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Association between hemoglobin
glycation index and diabetic
kidney disease in type 2 diabetes
mellitus in China: A cross-
sectional inpatient study

Sixu Xin1, Xin Zhao1, Jiaxiang Ding2 and Xiaomei Zhang1*

1Department of Endocrinology, Peking University International Hospital, Beijing, China, 2Department
of Nephrology, Peking University International Hospital, Beijing, China
Objective: To investigate the association between Hemoglobin Glycation Index

(HGI) and Diabetic Kidney Disease (DKD) in Chinese type 2 diabetic individuals

and to construct a risk score based on HGI to predict a person’s risk of DKD.

Methods: We retrospectively analyzed 1622 patients with type 2 diabetes

mellitus (T2DM). HGI was obtained by calculating the fasting plasma glucose

(FPG) level into the formula, and they were grouped into low HGI group (L-HGI),

medium HGI group (H-HGI) and high HGI group (H-HGI) according to tri-

sectional quantile of HGI. The occurrence of DKD was analyzed in patients

with different levels of HGI. Multivariate logistics regression analysis was used to

analyze the risk factors of DKD in patients with T2DM.

Results: A total of 1622 patients with T2DM were enrolled in the study. Among

them, 390 cases were DKD. The prevalence of DKD among the three groups was

16.6%, 24.2% and 31.3%. The difference was statistically significant (P = 0.000).

There were significant differences in age (P=0.033), T2DM duration (P=0.005),

systolic blood pressure (SBP) (P=0.003), glycosylated hemoglobin (HbA1c)

(P=0.000), FPG (P=0.032), 2-hour postprandial plasma glucose (2h-PPG)

(P=0.000), fasting C-peptide FCP (P=0.000), 2-hour postprandial C-peptide

(2h-CP) (P=0.000), total cholesterol (TC) (P=0.003), low density lipoprotein

cholesterol (LDL-C) (P=0.000), serum creatinine (sCr) (P=0.001), estimated

glomerular filtration rate (eGFR) (P=0.000) among the three groups. Mantel-

Haenszel chi-square test showed that there was a linear relationship between

HGI and DKD (x2=177.469, p < 0.001). Pearson correlation analysis showed that

with the increase of HGI level the prevalence of DKD was increasing (R= 0.445,

P=0.000). It was indicated by univariate logistic regression analysis that

individuals in H-HGI was more likely to develop DKD (OR: 2.283, 95% CI:

1.708~ 3.052) when compared with L-HGI. Adjusted to multiple factors, this

trend still remained significant (OR: 2.660, 95% CI: 1.935~ 3.657). The combined
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DKD risk score based on HGI resulted in an area under the receiver operator

characteristic curve (AUROC) of 0.702.

Conclusions: High HGI is associated with an increased risk of DKD. DKD risk score

may be used as one of the risk predictors of DKD in type 2 diabetic population.
KEYWORDS

diabetes mellitus, type 2, hemoglobin glycation index, diabetic kidney
disease, complication
1 Introduction

Diabetic kidney disease (DKD) is an important microvascular

complication of diabetes and has become the main cause of chronic

kidney disease (CKD) and end stage renal disease (ESRD) (1–3).

Early detection of DKD and conducting the most effective targeted

intervention are the key steps to offset the development of adverse

clinical outcomes of diabetes mellitus (DM). Glycated hemoglobin

(HbA1c) level is recommended as the gold standard method to

evaluate glycemic control in DM patients. Despite the generally

acknowledged role of HbA1c in the management of patients with

diabetes, considerable differences in HbA1c exist even in patients

with similar mean blood glucose (MBG) profiles (4, 5). Studies have

shown that some individuals have persistently higher or lower

HbA1c levels than expected. However, recent researches had

shown that considerable biological variation of HbA1c was not

only affected by blood glucose levels but also influenced by

interindividual biological differences and environmental factor (6,

7). That means, even at the same blood glucose level, the level of

HbA1c could be different. Therefore, solely relying on HbA1c level

to evaluate the risk of DM is not suitable for all populations, which

will produce a significant deviation. Hempe et al. (8) described this

discrepancy by hemoglobin glycation index (HGI), which was

calculated as the difference between an individual’s observed

HbA1c and the estimated HbA1c.

HGI can identify people with HbA1c levels that are higher or

lower than average compared to other people with the same blood

glucose concentration (8, 9). It has been found that HGI could

promote the development of some microvascular and

macrovascular complications in DM patients (10). A recent meta-

analysis showed that increased HbA1c variability was associated

with increased risk of all-cause mortality, cardiovascular disease

(CVD), renal disease, peripheral neuropathy in patients with type 2

diabetes mellitus (T2DM) (11). In the Diabetes Control and

Complications Trial (DCCT), a high HGI at the baseline was a

predictor of CKD and retinopathy in patients with T1DM after 7

years of follow-up (12). The individual variation in HbA1c observed

in the DCCT was attributable to biological variation and not

measurement error. In the Action in Diabetes and Vascular

Disease: Preterax and Diamicron Modified Release Controlled
02
Evaluation (ADVANCE) trial, a high HGI at the baseline

predicted major microvascular events, which comprised new or

worsened nephropathy or retinopathy in T2DM (13). Chih-Hung

Lin et al. (14) found that HGI independently predicted renal

function deterioration in patients with T2DM and a low CKD

risk. Although cumulative evidence suggests a role for HGI in

diabetes complications, Lachin et al. (15) had contradictory findings

on reassessment of HGI for prediction of microvascular

complications in the DCCT. They concluded that HGI was not a

useful predictor for microvascular complications because it is not

statistically independent of HbA1c.

Although the above-mentioned studies have shed light on the

potential application of HGI in the management of diabetic

complications, the evidence for HGI as a predictor of DKD

remains unclear. Therefore, this study intends to analyze the

relationship between HGI level and the risk of DKD in Chinese

patients with T2DM and to construct a risk score to conveniently

predict a person’s risk of DKD aiming to provide a new reference

for clinical evaluation of diabetic complications.
2 Materials and methods

2.1 Participants

In this retrospective study, 1622 T2DM who were hospitalized

in Peking University International Hospital endocrinology

department from March 2015 to April 2021 were analyzed.

Among them, 1016 (62.64%) were males and 606 (37.36%) were

females, with an average age of (55.8 ± 13.47) years. The average

duration of T2DMwas 9.31 ± 7.73 years. All subjects met the T2DM

diagnostic criteria of the World Health Organization (WHO) in

1999 (16). According to the diagnostic criteria of DKD (17), the

subjects were divided into 1232 cases of non-DKD and 390 cases of

DKD. The exclusion criteria included: (1) Other type of diabetes

mellitus; (2) Acute complications of diabetes; (3) With primary

renal parenchyma; (4) Recent urinary tract infection, taking drugs

that affect renal function, etc.; (5) With severe anemia or blood loss;

(6) Pregnant and lactating women; (7) Patients who were

hospitalized for twice or more times.
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2.2 Methods

2.2.1 General conditions collected
All participants’ age, date of birth and diabetic duration (unit by

year) were collected and recorded. All participants were asked to

take off their shoes and socks and wear light and thin clothes,

following which height (cm) and weight (kg) were measured with

measuring instrument, and body mass index (BMI) was obtained

according to the formula weight/height2 (kg/m2). Blood pressure

including systolic blood pressure (SBP) and diastolic blood pressure

(DBP) were measured in all participants.
2.2.2 Laboratory measurement
All subjects were asked to fast for at least 8 hours, and venous

blood samples were collected in the morning. Chemiluminescence

method was then used to test blood glucose and blood lipid profile.

Other biochemical indices were then determined. High-pressure

liquid chromatography was used to test HbA1c level. The tests were

carried out in the biochemical laboratory of Peking University

International Hospital. Laboratory measurements included fasting

plasma glucose (FPG), 2 hour postprandial plasma glucose (2h-

PPG), fasting C-Peptide (FCP), 2 hour C-Peptide (2h-CP), HbA1c,

low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC),

triglyceride (TG), high-density lipoprotein cholesterol (HDL-C),

uric acid (UA), serum creatinine (sCr), alanine aminotransferase

(ALT), aspartate aminotransferase (AST) and urinary

microalbumin/creatinine ratio (UACR). The estimated glomerular

filtration rate (eGFR) was estimated according to the sCr level.
2.2.3 HGI calculation
Taking the actual measured value of HbA1c as the dependent

variable and FPG as the independent variable, a linear regression

equation was established as follows: predict HbA1c= 5.249 + 0.383*

FPG (r= 0.636 and p<0.001). Predicted HbA1c was then subtracted

from the individual’s observed HbA1c to generate HGI (HGI =

observed HbA1c – predicted HbA1c). HGI values were divided into

three groups by using the tri quantile method: L-HGI, M-HGI and

H-HGI (Figure 1).
2.3 Statistical methods

All data were processed by SPSS 22.0. Normal distribution data

were shown as mean standard deviation ( ± s), and nonnormal

distribution data were shown as mean median and quartile spacing.

When quantitative data were normally distributed and variance was

homogeneous, variance analysis was used for comparison among

groups. When data were not normally distributed, variance analysis

such as Kruskal Wallis test was used for comparison among

multiple groups; qualitative data was expressed in percentage (%).

Chi-square test was used to compare the qualitative data among the

three groups. Pearson correlation analysis was used to analyze the

correlation between HbA1c and FPG, and the regression equation

was established accordingly. Logistic regression method was used

for analysis of the main influencing factors of DKD with T2DM,
Frontiers in Endocrinology 03
and p< 0.05 was used for statistical significance. The AUROC was

used to evaluate the sensitivity of the proposed risk score for the

prediction of DKD.
3 Results

3.1 General characteristics among the
3 groups

There were significant differences in age (P=0.033), T2DM

duration (P=0.005), SBP (P=0.003), HbA1c (P=0.000), FPG

(P=0.032), 2h-PPG (P=0.000), FCP (P=0.000), 2h-CP (P=0.000),

TC (P=0.003), LDL-C (P=0.000), sCr (P=0.001), eGFR (P=0.000)

among the three groups. There were no significant differences in sex

(P=0.299), DBP (P=0.058), BMI (P=0.274), TG (P=0.932), HDL-C

(P=0.327), UA (P=0.089), UACR (P=0.111). The prevalence of

DKD among the three groups was 16.60%, 24.20% and 31.30%.

The difference was statistically significant (P=0.000). Mantel-

Haenszel chi-square test showed that there was a linear

relationship between HGI and DKD (x2 = 31.817, P=0.000).

Pearson correlation analysis showed that with the increase of HGI

level the prevalence of DKD was increasing (r= 0.140, P=0.000).

(Table 1, Figure 2)
3.2 Binary logistic regression analysis of the
relationship between DKD and related
factors and HGI risk analysis in T2DM

To investigate the potential interactions affecting the prevalence

of DKD in T2DM, binary logistic regression analysis was performed

as shown in Table 2. It was shown that age, T2DM duration, SBP,
FIGURE 1

Correlation between HbA1c and FPG. We drove the predicted
HbA1c, which was defined as follows: predict HbA1c= 5.249 +
0.383* FPG (r= 0.636 and p<0.001).
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FCP, TC, eGFR, HGI were risk factors for DKD. Furthermore, in

our study, HGI was found having a strong link with the incidence of

DKD. Univariate logistic regression analysis showed that compared

with L-HGI group, the risk of DKD in H-HGI group was

significantly increased (OR: 2.283, 95% CI: 1.708~ 3.052). After

adjusting for age, T2DM duration, SBP, TC, FCP, eGFR, the risk of

DKD in H-HGI group was 2.66 times than that in L-HGI

group. (Table 3)
Frontiers in Endocrinology 04
3.3 Construction of a risk score for DKD

According to the results, the variables such as HGI, age, T2DM

duration, SBP, TC, FCP, eGFR were the key risk factors (P < 0.05).

We put them into the model, which determined the risk of DKD

[DKD risk score =0.212* HGI + 0.042* T2DM duration (year) +

0.023* SBP (mmHg) + 0.164* FCP (ng/ml)– 0.017* age (year)-

0.024* eGFR (ml/min/1.73m2)- 2.301]. The area below the receiver

operating characteristics (ROC) curve of this model was 0.702 (95%

CI: 0.671 - 0.734), which showed good discrimination ability. The

sensitivity and specificity corresponding to the maximum Youden

index were 0.640% and 0.649%, respectively (Figure 3).
4 Discussion

In this Cross- Sectional study of Chinese adults with T2DM, we

found an association between HGI and incident DKD. A dramatic

increase in DKD incidence was observed among subjects with

higher values of HGI. Our findings suggested that HGI may be a

useful predictor of incident DKD among patients with T2DM.

HbA1c value is generally considered the gold standard method

for evaluating glycemic control. However, in three large

randomized controlled clinical trials (18–20), namely, the Action
FIGURE 2

Comparison of prevalence of DKD in different HGI groups. We
found an increase in the prevalence of DKD in three groups. The
difference was statistically significant (P=0.000). Correlation analysis
revealed that with the increase of HGI level the prevalence of DKD
was increasing (r= 0.140, P=0.000).
TABLE 1 Comparison of general data and biochemical index results in each group.

Variable L-HGI
(n=541)

M-HGI
(n=541)

H-HGI
(n=540)

F(X2) p

Sex [n(M/F)] 353/188 330/211 333/207 2.416 0.299

Age (yeas) 55.70 ± 12.94 56.86 ± 13.40 54.73 ± 14.00 3.415 0.033

T2DM Duration (yeas) 9.00 ± 7.73 10.17 ± 7.69 8.74 ± 7.69 5.307 0.005

SBP (mmHg) 130.90 ± 16.23 134.53 ± 17.55 132.56 ± 18.06 5.961 0.003

DBP (mmHg) 78.10 ± 11.13 79.31 ± 10.36 79.60 ± 11.30 2.858 0.058

BMI (Kg/m2) 25.78 ± 3.73 26.14 ± 3.65 26.00 ± 3.65 1.296 0.274

FBG (mmol/L) 8.53 ± 3.27 8.91 ± 3.29 9.01 ± 3.00 3.435 0.032

PBG (mmol/L) 11.66 ± 4.19 12.76 ± 4.38 13.47 ± 4.68 23.119 0.000

HbA1c (%) 6.99 ± 1.34 8.46 ± 1.28 10.43 ± 1.40 937.672 0.000

FCP (ng/ml) 2.66 ± 1.31 2.43 ± 1.31 2.14 ± 1.38 19.637 0.000

2h-CP (ng/ml) 6.81 ± 4.07 5.66 ± 3.36 4.65 ± 3.60 43.579 0.000

TC (mmol/L) 4.23 ± 1.04 4.35 ± 1.15 4.47 ± 1.16 5.976 0.003

TG (mmol/L) 2.08 ± 2.00 2.05 ± 1.60 2.09 ± 1.62 0.080 0.923

HDL-C (mmol/L) 1.02 ± 0.27 1.00 ± 0.27 1.00 ± 0.26 1.119 0.327

LDL-C (mmol/L) 2.43 ± 0.83 2.56 ± 0.90 2.64 ± 0.92 8.059 0.000

UA (umol/L) 345.30 ± 91.16 349.17 ± 96.78 336.85 ± 94.44 2.421 0.089

Crea (umol/L) 68.77 ± 19.49 71.87 ± 35.99 65.66 ± 17.94 7.835 0.000

eGFR (ml/min/1.73m2) 97.42 ± 18.58 95.44 ± 21.78 100.28 ± 18.69 8.196 0.000

UACR (mg/g) 60.79 ± 280.66 103.63 ± 422.70 96.65 ± 363.17 2.202 0.111

DKD (%) 90 (16.6) 131 (24.2) 169 (31.3) 31.817 0.000
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to Control Cardiovascular Risk in Patients with Diabetes

(ACCORD), ADVANCE and the Veterans Affairs Diabetes Trial

(VADT), intensive glycemic control in patients with T2DM did not

benefit large blood vessels. Especially in the ACCORD trial, as
Frontiers in Endocrinology 05
compared with standard therapy, intensive therapy to target normal

HbA1c levels for 3.5 years increased mortality and did not

significantly reduce major cardiovascular events (21).

Accordingly, Sheng et al. (22) proposed a hypothesis that HbA1c

variability may be related to all-cause mortality of intensive therapy,

and conducted a post hoc analysis of the ACCORD trial. This study

showed that long-term follow-up HbA1c variability was a strong

predictor of all-cause mortality. Thus, HbA1c is not a one-size-fits-

all indicator of blood glucose control. This phenomenon might be

attributed to various biological factors, including genetic

predisposition, erythrocyte turnover rates, intracellular glucose

concentrations, intracellular or extracellular pH, lipid peroxides,

inorganic phosphates, hemoglobin oxygenation status, cellular

redox status, and the activity of non-enzymatic protein glycation

(9, 23).

Increasing evidence is supporting the role of glucose variability

(GV) in the development of diabetic complications (24). Studies in

recent years (25) have shown that HbA1c levels vary greatly among

individuals, and some patients may have high or low HbA1c levels

inconsistent with blood glucose control levels, which brings some

difficulties to clinical prognosis assessment based on this indicator.

HGI can identify people with HbA1c levels that are higher or lower

than average compared to other people with the same blood glucose

concentration (8, 9). Biological sources of HGI variation include

genetic and environmental factors that affect person-to-person

variation in HbA1c or blood glucose. In our study, we also found

that only 40.5% of HbA1c variation can be explained by FPG. In

addition, Sabanayagam C. et al. (26) designed a study to determine

whether the relationship of HbA1c to diabetic microvascular
TABLE 3 Logistic regression analysis of the relationship between HGI and DKD in T2DM.

HGI level Unadjusted model P1 Multivariate modela P2

OR1 (95%CI) OR2 (95%CI)

L-HGI 1.000 (ref) 0.000 1.000 (ref) 0.000

M-HGI 1.6019 (1.186-2.161) 0.002 1.414 (1.023-1.995) 0.036

H-HGI 2.283 (1.708-3.052) 0.000 2.660 (1.935-3.657) 0.000
frontier
aAdjusted for age, T2DM duration, SBP, TC, FCP, eGFR.
TABLE 2 Binary logistic regression analysis of risk factors for DKD in T2DM.

Variables DKD in T2DM

bst OR (95% CI) P

Age (yeas) -0.017 0.984 (0.971-0.997) 0.015

T2DM Duration (yeas) 0.042 1.043 (1.024-1.063) 0.000

SBP (mmHg) 0.023 1.023 (1.016-1.030) 0.000

FCP (ng/ml) 0.164 1.179 (1.070-1.299) 0.001

TC (mmol/L) 0.117 1.124 (1.007-1.255) 0.037

eGFR (ml/min/1.73m2) -0.024 0.976 (0.968-0.984) 0.000

HGI 0.212 1.236 (1.135-1.346) 0.000
FIGURE 3

Receiver operating characteristics curves of DKD risk score. We put
HGI, age, T2DM duration, SBP, TC, FCP and eGFR into the model
The area below the ROC curve of this model was 0.702 (95%CI:
0.671 - 0.734). The sensitivity and specificity corresponding to the
maximum Youden index were 0.640% and 0.649% respectively.
sin.org
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complications showed any natural thresholds that could be useful in

diagnosing diabetes. There data supported use of an HbA1c cut-off

point of between 6.6 and 7.0% in diagnosing diabetes. Any

retinopathy, CKD, albuminuria and peripheral neuropathy were

less well detected at these cut-off points. Our study also suggested

that the incidence of DKD in L-HGI group [HbA1c (6.99 ± 1.34) %]

is lowest, similar to previous studies.

Before 2015, several studies shown a positive association

between GV and diabetic complications, both macrovascular and

microvascular (27). Since 2015, new evidence has also emerged in

support of GV as an independent risk factor for total mortality and

death due to cardiovascular disease in both type 1 and type 2

diabetes (11, 28–32). R. J. McCarter et al. (12) concluded that

individual biological variation in HbA1c, which is distinct from that

attributable to mean blood glucose (MBG), was evident among type

1 diabetic patients in DCCT and was a strong predictor of risk for

diabetic complications. At 7 years’ follow-up, patients in H-HGI

had three times greater risk of retinopathy (30 vs. 9%, P < 0.001) and

six times greater risk of nephropathy (6 vs.1%, P < 0.001) compared

with the L-HGI. The individual variation in HbA1c observed in

DCCT was attributable to biological variation and not measurement

error. Evidence of a link between biological variation in HbA1c and

microvascular complications in DCCT suggested that factors

responsible for biological variation in nonenzymatic HbA1c may

also influence individual susceptibility to diabetic complications.

Chih-Hung Lin et al. (14) found that a high HGI predicted rapid

renal function decline without or with a resultant eGFR < 60 ml/

min/1.73m2, but not onset of macroalbuminuria followed for a

median of 7.3 years. Thus, HGI independently predicted renal

function deterioration in patients with T2DM and a low CKD

risk. In patients with T2DM, HbA1c variability affects CKD more

than average HbA1c (33). Even in nondiabetic individuals, studies

have reported the effect on HGI and kidney dysfunction and CKD

among the non-diabetic individuals and the adults with

hypoglycemic drug naive prediabetes and diabetes. Teresa

Vanessa Fiorentino et al. concluded that HGI may be a useful

tool to identify nondiabetic individuals with an increased risk of

having kidney dysfunction (34). Wonjin Kim et al. found an

association between HGI and incident CKD. High HGI was

associated with an increased risk of incident CKD. Regardless of

HbA1c value, subjects with higher values of HGI were at a higher

risk of incident CKD during the 10-year follow-up period (35).

In the ACCORD population, baseline age, BMI, SBP, DBP,

fasting serum glucose, TC and SCr had significant difference

compared with low HbA1c variability, while sex and LDL-C had

not (22). Most of these results have been confirmed in our study but

of BMI and LDL-C, suggesting that the influencing factor of HGI in

T2DM is complex and that the causes are multifactorial. In

addition, further logistic regression analysis showed that the age,

T2DM duration, SBP, TC, FCP, 2h-CP, eGFR and HGI were the key

risk factors of DKD in this study. The risk of DKD in T2DM

patients with high HGI levels is 2.283 times higher than those with

low HGI levels. Adjusted to multiple factors, this trend still

remained significant (OR: 2.660, 95%CI: 1.935~ 3.657).

Furthermore, we constructed a risk score based on HGI to predict

a person’s risk of DKD, which could be useful for the clinician.
Frontiers in Endocrinology 06
At present, the mechanism of HGI on DKD in T2DM is still

unclear. The possible mechanisms involve the following aspects: (1)

Fluctuation of blood glucose leads to increased oxidative stress,

production of inflammatory cytokines and endothelial dysfunction

(36, 37). Compared with persistent hyperglycemia, islet b-cell
dysfunction and apoptosis increased significantly in the state of

blood glucose fluctuation which leading to decrease of insulin

secretion (38). (2) Fluctuated blood glucose deteriorated the

progression of DKD by increasing the blood urea nitrogen and

sCr, decreasing creatinine clearance, and accelerating renal

ultrastructural injury. This adverse result was probably due to its

promoting oxidative stress activity and the p-AKT signaling

pathway inhibition, which activated its downstream proteins,

resulting in severe renal injury (39). (3) One possible explanation

is that even periods of sustained hyperglycemia are “remembered,”

thus conferring an increased risk of microvascular complications

(40, 41), hence, the detrimental effect of HbA1c variability may be

mediated through the same mechanism underlying the “metabolic

memory” phenomenon, including oxidative stress. (4) Because the

risk of microvascular complications increases exponentially as

HbA1c rises (42), subjects with higher HbA1c variability would

“accumulate” a surplus of risk in the periods spent at the upper end

of their HbA1c range. This hypothesis might be indirectly

supported by GIUSEPPE PENNO’s observation that the effect of

HbA1c variability is a statistically significant effect in the higher

quartile of HbA1c-SD (33).
5 Conclusion

To sum up, HGI may be a reference index for blood glucose

control in T2DM patients and could predict the risk of DKD. This

study brings important enlightenment for daily diabetes

management, that is, diabetes patients should take into account

the variability of HbA1c while controlling blood glucose or HbA1c

levels. “Beyond HbA1c” is an important concept of diabetes

diagnosis and treatment at present (43). Blood glucose,

glycosylated albumin and HbA1c variability are important factors

for blood glucose control and long-term prognosis. In order to

reduce the risk of all-cause death in diabetic patients, measures

should be taken as soon as possible to incorporate HbA1c variability

into the management objectives of diabetic patients.

This study also has some limitations. As the analysis was

conducted on the basis of cross section, the existing database

cannot collect relevant data at the time of diagnosis of diabetes.

Unfortunately, previous studies have not reported it yet. Next, we

will focus on collecting data of new-onset T2DM, and make further

exploration on the impact of HGI on DKD. In addition, the subjects

have not been followed up to determine the relationship between

HGI and DKD in the existing cross-sectional study. However,

according to the current research results, HGI has stable disease

prediction value. Furthermore, high-quality and large sample

prospective cohort studies and randomized controlled clinical

trials and even cytological studies will be carried out to clarify the

mechanism of HGI and the predictive value of HGI on DKD, and to

develop a personalized HbA1c variability control target, so as to
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provide new reference indicators for clinical diabetic blood glucose

control and reduce the occurrence of complications.
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25. Rodrıǵuez-Segade S, Rodrıǵuez J, Cabezas-Agricola JM, Casanueva FF, Camiña
F. Progression of nephropathy in type 2 diabetes: the glycation gap is a significant
predictor after adjustment for glycohemoglobin (Hb A1c). Clin Chem (2011) 57:264–
71. doi: 10.1373/clinchem.2010.144949

26. Sabanayagam C, Liew G, Tai ES, Shankar A, Lim SC, Subramaniam T, et al.
Relationship between glycated haemoglobin and microvascular complications: is there
a natural cut-off point for the diagnosis of diabetes? Diabetologia (2009) 52:1279–89.
doi: 10.1007/s00125-009-1360-5

27. Frontoni S, Di Bartolo P, Avogaro A, Bosi E, Paolisso G, Ceriello A. Glucose
variability: An emerging target for the treatment of diabetes mellitus. Diabetes Res Clin
Pract (2013) 102:86–95. doi: 10.1016/j.diabres.2013.09.007

28. Bonke FC, Donnachie E, Schneider A, Mehring M. Association of the average
rate of change in HbA1c with severe adverse events: a longitudinal evaluation of audit
data from the Bavarian disease management program for patients with type 2 diabetes
mellitus. Diabetologia (2016) 59:286–93. doi: 10.1007/s00125-015-3797-z

29. Skriver MV, Sandbæk A, Kristensen JK, Støvring H. Relationship of HbA1c
variability, absolute changes in HbA1c, and all-cause mortality in type 2 diabetes: a
Danish population-based prospective observational study. BMJ Open Diabetes Res Care
(2015) 3:e000060. doi: 10.1136/bmjdrc-2014-000060

30. Wan EY, Fung CS, Fong DY, Lam CL. Association of variability in hemoglobin
A1c with cardiovascular diseases and mortality in Chinese patients with type 2 diabetes
mellitus - a retrospective population-based cohort study. J Diabetes its complications
(2016) 30:1240–7. doi: 10.1016/j.jdiacomp.2016.05.024

31. Lee CL, Sheu WH, Lee IT, Lin SY, Liang WM, Wang JS, et al. Trajectories of
fasting plasma glucose variability and mortality in type 2 diabetes. Diabetes Metab
(2018) 44:121–8. doi: 10.1016/j.diabet.2017.09.001

32. Wightman SS, Sainsbury CAR, Jones GC. Visit-to-visit HbA1c variability and
systolic blood pressure (SBP) variability are significantly and additively associated with
mortality in individuals with type 1 diabetes: An observational study. Diabetes Obes
Metab (2018) 20:1014–7. doi: 10.1111/dom.13193
Frontiers in Endocrinology 08
33. Penno G, Solini A, Bonora E, Fondelli C, Orsi E, Zerbini G, et al. HbA1c
variability as an independent correlate of nephropathy, but not retinopathy, in
patients with type 2 diabetes: the renal insufficiency and cardiovascular events
(RIACE) Italian multicenter study. Diabetes Care (2013) 36:2301–10. doi: 10.2337/
dc12-2264

34. Fiorentino TV, Marini MA, Succurro E, Sciacqua A, Andreozzi F, Perticone F,
et al. Elevated hemoglobin glycation index identify non-diabetic individuals at
increased risk of kidney dysfunction. Oncotarget (2017) 8:79576–86. doi: 10.18632/
oncotarget.18572

35. Kim W, Go T, Kang DR, Lee EJ, Huh JH. Hemoglobin glycation index is
associated with incident chronic kidney disease in subjects with impaired glucose
metabolism: A 10-year longitudinal cohort study. J Diabetes its complications (2021)
35:107760. doi: 10.1016/j.jdiacomp.2020.107760

36. Rizzo MR, Barbieri M, Marfella R, Paolisso G. Reduction of oxidative stress and
inflammation by blunting daily acute glucose fluctuations in patients with type 2
diabetes: role of dipeptidyl peptidase-IV inhibition. Diabetes Care (2012) 35:2076–82.
doi: 10.2337/dc12-0199

37. Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol JP, et al. Activation of
oxidative stress by acute glucose fluctuations compared with sustained chronic
hyperglycemia in patients with type 2 diabetes. Jama (2006) 295:1681–7. doi:
10.1001/jama.295.14.1681

38. Kim MK, Jung HS, Yoon CS, Ko JH, Jun HJ, Kim TK, et al. The effect of glucose
fluctuation on apoptosis and function of INS-1 pancreatic beta cells. Korean Diabetes J
(2010) 34:47–54. doi: 10.4093/kdj.2010.34.1.47

39. Ying C, Zhou X, Chang Z, Ling H, Cheng X, Li W. Blood glucose fluctuation
accelerates renal injury involved to inhibit the AKT signaling pathway in diabetic rats.
Endocrine (2016) 53:81–96. doi: 10.1007/s12020-016-0867-z

40. The Writing Team for the Diabetes Control, Complications Trial/Epidemiology
of Diabetes Interventions and Complications Research Group. Effect of intensive
therapy on the microvascular complications of type 1 diabetes mellitus. Jama (2002)
287:2563–9. doi: 10.1001/jama.287.19.2563

41. Ihnat MA, Thorpe JE, Ceriello A. Hypothesis: the 'metabolic memory', the new
challenge of diabetes. Diabetic Med (2007) 24:582–6. doi: 10.1111/j.1464-
5491.2007.02138.x

42. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA, et al.
Association of glycaemia with macrovascular and microvascular complications of type
2 diabetes (UKPDS 35): prospective observational study. BMJ (2000) 321:405–12. doi:
10.1136/bmj.321.7258.405

43. Bloomgarden Z. Beyond HbA1c, second take. J Diabetes (2019) 11:416–7. doi:
10.1111/1753-0407.12910
frontiersin.org

https://doi.org/10.2337/dc19-2589
https://doi.org/10.1016/j.diabres.2017.09.017
https://doi.org/10.1016/j.diabres.2017.09.017
https://doi.org/10.1016/S2213-8587(18)30136-0
https://doi.org/10.1016/S2213-8587(18)30136-0
https://doi.org/10.1373/clinchem.2010.144949
https://doi.org/10.1007/s00125-009-1360-5
https://doi.org/10.1016/j.diabres.2013.09.007
https://doi.org/10.1007/s00125-015-3797-z
https://doi.org/10.1136/bmjdrc-2014-000060
https://doi.org/10.1016/j.jdiacomp.2016.05.024
https://doi.org/10.1016/j.diabet.2017.09.001
https://doi.org/10.1111/dom.13193
https://doi.org/10.2337/dc12-2264
https://doi.org/10.2337/dc12-2264
https://doi.org/10.18632/oncotarget.18572
https://doi.org/10.18632/oncotarget.18572
https://doi.org/10.1016/j.jdiacomp.2020.107760
https://doi.org/10.2337/dc12-0199
https://doi.org/10.1001/jama.295.14.1681
https://doi.org/10.4093/kdj.2010.34.1.47
https://doi.org/10.1007/s12020-016-0867-z
https://doi.org/10.1001/jama.287.19.2563
https://doi.org/10.1111/j.1464-5491.2007.02138.x
https://doi.org/10.1111/j.1464-5491.2007.02138.x
https://doi.org/10.1136/bmj.321.7258.405
https://doi.org/10.1111/1753-0407.12910
https://doi.org/10.3389/fendo.2023.1108061
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association between hemoglobin glycation index and diabetic kidney disease in type 2 diabetes mellitus in China: A cross- sectional inpatient study
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Methods
	2.2.1 General conditions collected
	2.2.2 Laboratory measurement
	2.2.3 HGI calculation

	2.3 Statistical methods

	3 Results
	3.1 General characteristics among the 3 groups
	3.2 Binary logistic regression analysis of the relationship between DKD and related factors and HGI risk analysis in T2DM
	3.3 Construction of a risk score for DKD

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


