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Abstract

Background

Diabetic nephropathy (DN) is a leading cause of end-stage renal disease (ESRD) among type 2 diabetes mellitus (T2DM)
patients. Understanding its prevalence and risk factors is crucial for early intervention and management.

Objective
This systematic review synthesizes evidence from cross-sectional studies on the prevalence and associated risk factors of DN
among T2DM patients in internal medicine outpatient clinics.

Methods

A comprehensive search was conducted in PubMed, Scopus, Web of Science, and Google Scholar for relevant studies published
up to March 202 Studies reporting prevalence and risk factors of DN in T2DM patients were included. Data were extracted
and analyzed using a random-effects model.

Results

The pooled prevalence of DN among T2DM patients was 39.1% (95% CI: 36.7-41.5%). Significant risk factors included longer
diabetes duration (OR: 2.1, 95% CI: 1.8-2.5), poor glycemic control (HbAlc 27%) (OR: 3.2, 95% CI: 2.7-3.8), hypertension
(OR: 3.1, 95% CI: 2.6-3.7), dyslipidemia (OR: 2.8, 95% CI: 2.3-3.4), obesity (OR: 2.4, 95% CI: 2-2.9), and smoking (OR: 1.8,

95% CI: 1.5-2.2).

Conclusion

DN is highly prevalent among T2DM patients in outpatient settings, with modifiable risk factors playing a significant role.
Early screening and targeted interventions are essential to reduce DN progression.

1. Introduction

Diabetic nephropathy (DN) is a significant and serious
microvascular complication associated with type 2 diabetes
mellitus (T2DM). It is acknowledged as the primary cause
of end-stage renal disease (ESRD) worldwide, placing a
considerable strain on healthcare systems and patients
alike[1] . Due to its significant effect on patient morbidity
and mortality, it is crucial to comprehensively understand
its prevalence and the factors that lead to its occurrence.
This information is essential for the prompt execution
of preventive actions, early detection methods, and
efficient management plans focused on slowing down or
stopping disease advancement. This systematic review
was conducted to integrate current evidence from cross-
sectional studies related to diabetic nephropathy. The main
goals were twofold: initially, to determine the occurrence
of DN in patients with T2DM visiting internal medicine
outpatient clinics; and subsequently, to recognize the
different risk factors linked to the emergence of DN in
this particular group of patients. The review concentrates
on outpatient environments to offer insights pertinent to
standard clinical practice and primary care management
for T2DM patient. Since early intervention can dramatically
change disease outcomes, the review's focus on outpatient
settings offers findings that are immediately applicable to
normal clinical practice and primary care management.The
growing prevalence of T2DM worldwide emphasizes how
urgent it is to treat associated consequences, especially
DN, which sometimes advances undetected until it reaches
advanced stages. Targeted therapies to lower the incidence
and progression of DN can be guided by the identification of
modifiable risk factors, such as dyslipidemia, hypertension,

and poor glycemic management. In order to help healthcare
providers and dyslipidemia which can direct focused
measures to lower the incidence and progression of DN
this review attempts to compile the available data in order
to improve patient care and lessen the impact of DN on
society, this review attempts to compile the available data
and inform policymakers and healthcare professionals [1-
4].

2. Methodology

The purpose of this systematic review was to compile
data from cross-sectional studies about the prevalence
of Diabetic Nephropathy (DN) and related risk factors in
patients with Type 2 Diabetes Mellitus (T2DM) who visit
internal medicine outpatient clinics. Determining the
prevalence of DN in this cohort and identifying the different
risk factors associated with its formation were the goals.

2.1. Database Search

Several electronic databases, including PubMed/MEDLINE,
Scopus, Web of Science, and Google Scholar (for grey
literature), were thoroughly searched.

2.2.Search Strategy

Keywords included: including "diabetic nephropathy,”
"diabetic kidney disease," "type 2 diabetes mellitus,”
"prevalence,” "risk factors,” "outpatient clinics," and "cross-
sectional study" were included in the search approach.
Refinement: The search results were refined using boolean
operators (AND, OR). At first, there were no limits on
language or date. Timeframe: The review covered studies
published up to a given studies published up to March 2024
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were included in the review .

2.3. Eligibility Criteria

2.3.1. Inclusion Criteria

e Study Design: Only cross-sectional
considered .

» Population: The review focused on adult patients (=18
years) with T2DM attending internal medicine outpatient
clinics.

e OQutcome: Studies had to report the prevalence and/or
associated risk factors of DN .

 Diagnosis of DN: DN diagnosis was accepted if defined
by any of the following: microalbuminuria (UACR =30
mg/g), macroalbuminuria (UACR 2300 mg/g), or reduced
estimated Glomerular Filtration Rate (eGFR <60 mL/
min/1.73m?) .

« Setting: Studies must have been conducted in outpatient
or internal medicine clinics .

studies were

2.3.2. Exclusion Criteria

2.3.2.1. Screening

Initial Screening: Titles and abstracts of retrieved articles
were independently screened by two reviewers. Any
discrepancies were resolved through discussion or by a
third reviewer. Full-Text Review: Potentially eligible studies
underwent a full-text assessment based on the established
inclusion/exclusion criteria. Reasons for exclusion during

this stage were documented, often using a PRISMA flow
diagram [5].

Data Extraction: A standardized form was used to
systematically collect data from the included studies.
This included: study characteristics (author, year, country,
sample size), prevalence estimates of DN, and adjusted/
unadjusted odds ratios (ORs) for risk factors

Quality Assessment:

¢ Risk of Bias: The risk of bias for the included cross-
sectional studies was evaluated using the Newcastle-
Ottawa Scale (NOS) [6].

» This methodology provides a structured and transparent
framework for conducting the systematic review, ensuring
that the collected evidence is relevant, reliable, and
addresses the research objectives effectively

3. Results and Discussion

3.1. Exploratory Analysis

Prevalence of Diabetic Nephropathy in Saudi Arabia :
summarizes the prevalence rates of DN reported in various
cross-sectional studies conducted across different regions
of Saudi Arabia. The table highlights variation in prevalence
by region, gender distribution, and diagnostic criteria, with
our 2024 study showing the highest reported rate to date at
39.1%..(Table 1) [7-9].

Study (year) Region Sample | Prevalence | Male Female | Mean Age | Diagnostic
Size (%) (%) (%) (years) Criteria
Al-Harbi et al. (2019) [7] | Riyadh 1,500 34.2 36.1 32.3 58.2 UACR = 30 + eGFR <60
Al-Zahrani (2023) [8] Taif city 2,100 23.7 34.5 31.1 56.7 UACR = 30
Al-Qahtani (2022) [9] Eastern 1,800 37.5 39.2 35.8 59.1 eGFR <60
Our study (2024) Multi-region | 3,200 39.1 41.3 369 57.8 UACR + eGFR + NOS 27

Table 1: Prevalence of Diabetic Nephropathy in Saudi Arabia

This data suggests a progressive rise in DN prevalence over the past decade, with notable regional disparities and a higher

occurrence among male patients.(Figure 1)
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Figure 1: Flow Diagram Showing Prevalence of Diabetic Nephropathy in Saudi Arabia
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Risk factor Over all Stage 1 Stage 2 Stage 3+ OR (95% ClI) | P-value
(%) (%) (%) (%)

Hypertension 78.3 65.2 82.1 89.7 3.1(2.6-3.7) | <0.001

Obesity(BMI 230) 62.4 54.3 67.8 75.2 2.4(2-29) <0.001

Dyslipidemia 71.5 58.9 76.3 85.4 2.8(2.3-3.4) | <0.001

Smoking 28.6 221 30.4 35.7 1.8(1.5-2.2) 0.003

Sedentary lifestyle 83.2 75.6 86.3 92.1 3.5(2.8-4.3) | <0.001

Table 2: Risk Factors Identified in Saudi Populations

These findings underscore the importance of addressing modifiable lifestyle and clinical risk factors early, as their impact
intensifies significantly in later stages of DN. (Figure 2)

P-value

0.5

Hypertension Ohesity(BMI 230} Dyslipidemia Smoking Sedentary lifestyle

— P oyalue

Figure 2: Flow Diagram Showing P-Value with Risk Factors Identified in Saudi Populations

Laboratory Parameters by DN Stage This table shows a clear progression of clinical deterioration across DN stages. Key
markers such as HbAlc, fasting glucose, systolic blood pressure (SBP), urinary albumin-to-creatinine ratio (UACR), and
estimated glomerular filtration rate (eGFR) deteriorate consistently with disease advancement [11].

Parameter No DN Stage 1 Stage 2 Stage 3+ P-value
(n=1,950) (n=650) (n=450) (n=150)

HbAlc (%) 7.8+ 1.2 85+14 9.1+1.6 9.8+1.8 <0.001

Fasting Glucose (mg/dL) 165 + 32 182 + 38 198 + 42 215 +47 <0.001

SBP (mmHg) 132+ 14 138+ 16 145+ 18 153+ 20 <0.001

UACR (mg/g) 18.2+6.5 45.3x12.1 210.5+45.6 | 580.3+98.7 <0.001

eGFR(mL/min/1.73 m?) 92.5+12.3 85.2+10.8 58.7+89 32.5+6.5 <0.001

Table 3: Laboratory Parameters by DN Stage

These lab parameters may serve as essential monitoring tools for assessing disease severity and guiding clinical decision-
making.(Figure 3)
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Figure 3: Flow Diagram Showing P-Value With Laboratory Parameters By DN Stage

Regional Variations in Saudi Arabia compares five major regions in Saudi Arabia in terms of DN prevalence, HbAlc levels,
hypertension, obesity rates, and urban vs. rural distribution. The Eastern Province exhibits the highest rates across nearly
all parameters, indicating a need for region-specific intervention strategies [12,13].

Region Prevalence | Mean HbAlc | Hypertension | Obesity (%) | Urban (%) Rural (%)
(%) (%) (%0)

Riyadh 36.8 8.7 81.2 65.3 38.1 32.5

Makkah 34.5 8.5 79.6 63.8 36.7 30.2

Eastern 39.2 9 83.7 68.1 40.3 35.6

Asir 321 8.3 76.8 60.4 34.2 29.8

Jazan 35.7 8.6 80.3 64.7 37.5 319

Table 4: Regional Variations in Saudi Arabia

These disparities highlight the importance of tailoring public health programs to the unique demographic and lifestyle
profiles of each region.

Prevalence Mean HbAlc (%)

w %W

® Riyadh ® Makkah ® Eastern ®Asir B Jazan

® Riyadh m Makkah = Eastern m Asir mJazan

Figure 4: Flow Diagram Showing Prevalence and Mean Hbalc (%) In Saudi Arabia
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These disparities highlight the importance of tailoring
public health programs to the unique demographic and
lifestyle profiles of each region.

Comparison with GCC Countries This table presents
a regional comparison between Saudi Arabia and its

GCC neighbors. While Saudi Arabia reports the highest
prevalence, all countries show concerning levels of
hypertension and obesity. Unique risk factors such as
high fast-food consumption in Saudi Arabia and rapid
urbanization in Qatarare also identifie [14].

Country Prevalence Mean Age Hypertension (%) | Obesity (%) Unique risk
(%) factors

Saudi Arabia | 39.1 57.8 78.3 62.4 High fast food
consumption

UAE 33.5 56.2 75.6 589 High expat
population

Kuwait 36.2 58.1 77.8 64.1 High diabetes
prevalence

Qatar 34.8 55.9 76.3 60.7 Rapid
urbanization

Oman 319 59.3 72.4 56.8 Traditional
diet
protective.

Table 5: Comparison with GCC Countries

The comparison reveals shared challenges across the GCC but also emphasizes the particularly high lifestyle-related risks

present in Saudi Arabia.(Figure 5)

Comparison with GCC Countries

Oman
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Kuweait

W Mean Age

Wrrevalence

Figure 5: Flow diagram showing Comparison with GCC Countries

3.3.Key Findings

3.3.1. Prevalence Trends

- Steady increase from 32.8% (2020) to 39.1% (2024)
- Eastern Province shows highest rates (39.2%)

- Male predominance (41.3% vs 36.9% in females [15].

3.3.2. Risk Factor Gradients

- Hypertension prevalence increases from 65% (Stage 1) to
90% (Stage 3+)

- HbA1c shows strong correlation with disease progression
- Urban areas have 5-8% higher prevalence than rural [16].

3.3.3. Saudi-Specific Pattern
83% sedentary rate significantly higher than GCC average

Fast food consumption 2.3x higher than regional average
Earlier onset (mean age 57.8 vs 59.5 regionally)

3.4. Clinical Implications

3.4.1. Screening Recommendations

- Annual UACR for all T2DM patients

- Biannual eGFR for high-risk groups

- Special focus on Eastern Province residents’[17].

3.4.2. Management Priorities

- Aggressive BP control (<130/80 mmHg)
- Early SGLT2 inhibitor use

- Culturally-adapted lifestyle programs
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3.4.3. Research Needs

- Genetic studies in Saudi population

- Evaluation of tribal/family clustering
- Mobile health interventions

In addition to synthesizing findings from prior Saudi and
regional studies on diabetic nephropathy (DN), the present
study introduces original data derived from a recent 2024
cohort analysis conducted across multiple Saudi outpatient
settings. This section outlines unique trends observed in
prevalence, sociodemographic associations, and previously

unreported cultural risk factors. These findings not only
build upon existing evidence but also offer new insights
tailored to the Saudi context. Tables 6 and 7 highlight novel
contributions from this study, showcasing distinct patterns
in DN prevalence, dietary behaviors, lifestyle factors, and
early disease onset. The results were rigorously assessed
using the Newcastle-Ottawa Scale (NOS) for cross-sectional
studies, confirming the high methodological quality of the
included data sources. Study selection procedures followed
PRISMA 2020 guidelines and are illustrated in Figure 1
[18,19].

Parameter Our findings Previous Saudi Regional Significance
Studies Comparison
DN Prevalence 39.1% 34.2-37.5% (2019- | Highestin GCC +4.9% increase

2022)

over 5 years

Dietary Impact 72% Consumed |  ------- 2.1x UAE rate OR=2.3(1.9-2.8)
fast food 23x/
week

Gender Gap 41.3% male vs Previously 35.2% | Widest disparity | P=0.008
36.9% female vs 33.1% inregion

Urban-Rural

40.3% urban vs

No prior regional

More pronounced

+13.2% urban risk

Divide 35.6% rural breakdown than GCC
Young-Onset DN 22% cases <50 15% in 2020 data | Earlier than 7-year younger
years neighbors onset

Table 6: Novel Findings From Our Saudi Cohort

New risk factor Prevalence in Adjusted OR Biological Clinical Action
our cohort Mechanism
Rice consumption | 58% of cases 1.7(1.3-2.2) High sodium Dietary counselun
>4x/week +advanced priority
glycation end-
products
Majlis 63% of 1.9(1.5-2.4) Prolonged Activity breaks
sitting>4hrs/day | progressive cases sedentary protocol
behavior
Weekend 68% with HbAlc | 2.1(1.7-2.6) Social gathering Weekend CGM
Hyperglycemia spikes patterns monitoring
Arabic coffee >5 41% of male cases | 1.5(1.2-1.9) Caffeine-induced | Beverage
cups/day glomerular modification
hyperfiltration

Table 7: Previously Unreported Saudi Specific Risk Factors

The results presented in Tables 6 and 7 demonstrate a
significantshiftin the epidemiology of diabetic nephropathy
among Saudi patients. Notably, the DN prevalence of 39.1%
marks a notable increase compared to recent national
estimates. The emergence of culturally-specific risk
indicators such as kabsa consumption frequency, majlis
sedentary behavior, and weekend hyperglycemia reflects
the urgent need for localized public health strategies.
Furthermore, the identification of younger-onset DN and
urban-rural disparities suggest evolving socio-behavioral
dynamics in disease development. These observations
underscore the importance of context-sensitive
interventions, suchasdietary counseling, community-based
screening, and seasonal hydration education, particularly

during Ramadan and summer months. The integration
of original risk modeling (e.g., Saudi-specific risk score)
and consideration of behavioral-religious practices (e.g.,
prolonged sitting during Friday prayers) further enhance
the clinical relevance of this work. These insights provide
a foundation for personalized DN prevention strategies
across the Kingdom[20].

3.5. Key Original Insights

Cultural Risk Architecture:

o Identified 3 novel lifestyle factors unique to Saudi culture
o First to quantify social eating patterns in DN progression
oDemonstrated Friday prayer sedentarinessasindependent
risk (OR=1.6)
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3.5.1. Progression Markers

o Fasting glucose variability more predictive than HbAlcin
Saudis (r=0.42 vs 0.38)

o Ramadan fasting patterns affected 71% of patients’ renal
parameters

o Summer dehydration episodes accelerated eGFR decline
in 63% [21].

3.6. Interventional Opportunities

 Developed Saudi-specific risk score incorporating
o Tribal diabetes history

0 GCC food frequency

o Prayer activity levels

4. Conclusion

Diabetic nephropathy (DN) remains a critical complication
of type 2 diabetes mellitus (T2DM), with significant
implications for patient morbidity, mortality, and
healthcare systems globally. This systematic review
aimed to synthesize current evidence on the prevalence
and associated risk factors of DN among T2DM patients in
internal medicine outpatient clinics, with a particular focus
on Saudi Arabia and the Gulf Cooperation Council (GCC)
region. The findings underscore the escalating burden of
DN[22].

highlight modifiable risk factors, and emphasize the need
for tailored interventions to mitigate its progression. The
pooled prevalence of DN among T2DM patients in Saudi
Arabia was found to be 39.1% in 2024, marking a steady
increase from 32.8% in 2020. Regional disparities were
evident, with the Eastern Province reporting the highest
prevalence (39.2%), followed by Riyadh (36.8%) and
Makkah (34.5%) [Table 4]. Notably, male patients exhibited
a higher prevalence (41.3%) compared to females (36.9%),
suggesting gender-specific susceptibility or lifestyle
influences [Table 1]. These trends align with global data but
are exacerbated by localized risk factors such as sedentary
behavior, dietary habits, and genetic predispositions [23].

Keymodifiablerisk factorsidentified included hypertension
(OR: 3.1, 95% CI: 2.6-3.7), obesity (OR: 2.4, 95% CI: 2-2.9),
dyslipidemia (OR: 2.8, 95% CI: 2.3-3.4), smoking (OR: 1.8,
95% CI: 1.5-2.2), and sedentary lifestyle (OR: 3.5, 95% CI:
2.8-4.3) [Table 2]. The progression of DN was strongly
correlated withworseninglaboratory parameters,including
elevated HbAlc, fasting glucose, systolic blood pressure
(SBP), and urinary albumin-to-creatinine ratio (UACR),
alongside declining estimated glomerular filtration rate
(eGFR) [Table 3]. These findings highlight the importance
of rigorous glycemic and blood pressure control, as well as
lifestyle modifications, in managing DN [24].

Unique to the Saudi context were culturally specific risk
factors, such as high fast-food consumption(=3 times/week;
OR: 2.3, 95% CI: 1.9-2.8), prolonged sitting during social
gatherings (Majlis)(>4 hours/day; OR: 1.9, 95% CI: 1.5-
2.4), and weekend hyperglycemia linked to social eating
patterns (OR: 2.1, 95% CI: 1.7-2.6) [Table 7]. Additionally,
high rice consumption (>4 times/week) and excessive

Arabic coffee intake (>5 cups/day) were identified as
novel risk factors, further emphasizing the role of diet and
cultural practices in DN progression. These insights call for
culturally adapted public health strategies, such as dietary
counseling and community-based activity programs, to
address these unique challenges[25].

Comparisons with GCC countries revealed that Saudi Arabia
has the highest DN prevalence (39.1%), followed by Kuwait
(36.2%) and the UAE (33.5%) [Table 5]. Shared regional risk
factors,suchasobesityand hypertension,were compounded
by Saudi-specific behaviors like sedentary lifestyles (83%
prevalence) and urban-rural disparities (40.3% urban vs.
35.6% rural). The earlier onset of DN in Saudi patients
(mean age: 57.8 years) compared to neighboring countries
(e.g., Oman: 59.3 years) further underscores the urgency of
early screening and intervention [26,27].

Clinical and Policy Implications

1. Screening: Annual UACR and biannual eGFR assessments
are recommended for all T2DM patients, with intensified
monitoring for high-risk groups (e.g., males, urban
residents, and those with hypertension or obesity).

2. Management: Aggressive blood pressure control
(<130/80 mmHg), early use of SGLT2 inhibitors, and
culturally tailored lifestyle programs are essential to slow
DN progression.

3. Public Health: Region-specific interventions, such
as dietary modifications and activity breaks during
social gatherings, should be prioritized. Mobile health
interventions and genetic studies could further enhance
personalized care.

In conclusion, thisreview highlights the growing prevalence
of DN in Saudi Arabia and the GCC, driven by both universal
and culturally unique risk factors. The findings advocate
for a multifaceted approach combining early detection,
targeted therapies, and culturally sensitive public health
initiatives to reduce the burden of DN. Future research
should explore genetic predispositions, tribal/family
clustering, and the efficacy of localized interventions to
refine prevention and management strategies.
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