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Purpose: We investigated the prevalence and associated risk factors of DNP in T1DM patients in Taif city, Saudi Arabia, where the 
renal diseases are prevalent. The incidence of diabetic nephropathy (DNP) is increasing in Saudi Arabia, and the country is also ranked 
4th in terms of the number of diagnosed type-1 diabetes (T1DM) patients.
Patients and Methods: The retrospective cohort study was conducted with type-1 diabetes patients registered at King Abdulaziz 
Specialist Hospital in Taif, Saudi Arabia. A total of 198 patients (aged > 18 years), had T1DM for more than 5 years with documented 
albuminuria; albumin-creatinine ratio (ACR) ≥30 mg/g creatinine in two of three urine samples or estimated glomerular filtration rate 
(eGFR) <60 mL/min/1.73 m2, were included in the study. Patients’ demographic and laboratory data were collected from medical 
records. A regression analysis model was used to identify risk factors for DNP. Statistical significance was set at P < 0.05.
Results: The overall prevalence of DNP was 23.7% in our study group, with 8% having low eGFR alone, 20.71% having positive 
ACR and 6.22% having both positive ACR and low eGFR. A statistically significant correlation between DNP and risk factors was 
found for uncontrolled and longer duration of T1DM, elevated ACR, and hypertension (P < 0.05). No statistical significance was found 
for age, sex, or body mass index (BMI).
Conclusion: The prevalence of DNP in T1DM patients in Taif city was higher (23.7%) than the pooled average prevalence in Saudi 
Arabia (20.59%). Patients’ education regarding glycemic and blood pressure control could reduce the burden.
Keywords: type-1 diabetes mellitus, diabetic nephropathy, renal diseases, risk factors, prevalence, Saudi Arabia

Introduction
Diabetes Mellitus type-1 (T1DM) is a serious chronic health condition worldwide, with increasing pervasiveness seen in 
children and in youth.1 It is defined as an autoimmune disease that targets pancreatic β-cells and causes a permanent 
absolute insulin deficit.2,3 Globally, the burden of T1DM is vast. In 2021, approximately 8 million people worldwide had 
T1DM; 18% of them were in age group under 20, 64% were ages 20–59 and 19% were at age 60 or above. It is predicted 
to increase in prevalence by 60–107% from 2021 to 2040.2,4

Saudi Arabia is ranked as the 8th country among top ten countries in the world with high incidence rates of T1DM in 
youth and children and 4th country in terms of the number of diagnosed diabetic patients.5

T1DM is usually associated with poor quality of life, serious long-term sequelae, and a shorter life span.2,3 The 
predominant complication of T1DM is diabetic kidney disease (DKD),5 which can progress to chronic kidney disease 
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(CKD), End-Stage Renal Disease (ESRD), and cardiovascular events.3,6 The clinical diagnosis of DKD begins when 
a patient has albuminuria, a reduced estimated glomerular filtration rate (eGFR), or both.

As the course of DKD in people with T1DM is unpredictable, it is important to identify its risk factors.7 Poor 
glycemic control being the primary cause in the development of diabetic nephropathy.6 Other variables include 
retinopathy, dyslipidemia, hypertension, and male sex have been linked to the development of DKD in T1DM patients.7

Although, both types of diabetes can cause nephropathy, only a small percentage of those with type-2 diabetes develop 
ESKD.7 As excess protein in the urine is seen in T1DM patients more frequently (15–40%) as compared to T2DM patients.8,9

Diabetes accounts for 44% to 45% of incidence instances of ESKD in the US, making it one of the highest rates in the 
world.9 Internationally, there is a lot of variation between nations, with incidence rates ranging from 9% in Russia to 49% 
in Malaysia.9,10 An increased T1DM burden is also seen in other Arab countries, but only few attempts were made to 
study the disease prevalence, its causes and complications.11,12

Saudi Arabia is among the top ten countries with an increasing incidence of diabetic nephropathy.13,14 A higher 
frequency of albuminuria is seen in Saudi women.15 Studies revealed that DKD will progress to ESRD in one out of 
every five Saudi diabetic patients with the females at higher risk than males.16 One study shows that there was 25.1% 
increase in the CKDs within a span of 10 years in the Kingdom.17

In view of this rapid rise in the burden of diabetes and its comorbidities in the Kingdom, the Ministry of Health 
(MOH) in Saudi Arabia had approved a “ten-year National Executive Plan” for the control of diabetes.18 The plan 
included treatment strategies, prevention, and control awareness programs.18

Taif is one of the regions in Saudi Arabia where renal diseases and its risk factors are more prevalent.19,20 In addition, 
knowledge and awareness regarding CKD and its risk factors are very poor among the general public in the city.19

As T1DM is one of the leading causes of CKDs and a serious health issue in Saudi Arabia,21 we devised the present 
study to evaluate the prevalence of DKD and its associated risk factors in registered patients with T1DM at King 
Abdulaziz Specialist Hospital (KASH) in Taif, Saudi Arabia.

This is the first study to address renal complications in type-1 diabetes in one of the regions of Saudi Arabia. This 
effort may be helpful in providing useful insights to deduce an action plan to recognize the risk factors for DKD and 
further promote awareness programs in different regions of the country.

Materials and Methods
This was an observational, retrospective cohort study of T1DM patients at KASH in Taif, Saudi Arabia. The number of study 
participants was evaluated using 16% prevalence of microalbuminuria in Saudi T1DM patients in Jeddah and the total registered 
T1DM patients at KASH (400 patients).22 An estimated sample size was calculated as 151 patients using Rao soft calculator, with 
80% analytical power, 95% confidence level, and 5% margin of error. Patients’ demographic, clinical, and laboratory data were 
collected from their medical records. The data included patients’ age, gender, BMI, eGFR, ACR, A1C, BP, lipid profile etc.

The prevalence of DKD was calculated based on the American Diabetes Association (ADA) criteria, which uses 
albuminuria as a urine albumin-creatinine ratio (UACR) ≥30 mg/g creatinine in two of three specimens collected within 
a 3- to 6-month period, or eGFR <60 mL/min/1.73 m2.23 Also, we referred to some studies that used the same cut-off for 
eGFR as an indicator of kidney disease.24,25

Exclusion criteria included patients under the age of 18 years, those who had diabetes other than T1DM, those who 
had T1DM for less than 5 years, or those who did not have two documented urine samples for ACR.

This study was approved by the Directorate of Health Affairs-Taif’s ethics committee and is following the declaration 
of Helsinki.

The most recent A1C values were obtained from patient records. Then, the patients were classified according to ADA 
guidelines, which consider A1C <7.0% to be the level for optimal control. A1C level greater than 9.0% indicates poor 
control of diabetes.23

Regarding lipid profiles, patients were classified based on the following measures: total cholesterol (normal = <200 mg/dL, 
borderline high = 200–239 mg/dL, high = ≥240 mg/dL), LDL cholesterol (optimal = <100 mg/dL, near optimal = 100–129 mg/dL, 
borderline high = 139–159 mg/dL, high = ≥160 mg/dL), and triglycerides (normal = <150 mg/dL, borderline high = 150–199 mg/ 
dL, high = ≥200 mg/dL).24 Patients’ Body Mass Index (BMI) was recorded using the formula = weight in kilograms divided by 
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the square of height in meters and categorized according to the United States Centers for Disease Control and Prevention (CDC) 
(Underweight = BMI less than 18.5; normal weight, BMI 18.5 to <25; Overweight = BMI 25.0 to <30; and obese, BMI = ≥30.0).25

Blood pressure reading was obtained from the medical record, and patients with average SBP ≥140 mm Hg were defined to 
have high systolic blood pressure, and those with average DBP ≥90 mm Hg were defined to have high diastolic blood pressure.26

Data Analysis
Data analysis was performed using the “Statistical Package for the Social Sciences” (SPSS) version 23, and descriptive 
analysis was performed using frequencies, percentages, means, and standard deviations. Furthermore, a regression 
analysis model was used to identify risk factors for DKD. Statistical significance was set at P < 0.05.

Results
Table 1 presents the demographic and laboratory data of the number (N) of the study participants. The study included 198 
participants. The mean age of the study population was 26.863±8.15. Most of them were females (59%) in which nearly 

Table 1 Participants’ Demographic and Laboratory Data (N = 198)

Variable N (%)

Age Mean ± SD 26.863 ± 8.15

Gender Male 81 (41)

Female 117 (59)

ACR Negative 157 (79.29)

Positive 41 (20.71)

eGFR Normal 182 (91.92)

Low 16 (8.08)

Positive ACR and Low eGFR 10 (6.22)

BMI Underweight 23 (11.62)

Normal weight 80 (40.40)

Overweight 67 (33.84)

Obese 28 (14.14)

A1C Controlled diabetes 25 (12.63)

Uncontrolled diabetes 173 (87.37)

SBP Normal blood pressure 172 (86.87)

Elevated blood pressure 26 (13.13)

DBP Normal blood pressure 63 (31.82)

Elevated blood pressure 135 (68.18)

LDL Level Optimal 77 (38.89)

Above optimal/ Borderline high 103 (52.02)

High 18 (9.09)

Triglyceride Normal 169 (85.35)

High 29 (14.65)

Duration of DM Mean ± SD 11.405 ± 7.77

(Continued)
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half (48%) were overweight or obese. The average duration of diabetes in the sample was approximately 11 and a half 
years. With regard to cholesterol levels, more than half of our population was found to have “above optimal” or 
“borderline high” LDL (low-density lipoprotein), and the average cholesterol level was found to be 182.44 mg/dL.

The prevalence of DKD was determined to be 23.7% in the sample, with 8% having low eGFR alone, 20.71% having 
positive ACR, and 6.22% having both positive ACR and low eGFR.

Regression Analysis of Risk Factors
The variables used as risk factors in our study were age, duration of diabetes, body mass index (BMI), low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides, systolic blood pressure (SBP), diastolic blood pressure, 
A1C (glycated hemoglobin), albumin-creatinine ratio (ACR), and sex.

Risk Factors of Low eGFR
Table 2 shows the regression analysis of the variables associated with eGFR. In the univariate model, the risk of DKD 
increased 1.014 times per each unit increase in LDL (OR = 1.014; 95% CI: 1.001–1.028; p = 0.032). Furthermore, the 

Table 1 (Continued). 

Variable N (%)

SBP Mean ± SD 125.92 ±13.90

DBP Mean ± SD 78.717± 9.27

Serum CR Mean ± SD 0.82823 ± 0.55

Cholesterol Mean ± SD 182.44 ± 40.69

LDL Mean ± SD 111.51 ± 35.03

Triglyceride Mean ± SD 103.646 ± 92.397

HDL Mean ± SD 51.95 ± 12.99

Table 2 Regression Analysis for Risk Factors of Low eGFR

Variable Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value

Age 1.057 0.999–1.118 0.052

Duration of T1DM 1.110 1.046–1.178 0.001 1.122 1.040–1.210 0.003

BMI 0.974 0.877–1.082 0.624

LDL 1.014 1.001–1.028 0.032 1.016 0.999–1.034 0.066

HDL 0.974 0.935–1.014 0.206

Triglyceride Normal 1 – –

High 1.003 1.000–1.007 0.064

SBP 1.026 0.993–1.061 0.118

DBP 1.021 0.968–1.077 0.439

A1C 0.988 0.752–1.297 0.929

ACR 1.003 1.001–1.004 <0.001 1.002 1.001–1.004 <0.001

Gender Male 1 – –

Female 0.384 0.134–1.102 0.075
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duration of type-1 diabetes and ACR were significantly associated with an increased risk of DKD (p < 0.05). In the 
multivariate model, after adjustment for significant covariates, LDL was no longer significant (p = 0.066), but T1DM 
duration and ACR remained significantly associated. It is worth mentioning that for each additional year of living with 
diabetes, the risk of developing DKD increased by approximately 1.1 times (OR = 1.122; 95% CI: (1.041–1.210); p = 
0.003).

Risk Factors of Elevated ACR
ACR was used as an indicator of kidney disease (Table 3). In the univariate model, sex, duration of diabetes, LDL, 
triglycerides, systolic blood pressure (SBP), diastolic blood pressure (DBP), and A1C were all associated with DKD (p < 
0.05). However, after adjusting for potential confounders in the multivariate model, only systolic blood pressure, eGFR 
and A1C remained significantly associated with DKD.

The risk of DKD would increase by 1.046 times for every millimeter increase in SBP (OR = 1.046; 95% CI: 1.007– 
1.086; p = 0.019).

Moreover, in our study group, the patients with elevated levels of A1C showed a substantially increased risk of 
developing DKD (OR = 1.323; 95% CI: 1.073–1.633 p = 0.009). Additionally, eGFR <60 was significantly associated 
with a lower risk of DKD (OR = 0.977; 95% CI: 0.959–0.995, p = 0.011).

Risk Factors of Both Elevated ACR and Low eGFR
Finally, the risk of DKD was tested using both ACR and eGFR as indicators (Table 4). After adjusting for significant 
variables in the multivariate model, duration of diabetes, high triglyceride levels, and systolic blood pressure were 
significantly associated with our main outcome variables. For each year increase in diabetes and for each unit increase in 
the T1DM duration, triglyceride level, and systolic blood pressure, the risk of DKD would increase by slightly over 1 
(OR = 1.205, 95% CI: 1.085–1.338, p = 0.001), (OR = 1.012, 95% CI: 1.004–1.019, p = 0.002), and (OR = 1.066, 95% 
CI: 1.003–1.132, p = 0.039), respectively.

Table 3 Regression Analysis for Risk Factors of ACR

Variable Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value

Age 1.007 0.966–1.05 0.737

Duration of DM 1.047 1.003–1.092 0.033 1.03 0.977–1.087 0.273

BMI 1.053 0.984–1.126 0.135

LDL 1.013 1.003–1.022 0.010 1.004 0.993–1.0155 0.452

HDL 0.979 0.952–1.006 0.122

Triglyceride Normal 1 – –

High 1.006 1.002–1.0107 0.003 1.003 0.999–1.008 0.090

SBP 1.047 1.020–1.074 <0.001 1.046 1.007–1.086 0.019

DBP 1.041 1.004–1.080 0.030 1.002 0.948–1.059 0.945

A1C 1.243 1.043–1.482 0.015 1.323 1.073–1.633 0.009

eGFR 0.971 0.956–0.986 <0.001 0.977 0.959–0.995 0.011

Gender Male 1 – –

Female 0.458 0.228–0.92 0.028 0.51 0.226–1.152 0.105
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Discussion
Based on these results, the overall prevalence of DKD was found to be 23.7% in our study group, with 8% having low 
eGFR alone (<60 mL/min/1.73), 20.71% having positive ACR, and 6.22% having both positive ACR and low eGFR. 
Although this is regarded as a high prevalence, it is still lower than in other populations, as reported by various studies, 
such as 50.46% in Oman among Middle Eastern countries, 33% in Yemen,11,27 28.96% (collective average prevalence) in 
Middle Eastern countries,11 27% in China,13 25% in Republic of Ireland,28 69% in Hail Saudi Arabia,29 and highest in 
Tanzania (84%).13 The overall collective average prevalence of CKD in diabetic patients in Saudi Arabia was found to be 
20.59%.11 Among racial differences, Asian Americans, African Americans and native Americans with type 1 diabetes 
were found to be more susceptible in developing DN that may progress to more severe complications of DN.30

Notably, the data source is an important factor that may contribute to discrepancies in the results of studies conducted 
on prevalence. For example, a meta-analysis of the prevalence of CKD in Middle East showed wide variations ranging 
from 37.32% (95% CI: 32.57–51.07%) to 31.76% (95% CI: 17.27–46.25%) and (21.75%) (95% CI: 1.51–42.0%) in 
studies using medical files, self-reporting questionnaires, and electronic medical records, respectively.11

With regard to sex, we found no significant sex differences in our study in relation to disease duration or risk factors, 
although some of the studies reported the DKD prevalence by sex.31 One of the studies reported that male sex is an 
independent risk factor for DKD and males have 50% higher chance of progression of disease to ESRD as compared to 
females.32 This can be explained by the absence of hormones estrogen and progesterone, which have a protective effect 
on kidneys.31 In contrast, high prevalence of DKD in women is supported by some studies, predominantly in DM women 
of advanced age (>60 years) and non-albuminuric phenotype.15,31

Similarly, no significant difference was found with age in our study groups in relation to risk factors; however, some 
studies reported the high prevalence of DN in old age33 and children under 12 years of age.34

Furthermore, examining the effect of risk factors on GFR, a longer duration of diabetes and elevated ACR were 
significantly associated with lower GFR.

Similarly, ACR was most affected by high blood pressure, high A1C and low GFR, and triglycerides in our study 
group. Among all risk factors, high Hb1Ac was reported as a major contributor of nephropathy in both children and 
adults with type-1 diabetes33,35 and our results are consistent with these studies.

Table 4 Regression Analysis for Risk Factors of Both ACR and eGFR

Variable Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value

Age 1.067 0.996–1.143 0.066

Duration of DM 1.133 1.049–1.224 0.001 1.205 1.085–1.338 0.001

BMI 0.974 0.848–1.118 0.707

LDL 1.022 1.006–1.038 0.007 1.009 0.986–1.032 0.438

HDL 0.969 0.921–1.019 0.216

Triglyceride Normal 1 – –

High 1.01 1.004−1.016 0.002 1.012 1.004–1.019 0.002

SBP 1.070 1.023–1.12 0.003 1.066 1.003–1.132 0.039

DBP 1.053 0.988–1.123 0.111

Gender Male 1 – –

Female 0.541 0.15–1.953 0.348

Abbreviations: BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; A1C, 
glycated hemoglobin; ACR, albumin-creatinine ratio; eGFR, estimated glomerular filtration rate.
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In summary, the most prominent risk factors identified in our study for the development of DKD in T1DM patients were 
prolonged and poorly controlled diabetes, poorly uncontrolled blood pressure, and high triglyceride levels. Prolonged and poorly 
controlled diabetes causes thickening of the glomerular basal membrane and multiplication of mesangial cells, which ultimately 
results in glomerular damage and albuminuria usually within ten years of the onset of diabetes, with or without hypertension.9 

Similarly, increased systolic blood pressure (SBP) also affects GFR and finally causes albuminuria.30

To emphasize, longer duration of diabetes is the most common etiology of CKD in DM patients.34 Our results are also 
consistent with these findings and can be observed by the low eGFR and elevated A1C levels in our study group.

Conclusion
In the present study, we found a high prevalence of diabetic nephropathy among registered patients with T1DM at King 
Abdulaziz Specialist Hospital (KASH) in Taif city, Saudi Arabia, compared with the overall prevalence of diabetic 
kidney disease in the Kingdom.

To the best of our knowledge, this is the first study to address renal complications associated with type-1 diabetes in 
one region of Saudi Arabia.

As T1DM is a growing problem in Saudi Arabia, further research is needed in other regions of the country to focus on 
its complications and risk factors.

In this regard, it is important to pay closer attention to hypertension with high A1C levels, as such patients are at 
a higher risk of developing diabetic kidney diseases and have more chances of progression to chronic kidney disease and 
end-stage renal disease. Therefore, attempts should be made to control blood pressure and glycemic control to prevent 
and reduce the risk of complications. This can be achieved by managing modifiable risk factors such as diet, physical 
activity, compliance with therapeutic plans, strict monitoring and follow-up.

Healthcare providers, awareness programs, and government infrastructure can play a vital role in this regard.
Finally, we propose our future research that may examine DKD with metabolic syndrome, as its prevalence is also 

high in DM1, chronic inflammation, and low vitamin D levels.
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The authors report no conflicts of interest in this work.
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