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INTRODUCTION
Obesity is a chronic disorder which is prevalent in both developed 
and developing countries. Obesity among women of reproductive 
age is increasing worldwide. The related co-morbidities are type 
2 diabetes, chronic hypertension and CVD [1]. Obesity is an 
essential factor in the synthesis of hs-CRP which leads to induced 
adipose tissue inflammation in the liver and is considered  as an 
independent risk factor for CVD [2,3]. hs-CRP is an acute-phase 
reactant protein, an indicator of systemic inflammation [4]. It may be 
related to chronic inflammatory conditions, such as atherosclerosis 
and after adjusting for risk factors for CVD, patients with high CRP 
levels are at a higher risk of acute myocardial infarction [5]. This 
biomarker has also been related to the increase of cardiovascular 
risk in patients with established disease and the occurrence of 
the first vascular event. From these facts, it can  be concluded 
that hs-CRP is valuable in primary and secondary prevention 
and prophylaxis of CVD. Evaluation of this marker may help in 
knowing the severity of the disease, efficacy of the treatment and 
prognosis of CVD patients [6]. Magnesium is the second most 
abundant (after potassium) intracellular cation and is the fourth 
most abundant cation in the human body [7]. Hypomagnesemia 
is found to be associated with metabolically obese normal weight 
rather than metabolically healthy obese phenotypes [8].

Therefore, this study was conducted to evaluate the relationship 
of hs-CRP with BMI, fasting lipid profile and magnesium; and to 
compare these values between obese, overweight and normal 
weight adult Sudanese females.

MATERIALS AND METHODS
This cross-sectional community-based study was carried out 
at Body Master Centre in Khartoum State, Sudan from June 
2019 to November 2019. Ethical approval was obtained from 

the concerned body before commencing the study. After verbal 
informed consent, a total of 90 blood samples were collected 
under aseptic conditions from non-diabetic non-hypertensive 
Sudanese women. They were then counselled and trained to 
reduce their weight in a gymnasium centre in Khartoum state. 

Inclusion criteria: The study included three groups of normotensive, 
normoglycaemic adult women, aged between 20-43 years. 
The grouping was done based on BMI (normal: 18-24.9 kg/m2, 
overweight: 25-29.9 kg/m2 and obese: >29.9 kg/m2), according to 
standards as per World Health Organisation (WHO) [9].

Exclusion criteria: Patients who had diabetes mellitus, malignancy, 
hypertension and CVD, endocrinal and metabolic disorders, bronchial 
asthma, chronic obstructive pulmonary disease, autoimmune 
disorders, inflammatory diseases, infectious diseases and also subjects 
who were smokers, who were on steroids, statins, anti-inflammatory 
drugs and who consumed alcohol were all excluded from this study.

Anthropometric measurements, including height and weight, were 
taken using standard protocols. BMI was calculated as weight (in 
kilograms) divided by height (in meters squared). Waist circumference 
was taken as the minimum circumference at the umbilicus level, 
and hip circumference as the maximum circumference around the 
buttocks. WHR was calculated as waist circumference divided by 
hip circumference [9]. All measurements were performed twice by 
the researchers and the mean was considered.

Estimation of hs-CRP
Serum levels of hs-CRP were measured by using auto-analyser 
called Cobas C-311. The principle of the reaction is based on the 
particle-enhanced immunoturbidimetric assay method (Cobas 
C-311®). Human CRP agglutinates with latex particles that are 
coated with monoclonal anti-CRP antibodies, and then, the 
precipitate is determined by turbidimetric assay [10].
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ABSTRACT
Introduction: An increased Body Mass Index (BMI) has an 
adverse effect on the socio-economic and healthcare sectors 
and may influence metabolic status. High sensitivity C-reactive 
Protein (hs-CRP) is an emerging biomarker. The association 
between dyslipidaemia and obesity is well established, and has 
been found to be the risk factors for CVD.

Aim: To study the relationship of hs-CRP with BMI, lipid profile 
and magnesium among obese and overweight non-diabetic 
non-hypertensive Sudanese women.

Materials and Methods: A cross-sectional study was 
conducted on 90 women in Khartoum state (Sudan), aged 
between 20 and 43 years, from June to November 2019. The 
study included three groups of women based on BMI. hs-CRP 
was measured by using latex immunoturbidimetric method, 
lipid profile was evaluated using Biosystems colourimetric 

methods and magnesium by a chemical method. Results were 
computed using Statistical Package for the Social Sciences 
(SPSS) version 20.

Results: There was significant increase in the mean values of 
hs-CRP, Total Cholesterol (TC), Triglyceride (TG), Low Density 
Lipoprotein Cholesterol (LDL-C), and a significant decrease 
in the mean values of High Density Lipoprotein Cholesterol 
(HDL-C) and magnesium in obese and overweight women, 
when compared to normal body weight women. Pearson’s 
correlation coefficient revealed a positive correlation between 
hs-CRP, and BMI, Waist-To-Hip Ratio (WHR), TC, TG, and 
LDL-C (p-value <0.01).

Conclusion: Overweight and obese women have increased hs-
CRP and atherogenic lipid profile, suggesting obesity to be a 
state of chronic inflammation. hs-CRP can be used to assess 
the risk of obesity-related disorders for early intervention.
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HDL-C and magnesium level in obese participants when compared 
to overweight and normal BMI participants.

Estimation of Lipid Profile and Magnesium
The quantitative determination of TC in serum was done by 
an enzymatic, colourimetric method with Cholesterol Oxidase-
Peroxidase (CHOD-POD) [11]. Estimation of TG levels was 
done by colourimetric end point-Glycerol Phosphate Oxidase, 
Phenol+Aminophenazone (GPO-PAP) [12], while estimation of 
HDL-C was done by a direct homogenous enzymatic colourimetric 
method [13]. LDL-C was calculated using the formula: TC-(HDL-
C-TG/5) [14]. Estimation of serum magnesium was done by 
Calmagite method, in which magnesium reacts with calmagite in 
alkaline medium forming a coloured complex proportional to the 
concentration of magnesium in the specimen [15-17].

STATISTICAL ANALYSIS
Descriptive statistics and one-way Analysis of Variance (ANOVA) 
was performed to compare the means of different groups based on 
BMI. Pearson’s correlation was performed to find out the correlations 
between hs-CRP, lipid profile, and magnesium levels versus the 
anthropometric measurements. A p-value<0.05 was considered as 
statistically significant. Statistical analysis was done using Statistical 
Package for the Social Sciences (SPSS) version 20.

RESULTS
A total of 90 women with a mean age equal to 27.8±5.8 years were 
classified into three groups according to BMI as normal, overweight, 
and obese (30 subjects in each group).

[Table/Fig-1] shows study parameters which were classified based 
on BMI. Twenty-six (28.9%) out of 90 participants had >3.0 mg/L 
(High Risk) of hs-CRP; 22 participants (24.4%) were obese and four 
participants (4.5%) were overweight. Six (6.7%) participants out of 
total had high levels of TC; all of whom were obese subjects. Three 
(3.3%) participants out of total had high level of LDL-C, while nine 
(10%) participants out of total had moderate levels of HDL-C. A total 
of 66 (73.4%) participants had serum magnesium <1.8 mg/dL; 30 
of them (33.3%) were obese.

Characteristic, parameter 
and reference range 

normal 
weight (n=30)

overweight 
(n=30)

obese 
(n=30)

Total 
(n=90)

hs-CrP (mg/l)

<1.0 (Low risk) 27 (30%) 16 (17.8%) 03 (3.30%) 46 (51.1%)

1.0-2.9 (Intermediate risk) 03 (3.30%) 10 (11.1%) 05 (5.6%) 18 (20.0%)

>3.0 (High risk) 0 04 (4.5%) 22 (24.4%) 26 (28.9%)

Cholesterol (TC) (mg/dl)

<200 (Optimal) 30 (33.3%) 29 (32.2%) 15 (16.7%) 74 (82.2%)

200-239 (Borderline) 0 1 (1.1%) 9 (10%) 10 (11.1%)

>240 (High) 0 0 6 (6.7%) 6 (6.7%)

hdl-C (mg/dl)

>40 (Normal) 29 (32.2%) 29 (32.2%) 23 (25.6%) 81 (90.0%)

35-39 (Moderate risk) 01 (1.1%) 01 (1.1%) 07 (7.8%) 09 (10.0%)

ldl-C (mg/dl)

Optimal (<100) 30 (33.3%) 28 (31.1%) 15 (16.7%) 73 (81.1%)

Near optimum (100-129) 0 (0%) 1 (1.1%) 8 (08.9% ) 09 (10%)

Borderline high (130-159) 0 (0%) 1 (1.1%) 4 (4.4%) 05 (5.6%)

High (160-189) 0 (0%) 0 (0%) 3 (3.3%) 03 (3.3%)

Serum magnesium (mg/dl)

≤1.8 (Hypomagnesaemia) 08 (8.9%) 28 (31.1%) 30 (33.3%) 66 (73.4%)

>1.8 (Normal) 22 (24.4%) 02 (2.2%) 0 (0%) 24 (26.6%)

[Table/Fig-1]: Frequency of study parameters classified based on BMI.
hs-CRP: Highly sensitive C reactive protein; TC: Total cholesterol; HDL-C: High-density lipoprotein-
cholesterol; LDL-C: Low-density lipoprotein cholesterol

Variables
obese 
n=30

overweight 
n=30

normal weight 
n=30 p-value

Age/years 26.0±6.35 28.1±5.24 29.3±5.52 0.09

Body mass index (BMI) kg/m2 38.2±5.0 27.0±1.5 22.6±1.3 <0.01

Waist circumference (WC) cm 106.1±11.3 89.0±6.0 79.2±4.6 <0.01

Hip circumference (HC) cm 27.27±3.99 28.03±5.33 29.33±5.4 0.289

Waist to hips ratio (WHR) 0.91±0.03 0.84±0.03 0.77±0.02 <0.01

hs-C-reactive protein (mg/L) 6.94±5.17 1.37±1.29 0.45±0.38 <0.01

Serum total cholesterol (mg/dL) 207±39.5 163±16.2 144±13.3 <0.01

Serum triglycerides (mg/dL) 119±23.9 92.6±20.2 73.6±18.7 <0.01

HDL-C (mg/dL) 40.0±2.65 45.1±5.22 53.0±9.74 <0.01

LDL-C (mg/dL) 104±38.3 78.7±15.5 60.0±14.9 <0.01

Serum magnesium (mg/dL) 1.54±0.12 1.67±0.20 1.97±0.23 <0.01

[Table/Fig-2]: Comparison between means of age, BMI, WC, HC, WHR, lipid 
profile, serum hs-CRP, and serum magnesium among obese and overweight versus 
normal body weight.
The results are in mean±SD.
**p-value <0.05 considered significant.
One-way ANOVA test was used for comparison

Variable 

BmI WC Whr

r p-value r p-value r p-value

hs-CRP 0.7 <0.01 0.74 <0.01 0.65 <0.01

Serum total cholesterol 0.59 <0.01 0.92 <0.01 0.84 <0.01

Serum triglycerides 0.68 <0.01 0.62 <0.01 0.60 <0.01

HDL-C -0.52 <0.01 -0.53 <0.01 -0.52 <0.01

LDL-C 0.62 <0.01 0.59 <0.01 0.64 <0.01

Serum magnesium -0.60 <0.01 -0.59 <0.01 -0.60 <0.01

[Table/Fig-3]: Pearson’s correlations between anthropometric measurement and 
serum hs-C reactive protein (hs-CRP), lipid profile, and magnesium in the study 
group.

[Table/Fig-3] shows Pearson’s correlation between hs-CRP, lipid 
profile, magnesium levels with anthropometric measurement. The 
results reflect statistically significant positive correlation between the 
hs-CRP, TC, TG, LDL-C with BMI, WC and WHR.

Parameters

hs-CrP

r p-value

Serum total cholesterol 0.55 <0.01

Serum triglycerides 0.57 <0.01

HDL-C -0.47 <0.01

LDL-C 0.55 <0.01

Magnesium -0.49 <0.01

[Table/Fig-4]: Pearson’s correlations between hs-CRP and lipid profile, magnesium 
levels in the study group.

[Table/Fig-4] shows Pearson’s correlation between hs-CRP with 
lipid profile and magnesium level. The results reflect statistically 
significant positive correlation between the hs-CRP with TC, TG, 
LDL-C; negative correlation with HDL-C and magnesium level.

[Table/Fig-2] shows the comparison of three groups based on BMI 
(obese, overweight and normal BMI). The results reflect that there 
was a significant increase in Waist Circumferance (WC), WHR, 
hs-CRP, serum TC, TG and LDL-C levels; significant decrease in 

DISCUSSION
Obesity is one of the foremost public health crisis of our time. A 
chronic imbalance between energy intake and energy expenditure will 
ultimately lead to obesity. Excess adipose tissue, especially in intra-
abdominal region, predisposes to type 2 diabetes, hypertension, 
dyslipidaemia and metabolic syndrome largely through increased 
lipolysis that raises the production of free fatty acids and adipokines 
[18]. The present study was conducted on a group of apparently 
healthy women with different BMI. It showed that 26 of participants 
were at high risk (hs-CRP>3 mg/L) for CVD; 22 of them were obese 
and four participants were overweight. These results are comparable 
with the findings of several studies [19,20].
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The study reflects significant increase in means of hs-CRP, TC, TG, 
and LDL-C levels in obese and overweight females when compared 
to normal body weight females. Similar results were demonstrated 
by Klisic AN et al., [21]. The present study demonstrated positive 
correlation between hs-CRP with TC, TG, LDL-C, and inverse 
correlation with HDL-C with BMI, WC and WHR. These  results were 
in line with that of a previous study by Rye KA and Barter PJ [22]. 
Similar positive relationship was established between WC and hs-
CRP levels by Kao TW et al., and Lapice E et al., which demonstrated 
that abdominal adiposity is connected with higher CRP which was 
independent of BMI [23,24]. Festa A et al., showed that WHR was 
considerably correlated with hs-CRP [25].

Central obesity was found to have the strongest relationship with 
elevated hs-CRP levels by Florez H et al., [26]. Hence, signifying that 
abdomen adipose tissue is the chief source of cytokines like Tumour 
Necrosis Factor-α (TNF-α), Interleukin-6 (IL-6) which are the main 
determining factors of hepatic synthesis of hs-CRP. These inflammatory 
mediators lead to endothelial dysfunction and atherosclerosis, which 
play a major part in the pathogenesis of ischaemic heart disease and 
other obesity linked morbidities [18,25].

This study revealed that serum magnesium was significantly 
decreased in obese and overweight women when compared 
with normal BMI women. Similarly, a negative correlation between 
magnesium with anthropometric parameters and hs-CRP was 
established by Huang JH et al., and Randell EW et al., [27,28]. In 
obesity and adipocyte enlargement, the blood supply to the adipocyte 
may compromise with resultant hypoxia. Hypoxia may induce 
production of biologically active metabolites like adipocytokines 
which include CRP, plasminogen activator inhibitor-1, and pro-
inflammatory mediators such as TNF-α and IL-6 [29].

Limitation(s)
The major drawback of this study was its small sample size and 
that it was conducted among females only. A single inflammatory 
marker, hs-CRP, was measured that possibly does not perfectly 
reveal long-term inflammatory status of the body.

CONCLUSION(S)
Study results revealed that increase in BMI is associated with substantial 
changes in hs-CRP, atherogenic lipid profile, and magnesium and it is 
considered that hs-CRP can be an early unique inflammatory indicator 
in apparently healthy overweight and obese women. Measures such as 
changes in lifestyle modification and increase in physical activity to lose 
weight can be advised at the earliest to prevent future morbidities.
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