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Abstract

Objective: To determine the association of estimated Glomerular Filtration Rate (eGFR) with HbAlc and
microvascular complications in patients with type 2 diabetes.

Study design, settings & duration: This retrospective study was based on a hospital data record of patients
visiting the outpatient department of Baqai Institute of Diabetology and Endocrinology, Bagai Medical University
from January 2018 to October 2018.

Methodology: Data was obtained from hospital management system (HMS). Records of Patients with type 2
diabetes having data on eGFR were included. Calculation of eGFR was done by MDRD formula. Following
clinical practice guideline (KIDGO) eGFR was grouped into five GFR Categories of CKD Stage 1, 2, 3, 4 and 5.
Results: Total of 3165 patients, 1773 (56%) males and 1392 (44%) females with type 2 diabetes were
recruited. Mean age of patients was 50.4+10.84 years. Frequency of patients were higher 57.7% in eGFR
category 2 (60-89 ml/min/1.73 m?) and 32.1% eGFR category 3 (30-59 ml/min/1.73 m?). Very low eGFR (<15
ml/min/1.73 m2) was significantly associated with reduction of glycated HbAlc (%) and HDL-Cholesterol. While,
decreased eGFR was significantly (p <0.0001) associated with increased risk of diabetic nephropathy,
neuropathy, retinopathy and hypertension.

Conclusion: Overall, eGFR reduction especially in combination with longer disease duration is significantly
associated with decreased HbAlc but increased risks of microvascular complications in patients with type 2

diabetes.
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Introduction

G lomerulus Filtration Rate (GFR) can be
assessed by means of formulas stated as
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estimated GFR (eGFR). It shows the flow rate of
filtered fluid via kidney.' In patients with diabetes,
changes in eGFR have an early onset’ It was
observed that rate of eGFR increases due to high
blood sugar in early and in the later stages of
diabetes mellitus (DM) it decreases reflecting a
failure in renal functions.

Around 20% to 40% of patients with
diabetes develop kidney problems.3 These medical
disorders are characterized via constant albuminuria
(> 300 mg/24 h, or 300 mg/g creatinine), persistent
decrease in rate of glomerular filtration [eGFR (<60
mL/min/1.73 m2) for 3 months and more], raised
blood pressure and higher risk of morbidity as well
as mortality.>® In Type 2 Diabetes Mellitus (T2DM)
patients, direct association was also seen between
HbAlc variability and decline in kidney functions. It
demonstrates that strong association was present in
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microalbuminuria  patients than in  normo-
albuminuria patients.® Conversely, consistency of
glycemic control is also important for preserving
kidney functions. Raised blood pressure (BP) and
dyslipidemia were also associated with progression
of microvascular complications in T2DM patients.”®
The guideline of kidney disease improving global
outcomes (KDIGO) shows that staging of chronic
kidney disease (CKD) is based on eGFR, the best
index of kidney function and albuminuria as a kidney
damage marker in health and diseases.’ Earlier this
staging was categorized by urinary albumin or
protein excretion and no such strategy was defined
to evaluate eGFR decline.”® However later few
formulas were developed to estimate GFR.
Cockcroft and Gault (CG), Modification of Diet in
Renal Disease (MDRD) and Chronic Kidney
Disease - Epidemiology Collaboration (CKD-EPI)
are the most commonly used equations.'* The
Federation of American Diabetes (ADA)
recommends the vyearly screening of diabetic
nephropathy and urinary excretion of albumin,
meanwhile the Foundation of National Kidney (NKF)
mentioned the MDRD equation for GFR
estimation."?

Recent studies have focused on the
correlation between levels of HbAlc and decrease
eGFR in diabetes. However, very scarce data is
present to determine direct association of eGFR
with type 2 diabetic subjects in Pakistan. Therefore,
the main objective of the current study is to find out
the association and correlation of eGFR with HbAlc
and microvascular complications in T2DM patients.

Methodology

This retrospective study is preceded by
hospital data records of patients, who attended the
outpatient department (OPD) of Bagai Institute of
Diabetology and Endocrinology (BIDE), Bagai
Medical University (BMU). The duration of study
was from January 2018 to October 2018. Study was
ethically approval by Institutional committee (IRB) of
BIDE. Patients of both genders with T2DM having
data of eGFR available with other biochemical
parameters and baseline characteristics were
included. Type 1 diabetes mellitus (T1DM) patients,
pregnancy, malignant diseases, acute and chronic
infections, renal transplantation, glomerulonephritis,
liver diseases, hypo and hyperthyroidism were
excluded.

Detall baseline  demographics  and
anthropometric  characteristics  including age,
gender, diabetes family history, diabetes duration,
use of insulin duration, BMI, systolic and diastolic
blood pressure were obtained from hospital BIDE

management system (HMS). Height was measured
when an individual standing in erect posture to the
nearest of 0.1cm and weight 0.1 kilogram (kg) was
measured with portable weighing scale. The ratio of
weight (kg) and height squared (m?) was considered
BMI (body mass index). Blood pressure was
recorded using mercury sphygmomanometer in
sitting position via standardized technique. Blood

pressure 2130/85mmHg was considered as
hypertension.*
Biochemical parameters (HbAlc, eGFR,

serum creatinine, urine detailed report and lipid
profile) and record of patients having any
microvascular complications (nephropathy,
neuropathy, and retinopathy) were also retrieved
from HMS.

Nephropathy was diagnosed based upon
finding of urinary albumin in the detailed urine
analysis whereas protein and creatinine clearance
was done by 24 hours’ urine sample. As per the
standardized guidelines, neuropathy was examined
and determined after pin prick checking, ankle, knee
reflex and vibration sense. Retinopathy was labeled
after examining microdots, blot hemorrhage, hard
exudates, soft exudates, and new vessel formation.
HPLC technique on Bio-Rad D-10 was used to
measure HbAlc."* In Erba Transasia autoanalyzer
(XL-600) modified Jaffe’s kinetic method was used
for measuring serum creatinine. The eGFR
calculation was done via MDRD formula as:
eGFR in mL/min per 1.73 m2 = 175 x SerumCr-
1.154 x age-0.203 x 1.212 (if patient is black) x
0.742 (female) Or [186 x Serum Cr (mg/dL)-1.154] x
[age (years)-0.203] x [0.742 female]. The 186 factor
was used for creatinine non-compensated method.

Following clinical guideline Kidney Disease:
Improving Global Outcomes, KIDGO, eGFR was
grouped into five GFR Categories of CKD Stage 1,
2, 3,4 and 5. As, GFR Category 1 (or CKD Stage 1;
usual or elevated GFR with kidney damage) was
described as eGFR 290 ml/min/1.73 m?, Category 2
of GFR (or CKD Stage 2; mildly low GFR with
kidney damage) as eGFR 60-89 ml/min/1.73 m?,
Category G3 (G3a and G3b, or Stage 3 CKD;
moderately decreased GFR) as eGFR 30-59
mli/min/1.73 m?, Category G4 (stage 4 CKD;
severely decreased GFR) as eGFR <30 ml/min/1.73
m?, and Category G5 (stage 5 CKD; Kidney failure)
as eGFR <15 ml/min/1.73 m*.*>"’

The GOD-PAP method on a Selectra Pro S
fully automated analyzer was used to determine
plasma triglycerides. Similarly, CHOD-PAP technique
on Pro S Selectra analyzer was used for serum total
cholesterol measurements. For HDL (High Density
Lipoprotein) cholesterol, homogeneous enzymatic
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colorimetric technique and for LDL (Low Density
Lipoprotein)-cholesterol, direct method was used.

For analyzing data, SPSS (statistical
package for social sciences) version 20 was used.
Baseline characteristics, biochemical results were
compared using ANOVA and Chi-square test. To
determine correlation between eGFR and baseline,
biochemical parameters, coefficient of Pearson’s
correlation was used. Variables which showed
potential association (p-value <0.20) with eGFR in
correlation analysis were selected for stepwise
multiple linear regression. We additionally entered
HbAlc level related to eGFR. Results were
statistically significant at p-value <0.05.

Results
Eight thousand and one hundred two (8102)

patients with T2DM visited the outpatient
department (OPD) of BIDE. Of these, 3165 patients,

1773 (56%) males and 1392 (44%) females with
T2DM having eGFR were included. Patients mean
age was 50.4+10.84 years.

eGFR Group 5 (<15 ml/min/1.73m®) 1.2
eGFR Group 4 (15-29 ml/min/1.73m’) 2.8

eGFR Group 3 (30-59 ml/min/1.73m’) 321

eGFR Group 2 (60-89 ml/min/1.73m’) 57.7

eGFR Group 2 (290 ml/min/1.73m’) 6.2

0 10 20 30 40 50 60 70
Percentage (%)

Figure 1: Percentage distribution of patients in 5
groups based on estimated glomerular filtration rate
(eGFR).

Table 1: Baseline characteristics among 5 groups based on estimated glomerular filtration rate (eGFR).

Parameters eGFR Group eGFR Group2 eGFRGroup3 eGFRGroup4 eGFR Group5 p-value Overall
1 (60- (30- (15~ (<15
(290 mi/min/1 89 mi/min/1.73 59 ml/min/1.73 29 ml/min/1.73 ml/min/1.73
73 md) m?) m?) m?) m?)
Age (year) 43.5+11.32 48.17+10.17 55.04+9.9 56.94+10.47 54.22+10.45 <0.0001% 50.4+10.84
Gender
Male 136(69.4%)  1172(64.1%) 405(39.9%) 42(47.2%) 18(48.6%) <0.0001° 1773(56%)
Female 60(30.6%) 655(35.9%) 611(60.1%) 47(52.8%) 19(51.4%) : 1392(44%)
Height (cm) 163.43+11.1 163.59+9.87 158.86+10.78 160.41+8.93 159.96+10.45 <0.0001*  161.96+10.46
Weight (kgz) 75.98+17.91 77.43£15.32 74.18+15.57 71.29+14.45 66.52+16.65 <0.0001°? 76.08+15.67
BMI (kg/m?) 28.12+5.64 28.90+5.25 29.43+6.22 27.61+4.99 25.63+5.10 <0.0001° 28.9645.61
Pulse (BPM) 81.52+7.47 82.61+7.37 82.37+7.23 79.98+6.56 82.1+8.65 0.009° 82.39+7.34
S?;S(:glrﬁ'_lg) 124.16+£16 125.21+15.99 129.44+18.13 127.68+21.15 125.31+24.23 <0.0001° 126.55+17.06
Diastolic a
BP(mmHg) 79.79+9.46 80.18+9.15 79.59+10.04 78.57+10.88 77.97+11.84 0.230 79.9+9.54
Marital status
Single 11(5.6%) 62(3.4%) 46(4.5%) 4(4.5%) 2(5.4%) 125(4%)
Married 183(93.8%) 1725(94.7%) 893(88.3%) 79(88.8%) 32(86.5%) <0.0001° 2912(92.4%)
Widow 1(0.5%) 34(1.9%) 72(7.1%) 6(6.7%) 3(8.1%) 116(3.7%)
Smoking habit
Non-smoker 153(78.1%) 1496(81.9%) 900(88.6%) 81(91%) 32(86.5%) 2662(84.1%)
Smoker 28(14.3%) 196(10.7%) 54(5.3%) 4(4.5%) 2(5.4%) <0.0001"° 284(9%)
Ex-smoker 15(7.7%) 135(7.4%) 62(6.1%) 4(4.5%) 3(8.1%) 219(6.9%)
Alcoholic
Non-alcoholic 192(98%) 1810(99.1%) 1009(99.3%) 87(97.8%) 37(100%) 3135(99.1%)
Alcoholic 3(1.5%) 12(0.7%) 1(0.1%) 2(2.2%) 0(0%) 0.073" 18(0.6%)
Ex-alcoholic 1(0.5%) 5(0.3%) 6(0.6%) 0(0%) 0(0%) 12(0.4%)
Family history of DM
No 69(35.2%) 472(25.8%) 314(30.9%) 30(33.7%) 11(29.7%) 0.005" 896(28.3%)
Yes 127(64.8%) 1355(74.2%) 702(69.1%) 59(66.3%) 26(70.3%) ’ 2269(71.7%)
8/‘;21‘)’” of DM 6.6246.15 8.57+7.11 1350:8.52 15984659  14.35:6.93  <0.0001°  10.34+7.98
Duration ofinsulin g g5,.5 39 5.68+5.04 7.1145.86 7.4435.14 7844561  <0.0001°  6.44+5.48
use (years)
Hypertension
No 92(48.2%) 862(47.7%) 379(38.5%) 40(47.6%) 16(50%) <00001"  1389(44.8%)
Yes 99(51.8%) 947(52.3%) 605(61.5%) 44(52.4%) 16(50%) : 1711(55.2%)

Data presented as mean + SD or n (%), p-value<0.05 considered to be statistically significant, a ANOVA and b Chi-square test were applied.
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Table 2: Biochemical characteristics and complications among 5 groups based on estimated glomerular
filtration rate (eGFR).

Parameters eGFR Group eGFR Group eGFR Group eGFR Group eGFR Group p-value Overall
1 2 3 4 5
(290 ml/min/ (60- (30— (15— (<15
1.73 m?) 89 ml/min/1.7 59 ml/min/1.7 29 ml/min/1.7 ml/min/1.73
3md 3m?) 3md m?)
Serum creatinine 0.85+0.11 1.06+0.14 1.38+0.3 2.56+0.53 5.81+1.95 <0.0001 1.25+0.64
(mgo/di)
HbAlc (%) 9.64+2.18 9.31£2.12 9.41+2.22 9.49+2.4 8.23+2.31 0.009 9.36+2.17
HDL-Cholesterol 33.99+9.43 35.83+9.35 35.16+10.94 31.18+9.97 26.94+10.44  <0.0001  35.24+10.01
(mgo/di)
LDL-Cholesterol 83.35+31.6 86.54+31.88 85.53+35.51 76.38+33.34 71.97+37.85 0.010 85.59+33.23
(mg/dl)
Cholesterol (mg/dl) 151.9+48.3 157.46+42.64  155.04+46.98  149.21+48.45  137.41+47.66 0.041 155.82+44.77
Triglyceride (mg/dl)  192.6+x163.6  219.77+161.6  217.27+138.7  219.55+110.7  209.69+160.1 0.381 217.12+#153.3
Nephropathy
No 84(46.4%) 764(45.2%) 277(29.7%) 7(9.3%) 0(0%) <0.0001 1132(38.9%)
Yes 97(53.6%) 927(54.8%) 657(70.3%) 68(90.7%) 29(100%) 1778(61.1%)
Retinopathy
No 84(79.2%) 887(85.2%) 411(73.7%) 19(47.5%) 3(25%) <0.0001 1404(79.9%)
Yes 22(20.8%) 154(14.8%) 147(26.3%) 21(52.5%) 9(75%) 353(20.1%)
Neuropathy
No 145(89.5%) 1294(82.5%) 561(66.1%) 30(42.9%) 11(42.3%) <0.0001 2041(76.3%)
Yes 17(10.5%) 275(17.5%) 288(33.9%) 40(57.1%) 15(57.7%) 635(23.7%)

Data presented as MeanSD or n (%), p-value<0.05 considered to be statistically significant, ANOVA and Chi-square test were applied.

Figure-1 shows frequency of patients in
eGFR groups. Frequency of patients was 6.2%,
57.7%, 32.1%, 2.8%, and 1.2% in groups 1, 2, 3, 4
and 5, respectively.

Table-1 presents the patients baseline
characteristics among eGFR groups. Most of the
male patients were observed in eGFR groups 1 and
2, and females in groups 3, 4 and 5. Mean BMI of
eGFR group 5 was lower as compared to other
groups. Most patients were married, non-smokers
and non-alcoholic in all eGFR groups. In group 1,
mean value of diabetes duration (years) was
6.62+6.15, in group 2 was 8.57+7.11, in group 3
was 13.59+8.52, in group 4 was 15.98+6.59 and in
group 5 was 14.35+6.93 (p <0.0001). Significant
results were observed between all eGFR groups for
hypertension (<0.0001), family history of diabetes
(years) (p =0.005) and duration of insulin use
(years) (<0.0001).

Table-2 shows the biochemical parameters
and complications of T2DM patients among eGFR
groups. Mean glycemic control (HbAlc%) at
baseline was 9.64+2.18 in group 1, 9.31+2.12 in
group 2, 9.41+2.22 in group 3, 9.49+2.4 in group 4
and 8.23+2.31 in group 5, while serum creatinine
(mg/dl) was 0.85+0.11, 1.06+0.14, 1.38+0.3,
2.56+0.53 and 5.81+1.95, respectively. Significant
results were observed for HDL-Cholesterol, LDL-
cholesterol and total cholesterol, while results for
triglycerides were non-significant.

Frequency of nephropathy was significantly
higher in all eGFR groups, 97 (53.6%) in group 1,
927 (54.8%) in group 2, 657 (70.3%) in group 3, 68
(90.7%) in group 4, and 29 (100%) in group 5 (p
<0.0001). Frequency of retinopathy and neuropathy
was significantly higher 21 (52.5%) and 40 (57.1%)
in group 4 and 9(75%) and 15 (57.7%) in group 5,
respectively (p <0.0001).

Table 3: Correlation of estimated glomerular filtration

rate (eGFR) with baseline and bio-chemical
parameters.
Parameters r p-value
Age -0.358 <0.0001
BMI -0.016 0.372
Gender-male 0.206 <0.0001
Duration of diabetes -0.355 <0.0001
Duration of insulin use -0.145 <0.0001
Systolic blood pressure -0.106 <0.0001
Diastolic blood pressure 0.035 0.052
Serum creatinine -0.649 <0.0001
HbAlc 0.019 0.320
HDL-Cholesterol 0.053 0.011
LDL-Cholesterol 0.034 0.069
Cholesterol 0.018 0.397
Triglyceride -0.028 0.170
Hypertension -0.063 <0.0001
Nephropathy -0.194 <0.0001
Retinopathy -0.188 <0.0001
Neuropathy -0.266 <0.0001

Pearson’s correlation and point-biserial correlation was applied.
p-value <0.05 considered to be statistically significant.
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In Table-3, correlation of eGFR with
baseline and bio-chemical parameters are shown.
Estimated GFR shows a significantly negative
correlation with age (r =-0.358, p <0.0001), diabetes
duration (years) (r =-0.355, p <0.0001), insulin use
duration (years) (r =-0.145, p <0.0001),
hypertension (r =-0.063, p <0.0001), and creatinine
levels in blood (mg/dl) (r =-0.649, p <0.0001).
No correlation of eGFR was found for BMI (Kg/m?2),
triglycerides, HbAlc (%) and HDL Cholesterol.
Significantly inverse relation was observed for
eGFR with nephropathy (r =-0.194, p <0.0001),
neuropathy (r =-0.266, p <0.0001), and retinopathy
(r =-0.188, p <0.0001).

By applying multiple stepwise linear
regression, association of eGFR was found for male
gender (BtS.E =11.26+1.03, p <0.0001), age
(B+S.E =-0.29+0.05, p <0.0001), diabetes duration
(B+S.E =-0.26+0.08, p =0.001), serum creatinine
(B+S.E =-14.44+0.69, p <0.0001), nephropathy
(B£S.E =-2.99+1.07, p =0.006) and neuropathy
(B£S.E =-2.96+1.25, p =0.019) (Table-4).

Table 4: Stepwise multiple linear regression of
estimated glomerular filtration rate (eGFR) with
baseline and bio-chemical parameters.

Parameter BS.E p-value
Serum creatinine -14.44+0.69 <0.0001
Gender-male 11.26+1.03 <0.0001
Age -0.29+0.05 <0.0001
Duration of DM -0.26+0.08 0.001
Nephropathy -2.99+1.07 0.006
Neuropathy -2.96+1.25 0.019

B: Unstandardized coefficient; S.E: standard error.
p-value<0.05 considered to be statistically significant.

Discussion

Overall, high frequency of patients was
observed in eGFR group 2 (60—-89ml/min/1.73 m?)
and group 3 (30-59ml/min/1.73 m?) similar to
Alwakeel JS et al study.18 In our study, very low
eGFR (<15ml/min/1.73 m?) was significantly linked
with glycated HbAlc reduction. It was statistically
related with high microvascular complications risk,
including diabetic nephropathy, neuropathy and
retinopathy. Our results are consistent with previous
study that eGFR is considered as a rational non-

invasive mode to assess microvascular

complications risk and renal status in T2DM
. 1

patients.™

In best of our knowledge, no such study
from Pakistan reported direct association of eGFR
with  HbAlc and all three microvascular
complications on the same type 2 diabetes patients.
Jelinek HF et al established the association of good

glycemic control by means of low incidence of
micro- and macrovascular complications in T2DM
subjects.?’ From previous study, we were unable to
determine whether low eGFR was associated
directly with decline rate of HbAlc in T2DM
patients.6 In  current study, non-significant
correlation was identified between HbAlc and low
eGFR, but very low values of HbAlc in eGFR
groups 5 was observed, which is known as
functional renal failure- a stage of progressive
functional loss, observed in CKD, T2DM patients.
No such details are found in other studies, but
findings somehow are similar to the study
conducted in Oman that younger Omani adults
shows poorer glycemic levels when compared to
adults Posing a difficult task to diabetes care
teams.? Similarly, Kuo IC et al study demonstrates
that at earlier CKD stages stronger HbAlc level is
observed.”

In our study, significant association of low
eGFR was found for older age, male gender, long
duration of diabetes and high serum creatinine
similar to Fontela PC, et al study.’” Reduced renal
functions are based on levels of serum creatinine. In
this study, inverse relation was observed for serum
creatinine as the value of eGFR decreased, serum
creatinine level increased mainly in group 4 and 5.
Frequency of nephropathy was significantly higher
in all eGFR groups, while, neuropathy and
retinopathy was found to be significantly higher in
group 5 and group 4, respectively as compared to
other groups. Age with renal functions was used as
predictors of complications of T2DM. Considering
long duration of T2DM as reported in previous
study, eGFR was also identified as a potential single
predictor for diabetes complications development. 0

The eGFR evaluation has clinical
significance in early diagnosis of diabetic
nephropathy, neuropathy and retinopathy similar to
previous reports.l’23 Significantly inverse correlation
was observed for hypertension between all groups
in our study. Although, normal serum total
cholesterol was observed in all groups, but
decreased HDL in group 5 was found which might
be due to lipid metabolism disturbance that
potentially precedes the disease by several years.24

Overall, eGFR reduction especially in
combination with longer disease duration is
significantly associated with decreased HbAlc but,
increased risk of microvascular complications
(nephropathy, neuropathy and retinopathy) in T2DM
patients. Thus, eGFR measurements will help to
predict microvascular complications at early stages,
especially in low resource country like Pakistan.

Use of retrospective data is the limitations
and hence, data regarding lifestyle interventions
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such as regular exercise, diet modifications and
macrovascular ~ complications  were  scarce.
Secondly, the eGFR values were only estimated by
using MDRD formula and hence, no correlation
could be established using other formula. We, did
not use any gold standard marker (insulin or
iothalamate clearance) for comparison, however,
details of demographic characteristics,
anthropometric measurements, biochemical
parameters and microvascular complications at
baseline can reflect the intensity of disease severity.
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