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Abstract

Background: Patients with metabolic syndrome (MetS) have a 2.6-
fold greater risk of incident chronic kidney disease (CKD). The pri-
mary goal of this study was to assess the prevalence of MetS in pa-
tients with end-stage renal disease (ESRD) who are on hemodialysis 
(HD) and the impact of MetS presence on HD-related outcomes.

Methods: This is a cross-sectional study conducted in the Dialysis 
Center, King Abdulaziz Specialist Hospital, Taif, Saudi Arabia. It was 
conducted among ESRD patients that attended the Dialysis Center 
between August 2013 and September 2016. We excluded patients on 
peritoneal dialysis and those < 18 years old. We used the International 
Diabetes Federation (IDF) criteria to identify patients with MetS.

Results: A total of 241 patients with ESRD on HD were found, with a 
mean age of 48.8 (SD 16) years, mean body mass index (BMI) of 25.6 
(SD 8.7) kg/m2, and mean waist circumference (WC) of 92.0 (SD 
23.5) cm. The mean duration of the HD was 69.3 (SD 65.6) months 
with arteriovenous fistula (AVF) as the most common access for HD. 
Of the patients, 38.2% had MetS. Compared to those without MetS, 
those with MetS were more likely to be older (P < 0.001), be female 
(P < 0.001), be married (P < 0.001), have higher BMI (P < 0.001), 
have larger WC (P < 0.001), have T2D and hypertension (HTN) (P < 
0.001), have shorter HD duration (P < 0.001), have a longer duration 
since the AVF was placed (P = 0.026), and have high post-HD creati-
nine levels (P = 0.010) and were less likely to have adequate HD (P 
= 0.004) and have parathyroid hormone (PTH) at goal (P = 0.046).

Conclusion: MetS is common among ESRD and MetS was associ-
ated with more comorbidity, worse anthropometric measures at base-
line, and worse HD-related outcomes. The limitations were small 
sample size and single center.
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Introduction

End-stage renal disease (ESRD) is the final stage of chronic 
kidney disease (CKD), in which the kidneys no longer func-
tion well enough for the patient to live without medical aid. 
Common disorders that cause ESRD include type 2 diabetes 
(T2D), hypertension (HTN), glomerulonephritis, and inter-
stitial nephritis [1]. In the UK, 482 CKD patients per million 
were kept alive by renal transplants at the end of 2013, and 
over 115 new patients per million of the adult population are 
accepted for long-term dialysis treatment each year [2]. The 
incidence of ESRD is much higher in some countries due to 
differences in regional and racial incidences of disease, as well 
as differences in medical practice.

Metabolic syndrome (MetS) is the name for a combination 
of risk factors that increases the risk for heart disease, diabe-
tes, and stroke. The impact of MetS on the kidney is related to 
many complications, but the critical one is chronic renal fail-
ure with consequent ESRD [3]. MetS prevalence, as defined by 
the adult treatment panel III (ATP III) criteria, among the 8,841 
American adults who participated in the third National Health 
and Nutrition Examination Survey (NHANES) was 22% [4]. 
The Chronic Renal Insufficiency Cohort (CRIC) Study includ-
ed a group of men and women aged 21 - 74 years with renal 
disease and showed that participants with MetS were more 
likely to present with a lower estimated glomerular filtration 
rate (GFR) than those without MetS [5, 6].

In an effort to assess the relationship between MetS and 
CKD, Chen et al studied and analyzed a group of 7,800 par-
ticipants in the NHANES III with normal renal function for 
> 21 years. They concluded that participants with MetS were 
at a 2.6-fold greater risk of incident CKD. Also, they found 
that the risk of CKD increased with the number of MetS risk 
components, from an odds ratio (OR) of 1.89 in adults with 
one MetS risk component to 5.85 in adults with all five risk 
components [7]. A retrospective study on a sample of 60,921 
healthy Korean adults showed a higher prevalence of CKD 
in participants with MetS (11.0%) than those without MetS 
(6.3%), and the prevalence increased with the number of 
MetS risk factors [8].

Using the International Diabetes Federation (IDF) criteria 
to diagnose MetS instead of the ATP III resulted in a higher 
prevalence of MetS. A nationwide Iranian study showed that 
the prevalence of MetS was about 34.7% based on the ATP 
III criteria and 37.4% based on the IDF definition [9]. Also, in 
the same study, the prevalence was highest among older urban 

Manuscript submitted April 27, 2017, accepted June 6, 2017

aDepartment of Medicine, Taif University, Taif, Saudi Arabia
bDepartment of Surgery, King Abdulaziz University, Jeddah, Saudi Arabia
cDepartment of Medicine, Taif University, Taif, Saudi Arabia
dKing Abdulaziz Specialist Hospital, Taif, Saudi Arabia
eCorresponding Author: Khaled A. Alswat, Department of Internal Medicine, 
Taif University School of Medicine, Taif, Saudi Arabia. 
Email: a.a.althobaiti@hotmail.com

doi: https://doi.org/10.14740/jocmr3064w



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org688

MetS Among the ESRD Patients J Clin Med Res. 2017;9(8):687-694

Table 1.  Baseline Characteristics of the Whole Cohort

Baseline characteristics (N = 241)
Mean age (years) 48.8 ± 16
Male (%) 48.3
Married (%) 70.5
High school degree or less (%) 40
Mean dry weight (kg) 62.9 ± 17.6
Mean BMI (kg/m2) 25.6 ± 8.7
Mean waist circumference (cm) 92.0 ± 23.5
Mean SBP (mm Hg) 136.4 ± 25.1
Mean DBP (mm Hg) 76.1 ± 14.8
Mean pulse rate (bpm) 81.7 ± 12
Diabetes (%) 26.9
Hypertension (%) 67.8
Hyperlipidemia (%) 21
History of myocardial infarction (%) 8.7
Heart failure (%) 5.0
History of blood transfusion (%) 64
Medications
  Beta-blocker (%) 16.4
  ACEi/ARB (%) 13.4
  Calcium channel blocker (%) 47.5
  Hydralazine (%) 6.3
  Cholecalciferol (%) 7.6
  Cinacalcet (%) 31.9
  Calcium carbonate (%) 76.5
  Sevelamer (%) 52.9
  Active vitamin D (%) 58.0
  Statin (%) 19.1
Dialysis data
  Mean duration of dialysis (months) 69.3 ± 65.6
  Permacath as an access for HD (%) 21.5
  Temporary HD access (%) 5.4
  AVF as an access for HD (%) 73.1
  ≥ 2 AVF placed for HD (%) 28.7
  Mean duration of AVF (years) 1.8 ± 1.4
  ≥ 2 missed dialysis session in the previous 3 months (%) 50
  ≥ 2 urgent dialysis in the previous 6 months (%) 66.7
  History of line infection (%) 35.8
  PTH at goal (%) 22.5
Laboratory data
  Mean total cholesterol (mg/dL) 145.3 ± 40.8
  Mean LDL (mg/dL) 89.7 ± 7
  Mean HDL (mg/dL) 38.2 ± 13.6
  Mean triglyceride (mg/dL) 145.4 ± 105.2
  Mean total Ca (mg/dL) 8.7 ± 1.2
  Mean phosphate (mg/dL) 6.3 ± 7.2
  Mean PTH (pmol/L) 57.3 ± 76.5
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women.
MetS is common in patients who are admitted to the Di-

alysis Center with a risk of developing complications like 
cardiovascular disease, but there is still a lack of information 
regarding the size of problem in Taif, Saudi Arabia. The pri-
mary goal of the study was to assess the prevalence of MetS 
in ESRD patients in the Dialysis Center. The secondary goal 
of the study was to assess the relationship between MetS, car-
diovascular risk, and HD-related outcomes, such as urgent he-
modialysis (HD).

Methods

A cross-sectional study was conducted among ESRD patients 
who attended the Dialysis Center at King Abdul-Aziz Spe-
cialist Hospital, Taif, Saudi Arabia between August 2013 and 
September 2016. We excluded uncooperative patients, those 
on peritoneal dialysis, and those younger than 18 years old. In-
formed consent was obtained from each patient to participate 
in the study. The data were collected via patient interviews. 
Demographic data, including age, gender, marital status, and 
educational level, were collected. Detailed medical histories, 
including past medical history and HD-related history, were 
obtained from patients and medical records. Data regarding 
active and passive smoking habits, lifestyle habits, and sleep 
were collected. We considered 6 - 8 h of sleep per night as 
an optimal amount of sleep based on the recommendations 
of the National Sleep Foundation [10]. Physical activity was 
measured based on the World Health Organization (WHO) 
recommendations for healthy adults [11]. According to these 
recommendations, physically inactive patients were consid-
ered sedentary.

Anthropometric measurements, including height, dry 
weight, and waist circumference (WC), were measured. Dry 
weight was measured in kilograms (kg) after the HD session. 
Body mass index (BMI) was calculated and categorized based 
on the WHO classification into underweight (< 18.5 kg/m2), 
normal weight (18.5 - 24.9 kg/m2), overweight (25 - 29.9 kg/
m2), or obese (≥ 30 kg/m2) [12]. WC measurements were done 
at the approximate midpoint between the lower margin of the 
last palpable rib and the top of the iliac crest according to the 
WHO guidelines (STEPS) [13].

We collected data about the different modalities of HD ac-
cess, including arteriovenous fistulas (AFVs), Permacath, or 
temporary HD access. Also, the frequency of AVF insertion, 
duration of AVF use in years, and history of line infection data 
were collected. Cardiovascular markers were obtained before 
starting the HD session, including pulse rate, systolic blood 
pressure, and diastolic blood pressure, which were measured 
according to the Seventh Report of the Joint National Commit-
tee (JNC7) recommendations [14].

Laboratory investigations were recorded from the pa-
tient files using the latest results, including total cholesterol 
(TC), low-density lipoprotein (LDL), high-density lipoprotein 
(HDL), triglyceride, total serum calcium, serum phosphate, 
pre- and post-HD creatinine, post-HD urea, parathyroid hor-
mone (PTH), and vitamin D 25-OH (vitamin D) levels. All of 
biochemical markers are represented as mg/dL, except for vi-
tamin D (ng/mL) and PTH (pmol/L).

PTH levels were divided into three categories based on the 
KDOQI Clinical Practice Guidelines for Bone Metabolism and 
Disease in Chronic Kidney Disease recommendations [15]. 
We considered PTH at goal if PTH levels ranged from 150 to 
300 pg/mL (16.5 - 33 pmol/L).

We used the IDF definition for MetS diagnosis [16]. 
Patients with MetS must have central obesity with Middle 
East-specific values for WC, plus any two of the following: 
triglycerides ≥ 150 mg/dL or specific treatment for this lipid 
abnormality, HDL < 40 mg/dL in males and < 50 mg/dL in 
females, systolic blood pressure (SBP) ≥ 130 or diastolic blood 
pressure (DBP) ≥ 85 mm Hg or HTN-specific treatment, or 
fasting plasma glucose (FPG) ≥ 100 mg/dL or previously di-
agnosed T2D.

Results

A total of 241 patients with ESRD on HD were found; these 
patients were typically married, with a mean age of 48.8 (SD 
16) years, mean BMI of 25.6 (SD 8.7) kg/m2, and mean WC of 
92.0 (SD 23.5) (Table 1). Most of the participants had normal 
BMI (Fig. 1). The most common comorbidities were HTN fol-
lowed by T2D (Fig. 2). The most commonly prescribed anti-
hypertensive agent was a calcium channel blocker and the least 
was hydralazine. Most of the patients were on calcium supple-

Baseline characteristics (N = 241)
  Mean pre-HD creatinine(mg/dL) 14.9 ± 25.3
  Mean post-HD creatinine(mg/dL) 5.7 ± 7.5
  Mean post-HD urea (mg/dL) 37.2 ± 23.6
  Vitamin D 25-OH (ng/mL) 18.5 ± 8.9
Lifestyle habits
  Sedentary lifestyle (%) 42.3
  Optimal sleep 6 - 8 h per night (%) 43.3
  Active smoking (%) 14.9
  Passive smoking (%) 43.6

Table 1.  Baseline Characteristics of the Whole Cohort - (continued)
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Figure 2. Causes of the ESRD as percentile.

Figure 1. BMI distribution of the whole cohort.
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Table 2.  Comparison of the Whole Group Based on the Metabolic Syndrome (MetS) Diagnosis

MetS No MetS P value
Total number of the participants (%) 38.2 61.8 n/a
Mean age (years) 53.8 ± 14.1 45.7 ± 16.4 < 0.001
Male (%) 39.1 54 0.025
Married (%) 80.4 64.4 0.026
High school degree or less (%) 34.8 43.2 0.397
Mean dry weight (kg) 72 ± 17.4 57.3 ± 15.3 < 0.001
Mean BMI (kg/m2) 28.2 ± 7.4 23.9 ± 9.1 < 0.001
Mean waist circumference (cm) 107.1 ± 17.5 81.5 ± 21.4 < 0.001
Mean SBP (mm Hg) 139.3 ± 24.3 134.5 ± 25.6 0.159
Mean DBP (mm Hg) 76.6 ± 14.8 75.9 ± 14.9 0.731
Mean pulse rate (bpm) 81.8 ± 12.1 81.7 ± 12 0.958
Diabetes (%) 39.1 19.3 0.001
Hypertension (%) 82.6 58.7 < 0.001
Hyperlipidemia (%) 26.1 17.8 0.127
History of myocardial infarction (%) 10.9 7.4 0.351
Heart failure (%) 6.5 4.0 0.387
History of blood transfusion (%) 57.3 68.0 0.096
Medications
  Beta-blocker (%) 21.7 13.0 0.077
  ACEi/ARB (%) 18.5 10.3 0.071
  Calcium channel blocker (%) 58.7 40.4 0.006
  Hydralazine (%) 6.5 6.2 0.912
  Cholecalciferol (%) 6.5 8.2 0.630
  Cinacalcet (%) 33.7 30.8 0.643
  Calcium carbonate (%) 77.2 76.0 0.839
  Sevelamer (%) 64.1 45.9 0.006
  Active vitamin D (%) 59.8 56.9 0.655
  Statin (%) 23.1 16.6 0.214
Dialysis data
  Mean duration of dialysis (months) 59.3 ± 49.4 75.5 ± 73.4 0.043
  Permacath as an access for HD (%) 19.6 22.7 0.729
  Temporary HD access (%) 6.5 4.7
  AVF as an access for HD (%) 73.9 72.6
  > 2 AVF placed for HD (%) 30.9 27.4 0.383
  Mean duration of AVF (years) 2.1 ± 1.7 1.7 ± 1.0 0.026
  > 2 missed dialysis session in the previous 3 months (%) 26.7 62.7 0.056
  > 2 urgent dialysis in the previous 6 months (%) 59.4 72.1 0.332
  History of line infection (%) 41.3 32.4 0.163
  PTH at goal (%) 18.9 24.8 0.046
Laboratory data
  Mean total cholesterol (mg/dL) 143.1 ± 41.4 147.1 ± 40.4 0.535
  Mean LDL (mg/dL) 91.9 ± 32.8 87.9 ± 27.6 0.401
  Mean HDL (mg/dL) 37.4 ± 11.1 38.9 ± 15.3 0.511
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mentation and more than half of them were on sevelamer and 
active vitamin D supplements.

The mean duration of the HD was 69.3 (SD 65.6) months, 
with AVF as the most common access for HD. The most com-
mon cause for HD was unknown followed by HTN, T2D, and 
then both HTN and T2D. Half of the patients missed ≥ 2 HD 
sessions in the previous 3 months and 66.7% needed ≥ 2 urgent 
HD sessions, and one-third of the patients had a history of line 
infection. Around 43% of these patients reported sedentary 
lifestyles, optimal sleep hours, and passive smoking.

Of all the patients, 38.2% had MetS (Table 2). Compared 
to those without MetS, those with MetS were more likely to 
be older (P < 0.001), be female (P < 0.001), be married (P < 
0.001), have higher BMI (P < 0.001), have larger WC (P < 
0.001), have T2D (P = 0.001), have HTN (P < 0.001), be on 
sevelamer (P = 0.006), have shorter HD duration (P = 0.043), 
have a longer duration since the AVF was placed (P .026), be 
less likely to have PTH at goal (P = 0.046), have high post-
HD creatinine levels (P = 0.010), and report sedentary lifestyle 
habits (P = 0.035).

The adequacy of the HD session was assessed using the 
urea reduction ratio (URR). Those patients with MetS had a 
URR of 66.6% compared to a URR of 71.1% for those without 
MetS (P = 0.004).

Since the study started and until the completion date, there 
was a total of 41 (17%) deaths among the overall cohort over 
the 3-year period: 24 without MetS and 17 with MetS. Of those 
deceased patients with MetS, 12 patients had three MetS crite-
ria and five patients had four MetS criteria.

Discussion

Our study showed a high prevalence of MetS among patients 
with ESRD on HD. Although those with MetS have shorter 
HD durations, they tended to be older, be more likely to have 
comorbid conditions, and have uncontrolled renal parameters, 

compared to those without MetS.
In our study, the prevalence of MetS was 38.2%, which is 

lower than in the other reported study; this is likely because 
the mean HD duration in our study was 5.8 years [17, 18]. 
In 2011, a study conducted in Riyadh, Saudi Arabia in ESRD 
patients on HD showed that 58% had MetS [19]. Recently, the 
prevalence of HD for those that have been on HD < 1 year was 
56.25%, compared to 29.7% for those who had been on HD > 
5 years [17].

Regardless of the kidney function and whether the ATP 
III or IDF criteria were used to diagnose MetS, females and 
older patients were at higher risk for MetS. Our study showed 
that patients with MetS were significantly more likely to be 
older and female than those without MetS. A recent study that 
used the ATP III criteria in patients without ESRD showed that 
MetS was associated with older age and female sex [3].

A recent study showed that cinacalcet improved PTH con-
trol compared to the usual care [20]. In our study, PTH levels 
were at goal in 22.5% of the patients, and those with MetS 
were less likely to have their PTH at goal despite being more 
likely to be on cinacalcet; this may be related to the MetS pa-
tients’ larger WC. Not only was PTH high in those with MetS, 
but also were the post-HD urea and creatinine levels. A re-
cent study showed that abdominal fat deposition is linked to 
increased inflammatory markers and subsequently increased 
mortality [21].

A previous study showed that having a central line and fre-
quent previous hospitalizations were linked to the excess risk 
of line infection [22]. Our study showed that those with MetS 
were more likely to have a history of line infection despite 
having AFV for longer durations, being less likely to have Per-
macath, and being less likely to need urgent HD; MetS patients 
were more likely to have T2D.

Our study limitations include the small sample size and 
studying only a single center. Our strengths include compre-
hensive medication and laboratory data and HD-related data. A 
larger prospective study is needed to confirm our findings and 

MetS No MetS P value
  Mean triglyceride (mg/dL) 151.9 ± 100.6 140.2 ± 109.1 0.485
  Mean total Ca (mg/dL) 8.8 ± 0.9 8.7 ± 1.3 0.468
  Mean phosphate (mg/dL) 7.0 ± 9.7 5.9 ± 5.1 0.247
  Mean pre-HD creatinine (mg/dL) 13.4 ± 17.2 16.0 ± 29.4 0.447
  Mean post-HD creatinine (mg/dL) 6.3 ± 7.8 5.3 ± 7.3 0.467
  Mean post-HD urea (mg/dL) 42.3 ± 23.8 34.1 ± 22.9 0.010
  Vitamin D 25-OH (ng/mL) 18.4 ± 8.6 18.5 ± 9.2 0.912
Lifestyle habits
  Sedentary lifestyle (%) 44.0 41.2 0.035
  Exercise > 300 min/week (%) 3.3 14.2
  Optimal sleep 6 - 8 h per night (%) 45.7 41.9 0.838
  Active smoking (%) 13.0 16.1 0.517
  Passive smoking (%) 42.5 44.3 0.799

Table 2.  Comparison of the Whole Group Based on the Metabolic Syndrome (MetS) Diagnosis - (continued)
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to assess the long-term consequences of MetS diagnosis and its 
relation to mortality.

Conclusion

MetS is common among ESRD and MetS was associated with 
more comorbidity, worse anthropometric measures at baseline, 
and worse HD-related outcomes.
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