Almomani et al.
Beni-Suef Univ J Basic Appl Sci (2023) 12:88
https://doi.org/10.1186/543088-023-00428-y

Beni-Suef University Journal of
Basic and Applied Sciences

®

The rising burden of chronic kidney diseases =

in patients with diabetes

Ensaf Y. Alimomani”®, Huda Y. Aimomani?, Sayer Al-Azzam? Ahmad Qablan*®> and Abass Al-Momany?®

Abstract

in an academic tertiary care hospital.

clinical parameters to prevent CKD progression.

association (ADA)

Background The prevalence of chronic kidney diseases (CKD) is higher in patients with diabetes. The American
diabetes association (ADA) provides components of diabetes care, treatments, and guidelines to diagnose diabetic
patients at risk of CKD. Herein we followed the ADA diagnosis guidelines to identify the Type 2 Diabetes mellitus
(T2DM) patients at risk of CKD which is underestimated in the region. The study main objectives are to investigate

the CKD prevalence and association with risk factors according to the ADA classification, and also to identify the T2DM
patients at risk of renal diseases. A descriptive retrospective study was conducted. The data were collected using
face-to-face interviews and through accessing patients’medical records from Endocrinology and Cardiology clinics

Results About 40% of the 331 T2DM outpatients were at risk of developing CKD. The majority were in CKD Stage

3, then Stage 2. The estimated GFR (eGFR) values were significantly reduced in the T2DM patients who are; older
than 50 years; have diabetes for more than 10 years; and have abnormally high serum and urine creatinine, proteinu-
ria, and albumin to creatinine ratio. Further, the eGFR values were negatively associated with; the duration of T2DM,;
serum creatinine, proteinuria; and albumin to creatinine ratio.

Conclusions This study provides evidence of the increasing risk of CKD among T2DM patients in the region. Hence,
T2DM patients especially elders and those with the long onset of diabetes need to go under regular checks on their
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1 Background

According to the International Diabetes Federation
(IDF) report, the prevalence of type 2 diabetes mellitus
(T2DM) has been rapidly increasing worldwide [1]. Per-
sistent hyperglycemia leads to a wide range of serious
complications including macrovascular complications
such as coronary artery disease, peripheral arterial dis-
ease, and stroke as well as microvascular complications
such as diabetic nephropathy, neuropathy, and retinopa-
thy [2—4].

Patients with T2DM are at a twofold higher risk of
developing chronic kidney disease (CKD) compared
to people who don’t have diabetes [5]. The prevalence
of CKD in diabetic patients ranges between 27.1 and
83.6% affected by the presence of risk factors [6, 7]. The
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presence of diabetic kidney disease (DKD) in patients
increases the mortality risk by three times [8]. It can
also progress to end-stage renal disease (ESRD) in which
maintenance renal replacement therapy including hemo-
dialysis, peritoneal dialysis, and kidney transplantation
is the only management approach [9], 10. Additionally,
DKD can result in financial strain on individuals, com-
munities, and healthcare systems. The cost to manage
kidney disease in patients with diabetes includes hospi-
talizations, medications, laboratory tests, consultations,
dialysis treatment, transplantation surgeries, and trans-
portation [11]. Of special note, the presence of diabe-
tes contributes to 27% more expenditure in patients on
dialysis [12]. For this reason, the early diagnosis of kidney
disease and the identification of risk factors leading to
kidney disease progression are essential.

Kidney disease has been evaluated using different for-
mulas, markers, and criteria [13, 14]. The estimated glo-
merular filtration rate (¢GFR) measures the rate of serum
creatinine secretion from kidneys and is primarily used
as a biomarker to assess kidney function status along
with the presence of evidence of kidney damage [13].
Hence, the eGFR is considered a strong predictor of the
progression to CKD and ESRD [5, 15, 16].

DKD is poorly diagnosed and underestimated in the
Middle East region. Few outdated studies described
the prevalence of DKD in the region [17]. A systematic
review was recently published about CKD prevalence
among T2DM patients in the Middle East region, they
found that the CKD prevalence was about 29%, however,
the data were from studies performed between the years
2009-2019, which covers a few countries in the region
[17]. Since the prevalence of CKD differs from one region
to another due to cultural and demographic differences,
it is of great importance to have recent information about
CKD prevalence in the Middle East region to establish
an information baseline about CKD among the T2DM
patients in the region.

We hypothesize that the early diagnosis and identi-
fication of diabetic patients who are at risk of develop-
ing CKD diseases may help in preventing kidney failure,
especially in patients with poor glycemic control and the
absence of adequate preventive measures [18].

2 Aims of the study

This study aims to identify diabetic patients with an
increased risk of renal disease by finding the correlations
between the eGFR and the clinical parameters.

3 Methods

3.1 Study design

A descriptive research methodology was used to con-
duct this study. The data were collected using both
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face-to-face interviews with patients and through access-
ing their electronic medical records from Jun to Sep
2020. Raw data were coded and analyzed using IBM
SPSS software (2020) (SPSS Inc., Chicago, IL, USA). The
needed statistical indices were extracted using quantita-
tive data analysis techniques. The descriptive analysis
was used in which continuous variables were presented
as means and standard deviations, meanwhile categori-
cal variables were presented as frequencies and percent-
ages. The biochemical markers were compared between
males and females using an independent t-test. We used
Spearman’s coefficient to give an idea about the degree of
correlation and if the relationship is forward or inverse
between the independent variables and to identify asso-
ciations between sociodemographic and clinical vari-
ables with eGFR levels. A p-value<0.05 was considered
statistically significant. The study protocol is in conform-
ity with the ethical principles of the Helsinki Declaration
and approved by the Institutional Review Board com-
mittee at King Abdullah University Hospital (Reference
number 48/132/2020), which was issued on 01.04.2020,
the IRB approval letter is provided on the additional file.
Participants provided written consent for participation.
The STROBE cross-sectional reporting guidelines were
checked to improve the study quality [19].

3.2 Participants

The participant’s data were collected from the Endocri-
nology and Cardiology clinics at King Abdullah Univer-
sity Hospital in Jordan. The T2DM patients were using
anti-diabetic medications, aged 18 years or older, and
had performed a kidney function test within the last year.
However, patients who had any of the following criteria
were excluded from participation in this study; patients
undergoing acute renal failure, pregnant women, those
who were on a purely vegetarian diet or protein-rich diet,
those who had recent changes in their muscle mass such
as in imputation, and those who had impaired mental
capacity that might affect their answers to the interview
questions.

3.3 Data collection and variables

The demographic information includes age and gender.
The diabetes onset duration was shown in years. The bio-
chemical variables include; fasting blood sugar (FBS) and
glycated hemoglobin (HbAlc) to reflect the blood sugar
level; The serum and urine creatinine (sCr and uCr) val-
ues were collected as an indicator and biomarker of kid-
ney malfunction. The presence of protein in the urine
(PU) was detected by using a dipstick urinalysis screen-
ing test. The albumin-to-creatinine ratio (ACR) reflects
urine microalbumin.
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3.4 Outcome measures

The eGFR was calculated using the Modification of
Diet in Renal Disease (MDRD) formula using the equa-
tion (https://www.mdcalc.com/mdrd-gfr-equation)
as expressed in mL/min per 1.73 m? [20]. The kidney
function stages were classified according to the Ameri-
can Diabetes Association guidelines [21] as follows;
Normal kidney function: eGFR (=>60) with no evi-
dence of kidney damage. Stage 1 CKD: eGFR (=>90)
with evidence of kidney damage. Stage 2 CKD: eGFR
(60—89) with evidence of kidney damage. Stage 3 CKD:
eGFR (30-59) with or without evidence of kidney
damage. Stage 4 CKD: eGFR (15 -29) with or without
evidence of kidney damage. Stage 5 CKD: eGFR (< 15)
with or without evidence of kidney damage [21].
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4 Results
4.1 The demographic and clinical picture of the T2DM
patients

The mean age of the 331 T2DM patients was 60 years old
with a range of 33-99 years. The studied population con-
sisted of 54% males and 46% females T2DM patients.

The clinical picture for the T2DM patients is shown
in Table 1. About 60% of the patients had T2DM from 1
to 10 years and 40% had T2DM for more than 10 years.
The HbA1C values were more than 7% in 68.1% of
T2DM. The FBS values were higher than 130 mg/
dL in 67.4% of the T2DM patients, indicating uncon-
trolled diabetes. About 21% of the T2DM patients had
higher sCr values than normal (males 0.7-1.2 mg/dL,
females: 0.5-1 mg/dL). Additionally, the uCr values
were high (more than 2000 mg/day) in 96.2% of T2DM
patients. The Albumin to Creatinine ratio (ACR) val-
ues were normal to mildly increased in 61.1%, and it

Table 1 The eGFR values in the T2DM patients according to the demographic and clinical parameters

Parameters Total (%) eGFR eGFR reduction P-Value n
folds

Age (Years) 331
50 or less 14.5 96.14 13 <0.000*
More than 50 85.5 7461

Sex 331
Males 54.1 78.38 1.0 0.720
Females 459 77.32

Duration of T2DM 331
1-10 years 59.5 84.24 1.2 <0.000*
More than 10 years 40.5 68.80

HbA1C 327
Less than 7% 309 80.16 1.0 0.360
7% and more 68.1 7717

Fasting blood sugar (FBS) 193
130 mg/dL and less 326 7833 1.0 0.440
More than 130 mg/dL 674 75.09

Serum creatinine (sCr) 331
Normal (males: 0.7-1.2 mg/dL, females: 0.5-1 mg/dL) 834 85.65 22 <0.000*
High 16.6 39.79

Albumin to creatinine ratio (ACR) 144
Less than 3 mg/mmol [Normal to mildly increased] 61.1 85.40 1.2 <0.000*
3 mg/mmol and more [Moderately to severely increased] 389 68.56

Urine creatinine (uCr) 157
Normal (500-2000 mg/day) 38 98.38 13 <0.000*
High (more than 2000 mg/day) 96.2 7642

Proteinuria (PU) 284
Absent 775 82.06 14 <0.000*
Present 22.5 60.69

P value < 0.05: significant, P value < 0.000: highly significant


https://www.mdcalc.com/mdrd-gfr-equation

Almomani et al. Beni-Suef Univ J Basic Appl Sci (2023) 12:88

was moderately to severely increased in about 40% of
T2DM patients. Proteinuria (PU) is present in 22.5% of
T2DM patients.

The eGFR values were also calculated for the T2DM
patients (Table 1). Further analysis for the P-value
using the SPSS software showed that the eGFR values
were highly significant (P<0.000) in all of the follow-
ing; T2DM patients with more than 10 years of diabe-
tes onset duration (eGFR=68.80 compared to 84.24);
T2DM patients with high sCr (eGFR=39.79 compared
to 85.65); T2DM patients with moderately to increased
ACR ( eGFR=68.56 compared to 85.4); T2DM patients
with uCr values more than 2000 (eGFR=76.42 com-
pared to 98.38); and in T2DM patients with PU
(eGFR =60.69 compared to 82.06). However, the reduc-
tion in the eGFR values of the T2DM patients with
HbA1C 7% and more, and in patients with FBS of more
than 130 mg/dl was not significant (eGFR="77.17, 75.09
compared to 80.16, and 78.33) respectively. The eGFR
reduction folds in the T2DM patients were the largest
(2.2 folds) with high sCr, followed by PU (1.4 folds), and
in the elderly (1.3 folds) (Table 1).

4.2 Kidney functions among T2DM patients according
to the ADA classification

The studied groups’ kidney functions were classified
according to the ADA guidelines as shown in Table 2
and Fig. 1. About 60% of the T2DM patients had no
clinical evidence of CKD, 5.2% were in Stage 1 CKD,
13.6% were in Stage 2 CKD, 16.9% were in Stage 3 CKD,
about 3% were in Stage 4 CKD, and 1.5% were in Stage
5 CKD.

Table2 Kidney functions status
according to the ADA classification

among T2DM patients

Stage eGFR (ml/ Evidence of Kidney
min/1.73m?)  kidney damage* function
status
n (%)
No clinical evi- =>60 - 199 (60.1)
dence of CKD
Stage 1 CKD =>90 + 17 (5.2)
Stage 2 CKD 60-89 + 45 (13.6)
Stage 3 CKD 30-59 + 56 (16.9)
Stage 4 CKD 15-29 + 9 2.7)
Stage 5 CKD <15 + 5 (1.5)
Total 331 (100)

CKD, chronic kidney diseases; eGFR, estimated glomerular filtration rate; The
CKD stages classification is according to the American Diabetes Association
(ADA); S1 and S2 are defined with evidence of kidney damage; $3,54, and S5 are
defined by reduced eGFR; * kidney damage is based on the protein presence in
the urine and the ACR value = >3 mg/mmol
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Fig. 1 kidney functions in T2DM patients. A Pie chart showed

the kidney functions in the participating T2DM patients according
to the ADA classification [21]; It was normal in 60%; 5% were in Stage
1 CKD (S1), 14% were in Stage 2 CKD (S2); 17% were in Stage 3 CKD
(S3), 3% were in Stage 4 CKD (54), 1.5% were in Stage 5 CKD (S5)

4.3 The correlation of biochemical variables with the eGFR
The correlation between the biochemical variables and
the eGFR was analyzed in Table 3 using Spearman’s
correlation coefficient. Results showed that eGFR val-
ues were negatively correlated (P<0.05) with diabetes
onset duration, sCr, ACR, and PU (r,=— 0.303, — 0.871,
— 0.371, — 0.340) respectively. Indicating a decrease in
kidney functions with the increase in diabetes onset
duration, or with the increase in renal biochemical varia-
bles. Interestingly, the HbA1C values were positively cor-
related with the diabetes onset duration and the FBS level
(r;=0.150, 0.486) respectively. The sCr values were posi-
tively correlated with the diabetes onset duration and the
HbA1C level (r,=0.221, 0.134) respectively. This suggests
a link between uncontrolled diabetes and the increase
in sCr level. The ACR values were positively correlated
with FBS, HbA1C, and sCr levels (r,=0.293, 0.231, 0.366)
respectively. Similarly, PU values were positively corre-
lated with FBS, HbA1C, sCr, and ACR (r,=0.170, 0.177,
0.399, 0.519) respectively.

5 Discussion

This study is among the first studies in the region that
evaluated kidney functions in diabetic patients according
to the ADA guidelines using recent data. In addition, this
research demonstrated a significant association between
the biochemical variables and the eGFR. Previous stud-
ies in the region evaluated kidney functions using dif-
ferent criteria to diagnose CKD [16, 21]. Herein, the
kidney functions among T2DM patients were evaluated
by following the ADA classification of CKD stages [21].
Further, the prevalence of CKD differs from one region
to another, each population has its determining factors
that affect CKD prevalence such as lifestyle and ethnicity
[23], which make it difficult to draw a general conclusion
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Table 3 Spearman’s correlation matrix of biochemical variables with eGFR
Variable
Diabetes
onset
1.0
FBS
0.139 1.0
HbA1C
0.154* 0.486* 1.0
sCr
0.221* 0.092 0.134* 1.0
ACR
0.107 0.293* 0.231* 0.366* 1.0
uCr
0.094 0.00 0.024 -0.112 0.009 1.0
PU
0.084 0.170% 0.177* 0.399* 0.519* -0.072 1.0
eGFR
-0.303* -0.020 -0.069 -0.871* -0.371%* 0.038 -0.340%* 1.0
Variable Diabetes FBS HbA1C sCr ACR uCr PU eGFR
onset
Spearman correlation coefficient FBS: fasting blood sugar; sCr: serum creatinine, ACR: Albumin to Creatinine ratio; uCr: urine Creatinine; PU: protein urea, €GFR:
estimated GFR; * significant (P<0.05)
Color scale -1 0 1

about the CKD prevalence among diabetics. In addition,
as the prevalence of T2DM is increasing worldwide, it is
always important to evaluate kidney functions based on
recent data obtained from T2DM patients for more accu-
rate conclusions. Together necessitate for recent studies
cover the CKD prevalence and the associated risk factors
among diabetics.

The CKD prevalence in the Middle East region was
poorly covered. A previous study showed that the CKD
prevalence in non-diabetics was about 34% [24]. A recent
systematic review covered all the studies in the region
(n=9 studies) between the years 2009-2019, and showed
that the CKD prevalence average was about 29% [17].
In comparison, we found that about 40% of the studied
group were at risk of developing CKD shortly. Further,
the CKD stage prevalence was the highest in the S3
(17%), compared to a previous report showing that most
of the T2DM patients were in S2 [25]. This indicated an
increase in CKD prevalence and pathogenicity in the
studied population.

The prevalence of CKD is expected to increase among
T2DM patients of younger ages. A previous study from
the USA evaluated kidney functions in T2DM patients,
they found that the age-adjusted prevalence of CKD
decreased over the years, indicating a possibility of early
onset of CKD with time. Herein, we noticed a reduction
in the eGFR among T2DM patients who were more than
50 years old compared to a previous report in 2016 which
indicated an increase in the CKD prevalence in T2DM
patients who were more than 65 years old [23].

T2DM patients have a higher risk of developing CKD
compared to nondiabetic patients [8]. The high blood
sugar in diabetics alters glomerular hemodynamics and
makes the vessels narrow and clogged which damages the
blood vessels in the kidney causing diabetic nephropa-
thy [15, 26]. Diabetic nephropathy is a serious complica-
tion that progresses slowly along with the diabetes onset
duration [15, 26]. In agreement with our findings, the
eGFR values were significantly reduced with the increase
in diabetes onset duration.
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The eGER values were significantly associated with sCr
in T2DM patients. This Confirms the previous findings
by Nelson et al., who found that the increase in serum
creatinine level was associated with a decrease in eGFR
and CKD stages progression [27]. The presence of PU
was also associated with the decrease in eGFR. The same
finding was reported in a study from Japan, they found
that the eGFR value from patients with PU was lower
than that in patients without [28]. The increase in sCr
and the presence of PU are considered strong predictors
for reduced kidney functions.

Interesting associations were detected between HbA1C
level with diabetes duration; FBS levels; sCr level; and
urine ACR values, confirming previous reports about the
correlations between the different biochemical variables
in the T2DM patients [29-33] Further, an association
was also detected between PU with sCr, and ACR con-
firming previous findings [31]. These findings encourage
more investigation into the mechanism of action and the
effect of the high glucose level on other clinical param-
eters, which eventually affect whole-body functions.

5.1 Limitations

The limitations of this research include; a group of T2DM
patients who were hesitant or not interested in partici-
pating in the study. This might create a selection bias that
affects the generalizability of the research results because
of the low sample size. The nature of the cross-sectional
studies that are susceptible to different types of bias. The
information bias arises from the missing information
about patients’ clinical parameters. Of note, this research
is free of any potential bias since the T2DM patients were
approached randomly, and their participation was not
subjected to any benefits.

6 Conclusions

This study provides evidence of the increasing risk of
kidney diseases among T2DM patients. The eGFR val-
ues were significantly reduced with the increase in age,
diabetes onset duration, and abnormal clinical param-
eters. Therefore, T2DM patients have to go under regular
checks on their clinical parameters especially those with
other risk factors such as hypertension and hyperlipi-
demia. T2DM patients are highly encouraged to adopt a
healthy lifestyle. Patient education is of great importance
to monitor the disease and to slow down the CKD pro-
gression. More updated studies about CKD prevalence
are recommended in the region to reflect the current sit-
uation in the Middle East region.

Abbreviations
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CKD Chronic kidney disease
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FBS Fasting blood sugar
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