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ABSTRACT

Background and Objective: Chronic kidney disease (CKD) which is an increasingly important clinical and public health 
issue is associated with cardiovascular disease. Epidemiologic studies have also linked metabolic syndrome (MetS) with 
an increased risk of incident CKD. Therefore, the present study was designed retrospectively to find the prevalence and 
potential risk factors of CKD in patients with MetS in Saudi Arabia. Methods: For the present study, 1959 participants 
with MetS whom are between the age 20 and 98 years were analyzed retrospectively. All patients were from the population 
of the Primary Health Centre at King Fahad Armed Forces Hospital, Jeddah, Saudi Arabia. Main Results: We analyzed 
1959 participants with MetS. Mean age was 54.5 ± 12.7 (minimum 20 years and maximum 98 years). CKD was present 
in 555 (28.3%) cases. 281 (50.6%) cases were male and 479 (34.1%) cases were female with male to female ratio 1.5:1, 
P < 0.0001. Patients with CKD were significantly older than patients without CKD (58.2 ± 12.3 vs. 53.1 ± 12.6, respectively, 
P < 0.0001). Mean body mass index (BMI) was not significantly different in patients with than without CKD (31.8 ± 
6.3 vs. 31.9 ± 6.7, respectively, P = 0.7). Mean HbA1c was significantly higher in patients with than without CKD (8.6 
± 2.2 vs. 7.5 ± 2.1, respectively, P < 0.0001). There was a graded linear relationship between HbA1c and the prevalence 
of CKD. Moreover, patients with CKD have a significantly higher prevalence of type 2 diabetes (T2DM), hypertension 
(HTN), and serum triglyceride (≥1.7 mmol/L), and nonsignificantly slightly more frequent of smoking prevalence than 
patients without CKD. In addition, the number of MetS components and the risk for CKD showed a significant graded 
association. The multivariable logistic regression model examined the magnitude of associations between CKD presence in 
individuals with MetS and potential demographic and clinical factors. T2DM, hypertensive, or male patients with MetS were 
significantly 4-fold and 2-fold to possess CKD (odds ratio [OR] = 4.5; 95% confidence interval [CI] = 2.4, 9.9, P < 0.0001), 
(OR = 2.2; 95% CI = 1.7, 2.8, P < 0.0001), and (OR = 2.0; 95% CI = 1.6, 2.6, P < 0.0001), respectively. Age and HbA1c were 
associated with higher likely hood of CKD (OR = 1.02; 95% CI = 1.0, 1.03, P = 0.003) and (OR = 1.2; 95% CI = 1.1, 1.3, 
P < 0.0001), respectively. CKD prevalence is consistently statistically significant with increasing age (P < 0.0001) with male 
predominant across age groups; 40–49 years, 50–59 years, and ≥60 years. CKD prevalence is consistently statistically not 
significant with increasing BMI categories (P = 0.2) with significant male predominant across BMI groups. Conclusion: It 
can be concluded from this study that the prevalence of CKD among MetS Saudis is relatively high. Older age, male gender, 
T2DM, HTN, and high HbA1c can be regarded as related factors. There is a graded relationship between the number of the 
MetS components and risk of CKD. These findings warrant future prospective and interventional studies to test the impact 
of preventing and treating the MetS on the risk of CKD.
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INTRODUCTION

Worldwide, 10–15% of the population suffers 
from chronic kidney disease (CKD).[1,2] CKD 
which is an increasingly important clinical and 

public health issue is associated with cardiovascular disease 
(CVD), and all-cause mortality.[3,4] The prevalence of CKD 
in Saudi population is around 5.1–5.7%.[5,6] Therefore, 
prevention and management of CKD by identifying and 
treating its risk factors are of critical urgency. Metabolic 
syndrome (MetS), which is characterized by high fasting 
glucose levels, high blood pressure, being overweight, 
abdominal obesity, hypertriglyceridemia, and low high-
density lipoprotein cholesterol (HDL-C) levels, is prevalent 
worldwide, and its incidence is growing at an alarming rate 
annually.[7] Epidemiologic studies have also linked MetS with 
an increased risk of incident CKD.[8,9] The increase in the 
incidence of CKD has been paralleled with a rising prevalence 
of MetS in recent years. Obesity plays a particularly central 
role in the pathomechanisms of MetS and raises the risk for 
CKD by about 4-fold. The two chief risk factors for end-
stage renal disease, hypertension (HTN), and Type 2 diabetes 
(T2DM) are both linked to MetS and obesity.[10,11] Previous 
studies have documented that MetS and CKD share similar 
risk factors, and both of them are also independent risk 
factors for CVD.[12,13] The MetS is also an important predictor 
of early renal dysfunction and the odds ratio (OR) of CKD 
and microalbuminuria increase with the number of MetS 
components.[12,14] Prospective data have demonstrated the 
impact of MetS on the evolution of CKD and highlighted the 
importance of targeting MetS for prevention of renal disease 
and premature death.[15] Therefore, the present study was 
designed retrospectively to find the prevalence and potential 
risk factors of CKD in patients with MetS in Saudi Arabia.

METHODS

For the present study, 1959 participants with MetS whom 
are between the age 20 and 98 years were analyzed 
retrospectively. All patients were from the population of 
the Primary Health Centre at King Fahad Armed Forces 
Hospital, Jeddah, Saudi Arabia. All data were collected on 
the basis of a review of electronic medical data and through a 
personal interview. All patients in the present study fulfilled 
the revised National Kidney Foundation criteria for the 
diagnosis of CKD.[16] The diagnosis and definition of CKD 
were made according to the presence of markers of kidney 
damage in urine or blood, or an eGFR <60 mL/min/1.73 m2. 
All cases with other causes of CKD were excluded such as 
connective tissue diseases or chronic infection. Weight (kg) 
and height (cm) were measured and recorded. Body mass 
index (BMI) values classified into groups as lean (BMI 
<18.5), normal weight (BMI = 18.5–24.9 kg/m2), overweight 
(BMI = 25.0–29.9 kg/m2), and obese (BMI ≥30 kg/m2).[17] 
Laboratory assessments included HbA1c, lipids, creatinine, 

and urinary microalbumin. HbA1c was expressed as a 
percentage. High-performance liquid chromatography was 
used. Glycosylated hemoglobin was separated into three 
groups as <7.0, 7.0–8.9, and ≥9.0. Fasting serum lipids were 
measured on a sample of blood after fasting for 14 h. We 
used the Enzymatic method for determining the cholesterol 
and triglycerides levels. Metabolic risk factors were defined 
using the 2006 IDF criteria that define elevated triglyceride 
as ≥150 mg/dL (≥1.7 mmol/L) and reduced HDL-C 
as <50 mg/dL (<1.29 mmol/L) for female.[18] HTN was 
defined when the systolic blood pressure was ≥130 mm Hg 
and/or diastolic blood pressure was ≥85 mm Hg in addition 
to receiving any medication for HTN.[19] Abnormal glucose 
metabolism was considered when HbA1c (≥5.7) or when 
patients were known to have T2DM.[20] A combination of 
two or more of these risk factors was used to define MetS. 
The total number of cohort was separated on the basis of age 
values into five groups: <30 years, 30–39 years, 40–49 years, 
50–59 years, and ≥60 years.

Statistical analysis
Unpaired t-test analysis and Chi-square test (categorical 
data comparison) were used between variables to estimate 
the significance of differences between groups for the 
demographic and clinical laboratory. The independent 
relationship between the stratified risk factors and the OR 
of having CKD was analyzed using logistic regression. All 
statistical analyses were performed using SPSS Version 23.0. 
The difference between groups was considered significant 
when P < 0.05.

RESULTS

We analyzed 1959 participants with MetS. Mean age 
was 54.5 ± 12.7 (minimum 20 years and maximum 
98 years), Table 1. CKD was present in 555 (28.3%) cases. 
281 (50.6%) cases were male and 479 (34.1%) cases were 
female with male to female ratio 1.5:1, P < 0.0001. Patients 
with CKD were significantly older than patients without 
CKD (58.2 ± 12.3 vs. 53.1 ± 12.6, respectively, P < 0.0001). 
Mean BMI was not significantly different in patients with 
than without CKD (31.8 ± 6.3 vs. 31.9 ± 6.7 respectively, 
P = 0.7). Mean HbA1c was significantly higher in patients 
with than without CKD (8.6 ± 2.2 vs. 7.5 ± 2.1, respectively, 
P < 0.0001). There was a graded linear relationship 
between HbA1c and the prevalence of CKD, Figure 1. 
Moreover, patients with CKD have a significantly higher 
prevalence of T2DM, HTN, and triglyceride (≥1.7 mmol/L) 
and nonsignificantly slightly more frequent of smoking 
prevalence than patients without CKD. In addition, the 
number of MetS components and the risk for CKD showed 
a significant graded association, Figure 2. The multivariable 
logistic regression model examined the magnitude of 
associations between CKD presence in individuals with 
MetS and potential demographic and clinical factors, 
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Table 2. T2DM, hypertensive, or male patients with MetS 
were significantly 4-fold and 2-fold to possess CKD (OR = 

4.5; 95% confidence interval (CI) = 2.4, 9.9, P < 0.0001), 
(OR = 2.2; 95% CI = 1.7, 2.8, P < 0.0001), and (OR = 2.0; 
95% CI = 1.6, 2.6, P < 0.0001), respectively. Age and HbA1c 
were associated with higher likely hood of CKD (OR = 
1.02; 95% CI = 1.0, 1.03, P = 0.003) and (OR = 1.2; 95% 
CI = 1.1, 1.3, P < 0.0001), respectively. CKD prevalence 
is consistently statistically significant with increasing age 
(P < 0.0001) with male predominant across age groups; 
40–49 years, 50–59 years, and ≥60 years, Figure 3a and b. 
CKD prevalence is consistently statistically not significant 
with increasing BMI categories (P = 0.2) with significant 
male predominant across BMI groups, Figure 4a and b.

DISCUSSION

In our study, the overall prevalence of CKD in patients 
with MetS was 28.3%. MetS, previously called “syndrome 
X,” is a term in popular use for the past quarter century, 
having first been described in 1988 by Reaven to denote a 
combination of selected, widely prevalent CVD related risk 
factors.[7] Many studies associate MetS with CKD.[8,21-32] 
MetS and CKD share a complex, bidirectional relationship. 
Data from the multiethnic study of atherosclerosis reported 
that the combination of CKD and MetS is a strong predictor 
of incident cardiovascular events (myocardial infarction, 
cardiac arrest, angina, stroke, and cardiovascular-related 
death) with an adjusted hazard ratio 5.56 (95% CI 3.72–8.12).

The prevalence of CKD increased sharply in participants 
after 60 years of age. Renal functions deteriorate in the aged 
population for various reasons. In addition, the duration of 
MetS might be longer in the older participants (≥60 years), 

Table 1: Basic characteristics and comparison of features of patients with metabolic syndrome with and without 
chronic kidney disease (mean±standard deviation or number %)

Parameters Total Chronic kidney disease P value
1959 Present 

555 (28.3)
Absent 

1404 (71.7)
Gender

Male 760 (38.8) 281 (50.6) 479 (34.1) <0.0001

Female 1199 (61.2) 274 (49.4) 925 (65.9)

Age (years) 54.5±12.7 58.2±12.3 53.1±12.6 <0.0001

Body mass index (kg/m²) 31.9±6.6 31.8±6.3 31.9±6.7 0.7

HbA1c 7.8±2.2 8.6±2.2 7.5±2.1 <0.0001

Type 2 diabetes 1518 (77.5) 524 (94.4) 994 (70.8) <0.0001

HbA1c>5.6 or Type 2 diabetes mellitus 1758 (89.7) 535 (96.4) 1223 (87.1) <0.0001

Hypertension 1172 (59.8) 416 (75.0) 756 (53.8) <0.0001

Triglyceride (≥1.7 mmol/L) 993 (51.1) 302 (54.7) 691 (49.7) 0.047

High density lipoprotein (<1.29 mmol/L) 1270 (70.0) 340 (65.4) 930 (71.9) 0.006

Smoking 126 (6.4) 37 (6.7) 89 (6.3) 0.8

Serum creatinine (μmol/L) 74.2±34.5 74.2±34.5 74.2±34.5 <0.0001

Figure 1: Percent of chronic kidney disease of patients with 
metabolic in correlation to HbA1c

Figure 2: Percent of chronic kidney disease of patients with 
metabolic in correlation to the number of metabolic syndrome 
components
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and this might explain the higher prevalence of CKD in the 
older participants. Moreover, these participants might have 
had renal diseases, such as nephrosclerosis or ischemic 
kidney disease.

In Saudi Arabia, T2DM is the most common cause of CKD.[33] 
We showed a graded linear relationship between HbA1c and 
the prevalence of CKD, Figure 1. The results support the 

notion that hyperinsulinemia has a significant role in renal 
dysfunction, and therefore, it is important to recognize the 
risk of end-organ complications.[34,35] De Fronzo et al. were 
the first to demonstrate this by assessing tissue sensitivity to 
insulin with the euglycemic insulin clamp technique in patients 
with renal insufficiency.[36] Insulin resistance and subsequent 
hyperinsulinemia in addition to mild hyperglycemia may be 
accountable for the association between impaired fasting 
glucose level and CKD.[37,38]

Another component of MetS is HTN. HTN alone is a known 
cause of CKD and proteinuria and is the second leading 
cause of ESRD.[39] It is associated with an approximately 
2- to 3-fold increased risk of microalbuminuria which 
could be related to increased intraglomerular pressure and 
resultant injury to the epithelial lining leading to leakage of 
albumin.[40,41] In a study by Rashidi et al., for HTN eliminated 
the statistical association between MetS and renal disease. 
This study suggests that HTN is the key player in the MetS 
renal disease association.[42]

In our study, the mean BMI was not significantly different in 
patients with CKD in MetS patients.

BMI was not an independent factor for the occurrence of 
CKD in our patients in discordance with other studies.[43-45] 
Most previous studies found higher BMI in patients with 
CKD in MetS patients.[21-32,46] This could be explained by 
glomerular hyperfiltration, which results in glomerular 
sclerosis.[47] Pro-inflammatory cytokines secreted by adipose 
tissue (interleukin-6 and tumor necrosis factor-alpha) and 
angiotensin II33 can also play an important role in the genesis 
of glomerulosclerosis.[48,49]

Dyslipidemia is also an important risk factor for proteinuria 
and decline of renal function.[50] In a prospective study of 
12,728 subjects, high triglyceride and low HDL-C levels 
predicted an increased risk of renal dysfunction.[51] These 
results remained unchanged, even after additional adjustment 

Table 2 : The regression analysis of odd ratio of risk factors for patients with metabolic syndrome with chronic 
kidney disease

Parameters Odd Ratio P value
Male gender 2.0 (1.6–2.6) <0.0001

Age (years) 1.02 (1.0–c1.03) 0.003

Body mass index (kg/m²) 1.01 (0.9‑1.03) 0.1

HbA1c 1.2 (1.1–1.3) <0.0001

Type 2 diabetes 4.5 (2.4–9.9) <0.0001

Hypertension 2.2 (1.7–2.8) <0.0001

Triglyceride (≥1.7 mmol/L) 1.3 (0.99–1.6) 0.06

High density lipoprotein (<1.29 mmol/L) 1.2 (0.9–1.5) 0.3

Smoking 1.03 (0.6–1.6) 0.9

Figure 4: Percent of chronic kidney disease of patients with 
metabolic syndrome among age groups (a) and in correlation 
to gender (b)

b

a

Figure 3: Percent of chronic kidney disease of patients with 
metabolic syndrome among age groups (a) and in correlation 
to gender (b)

b

a
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for incident T2DM and HTN.[9] Dyslipidemia is associated 
with glomerular capillary endothelial and mesangial cell as 
well as podocyte injury, which further leads to mesangial 
sclerosis.[52,53] The accumulation of lipoproteins in the 
glomerular mesangium can stimulate matrix production and 
glomerulosclerosis.[54] Although hypertriglyceridemia and 
low HDL-C levels have been previously associated with an 
increased risk for CKD, these factors are often overlooked in 
clinical practice.[9,50,51] Our results suggest that these could be 
potential targets for reducing the risk of CKD. Early detection 
of MetS or high triglyceride levels might be beneficial if 
accompanied by early intervention such as statins to lower 
triglyceride levels and suppress the pathways for renal injury.

Our findings revealed that each component of MetS was 
an independent predictor of CKD. We analyzed individual 
components to explore their differential effect in the presence 
of MetS, and thus, the risk estimates were interpreted in the 
context of MetS, Tables 1 and 2. In addition, the number of 
MetS components and the risk for CKD showed a graded 
association, Figure 2. Therefore, therapeutic strategies that 
targeted individual MetS components seem highly reasonable 
for preventing CKD.

Our study has several limitations. This study was a 
retrospective and not longitudinal, preventing determination 
of whether any risk factors were the cause or result of 
CKD. Furthermore, a single serum creatinine value was 
used to estimate kidney function which might lead to the 
misclassification of CKD. This random measurement error, 
due to day-to-day variation in serum creatinine levels in 
individuals, is likely to bias the association toward zero.

These findings have important clinical and public health 
implications because MetS and CKD are becoming common 
in the Saudi general population. The current study provides 
new and important information regarding the relationship 
between MetS and risk of CKD in a representative sample 
of the Saudi general adult population and suggests that 
prevention and treatment of the MetS should be an important 
priority for reducing the prevalence of CKD and its associated 
disease burden in Saudi Arabia.

It can be concluded from this study that the prevalence of CKD 
among MetS Saudis is relatively high. Older age, male gender, 
T2DM, HTN, and high HbA1c can be regarded as related 
factors. There is a graded relationship between the number of 
the MetS components and risk of CKD. These findings warrant 
future prospective and interventional studies to test the impact 
of preventing and treating the MetS on the risk of CKD.
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