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ABSTRACT

Dyslipidemia remains the leading cause of cardiovascular mortality and morbidity among diabetic
patients. The study was conducted to describe the correlation of blood glucose and lipid profile levels as
risks for cardiovascular disease among diabetic patients at Ruhengeri referral hospital. It was a cross-
sectional study. A total of 103 diabetic patients were recruited. The blood glucose and lipid profile levels
were tested, and the cardiovascular risks were observed. The results were analyzed using SPSS version
22.0. 78.4% of diabetic patients have dyslipidemia characterized by high LDL-C, hypercholesterolemia,
hypertriglyceridemia and low HDL-C. There was a statistical significance association with BMI and TC (2
= 21.611; p=0.000), TG (x2 = 14.311; p = 0.000), and LDL-C (x2 = 6.367; p = 0.012). A positive significant
correlation was observed between blood glucose and TG and BMI and TC levels (r = 0.420; p = 0.001; (r =
0.663; p = 0.001) respectively. Gender was statistically significant to have an effect to low Framingham
risk score (x2 = 13.359; df = 6; p = 0.038). The study shows a high prevalence of dyslipidemia. TC and
LDL-C are significantly increased in diabetic patients with high BMI. Co-morbidity of diabetes and
dyslipidemia remains a statistically significant predictor of cardiovascular risk. Therefore, regular

monitoring of lipid profile in diabetic patients would prevent incremental risk for CVD.
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INTRODUCTION

Diabetes mellitus (DM) is a syndrome characterized by
disturbed metabolism of glucose and lipids and is well-
known risk factor for cardiovascular disease (CVD) [1]. The
global burden of diabetes was over 451 million people in
2017 and the most affected people were in the age range of
18 to 99 years. Of 451 million people, 79% were from low-
and middle-income countries. Patients having type 2
diabetes mellitus (T2DM) are more prone to the
cardiovascular complications compared to people suffering
from type 1 diabetic mellitus (T1DM), and diabetic patients
are more affected by CVD than non-diabetic people [2].

Dyslipidemia in diabetes is the most important risk factor
for CVD. It is associated with the lipid abnormalities
characterized by the qualitative and quantitative changes
in lipids and lipoproteins. The elevated triglyceride (TG),
increased low density lipoprotein cholesterol (LDL-C) and
decreased high-density lipoprotein cholesterol (HDL-C)
was the common pattern of dyslipidemia in diabetic
patients. Comorbidity of diabetes and dyslipidemia was
found in more than 50% of diabetic patients across the
world and both conditions have a synergistic effect in
triggering CVD [3].

Diabetic patients who had dyslipidemia are more likely to
have CVD than diabetes free people and are linked with 2
to 4 folds increased mortality in diabetic patients than in
healthy people. Approximately 75% of deaths in diabetic

patients were attributed to diabetes related cardiovascular
complications [4]. Moreover, atherogenic cardiomyopathy
was found in more than 50% of all diabetic patients and
approximately 15% of patients with stroke suffered from
diabetes and dyslipidemia, whereas up to 5% of diabetic
patients  presented  atherosclerotic  cerebrovascular
accidents at diagnosis [5].

The prevalence of diabetes mellitus among people aged 20
to 79 years in sub-Saharan Africa (SSA) was 5.5% in South
Africa, 2.5% in Uganda, 2.9% in Kenya, 3.9% in Zambia, 7.2%
in Gabon, 6.2% in Democratic Republic of Congo, and 4.2%
in Rwanda [6]. Dyslipidemia in SSA has become a persecutor
to CVD and was responsible for 59% of ischemic heart
disease (IHD) and 29% of ischemic stroke to people aged 30
years and older. Moreover, approximately 8.6% of total
deaths in SSA were caused by diabetes related
cardiovascular complications [7]. Rapid rises of diabetes and
associated cardiovascular complications in low-resource
settings are more challenging in SSA than in any other part of
the world [8].

Dyslipidemia and related cardiovascular outcomes among
diabetic patients from low-resource countries including
Rwanda remains scanty [9, 10]. The paucity of data related
to the prevalence and pattern of dyslipidemia in diabetic
patients hampered the prevention and management of CVD
associated with diabetes complications [11]. Therefore, the
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assessment of the full lipid panel including TC, TG, LDL-C,
and HDL-C for a holistic cardiovascular risk in diabetic is
required.

OBJECTIVES OF THE STUDY

The objectives of the present study were to i) assess the
prevalence and pattern of the lipid abnormalities among
diabetic patients as risks for cardiovascular diseases, ii)
describe the association of demographic and clinical
characteristics with the lipid profile parameters, and iii)
determine the correlation of blood glucose with serum
triglyceride (TG), total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C) and low density
lipoprotein cholesterol (LDL-C) levels in diabetic patients
at Ruhengeri referral hospital.

METHODOLOGY

Study settings

The study was carried out at Ruhengeri referral hospital
located in Northern Province of Rwanda, Musanze
district. The hospital receives referred patients from 16
peripheral health centers of Musanze district and from
the neighboring Gisenyi and Shyira district hospitals of
Rubavu and Nyabihu districts, respectively. Analysis of
blood glucose was done from capillary blood in the
department of the non-communicable diseases at the
hospital. Venous blood specimen were then collected
and transported for further analysis at the INES-
Ruhengeri clinical biochemistry laboratory.

Study design

This cross-sectional and prospective study conducted to
the correlation of blood glucose with lipid profile levels in
diabetic patients at Ruhengeri referral hospital. All diabetic
outpatients who attended Ruhengeri hospital from
November 2018 to January 2019 and who were eligible
with inclusion criteria and consented to participate in the
study were recruited.

Study population

All diabetic patients who attended the non-communicable
diseases clinic at Ruhengeri referral hospital during the
period from November 2018 to January 2019 were
targeted by the study. However, only 103 patients who met
inclusion criteria were recruited for the study participation.

Inclusion and exclusion criteria

All patients with diabetes mellitus aged 21 years and above,
in fasting state for overnight and without documented
history of cardiovascular disease were recruited for the
study. Pregnant women with gestational diabetes mellitus,
diabetic patients who ever have been treated for
cardiovascular event or under CVD treatment and patients
under lipids lowering therapy during the time of the study
were not eligible for the study.

Data sources and participants

The age and time in diabetic follow up of the study
participants were recorded from the patients’ medical
file. Blood pressure reading was taken from diabetic
patients by a nurse using the Belsk digital blood pressure
monitor. Hypertension was considered with systolic
blood pressure of 140 mmHg or higher and diastolic
blood pressure of 90 mmHg or above [12]. Capillary
blood samples were drawn by the researcher and tested
for fasting blood glucose using Accu-Check Aviva device.
The normal ranges for the glucose results were for values
between 75-120 mg/ [13]. The body weight and height
were taken by the researcher using mechanical height
and body weight measuring instrument (Brecknell HS-
200M). All the results were recorded in the patients’
medical files.

The BMI was calculated as the ratio of a person’s weight
in kilograms by the square of his/her height in meters
(kg/m?) and categorized as underweight: BMI < 18.5
kg/m2, normal weight: 185 < BMI < 249 kg/m?,
overweight: 25 < BMI < 30 kg/m?, and obese: BMI = 30
kg/m2 [14]. All the results were transcribed into
Microsoft excel spreadsheet for subsequent analyses. 4
ml of venous blood was collected from each diabetic
patient in a red top tube with clot activator using a needle
green G21 and allowed to clot. The methods for data
collection are described in-depth elsewhere.

Laboratory analysis

The collected venous blood specimens were transported to
the clinical biochemistry laboratory of INES-Ruhengeri and
processed for TC, TG, and HDL-C tests using Humastar 80
auto analyzer. The normal values were established
according to the National Cholesterol Education Program
(NCEP) Adult Treatment Panel III (ATP III) as per Yu et al.
[15] with TC < 200 mg/d], TG < 150 mg/dl, HDL-C between
41- 60 mg/dl for males and 51-60 mg/dl for females, and
low LDL-C <100 mg/dl. The calculation of low density
lipoprotein-cholesterol (LDL-C) utilized the modified
Friedewald equation as follows: LDL-C (mg/dl) = (Non-
HDL-C x 90%) - (TG x 10%) [16]. The general CVD risk
score tool developed by Framingham was utilized to assess
risk for CVD risk. The risk score was computed using the
individual’s age, arterial blood pressure, TC, HDL-C, and
blood glucose. The risk for CVD was graded as low,
moderate and high with <10, 10 to 20 and >20% scores,
respectively [17]. SPSS version 22 was used for data
analysis.

Ethical consideration

The permission to conduct the research was granted by
both Ruhengeri referral hospital and INES Ruhengeri
ethical committees. Diabetic patients were informed about
the study and its benefits. Patients who were eligible and
who voluntarily consented to participate were enrolled in
the study. The right to privacy and confidentiality was
respected. Collected specimens were assigned anonymous
codes and data generated were solely used for the purpose
of the study.

Limitations of the study

Results from this study should not be generalized to the
national level due to a small sample size drawn from a
small catching area in one Province of Rwanda.

RESULTS AND DISCUSSION

Demographic and clinical characteristics of diabetic
patients

In the present study, the correlation of blood glucose and
lipid profile levels in diabetic patients at Ruhengeri referral
hospital was assessed. The study enrolled 103 patients in
follow-up for diabetes with female majority. The mean age
and the prevalence of diabetes were more elevated in
females than in males (Table 1). This is in agreement with
Hilawe et al. [18] and consistent with Wandell and
Carlsson [19] who argued that sex hormones and sex-
related lifestyle may lead to higher prevalence of diabetes
and glycemic burden in females than in males.

The range and mean values of glycaemia were higher in
females than in males and this might be in correlation with
BMI disparities observed between genders. Although all
study participants had diabetes, the results in table 1 show
that glucose ranges in both sexes overlap with normal
glycemic ranges. The results would imply that diabetes
was successfully controlled in patients with normal
glycaemia. In addition to systolic blood pressure which
was slightly higher in female than in males, the mean BMI
was in the overweight ranges and higher in females.
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The result agrees with Dixit et al. [20] who found higher
mean values of glycaemia in diabetic females than males.

Prevalence of dyslipidemia

The results of the present study show a high prevalence of
dyslipidemia in diabetic patients (78.4%). The finding is
consistent with Borles et al. [21] in India and in agreement
with Shrestha and Khanal [22] in Nepal who reported a
high prevalence of dyslipidemia (853 and 86%),
respectively. However, higher prevalence of 95% in
Tanzania [23] and 94% in Pakistan [24] was also reported.
The differences in prevalence may be due to diverse
lifestyles, difference in dietary patterns in the study
populations and effectiveness of diabetes management.
Lower prevalence of 20% found at Muhima district
hospital [10] and 28% at Rwanda military hospital [25]
might be due to differing lipid profile test cut-off values
used. The obtained results impel to screen dyslipidemia in
diabetic patients in order to prevent incremental risk for
CVD.

Pattern of dyslipidemia

Diabetes mellitus affects the blood lipid levels due to the
relationship between the metabolism of carbohydrates and
lipids. Disorders in carbohydrates metabolism lead to
changes in various lipids concentration and inversely [26].
According to Mehnaz et al. [27], the most common
pattern of diabetic dyslipidemia involves raised TG and TC,
increased concentration of LDL-C and reduced HDL that
infrequently occurs in diabetic patients. In the present
study, elevated serum LDL-C level (73.8%) was frequently
recorded in lipid abnormality. Frequencies of elevated TG
(hypertriglyceridemia, 38.8%), TC (hypercholesterolemia,
46.6%), and decreased HDL-C (26.2%) were also found.
Similarly, Dixit et al. [20] and Niyibizi at al. [10] also found
high frequency of dyslipidemia in diabetic patients.
However, lower frequencies of lipid abnormalities were
reported by Ashimwe [25] due to cut-off values used. The
frequency of low HDL-C seen in this study (26.2%) is
consistent with other finding [28] and the frequency of
elevated TG has been reported by Mehnaz et al. [27]. Thus,
the frequency of lipid abnormalities observed can explain
the increasing rate of CVD reported in diabetic patients and
impel for early screening, treatment, and dyslipidemia
control to alleviate the burden of CVD in diabetic patients.

Association of demographic and clinical characteristics
with dyslipidemia

Age, gender, blood glucose levels, BMI and hypertension
were reported to be linked with dyslipidemia in diabetic
patients. In addition LDL-C, TC, HDL-C, and TG were
associated with BMI. Moreover, an important linkage was
statistically seen between dyslipidemia and BMI [15, 29,
30]. Results in the table 2 shows that no significant
association was recorded with age. The results are
comparable with Omotoye and Tanimoowo [31] and
would mean that dyslipidemia may occur in diabetes
regardless of the age of the patient. However, conflicting
results showed that the age of diabetic patients was
associated significantly with hypertriglyceridemia and
elevated LDL-C [28] and further research would untie the
paradox.

A review of the rates of dyslipidemia in diabetic patients
showed more frequencies in diabetic females than in males
[6]. As presented in Table 2, lipid abnormalities were more
common in females than in males. This may be a random
finding given that none of the lipid profile variables was
significantly associated with gender. In contrast,
significant association was between female gender and
frequencies of hypercholesterolemia [28]. It may be
thought that hyperlipidemia disparities between genders

are attributable to sex hormones. If such is the case, it
would mean that females are more likely exposed to
dyslipidemia adverse effects than males.

Overweight and obesity are well known determinants of
dyslipidemia in diabetic patients [32, 33]. Table 2 results
show a significant association between the BMI and TC, TG
and LDL-C, but the association was not significant for HDL-
C. In addition, as shown in table 2, high LDL-C was found
more often in hypertensive diabetic patients who had
diabetes for over 5 years, but no significant association was
noted. The results agreed with those reported by Yu et al.
[15] who argued that the duration of uncontrolled diabetes
compounded with hypertension could increase the risk for
atherogenic dyslipidemia. Therefore, the screening of
dyslipidaemia in overweight diabetic patients with
hypertension should be done to mitigate the risk for
associated CVD.

Relationship between gender and lipid parameters in
diabetic patients

Diabetes confers a noticeably higher risk for CVD due to
frequent lipids abnormalities and diabetic females are
prone to more adverse cardiovascular risks than males
[34]. The association between gender and lipid parameters
did not show significance as neither of the lipid parameters
means differed significantly between males and females
(Table 3). This corroborates with previous study that
showed no significant different in mean results of lipid
profile parameters between genders [35]. However,
contrasting results were reported by Omotoye and
Tanimoowo [31], Hussain et al. [36] and Li et al. [2] who
proved that the level of HDL-C was higher in females than
in males. It can be argued that sex hormones may confer a
difference in dyslipidemia with the levels of HDL-C
differing between females and males.

Correlation between blood glucose and serum
triglyceride levels

It has been proved that diabetes mellitus is associated with
hypertriglyceridemia and an increased risk for CVD [37].
Other study also associated the high triglyceride levels to
hype glycaemia in diabetes patients [27]. There is a positive
correlation between blood glucose and triglyceride levels as
shown in Figure 1. The results are comparable to those
found by Khan et al. [35] who reported statistically
significant positive correlation between blood glucose and
high TG. Hussain et al. [36] and Ashimwe [25] also
correlated the levels of blood glucose and TG. It may be
thought that blood glucose levels can be used to predict the
serum TG levels and cardiovascular risk. However,
dyslipidemia is considered as the potent indicator for
cardiovascular risk assessment.

Correlation between blood glucose and serum total
cholesterol levels

In diabetes, the serum TC levels are usually normal or
nearly normal in adequate glycemic control and worsen if
the control of glycaemia fails [31]. A weak positive
correlation was found between blood glucose and serum
TC (Fig. 2). Similarly, Mahato et al. [37] described a non-
significant weak positive correlation of blood glucose and
TC in patients with diabetes. This is in agreement with
Khan et al. [35] who found positive correlations between
blood glucose and serum TC. Ultimately, the results imply
that hyperglycemia in diabetic patients would correspond
with hypercholesterolemia. However, the correlation is not
significant in most of the studies.
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Correlation between blood glucose and serum LDL-C
levels

Raised blood glucose in diabetic patients has been
incriminated in increasing LDL particles which are
intimately implicated in triggering atherosclerotic CVD
[38]. The absence of correlation between the blood
glucose and serum LDL-C levels (Fig. 3) agrees with
Khan et al. [35] who reported that the variations of
blood glucose levels did not affect the serum levels of
LDL-C. The lack of association between blood glucose
and LDL was noted by Omotoye and Tanimoowo [31].
The results were also supported by Al-Adsani et al. [39]
who found little or no disagreement in levels of LDL-C
in diabetic and healthy people. However, the
observation was contrasted by Siraj [40] who reported
less frequencies of high LDL-C in healthy than in
diabetic people. Therefore, due to contrasting findings,
glycaemia could not be used to predict upraised levels
of the serum LDL-C.

Correlation of blood glucose with serum HDL-C levels
According to Khera et al [41], lower than normal
amounts of serum HDL-C in people with diabetes
correspond with a deficiency in controlling the blood
glucose and lead to hyperglycemia, whereas patients
with adequate control of blood glucose have increased
levels of serum HDL-C. The absence of association
between blood glucose and HDL-C levels but an inverse
and no-significant relationship was found between the
2 variables (Fig. 4). In contrast, the quantity of HDL-C
was lower in the serum of patients with high glycaemia
as compared to patients with effective control of
diabetes [36]. Thus, lowering hyperglycemia would
correspond with increasing the serum HDL-C level.
However, the lack of significance in the present study
would not allow ascertaining this statement.

Correlation of BMI with serum total cholesterol levels
Dyslipidemia is frequently encountered in patients with
diabetes particularly in overweight and obese patients
and it was connected with risk for CVD [42]. An
important positive correlation was seen between BMI
and TC (Fig. 5) and the results mean that increase in body
weight corresponds with increase of serum cholesterol.
This is consistent with Yu et al. [15] who reported that
hypercholesterolemia was significantly associated with
BMI and compatible with Jeenduang et al. [33] who found
that overweight increased the risk of lipid abnormalities
in diabetic patients. The results would explain the reason
why overweight and obese people are at greater risk for
CVD than normal weight people.

Levels of risk for cardiovascular diseases in diabetic
patients

Cardiovascular complications of diabetes are the most
common cause of mortality among diabetic patients and
women are at greater risk for CVD compared to men
[43, 44]. As shown in the table 4, more females than
males were at high risk for CVD. However, the reverse
was observed for the moderate risk pattern for which
more males were at risk than females but the risk
difference between genders was not significant.
Similarly, the Framingham study reported that the
annual rate of CVD was the same in diabetic men and
women [45]. The result was also in agreement with
Sattar [46] who established that diabetes linked with
increased risk for CVD in both female and male genders.
Conversely, Abdel-Maksoud et al. [11] and Venkatesh et
al. [47] indicated that dyslipidemia and CVD patterns
were observed more frequently in females than they
were in males. They argued that the body weight
increase in women during menopause may be the cause

of that difference. From the results it may be considered
that diabetic males and females are equally prone to
adverse effects of CVD and screening would mitigate the
risk in both sexes.

CONCLUSION

The study revealed that more females than males were
diabetic and this might be due to higher BMI frequencies
observed in females than in males. In addition, a high
prevalence of dyslipidemia independently of the age,
gender, hypertension and period of time with diabetes but
associated with BMI was observed in diabetic patients.
Moreover, there was a significant correlation of blood
glucose and serum TG quantities. Weak correlation of
blood glucose levels and TC and the absence of correlations
with LDL-C and HDL-C indicated that glycaemia was not a
predictor for cholesterolemia in diabetic patients. Almost
half of the diabetic patients were at elevated risk for CVD
and the risk was not associated with gender. Therefore,
diagnoses of dyslipidemia could rely on the full lipid panel
for assessment the risk for CVD. In view of the high
prevalence of dyslipidemia in diabetic at Ruhengeri
referral hospital, more cross-sectional and longitudinal
studies should be done to estimate the country-wide
prevalence and patterns of dyslipidemia, and to ascertain
cardiovascular risks associated with dyslipidemia.
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TABLE 1: DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF DIABETIC PATIENTS

Males(n=22)

Females (n=81)

Characteristics
Ranges Mean Ranges Mean
Age (years) 25-92 57.6 23-93 60.4
Blood glucose (mg/dl) 92-376 1733 92-567 176.0
Systolic blood pressure (mm/Hg) 117-209 153.5 92-217 153.4
Body mass index (kg/ m?) 18.6-33.7 24.7 18.6-44.1 26.2
Duration of diabetes(years) 1to11 34 1to11 3.9
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TABLE 2: ASSOCIATION OF DEMOGRAPHIC AND CLINICAL CHARACTERISTICS WITH DYSLIPIDEMIA

n=103
Variables Nur(r)nfber Hyperch::lg;terolemia Hypertriglzceridemia H[i;)l‘,/\-, C Ll-]l)ifflc
patients ) n (%) n (%) n (%)
Age (years)
[20-40] 9 5 (55.6) 4 (44.4) 2 (22.2) 8 (88.9)
[41-60] 42 22 (47.6) 16 (38.1) 12 (28.6) 30(71.4)
>60 52 23 (44.2) 20 (38.5) 13 (25.0) 38(73.1)
Chi square test 0.132 0.102 0.316 1.260
p-value 0.936 0.95 0.854 0.533
Sex
Male 22 10 (45.5) 6(27.3) 4(18.2) 15(68.2)
Female 81 38 (46.9) 34 (42.0) 23 (28.4) 61(75.3)
Chi square test 0.015 1.334 0.722 0.825
p-value 0.903 0.248 0.395 0.364
BMI (kg/m2)
BMI 18.5 - 24.9) 52 17(33.0) 10 (19.2) 11 (21.6) 33 (63.5)
BMI >25) 51 37 (72.5) 30 (57.7) 14 (27.0) 44 (84.6)
Chi square test 21.611 14.311 0.336 6.367
p-value 0.0001* 0.0001* 0.562 0.012*
Blood pressure (mmHg)
Hypertension 81 37 (45.7) 35(43.2) 24 (29.7) 50(74.1)
Non hypertension 22 11 (50.0) 5(22.7) 3(13.6) 16 (72.7)
Chi square test 0.152 0.003 1.209 0.088
p-value 0.697 0.959 0.271 0.767
Time of diabetes follow up
(years)
<5 72 31 (43.0) 27 (37.5) 19 (26.4) 51(70.8)
[5-10] 25 15 (60.0) 12 (48.0) 5(20.0) 21 (84.0)
>10 6 2 (33.3) 2(33.3) 3 (50.0) 4 (66.7)
Chi square test 1.731 0.999 0.581 1.476
p-value 0.421 0.607 0.748 0.478
*significant at p<0.05
TABLE 3: COMPARISON OF MEANS OF LIPID PROFILE PARAMETERS BY GENDER
n=103
Male patients Female patients ind d D ¢
Parameters (n=22) (n=81) n et?tzrslt ent f:gss; p-value
Mean SD Mean SD
{l;’ltga/' (;l)mle“eml 196.9 53.1 198.4 50.1 0.125 101 0.901
Triglycerides (mg/dl) 145.6 42.4 156.9 54.0 0.907 101 0.367
HDL-C (mg/dl) 43.3 5.8 42.1 49 -0.917 101 0.362
LDL-C (mg/dl) 123.7 44.4 124.9 43.3 0.116 101 0.908
Significant p<0.05
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TABLE 4: CARDIOVASCULAR RISK AND ASSOCIATION WITH GENDER

Gender
Framingham risk Total Male Female Chi-square Degree of -value
/scores (n, %) (n, %) (n, %) test freedom p
Low (<10%) 22 (21.4) 3 (13.6) 19 (23.5) 13.359 6 0.038*
Moderate
(10-20%) 31(30.1) 9 (40.9) 22(27.2) 7.792 9 0.555
High (>20%) 50 (48.5) 10 (45.5) 40 (49.4) 25.836 28 0.582
*Significant p<0.05
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