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Abstract

Introduction Diabetic nephropathy is a significant complication of diabetes and a leading cause of chronic kidney
disease (CKD) globally. This study aimed to assess the decline of renal function and all-cause mortality and identify the
contributing risk factors among Palestinian patients with diabetes.

Methodology The study employed a prospective cohort design, enrolling 311 patients with type 2 diabetes mellitus
(T2DM) attending primary health care centers in Palestine. Baseline data were collected in 2018 to determine the
prevalence of CKD in patients with T2DM. Subsequently, the patients were followed up for three years to assess renal
function and identify significant associated risk factors. The primary outcomes examined were estimated glomerular
filtration rate (eGFR) decline and all-cause mortality.

Results During the three-year follow-up, 37.5% of the patients experienced eGFR decline, averaging 4.2 ml/
min/1.73 m? per year. Males showed a significant association with eGFR decline with 5 times higher risk of developing
eGFR decline. Hypertensive patients were 2.4 times more likely to experience decline. Regarding all-cause mortality,
14.1% of the patients died, with an incidence rate of 51.3 deaths per 1000 person-years. The risk of all-cause mortality
was 5.5 times greater for patients with impaired renal function at baseline and 10.8 times greater for patients who had
eGFR decline.

Conclusion This study highlights the importance of early detection of CKD in patients with diabetes, prompting
more comprehensive management of risk factors related to eGFR decline and mortality. Furthermore, it underscores
the need for future research in this patient population, including investigations about other relevant risk factors and
the impact of different medications, such as anti-diabetic and antihypertensive medications, on the GFR decline and
mortality rate.
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Introduction

Diabetic nephropathy is a major cause of chronic kid-
ney disease (CKD) and end-stage renal disease (ESRD)
worldwide [1, 2]. All patients with T2DM should have
an annual screening for diabetic nephropathy, which
includes measuring estimated glomerular filtration rate
(eGFR) and urine albumin levels [3]. eGFR, which con-
siders factors like age, race, and gender, is the primary
method for assessing kidney function. CKD is defined as
having eGFR <60 or eGFR>60 ml/min/1.73 m* with evi-
dence of kidney damage, such as albuminuria, according
to KDIGO 2012 guidelines [4].

Kidney function naturally declines with age, with a
gradual decrease in eGFR in persons aged 70 and above
[5]. However, the decline in eGFR in patients with CKD
is influenced by a variety of factors, several of which are
modifiable, such as hypertension, elevated blood sugar
levels, smoking, dietary habits, and obesity [6]. Identify-
ing and controlling these risk factors is crucial to delay
the onset and progression of kidney disease.

Over 15 years, a UK study revealed that 38% of patients
with diabetes developed albuminuria, 28% developed
renal impairment, and 14% developed both condi-
tions [7]. The progression of CKD in patients with dia-
betes is an inevitable process. In the early stages of
diabetic nephropathy, hyper-filtration occurs, leading to
an increase in eGFR. As the disease progresses, eGFR
decreases, and patients ultimately develop ESRD [8].
CKD significantly raises the risk of all-cause mortality in
patients with diabetes, increasing it from 11.5% for those
with diabetes alone to 31.1% for those with both diabetes
and CKD [9, 10].

The decline in eGER in CKD patients is linked to signif-
icant healthcare costs, with costs increasing dramatically
as kidney function deteriorates. For example, the cost of
care ranges from a few hundred dollars per month for
individuals with mild CKD to tens of thousands of dollars
per month for patients in advanced stages or ESRD [11,
12]. These financial implications further underscore the
importance of early intervention and targeted manage-
ment strategies.

In Palestine, the prevalence of diabetes mellitus in the
West Bank was 15.3% in 2010 and is forecast to increase
to 23.4% in 2030 [13, 14]. In 2019, a study conducted in
Gaza revealed that 45.2% of adults aged 40 and older
who regularly visited primary healthcare centers were
diagnosed with type 2 diabetes [15]. In addition, diabe-
tes was the fourth leading cause of death, accounting for
12.1% of all deaths in 2019 versus 8.9% in 2014 [16-18].
This study builds upon a previous cross-sectional base-
line study undertaken by the research team back in 2018,
aimed to determine the prevalence of CKD among dia-
betic adults, revealing a rate of 23.6% [19]. The primary
objective of the current study is to assess the three-year
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decline in renal function and mortality in the previous
study’s cohort of patients with diabetes and identify key
associated risk factors. The findings will contribute to a
better understanding of eGFR decline in this population
and help guide healthcare strategies to reduce mortality
and improve the quality of care for patients with diabetes
in the region.

Methodology

Study design and data source

This study employed a prospective cohort design, enroll-
ing patients with T2DM who sought care at primary
healthcare (PHC) clinics in various cities in the North
West Bank region. In Palestine, individuals diagnosed
with diabetes are registered in PHC centers, where they
undergo regular monitoring and receive comprehensive
healthcare treatment. This study serves as a follow-up
to prior research conducted in 2018, referred to as the
baseline study [19]. In 2018, we collected baseline data,
encompassing information related to hypertension, cre-
atinine levels, HbAlc measurements, and other perti-
nent variables, from T2DM patients receiving treatment
at PHC centers in the North West Bank region. In the
current study, we initiated a three-year follow-up start-
ing in 2018, evaluating the decline of kidney function and
monitoring other variables that could potentially influ-
ence kidney function and all-cause mortality. All patients
who participated in the baseline study were included in
the current study except those who were alive and had
lost follow-up beyond 2018. Data collection took place
between September 2018 and March 2022, utilizing elec-
tronic medical records and patient files from the PHC
centers. The data was securely stored, ensuring restricted
access solely to researchers involved in the project. The
necessary approvals were received from the An-Najah
National University Institutional Review Board (Refer-
ence #: Med. Sep. 2021/8) and the Ministry of Health.

Measurements and laboratory data
For this study, hypertension status, smoking history,
HbAlc, and lipid profile, including HDL and LDL cho-
lesterol, were extracted from patients’ computerized
records. The blood pressure measurements were taken
by skilled nurses utilizing electronic sphygmomanom-
eters and were subsequently documented in the records.
Height and weight measurements were retrieved from
patients’ medical records and employed to calculate body
mass index (BMI). Obesity was determined as a BMI > 30.
Creatinine readings for each year were obtained from
medical records, and the 2009 CKD-Epi formula was uti-
lized to calculate eGFR [20, 21]. We used the 2009 ver-
sion to ensure consistency with the baseline study for
comparative analysis. Impaired renal function (IRF) was
defined as eGFR <60 ml/min/1.73 m?.
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The study’s primary outcomes encompassed eGFR
decline and all-cause mortality status. eGFR decline was
defined as a decrease in eGFR after a three-year follow-
up, calculated by subtracting the latest eGFR reading
from the 2018 baseline reading. All-cause mortality was
defined as individuals who died during the follow-up
period.

Statistical analysis

Statistical analyses were conducted using SPSS ver-
sion 20.0 for Windows software (IBM Corp., Armonk,
NY). Categorical data were expressed as counts and
percentages, while continuous data were presented as
mean * standard deviation unless specified otherwise.
Differences in patient characteristics and risk factors of
eGFR decline and mortality were assessed using the chi-
square test for categorical variables and the independent
t-test for continuous variables when appropriate. Multi-
variate binary logistic regression was employed to con-
trol for confounders and assess variables associated with
eGFR decline and mortality. Statistical significance was
defined as a p-value < 0.05.

Results

Out of the initial pool of 386 patients, 311 partici-
pants were included in the current study, as 75 patients
were excluded due to loss of follow-up and incomplete
records. At baseline, the average age of the sample was
61+10.1 years, and the mean BMI was 32.8 +5.8. Among
the participants, 51.1% were female, and 31.8% identified
as smokers. Moreover, 79.8% of the participants also had
hypertension, with an average duration of 8.9 +7.6 years.
All study subjects had diabetes, with an average duration
of 12.4+£8.2 years. The mean eGFR level was 73.7+23.9.
Additionally, 73% of the patients had eGFR > 60 (Table 1).

Table 1 Clinical, background, and laboratory characteristics of
the participants (n=311)

Variables Baseline
n (%)

Age in years(Mean = SD) 61+10.1
Gender

Male 152 (48.9%)

Female 159 (51.1%)
Smoker 96 (31.8%)
BMI(Mean +SD) 328+58
HTN 241 (79.8%)
HTN Duration in years(Mean +SD) 89+76
DM Duration in years(Mean + SD) 124482
eGFR(Mean +SD) 73.7+239
eGFR level(m//min/1.73 m?

>90 89 (28.6%)

60-89 138 (44.4%)

<60 84 (27%)
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After a 3-year follow-up, 37.5% (n=108) of patients
exhibited eGFR decline. Among those, the mean eGFR
decline over the three years was 12.47 ml/min/1.73 m?
equivalent to approximately 4.2 ml/min/1.73 m? per year.
In terms of all-cause mortality, 14.1% (n=44; 95%ClL:
10.5-18.5%) of patients died with an incidence rate of
51.3 deaths per 1000 person-years (Fig. 1). We classi-
fied patients into five groups according to their eGFR at
3-year follow-up and found that groups with eGFR =60
had a higher mean eGFR at 3-year follow-up than base-
line. Conversely, groups with eGFR <60 exhibited a lower
mean eGFR at 3-year follow-up than baseline (Fig. 2). We
also classified patients according to their eGFR at base-
line. As patients’ baseline eGFR decreased, the mortal-
ity rate increased. Individuals without IRF (eGFR >60)
had 24.4 deaths per 1000 person-years, while those with
IRF (eGFR<60) had 92.5 deaths per 1000 person-years
(Fig. 3).

Table 2 displays the patients’ background characteris-
tics and clinical and laboratory predictors related to the
eGFR decline. Notably, the average age of patients with
eGFR decline was 63.1 years, which was higher than
the average age of those without decline (59.3 years)
(p=0.002). Regarding gender, approximately 56% of
male patients experienced eGFR decline, while 21.1% of
females did (p<0.001). Among hypertensive patients,
41.9% had eGEFR decline, compared to 19% among those
without hypertension (p<0.001). There was a signifi-
cant association between IRF at baseline (eGFR <60) and
eGER decline (p=0.013). Around 50% of patients with
IRF at baseline developed eGFR decline, whereas only
33.5% of patients without IRF at baseline did. However, it
is important to note that the mean values for BMI, dura-
tion of both diabetes and hypertension, smoking status,
HbAlc, HDL and LDL cholesterol levels did not have a
significant impact on eGFR decline. Multivariate regres-
sion analysis showed that gender (aP-value <0.001; aOR:
5; 95%CI: 2.7-8.9) and hypertension (aP-value=0.033;
aOR: 2.4; 95%CI: 1.1-5.2) increase the odds of eGFR
decline.

We investigated the factors associated with all-cause
mortality (Table 3). Our findings revealed that patients
who died had a higher average age at baseline (64.4
years) compared to those who were still alive (60.4 years)
(p=0.014). Furthermore, there was a significant differ-
ence in mortality between males (19.1%) and females
(9.4%) (p=0.015). Regarding hypertension, 15.4% of
patients with hypertension died, while only 8.2% of those
without hypertension died (p=0.149). When examining
the eGFR at baseline, we observed that deceased patients
had a lower mean baseline eGFR of 55.7 (+26.4) ml/
min/1.73 m2, whereas surviving patients had a higher
mean baseline eGFR of 76.6 (+22.2) ml/min/1.73 m2
(p<0.001). Additionally, 32.1% of patients with IRF at
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MAIN OUTCOMES AT 3-YEAR FOLLOW-UP
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Table 2 Relationship between background, clinical, laboratory predictors and eGFR decline
Variables eGFR Decline Multivariate Results
Yes No
n (%) n (%) P-value Adjusted P-value Adjusted OR (95% Cl)
Age at baseline(Mean +SD) 63.1+9.2 5934105 0.002 0.296 1.02 (0.99-1.1)
Gender
Male 76 (55.9%) 60 (44.1%) <0.001 <0.001 5(2.7-8.9)
Female* 32 (21.1%) 120 (78.9%)
BMI at baseline 323454 33246 0.184
(Mean +SD)
Smoker
Yes 40 (44.9%) 49 (55.1%) 0.074 0.588 0.84 (0.46-1.6)
No* 65 (33.9%) 127 (66.1%)
Hypertension
Yes 93 (41.9%) 129 (58.1%) 0.001 0.033 24(1.1-52)
No* 11 (19.0%) 47 (81.0%)
HTN duration at baseline 84+75 89+76 0.580
(Mean £ 5SD)
DM duration at baseline 125+79 122+83 0.810
(Mean +SD)
IRF at baseline (eGFR < 60)
Yes 35 (50.0%) 35 (50.0%) 0013 0.165 1.6 (0.83-3.0)
No* 73 (33.5%) 145 (66.5%)
HbA1c at baseline 86+2.2 8.5+2.02 0.667
(Mean +SD)
HDL cholesterol at baseline(Mean + SD) 463+11.7 4774152 0.544
LDL cholesterol at baseline(Mean +SD) 86.1+27.2 90.1+30.8 0.409

*Reference group;IRF: Impaired renal function, OR: Odds ratio, CI: Confidence interval
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Table 3 Relationship between background, clinical, laboratory predictors and all-cause mortality

Variables All-cause mortality Multivariate Results
Yes (n=44) No (n=267)
Frequency Frequency P-value Adjusted P-value Adjusted OR (Cl 95%)
Age at baseline(Mean + SD) 64.4+8.7 604+10.3 0014 0.831 1.01 (0.95-1.1)
Gender
Male 29 (19.1%) 123 (80.9%) 0.015 0.701 0.79 (0.24-2.6)
Female* 15 (9.4%) 144 (90.6%)
BMI at baseline 323+6 329457 0.522
(Mean +SD)
Smoker
Yes 15 (15.6%) 81 (84.4%) 0478 0.987 0.99(0.3-3.2)
No* 26 (12.6%) 180 (87.4%)
Hypertension
Yes 37 (15.4%) 204 (84.6%) 0.149 0.740 0.75(0.14-4.1)
No* 5(8.2%) 56 (91.8%)
HTN duration at baseline(Mean + SD) 98+8 87176 0411
DM duration at baseline 13.6+94 123+8 0.331
(Mean +SD)
eGFR at baseline 55.7+264 766+222 <0.001
(Mean +SD)
IRF at baseline (eGFR < 60)
Yes 27 (32.1%) 57 (67.9%) 0.002 55(1.8-16.8)
No* 17 (7.5%) 210 (92.5%) <0.001
GFR decline
Yes 18 (16.7%) 90 (83.3%) <0.001 0.001 10.8 (2.8-41.6)
No* 3(1.7%) 177 (98.3%)
HbA1C at baseline 81+18 85+2.1 0.215
(Mean +SD)
HDL cholesterol at baseline(Mean + SD) 479+122 472+14.2 0.857
LDL cholesterol at baseline(Mean +5D) 92.74+355 8794293 0.535

*Reference group;IRF: Impaired renal function, OR: Odds ratio, CI: Confidence interval

baseline died compared to 7.5% of patients without IRF
at baseline (p<0.001). Furthermore, 16.7% of patients
who experienced a decline in eGFR over three years died,
while only 1.7% of those who did not experience a decline
died (p <0.001).

However, we found no statistically significant associa-
tion between all-cause mortality and mean values of BMI,
duration of both diabetes and hypertension, and factors
such as smoking status, HbAlc, HDL, and LDL choles-
terol levels. In multivariate regression analysis, we found
that patients with IRF at baseline (aP-value =0.002; aOR:
5.5; 95%CI: 1.8-16.8) and patients who developed eGFR
decline (aP-value=0.001; aOR: 10.8; 95%CI: 2.8-41.6)
had significantly increased mortality rates.

Discussion

Diabetic nephropathy is characterized by a gradual
eGFR decline, often without noticeable symptoms until
the advanced stages of the disease. In this prospective
cohort study, we aimed to assess the decline of eGFR, all-
cause mortality, and the contributing risk factors among
patients with diabetes. The study revealed that 37.5% of

the patients experienced eGFR decline over the 3-year
follow-up period, with an average annual decline rate of
4.2 ml/min/1.73 m2. This decline rate aligns with pre-
viously reported rates in different countries like Saudi
Arabia (3.3 mL/min/1.73m2/year) [22], Brazil (4.7 ml/
min/1.73 m2) [23] and Turkey (4.99 ml/min/1.73 m2)
[24].

Several risk factors were identified as contributors to
the decline in eGFR. Male patients had 5 times higher
risk of experiencing eGFR decline, which aligns with pre-
vious research linking male gender to a decline in eGFR
[25, 26]. Therefore, healthcare providers should closely
monitor the renal function of diabetic male patients,
potentially through more frequent assessments of eGFR
and tailored treatment plans. These findings also high-
light the importance of personalized, gender-specific
approaches in diabetes care, recognizing that biological
differences between males and females may significantly
impact disease progression and outcomes.

Our study observed a significant association between
hypertension and eGFR decline. Hypertensive patients
were found to be 2.4 times more likely to experience a
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decline in eGFR compared to patients without hyper-
tension. This finding is consistent with previous stud-
ies [24, 27, 28]. Fluctuations in blood pressure directly
impact kidney function, and high blood pressure dete-
riorates CKD, leading to an increased incidence of ESRD
and a heightened risk of cardiovascular diseases [29, 30].
Additionally, dietary habits in Palestine, which combine
traditional plant-based foods with an increasing intake
of Western-style processed items, may contribute to a
decline in kidney function [31]. The increased intake of
high-salt, sugary, and fried foods -with an average salt
intake of 7 g per day in Palestine [32] - may exacerbate
hypertension and its associated complications [33]. Rec-
ognizing the connection between hypertension and a
decline in eGFR highlights the importance of closely
managing blood pressure in patients with diabetes to
mitigate kidney damage. Early identification and treat-
ment of hypertension have the potential to slow down
the rate of eGFR decline, thereby delaying ESRD and the
need for dialysis or kidney transplantation.

Early in the course of diabetic nephropathy, there is a
hyperfiltration phase that leads to an increase in eGFR.
The dilation of the afferent glomerular arteriole, caused
by hormones and vasoactive substances that are elevated
in patients with diabetes, such as insulin-like growth
factor 1, atrial natriuretic peptide, sex hormones, intra-
cellular sorbitol, and early glycation products, plays an
important role in hyperfiltration [34]. This can explain
the phenomenon in Fig. 2, as patients in the eGFR =60
group exhibited a higher mean eGER at 3-year follow-up
than the baseline.

The study also found a correlation between IRF at base-
line and eGFR decline. This can be explained by the fact
that nephron loss occurs early in diabetic nephropathy,
with the remaining nephrons undergoing hypertrophy
to sustain the GFR. However, there is a point where this
compensatory mechanism reaches its limit, resulting in a
rapid decline in eGFR as more nephrons are lost [35].

Over the 3-year follow-up period, we observed that
14.1% of our patients died, resulting in an all-cause mor-
tality rate of 51.3 deaths per 1000 person-years. This is
comparable to a study in the United States of America,
which reported an all-cause mortality rate of 50.6 per
1000 person-years [36]. Other studies conducted in Iran,
Taiwan, and Korea also reported rates of 38.2, 29.6, and
24.5 per 1000 person-years, respectively [37-39].

Various factors influence the all-cause mortality in
patients with diabetes. Our investigations revealed that
as eGFR decreases, mortality rates increase (Fig. 3). We
observed 27% of our patients had IRF (eGFR < 60) at base-
line. These individuals faced a significantly higher risk of
all-cause mortality which was 5.5 times higher compared
to those without impairment. Moreover, patients who
exhibited a decline in eGFR had a 10.8 times higher risk
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of all-cause mortality than those with no eGFR decline, as
indicated in Table 3. This finding is consistent with other
studies that have demonstrated a substantial increase in
all-cause mortality in patients with eGFR decline [22, 40].

These noteworthy results highlight the necessity of
more vigilant surveillance of patients in advanced stages
of diabetic nephropathy, with a specific emphasis on
identifying and addressing the factors that contribute to
mortality. They also highlight the need for early interven-
tions that preserve kidney function to improve the prog-
nosis for diabetic individuals.

.While this study provides valuable insights, there are
a few limitations to consider. Some patients could not
attend their scheduled appointments at PHC centers
during the follow-up period, likely due to the impact of
the COVID-19 pandemic. This led to incomplete data in
their records, with 75 patients excluded due to loss of fol-
low-up, resulting in a relatively small cohort. Addition-
ally, limited resources in primary care settings resulted
in insufficient data on albuminuria. Although comorbid-
ity factors were addressed, the study did not explore the
effect of targeted interventions on GFR progression. This
could further enhance our understanding of the factors
influencing kidney function decline.

Conclusion

The study demonstrates that the eGFR declined at a rate
of 4.2 ml/min/1.73 m2 per year among T2DM patients.
This decline was significantly associated with male gen-
der, hypertension, and IRF. Moreover, the all-cause
mortality rate was 51.3 deaths per 1000 person-years.
Individuals with IRF and GFR decline were found to have
a higher risk of all-cause mortality. This study highlights
the importance of early detection of CKD in patients
with diabetes, prompting more comprehensive manage-
ment of risk factors related to GFR decline and mortality.
Furthermore, it underscores the need for future research
in this patient population to investigate the impact of
different medications, such as anti-diabetic and antihy-
pertensive medications, on the rate of GFR decline and
mortality.
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