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Introduction
The metabolic syndrome (MS) is a constellation of clinical abnormalities related to
insulin resistance and inflammation. The syndrome is now recognized as a risk
factor for diabetes and cardiovascular disease in the general population. Recent
studies suggest that MS is common after kidney transplantation, also possibly being
predictive of allograft loss and poor allograft function.
Objectives
We studied the prevalence of MS in Egyptian kidney transplant recipients (from
Kasr Al-Aini School of Medicine) and its correlation with C-reactive protein (CRP),
serum uric acid (UA), alkaline phosphatase (ALP), different immunosuppressive
intakes, and hepatitis C virus (HCV) in these patients.
Patients and methods
The present cross-sectional study was conducted in 2012 on 100 renal transplant
recipients, 68 male (68%) and 32 female (32%), with stable kidney function (serum
creatinine=1.5±1mg/dl) in King Fahd Unit, Cairo University. All clinical and
laboratory data were recorded, including serum creatinine, UA, cholesterol,
triglyceride (TGL), low-density lipoprotein, high-density lipoprotein (HDL), ALP,
CRP, and HCV Abs. The presence of MS was determined using NCEP-ATP III
criteria, with BMI used in place of waist circumference.
Results
Patients were divided into two groups – MS (group 1): 26 patients, 12 female
(46.2%) and 14 male (53.8%), with a mean age of 34.46±9.69 years; and non-MS
(group 2): 74 patients, 20 female (27%) and 54 male (73%), with a mean age of 27±
8.33 years. There was a highly significant correlation (P≤0.001) between CRP and
MS, BMI and diabetes mellitus, whereas the correlation between CRP and
hypertension, ALP, HCV Abs, alanine aminotransferase (ALT), TGLs level, and
HDL was insignificant.
Conclusion
Metabolic syndrome is prevalent in post-renal transplant patients. Serum CRP
concentration correlates positively with metabolic syndrome in kidney
transplantation patients. The age, weight, BMI, systolic and diastolic BP, serum
triglycerides, ALT of MS group were significantly higher than in non-MS group. The
duration of hypertension in the MS cases was significantly longer than in non-MS
cases.
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Introduction
The association between obesity, metabolic
abnormalities such as hyperglycemia, dyslipidemia,
and cardiovascular disease (CVD) has been described
almost 100 years ago and later on confirmed in the first
reports from the Framingham study. In the late 80s of
XX century, Reaven described a pathological link
explaining the pathogenesis of CVD associated with
obesity, metabolic abnormalities, and elevated blood
pressure (BP), and indicated the central role of
hyperinsulinemia and insulin resistance. The first
name of this abnormality was syndrome X; the

other names used were as follows: cardiometabolic
syndrome, Reaven’s syndrome, beer belly syndrome,
cardiovascular dysmetabolic syndrome, insulin resist-
ance syndrome, and, most commonly used nowadays,
metabolic syndrome (MS) [1].

According to the few data available, MS increases every
year following renal transplantation, and it may be an
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independent risk factor for chronic allograft dysfunction.
Immunosuppressant drugs, new-onset diabetes mellitus
(DM) following renal transplantation, pretransplant
hemodialysis, and post-transplant weight gain have
been implicated in the contribution of MS [2]. Recent
studies showed that C-reactive protein (CRP), hepatitis
Cvirus (HCV), serumuric acid (UA), andserumalkaline
phosphatase (ALP) have a direct associationwithMS in
renal transplant recipients [3].

Aim of the work
The aimof thisworkwas to study the prevalence ofMS in
Egyptian kidney transplant recipients fromKasr Al-Aini
School of Medicine, as well as to study the correlation
between MS and CRP, serum UA, ALP, different
immunosuppressive intakes, and HCV in these patients.

Patients and methods
We included 100 stable renal transplant recipients
attending the outpatient clinic in Kasr Al-Aini
Hospitals (King-Fahd Unit). The patients met the
following inclusion criteria:

(1) Absence of DM before transplantation.
(2) Stable renal function at 1 year after transplantation.

They were 68male (68%) and 32 female (32%) patients.

The diagnosis of the MS was established using an
adapted version of the US National Cholesterol
Educational Program Definition (Adult Treatment
Panel III) [4].

A patient was classified as havingMS if at least three of
the following criteria were present:

(1) BMI greater than 30 kg/m2.
(2) Serum triglyceride (TGL) greater than 150mg/dl.
(3) High-density lipoprotein (HDL) cholesterol levels

below 40mg/dl in men and below 50mg/dl in
women.

(4) BP greater than 130/85 mmHg.
(5) Fasting glucose level greater than 110mg/dl.

Patients included in the study were classified into two
groups:

MS group (group 1): This group fulfilled the criteria of
MS, and it included 26 patients, 12 female (46.2%) and
14 male (53.8%). Their ages ranged between 23 and
51 years. The mean age for the MS group was 34.46±
9.69 years.

Non-MS group (group 2): This group included 74
patients, 20 female (27%) and 54 male (73%). Their
ages ranged between 12 and 54 years. The mean age for
non-MS group was 27±8.33 years.

Relevant information about recipients and transplant
characteristics was taken directly from patients and
patients’ files.

Informed consent was obtained from every patient.

The study was conducted in accordance with local
ethical committee regulations and to standards set by
faculty of medicine, Cairo University.

Methods
A full clinical history was taken and a complete clinical
examination was performed for every patient.

Fasting blood samples were taken from patients for the
following tests:

Blood urea nitrogen, serum creatinine, UA, fasting blood
sugar,CRP,ALP, serumTGL, serum cholesterol,HDL,
low-density lipoprotein (LDL), aspartate amino-
transferase (AST), alanine aminotransferase (ALT),
serum albumin, and HCV (Ab) by enzyme-linked
immunosorbent assay.

Anthropometric data
All anthropometric measurements were made by a
single investigator. Height was documented for each
participant.Waist circumference (at the umbilicus) and
hip circumference (at the level of the greater
trochanter) were measured using a standard tape
measure. BMI was calculated.

Statistical methods
Data were statistically described in terms of minimum,
maximum, mean, and SD for quantitative variables
and frequencies (number of cases) and relative
frequencies (percentages for categorical variables).
Comparison of quantitative variables was done using
Mann–Whitney test. For comparing categorical data,
χ2-test was performed. Exact test was used
instead when the expected frequency is less than 5.
Correlation was performed to test for linear relations
between variables by Spearman’s correlation coefficient.
A probability value (P value less than 0.05 was considered
statistically significant. All statistical calculations were
performed using SPSS (Statistical Package for the
Social Science; SPSS Inc., Chicago, Illinois, USA
version 16).
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Results
The age, weight, BMI, and systolic and diastolic BP of
the MS group were significantly higher (P=0.011,
0.001, 0.002, 0.046, 0.003) than in the non-MS
group. The duration of hypertension in the MS
cases was significantly longer than in non-MS cases
(P=0.013). CRP, serum TGL, and ALT were
significantly higher in the MS group cases
(P=0.001, 0.006, 0.006, 0.047) respectively, whereas
HDL was significantly lower compared with non-MS-
group cases (P=0.006) (Table 1).

Table 2 shows the comparison between MS and non-
MS regarding the presence of DM. There was a
significant difference regarding the presence of DM
between the non-MS group and the MS group. In the
non-MS cases, DM was present in four of 74 cases
(5.4%), whereas DM was present in eight of 26 MS
cases (30.8%). The difference was significant
(P=0.033).

Table 3 shows a highly significant correlation
between CRP and MS (P=0.001), BMI (P=0.005)
and DM (P=0.003), while the correlation between
CRP and HTN (P=0.051), triglyceride level

(P=0.248) and HDL (P=0.094) was insignificant.
There was a highly significant correlation
between uric acid and triglyceride level (P=0.001)
and HDL (P=0.002), while the correlation
between uric acid MS (P=0.451), BMI (P=0.267),
HTN (P=0.756) and DM (P=0.368) was not
significant. There was no correlation between alkaline
phosphatase and MS (P=0.207), BMI (P=0.367),
hypertension (P=0.914), TG (P=0.057), HDL
(P=0.282) and DM (P=0.267). There was a
significant correlation between HCV and TG level
(P=0.033), while there was no correlation between
HCV and MS (P=0.834), BMI (P=0.787),
hypertension (P=0.666) and HDL (P=0.530).

Discussion
In the present cross-sectional study, the incidence
of MS was 26% of recipients, which was
lower compared with other studies (37.7%)
[5].

A study by Cheung et al. [6] in 121 Chinese renal
transplant patients reported a 26% prevalence of MS
(using the International Diabetes Federation, IDF
criteria), which was similar to our findings. Another

Table 1 Comparison between quantitative data in both groups

Metabolic syndrome Nonmetabolic syndrome

Mean SD Mean SD P value

Age (years) 34.46 9.69 27 8.33 0.011

Height (cm) 163.46 3.1 161.19 8.43 0.373

Weight (kg) 78.62 14.91 62.73 12.78 0.001

BMI (kg/m2) 29.46 5.11 24.08 4.32 0.002

DM duration (years) 3.75 1.71 0.04 0.06 0.064

HTN duration (years) 10.54 7.04 4.85 3.21 0.013

Systolic BP (mmHg) 139.17 13.11 130 13.61 0.046

Diastolic BP (mmHg) 83.33 6.51 77.04 4.65 0.003

Transplantation duration (months) 67.31 57.22 54.49 38.11 0.328

CRP (mg%) 16.46 18.14 5.78 3.19 0.001

ALP (U/l) 89.77 32.99 110.38 64.87 0.203

Uric acid (mg/dl) 5.79 1.7 6.28 1.73 0.445

FBS (mg/dl) 80.23 9.64 81.65 14.79 0.938

TGL (mg/dl) 210.08 125.01 145.84 91.81 0.006

HDL (mg/dl) 35.08 12.55 45.95 12.54 0.006

LDL (mg/dl) 120.15 43.4 111.19 39.55 0.507

Cholesterol (mg/dl) 198.15 55.38 186.78 54.62 0.558

Urea (mg/dl) 57.62 27.33 49.3 23.15 0.232

Creatinine (mg/dl) 1.5 0.53 1.35 0.5 0.314

AST (U/l) 22.77 10.51 25.38 17.73 0.458

ALT (U/l) 15.62 5.82 12.23 2.52 0.047

Albumin (g/dl) 3.93 0.64 4.24 0.48 0.146

Steroids (mg/day) 10.58 6.78 7.03 2.69 0.211

Hemodialysis before transplantation (months) 8.92 8.58 14.41 15.77 0.204

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; CRP, C-reactive
protein; DM, diabetes mellitus; FBS, fasting blood sugar; HDL, high-density lipoprotein; HTN, hypertension; LDL, low-density lipoprotein;
TGL, triglyceride.
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study by Naganuma et al. [7] in 101 Japanese renal
transplant patients found that 15.8% of them had MS
(using the IDF criteria).

The rate of incidence of recipients meeting each
factor of the criteria for MS was also different from
other reports. De Vries et al. [8] reported that the rate of
prevalence of meeting MS criteria for waist
circumference, TGL, HDL, BP, and fasting plasma
glucose was 51, 60, 62, 88, and 10%, respectively. The
incidence of obesity and hypertriglyceridemia and low
HDL reported in that study was different from the
results in our study (22, 40, 50%), whereas the
incidence of hypertension and elevated fasting blood
sugar was nearly similar (80 and 12%). We suggest
that ethnicity differences might have contributed to
those differences.

In our study, comparing non-MS cases and MS cases,
there was a significant difference in age, weight, BMI,
hypertension, hypertension duration, CRP, serum
TGL, HDL, and ALT. However, there was no
statistically significant difference between both groups
with regard to sex, duration ofDM, transplant duration,
ALP, UA, LDL, serum cholesterol, blood urea, serum
creatinine, AST, serum albumin, and dialysis duration
before transplantation.

The age of MS cases was significantly higher than in
non-MS cases (P=0.011). This is in agreement with
the findings of Kishikawa et al. [9]. On the contrary,
Faenza et al. [10] found no difference in age
distribution between MS and non-MS cases. This
may be because our study was a cross-sectional
study.

Table 2 Diabetes mellitus cross-tabulation

DM

No Yes Total P value

Non-MS

Count 70 4 74 0.033

% within metabolic 94.6% 5.4% 100.0%

% within DM 79.5% 33.3% 74.0%

Metabolic syndrome

Count 18 8 26

% within metabolic 69.2% 30.8% 100.0%

% within DM 20.5% 66.7% 26.0%

Total

Count 88 12 100

% within metabolic 88.0% 12.0% 100.0%

% within DM 100.0% 100.0% 100.0%

DM, diabetes mellitus; MS, metabolic syndrome.

Table 3 Correlation between CRP, uric acid, alkaline phosphatase and HCV with each of the following: MS, BMI, HTN, elevated
triglyceride, low HDL and DM

CRP Uric acid ALP HCV

Spearman’s rho MS R .460** -.109- -.182- .030

P value .001 .451 .207 .834

N 50 50 50 50

BMI R .392** .160 -.130- .039

P value .005 .267 .367 .787

N 50 50 50 50

Hypertension R .278 -.045- -.016- .062

P value .051 .756 .914 .666

N 50 50 50 50

TGL R .166 .449** .271 .302*

P value .248 .001 .057 .033

N 50 50 50 50

HDL R -.240- .436** .155 .091

P value .094 .002 .282 .530

N 50 50 50 50

DM R .416** -.130- .160 -.277-

P value .003 .368 .267 .052

N 50 50 50 50

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
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No significant difference in sex distribution between
MS and non-MS cases was observed, which is in
agreement with the results of Faenza and colleagues.
However, these results disagree with those of
Landecho et al. [11], who found that MS was
significantly higher in male patients than in female
patients, in a study of 1498 patients.

The weight and BMI of MS cases in our study were
significantly higher (P=0.001 and 0.002) than in non-
MS cases, which agrees with the results of Kishikawa
et al. [9] and Landecho et al. [11], yet it does not agree
with the results of Faenza et al. [10], who did not find
any significant difference in BMI between both groups.

The duration of hypertension in MS cases was
significantly longer than in non-MS cases (P=0.0013).
The systolic and diastolic BP were significantly higher
in the metabolic group cases (P=0.046 and 0.003)
than in nonmetabolic group cases, which is in
agreement with the study of Landecho et al. [11].
However, Kishikawa et al. [9] and Faenza et al. [10]
foundno significant difference in systolic anddiastolicBP
between MS and non-MS cases.

There was no significant difference between MS cases
and non-MS cases as regards duration of dialysis before
transplantation (P=0.204). Similar findings were
found by Faenza et al. [10].

In our results, we had contradictory findings to that of
Naganuma et al. [7], with higher BMI, BP, and TGL
levels in theMS group compared with his findings with
lower BMI, BP, and TGL levels in his group of MS
patients. We both had similar results in finding lower
HDL levels in the MS group. Although insignificant
and not included in the criteria of diagnosing MS,
serum LDLwas higher in ourMS cases compared with
non-MS cases.

The effects of immunosuppressive agents on adiposity,
which have not been included in this study, may have
played a role in the results of this study.

We noted significantly higher CRP level with positive
correlation in the MS group cases compared with non-
MS group cases (P=0.001).

A higher BMI and central obesity were independently
associated with higher levels of CRP in a study
conducted in Taiwan by Kao et al. [12]. Ewers et al.
[13] noted that BMI, body weight, and fat mass also
correlated positively with serum CRP in kidney
transplant patients. Another study by Van Ree et al.

[14] noted that waist circumference was an
independent determinant of CRP in renal transplant
recipients.

In our cases, BMI was positively correlated with serum
CRP levels (P=0.005) and DM in kidney transplant
patients (P=0.003). However, CRP concentration had
no correlation with HDL, cholesterol, and TGLs.

Pharmacological interventions have been shown to
influence serum CRP levels in humans. A meta-
analysis by Genser et al. [15] showed that statins can
reduce serum CRP levels, independent of the type and
dose of statin used. PPAR-γ activation by fibrates also
impairs proinflammatory cytokine-signaling pathways in
the liver, resulting in the modulation of the acute-phase
response reaction through mechanisms independent of
changes in lipoprotein levels [16]. PPAR-γ agonist
treatment results in decreased plasma levels of CRP in
both obese and type 2 DMpatients [17]. In one study by
Argani et al. [18],CRP levelwas significantlydecreased in
kidney transplantation patients who used angiotensin-
converting enzyme inhibitors or angiotensin receptor
blockers. Wong et al. [19] showed that mycophenolate
mofetil use correlates inversely with CRP levels in renal
transplant recipients. However, in our study, there
was no significant difference between MS and non-MS
cases as regards the use of mycofenolate mofetil (MMF),
β-blockers, steroids, and calcium-channel blockers.
None of our study patients used Angiotensin
Converting Enzyme (ACE) inhibitors, PPAR-γ
agonists, or fibrates.

Kerner et al. [20] found that elevation of liver enzymes
was associated with higher CRP concentrations. We
compared MS cases and non-MS cases as regards AST
and ALT where we noted a statistically insignificant
difference in the former, whereas the latter was
statistically significantly higher in the MS group
(P=047).

Hepatic inflammation secondary to liver steatosis
associated with obesity is a potential contributor to
the low-grade inflammation associated with the MS.
OurMS cases had a significantly higher BMI and body
weight. This may explain the elevated ALT level in the
MS cases and the relation between CRP and AST/
ALT. The difference in ALT between MS cases and
non-MS cases cannot be attributed to HCV positivity,
as the difference between both groups as regards HCV
positivity was insignificant (P=1.00).

As it was reported that MS in transplant recipients has
numerous detrimental effects such as the increased risk
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of new-onset diabetes, CVD events and patient death,
accelerated loss of graft function, proteinuria, and
ultimately graft loss [21], randomized clinical trials
should be conducted to define whether interventions
on each MS component would result in better
outcomes after transplantation [22].

Conclusion

(1) MS is prevalent in post-renal-transplant patients.
(2) Serum CRP concentration correlates positively

with MS in kidney transplantation patients.
(3) The age, weight, BMI, systolic and diastolic BP,

serum TGLs, and ALT of MS group were
significantly higher than in the non-MS group.

(4) The duration of hypertension in the MS cases was
significantly longer than in non-MS cases.
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