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ABSTRACT

Introduction: Chronic Kidney Disease (CKD) refers to a group of
heterogeneous disorders that results in gradual loss of structure
and function of the kidneys.

Aim: To evaluate the role of glycated haemoglobin (HBA1c) due
to type Il diabetes mellitus by correlating glycated haemoglobin
with estimated Glomerular Filtration Rate (GFR) and serum
creatinine parameters.

Materials and Methods: This study was conducted over a period
of one year during which 60 patients with CKD were enrolled
for the study. Sixty age and sex matched controls were also
enrolled. The diagnosis of CKD was done based on estimated
Glomerular Filtration Rate (eGFR) calculation after obtaining
history/clinico-pathological information. Blood samples were
analysed for the following parameters: fasting blood sugar,
HBA1c, blood urea, serum creatinine, serum albumin and
electrolytes. The eGFR was calculated by using Modification of
Diet in Renal Disease equation. Statistical analysis was done by
using SPSS software.
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Results: On comparison, the values of fasting blood sugar,
HBA1c, blood urea, serum creatinine and serum potassium
levels were significantly higher in CKD cases than in controls
(p< 0.001). The values of haemoglobin and serum albumin were
found to be significantly lower in the cases than the control
group (p< 0.001). Among the CKD cases, correlation studies
were done. HBA1c values negatively correlated with eGFR and
positively correlated with serum creatinine values. The CKD
cases were subdivided based on their stage (stage 3, 4 and
5) and compared with each other. A statistically significant
difference (p < 0.001) between median values of HBA1c, eGFR
and serum creatinine was observed among the three groups of
stage 3, 4 and 5.

Conclusion: As the results show, greater glycaemic control is
emulated by lower HBA1c levels which in turn are directly related
to severity of the renal disease as indicated by the falling eGFR
and rising serum creatinine values. These findings suggest that
proper and timely control of HbA1c level in patients with chronic
renal disease with diabetic aetiology is of utmost importance for
staging and prognosis of the disease.
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INTRODUCTION

CKD refers to a group of heterogeneous disorders that results in
gradual loss of structure and function of the kidneys. CKD is defined
as either kidney damage or decreased kidney function (decreased
GFR) for 3 or more months. The disease can be staged based on
the proteinuria, and histopathological studies, but the most common
parameter used for staging is GFR [Table/Fig-1] [1].

Patients with GFR <60 mL/min/1.73 m? for 3 months are diagnosed
with CKD, irrespective of the presence or absence of kidney damage
1].

The two most important causes of CKD are long-standing diabetes
mellitus and hypertension. The less common causes may vary
from glomerulonephritis, interstitial nephritis to polycystic kidneys,
pyelonephritis, obstruction along the urinary tract (renal stones,
enlargement of the prostate, etc.,), and heavy metal poisoning

Stage Description GFR mL/min/1.73 m?
1 Renal damage with Normal /High GFR >90
2 Mild CKD 60-89
3 Moderate CKD 30-59
4 Severe CKD 156-29
5 End stage renal disease <15

[Table/Fig-1]: Stages of CKD.
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(e.g., lead). CKD is evaluated by various laboratory tests including
routine renal function tests, complete urine analysis, serum
electrolytes, blood sugars, complete blood count, estimation of
GFR and basic metabolic panels. A lipid profile can be done to look
for cardiovascular risk factors. Cystatin-C, iPTH (intact Parathyroid
Hormone), alkaline phosphatase, vitamin D and phosphate levels in
serum may be done to assess bone involvement. The patient will
need to be evaluated for anaemia [1].

However, the most common cause of CKD worldwide being
diabetes mellitus [2], it is extremely important to evaluate the long-
term effects of the disease on the kidneys.

Glycated haemoglobin (HbA1c) is formed by a non-enzymatic,
irreversible process of addition of glucose to haemoglobin. The
glycated haemoglobin stays in the RBCs throughout the lifespan of
RBCs, and represents average glycaemia over the last 12-16 weeks
[38]. The International Diabetes Federation recommends HbA1c
values below 6.5%, whereas the American Diabetes Association
recommends that the HbA1c to be below 7.0% for most patients
[4].

The aim of this study was to evaluate the role of HoA1c in CKD
due to type Il diabetes mellitus by: a) comparing the biochemical
parameters in CKD cases with controls; b) correlating HbA1c with
eGFR and serum creatinine values; c) Stagewise comparison of the



Kommineni Sai Subramanyam et al., Evaluation of the Role of HbA1c in Chronic Kidney Disease

HbA1c, eGFR and serum creatinine in CKD cases.

MATERIALS AND METHODS

This retrospective case-control study was conducted over a period
of one year lasting from September 2016 to the September of 2017,
during which 60 patients with CKD were enrolled for the study. Sixty
age and sex matched healthy controls were retrospectively enrolled
and compared. Institutional Ethics Committee clearance was
obtained. Written consent was obtained from the subjects involved
in the study. The diagnosis of CKD was done based on eGFR
calculation after obtaining history/clinico-pathological information.

Inclusion criteria: Patients aged >45 years with h/o diabetes
mellitus (minimum of 6 years duration), CKD, with eGFR<60ml/
min/1.73m? were included for the study.

Exclusion criteria: Patients with h/o hypertension, cardiovascular
diseases, recent bloodtransfusion, havingundergonerenal transplant
surgery/immunosuppressant therapy, and h/o malignancies were
excluded.

Blood samples were collected from patients coming to OPD as well as
inpatients/dialysis units on day 1/day 2 of admission. Samples were
centrifuged immediately and analysed for the following parameters:
Fasting Blood Sugar (FBS), Blood Urea (BU), Serum Creatinine (SC),
Serum Albumin (Alb) and electrolytes (Na, K, Cl). These parameters
were measured using Beckman Coulter Autoanalyser. FBS was
measured by glucose oxidase-peroxidase method [5], BU by
urease method [6], SC by modified Jaffe’s method [7], albumin by
bromocresol green dye binding method [8] and electrolytes were
measured by ion selective electrodes [9].

Haemoglobin (Hb)andglycated haemoglobin(HbA1c)weremeasured
in plasma samples. Hb was measured by the recommended ICSH
method [10] and HbA1c was measured by high performance liquid
chromatography [11].

eGFR (estimated GFR) calculated by the abbreviated MDRD
equation as follows: eGFR = 186 x (Creatinine/88.4)"%* x (Age)-
0.2083 x (0.742 if female) x (1.210 if black).

The calculation of eGFR was done and all the results were tabulated
in an Excel sheet. Statistical analysis (Mann-Whitney U test,
Spearmann’s Correlation test, Scatter Plot analysis and Kruskal
Wallis tests were done) was done by using the Statistical Package
for the Social Sciences (SPSS) software version 21.

RESULTS

[Table/Fig-2,3] show the gender distribution among the cases and
controls respectively. [Table/Fig-4] shows that out of the 60 patients
recruited, 37 patients had stage 3 CKD, 15 had stage 4 CKD and 8
had stage 5 CKD. All the analytes measured in CKD patients were
compared with the controls and the results are shown in [Table/
Fig-5]. The values of FBS, HbA1c, BU, SC and serum potassium
levels were significantly higher in cases than in controls (p< 0.001).
The values of haemoglobin and serum albumin in the patients were
found to be lower than the control group (p< 0.001). Serum sodium
and chloride values did not change significantly in the cases.

Correlation studies were done between HbA1c, eGFR and serum
creatinine in the cases and it was noted that eGFR decreased with
increasing HbA1c (significant negative correlation, [Table/Fig-6,7].
It was also noted that serum creatinine increased with increasing
HbA1c [Table/Fig-6,8].

Male 41
Female 19
[Table/Fig-2]: Table shows gender distribution in cases.
Male 38
Female 22

[Table/Fig-3]: Table shows gender distribution in controls.
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Scatter plot analysis showed a highest R? of 0.9 when HbA1c was
correlated with serum creatinine [Table/Fig-8]. [Table/Fig-7,9] show
the scatter plot analyses of HbA1c v/s eGFR and eGFR v/s serum
creatinine respectively.

All the cases of CKD were staged into three subgroups based
on eGFR as shown in [Table/Fig-4]. HbA1c, eGFR and serum
creatinine in these three subgroups were compared collectively

CKD stage 3 37
CKD stage 4 15
CKD stage 5 8

[Table/Fig-4]: Table showing stage-wise distribution of CKD cases (n=60).

CONTROLS CASES
Variables p-value
Median IQR median IQR
FBS (mg/dl) 87.5 17.5 162.5 715 <0.001
HbA1c 5.1 0.68 6.86 0.81 <0.001
Hb (g/dl) 12.8 1.3 11.1 1.2 <0.001
Albumin* (g/dl) 4.0 (mean) | 0.45(SD) | 2.8 (mean) | 0.48 (SD) | <0.001
Blood Urea (mg/dl) | 21.0 12.0 91.0 455 <0.001
S. Creatinine (mg/dl) | 0.7 0.4 3.6 3.5 <0.001
Serum Na (mEg/L) | 132.6 3.0 134 9.9 0.124
Serum K (mEg/L) 3.5 0.2 5.4 0.88 <0.001
Serum Cl (mEg/L) 99.5 5.0 100.0 15.8 0.576

[Table/Fig-5]: Comparsion of analytes between controls and cases.

“Mann-Whitney U test done for all parameters except Albumin. For albumin, mean, SD were cal-
culated, Levene’s test were done

Correlation . Coefficient of
Correlation between Coefficient (r (si pnificance) determination (R?
value) 9 value)

HbA1c v/s eGFR --1.0 <0.001 0.697
HbA1c v/s serum +0.99 <0.001 0.903
creatinine

eGFR v/s serum --0.99 <0.001 0.863
Creatinine

[Table/Fig-6]: Spearmann’s correlation values.

F= Lrear = 0 697
11004 =]

1000 o

HBAIC

8004

8
s
8
4
8
g
-]
*
S
8
]
a
8

[Table/Fig-7]: Scatter plot showing HbA1c v/s eGFR; a negative correlation can
be seen.

by Kruskal Wallis test and the results are as shown in [Table/Fig-
10-12] respectively. There was a statistically significant difference
(p < 0.001) between median values of HbA1c, eGFR and serum
creatinine among the three groups studied viz., CKD stage 3, 4
and 5.
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[Table/Fig-8]: Scatter plot showing HbA1c v/s Serum Creatinine (SC); a positive
correlation can be seen.
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[Table/Fig-9]: Scatter plot showing eGFR v/s SC; a negative correlation can be
seen.
CKD Stage 3 | CKD Stage 4 | CKD Stage 5 p-value
Median 6.76 7.51 9.9 <0.001
Inter quartile
range (QR) 0.22 0.59 2.08 <0.001
[Table/Fig-10]: Table showing comparison of HoA1c between the three subgroups
of CKD.
CKD Stage 3 | CKD Stage 4 | CKD Stage 5 p-value
Median 44 21.5 11 <0.001
Inter quartile
range (IQR) 14 7.7 2.8 <0.001
[Table/Fig-11]: Table showing comparison of eGFR between the three subgroups
of CKD.
CKD Stage 3 | CKD Stage 4 | CKD Stage 5 p-value
Median 3.4 6.6 10 <0.001
Inter quartile
range (QR) 0.7 2.2 1.8 <0.001

[Table/Fig-12]: Table showing comparison of serum creatinine between the three

subgroups of CKD.
p<0.001=highly significant

DISCUSSION
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Brownlee has explained the pathophysiology very well. According
to him, hyperglycaemia activates glycolysis pathway, which in turn
activates the polyol pathway, hexosamine pathway, also increases
the production of AGEs (advanced glycated end products),
and activates protein kinase C [13]. These metabolic changes
in hyperglycaemia play a major role in the development of CKD.
Studies have shown that strict glycaemic control (<7%) can delay
the progress of the disease and also reduce the development of
complications [14].

The significance of measuring HboA1c in CKD lies in the fact that not
only glycaemic control can be assessed, but the progression of the
disease can be monitored and controlled. Moreover, the outcomes
can be predicted, especially if the aetiology is diabetes mellitus.
Some studies have shown that even when fasting blood glucose
was normal and HbA1c was altered (>5.7% but <6.5%), eGFR was
reduced, indicating the need for early prevention of CKD by use of
HbA1c [15].

The present study showed that HbA1c values increased with
decreasing eGFR, indicating that poor glycaemic control correlated
with increasing incidence of renal damage. This is supported by the
statistics which also reveal HoA1c levels increasing with increasing
serum creatinine levels. The present study is also one of the first few
studies to compare the important biochemical parameters between
different stages of CKD. HbA1c, eGFR and serum creatinine are
compared in stages 3, 4 and 5 of CKD.

In a study done by Kundu SK et al., found that there was a negative
correlation between HbA1c and eGFR and a positive correlation
between HbA1c and serum creatinine [16].

A retrospective cohort study done by Lee CL et al., involving 1992
subjects showed that higher the baseline HbA1c, greater was the
decline in eGFR annually [17]. In fact, high baseline value of HbA1c
was found to be a predictor of GFR decline in subjects with diabetes
mellitus in a recent study done by Yokoyama H et al., [18].

These results are in agreement with our study. Some studies have
shown contrasting reports. Agarwal et al., in a study correlated
HbA1c with GFR in three different groups namely; recently diagnosed
DM, DM of <1 year duration and 1-2 years duration and found a
significant positive correlation between the two only in diabetics of
<1 year duration [19].

LIMITATION

There were limitations in the present study in view of the fact that this
was a retrospective study, where outcomes could not be measured.
Also, HbA1c was measured on day 1/day 2 of admission. No mean
value could be obtained since it was a retrospective study. Serial
blood glucose measurements could not be done for the same
reason.

CONCLUSION

The present study shows that HbA1c correlates negatively with eGFR
and positively with serum creatinine. It has also been shown that
among the CKD cases, the median value of HbA1c in each subgroup
increases with the severity of the disease (staging of the disease).
This highlights the significance of proper and timely measurement
and control of HbA1c¢ at regular intervals in CKD patients of diabetic
aetiology for their staging and clinical assessment.
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