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Association of elevated glycosylated
hemoglobin A1c with hyperfiltration in a
middle-aged and elderly Chinese population
with prediabetes or newly diagnosed diabetes:
a cross-sectional study
Wen Hu1,2, Hairong Hao2†, Weinan Yu2†, Xiaojuan Wu2 and Hongwen Zhou1*

Abstract

Background: To examine whether elevated glycosylated hemoglobin A1c (HbA1c) is associated with hyperfiltration
in a middle-aged and elderly Chinese population.

Methods: Anthropometric and biochemical examinations were performed in 2491 individuals from the general
population, aged 40–79 years, who participated in the Huaian Diabetes Prevention Program. The estimated glomerular
filtration rate (eGFR) was calculated from creatinine levels using the CKD-EPI formula. Hyperfiltration was defined as
eGFR >90th percentile.

Results: After adjustment [for age, gender, waistline, body mass index, blood pressure, smoking, alcohol consumption,
cholesterol, log(triglycerides), high-density lipoprotein, low-density lipoprotein, serum uric acid, sodium intake,
hypertension, and use of angiotensin converting enzyme inhibitors or angiotensin receptor blockers], HbA1c and fasting
plasma glucose (FPG) were found to be independently positively associated with eGFR. Additionally, after multivariate
adjustment, the odds ratios (95 % CI) for hyperfiltration calculated for a 1-unit increase in HbA1c and FPG were 1.396
(1.089–1.790) and 1.306 (1.117–1.526), respectively. Compared with participants with HbA1c levels <5.7 %, the odds
ratios (95 % CI) for hyperfiltration were 2.344 (1.025–5.364) in participants with HbA1c levels of 6.21–6.49 %, and
2.965 (1.537–5.720) in those with HbA1c levels ≥6.5 %.

Conclusion: Elevated HbA1c (≥6.21 %) is associated with an increased odds of hyperfiltration in middle-aged
and elderly Chinese. Longitudinal studies are needed to explore whether hyperfiltration increases the odds of
diabetic nephropathy in individuals with prediabetes.

Background
With the continuing increase in the number of patients
with diabetes mellitus, diabetic nephropathy (DN) has be-
come the most common cause of end-stage renal disease
(ESRD) in China [1], the USA [2], and Europe [3]. DN de-
velops in 40 % of patients with type 1 diabetes mellitus
(T1DM) [4] and in 25 % of patients with type 2 diabetes
mellitus (T2DM) [5]. Recent data from the Diabetes

Control and Complications Trial-Epidemiology of Dia-
betes Interventions and Complications (DCCT-EDIC)
study suggested that blood glucose levels at the time of
the measurement of estimated glomerular filtration rate
(eGFR) may bias the results [6]. Indeed, in patients with
T1DM, the risk of impaired eGFR was lower for those
treated early and aggressively compared with those with
conventional treatments [6]. Thus, early diagnosis of DN
and early intervention are very important.
Glycosylated hemoglobin (HbAlc) is widely accepted as

being a good indicator of blood glucose control. In 2010,
the American Diabetes Association (ADA) recommended
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that a HbAlc of 6.5 % or higher be used for the diagnosis
of diabetes mellitus [7]. In 2012, the ADA further recom-
mended an HbAlc of 5.7–6.4 % as a screening criterion
for individuals with high risk for future diabetes (prediabe-
tes) [8]. A community-based study has suggested that
baseline HbA1c is a stronger predictor of subsequent dia-
betes and cardiovascular events than fasting glucose [9].
However, very few studies have focused on the relation-
ship between an HbA1c <6.5 % and hyperfiltration.
Previous studies have indicated that patients with predia-

betes (based on impaired fasting glucose [IFG], impaired
glucose tolerance [IGT] or HbA1c of 5.7–6.4 %) are at high
risk of future T2DM and have impaired endothelial dia-
stolic function [10]. In addition, the IGT group showed
microalbuminuria and elevated levels of urinary albumin
excretion rate [10]. Measurement of eGFR and detection of
microalbuminuria are the main methods recommended by
the ADA, the National Kidney Foundation, and the Inter-
national Society of Nephrology for the screening of DN and
the monitoring of its progression in the clinical setting
[11–13]. However, the UK Prospective Diabetes Study
found that 51 % of patients with T2DM without albumin-
uria subsequently developed chronic renal insufficiency
[14]. Moreover, microalbuminuria does not necessarily lead
to macroalbuminuria, and in fact may regress spontan-
eously [15]. Furthermore, eGFR is a sensitive indicator of
renal hemodynamics, and may have advantages over micro-
albuminuria in the detection of DN [16, 17].
Recent studies have focused on the correlation between

HbA1c and the decrease in GFR in diabetes [18, 19]. How-
ever, glomerular hyperfiltration is a characteristic func-
tional abnormality in patients with diabetes mellitus [20],
and its presence is associated with an increased risk of
albuminuria and DN progression [21]. The correlation be-
tween fasting plasma glucose (FPG) levels and hyperfiltra-
tion has been well established in the general population
[22, 23]. However, measurement of FPG is affected by a
number of factors such as sleeping, foods consumed the
previous day, physical activity, sample handling, etc. [24].
Albeit not perfect, HbA1c levels are considered more stable
and representative of the chronic glucose levels in an indi-
vidual [25]. However, the correlation between HbA1c levels
and hyperfiltration has not been definitively established in
patients with diabetes; moreover, there is a paucity of data
examining this correlation in individuals with prediabetes.
Therefore, the present study was performed to analyze the
relationship between HbA1c and eGFR in individuals with-
out diabetes.

Methods
Ethics statement
This cross-sectional study was part of the Huaian Diabetes
Prevention Program (ChiCTR-TRC-14005029) and was
approved by the Huaian Second Hospital Ethics Committee,

XuZhou Medical University, China. Written informed
consent was obtained from all participants in this study.

Study population
In the present study, 5431 subjects (aged 40–79 years)
attending annual routine health examinations under the
auspices of the local governments between August and
December 2014 at the health examination center of
Huaian Second Hospital, Affiliated Hospital of Xuzhou
Medical College in Huaian (Jiangsu, China) were en-
rolled. Subjects were subsequently excluded from the
analysis if any of the following criteria applied: (1) data
were missing for calculation of the eGFR (n = 358); (2)
previously diagnosed diabetes mellitus (n = 528); (3) pre-
viously diagnosed renal disease, including autoimmune
or drug-induced kidney disease, nephritis, renal fibrosis
or renal failure, or previous kidney transplant with on-
going renal dialysis (n = 146); (4) previously diagnosed
hepatic disease including fatty liver, liver cirrhosis and
autoimmune hepatitis (n = 1132); (5) peripheral artery dis-
ease (n = 108); (6) coronary heart disease (CHD) including
myocardial infarction and angina pectoris (n = 479); (7)
any malignant disease (n = 8); or (8) eGFR <60 mL/min/
1.73 m2 (n = 181). Therefore, 2491 subjects (1624 women)
were deemed eligible for the analysis.

Data collection
Demographic characteristics, lifestyle information, and
medical history were obtained by trained investigators using
a standard questionnaire. Body mass index (BMI) was cal-
culated as weight (kg) divided by height squared (m2).
Blood pressure (BP) was measured three consecutive times
(HEM-752 Fuzzy; Omron Company, Dalian, China), and
the mean value was used in the analysis. Venous blood
samples were collected between 07:00 and 09:00, after over-
night fasting, for the measurement of FPG, creatinine
(CREA), total cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-c), and high-density
lipoprotein cholesterol (HDL-c). HbA1c was measured by
high performance liquid chromatography (Variant II and
D-10 Systems, Bio-Rad Laboratories Inc., Hercules, CA,
USA). All quality control criteria of the ADA were applied
for HbA1c measurement [8], and the laboratory was prop-
erly qualified.
Diabetes was defined according to the 2012 ADA criteria

[8]: FPG ≥126 mg/dl (7.0 mmol/L); or 2-h plasma glucose
in the 75-g oral glucose tolerance test (OGTT) ≥200 mg/dL
(11.1 mmol/L); and/or HbA1c ≥6.5 %. Prediabetes was also
defined according to the 2012 ADA criteria [8]: 100 mg/dL
(5.6 mmol/L) ≤ FPG ≤ 125 mg/dL (6.9 mmol/L) (IFG); or
140 mg/dL (7.8 mmol/L) ≤2-h plasma glucose in the 75-g
OGTT ≤199 mg/dL (11.0 mmol/L) (IGT); or HbA1c 5.7-
6.4 %. Normal glucose metabolism (NGM) was defined as
HbA1c <5.6 %, FPG <100 mg/dL (5.6 mmol) and 2-h
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plasma glucose in the 75-g OGTT <140 mg/dL
(7.8 mmol/L). Based on these criteria, 213 of the 2491
subjects included in the analysis were considered to have
newly diagnosed type 2 diabetes mellitus (T2NDM), 1037
were considered to have prediabetes, and 1241 were con-
sidered to have NGM.
eGFR was calculated from creatinine levels using the

CKD-EPI formula [26]. Normal eGFR was defined as
≥90 mL/min/1.73 m2; renal hyperfiltration as an absolute
GFR >102 mL/min/1.73 m2 (90th percentile in all subjects);
and mildly reduced eGFR as 60–90 mL/min/1.73 m2.

Statistical analysis
The continuous variables in this study exhibited normal or
approximately normal distributions, and are presented as
means ± standard deviations (SDs). Categorical variables
are presented as numbers (%). Comparisons between
groups were made using the Student’s t test for continuous
data and the chi-square test for categorical data.
After verifying the assumption of a linear relation-

ship between the dependent and independent variables
that were introduced into a linear regression model
(assessed using a histogram of the residuals, together
with a scatter plot of the standardized residuals to the
standardized predicted values in different models, as
described below), multivariate linear regression ana-
lysis was used to estimate the association of glucose
metabolism type with eGFR. Identification of patients
with hyperfiltration was done by selecting all partici-
pants >90th percentile in the distribution of residuals
from a multivariate linear regression analysis where we
used absolute GFR values as the dependent variable
and sex, age, weight, height, and use of ACE inhibitors
or ARB as the independent adjusting variables. Then,
249 subjects (147 women) were defined as being with
hyperfiltration, for a mean GFR of 102.27 (range 90.7–
135.7) mL/min/1.73 m2.
Three models were constructed for each component

of glucose metabolism. The first model was not ad-
justed. The second model was adjusted for age, gender,
waistline, BMI, systolic blood pressure, and diastolic
blood pressure. The third model was adjusted for age,
gender, waistline, BMI, systolic BP, diastolic BP, choles-
terol, log(triglyceride), HDL-c, LDL-c, serum uric acid,
alcohol consumption, smoking status, sodium intake
(6 g/day), the presence of hypertension (%), and the use
of angiotensin converting enzyme inhibitors (ACEIs) or
angiotensin receptor blockers (ARBs).
For analysis, the subjects were divided into five groups

based on stratification of glucose metabolism levels using
the 50th, 75th, 90th and 95th percentiles as cut-off points.
For HbA1c, the groups were: Q1, HbA1c <5.70 %; Q2,
HbA1c 5.70–6.00 %; Q3, HbA1c 6.01–6.20 %; Q4, HbA1c
6.21–6.49 %; and Q5, HbA1c ≥6.5 %. For FPG, the groups

were: Q1, FPG <5.40 mmol/L; Q2, FPG 5.40–5.70 mmol/L;
Q3, FPG 5.71–6.30 mmol/L; Q4, FPG 6.31–6.99 mmol/L;
and Q5, FPG ≥7.0 mmol/L). The associations of glucose
metabolism (with FPG and HbA1c quintiles introduced as
dummy ordinal independent variables) with the odds of
hyperfiltration (as defined above) were estimated using
multivariate logistic regression analysis in the same three
models described above. P-values for the trends were calcu-
lated by Spearman correlation analysis of categorical vari-
ables and odds ratios (ORs) for the different groups, scored
0, 1, 2 and 3, respectively. P < 0.05 was considered statisti-
cally significant. All statistical analyses were performed
using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Results
Characteristics of the study participants
The 2491 subjects (1624 women) included in the study
were divided into three groups (NGM, prediabetes,
and T2NDM). As shown in Table 1, age, BMI, FPG,
HbA1c, TC, TG, LDL-c, SUA, alcohol consumption,
sodium intake (>6 g/day), and the proportion of sub-
jects with hypertension were significantly higher in the
prediabetes and T2NDM groups than in the NGM
group (P < 0.05), while HDL-c levels were significantly
lower (P = 0.003). Interestingly, eGFR and the proportion
of subjects with hyperfiltration were lower in the prediabe-
tes group but higher in the T2NDM group. There was no
significant difference between the three groups in systolic
BP (SBP), diastolic BP (DBP), blood urea nitrogen (BUN),
CREA, gender, and smoking status.
Among all subjects, 249 subjects (147 women) were

defined as being with hyperfiltration, for a mean GFR of
102.27 (range 90.7–135.7) mL/min/1.73 m2.

Multiple linear regression analysis
As presented in Table 2, an approximately linear rela-
tionship was found, particularly in models 2 and 3. In
model 1, the HbA1c and FPG levels were independently
negatively related to eGFR. However, after adjustment
for age, gender, waistline, BMI, SBP, DBP, cholesterol,
log(triglyceride), LDL-c, HDL-c, alcohol consumption,
smoking status, hypertension, and the use of ACEIs or
ARBs in models 2 and 3, HbA1c and FPG levels were
found to be positively related to eGFR in participants
with prediabetes and those with T2NDM.

Multiple logistic regression analysis
As shown in Table 3, the association between increased
HbA1c levels and increased odds of hyperfiltration was an-
alyzed in the three models. In model 1, both the HbA1c
and FPG levels were negatively related to GFR, but after ad-
justment for age, gender, waistline, BMI, SBP and DBP
(model 2) or age, gender, waistline, BMI, SBP, DBP, TC,
log(triglyceride), LDL-c, HDL-c, alcohol consumption,
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smoking status, hypertension, and the use of ACEIs or
ARBs (model 3), HbA1c and FPG levels showed a positive
linear relationship with an increased odds of hyperfiltration,
with the highest quintile groups (FPG ≥7.0 mmol/L
[126 mg/dL] and HbA1c ≥6.5 %) showing significantly

increased odds. In model 3 (after multivariate adjustment),
the OR (95 % CI) for hyperfiltration (relative to quintile Q1,
HbA1c <5.7 %) was 2.344 (1.025–5.364) in subjects with
HbA1c levels of 6.21–6.49 % (Q4), and 2.965 (1.537–5.720)
in those with HbA1c levels >6.5 % (Q5) (both P < 0.05).

Table 2 Multiple linear regression analysis of the relationship between HbA1c and eGFR

Fasting plasma glucose (per mmol/L) HbA1c (per % unit)

b Coefficient 95 % CI P value b Coefficient 95 % CI P value

Model 1 −0.466 (−1.037, −0.087) 0.015 −0.471 (−1.363, 0.078) 0.203

Model 2 0.424 (−0.016, 0.864) 0.059 1.044 (0.378, 1.711) 0.002

Model 3 0.761 (0.340, 1.180) <0.001 1.259 (0.625, 1.892) <0.001

Model 1: not adjusted; Model 2: adjusted for age, gender, waistline, body mass index, systolic blood pressure and diastolic blood pressure; Model 3: Model 2 plus adjustment
for cholesterol, Log (triglyceride), high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, serum uric acid, alcohol consumption, smoking status, sodium
intake (6 g/day), hypertension, and use of angiotensin converting enzyme inhibitors or angiotensin receptor blockers. 95 % CI, 95 % confidence interval; eGFR, estimated
glomerular filtration rate; HbA1c, glycated hemoglobin

Table 1 Characteristics of the study participants

NGM (n = 1241) Prediabetes (n = 1037) T2NDM (n = 213) P value

Male (%) 34.6 34.0 39.0 0.386

Age (years) 59.36 ± 7.39 61.04 ± 7.43 63.08 ± 7.34 <0.001

Smoking (%) 16.3 17.7 18.8 0.577

Consumption of alcohol (%) 15.4 14.9 17.9 0.033

Excess sodium intake (>6 g/d) (%) 14.4 15.7 20.7 <0.001

Hypertension (%) 39.7 43.5 47.9 0.033

Use of ACEIs or ARBs (%) 5.3 4.4 3.7 0.514

Waistline (cm) 82.26 ± 8.88 83.14 ± 9.31 85.43 ± 11.97 <0.001

BMI (kg/m2) 23.90 ± 2.96 24.32 ± 3.21 25.00 ± 3.82 <0.001

SBP (mmHg) 140.46 ± 20.11 140.42 ± 38.31 140.86 ± 20.30 0.597

DBP (mmHg) 84.75 ± 13.94 84.31 ± 14.41 83.05 ± 15.73 0.573

TC (mmol/L) 5.12 ± 0.85 5.25 ± 0.85 5.33 ± 0.91 <0.001

TG (mmol/L) 1.61 (0.5, 12.7) 1.67 (0.3, 18.1) 1.85 (0.8, 19.8) <0.001

HDL-c (mmol/L) 1.45 ± 0.61 1.39 ± 0.47 1.36 ± 0.56 0.003

LDL-c (mmol/L) 2.68 ± 0.68 2.80 ± 0.70 2.88 ± 0.75 <0.001

SUA (mg/dL) 4.76 ± 1.22 4.80 ± 1.33 4.90 ± 1.39 0.018

BUN (mmol/L) 5.18 ± 1.29 5.10 ± 1.25 5.02 ± 1.33 0.076

CREA (mmol/L) 0.78 ± 0.15 0.79 ± 0.15 0.78 ± 0.16 0.650

eGFR (mL/min per 1.73 m2) 89.39 ± 11.76 88.31 ± 11.65 88.76 ± 12.83 0.048

eGFR stage 0.013

>102 (%) 13.7 9.5 14.1

90-102 (%) 39.2 39.4 39.4

60-90 (%) 47.1 50.2 46.5

HbA1c (%) 5.32 ± 0.27 5.92 ± 0.18 7.13 ± 1.05 <0.001

FPG (mg/dL) 94.86 ± 10.08 98.18 ± 9.23 131.76 ± 15.30 <0.001

Data are presented as the mean ± SD, number (as %), or median (range), as appropriate. Comparisons between the three groups were made using ANOVA or
Fisher’s exact test, as appropriate
International system of units (SI) conversion: plasma glucose, 1 mg/dL = 1/18 mmol/L; serum uric acid, 1 mg/dL = 59.5 mmol/L; serum
creatinine, 1 mg/dL = 88.41 μmol/L
ACEI angiotensin converting enzyme inhibitor; ARB angiotensin receptor blocker; BMI body mass index; BUN blood urea nitrogen; CREA serum creatinine; DBP
diastolic blood pressure; e-GFR estimated glomerular filtration rate; FPG fasting plasma glucose; HDL-c high-density lipoprotein cholesterol; LDL-c low-density
lipoprotein cholesterol; T2NDM newly diagnosed type 2 diabetes mellitus; NGM normal glucose metabolism; SBP systolic blood pressure; SUA serum uric acid;
TC total cholesterol; TG triglycerides
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Discussion
The present study has found that in a Chinese middle-
aged and elderly population without a history of dia-
betes, HbA1c was positively associated with hyperfiltra-
tion independently of age, sex, BMI, waistline, BP,
smoking status, alcohol consumption, hypertension sta-
tus, and TC, TG, LDL-c and HDL-c levels. A similar as-
sociation was found between FPG and hyperfiltration.
However, since the two conditions often coexist, the re-
sults do not exclude the association of both acutely and
chronically elevated glucose levels with eGFR, but can-
not confirm an independent association. Furthermore,
after multivariate adjustment, it was determined that the
odds of hyperfiltration were significantly increased in pa-
tients with HbA1c ≥6.21 % and FPG ≥7.0 mmol/L. Sub-
jects with HbA1c levels of 6.21–6.49 % had a 2.34-times
higher odds of developing hyperfiltration than those with
HbA1c <5.7 %. This suggests that hyperfiltration oc-
curs not only in newly developed diabetes but also in
prediabetes. Thus, more attention should be paid to
subjects with HbA1c levels ≥6.21 % in order to
maximize the prevention of hyperfiltration in patients
without overt diabetes.
Some studies, but not all, have shown an association

between hyperfiltration and the subsequent development
of nephropathy in subjects with diabetes [27]. It is

important to clarify the relationship between blood glu-
cose and hyperfiltration to allow the early diagnosis of
renal damage. GFR is increased significantly in dogs by a
continuous glucose infusion for 6 days, which produces
a modest rise in serum glucose from 6.5 to 7.1 mmol/L
[28]. Consistent with the present study, experimental
studies in healthy subjects have shown that GFR is in-
creased by an acute glucose infusion (plasma glucose to
7.0 mmol/L) [29]. Recent research into hyperfiltration
has focused on the relationship between an acute blood
glucose rise and eGFR, rather than the effects of a
chronic elevation in blood glucose level. A previous
study of 1560 Norwegians, aged 50–62 years, without
diabetes, has assessed the association between elevated
HbA1c levels and GFR [22]. In the Norwegian investiga-
tion, elevated HbA1c and borderline hyperglycemia
(FPG >5.6 mmol/L) were found to be associated with
hyperfiltration; however, the cut-off for FPG differed
from that used in the present study, and they analyzed
HbA1c as a continuous variable. Consistent with our
findings, Okada et al. found that hyperfiltration was as-
sociated with HbA1c levels in a cohort of Japanese sub-
jects with prediabetes [30]. In addition, Hou et al. have
reported that greater fluctuations between FPG and 2-h
postload glucose were associated with higher odds of
hyperfiltration [31].

Table 3 Multiple logistic regression analyses of odds ratios for hyperfiltration

Fasting plasma glucose (per mmol/L) HbA1c (per % unit)

OR 95 % CI P value OR 95 % CI P value

Model 1 Fasting glucose, per mmol/L 0.947 (0.826-1.086) 0.434 HbA1c, per % unit 0.850 (0.689-1.048) 0.128

Q1 (<5.40) 1 Q1 (<5.70) 1

Q2 (5.40-5.70) 0.654 (0.482-0.887) 0.006 Q2 (5.70-6.00) 0.644 (0.443-0.936) 0.021

Q3 (5.71-6.30) 0.786 (0.499-0.919) 0.012 Q3 (6.01-6.20) 0.593 (0.405-0.870) 0.007

Q4 (6.31-6.99) 0.692 (0.338-0.994) 0.047 Q4 (6.21-6.49) 1.234 (0.992-2.719) 0.053

Q5 (≥7.0) 0.871 (0.689-1.698) 0.734 Q5 (≥6.5) 0.900 (0.583-1.390) 0.819

Model 2 Fasting glucose, per mmol/L 1.222 (1.064-1.405) 0.005 HbA1c, per % unit 1.301 (1.027-1.648) 0.029

Q1 (<5.40) 1 Q1 (<5.70) 1

Q2 (5.40-5.70) 0.820 (0.545-1.234) 0.341 Q2 (5.70-6.00) 0.779 (0.522-1.222) 0.300

Q3 (5.71-6.30) 0.884 (0.572-1.367) 0.579 Q3 (6.01-6.20) 0.876 (0.564-1.361) 0.557

Q4 (6.31-6.99) 1.181 (0.545-1.2.563) 0.673 Q4 (6.21-6.49) 2.497 (1.144-5.440) 0.025

Q5 (≥7.0) 3.719 (1.969-7.024) <0.001 Q5 (≥6.5) 2.424 (1.315-4.469) 0.005

Model 3 Fasting glucose, per mmol/L 1.306 (1.117-1.526) 0.001 HbA1c, per % unit 1.396 (1.089-1.790) 0.008

Q1 (<5.40) 1 Q1 (<5.70) 1

Q2 (5.40-5.70) 0.845 (0.547-1.305) 0.448 Q2 (5.70-6.00) 0.968 (0.623-1.504) 0.885

Q3 (5.71-6.30) 1.144 (0.731-1.791) 0.557 Q3 (6.01-6.20) 0.945 (0.598-1.496) 0.811

Q4 (6.31-6.99) 2.369 (1.255-4.473) 0.097 Q4 (6.21-6.49) 2.344 (1.025-5.364) 0.044

Q5 (≥7.0) 4.889 (2.454-9.739) <0.001 Q5 (≥6.5) 2.965 (1.537-5.720) <0.001

Model 1: not adjusted; Model 2: adjusted for age, gender, waistline, body mass index, systolic blood pressure and diastolic blood pressure; Model 3: Model 2 plus adjustment
for cholesterol, Log (triglyceride), high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, serum uric acid, alcohol consumption, smoking status, sodium,
hypertension, and use of angiotensin converting enzyme inhibitors or angiotensin receptor blockers. 95 % CI, 95 % confidence interval; HbA1c, glycated
hemoglobin; OR, odds ratio
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The present study differs from previous investigations of
hyperfiltration [29, 22, 32]. First, subjects for this cross-
sectional study were selected from a Chinese population
free of CHD, diabetes, peripheral arterial disease, or chronic
kidney disease, which shows a lower GFR and lower rate of
GFR decrease than Western populations. Second, the defin-
ition of hyperfiltration that was used differed from that of
previous studies [33, 34]. The clinical relevance of hyperfil-
tration is based on a proposed pathological effect of in-
creased single nephron GFR, which cannot be measured in
humans. Therefore, we selected an absolute GFR above the
90th percentile as the definition of hyperfiltration, rather
than an arbitrary threshold that has ranged in various stud-
ies from 125 to 140 mL/min/1.73 m2. Third, extensive co-
variate data, including age, gender, BMI, cigarette smoking
status, alcohol consumption, sodium intake, hypertension
history, SBP, DBP, log(TG), TC, HDL-c, LDL-c, FPG, SUA,
eGFR, and waistline were used in the statistical analysis.
The present study is supported by two previous ones
[22, 30], but these two studies were performed in differ-
ent populations and using different definitions of hyper-
glycemia and high HbA1c levels. In addition, they
mainly focused on FPG, which are biased by a number
of factors [24]. Taken together, these results may help
clinicians to intervene earlier to prevent kidney damage
due to hyperfiltration.
Creatinine-based equations for estimating GFR include

the Cockcroft-Gault equation proposed in 1976 [35], the
Modification of Diet in Renal Disease (MDRD) study equa-
tion proposed in 1999 [36], and the CKD-EPI equation pro-
posed in 2009 [15]. The Cockcroft-Gault equation has now
been supplanted by the MDRD study equation and the
CKD-EPI equation [37]. A recent study performed in South
Asians, aged 40 years or older (as in the present study)
demonstrated that the CKD-EPI equation was more accur-
ate and precise in estimating GFR than the MDRD study
equation [38]. Therefore, the CKD-EPI equation was se-
lected for the calculation of eGFR in the present study.
The etiology of increased GFR in the setting of elevated

blood glucose and HbA1c is incompletely understood, but
has been attributed to the effect of hyperglycemia on the
renin-angiotensin-aldosterone system (RAAS). Miller et al.
demonstrated that hyperfiltration responses to clamped
hyperglycemia are related to intrarenal RAAS activation
[39]. Moreover, proximal sodium reabsorption is higher in
individuals with IFG than in subjects with normal FPG
[32]. To the best of our knowledge, there is no current evi-
dence for a direct effect of glucose on creatinine, suggesting
that the positive relationship between blood glucose and
eGFR is likely reflective of changes in GFR.
Of course, the present study has some limitations. First,

the study sample might not be completely representative of
the general population. Second, the methods used to meas-
ure eGFR may be influenced by non-GFR factors such as

body composition and glycemic status [38], and by non-
traditional factors such as asymmetric dimethylarginine
(ADMA), symmetric dimethylarginine, L-arginine/ADMA
ratio, and insulin resistance [40]. In addition, the mean
eGFR of the Chinese subjects in our study was lower than
that of Western populations [29, 22, 32], which may be due
to a number of lifestyle and genetic factors. Third, a cross-
sectional study cannot infer causality between HbA1c,
hyperfiltration, and nephropathy. Therefore, longitu-
dinal studies are needed to investigate whether the
hyperfiltration associated with increased HbA1c is a risk
factor for renal injury in the general population. Fourth,
this study did not include consideration of insulin re-
sistance, a factor that some have suggested may affect
hyperfiltration [22, 41], but which is still controversial
[42]. Finally, prediabetes was defined based on FPG and
HbA1c only; OGTT was not performed, and it is pos-
sible that some patients may have been missed [43].

Conclusions
Elevated HbA1c levels are associated with increased
odds of hyperfiltration in a middle-aged and elderly
Chinese population. It is possible that hyperfiltration
associated with elevated HbA1c (≥6.21 %) may be one
of several mechanisms that cause renal injury in this
population of patients.

Abbreviations
HbA1c: Hemoglobin A1c; eGFR: Estimated glomerular filtration rate; FPG: Fasting
plasma glucose; DN: Diabetic nephropathy; ESRD: End-stage renal disease;
T2DM: Type 2 diabetes mellitus; DCCT-EDIC: Diabetes control and complications
trial-epidemiology of diabetes interventions and complications; ADA: American
Diabetes Association; IFG: Impaired fasting glucose; IGT: Impaired glucose
tolerance; CHD: Coronary heart disease; BMI: Body mass index; BP: Blood pressure;
TC: Total cholesterol; TG: Triglycerides; LDL-c: Low-density lipoprotein cholesterol;
HDL-c: High-density lipoprotein cholesterol; OGTT: Oral glucose tolerance test;
NHM: Normal glucose metabolism; SDs: Standard deviations; ACEIs: Angiotensin
converting enzyme inhibitors; ARBs: Angiotensin receptor blockers;
MDRD: Modification of diet in renal disease; RAAS: Renin-angiotensin-aldosterone
system.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
HW , HHR, YWN, WXJ and ZHW have made substantial contributions to
conception and design, or acquisition of data, or analysis and interpretation of
data; HW and ZHW have been involved in drafting the manuscript or revising it
critically for important intellectual content; HW and ZHW agree to be accountable
for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved. All
authors have given final approval of the version to be published.

Acknowledgement
The project was supported by the Jiangsu Province Science Fund.

Author details
1Department of Endocrinology, The First Affiliated Hospital of Nanjing
Medical University, Nanjing 210029, Jiangsu Province, China. 2Department of
Endocrinology and Metabolism, Huai’an Hospital Affiliated to Xuzhou
Medical College and Huai’an Second People’s Hospital, Huai’an 223002,
China.

Hu et al. BMC Endocrine Disorders  (2015) 15:47 Page 6 of 7



Received: 10 March 2015 Accepted: 4 September 2015

References
1. Lou QL, Ouyang XJ, Gu LB, Mo YZ, Ma R, Nan J, et al. Chronic kidney

disease and associated cardiovascular risk factors in chinese with type 2
diabetes. Diabetes Metab J. 2012;36:433–42.

2. Collins AJ, Foley RN, Chavers B, Gilbertson D, Herzog C, Johansen K, et al.
'United States Renal Data System 2011 Annual Data Report: Atlas of chronic
kidney disease & end-stage renal disease in the United States. Am J Kidney
Dis. 2012;59(A7):e1–420.

3. Kramer A, Stel V, Zoccali C, Heaf J, Ansell D, Gronhagen-Riska C, et al.
An update on renal replacement therapy in Europe: ERA-EDTA Registry
data from 1997 to 2006. Nephrol Dial Transplant. 2009;24:3557–66.

4. Hovind P, Tarnow L, Rossing P, Jensen BR, Graae M, Torp I, et al. Predictors
for the development of microalbuminuria and macroalbuminuria in patients
with type 1 diabetes: inception cohort study. BMJ. 2004;328:1105.

5. Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR, et al.
Development and progression of nephropathy in type 2 diabetes: the
United Kingdom Prospective Diabetes Study (UKPDS 64). Kidney Int.
2003;63:225–32.

6. Group DER, de Boer IH, Sun W, Cleary PA, Lachin JM, Molitch ME, et al.
Intensive diabetes therapy and glomerular filtration rate in type 1 diabetes.
N Engl J Med. 2011;365:2366–76.

7. American Diabetes A. Standards of medical care in diabetes–2010. Diabetes
Care. 2010;33 Suppl 1:S11–61.

8. American Diabetes A. Standards of medical care in diabetes–2012. Diabetes
Care. 2012;35 Suppl 1:S11–63.

9. Selvin E, Steffes MW, Zhu H, Matsushita K, Wagenknecht L, Pankow J, et al.
Glycated hemoglobin, diabetes, and cardiovascular risk in nondiabetic
adults. N Engl J Med. 2010;362:800–11.

10. Xiang GD, Wang YL. Regular aerobic exercise training improves
endothelium-dependent arterial dilation in patients with impaired fasting
glucose. Diabetes Care. 2004;27:801–2.

11. American Diabetes A. Standards of medical care in diabetes–2013.
Diabetes Care. 2013;36 Suppl 1:S11–66.

12. Kdoqi. KDOQI clinical practice guidelines and clinical practice
recommendations for diabetes and chronic kidney disease. Am J Kidney Dis.
2007;49:S12–154.

13. Stevens PE, Levin A. Kidney disease: improving global outcomes chronic
kidney disease guideline development work group M. Evaluation and
management of chronic kidney disease: synopsis of the kidney disease:
improving global outcomes 2012 clinical practice guideline. Ann Intern
Med. 2013;158:825–30.

14. Retnakaran R, Cull CA, Thorne KI, Adler AI, Holman RR, Group US. Risk factors
for renal dysfunction in type 2 diabetes: U.K. prospective diabetes study 74.
Diabetes. 2006;55:1832–9.

15. Perkins BA, Krolewski AS. Early nephropathy in type 1 diabetes: the
importance of early renal function decline. Curr Opin Nephrol Hypertens.
2009;18:233–40.

16. Jerums G, Ekinci E, Panagiotopoulos S, MacIsaac RJ. Early glomerular
filtration rate loss as a marker of diabetic nephropathy. European
Endocrinology. 2012;8(1):27–31.

17. Perkins BA, Ficociello LH, Ostrander BE, Silva KH, Weinberg J, Warram JH,
et al. Microalbuminuria and the risk for early progressive renal function
decline in type 1 diabetes. J Am Soc Nephrol. 2007;18:1353–61.

18. Lee CL, Li TC, Lin SY, Wang JS, Lee IT, Tseng LN, et al. Dynamic and dual
effects of glycated hemoglobin on estimated glomerular filtration rate in
type 2 diabetic outpatients. Am J Nephrol. 2013;38:19–26.

19. Yokoyama H, Kanno S, Takahashi S, Yamada D, Itoh H, Saito K, et al.
Determinants of decline in glomerular filtration rate in nonproteinuric
subjects with or without diabetes and hypertension. Clin J Am Soc Nephrol.
2009;4:1432–40.

20. Amin R, Turner C, van Aken S, Bahu TK, Watts A, Lindsell DR, et al. The
relationship between microalbuminuria and glomerular filtration rate in
young type 1 diabetic subjects: The Oxford Regional Prospective Study.
Kidney Int. 2005;68:1740–9.

21. Premaratne E, Verma S, Ekinci EI, Theverkalam G, Jerums G, MacIsaac RJ.
The impact of hyperfiltration on the diabetic kidney. Diabetes Metab.
2015;41:5–17.

22. Melsom T, Mathisen UD, Ingebretsen OC, Jenssen TG, Njolstad I, Solbu MD,
et al. Impaired fasting glucose is associated with renal hyperfiltration in the
general population. Diabetes Care. 2011;34:1546–51.

23. Okada R, Yasuda Y, Tsushita K, Wakai K, Hamajima N, Matsuo S. Glomerular
hyperfiltration in prediabetes and prehypertension. Nephrol Dial Transplant.
2012;27:1821–5.

24. Sacks DB. A1C versus glucose testing: a comparison. Diabetes Care.
2011;34:518–23.

25. Diabetes Prevention Program Research G. HbA1c as a predictor of diabetes
and as an outcome in the diabetes prevention program: a randomized
clinical trial. Diabetes Care. 2015;38:51–8.

26. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 3rd AF, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150:604–12.

27. Magee GM, Bilous RW, Cardwell CR, Hunter SJ, Kee F, Fogarty DG. Is
hyperfiltration associated with the future risk of developing diabetic
nephropathy? A meta-analysis. Diabetologia. 2009;52:691–7.

28. Brands MW, Bell TD, Rodriquez NA, Polavarapu P, Panteleyev D. Chronic
glucose infusion causes sustained increases in tubular sodium reabsorption
and renal blood flow in dogs. Am J Physiol Regul Integr Comp Physiol.
2009;296:R265–71.

29. Greene SA, Dalton RN, Turner C, Haycock GB, Chantler C. Hyperglycemia
with and without glycosuria: effect on inulin and para-amino hippurate
clearance. Kidney Int. 1987;32:896–9.

30. Okada R, Wakai K, Naito M, Morita E, Kawai S, Yin G, et al. Renal
hyperfiltration in prediabetes confirmed by fasting plasma glucose and
hemoglobin A1c. Ren Fail. 2012;34:1084–90.

31. Hou X, Wang C, Wang S, Yang W, Ma Z, Wang Y, et al. Fluctuation between
fasting and 2-H postload glucose state is associated with glomerular
hyperfiltration in newly diagnosed diabetes patients with HbA1c < 7 %.
PLoS One. 2014;9:e111173.

32. Pruijm M, Wuerzner G, Maillard M, Bovet P, Renaud C, Bochud M, et al.
Glomerular hyperfiltration and increased proximal sodium reabsorption in
subjects with type 2 diabetes or impaired fasting glucose in a population of
the African region. Nephrol Dial Transplant. 2010;25:2225–31.

33. Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, et al. Modified glomerular
filtration rate estimating equation for Chinese patients with chronic kidney
disease. J Am Soc Nephrol. 2006;17:2937–44.

34. Xun L, Cheng W, Hua T, Chenggang S, Zhujiang C, Zengchun Y, et al.
Assessing glomerular filtration rate (GFR) in elderly Chinese patients with
chronic kidney disease (CKD): a comparison of various predictive equations.
Arch Gerontol Geriatr. 2010;51:13–20.

35. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum
creatinine. Nephron. 1976;16:31–41.

36. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate
method to estimate glomerular filtration rate from serum creatinine: a new
prediction equation. Modification of diet in renal disease study group.
Ann Intern Med. 1999;130:461–70.

37. Delanaye P, Mariat C. The applicability of eGFR equations to different
populations. Nat Rev Nephrol. 2013;9:513–22.

38. Jessani S, Levey AS, Bux R, Inker LA, Islam M, Chaturvedi N, et al. Estimation
of GFR in South Asians: a study from the general population in Pakistan.
Am J Kidney Dis. 2014;63:49–58.

39. Miller JA, Floras JS, Zinman B, Skorecki KL, Logan AG. Effect of
hyperglycaemia on arterial pressure, plasma renin activity and renal function
in early diabetes. Clin Sci (Lond). 1996;90:189–95.

40. Melsom T, Fuskevag OM, Mathisen UD, Strand H, Schei J, Jenssen T, et al.
Estimated GFR is biased by non-traditional cardiovascular risk factors.
Am J Nephrol. 2015;41:7–15.

41. Oterdoom LH, de Vries AP, Gansevoort RT, de Jong PE, Gans RO, Bakker SJ.
Fasting insulin modifies the relation between age and renal function.
Nephrol Dial Transplant. 2007;22:1587–92.

42. Becker B, Kronenberg F, Kielstein JT, Haller H, Morath C, Ritz E, et al. Renal
insulin resistance syndrome, adiponectin and cardiovascular events in
patients with kidney disease: the mild and moderate kidney disease study.
J Am Soc Nephrol. 2005;16:1091–8.

43. Geberhiwot T, Haddon A, Labib M. HbA1c predicts the likelihood of having
impaired glucose tolerance in high-risk patients with normal fasting plasma
glucose. Ann Clin Biochem. 2005;42:193–5.

Hu et al. BMC Endocrine Disorders  (2015) 15:47 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Ethics statement
	Study population
	Data collection
	Statistical analysis

	Results
	Characteristics of the study participants
	Multiple linear regression analysis
	Multiple logistic regression analysis

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References



