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ABSTRACT

Diabetes is characterized by chronic hyperglycemia and disturbances of carbohydrate, lipid and
protein metabolism. We aimed to estimate the cardiovascular risk factors and their correlation with
type 2 diabetes mellitus (T2DM) in Zanzibar (Mnazi MMoja Hospital) hypothesizing that early
detection and treatment of lipid abnormalities can minimize the risk for atherogenic cardiovascular
disorders and cerebrovascular accident in patients with T2DM.

Methods: The study populations were those patients who presented themselves at Mnazi Mmoja
hospital with T2DM, and who are within the age bracket of 18 to 45 years. Fasting blood glucose
(FBG), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein
cholesterol (LDL-C), and triglyceride (TG) levels were evaluated. Pearson’s correlation studies were
performed between the variables of blood glucose and serum lipid profiles and also within the lipid
profile parameters.

*Corresponding author: Email: chukwuma.okafor@suza.ac.tz, chumario2k@yahoo.com;



Juma et al.; IJTDH, 41(9): 75-83, 2020; Article no.lJTDH.59330

Results: TC, TG, LDL-C mean levels were significantly higher in diabetics compared with the
control subjects p< 0.05. The HDL-C was however lower in diabetics compared with the controls.
Also, the mean FBG, TC, TG, and LDL-C were significantly higher in female diabetic subjects
compared to the male counterparts p< 0.05. A positive correlation was observed between FBG and
TC, TG and LDL-C (r=0.643 p=0.0021; r=0.679, p=0.0001; r=0.534, p=0.0091 respectively) while
HDL-C showed a negative correlation (r=-0.799, p= 0.0021). TC also showed a positive correlation
with TG and LDL-C (r=0.590, p=0.0021; r= 0.628, p=0.0001) and negative correlation with HDL-C (
r=-0.670, p=0.0041).

Conclusion: There is an influence of gender on cardiovascular disease risk factors with more of
the females seriously at risk. Measurement of serum lipid profile should be introduced to the
management plan of diabetes mellitus. There is an urgent need for the establishment of regional
and national training courses for diabetic educators and also the creation of new evidence-based

management plan for diabetics in Zanzibar for a better healthcare.

Keywords: Type 2 diabetes mellitus; total cholesterol; low density lipoprotein;, high density

lipoprotein; triglyceride.
1. INTRODUCTION

Diabetes is one of the leading causes of death in
developed countries and accounts for
approximately one-third of deaths in developing
ones [1]. The increase is related to different
socio-economic factors suchas industrialization,
urbanization, economic development, and
globalization [2]. Zanzibar has many contacts
with West Africa and the eastern part have
maintained close links with countries who had
undergone ethnic absorption of immigrant Arabs
during the times of Islamizing and had culturally
become Arabised [3]. Regular internal migration
in a different part of Zanzibar has taken place
fromthe rural areas and small towns to big cities,
particularly to the capital Zanzibar town [4]. In
recentyears permanent external migration has
also occurred. These social and economic
advances were accompanied by changes to
modem lifestyle characterized by higher caloric
intake and less physical activity and the
emergence of non-communicable diseases such
as diabetes mellitus a major health problem
causing high morbidity and mortality [1]. Strong
evidence now shows that physical inactivity
increases the risk of many adverse health
conditions, including major non-communicable
diseases such as coronary heart disease and
type 2 diabetes, which shortens life expectancy,
and because much of the world's population is
inactive, this link presents a major public health
issue [5]. Cardiovascular disease (CVD) is a
leading cause of death among adults with T2DM.
Specifically, among those with T2DM in the US,
CVD accounts for 44% of mortality [6]. T2DM
rates have doubled over the past 20 years and
CVD risk increases two to fourfold with a
diagnosis of T2DM [7]. Atherogenic dyslipidemia,

a known risk factor for CVD is highly prevalent in
patients with T2DM [8,9] and tightly linked to
high-carbohydrate diets [10].

The condition is characterized by increased
triglycerides, decreased high-density lipoprotein
cholesterol concentration (HDL-C) and increased
small low-density lipoprotein particle number
(small LDL-P) [9]. Elevated concentrations of
small LDL particularly in patients with insulin
resistance and T2DM are often associated with
increased total LDL particle number (LDL-P) and
ApoB [11]. Previous studies of carbohydrate
restriction of up to 1-year found a consistent
decrease in triglycerides and an increase in HDL-
C, while LDL-C slightly increased or decreased
[10,12]. Inflammation, as assessed by elevated
high- sensitivity C-reactive protein (hs-CRP) or
white blood cell count (WBC), is an independent
CVD risk factor and is involved in all stages of
atherogenesis [13]. Inflammation is often
observed in T2DM concurrent with atherogenic
dyslipidemia and represents an additional CVD
risk even in individuals with low to normal LDL-C
[14]. Hypertension is an additive risk factor in this
patient population. Tighter blood pressure control
has been associated with a reduction in the risk
of deaths related to diabetes. This included
decreased CVD, stroke, and microvascular
complications [15]. The pathogenesis of obesity
includes the balance between calories consumed
and energy expenditure followed by the
maintenance of body weight [16]. It is not only
about how excess body fat is acquired but also
about how this excess is biologically assimilated
[17]. Even though the development of obesity is
multifactorial with genetic, environmental, and
lifestyle causes, it is extensively associated with
comorbidities such as cardiovascular diseases,
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diabetes, hypertension, cancer, and sleep
disorders [16]. It can be estimated from the
hospital record that the number of diabetic
patients is increasing in all socioeconomic
classes. Type 2 diabetes mellitus accounts for
almost 75% of all diabetic patients attending the
Mnazi Mmoja hospital diabetic clinic in Zanzibar
[18]. Non Type 1 diabetes mellitus is a common
disease with severe clinical course and most
patients are poorly controlled and exhibit a high
prevalence of acute and chronic complications
[19] Poor metabolic control of Zanzibar diabetic
patients was attributed to poor compliance and
poor knowledge of diabetes coupled with the
problems associated with injection and drug
availability. Also, the ability of patients with
diabetes to understand and manage their
diseases in ordinary daily life is most important
for successful therapy [20]. The World Health
Organization (WHO) estimated that the number
of people with diabetes worldwide in the year
2000 was 177 million, this will increase to at least
336 million by the year 2030 and with a
prevalence of around 5.4%. The major concerns
are that much of this increase will be in
developing countries (approximately 75% of all
persons) [21]. Chronic hyperglycemia is
associated with the long-term consequences of
diabetes that include damage and dysfunction of
the cardiovascular system, eyes, kidneys, and
nerves. The complications of diabetes are often
divided into two groups: microvascular
(retinopathy, nephropathy, and neuropathy) and
macrovascular (ischaemic heart disease, stroke,
peripheral vascular disease) [22]. Heart attack
and stroke are the major killers in all parts of the
world. About 80% of premature deaths from
these causes could be avoided by controlling the
main risk factors such as physical inactivity,
unhealthy diet, and tobacco use, obesity, high
LDL or low HDL cholesterol levels, high
triglyceride levels, high blood pressure, and age
[23].

International guidelines on cardiovascular
disease (CVD) prevention include lifestyle
counseling to improve unhealthy lifestyle habits
to reduce cardiovascular risk. These guidelines
emphasize that the highest clinical priority for
prevention should be directed towards patients at
high cardiovascular risk, such as those with type
2 diabetes mellitus (T2DM) and  impaired
glucose tolerance (IGT) [23,24]. Scientific
evaluations of programs to improve lifestyle
habits are scarce, despite the knowledge that
healthy lifestyle habits are important for reducing
cardiovascular risk [25]. Despite the above
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studies, there is still a paucity of information on
diabetes in Zanzibar. Also, lipid testing rates
among individuals with diabetes have been far
less than ideal. The available knowledge has
prompted us to conduct the current diabetes
research, to contribute to the overall
improvement of diabetes care in Zanzibar.

2. MATERIALS AND METHODS
2.1 Study Design and Site

This was a hospital-based cross-sectional study
conducted at the diabetic clinic of the Mnazi
Mmoja Hospital (MMH),. MMH is the main
referral hospital in Zanzibar. The hospital is
located in Stone Town, the historic center of
Zanzibar City. It has an outpatient clinic,
specialized clinics as well as several wards for
in-patient services. Although termed as a referral
hospital, basic outpatient services are also
provided to the nearby communities.

2.2 Methodology

A total of one hundred and sixty-one T2DM
patients made up of eighty-five (85) males and
seventy-six (76) females were recruited for the
work using a convenient sampling methodology.
All patients who presented themselves with a
history of T2DM were screened first to confirm
their status. Subjects were all Tanzanians within
the age bracket of 18 and 45 years randomly
selected. Inclusion criteria were all T2DM
patients and it was purely voluntary. We
excluded Patients with Type 1 Diabetes Mellitus
(T1DM), Patients with pregnancy, Patients with
known malignancy, Patients who had undergone
any invasive procedure or surgery in the last
three months, and Patients with communicable
diseases. The control samples comprised of 50
non-diabetic subjects made up of twenty-one
(21) males and twenty-nine (29) females who
were within the same age brackets as the
patients.

2.3 Sample Collection

Ten milliliters of fasting venous blood samples
were collected from each subject. The samples
were divided into two parts in plain tubes and
fluoride oxalate bottles. The samples were
collected in the morning between 8 am and 9 am
and those in the plain bottles were allowed to
clot, centrifuged, separated and the serum stored
at -4°C until analyzed. The samples in the
fluoride oxalate bottles meant for the glucose

77



estimation were centrifuged and the plasma
separated and analyzed within 30 minutes.

2.4 Laboratory Analysis
2.4.1 Laboratory procedure

All patients with T2DM and all non-diabetic
controls were screened for Lipid profiles
including (TG, TC, LDL-C, HDL-C) and Plasma
Glucose levels using MINDRAY BS 200
Chemistry Analyzer machine conducted at
Clinical Chemistry Laboratory of the Mnazi
Mmoja Hospital Zanzibar.

2.4.2 Determination of total cholesterol

Principle: Cholesterol esters are enzymatically
hydrolyzed by cholesterol esterase to cholesterol
and free fatty acids. Free cholesterol, including
that originally present, is then oxidized by
cholesterol oxidase to cholest-4-ene-3-one and
hydrogen peroxide. The hydrogen peroxide
combines with hydroxybenzoic acid (HBA) and 4-
aminoantipyrine to form a chromophore
(quinoneimine dye) which is quantitated at 500
nm.

2.4.3 Determination of triglyceride

Principle: Triglycerides are enzymatically
hydrolyzed by lipase to free fatty acids and
glycerol. The glycerol is phosphorylated by
adenosine triphosphate (ATP) with glycerol
kinase (GK) to produce glycerol-3-phosphate and
adenosine diphosphate (ADP) which is then
oxidized by Glycerol-3-phosphate oxidase (GPO)
producing Dihydroxyacetone phosphate and
hydrogen peroxide (H.O,). In a color reaction
catalyzed by peroxidase, H,O, reacts with 4-
aminoantipyrine (4-AAP) and 4-chlorophenol (4-
CP) to produce a red-colored dye. The
absorbance of this dye is proportional to the
concentration of triglyceride present in the
sample.

2.4.4 Determination of High
Lipoprotein Cholesterol (HDL-C)

Principle: The chylomicrons, VLDL, and LDL
cholesterol of the serum are precipitated by
phosphotungstic acid and magnesium ions. After
centrifugation, the HDL-C left in the supernatant
is then measured by the enzymatic cholesterol
method.

Density

2.4.5 Determination of Low
Lipoprotein Cholesterol (LDL-C)

Density

This was computed the Friedewald

calculation [26].

using
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LDL = Total Chol - (Triglyceride / 5) — HDL

2.4.6 Determination of Plasma

Glucose (FPG)

Fasting

Principle: Glucose oxidase (GOD) catalysis the
oxidation glucose to give hydrogen peroxide
(H20,) and gluconic acid. In the presence of
enzyme peroxidase (POD) the hydrogen
peroxide is broken down and oxygen released
reacts with 4 aminophezone (4 amino antipyrine)
and phenol to give a pink colour which is
proportional to the concentration of glucose
present

2.4.7 Body mass index

Body mass index (BMI) was calculated using the
formula weight (kg)/ height squared (m?).

2.5 Statistical Analysis

Data were analyzed using the Statistical
Package of Science and Social Science (SPSS)
software version 15 and Epin info. Independent
Students’ ‘1’ test was used to compare groups.
Pearson’s correlation coefficient determination
was performed to evaluate the degree of
association. Values were expressed as means *
standard deviation (SD). Probability values of
less or equal to 0.05 were accepted to be
significant (P < 0.05).

3. RESULTS

Table 1 shows the Essential Physical Data of
Diabetic Patients and Control Subjects (Mean +
SD). There were statistically significant
differences when the age, weight, and BMI of
the diabetic patients were compared with the
nondiabetics p< 0.05.

Table 2 shows the levels of Glucose and Serum
Lipid Profile in Diabetic Patients and Control
Subjects. There were statistically significant
differences between the levels of Plasma
Glucose, TG, TC, LDL-C and HDL-C in diabetic
patients and the nondiabetic controls p< 0.01.

Table 3 shows the mean levels of Plasma
Glucose, TG, TC, LDL-C, and HDL-C in female
diabetics compared to the male diabetics. There
were statistically significant differences between
the females’ Plasma Glucose, TG, TC, LDL-C
compared to their male counterparts. (p<0.05).

4. DISCUSSION

Cardiovascular disease (CVD) is a leading cause
of death among adults with T2DM. Compared
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with individuals without diabetes, patients with
T2DM have a considerably higher risk of
cardiovascular morbidity and mortality and are
disproportionately affected by cardiovascular
disease. Most of this excess risk is associated
with an augmented prevalence of well-known risk
factors such as hypertension, dyslipidaemia, and
obesity in these patients [27]. Persistent
dyslipidaemia shown in our work was
collaborated by some other workers [28,29]. The
characteristic features of diabetic dyslipidemia
are high plasma ftriglyceride concentration,
reduced HDL-C concentration, and increased
concentration of LDL-C particles. These changes
are caused by increased free fatty acid flux
secondary to insulin resistance and aggravated
by increased inflammatory adipokines [30]. All of
the processes involved in atherogenesis can be
exacerbated by insulin resistance and/or
metabolic syndrome. Hypertriglyceridemia is a
strong predictor of coronary heart disease [31]. In
diabetes, blood glucose is not utilized by tissue
resulting in hyperglycemia. The fatty acids from
adipose tissue are mobilized for energy purposes
and excess fatty acid is accumulated in the liver,
which is converted to triglyceride [32]. Our work
recorded an inverse relationship between serum
levels of HDL-C and TG in diabetic patients, with
low serum HDL-C levels possibly representing an
independent risk factor for cardiovascular
disease. Small, dense, LDL-C particles are also
highly atherogenic as they are more likely to form
oxidized LDL and are less readily cleared [31].
Elevated TG levels are a common dyslipidemic
feature accompanying type 2 diabetes and pre-
diabetic states [33]. A high fasting TG level is
one of five accepted criteria for defining
individuals at high risk for cardiovascular disease
and type 2 diabetes, arguably termed the
“‘metabolic syndrome” [34,35]. Some evidence
suggests that fasting TG levels can aid in
predicting future type 2 diabetes [36]. However,
this was shown mainly when triglyceride levels
were combined with  additional clinical
parameters, such as BMI, blood pressure, and
other classic risk factors for cardiovascular
disease, or with “high-normal” fasting plasma
glucose levels [37]. The level of circulating
triglycerides is highly influenced by the fed-fasted
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state, insulin sensitivity, and lifestyle factors such
as diet and physical activity [38,33]. These make
triglyceride levels a highly sensitive lifestyle
biomarker at a given time point.

Type 2 diabetes in this work seems to increase
the risk of coronary heart disease (CHD) more
markedly in females than in males. Although the
mechanism is incompletely understood several
explanations can be offered. First, adverse
changes induced by type 2 diabetes in some
cardiovascular risk factors, such as HDL-C, TG,
LDL-C particle size, and blood pressure, are
more pronounced in female gender than in males
[39,40]. Our work recorded significant increases
in Plasma Glucose, TC, TG, and LDL-C among
our female patients compared to their male
counterparts. Second, gender may alter the
effect of some cardiovascular risk factors for
CHD in diabetic subjects, thereby making the
female patient have a stronger risk effect. Third,
diabetes in the female gender may interfere more
with protective mechanisms in the vascular wall
and thereby lead to enhanced atherogenesis
and/or thrombogenesis [41]. Fourth, It might be
related to different degrees of insulin resistance
between the two sexes or a direct effect of the
hormonal status on one or more enzymes
implicated in lipoprotein metabolism [42,43]. The
fifth may be the increased testosterone levels
which are negatively associated with TC, LDL-C,
and TG levels [44]. Other workers found out that
as the testosterone/estradiol ratio decreased,
LDL-C decreased while HDL-C levels increased
[45].

The pattern of correlation between the glucose
levels and lipid profiles showed that
hyperglycemia is closely associated with
dyslipidaemia. This also points to the significance
of control of blood glucose in diabetic patients.
Also, correlation studies within the lipid groups
showed interesting results. It indicates the need
for control of plasma cholesterol and triglyceride
levels to have lower LDL levels and elevated
HDL levels. Other workers collaborated with our
findings [46]. The various lipids and lipoproteins
are closely correlated with each other, and
control of one influences the others.

Table 1. The essential physical data of diabetic patients and control subjects (Mean * SD)

Characteristics Diabetic patients Control subjects t-statistics p-value
Age (YR) 51.20 + 11.203 45.72+11.169 2975 0.012
Weight (Kg) 68.02+ 13.429 60.02+ 13.181 3.045 0.011
Height (Cm) 160.82 £8.573 163.28+9.450 1.236 0.360
BMI (Kg/m®) 26.915+4.05637 22.324+3.90677 2.766 0.041
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Table 2. The levels of Glucose and Serum Lipid Profile in Diabetic Patients and Control

Subjects

Measurement Diabetic patients Non-Diabetic Controls t-statistics pvalue
(mg/dL) (Mean SD ) N=161 (Mean *SD ) N=50

FPG 169.0004£63.9692 81.00+16.247 9.617 0.0001
TG 137.915459.0534 111.0404£29.8395 3.094 0.0022
TC 176.807+36.0918 144.912+34.1804 5.526 0.0001
LDL-C 151.224464.0362 117.714126.2476 4.848 0.0008
HDL-C 44.80+£15.7758 56.894+10.5376 5.076 0.0001

Table 3. The mean levels of Plasma Glucose, TG, TC, LDL-C, and HDL-C in female diabetics
compared to the male diabetics

Measurement Female diabetic Male diabetic t-statistics  pvalue
mg/dl patients patients
(Mean + SD) N=85 (Mean * SD) N=76

FPG 174.280+48.00 153.7204+59.2818 -2.429 0.0163
TG 141.2811£59.4943 116.214+26.5127 3.010 0.0049
TC 190.118+38.4228 173.496+33.6621 2.904 0.0042
LDL-C 159.482162.40581 132.966+65.2019 2.635 0.0092
HDL-C 43.746+15.1988 45.856+16.4182 0.847 0.3984

Table 4. Levels of correlation between Plasma Glucose and Lipid Profile indices in diabetic
subjects. There were positive correlations between Plasma Glucose and TC, TG, and LDL-C
and negative correlation with HDL-C (p< 0.01)

Variables FPG (r) p-value

TC 0.643 (0.0021)**
TG 0.679 (0.0001)**
LDL-C 0.534 0.0091)**
HDL-C -0.799 (0.0021)**

** Correlation is significant at p< 0.01 levels

Table 5. Levels of correlation between Cholesterol and other Lipid Profile indices in diabetic
subjects. There were positive correlations between Chol and TG, LDL and negative correlation
with HDL (p< 0.01)

Variables TC (r) p-value

TG 0.590 (0.0021)**
LDL-C 0.628 (0.0001)**
HDL-C -0.670 0.0041)**

** Correlation is significant at p< 0.01 levels

5. CONCLUSION

Dyslipidaemia is a serious cardiovascular risk
factor even among young diabetics. The pattern
of the risk factors is highly influenced by gender
with more of the females seriously at risk of
cardiovascular disease. Early measurement of
blood glucose as well as serum lipid profiles
should be introduced to the management plan of
diabetes mellitus. There is therefore an urgent
need for the establishment of regional and
national training courses for diabetic educators
and also the creation of a new evidence-based

management plan for diabetics in Zanzibar for
better healthcare.
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