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ABSTRACT:

Background: There is dyslipidaemia in metabolic syndrome (MetS). Lipid profiles in MetS associated with different health
conditions may not be obvious. This study investigated lipid profiles in MetS associated with type 2 diabetes (DM-MetS),
hypertension (HBP-MetS), chronic kidney disease (CKD-MetS) and apparent health (AH-MetS).

Methods: 540 patients were recruited for this study; 183 T2D, 136 HBP, 84 CKD patients and 137 AH subjects. They were
outpatients and workers in the University of Nigeria Teaching Hospital Enugu. Nigeria. FPG, TC, HDL-C, TG as well as
anthropometric measurements were determined using standard methods. Data analyses were done using GraphPad Prism version
2 statistical programme. MetS was diagnosed using NCEP-ATP 111 criteria

Results: Study showed 135 DM, 64 HBP, 31 CKD and 52 AH subjects had MetS, (prevalence rates: 36.9 %, 14.7 %, 18.4 %, and 37.9
% respectively). Only 38% MetS subjects had hypertriglyceridaemia while 66% with hypertriglyceridaemia had MetS.
Corresponding figures for low HDLC were 40, and 77%. CKD-MetS had higher mean value of TG and TC than others; (2.65 + 0.16
mmol/l; F = 11.4; P =0.0001; 6.07+0.02mmol/l; p = 0.001). Variations in TC were observed across groups, (p =0.0001). HDL-C was
highest in AH-MetS, (1.51 £+0.07 mmol/l) and differed with mean value of DM-MetS, (1.23 = 0.04mmol/I, p=0.01) only. Following
the pattern of TC, LDLC was lowest among DM-MetS, (2.75 + 0.06 mmol/Il) and highest among CKD-MetS, (3.65 + 0.28 mmol/I, p
=0.001) with variations across groups, (F = 6.35; p= 0.0004).

Conclusion: Dyslipidemia profile varied with associated disorders. Presence of MetS is not a strong factor for development of lipid
disorders in the study population.
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INTRODUCTION

The insulin resistance/metabolic syndrome (MetS) is characterized by the variable coexistence of hyperinsulinaemia, obesity,
dyslipidaemia, and hypertension.[1 ,2] Workers in the diabetes field have named the syndrome ‘insulin resistance syndrome’ in
keeping with their view that the underlying factor of the syndrome is insulin resistance while obesity is an exacerbating factor [3,
4], ( Defronzo and Ferrannini, 1991; Balkau and Charles, 1999). MetS is comprised of a combination of risk factors for coronary
heart disease, as well as for diabetes, fatty liver, and includes dyslipidaemia of the high-triglyceride-low high density lipoprotein
cholesterol type and central obesity[5-7] .. Alone each component of the cluster conveys increased cardiovascular risk, but in
combination, they become much more powerful [8], (Kaplan, 1989). The combination of cardiovascular risk factors and diabetes
elevates risk more than the accumulation of risk factors without diabetes ( Stamler et al, 1993 ) [9]. The metabolic syndrome with
normal glucose tolerance identifies the subject as a member of a group at a very high risk of future diabetes [10], (WHO, 1999).
The metabolic syndrome develops slowly over time, often over a course of 20 years or more. Individuals over the age of 35 years
have one in three chances of having the syndrome without knowing it[11] (Mykkanen et al, 1993). This is because its signs and
symptoms which include weight gain; rising blood pressure, blood lipids and blood glucose, and feeling of sluggishness are also
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accepted signs of aging. The syndrome shares common features with type 2 diabetes, Cushing’s syndrome and growth hormone
deficiency [12-13], ( Alexander et al, 2003; Summer and Nelson, 2005).

Health conditions associated with MetS include diabetes, hypertension and chronic kidney disease and it also occurs in apparently
healthy individuals. Lipid disorders are major diagnostic feature of MetS. However, lipid profile in different health conditions
associated with MetS is not yet well understood especially among blacks. This is necessary in view of the “TG paradox” seen in
blacks whereby normal triglyceride values were recorded in the presence of insulin resistance [14]®]. Applying the same criteria
in the treatment of lipid disorders in MetS associated with different health conditions may be misleading if there are differences.
Several studies of different ethnic groups suggest different patterns of clustering of the metabolic disorders in metabolic syndrome
[15-18], (Meigs et al, 1997; Gray et al, 1998; Chen et al, 1999; Sakkinen et al, 2000). In this study, lipid profiles in MetS associated
with DM, HBP, CKD and AH were examined.

MATERIALS AND METHODS

The study was a cross-sectional study done between March and August. A total of 540 patients were recruited for this study. This
was made up of 183 type 2 diabetics, 136 hypertensives, 84 renal failure patients and 137 apparently healthy subjects recruited
from the immediate community including Hospital staff. The patients were all registered in the clinics of the University of Nigeria
Teaching Hospital, Enugu. Patients visiting the clinics for the first time, those aged less than 35 years and those who had broken
their fast at the time of sample collection were left out. Left out also were those on lipid lowering drugs and pregnant and lactating
mothers. The apparently healthy subjects were men and women of age 35 years and above who at the time of sample collection
were not registered in any clinic for treatment or receiving any medication. They have not had any major illness in the last six
months and were not complaining of any discomfort that might be suspected to be illness at the time of sample collection. The
lower age limit was chosen to coincide with the age above which the metabolic syndrome is most prevalent [19], (Mykkanen et
al, 1993).

Ethical approval was obtained from the Hospital Ethic Committee of the University of Nigeria teaching Hospital and written
informed consent was obtained in each case before sample collection.

Fasting blood samples, (3ml), were collected from subjects between 8 and 11 am each day using standard methods [20]” and
allowed to clot at room temperature. The sample was spun and sera harvested and used for the determination of triglyceride,
(TG), total cholesterol, (TC), and high density lipoprotein cholesterol, (HDLC). Low density and very low density cholesterol values
were calculated using Friedwald formula [21] . The method of Buccolo and David [22] ! was used in assay of TG, HDLC by the
method of Allain et al [23] % and TC by the cholesterol oxidase method. Cromatest® Mono-reagent kits were used for the
biochemical determinations.

Analyses of data were done with GraphPad prism version 2 statistical programme. MetS was diagnosed according to the NCEP-
ATP 111 criteria [24] .,

RESULTS

The study showed 135 (men 68, women 67) DM, 64 (men 26, women 38), HBP, 31 (men 20, women 11), CKD, and 52 (men 15,
women 37), AH subjects had the MetS giving prevalence rates of 36.9 % (32.4, 42.9), 14.7 % (12.1, 17.1), 18.4 % (23.2, 13.4) and
37.9 % (22.0, 53.6) respectively. 38% of the subjects with the MetS had hypertriglyceridaemia while 66% of the subjects with
hypertriglyceridaemia had the MetS. Corresponding figures for total hypercholesterolaemia and low HDLC were 5.0, 40, and 24
and 77% respectively.

Lipid profile of subjects with the MetS associated with DM, HBP, CKD and AH varied considerably and significantly (Table 1). CKD
subjects had significantly higher mean value of TG than other subjects (2.65 £ 0.16 mmol/I; F = 11.4; P =0.0001) while those of the
other subjects did not differ significantly from each other, (p >0.05). The concentration of TC was lowest among the MetS subjects
with DM, (4.4 £0.11mmol/l) and highest among those with CKD, (6.07+0.02mmol/I; p = 0.001). Significant variations were observed
across the groups, (p =0.0001). HDL-C was highest in the AH-MetS subjects (1.51 #0.07 mmol/l) and differed significantly with
mean value from DM-MetS subjects, 1.23 + 0.04mmol/l, (p=0.01) but not with those of CKD-MetS and HBP-MetS subjects.
Following the pattern of TC, LDLC was lowest among the DM-MetS subjects, (2.75 + 0.06 mmol/l) and highest among the CKD-
MetS subjects, (3.65 £ 0.28 mmol/I, p =0.001) with significant variations across the groups, (F = 6.35; p= 0.0004). VLDLC pattern
followed that of TG; CKD-MetS subjects had higher values than others (1.11mmol/l; F = 11.78; p = 0.0001) followed by AH-MetS,
DM-MetS and HBP-MetS (p= 0.001). Among the male subjects, (Table 2), TG, followed the pattern in the general population.
Significant difference in TC was recorded only between DM-MetS, (4.74 + 0.10 mmol/l) and CKD-MetS, (5.78 + 0.16 mmol/I)
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subjects, (p=.01). HDLC was highest in the apparently healthy subjects but no significant difference was recorded among the
groups, (p>0.05). No significant difference was recorded for LDLC between the groups while VLDLC showed considerable
significant differences between only CKD-MetS and the other groups, (F = 18.60; p = 0.0001).

Among the female subjects, (Table 3), no significant difference in TG was recorded among the groups, (F = 2.68, p > 0.05). TC
showed significant differences between the values for CKD-MetS, (7.10 £ 0.26mmol/l) and the other groups, (4.97 £ 0.09, 5.24
0.21, 5.10 + 0.27 mmol/l respectively) only. HDLC varied only between HBP-MetS and AH-MetS subjects with apparently healthy
subjects showing higher values, (1.55 + 0.10mmol/l) than the hypertension subjects, (1.21 £ 0.05mmol/l; p = 0.01). LDLC in line
with the pattern recorded for TC in addition to that between HBP-MetS, (3.13 + 0.15 mmol/l) and apparent health, (2.90 + 0.17
mmol/l) (p = 0.01). VLDLC showed no significant variations.

DISCUSSIONS

Dyslipidaemia in MetS varied appreciably with associated disorders. Among the criteria in the definition of metabolic syndrome is
dyslipidaemia of the high triglyceride, low high density lipoprotein type. This combination is the hallmark of the metabolic
syndrome and risk factor for ischaemic heart disease [25] *21. With hyperinsulinaemia, hepatic output of triglyceride-rich very low
density lipoprotein, (VLDL) increases. Cholesterol ester transfer protein, (CETP), transfers cholesterol from high density lipoprotein
(HDL) in exchange for triglycerides. As a result, the concentration of HDL-C falls while that of triglycerides increases. In addition,
there is a shift in the LDL particle diameter to smaller and denser LDL-cholesterol fractions termed ‘pattern B particles’, which are
the most potent and damaging kind. They adhere to and penetrate the vascular wall more easily, exert a pro-coagulant effect by
causing increased production of PAI-1 and are oxidized more easily [26,27] 134, Oxidized LDL particle combine with macrophages
to form foam cells and build atheromatous plaques. Dyslipidaemia is most severe in CKD-MetS and involves mainly TG and TC
which values were significantly higher in CKD-MetS than in other combinations. The increase in lipids in CKD-MetS could be
because in renal failure, low molecular weight proteins are lost. The body responds by increasing the production of higher
molecular weight proteins that include mainly VLDL and LDL. These contain mainly TG and cholesterol and their values are raised
in CKD-MetS more than in other conditions. HDLC correlates inversely with the TG and this is said to be highly atherogenic [28]™°,
Low HDL-C levels and high triglyceride levels are an independent risk factor for cardiovascular disease [29] [*®l. Cholesterol ester
transfer protein, (CEPT), transfers cholesterol from HDL to VLDL in exchange for TG. Hence serum TG increases while HDLC
decreases.

Hyperlipidaemia of the high TG-low HDLC type is the hallmark of MetS and it predisposes to ischaemic heat disease [30, 31] %71,
Changes in triglycerides and HDL-C play an important role in the development of MetS, insulin resistance, and are major mediators
in the atherogenic process. In addition, studies have identified the lipid profile as an insulin resistance and cardiovascular risk
marker [32 -34] [18201 |t js difficult to evaluate the predictor potential of raised TG and low HDLC in MetS. This is due to the fact
that the cutoff points for these parameters in MetS lie within their reference ranges; that is to say that values within the reference
range could still predict MetS in an individual. In this study only 38% of the subjects with the MetS had hypertriglyceridaemia while
66% of the subjects with hypertriglyceridaemia had the MetS. Corresponding figures for total hypercholesterolaemia and low
HDLC were 5.0, 40, and 24 and77% respectively. It would appear that the development of the MetS is not a strong factor for the
development of lipid disorders in the study population. The reverse, however, appear more likely. This agrees with the view that

hypertriglyceridaemia causes the misdiagnosis of MetS in blacks [35 -37] 223 Previous studies have also recorded that only a
fraction of blacks with metabolic syndrome ever meet the TG threshold [14, 34,38] [6:24-25]

Insulin resistance appears to be the primary mediator of metabolic syndrome and T2D and it is also seen in hypertension. Lower
values for TG were recorded for DM-MetS, HBP-MetS subjects than for AH-MetS subjects. Dyslipidaemia in MetS was more severe
in men than women. The variation in TG was less pronounced in women than men and vice versa for TC. Since apparently healthy
subject also have the MetS, the syndrome may not be a consequence of the metabolic disorders associated with it but rather their
causative factor. The individual components of the MetS produce adverse clinical consequences leading to organ damage. For
example, adipose tissue dysfunction lead to release of pro-inflammatory cytokines that promote insulin resistance. Insulin
resistance is a causative factor of several metabolic disorders.

CONCLUSION

Dyslipidemia profile varied with associated disorders. Presence of MetS is not a strong factor for development of lipid disorders
in the study population. Subjects with dyslipidaemia and/or these complications, especially CKD, should also be screened and
treated for dyslipidaemia to prevent enhanced cardiovascular events.
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Table 1. Showing the values (mmol/l), (Mean + SEM) of the lipid profiles of MS subjects with DM, (DM-MS), hypertension, (HBP-
MS), chronic kidney disease, (CKD-MS) and apparent health, (AH-MS).

DM-MS HBP-MS CKD-MS AH-MS F; p-values.
(n=135) (n=64) (n=31) (n=52)
Triglycerides(TG) 1.87+£0.04 2.010.05 2.65+0.16 2.04+0.06 11.4; 0.0001
Total Cholesterol (TC) | 4.44+0.11 5.09+0.16 6.07 £ 0.22 5.16 £ 0.18 15.15; 0.0001
HDLC 1.23+0.04 1.30+0.05 1.23+0.05 1.51+0.07 4.79; 0.0029
LDLC 2.75+0.06 3.090.15 3.65+0.28 2.86+0.18 6.35; 0.0004
VLDLC 0.88 £ 0.02 0.83+0.15 1.11 £0.05 0.93+£0.03 11.78; 0.0001

Table 2. Showing the values (mmol/l), (Mean + SEM) of the lipid profiles of male MS subjects with DM, (DM-MS), hypertension,
(HBP-MS), chronic kidney disease, (CKD-MS) and apparent health, (AH-MS).

DM-MS HBP-MS CKD-MS AH-MS F; p-values.
(n=68) (n=26) (n=20) (n=15)
Triglycerides(TG) 1.76 £+ 0.04 1.77 £ 0.06 2.31+0.10 1.72 £ 0.05 17.8; 0.0001
Total Cholesterol TC | 4.74 £ 0.10 4,72 £0.16 5.78£0.16 5.22+0.11 2.75;0.029
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HDLC 1.18 £+ 0.05 1.42 +£0.09 1.29 £ 0.08 1.44 £ 0.99 2.59; 0.056
LDLC 2.96+0.22 2.64+0.14 3.15+0.21 291+0.12 0.41;0.747
VLDLC 0.79+£0.02 0.830+ 0.03 1.07 £0.06 0.77 £0.02 18.6; 0.0001

Table 3. Showing the values (mmol/l), (Mean + SEM) of the lipid profiles of female MS subjects with DM, (DM-MS),
hypertension, (HBP-MS), chronic kidney disease, (CKD-MS) and apparent health, (AH-MS).

DM-MS HBP-MS CKD-MS AH-MS F; p-values.
(n=67) (n=38) (n=11) (n=37)
Triglycerides(TG) 1.87 £0.07 1.69 £0.07 1..77 £ 0.06 1.82 £ 0.06 2.68; 0.0491
Total Cholesterol TC | 4.97 £ 0.09 5.24+0.21 7.10+£0.26 5.10£0.27 11.79; 0.0001
HDLC 1.26 £ 0.05 1.21+£0.05 1.25+0.04 1.55+0.10 4.13;0.0078
LDLC 2.64 +£0.09 3.13+0.15 3.80+0.16 2.90+0.17 15.96; 0.0001
VLDLC 0.88 £ 0.02 0.75+0.03 0.80 +0.02 0.83+0.02 2.648; 0.5450
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