Apolipoprotein B/apolipoprotein A-I ratio in relation to
various definitions of metabolic syndrome among Saudi
patients with type 2 diabetes mellitus
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Objective: To assess if the apolipoprotein (Apo) B/
Apo A-I ratio in Saudi patients with type 2 diabetes
mellitus (T2DM) is associated with metabolic
syndrome (MetS).

Methods: This cross-sectional study was conducted
on 250 patients with T2DM, above 40 years of age,
at King Abdulaziz University Hospital Diabetes
Center in Riyadh, Saudi Arabia, between January and
December 2006. Metabolic syndrome was defined,
and compared according to 3 criteria, namely, National
Cholesterol Education Program Adult Treatment
Panel III, International Diabetes Federation, and
World Health Organization.

Results: In the 250 patients studied, all 3
definitions demonstrated significant increase in the
Apo B/Apo A-I ratio, in Saudi type 2 diabetics with
the MetS. There was a strong positive correlation
between the Apo B/Apo A-I ratio and triglycerides,
low-density lipoprotein  cholesterol, and total
cholesterol (r=0.43-0.54, p<0.0001), and a weak, yet
significant, correlation (r=0.14-0.21, p<0.05) with
waist circumference, waist-hip ratio, fasting glucose,
and hemoglobin Alc, however, not with body
mass index (r=0.01, p=0.88). In contrast, the ratio
showed strong negative correlation with high-density
lipoprotein cholesterol (r =-0.7, p<0.0001).

Conclusion: Apolipoprotein B/apolipoprotein A-I
ratio is significantly associated with MetS in Saudi
patients with T2DM, similar to observations made in
other ethnic groups.
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It is well established that diabetes mellitus, and
hypercholesterolemia are strongly independent risk
factors for coronary heart disease."? Furthermore,
it is well known that the synergistic effects of the
atherogenic components of the metabolic syndrome
(MetS), predispose to increased risk of cardiovascular
mortality.>* This prediction is independent of other
well known risk factors, including total and low-density
lipoprotein (LDL) cholesterol.’ Insulin resistance, and
MetS are associated with certain lipid disturbances,
including high fasting, and postprandial levels of
triglyceride-rich lipoproteins (mainly very low-density
lipoprotein [VLDLY]), as well as instability in the high-
density lipoprotein, and the non-HDL cholesterol
levels.® Circulating levels of apolipoproteins indicate the
number of lipoprotein particles, instead of its cholesterol
concentration. The level of apolipoprotein (Apo)-B
reflects the total number of potentially atherogenic
particles, as it is present in VLDL, intermediate density
lipoprotein, large buoyant LDL, and small dense LDL.
However, the level of apoA-I reflects the number of
HDL particles. Thus, the ratio of apolipoproteins B
and A-I (ApoB/ApoA-I) would be, theoretically, an
ideal indicator for the lipid disturbances associated
with MetS.” It has been shown that ApoB/ApoA-I
ratio is better than any cholesterol measure to predict
cardiovascular risk.®” Although some studies have
shown the association of ApoB/ApoA-I ratio with the
features of MetS in certain populations,'®’® no study
has explored this association in Saudi patients with type
2 diabetes. Therefore, we conducted this study to assess
whether ApoB/ApoA-I ratio is associated with MetS in
Saudi patients with type 2 diabetes.

Methods. In this cross-sectional study, 250 Saudi
patients with type 2 diabetes (T2DM) participated in
this study, which took place at the Diabetes Center of
King Abdulaziz University Hospital (KAUH) Riyadh,
Saudi Arabia between January and December 2006.
All patients included in this study were more than 40
years of age, not on any lipid-lowering drugs, and with
serum triglycerides level of less than 3.38 mmol/l. The
exclusion criteria were significant liver disease, renal
failure requiring renal-replacement therapy, and the
usage of oral contraceptives, or hormone replacement
therapy. The KAUH ethics committee approved the
study, and an informed consent was obtained from
each patient. Height and weight were taken with
subjects wearing light clothes, and without shoes.
Body mass index (BMI) was calculated as weight/
height* (kg/m?). Waist circumference was obtained as
the minimum value, between the iliac crest and the
lateral costal margin, and the hip circumference was
defined, as the maximum value over the buttocks.
Measurements were carried out with a standardized
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tape measure, and were rounded off to the nearest
centimeter (cm). Serum glucose, total cholesterol,
and triglycerides were determined by enzymatic
techniques, while ApoB, and ApoA-I was determined
by immuno turbidimetric assays (Kone Instruments,
Espoo, Finland). High-density level cholesterol was
measured after precipitation of VLDL and LDL,
with phosphotungstic acid and magnesium chloride.
Low-density level cholesterol was calculated using
Friedewald’s equation.’ Uric acid was measured
using oxidation method to allantoin by uricase, and
creatinine was determined by modified Jaffé method,
using alkaline picrate solution (Kone instruments,
Finland). Glycosylated hemoglobin (HbAlc) was
measured  through  Nyocard-HbAlc  (Nyocard,
Norway) utilizing a boronated affinity assay. Urinary
albumin wasassessed using Chemstrip Micral, with cut-
off value of 20 mg/l (Roche Diagnostics, Mannheim,
Germany). We utilized 3 definitions of MetS for this
analysis. Metabolic syndrome, according to the World
Health Organization (WHO), is defined as glucose
intolerance, diabetes or insulin resistance with 2 or
more of the following: 1) blood pressure >140/90 mm
Hg, 2) triglycerides 1.7 mmol/l, or HDL cholesterol
<0.9 mmol/l for men and <1.0 mmol/l for women, 3)
waist-to-hip ratio (WHR) >0.9 for men and >0.85 for
women, or body mass index (BMI) >30 kg/m?, and 4)
urinary albumin excretion rate 220 pg/min." Urinary
albumin was determined using a test-strip method,
with a cut-off value of 20mg/l. The WHO definition
was modified using urinary albumin concentration
instead of excretion rate. In the definition of MetS
according to the National Cholesterol Education
Program-Third Adult Treatment Panel (NCEP ATP
III), 3 or more of the following criteria must be
fulfilled: fasting blood glucose level >5.6 mmol/l,
blood pressure >130/85 mm Hg, triglycerides >=1.7
mmol/l, HDL cholesterol <1.03 mmol/l for men and
<1.29 mmol/l for women, and waist circumference
>102 cm for men and >88 cm for women.'® The
third definition used was the International Diabetes
Federation (IDF) definition for MetS, that required a
measure of central obesity (gender and ethnic-specific
waist circumference) in addition to 2 or more of the
following criteria: triglycerides 1.7 mmol/l or specific
treatment for this lipid abnormality, HDL cholesterol
<1.03 mmol/l in men and <1.29 mmol/l in women,
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or specific treatment for this lipid abnormality, systolic
blood pressure 2130 mm Hg, diastolic blood pressure
>85 mm Hg, or treatment of previously diagnosed
hypertension, and fasting plasma glucose >5.6 mmol/l
or previously diagnosed T2DM."

Statistical analysis. 'The SPSS version 11.5
(Chicago, Illinois) was utilized to analyze the data.
All data are presented as mean+SD, as all variables
of interest were normally distributed. Independent
student’s t-test, and ANOVA with post-hoc analysis
were used for comparison of variables from groups.
Spearman’s correlation coefficients between the
variables were performed, to determine relationships
between variables of interest. Results were considered
statistically significant when p<0.05.

Results. The patients clinical and metabolic
characteristics are shown in Table 1. It is evident
that the prevalence of MetS is high, regardless of the
definition used, and was highest using the NCEP-
ATP 1II definition (Table 1). Spearman’s correlation
revealed a weak although significant positive correlation
between ApoB/ApoA-I ratio and waist circumference
(r=0.14, p=0.04), WHR (r=0.21, p=0.001), fasting
glucose(r=0.18, p=0.004), and HbAlc (r=0.15;
£=0.03), moderate and significant positive correlations
with triglycerides (r=0.54, p<0.0001), LDL-cholesterol
(r=0.52, p<0.0001), and total cholesterol (r=0.43,
<0.0001), and a strong negative correlation with
HDL-cholesterol (r=-0.70; p<0.0001). There was no
correlation between the ApoB/ApoA-I ratio, and BMI.
Further analysis by the number of features of the MetS
as defined by WHO, NCEP-ATP III, and IDF were
performed. Regardless of the criteria used to define
MetS, there was significant increase in the levels of
ApoB, ApoB/ApoA-I ratio, and triglycerides, with a
concomitant decrease in HDL levels in correlation to
increasing features of the MetS (Tables 2 & 3).

Discussion. Recent studies have shown that
the ApoB/ApoA-I ratio is associated with MetS,
and its components.” In this study, we confirmed
this association in Saudi type 2 diabetic patients.
The findings were consistent with the other studies,
patients with increasing numbers of factors constituting
MetS had parallel increase in the ApoB/ApoA-I ratio,
regardless of what criteria was used to define the
MetS.'® Wallenfeldt et al'” described a relation between
the ApoB/ApoAl ratio and MetS. They studied 313
Caucasian men (mean age 58 years) with different
degrees of obesity and insulin sensitivity, and the study
reported a close association of the ApoB/ApoA-I ratio
with the factors constituting MetS. However, the study
was carried out in a different population, it does not
include women, and it used only, the WHO definition

Table 1 - Clinical characteristics of subjects (N=250).

Variables Result
Age (years) 51.88 £9.5
Gender (male/female, %) 127/123 (50.8/49.2)
Metabolic syndrome by WHO (n, %) 76 (30.4)
Metabolic Syndrome by NCEP-ATP I1I (n, %) 146 (58.4)
Metabolic Syndrome by IDF (n, %) 143 (57.2)
Body-mass index (kg/m?) 30.5+5.7
Waist-hip ratio 0.96 + 0.7
Fasting glucose (mmol/1) 9.1+3.9
HbAlc (%) 8.5+2.0
Triglycerides (mmol/l) 1.7+ 1.0
HDL-cholesterol (mmol/l) 1.2+0.3
LDL-cholesterol (mmol/I) 3.1+£0.9
Total cholesterol (mmol/l) 5.0+ 1.0
ApoA-I (g/l) 1403
ApoB (g/l) 1.1+0.3
ApoB/apoA-1 0.81+0.25

Data presented as mean+SD, WHO - World Health Organization, NCEP-
ATP 1II - National Cholesterol Education Program-Third Adult Treatment
Panel, IDF - International Diabetes Federation, HbAlc - Hemoglobin Alc,
HDL- cholesterol - high density lipoprotein-cholesterol,
LDL- cholesterol - low density lipoprotein-cholesterol.
Apo - apolipoprotein

of MetS. In another study carried out in the United
States whose sample composed of 2,964 subjects, the
ApoB/ApoA-I ratio was strongly associated with the
presence of individual MetS components, with the
MetS itself, and with insulin resistance.'®> However, their
results may not be applicable to other ethnic groups.
Our study is the first to demonstrate a significant
association of the Apo/Apo-I ratio with 3 definitions
of the MetS (WHO, NCEP ATP-III, and IDF) in
the Saudi population with T2DM. Ethnic differences
do exist in cardiovascular risk factors, and could have
potential clinical implications.” Obesity, as well as
visceral fat distribution are considered as components
of the MetS.?! The WHR is used as a marker for central
obesity, and it has been shown to be associated with
cardiovascular risk.”> We found an association between
ApoB/ApoA-I ratio and WHR, however, not with BMI,
which is agreeable with the current understanding that
links central fat accumulation with poorer plasma lipid
profile.” ApolipoproteinB/ApoA-I ratio is significantly
associated with the major aspects of dyslipidemia, as
well as insulin resistance, and the metabolic syndrome,
making it an ideal marker for increased cardiovascular
risk aside from the conventional lipid markers.**
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Table 2 - Clinical and metabolic parameters according to the number of features of the WHO definition of metabolic syndrome.

Parameter Number of features of metabolic syndrome
0 1 2 23
(n=31) (n=71) (n=72) (n=76)

Fasting glucose (mmol/l) 8.4+4.6 8.0 + 3.4% 9.3+3.7 10.4 + 3.9
HbAlc (%) 7.8+24 8.2+2.0 8.7+1.8 87+1.9
Total cholesterol (mmol/l) 4.8 +0.8% 5.0 +0.8 4.6 + 1.0%% 5.4+ 1.1
Triglycerides (mmol/l) 1.2 £+0.3% 1.4+ 1.4% 1.2 £ 0.3% 2.5+£0.8
HDL-cholesterol (mmol/l) 1.3 + 0.37% 1.3 £+ 0.47% 1.1+0.3 1.0+0.3
LDL-cholesterol (mmol/I) 2.9 +0.8F 3.1 +0.7F 29+1.0 3.2+1.0
ApoA- (g/l) 14+ 0.3t 1.5+ 0.2% 1302 1403
ApoB (g/l) 0.97 + 0.3% 1.0 +0.3% 1.0 +0.2% 13403
ApoB/apoA-I ratio 0.69 + 0.21% 0.72 +0.21% 0.82 + 0.3% 0.94 +0.2

Data presented as mean+SD, *significance compared to 1, fsignificance compared to 2, $significance compared to 23, significance
at p<0.05, WHO - World Health Organization, HbAlc -hemoglobin Alc, HDL - high density lipoprotein, LDL - low density
lipoprotein, Apo - apolipoprotein

Table 3 - Clinical and metabolic parameters according to the number of features of the IDF and NCEP-ATP III definition of metabolic syndrome.

Parameter Number of features of metabolic syndrome
IDF NCEP-ATP III
1 2 >3 1 2 >3

(n=45) (n=62) (n=143) (n=38) (n=66) (n=146)
Fasting glucose (mmol/l) 8.6+4.8 8.2 +3.4" 9.7 £3.7 8.0 + 4.5* 8.0 +3.2* 99+3.8
HbAlc (%) 8.2+2.6 8.3+1.8 8.6+1.8 8.0 2.6 8.2+1.9 8.7+1.8
Total cholesterol (mmol/l) 4.8+0.8 49+ 1.1 5.1+1.0 4.8+0.8 4.9+09 5.1+1.1
Triglycerides (mmol/l) 1.1 +0.3* 1.5+0.8 1.9+1.2 1.1 +0.3* 1.3 £ 0.4* 2.0+1.0
HDL-cholesterol (mmol/l) 1.3 £ 0.4* 1.2+0.3 1.1+0.3 1.4 +0.3* 1.3 +0.3* 1.1+0.3
LDL-cholesterol (mmol/I) 3.0+0.7 3.0+1.0 3.1+£0.9 29+0.7 3.0+0.8 3.1+1.0
Apo A-I (g/l) 1.4+ 0.3 14102 1403 1.5+0.3* 1.4+0.2 1.3+0.3
Apo B (g/l) 0.96 + 0.2* 1.0+ 0.2 1.1+0.3 0.92 +0.2* 1.0 £ 0.3* 1.2+0.3
Apo B/Apo A-I ratio 0.7 £0.3* 0.79£0.3 0.85+0.2 0.64 £ 0.2* 0.7 £0.2% 0.9+0.3

Data presented as mean+SD, *significance compared to >3, significance at p<0.05, IDF - international diabetes federation, NCEP-ATP III - national
cholesterol education program-third adult treatment panel III, HbAlc - hemoglobin Alc, HDL - high density lipoprotein, LDL - low density lipoprotein,
Apo - apolipoprotein

Our study has a number of limitations. First, in
order to avoid the confusing effect of lipid-lowering
medications, we included only patients not taking these
drugs. Secondly, with the aim of using Friedewald’s
formula for calculating LDL-cholesterol, we excluded
those with a triglyceride level >3.38 mmol/I. This might
have led to under-representation of patients with the
most marked lipid abnormalities. The results of this
study support that the elevation of ApoB/ApoA-I ratio
may be an important feature of the MetS, and may
provide an additional mechanism to explain the elevated
cardiovascular risk associated with this syndrome.
Published data supports that ApoB/ApoA-I ratio can

be considered as a new risk factor for cardiovascular
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disease, the lower the ApoB/ApoA-I ratio, the lower the
risk. Methods for determining ApoB and ApoA-I are
internationally standardized and automated, analyses
are cheap, and more importantly, can be performed on
non-fasted samples.

We conclude that in this cohort of Saudi type 2
diabetic patients, the ApoB/ApoA-I ratio was closely
associated with the MetS, and its components. This data
will support using this test in assessing cardiovascular
risk in Saudi subjects with MetS.
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