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Purpose: The aim of this study was to investigate the correlations between the glycation gap (GG) and renal complications such as
urinary albumin—creatinine ratio (UACR) and estimated glomerular filtration rate (¢GFR) in type 2 diabetes mellitus patients.
Materials and Methods: A cross-sectional study was conducted on 104 individuals (52 males and 52 females), aged 36-93 years
old. Fasting blood glucose (FBG), HbAlc, and serum fructosamine were measured simultaneously. GG was calculated as the
difference between the measured and fructosamine-based predicted HbAlc levels (FHbAlc).

Results: There was a moderately positive correlation between HbA1c and fructosamine concentration (r = 0.488; p < 0.001). GG was
positively correlated with UACR (r = 0.3275; p = 0.0007), negatively correlated with eGFR (r = —0.3400; p = 0.0004). HbAlc was
positively correlated with UACR (r = 0.2437; p = 0.0127) but not correlated with eGFR (r = —0.444; p = 0.6542). Fructosamine has
a positive correlation with eGFR (r = 0.2426; p = 0.0131) but not with UACR (r = —0.1021; p = 0.3025).

Conclusion: GG was positively correlated with UACR and inversely correlated with eGFR in type 2 Diabetes mellitus patients. This
suggests that GG is a valuable index for predicting kidney complications due to diabetes.
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Introduction
Globally, the prevalence of diabetes mellitus (DM) has been rising disproportionately in low- and middle-income
countries.

As reported by the International Diabetes Federation in 2021, the prevalence estimates of diabetes among people aged 20-79
years old was 10.5% (536.6 million people) and is predicted to increase to 12.2% (783 million) by 2045."

Hemoglobin Alc (HbAlc) is the standardized measurement of glycemic control used for patients with DM, because
of its standardization and high correlation with the average blood glucose value.? Despite the advantages of HbA lc, it is
not a conclusive indicator for ascertaining long-term blood sugar levels, as it does not consider the variations in the
correlation between HbAlc and average glucose level among individuals. Therefore, using HbAlc as the sole indicator
to monitor blood glucose control can lead to mistakes in treatment planning and the prevention of DM complications,
particularly chronic kidney disease.”’ > The variations in potential underlying mechanisms can result in HbAlc concen-
trations that do not accurately reflect prevailing glycemia, as they are the net product of multiple reactions and processes.

Consequently, it is essential to use a collection of indicators for monitoring blood glucose control. Studies on
glycation gap (GG) have been conducted with initial promising results. GG is defined as the difference between the
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measured concentration of HbAlc and the concentration that would be predicted from its regression on the fructosamine
concentration. Fructosamine presents several advantages over mean blood glucose when assessing non-glycemic
determinants of HbAlc. First, fructosamine level is more stable than glucose itself. Second, fructosamine represents
the two-week blood glucose exposure, whereas frequent seven-point blood glucose profiles or continuous blood glucose
monitoring is required to evaluate mean glucose. Fructosamine, in contradistinction to mean blood glucose, allows for the
comparison of the protein glycation difference between extracellular space (fructosamine) and intracellular space (HbAlc
in red blood cells and, by assumption, in target tissues).

Studies conducted in several countries have shown associations between GG and the risk of occurrence and
progression of diabetic renal complications, with numerous advantages over using single indicators such as fasting
blood glucose or HbAlc.> 7 This study was conducted to investigate the GG and its association with some markers of

renal complication in patients with type 2 DM in Vietnam.

Materials and Methods

Sample Size

Our study to investigate the correlation of GG between renal complications including UACR and eGFR in diabetes
mellitus patients. To calculate the sample sizes needed to detect relevant correlations with a probability of type I error
(a-level) of 0.05, a probability of type II error (B-level) of 0.1 (power is 90%), the following formula was used:

Zi_qptZip

I4r

n =3+
%logeﬁ

With:

n: a minimum sample size would be required for a simple correlation

a: a probability of type I error (a-level), so Z_q» = 1.96

B: a probability of type II error (B-level). So Z,.g = 1.282

r: expected correlation between the two variables.

Previous studies reported a correlation between GG and UACR (r = 0.622) by Mishra et al® GG and eGFR
(r =0.318) by Kim et al.” Therefore, the minimum required sample size for each correlation is 47 and 100, respectively.

Subjects

A cross-sectional study was conducted on 104 diagnosed type 2 DM patients attending University Medical Center-
Branch 2, Ho Chi Minh City, Viet Nam from November 2019 to November 2021. The patients diagnosed with type 2 DM
were chosen based on Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2019 of the
American Diabetes Association in 2019,'® aged more than 18 years old and voluntarily consented to participate in the
study.

The exclusion criteria include patients with diagnosed hemoglobinopathies or anemia of any other causes (hemoglo-
bin < 11.8 g/dL), hypoproteinemia (<6.6 g/dL) or hypoalbuminemia (<3.4 g/dL), non-diabetic glomerulonephritis,
nephrotic syndrome, continued or recurring hematuria for more than 3 months indicated by urinalysis, acute kidney
injury or rapidly progressive renal failure, kidney transplantation, serum creatinine abnormalities unrelated to chronic
kidney disease (muscle hypertrophy, bodybuilders, pregnancy, children, amputation, muscular atrophy, muscular dystro-
phy), endocrine disorders (thyroid dysfunction, pregnancy, prolonged use of corticosteroids), and malignant conditions.

Clinical Examination and Testing

All the participants’ clinical characteristics were documented when they had their routine assessments in the hospital.
Blood pressure measurements were taken in the right arm with a sphygmomanometer after the patient had been resting
for 20 minutes in a seated position. Height and body weight were measured by a constant electronic scale. The body mass
index (BMI) is calculated. Blood pressure (BP) including systolic blood pressure (SBP) and diastolic blood pressure
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(DBP) were recorded sequentially in three separate one-minute intervals. The average of the three measurements of
diastolic and systolic blood pressure was taken for analysis.

Blood samples with 10 mL were collected after the patients had fasted for a minimum of eight hours. The
biochemical indicators were analyzed on the automatic analyzer system Cobas 6000 analyzer (Roche Diagnostics,
Switzerland). Fasting blood glucose concentration was measured by the hexokinase method using Cobas 6000 analyzer
(Roche Diagnostics, Switzerland) (mg/dL). Fructosamine concentration was measured by the colorimetric method using
Cobas 8000 (Roche Diagnostics, Switzerland) (umol/L). HbAlc measurement was determined by the high-performance
liquid chromatography (HPLC) assay on a Bio-Rad D-10 analyzer (Bio-Rad Laboratories, USA) (%). Serum creatinine
concentration was measured by the two-point kinetic method (mg/dL). Serum cystatin C concentration was measured by
the latex particle-enhanced immunoturbidimetry assay (mg/L). The spot urine specimens were taken to measure urinary
albumin and creatinine concentrations by a Mission™ U500 urine analyzer (ACON Laboratories, USA).

Definitions of Variables

Variables for Renal Outcome

Urinary albumin and creatinine concentrations were determined in the urine specimens that are collected early in the
morning with approximately 15-30 mL of urine. Urinary albumin to creatinine ratio (UACR) was divided into 3 groups:
Normal (<3 mg/mmol), microalbuminuria (3—30 mg/mmol) and macroalbuminuria (=30 mg/mmol).

In the research, creatinine-based eGFR was used to assess renal function via the 2021 CKD-EPI Creatinine-Cystatin C:
135 x min(Se/i,1)* x max(Ser/i, 1) %> x min(Seys/0.8,1) > x max(Se,s/0.8,1) 77 x 0.99612° x 0.963 [if female].
Abbreviations/Units:

Sr (Serum creatinine) = mg/dL

Scys (Serum cystatin C) = mg/L

k = 0.7 (females) or 0.9 (males)

o =—0.219 (females) or —0.144 (males)

min = indicates the minimum of SCr/x or 1

max = indicates the maximum of SCr/x or 1 age = years

Calculation of Glycation Gap Based on Fructosamine Concentration and HbAlc
GG was calculated by the method introduced by David R. Macdonald et al.'!
Each fructosamine value is converted into its standard normal deviate (SND):

SND [fructosamine] = (fructosamine — mean fructosamine) /SD of fructosamine

Fructosamine SNDs were converted to HbAlc equivalents (FHbA1c) using the mean and SD for HbAlc:
FHbA Ic =(SND [fructosamine] x SD HbAlc) + mean HbAlc

The GG was the difference between the true HbAlc and FHbAlc:
GG = HbAlc — FHbAlc

Ethical Consideration

The protocol of the study was approved by the Review Board of Ethics in Biomedical Research, University of Medicine
and Pharmacy at Ho Chi Minh City (No: 394/DHYD-HDDD). Written consent was acquired before any patients were
recruited into the study.

Statistical Analysis

The data were analyzed using SPSS 22.0 (IBM Corporation, Armonk, N.Y., USA). Data distributions were evaluated using the
Kolmogorov—Smirnov test. The ANOVA test was applied to differentiate the mean of more than two groups with normal
distributions. Non-normally distributed variables were examined through the Mann—Whitney U-test, one-way Kruskal-Wallis
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Table | Clinical Characteristics of Study subjects

Characteristics Total Male Female p-value
Age (years) 66.30 + 13.60 | 64.30 = 1480 | 6820 £ 12.00 0.1420
BMI (kg/m?) 24.00 + 4.10 24.40 + 3.60 23.60 + 4.50 0.3060
SBP (mmHg) 131.30 £ 18.30 | 132.50 £ 19.20 | 130.20 + 17.50 0.6400
DBP (mmHg) 7480 + 10.70 | 76.00 = I1.40 73.70 £ 9.90 0.2740
Duration of diabetes (years) 9.30 +7.30 8.80 + 6.10 9.90 + 8.30 0.448

Note: t-test for independent variables was employed for comparing two means.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP diastolic blood pressure.

analysis of variance, and the Friedman test. Correlation and linear regression within variables were analyzed by using Pearson’s
or Spearman’s analysis. The two-tailed p <0.05 was determined to be statistically significant.

Results

Characteristics of Participants

The baseline characteristics of study population are shown in Table 1. The mean age of the study group was 66.30 +
13.60 years old. No statistically significant differences in mean age, SBP, DBP and duration of DM between male and
female groups were observed.

Correlation Between HbAIc and Fructosamine and Glycation Gap

There was a moderate positive correlation between HbAlc and fructosamine (r = 0.4883, p < 0.001) (Figure 1). In the
study population, fructosamine 245.40 + 88.60 (mol/L), HbAlc was 7.40 + 1.80 (%). Our study shows that the regression
of HbAlc on fructosamine using the 208 measurements from the 104 patients produced the following relationship:

FHbA ¢ ={[(fructosamine — 245.40)/88.60]} x 1.80 + 7.40
So that, GG can be calculated by the following formula:
GG = HbAlc — FHbAlc = HbAlc—{[(fructosamine — 245.40)/88.60]x 1.80}+7.40

R2 Linear = 0.263
600.00

500.00 |
400.00 |

300.00 |

Fructosamine (umollL)

200.00

100.00 |

00
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Figure | The correlation between HbAIc and serum fructosamine.
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Figure 2 The correlation between GG and HbAlc.
Abbreviation: GG, glycation gap.

After calculating GG values of individual patients, our study showed a moderate correlation between GG and HbAlc
(r=0.3187; p = 0.010) (Figure 2).

The Association Between Some Glycemic Parameters and UACR

In Table 2 and Figure 3, we observed a moderate positive correlation (r = 0.3275; p = 0.0007) between GG and UACR.
However, there was a weak positive correlation between HbAlc and UACR (r = 0.2437; p = 0.0127). FBG (r = 0.1846;
p = 0.0607); and serum fructosamine (r = —0.1021; p = 0.3025) were not significantly correlated with UACR.

In Table 3, regarding categories for albuminuria, there was a significant difference (p < 0.001) in the means of GG
among the 3 albuminuria-based groups: Al (—1.52 £ 1.50), A2 (0.49 + 1.60) and A3 (0.40 £ 1.60). The means of GG
were significantly (p = 0.0155) higher in macroalbuminuria group (—0.48 + 1.84) compared to non-macroalbuminuria
group (0.40 £ 1.60). HbAlc value showed a significant rise (p = 0.048) in macroalbuminuria group (7.7 £ 2.0) in
comparison with non-macroalbuminuria group (7.10 £ 1.50).

The Association Between Some Glycemic Parameters and eGFR
Our study showed a moderate negative correlation between GG and eGFR and it was significant statistically (r = —0.3400;
p = 0.0004) as presented in Table 4 and Figure 4. There was a weak positive correlation between plasma fructosamine

Table 2 Correlation Between UACR and Some
Glycemic Parameters

Parameters UACR (mg/mmol)
r p*
GG (%) 0.3275 0.0007
HbAlc (%) 0.2437 0.0127
Fructosamine (umol/L) —-0.1021 0.3025
FBG (mg/dL) 0.1846 0.0607

Notes: The bold value showed the variables had a correlation to
markers with p < 0.05. *Spearman correlation.

Abbreviations: GG, glycation gap; FBG, fasting plasma glucose;
UACR, urine albumin creatinine ratio.
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Figure 3 The correlation between GG and UACR.
Abbreviations: GG, glycation gap; UACR, urinary albumin creatinine ratio.

concentration and eGFR (r=10.2426; p=0.0131). Both of FBG (r=0.1249; p=0.2065) and HbAlc (r =—0.444; p=0.6542)
were not significantly correlated with eGFR.

In Table 5, regarding an eGFR of less than 60 mL/min/1.73 m?, there was a significant difference (p < 0.001) in the
means of GG among 2 groups of patients, eGFR < 60 group (0.32 + 1.55) and eGFR > 60 group (—1.44 + 1.96).

Discussion

Glycation is a continuous process In diabetes that targets hemoglobin and serum proteins. In fact, non-enzymatic
glycation is closely linked to hyperglycemia and leads to chronic diabetes-related complications as well as the
fragmentary changes that occur during aging.'? Currently, although HbAlc is useful for monitoring blood glucose,
clinicians still encounter discordance between HbAlc and other measures of blood glucose control among their patients.
Besides, HbAlc is not considered a reliable marker due to the longer lifespan of red blood cells and in people with
diseases related to hemoglobin metabolism.'* Fructosamine (1-amino-1-deoxy fructose), is a stable ketoamine, formed by
the reaction between glucose and the amino group of protein (predominantly albumin, but also including globulins and
lipoprotein); it is a measure of average glycemic control over a shorter period of time (2—3 weeks).'* Reducing HbA lc
and fructosamine will help reduce the risk of chronic complications in diabetic patients, including kidney disease.'> In

Table 3 Relationships Between Some Glycemic Parameters and UACR

Parameters Categories for Albuminuria p-value
Al A2 A3
n=23 n=25 n =56
GG (%) —-1.52 £ 1.50 0.49 + 1.60 0.40 + 1.60 0.0000
HbAlc (%) 6.70 £ 1.60 7.40 £ 1.70 7.70 £ 2.00 0.0583
Fructosamine (umol/L) | 284.70 + 88.90 | 218.90 + 77.70 | 241.10 + 88.90 0.0302
FBG (mg/dL) 124.00 + 21.70 | 134.90 + 75.40 | 150.20 + 58.80 0.1638

Notes: The one-way ANOVA was used to compare mean differences in 3 groups. The bold value showed the

variables had a correlation to markers with p < 0.05.

Abbreviations: GG, glycation gap; FBG, fasting plasma glucose; UACR, urinary albumin creatinine ratio.
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Table 4 Correlation Between Some Glycemic
Parameters and eGFR

Parameters eGFR (mL/min/1.73m2)
r p*
GG (%) —0.3400 0.0004
HbAIc (%) —0.444 0.6542
Fructosamine (umol/L) 0.2426 0.0131
FBG (mg/dL) 0.1249 0.2065

Notes: The bold value showed the variables had a correlation to
markers with p < 0.05. *Spearman correlation.

Abbreviations: GG, glycation gap; FBG, fasting plasma glucose;
eGFR, estimated Glomerular Filtration Rate.

this study, we found that HbAlc and fructosamine have a moderate correlation. This result is also similar to the research
findings of Cohen et al reporting that HbAlc and fructosamine are highly correlated in diabetic nephropathy.® Similarly,
Neelofar et al also showed a positive association between the percentage of glycosylated hemoglobin and fructosamine in
patients with type 2 diabetes and chronic kidney disease.'® This suggests that fructosamine is a reliable Marker for
monitoring glycemic control and has an important role in diabetes onset.

GG is defined as the difference between measured HbAlc and HbAlc predicted from another measure of glycemic
control such as fructosamine, based on population regression of HbAlc on fructosamine.’ In a clinical study, GG was
detected is currently a better index than HbAlc in assessing the risk of death and hospitalization in diabetic hemodialysis
patients.'® Other clinical reports also support that GG is considered a better indicator than HbA ¢ to assess the progression
of renal dysfunction.!” Our study shows a moderate correlation between the glycation gap and HbAlc (Figure 2). This
positive correlation between GG and HbA 1¢ was lower compared to the study by Rodriguez-Segade et al.'® Nayak et al also
observed a coefficient correlation between GG and HbA l¢ that was quite similar to our study.” These differences might
arise because that the study by Rodriguez-Segade et al used the old method to calculate the GG by using the linear

13,18

regression model between HbAlc and fructosamine developed by Cohen et a while both of our study and study by

U. Nayak used method using SDNs of fructosamine.’

R2 Linear = 0.240

125.00
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75.00

50.00

eGFR (mUminA1.73 m"2)

25.00
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Figure 4 The correlation between GG and eGFR.
Abbreviations: GG, glycation gap; eGFR, estimated glomerular filtration rate.
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Table 5 Relationships Between Some Glycemic Parameters and eGFR

Parameters eGFR (mL/min/1.73m2) p-value
< 60 mL/min/1.73m? | > 60 mL/min/1.73m?
n=285 n=19
GG (%) 0.32 = |.55 —1.44 £ 1.96 0.0000
HbAIc (%) 6.70 £ 1.16 7.60 £ 1.90 0.4895
Fructosamine (umol/L) 226.50 + 73.50 329.70 + 102.40 0.0000
FBG (mg/dL) 139.70 + 60.30 145.40 + 64.30 0.7200

Notes: t-test for independent variables was employed for comparing two means. The bold value showed the
variables had a correlation to markers with p <0.05.
Abbreviations: GG, glycation gap; FBG, fasting plasma glucose; UACR, urinary albumin creatinine ratio.

Diabetic kidney disease is a serious microvascular complication of diabetes and has become a major cause of chronic renal
failure.' Early detection of diabetic kidney disease and implementation of the most effective targeted interventions are important
steps to prevent the development chronic complications of diabetes mellitus. Diabetic patients should be screened through
albuminuria and eGFR testing to detect early signs of diabetic kidney disease at a stage when effective therapies can be applied.”
In fact, the correlation between GG and diabetes complication rates has been proven through many studies. Results from research
by a Robert Cohen et al have suggested that each 1% increase in GG predicts a 2.9-fold increase in the frequency of progression of
diabetic nephropathy.® Nayak et al conducted research and demonstrated that positive GG is associated with a more severe
progression of complications of retinopathy (OR 1.96; p = 0.001), kidney disease (OR 1.85; p = 0.012) and macrovascular
complications (OR 1.91; p=0.008).” In the present study, a moderate positive correlation between the GG and UACR (Figure 3).
Study by Cosson et al observed a similar result with a positive correlation between GG and UACR.?! Meanwhile, we recorded
only a weak positive correlation between HbA 1c and UACR. FBG and serum fructosamine did not show significant correlations
with GG (Table 2). Our findings indicate a significant difference in mean GG among three groups of patients A1, A2 and A3
(Table 3). There is a significant difference in the mean GG between non-macroproteinuria group and macroproteinuria group.
Besides, the results of our study indicate that there is a moderate negative correlation between eGFR and GG (Figure 4) but a weak
positive  correlation  with  fructosamine and not a  significant correlation with FBG, HbAlc
(Table 4 and Table 5). Therefore, it is evident that GG provides a superior advantage compared to other glycemic indices when
evaluating the decline of renal function in diabetic patients. It is necessary to explore potential factors affecting rapid kidney
function decline for type 2 diabetic patients. It should be noted that, however, our study employed a cross-sectional descriptive
study, which made it impossible to evaluate the cause-and-effect relationships. Further prospective validation studies should be
conducted to investigate and facilitate the causal relationship between GG and renal complications in diabetes mellitus patients.

Conclusion
There were significant correlations between GG with eGFR and UACR, suggesting that GG may be a useful clinical
research tool to evaluate renal complications in type 2 Diabetes mellitus patients.
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