertension by logistic regression analysis

a  Adjusted for age, gender, income, marital status, educational level, smoking, family history of hypertension, obesity, FPG, HbA1c, TG and TC

Quartiles of HGI N Hypertension (%) Unadjusted model Multivariate modela Continuous (per 1 SD)a

OR (95%CI) P OR (95%CI) P OR (95%CI) P

Q1 444 18.2 Ref. - Ref. - 1.16 (1.06–1.27) 0.001

Q2 445 22.2 1.28 (0.92–1.78) 0.138 1.33 (0.94–1.89) 0.098

Q3 444 24.3 1.44 (1.04–1.99) 0.027 1.34 (0.94–1.91) 0.088

Q4 444 32.7 2.17 (1.59–2.97) < 0.001 1.87 (1.26–2.78) < 0.001

Table 3  The interactive effects of HGI with obesity, family history of hypertension on risk of hypertension

a  Grouped by cutoff value (0.06) based on ROC curve analysis;
b  Adjusted for age, gender, income, marital status, educational level, smoking, family history of hypertension, obesity, FPG, HbA1c, TG and TC
c  p < 0.05;
d  p > 0.05;

Variables OR2(95%CI) Measures of interactionb

RERI AP SI

HGIa Family history of hypertension 1.36 (0.11–2.63)c 0.43 (0.17–0.69)c 2.68 (1.10–6.48)c

 Low No 1 (ref )

 Low Yes 1.32 (0.90–1.93)

 High No 1.50 (1.08–2.09)

 High Yes 3.18 (2.05–4.94)

HGIa General obesity 0.75 (− 0.05–1.54)d 0.28 (0.01–0.54)c 1.78 (0.85–3.74)d

 Low No 1 (ref )

 Low Yes 1.38 (0.96–1.99)

 High No 1.57 (1.05–2.34)

 High Yes 2.70 (1.83–3.98)

HGIa Abdominal obesity 1.04 (0.24–1.85)c 0.33 (0.11–0.56)c 1.96 (1.01–3.79)c

 Low No 1 (ref )

 Low Yes 1.39 (1.01–1.92)

 High No 1.71 (1.19–2.45)

 High Yes 3.14 (2.30–4.28)
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have used FPG to calculate HGI, and demonstrated that 
it was an efficient and powerful indicator reflecting vari-
ation of HbA1c and may be used to predict related out-
comes of diabetes [25, 26].

The pathophysiological mechanisms that increase the 
HGI leads to an increased risk of hypertension, which 
are currently not fully understood. Enhanced HGI levels 
were more highly sensitivity to protein glycosylation and 
had increased accumulation of AGEs [28, 29]. The con-
centration of AGEs taken from measuring skin intrinsic 
fluorescence was found to be significantly increased with 
the increase in HGI, suggesting that subjects with high 
HGI levels may have higher levels of AGEs than that of 
other populations [30]. AGEs are intermediate products 
that respond to chronic hyperglycemia, which can alter-
nate arterial stiffness and cause endothelial injury either 
directly or by binding to specific receptors to recognize 
AGEs modified proteins [31, 32]. Compared to normo-
tensive subjects, individuals suffering from hyperten-
sion had a significantly higher concentration of plasma 
AGEs [33]. In spontaneously hypertensive rats, the lev-
els of AGEs were shown to be elevated [34]. Meanwhile, 
AGEs accumulation was shown to be closely related with 
night-systolic blood pressure, subclinical vascular athero-
matosis and expected 10-year cardiovascular death risk 
in subjects with successful renal transplant [35]. In addi-
tion, chronic inflammation was recognized to be involved 
in the development of hypertension [36]. The National 
Health and Nutrition Examination Survey previously 
suggested that HGI was independently associated with 
inflammatory biomarkers including C-reactive protein 
(CRP), polymorphonuclear leukocytes, and monocytes 
[37]. Following 6  weeks of low-AGEs diet intervention 
in diabetics, the concentrations of inflammatory mark-
ers such as high-sensitivity C-reactive protein and TNFα 
were significantly reduced [38]. Meanwhile, serum AGE 
levels were reported to be significantly independent with 
the homeostasis model assessment of insulin resistance 
(HOMA-IR) index, suggesting that AGEs may trigger 
various pathologies via IR [39]. Individuals with a high 
HGI displayed a higher degree of IR than those with a 
low HGI [25]. An investigation using an animal model 
demonstrated that oral intake of AGEs impaired insulin 
uptake and induced insulin resistance by altering insulin 
receptor signal transduction [40].

The present study demonstrated that a remarkable 
interaction exists between HGI and family history of 
hypertension in regard to hypertension risk. Hyper-
tension is the result of a combination of genetic and 
environmental factors, and family history of hyperten-
sion serves as an important marker for genetic factors, 
which is often used as a proxy indicator to analyze the 
association between genetic factors and hypertension. 

Numerous studies have indicated that having family 
history of hypertension is a considerable risk factor of 
hypertension. After analyzing the interactions between 
HGI and obesity on hypertension, all interactive indica-
tors remained significant between HGI and abdominal 
obesity, however, only one index was significant in terms 
of HGI and general obesity. BMI may rapidly and eas-
ily assess the overall degree of obesity, but WC rather 
than BMI better reflects the accumulation of abdominal 
fat [41]. Relevant studies have strongly suggested that 
abdominal obesity has a more substantial impact on car-
diovascular diseases risk compared to general obesity. A 
seven-year cohort survey indicated that WC possessed a 
higher predictability in hypertension risk than BMI [42]. 
Here, we found that WC, instead of BMI, was found to 
be significantly increased across HGI groups, suggest-
ing that HGI and WC are closely related. The interac-
tion of HGI and obesity may increase the occurrence of 
hypertension through co-owned mechanisms, such as 
inflammatory responses and insulin resistance [31, 43]. 
Future research should further explore these interactive 
mechanisms, which may further elucidate the cause of 
hypertension.

Recently, several studies have been performed to ana-
lyze the practical applicability of HGI measurements. A 
cross-sectional study demonstrated that high HGI levels 
significantly increased the risk of coronary artery disease, 
stroke, and peripheral artery disease in individuals with 
an impaired glucose metabolism [44]. The Kangbuk Sam-
sung Health Study in Korean indicated that individuals 
with the highest HGI levels had a 1.722-fold risk of inci-
dent coronary artery calcium compared to the bottom 
group regardless of HbA1c levels [45]. In type 2 diabetes 
HGI was proposed to be closely related with the sever-
ity of coronary heart disease, which contributed to car-
diovascular risk stratification [46]. In terms of ischemic 
stroke patients with type 2 diabetes, HGI was suggested 
to be an independent poor prognostic factor [47]. More-
over, among nondiabetic individuals, a higher HGI was 
reported to be inde50pendently related with nonalco-
holic fatty liver disease, chronic kidney disease, hepatic 
steatosis, and carotid intima-media thickness [25, 48–50]. 
Overall, substantial evidence has demonstrated the prac-
tical value of HGI in disease prediction and management.

The present study possesses some limitations. First, we 
cannot verify causality as this is a cross-sectional study, 
and prospective cohort studies should be done for fur-
ther validation. Second, FPG and HbA1c were only meas-
ured once, however, it is common in epidemiological 
surveys. The day-to-day variations in blood glucose indi-
cators levels were not considered. Third, the results did 
not generalize other ethnic groups as there were obvious 
ethnic differences in HbA1c levels [51, 52]. Fourth, some 
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other variables such as mental stress and daily salt intake 
were not collected, which might influence the associa-
tions observed in present study.

Conclusion
In conclusion, high HGI was independently associated 
with the risk of hypertension. Moreover, HGI signifi-
cantly shared interactions with obesity and family history 
of hypertension that influenced the risk of hyperten-
sion. Since HGI is a conveniently obtainable indicator 
reflecting inter-individual variation of HbA1c, it may be 
extensively used in practice for a more personalized and 
comprehensive evaluation of hypertension risk. Mean-
while, exploring the processes that cause biological 
variation of HbA1c levels may introduce effective novel 
strategies in the early prevention of hypertension and low 
blood pressure.

Abbreviations
HGI: Hemoglobin glycation index; HbA1c: Glycated hemoglobin; AGEs: 
Advanced glycation end products; WC: Waist circumference; BMI: Body mass 
index; BP: Blood pressure; SBP: Systolic BP; DBP: Diastolic BP; FPG: Fasting 
plasma glucose; TG: Triglycerides; TC: Total cholesterol; ROC: Receiver operating 
characteristic curve; OR: Odds ratio; RERI: The relative excess risk due to inter-
action; AP: Attributable proportion due to interaction; SI: The synergy index; 
HOMA-IR: Homeostasis model assessment of insulin resistance; ACCORD: 
Action to Control Cardiovascular Risk in Diabetes; CRP: C-reactive protein.

Acknowledgements
Not Applicable

Authors’ contributions
JM and JS wrote the first draft of the paper and had equivalent contribution; 
YYZ: acquisition and interpretation of data; JS: performed the statistical analy-
sis; SXW: designed the research, provided statistical guidance and revised the 
manuscript. All authors read and approved the final manuscript.

Funding
This study was financed by the National Natural Science Foundation of China 
(number: 81373100) and Research and Innovation Team Project of Bengbu 
Medical college (number: BYKC201901). The funders had no part in the study 
design, data collection, data analysis, interpretation of data or in writing the 
manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Bengbu Medical College. 
Written informed consent was obtained from all participants.

Consent for publication
Not Applicable.

Competing interests
All authors declare no conflicts of interest.

Author details
1 School of Public Health, Bengbu Medical College, 2600 Donghai road, 
Bengbu 233000, Anhui Province, China. 2 Bengbu Health Board, 568 Nanhu 
road, Bengbu 233000, Anhui Province, China. 

Received: 12 May 2020   Accepted: 29 October 2020

References
	1.	 Lewington S, Lacey B, Clarke R, et al. The burden of hypertension and 

associated risk for cardiovascular mortality in China. JAMA Intern Med. 
2016;176(4):524–32.

	2.	 Zhao D, Liu J, Wang M, et al. Epidemiology of cardiovascular dis-
ease in China: current features and implications. Nat Rev Cardiol. 
2019;16(4):203–12.

	3.	 Wang X, Bots ML, Yang F, et al. Prevalence of hypertension in China: a 
systematic review and meta-regression analysis of trends and regional 
differences. J Hypertens. 2014;32(10):1919–27.

	4.	 Cao D, Zhou Z, Si Y, et al. Prevalence and income-related equity in 
hypertension in rural China from 1991 to 2011: differences between self-
reported and tested measures. BMC Health Serv Res. 2019;19(1):437.

	5.	 Redfern A, Peters SAE, Luo R, et al. Sex differences in the awareness, 
treatment, and control of hypertension in China: a systematic review with 
meta-analyses. Hypertens Res. 2019;42(2):273–83.

	6.	 Ferrannini E, Cushman WC. Diabetes and hypertension: the bad compan-
ions. Lancet. 2012;380:601–10.

	7.	 Chehregosha H, Khamseh ME, Malek M, Hosseinpanah F, Ismail-Beigi F. 
A view beyond HbA1c: role of continuous glucose monitoring. Diabetes 
Ther. 2019;10(3):853–63.

	8.	 Wilson DM, Xing D, Cheng J, et al. Persistence of individual variations 
in glycated hemoglobin: analysis of data from the Juvenile Diabetes 
Research Foundation Continuous Glucose Monitoring Randomized Trial. 
Diabetes Care. 2011;34:1315–7.

	9.	 Cohen RM, Smith EP. Frequency of HbA1c discordance in estimating 
blood glucose control. Curr Opin Clin Nutr Metab Care. 2008;11(4):512–7.

	10.	 Soros AA, Chalew SA, McCarter RJ, et al. Hemoglobin glycation index: 
a robust measure of hemoglobin A1c bias in pediatric type 1 diabetes 
patients. Pediatr Diabetes. 2010;11(7):455–61.

	11.	 Leslie RD, Cohen RM. Biologic variability in plasma glucose, hemoglobin 
A1c, and advanced glycation end products associated with diabetes 
complications. J Diabetes Sci Technol. 2009;3(4):635–43.

	12.	 van Steen SC, Woodward M, Chalmers J, et al. Haemoglobin glyca-
tion index and risk for diabetes-related complications in the Action in 
Diabetes and Vascular Disease: Preterax and Diamicron Modified Release 
Controlled Evaluation (ADVANCE) trial. Diabetologia. 2018;61(4):780–9.

	13.	 Lee B, Heo YJ, Lee YA, et al. Association between hemoglobin glycation 
index and cardiometabolic risk factors in Korean pediatric nondiabetic 
population. Ann Pediatr Endocrinol Metab. 2018;23(4):196–203.

	14.	 Yu C, Zhao H, Pan L, et al. The additive interaction between body mass 
index and hypertension family history in han and yugur: the China 
National Health Survey (CNHS). Int J Hypertens. 2019;2019:8268573.

	15.	 Jian S, Su-Mei N, Xue C, et al. Association and interaction between 
triglyceride-glucose index and obesity on risk of hypertension in middle-
aged and elderly adults. Clin Exp Hypertens. 2017;39(8):732–9.

	16.	 National Health and Family Planning Commission of the People’s Repub-
lic of China. Adult weight determination in the health industry standard 
of the People’s Republic of China: WS/T428–2013. Beijing: Standard Press, 
2013.

	17.	 Revision Committee of the Guidelines for the Prevention and Treatment 
of Hypertension in China. The Guidelines for the Prevention and Treat-
ment of Hypertension in China (Revision 2016) [M] Beijing: People Public 
Health Publishing Company, 2016.

	18.	 Writing Group of 2010 Chinese Guidelines for the Management of Hyper-
tension. Chinese guidelines for the management of hypertension. Chine 
J Cardiol. 2010;2011(39):579–616.

	19.	 Andersson T, Alfredsson L, Kallberg H, et al. Calculating measures of 
biological interaction. Eur J Epidemiol. 2005;20:575–9.

	20.	 Knol MJ, VanderWeele TJ, Groenwold RH, et al. Estimating measures of 
interaction on an additive scale for preventive exposures. Eur J Epidemiol. 
2011;26(6):433–8.

	21.	 Nayak AU, Singh BM, Dunmore SJ. Potential clinical error arising from 
use of HbA1c in diabetes: effects of the glycation gap. Endocr Rev. 
2019;40(4):988–99.



Page 8 of 8Mi et al. BMC Cardiovasc Disord          (2020) 20:477 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	22.	 Nayak AU, Holland MR, Macdonald DR, et al. Evidence for consistency of 
the glycation gap in diabetes. Diabetes Care. 2011;34(8):1712–6.

	23.	 Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein 
HC, Miller ME, et al. Effects of intensive glucose lowering in type 2 diabe-
tes]. N Engl J Med. 2008, 358(24):2545–59.

	24.	 Hempe JM, Liu S, Myers L, et al. The hemoglobin glycation index identi-
fies subpopulations with harms or benefits from intensive treatment in 
the ACCORD trial. Diabetes Care. 2015;38(6):1067–74.

	25.	 Marini MA, Fiorentino TV, Succurro E, et al. Association between hemo-
globin glycation index with insulin resistance and carotid atherosclerosis 
in non-diabetic individuals. PLoS ONE. 2017;12(4):e0175547.

	26.	 Kim MK, Jeong JS, Yun JS, et al. Hemoglobin glycation index predicts 
cardiovascular disease in people with type 2 diabetes mellitus: A 10-year 
longitudinal cohort study. J Diabetes Compl. 2018;32(10):906–10.

	27.	 Hempe JM, Gomez R, McCarter RJ Jr, et al. High and low hemoglobin 
glycation phenotypes in type 1 diabetes: a challenge for interpretation of 
glycemic control. J Diabetes Compl. 2002;16(5):313–20.

	28.	 Prasad K, Mishra MD. Advanced glycation end products and its 
receptor play a role in pathophysiology of hypertension? Int J Angiol. 
2017;26(1):1–11.

	29.	 Vasdev S, Gill V, Singal P. Role of advanced glycation end products in 
hypertension and atherosclerosis: therapeutic implications. Cell Biochem 
Biophys. 2007;49(1):48–63.

	30.	 Felipe DL, Hempe JM, Liu S, et al. Skin intrinsic fluorescence is associ-
ated with hemoglobin A(1c) and hemoglobin glycation index but not 
mean blood glucose in children with type 1 diabetes. Diabetes Care. 
2011;34(8):1816–20.

	31.	 Hirose A, Tanikawa T, Mori H, et al. Advanced glycation end products 
increase endothelial permeability through the RAGE/Rho signaling path-
way. FEBS Lett. 2010;584(1):61–6.

	32.	 Hofmann B, Adam AC, Jacobs K, et al. Advanced glycation end product 
associated skin autofluorescence: a mirror of vascular function? Exp 
Gerontol. 2013;48(1):38–44.

	33.	 McNulty M, Mahmud A, Feely J. Advanced glycation end-products and 
arterial stiffness in hypertension. Am J Hypertens. 2007;20(3):242–7.

	34.	 Vasdev S, Ford CA, Parai S, et al. Dietary alpha-lipoic acid supplementation 
lowers blood pressure in spontaneously hypertensive rats. J Hypertens. 
2000;18:567–73.

	35.	 Calvino J, Cigarran S, Gonzalez-Tabares L, et al. Advanced glycation end 
products (AGEs) estimated by skin autofluorescence are related with 
cardiovascular risk in renal transplant. PLoS ONE. 2018;13(8):e0201118.

	36.	 Sylvester MA, Brooks HL. Sex-Specific Mechanisms in Inflammation and 
Hypertension. Curr Hypertens Rep. 2019;21(7):53.

	37.	 Liu S, Hempe JM, McCarter RJ, et al. Association between inflammation 
and biological variation in hemoglobin A1c in US nondiabetic adults. J 
Clin Endocrinol Metab. 2015;100(6):2364–71.

	38.	 Vlassara H, Cai W, Crandall J, et al. Inflammatory mediators are induced by 
dietary glycotoxins, a major risk factor for diabetic angiopathy. Proc Natl 
Acad Sci U S A. 2002;99(24):15596–601.

	39.	 Tahara N, Yamagishi S, Matsui T, et al. Serum levels of advanced glycation 
end products (AGEs) are independent correlates of insulin resistance in 
nondiabetic subjects. Cardiovasc Ther. 2012;30(1):42–8.

	40.	 Cai W, Ramdas M, Zhu L, et al. Oral advanced glycation endproducts 
(AGEs) promote insulin resistance and diabetes by depleting the anti-
oxidant defenses AGE receptor-1 and sirtuin 1. Proc Natl Acad Sci USA. 
2012;109(39):15888–93.

	41.	 Jiang SZ, Lu W, Zong XF, Ruan HY, Liu Y. Obesity and hypertension. Exp 
Ther Med. 2016;12(4):2395–9.

	42.	 Janghorbani M, Aminorroaya A, Amini M. Comparison of Different 
Obesity Indices for Predicting Incident Hypertension. High Blood Press 
Cardiovasc Prev. 2017;24(2):157–66.

	43.	 Reho JJ, Rahmouni K. Oxidative and inflammatory signals in obesity-
associated vascular abnormalities. Clin Sci (Lond). 2017;131(14):1689–700.

	44.	 Ahn CH, Min SH, Lee DH, et al. Hemoglobin glycation index is associated 
with cardiovascular diseases in people with impaired glucose metabo-
lism. J Clin Endocrinol Metab. 2017;102(8):2905–13.

	45.	 Rhee EJ, Cho JH, Kwon H, et al. Association between coronary artery 
calcification and the hemoglobin glycation index: the kangbuk samsung 
health study. J Clin Endocrinol Metab. 2017;102(12):4634–41.

	46.	 Cheng PC, Hsu SR, Cheng YC, et al. Relationship between hemoglobin 
glycation index and extent of coronary heart disease in individuals with 
type 2 diabetes mellitus: a cross-sectional study. PeerJ. 2017;5:e3875.

	47.	 Pan Y, Jing J, Wang Y, et al. Association of hemoglobin glycation index 
with outcomes of acute ischemic stroke in type 2 diabetic patients. 
Neurol Res. 2018;40(7):573–80.

	48.	 Hu DS, Zhu SH, Li X, et al. Association between hemoglobin glycation 
index and NAFLD in Chinese nondiabetic individuals. Can J Gastroenterol 
Hepatol. 2019;2019:8748459.

	49.	 Fiorentino TV, Marini MA, Succurro E, et al. Elevated hemoglobin glyca-
tion index identify non-diabetic individuals at increased risk of kidney 
dysfunction. Oncotarget. 2017a;8(45):79576–86.

	50.	 Fiorentino TV, Marini MA, Succurro E, et al. Association between hemo-
globin glycation index and hepatic steatosis in non-diabetic individuals. 
Diabetes Res Clin Pract. 2017b;134:53–61.

	51.	 Herman WH, Ma Y, Uwaifo G, Haffner S, Kahn SE, Horton ES, et al. Dif-
ferences in A1Cby race and ethnicity among patients with impaired 
glucose tolerance in the DiabetesPrevention Program. Diabetes Care. 
2007;30:2453–7.

	52.	 Wolffenbuttel BH, Herman WH, Gross JL, Dharmalingam M, Jiang HH, 
Hardin DS. Ethnicdifferences in glycemic markers in patients with type 2 
diabetes. Diabetes Care. 2013;36:2931–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association of hemoglobin glycation index and its interaction with obesityfamily history of hypertension on hypertension risk: a community-based cross-sectional survey
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study population
	Data collection
	Statistical methods

	Results
	General Characteristics of enrolled subjects
	Association between HGI and hypertension risk
	Interaction between HGI and hypertension risk

	Discussion
	Conclusion
	Acknowledgements
	References


