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Abstract

Background Chronic kidney disease (CKD) is the known cause of morbidity and mortality among diabetes mellitus (DM)
patients. Targeted screening of renal impairment based on estimated glomerular filtration rate (¢GFR) among DM patients has
potential benefits in early identification and treatment of CKD. Hence, this study was aimed to estimate the magnitude of renal
impairment using eGFR among type 2 DM patients.

Methods An institution-based cross-sectional study was conducted from February-1 to April 30/2020 among 422 type 2 DM
patients in Northeast Ethiopia. Data were collected by the semi-structured questioner and serum creatinine measurement. The
collected data were edited into Epi-data manager version 4.4.1.0, and the analysis was performed by SPSS-25. The Simplified
Modification of Diet in Renal Disease (MDRD), Chronic Kidney Disease Epidemiology (CKD-EPI), and Cockcroft-Gault (C-G)
equations were used to calculate eGFR.

Results Of all study participants, 82(19.4%), 92(21.8%), and 103(24.4%) had eGFR < 60 ml/min/1.73 m?, according to the
MDRD, CKD-EPI, and C-G equations, respectively. Female sex, (MDRD:AOR =4.44, 95%CI:1.97-9.97, CKD-EPI:AOR =
3.17,95%CI:1.27-6.17, and C-G:AOR = 2.65, 95%C1:1.35-5.21), duration > 10 years (MDRD:AOR = 3.38, 95%CI:1.45-7.92,
CKD-EPI:AOR =3.09, 95%CI:1.07-7.77, and C-G:AOR =2.92, 95%CI:1.29-6.61), age >60 years (MDRD:AOR =2.29,
95%CI:1.09-4.77, CKD-EPI:AOR =4.12, 95%CI:1.68-6.78, and C-G: AOR =3.42, 95%CI:1.77-6.60), hypertension
(MDRD:AOR =3.12, 95%CI:1.51-6.45, CKD-EPI: AOR =4.21,95%CI:2.07-7.98, and C-G:AOR =3.99, 95%CI:2.08-7.65),
poor glycemic control (MDRD:AOR =2.82, 95%CI:1.13-7.05, and C-G:AOR =2.34, 95%CI:1.09-5.04), and body mass index
(MDRD:AOR =1.11,95%CI:1.01-1.22, and CKD-EPI:AOR =2.43, 95%CI:1.27-5.76) were significantly associated with renal
impairment.

Conclusion Renal impairment was prevalent among type 2 DM patients. Older age, female sex, duration, hypertension, poor
glycemic control, and BMI were significantly associated with renal impairment.
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Background The prevalence of CKD is growing rapidly [1, 2] principal-
ly due to the growing prevalence of risk factors such as dia-

Chronic kidney disease (CKD) is a known public health prob-  betes mellitus (DM) [3, 4]. DM, especially type 2 DM, is the

lem worldwide with an estimated prevalence of 8-16% [1]. foremost causes of CKD throughout the world [5-7].
Approximately 40-60% of individuals with type 2 DM had
diabetic kidney disease [8, 9].

Due to the global epidemic of type 2 DM with dispropor-
>4 Mitku Mammo Taderegew tionate effects in the developing countries, the rate of diabetic
mitkumamo @gmail.com kidney disease is growing rapidly in these countries [1, 2, 10].
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Wolkite, Ethiopia resources [11-15]. This dual burden has led to a consequential
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increase in the number of type 2 DM patients with diabetic
kidney disease without effective interventions [16, 17].

In Ethiopia, the prevalence of DM is growing alarmingly.
In parallel, diabetes-related complications are rising.
Additionally, in Ethiopia, renal complications of diabetes
may go undetected due to limited diagnostic resources and
late presentation of cases [18, 19].

Since diabetic kidney disease constitutes a major cause of
chronic kidney disease, routine screening of renal impairment
based on glomerular filtration rate among DM patients is
therefore extremely important, as detecting chronic kidney
disease during its initial stages provides the opportunity for
early therapeutic interventions to slow its progression and to
improve outcomes [20, 21].

Using serum creatinine alone is unreliable because its level
is dependent on a number of factors that have nothing to do
with a patient’s renal function. Instead an estimated glomeru-
lar filtration rate (eGFR) derived from prediction equations
has been suggested as an important measure for assessing
renal function [22, 23].

Increasing evidence suggests that reduced eGFR is a strong
predictor of renal morbidity and mortality in DM patients [24,
25]. Furthermore, targeted screening of DM patients based on
eGFR is cost-effective and has potential benefits in early iden-
tification and treatment of affected patients [24]. However, in
clinical practice instead of using eGFR, direct measurement of
serum creatinine level is used for assessing renal function test.

Thus, the finding of this study is helpful to establish the
clinical relevance of providing eGFR for routine screening of
renal impairment. The findings will also help the clinicians to
appreciate the magnitude of renal impairment using eGFR
among type 2 DM patients. It is also hoped that the study will
provide an impetus for further research on renal complications
in type 2 DM patients.

Hence, this study was designed to determine the magnitude
of renal impairment among type 2 DM patients attending at
public hospital in Northeast Ethiopia, based on eGFR derived
from the Modification of Diet in Renal Disease (MDRD),
Cockcroft-Gault (C-G), and Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equations.

Methods
Study design, setting, and population

A Hospital-based cross-sectional study was conducted among
type 2 DM patients from February-1 to April 30/2020. The
study was undertaken among 422 type 2 DM patients who
were registered at the follow-up clinic in Debre Berhan refer-
ral hospital, Northeast of Ethiopia.

All adults type 2 DM patients (> 18 years) who have a
follow-up in the diabetic clinic in the study period were
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considered in the study, whereas patients diagnosed as having
renal disease before a diagnosis of DM and diagnosis of a
recent attack of acute kidney disease by medical experts, crit-
ically ill patients, dialysis patients, and under medications af-
fecting kidney function were excluded from the study.

Sample size determination

The required sample size of the study was estimated using a
single population proportion formula, by considering: P =
50% (prevalence of expected renal impairment among type
2 DM patients), confidence interval (CI) of 95% (Z .=
1.96), and 5% margin of error. Then the minimum sample size
obtained was 384. After adding a 10% non-response rate, a
total of 422 type 2 DM patients were included in the study. A
systematic random sampling technique based on participants’
order of flow (every third patient) was used for selecting the
study participants.

Data collection procedures and laboratory measures

Socio-demographic, anthropometric, and clinical data were ob-
tained with a questionnaire-based interview and from patient’s
medical records during their medical examination. Their medical
histories were interviewed and physical examinations include
body weight, height, waist circumference (WC), and blood pres-
sure were measured by nurses working in the clinic.

After calibrating the equipment’s and with patients being
bare-footed and wearing light clothes, height and weight were
measured using a stadiometer, and an electronic weight scale,
respectively. Body mass index (BMI) was computed as
weight (kg) divided by the square of the height (m?) as (kg/
m?) and classified as: Normal weight (18-24.9 kg/mz), over-
weight (25-29.9 kg/m?), and obesity (>30 kg/m?) [26]. WC
was measured with the inelastic tape at midway between the
lower margin of the last palpable rib and the top of the iliac
crest. Central obesity was defined as a WC of >88 cm for
females and >102 cm for males [27, 28]. All measurements
were also taken three times and the mean values of three
measurements were recorded for analysis.

Blood pressure was measured using an aneroid sphygmo-
manometer with an adult cuff size after 5 minutes of rest in
sitting position in the right upper arm while placing the hand at
the level of the heart. An average of three measurements with
five minutes intervals between measurements was recorded.
Participants were considered to have hypertension if systolic
blood pressure (SBP)>130 mmHg and/or diastolic blood
pressure (DBP) >80 or if they were taking any antihyperten-
sive drugs [29].

Current smoker was defined as smoking one or more cig-
arettes per day in the last 3 months; former smoker: a subject
who had stopped smoking before 3 months; nonsmoker: those
had no habit of smoking [30].
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Concerning glycemic control, four consecutive fasting
blood sugar (FBS) measurements (at least 1-month interval
between measurements) were taken from the patient’s medical
records for calculating the mean FBS level. Then participants
were classified as good glycemic control (average of four
consecutive FBS were 80—130 mg/dl) and poor glycemic con-
trol (average of four consecutive FBS > 130 mg/dl mg/dl or <
80 mg/dl mg/dl ) [31].

Three milliliters of venous blood samples were collected
with an aseptic venipuncture technique for serum creatinine
analysis. After separating the serum, serum creatinine analysis
was automated on ECHO XPC automatic chemistry analyzer
(Edif instruments, Italy). All the participants were advised to
have the other two serum creatinine checked-up within the
next two months after the first check-up with keeping a 1-
month interval with each check-up. Then three measurements
with a 1-month interval were taken and the mean values of
three measurements were recorded for analysis. Normal serum
creatinine values were < 1.5 mg/dl for males and < 1.3 mg/dl
for females [32].

Measurement of kidney function

The estimated Glomerular Filtration Rate (€GFR) was estimated
using the MDRD equation [33] as: eGFR =186 x SCr (mg/
dny 5% age(years)f0203 x 0.742 (if female) x 1.210 (as our
population are Africans), C-G equation as: eGFR=(140 - age) x
body weight (kg) / 72 x SCr x 0.85 for female [34], and Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)

equation as eGFR = 141 x min (Scr/k, 1)* x max (Scr/k,
1) 2% x 0.993%° x 1.018 (if female) x 1.159 (as our participants
black), where Scr is serum creatinine in mg/dL, k is 0.7 for
females and 0.9 for males, « is —0.329 for females and —
0.411 for males, min indicates the minimum of Scr/k or 1, and
max indicates the maximum of Scr/k or 1 [35]. Renal status was
defined as normal or increased eGFR (if eGFR >90 ml/min/
1.73 mz), mild, moderate, and severe renal impairment if eGFR
was 60-89.9, 30-59.9, and, 15-29.9 ml/min/1.73 mz, respective-
ly. For this study, renal impairment was considered as eGFR <
60 ml/min/1.73 m>.

Statistical analysis

Before entry, data were checked, cleaned, coded, and sorted,
for any lost values. Then data were edited into Epi-data man-
ager version 4.4.1.0 and exported to statistical software for
social sciences (SPSS) version 25 software. The data were
also checked for its distribution and outliers before analysis.
Then the data were processed by using descriptive analysis,
including frequency tables, cross-tabulation, and summary
measures. Categorical variables were stated as number
(percentage) whereas the continuous data as means =+ standard
deviation (SD).

To determine the independently associated variables, asso-
ciations were investigated using binary logistic regression
analysis. All independent variables with p-value <0.25 in
the unadjusted model of logistic regression analysis were in-
cluded in the multivariate model (backward stepwise) to

Table 1 Socio-demographic

characteristics of the study Variable Category Frequency (N =422) Percentage (%)
participants at public hospital in
Northeast Ethiopia, 2020 (N = Sex Male 193 45.7
422) Female 229 54.3
Age (years) <60 302 71.6
>60 120 28.4
Marital Status Single 45 10.6
Married 311 73.7
Divorced 29 6.9
Widowed 37 8.8
Educational status Illiterate 117 27.7
Primary school (1-8) 99 23.5
High school and above 206 48.8
Employment status Farmer 96 22.7
House wife 60 14.2
Government Employee 141 334
At private organization 107 254
Others* 18 43
Residence Urban 260 61.6
Rural 162 384

Note: *Unemployed and students
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control the effect of confounding variables and to identify
independently associated factors with renal impairment in
the final model. The degree of associations was expressed
by using the odds ratio (ORs) with 95% CI. P-value with <
0.05 was considered statistically significant.

Results

Socio-demographic characteristics of the study
participants

A total of 422 type 2 DM patients were invited and all of them
were volunteered to participate in the study making the re-
sponse rate of 100%. From the total of the study participants,
229 (54.3%) were female, and 260 (61.6%) were from urban
areas. Their ages were ranged from 36 to 80 years old, with a
mean (£SD) of 54.16 (£10.61) years, with 302 (71.6%) of
them aged below 60 years old. Nearly three fourth (73.7%) of
the respondents were married, 206 (48.8%) of respondents

Table 2 Clinical characteristics of study participants at public hospital
in Northeast Ethiopia, 2020 (N =422)
Characteristics Categories N (%)
Body mass index Normal/underweight 288 (68.2)

Overweight 78 (18.5)

Obesity and above 56 (13.3)
Central obesity Yes 91 (21.6)

No 331 (78.4)
Duration of DM <10 Years 359 (85.1)

>10 Years 63 (14.9)
*SBP (mmHg) 133.69+14.48
*DBP (mmHg) 82.90+11.10
Hypertension Yes 165 (39.1)

No 257 (60.9)
Antihypertensive drug None 282 (66.8)

ACE-I or ARB 35(8.3)

ACE-I or ARB + Other 71 (16.8)

Others 34 (8.1)
Serum creatinine (mg/dl) Normal 375 (88.9)

Higher 47 (11.1)
Glycemic control Good 141 (33.4)

Poor 281 (66.6)
Smoking status Non-smoker 371 (87.9)

Former smokers 32 (7.6)

Current smoker 19 4.5)

Note: ACE-I: Angiotensin-converting enzyme inhibitor; ARB:
Angiotensin receptor blocker; DBP: Diastolic blood pressure; DM:
Diabetes mellitus; SBP: Systolic blood pressure; *: data are expressed
in Mean (+ SD)
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attained high school and above, and 141 (33.4%) of respon-
dents were government employees (Table 1).

Clinical characteristics of the study participants

The mean (+ SD) of DM duration was 6.2 (+4.6) years with a
minimum and maximum of 1 year to 24 years, respectively.
Regarding anthropometric measurements, the mean (= SD) of
BMI of the participants was 23.28 (+3.64) Kg/m? with 288
(68.2%) were classified as normal/underweight. About 91
(21.6%) of the study participants also had higher waist cir-
cumference for the gender-specific normal range.

The majority (82.9%) of the participants had no family
history of kidney disease (FH-KD), 371 (87.9%) never
smoked, and 396 (93.8%) had no history of cardiovascular
disease. Current alcohol consumption habit was observed in
72 (17.1%) of participants. Regarding the treatment modality
of the participants, nearly three fourth (73.9%) were taking
oral hypoglycemic agent(s) only, while 110 (26.1%) were
on a combination of insulin and oral hypoglycemic agents.

The mean systolic and diastolic blood pressures of partic-
ipants were 133.69 (+14.48) and 82.9 (£11.10) mmHg, re-
spectively. Nearly two fifths (39.1%) of participants were hy-
pertensive with 140 (84.8%) of them were on antihypertensive
treatments. More than three fifths (66.6%) of patients were
presented with the level of poor glycemic control. Mean SCr
(£SD) of the participants was 0.96 (+0.32) mg/dl, and the
majority of participants (88.9%) were with normal serum cre-
atinine levels (Table 2).

Prevalence of renal impairment among the study
participants

The mean eGFR (ml/min/1.73 m?) values of the participants
estimated according to the MDRD, CKD-EPI, and C-G equa-
tions were 99.66 (+34.24), 88.78 (+£22.32), and 84.87 (+
29.18) ml/min/1.73 m?, respectively.

In this study, the prevalence of renal impairment, defined
as the presence of GFR <60 ml/min/1.73 m?, were 19.4%
(95%CI1=15.6% —23.2%), 21.8% (95%C1=17.9% —
25.7%), and 24.4% (95%C1=20.3% —28.5%), using the
MDRD, CKD-EPI, and C-G equations, respectively. From
those with renal impairment, 43.9%, 51.1%, and 57.3% of
participants had normal serum creatinine level for MDRD,
CKD-EPI, and C-G equation, respectively.

Staging of renal impairments reveals that 227 (53.8%), 216
(51.2%, and 195 (46.2%) of the participants had eGFR of (>
90 mL/min/1.73 m?), while 113 (26.8%), 114 (27.0%), and
124 (29.4%) had eGFR of 60-89.9 mL/min/1.73 m? in
MDRD, CKD-EPI, and C-G equation, respectively. None of
the participants had eGFR <30 mL/min/1.73 m? in all the
three equations (Fig. 1).



J Diabetes Metab Disord (2020) 19:1473-1481 1477
Fig. 1 Prevalence of renal
impairment among the study
participants with MDRD, CKD- 60 53.8 s11
EPI, and C-G equation 50 ) 462
L0 " meGFR<60
= .
2 130 26.8 71 29.4 | ml/min/1.73 m2
3 meGFR 60-89.9
. . mL/min/1.73m2
eGFR 290
| mL/min/1.73 m2
MDRD Equation CKD-EPI Equation = C-G equation

Estimated glomerular filtration rate

Factors associated with renal impairment among the
study participants

In bivariable logistic regression analysis age >60 years, female
sex, > 10 years duration of DM, presence of hypertension,
poor glycemic control, family history of kidney disease, in-
crease in both systolic and diastolic blood pressures, and
higher BMI were associated with the presence of renal impair-
ments when renal function was assessed by using MDRD
equation. Except for BMI, a similar pattern was found when
the CKD-EPI and C-G equation was employed. Only inde-
pendent variables with p-value < 0.25 in the unadjusted model
of logistic regression analysis were included in the multivari-
ate model.

In multivariable analysis, older age (AOR =2.29, 95% CI:
1.09-4.77, P=0.027), female sex (AOR =4.44, 95% CI:
1.97-9.97; P<0.001), long duration of DM (AOR =3.38,
95% CI: 1.45-7.92, P =0.005), poor glycemic control
(AOR =2.82, 95% CI: 1.13-7.05, P=0.026), hypertension
(AOR =3.12, 95% CI: 1.51-6.45, P=0.002) and increased
BMI (AOR =1.11, 95% CI: 1.01-1.22, P=0.032) were sig-
nificantly associated with the presence renal impairment
(eGFR < 60 ml/min/1.73 m*) when the MDRD formula was
used to assess renal function. When CKD-EPI equation was
used age >60 years (AOR=4.12, 95% CI: 1.68-6.78; P =
0.029), female sex (AOR=3.17, 95% CI: 1.27-6.17; P=
0.001), > 10 years duration of DM (AOR =3.09, 95% CI:
1.07-7.77, P=0.010), presence of hypertension (AOR =
4.21, 95% CI: 2.07-7.98, P<0.001), and increased BMI
(AOR =2.43,95% CI: 1.27-5.76, P = 0.018) were significant-
ly associated with the presence of renal impairment.

According to C-G equation, age >60 years (AOR =3.42,
95% CI: 1.77-6.60; P < 0.001), female sex (AOR =2.65, 95%
CI: 1.35-5.21; P=0.005), > 10 years duration of DM
(AOR=2.92, 95% CI: 1.29-6.61, P=0.010), poor glycemic
control (AOR =2.34, 95% CI: 1.09-5.04, P =0.029), and hy-
pertension (AOR =3.99, 95% CI: 2.08-7.65, P < 0.001) were

significantly associated with the presence of renal impairment
(Table 3).

Discussion

In this hospital-based cross-sectional study, the eGFR among
type 2 DM patients at public hospital in Northeast Ethiopia
has been assessed, using MDRD, CKD-EPI, and C-G equa-
tion. It was found that the prevalence of renal impairment was
19.4%, 21.8%, and 24.3% in MDRD, CKD-EPI, and C-G
equation, respectively.

The prevalence of renal impairment using the MDRD
equations (19.4%) was comparable with the study conducted
in Australia (23.1%) [36], and United Arab Emirate (22.3%)
[37] but lower than studies from Singapore [38], Netherland
[39], and Brazil [20] where the prevalence of renal impairment
has ranged from 25-53%. The magnitude of renal impairment
was higher than the findings in Gondar (14.3%) [40] and
Nigeria (11.4%) [41] but relatively lower than the findings
in Kenya (38.6%) [42] and Bangladesh (54.5%) [43] when
eGFR was assessed with CKD-EPI equation. These variations
in the prevalence of renal impairment between this study and
other studies might be expressed by the differences in study
designs, socio-demographic and clinical characteristics of the
study participants and differences in ethnic background of the
study participants.

When the renal function was assessed using the C-G equa-
tion, the magnitude of renal impairment (24.3%) was in line
with the study in Tanzania (24.7%) [44], Thailand
(27.09%)[9] and Brazil (25.3%) [20]. However, this finding
was relatively higher than the study in Sweden (7%) [30].
These variations might also be due to differences in ethnicity,
healthcare setting, socio-demographic characteristics, and
methodology applied [45].
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Table 3 Multi-variable logistic

regression of factors associated Variables MDRD equation CKD-EPI equation C-G equation
with renal impairment based on
¢GFR among type 2 DM patients AOR (95%) Pvalue  AOR (95%) Pvalue  AOR (95%) P-value
attending at public hospital in
Northeast Ethiopia, 2020 (N = Sex
422) Male 1.00 1.00 1.00
Female 444 (1.97-9.97)  0.001* 3.17(1.27-6.17)  0.001* 2.65(1.35-521)  0.005*
Age
<60 1.00 1.00 1.00
>60 229 (1.094.77)  0.027* 4.12 (1.68-6.78)  0.029* 3.42 (1.77-6.60)  0.001*
Duration of DM
<10 Years  1.00 1.00 1.00
>10 Years  3.38(1.45-7.92)  0.005* 3.09 (1.07-7.77)  0.010% 292 (1.29-6.61)  0.010%
Hypertension
Yes 3.12 (1.51-6.45)  0.002* 421(2.07-798)  0.001* 3.99 (2.08-7.65)  0.001*
No 1.00 1.00 1.00
Family history of kidney disease
Yes 1.06 (0.98-1.14 0.095 2.01(0.27-5.37)  0.118 2.13(0.37-4.27)  0.127
No 1.00 1.00 1.00
Glycemic control
Good 1.00 1.00 1.00
Poor 2.82(1.13-7.05)  0.026* 2.57(0.61-8.92)  0.172 2.34(1.09-5.04)  0.029*
BMI** 1.11 (1.01-1.22)  0.032* 243 (1.27-5.76)  0.018* 0.95 (0.86-1.04)  0.270
SBP#* 0.98 (0.64-1.02)  0.236 0.78 (0.49-1.07)  0.317 0.97 (0.71-1.01)  0.056
DBP#* 1.01 (0.95-1.06)  0.980 1.02 (0.97-1.08)  0.099 1.05(0.99-1.12)  0.064

Note: AOR: Adjusted odds ratio; BMI: Body mass index; C-G: Cockeroft-Gault; CKD-EPI: Chronic Kidney
Disease; N: Number; MDRD: Modification of Diet in Renal Risease; 1.00: Reference group; * indicates the level
of significance (p <0.05). **: data are expressed in Mean (+ SD)

Indeed, the SCr measurement is the most common method
for assessing kidney function, use of creatinine alone can
show the function of the kidney in many diabetic patients
falsely normal [20, 46]. In DM patients, the eGFR usually will
be less than half of normal before the serum creatinine in-
crease above the laboratory normal range [47]. Considering
the percentage of renal impaired patients with normal serum
creatinine levels in this study, the above description seems
acceptable. If the decreased kidney function was assessed
based on elevated serum creatinine, renal impairment was
found only in 11.1% of these type 2 DM patients. As the result
showed screening techniques based upon abnormal serum
creatinine would fail to detect a significant number of subjects
with an eGFR < 60 ml/min/1.73 m>. Therefore, without mea-
suring eGFR the clinician may not be informed of the exis-
tence of renal impairment and be wrongly reassured that renal
function is well.

In this study, we found that using the C-G equation esti-
mate a higher magnitude of renal impairment (24.3%) than the
MDRD and CKD-EPI equations, which estimate19.4% and
21.8%, respectively. C-G equation does not incorporate race,
which may influence creatinine excretion [48] might be the
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possible reason for the high prevalence of renal impairment in
the C-G equation. Whatever the reason, C-G may help in early
identification and proper categorization of renal impairment,
which may allow for timely and specific interventional thera-
py to prevent further progression of kidney disease and its
related complications.

In this study, gender difference has a significant association
with renal impairments when renal function was assessed by
the three equations in which the female gender was reported to
be a non-avoidable risk factor for renal impairment. This is in
agreement with the findings in Sweden (eGFR; MDRD and
C-G) [30] and UK (eGFR; MDRD) [49] but unlike with the
study conducted in Belgium (eGFR; only in MDRD) [50].
This difference may be attributed to a greater number of youn-
ger obese men in these study participants.

In this study, age was significantly associated with the
presence of renal impairments, in which participants with >
60 years were more likely to have renal impairment based on
MDRD, CKD-EPI, and C-G equations. This is in line with
previous reports of the increasing prevalence of kidney dis-
ease with an increase in age in the Netherland [39], Sweden
[30], and Singapore [38].
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As age increases, there is gradual damage of nephrons
mainly due to comorbidities that are common at the elderly,
such as, hypertension, obesity, and decreased renal blood
flow, which leads to chronic kidney disease [51, 52]. Type 2
DM patients with old age may also have vascular and
tubulointerstitial changes due to the existence of potential se-
nescence of glomeruli due to aging itself [2].

According to our study, the presence of hypertension
among type 2 DM patients was associated with the develop-
ment of renal impairment in MDRD, CKD-EPI, and C-G
equation. This was in agreement with other related studies,
which showed a significant association between being hyper-
tension and renal impairments [9, 10, 30, 38].

In hypertensive patients, big arteries lose their compliance
and increase its stiffness, which resulted in less safeguarding
of blood pressure variation and wider blood pressure fluctua-
tions for any given change in the stroke volume. The oscilla-
tory shear stress resulted from this wider blood pressure fluc-
tuations causes the development and progression of athero-
sclerosis of the renal vasculature which could contribute to
the impairment of renal function [10, 53].

Based on MDRD, and C-G equation, in line with other
study findings [20, 38, 50] our results showed a significant
association between glycemic control and the presence of re-
nal impairments in which patients with poor glycemic control
were more likely to have renal impairments. However, in con-
trast with our findings, the study in the United Kingdom [49]
reported a negative association between glycemic control and
renal impairment.

In poor glycemic control, chronic hyperglycemia has been
found to play a key role in decreasing eGFR and accelerating
the annual eGFR decline. The cellular mechanisms responsi-
ble for hyperglycemia-induced renal damage include the for-
mation of advanced glycation end products (AGEs) and acti-
vation of their receptor, thereby generation of reactive oxygen
species (ROS) and a chronic subacute inflammatory process
which play a pivotal role in the development of chronic kidney
disease. Also, activation of AGEs receptors’ induces glomer-
ular matrix production and increases oxidative stress, which
promotes epithelial-mesenchymal transdifferentiation of renal
tubular cells, thus contributing to interstitial fibrosis and renal
histological change [54].

It was also likely that the difference in the prevalence of
renal impairments might result from differences in the dura-
tion of DM using the MDRD, CKD-EPI, or C-G equation.
Compared to respondents with a short duration of DM, re-
spondents with a long duration had greater odds for the occur-
rence of renal impairments. This corresponds with the find-
ings of several studies that reported that the possibility of
developing renal impairment was greater among patients with
longer duration of DM [9, 30].

In this study, BMI has a significant association with renal
impairments when renal function was assessed by both

MDRD and CKD-EPI equation. The results of this study were
in agreement with various studies [30, 38] which showed that
high BMI was associated with renal impairment. Suggested
pathways of obesity include insulin resistance, low-grade in-
flammation, and endothelial dysfunction, which have been
suggested as potential mechanisms for the development of
renal impairment [55, 56].

Anatomical and physiological changes related to obesity
including an increase in glomerular size, increased mesangial
matrix and mesangial cell proliferation, hypertrophy and ef-
facement of podocytes, and increase growth factors and
adipokine alterations which may lead to fibrosis were also
another possible mechanism for renal impairments in obese
individuals [57].

Unlike a study conducted in Sweden [30] in which low
BMI is associated with the development of renal impairment,
in this study there was no statistically significant association
when renal function was estimated using the C—G equation.
This variation may be due to the difference in the distribution
of obesity among the study participants. In obese subjects,
creatinine production rate related to the body weight is less
than normal-weight subjects. Because of the presence of
weight in the C-G formula, using serum creatinine to calculate
GFR by C-G formula may be higher than normal [9].

The strength of this study is that it is one of the few studies
with including the three equations for estimating GFR from
serum creatinine level.

The study has its limitations that need to be considered. The
uses of eGFR rather than direct measured GFR for assessing
renal impairment, use of FBS instead of HbA 1c for assessing
the level of glycemic status, and due to selection bias during
selecting participants there may be reduction in the external
validity. Due to limited resources, the non-diabetic renal dis-
eases of course may also coexist the study participants were
not excluded and the equation used for estimating GFR was
not validated among adult populations of Ethiopian origin
were also the limitation of the study.

Conclusions

The prevalence of renal impairment was 19.4%, 21.8%, and
24.3% when using MDRD, CKD-EPI, and C-G equations,
respectively but only 11.1% would have been classified as
having renal impairment if SCr used alone for assessing kid-
ney status. Older age, female sex, longer duration of DM,
hypertensive, increased BMI, and poor glycemic control were
significantly associated with renal impairment. Physicians
should not depend on serum creatinine only as a measure of
kidney function instead use the serum creatinine to estimate
eGFR and assessing of renal impairment. Thus, early screen-
ing based on eGFR would allow more aggressive measures to
be taken to prevent further progression and adverse outcomes.
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