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ABSTRACT

Objective: Diabetes mellitus has become a clinical condition of public health importance, especially in developing countries due to its high mortality 
and morbidity. The aim of this study was to measure and compare the lipid and serum trace mineral profile among type 2 diabetics and hypertensive 
diabetics with controls.

Methods: This cross-sectional study was carried out at the Regional Hospital, Bamenda, involving 50 diabetic normotensives, 50 hypertensive 
diabetics, and 50 normal recruited subjects. Serum levels of lipids and minerals were determined using standard methods.

Results: Of the four trace elements assessed, except for copper (Cu) whose mean values in diabetics were abnormally increased (p=0.01), zinc (Zn), 
magnesium (Mg), and chromium (Cr) showed significantly decreased mean values in diabetics compared to the controls (p<0.05). The mean levels of 
these trace elements were also significantly reduced in hypertensive diabetic patients (p<0.05). In diabetics, there was no significant difference in the 
lipid levels. However, only total cholesterol (TC) and low-density lipoprotein mean values were significantly higher in hypertensive diabetic patients 
compared to the normal controls. There was also a positive significant correlation between the body mass index and Cr (r=+0.3, p=0.045) in diabetics.

Conclusion: This study saw statistically significant differences in the serum lipid and trace element levels between diabetics, hypertensive diabetics, 
and controls: With diabetic and diabetic hypertensive patients having higher serum Cu levels and decreased serum Mg, Zn, and Cr levels compared 
to the normal controls. The lipid profile levels in diabetics and hypertensive diabetics were not significant differences within the study groups for all 
lipid profile estimations except for TC and LDL which were significantly higher only in hypertensive diabetic patients.
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INTRODUCTION

The World Health Organization (WHO) [1] defined diabetes mellitus 
(DM) as a metabolic disorder of multiple etiology, characterized by 
chronic hyperglycemia with disturbances of carbohydrate, fat, and 
protein metabolism resulting from defects in insulin secretion, insulin 
action, or both [2]. The WHO estimated that the number of people 
with diabetes worldwide in the year 2000 was 177 million, which will 
increase to at least 336 million by the year 2030 [1]. With an annual 
prevalence of about 5.4%, major concerns are that much of this 
increase will be experienced in developing countries (approximately 
75% of all persons). Chronic hyperglycemia is associated with the long-
term consequences of diabetes that include damage and dysfunction 
of the cardiovascular system, eyes, kidneys, and nerves [3,4]. 
The complications of diabetes are often divided into two groups: 
Microvascular (retinopathy, nephropathy, and neuropathy) and 
macrovascular (ischemic heart disease, stroke, and peripheral vascular 
disease) [5].

Garg and Grundy [6] had identified the relationship between diabetes, 
hypertension, and dyslipidemias. Dyslipidemia according to them is 
common in diabetes and diabetic hypertensives and is a significant risk 
factor of cardiovascular disease among patients with type  2 diabetes 
and those with hypertension. Dyslipidemia is a preferable term to 
hyperlipidemia because it includes risk factors such as a decreased 
concentration of high-density lipoprotein (HDL) cholesterol as well 
as qualitative changes in low-density lipoprotein (LDL), together with 
raised triglycerides (TGs), which are features of the metabolic syndrome, 
increasingly recognized as a harbinger of congenital heart disease [5]. 

Confirmatory associations between diabetes and dyslipidemia have 
been reported in Africa [7-10].

Direct association of trace elements with diabetes has been observed 
in many research studies [11]. There is accumulating evidence that 
the metabolism of several essential elements is altered in diabetes and 
that these nutrients might have specific roles in the pathogenesis and 
progress of this disease [12,13]. Zinc (Zn), for example, is required for 
insulin synthesis and storage and insulin is secreted as Zn crystals [14]. 
It is also involved at multiple levels in insulin secretion, binding and 
enhancing the ability of insulin to activate tyrosine kinase [15]. Copper 
(Cu) is an important trace element associated with a number of 
metalloproteins which involves oxidation-reduction reactions. 
Chromium (Cr) functions in the control of glucose and lipid metabolism. 
Insulin resistance may be a consequence of Cr deficiency and insulin 
is apparently ineffective as a glucose regulator without Cr [16]. Many 
studies have indicated that excessive insulin in the body increases 
Cr excretion and thus Cr deficiency. This can be noticed in type 2 DM 
due to the excessive insulin in the body due to insulin intolerance; 
thus, Cr supplementation in diabetics is essential to improve glucose 
tolerance [16,17]. According to Martin [18], reduced magnesium (Mg) 
intake is associated with hypertension and insulin resistance [18]. It 
has also been implicated in carbohydrate intolerance, dyslipidemia, 
and complications of diabetes [19]. Evidence shows that Zn has a 
biphasic effect in that it is required for insulin storage and cellular 
binding, although high concentrations can lead to a reduction in insulin 
release [17]. The present study was aimed at contributing to the proper 
management of type 2 diabetes by providing data on both the serum 
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lipid and trace mineral levels among type 2 diabetics and hypertensive 
diabetics compared to the controls among patients attending the 
Bamenda Regional Hospital, Cameroon.

METHODS

The study was carried out at the Bamenda Regional Hospital involving 
50 diabetic normotensives, 50 hypertensive diabetics, and 50 normal 
subjects. All type  2 diabetic patients were aged 52.42±7.10  years and 
were those who came to the Bamenda Regional Hospital for diabetes 
control. All hypertensive diabetic patients were aged 49.84±5.81 years. 
Subjects with type 1 diabetes, diabetic patients on insulin, chronic liver 
disease, chronic renal disease, and chronic and acute infections and 
those who refused to give their consent were excluded from the study. 
Two milliliters of freshly collected blood were dispensed into fluoride 
oxalate bottles and centrifuged for glucose estimation using glucose 
oxidase method [20]. Two milliliters of blood were also left to clot, 
spun, retracted and the serum separated into aliquots to be used for 
lipid profile, sodium, potassium, and trace element estimations. Lipid 
profile (total cholesterol [TC], HDL cholesterol, LDL cholesterol, and TG), 
sodium, and potassium were estimated using colorimetric enzymatic 
method [16]. The trace elements (Mg, Zn, Cu, and Cr) were evaluated 
by atomic absorption at the standard medical diagnostic and research 
center, Douala, where the element was dissociated from its chemical 
bonds and placed in an unexcited or ground state (neutral atom) and 
a hollow cathode lamp with a cathode made of the material to be 
analyzed, used to produce a wavelength of light specific for the material. 
When the light from the hollow cathode lamp entered the flame, part 
of it was absorbed by the ground state atoms in the flame, resulting in 
a net decrease in the intensity of the beam from the lamp referred to 
as atomic absorption. Weight was measured using the Taylor Precision 
Digital Scale from Taylor Company Ltd. Height was measured in standing 
position using a tape meter with the shoulders in a normal position. Body 
mass index (BMI) was defined as weight in kilograms divided by height 
in meters squared. Overweight was defined as BMI 25.0–29.9 kg/m2 and 
obese as BMI ≥30 kg/m2 [21]. All statistical analyses were done using 
SPSS version 21 (IBM SPSS Statistics, IBM Corporation, Chicago, IL). The 
data were analyzed using the independent sample t-test (to compare 
significant differences between the means of two independent groups); 
analysis of variance which was used to check if the means of two or 
more groups are significantly different from each other. The Chi-square 
analysis and the Spearman correlation coefficients were used to test 
the relationship between categorical variables with the strength and 
direction of association between two ranked variables, respectively. 
p<0.05 was considered statistically significant. Ethical approval was 
obtained from the Institutional Review Board (IRB) of the Bamenda 
Regional Hospital (Approval No: 021/APP/RDPH/RHB/IRB).

RESULTS

Of the total of 150 patients divided into 50 diabetic normotensives, 50 
hypertensive diabetics, and 50 normal subjects in this study, there was 
no significant difference in BMI distribution score between diabetic 
patients, hypertensive diabetic patients, and the control group (p=0.08).

Cu values in diabetics were significantly higher compared to the 
controls (p=0.01). Zn, Mg, and Cr also showed significantly lower 
values in diabetics, compared to the controls (Table 1). Just like Cu in 
hypertensive diabetics which were significantly higher (p=0.0001), Zn, 
Mg, and Cr values were also significantly low in hypertensive diabetics. 
Despite the differences in the mean values of these elements, there was 
no significant difference in the lipid levels of diabetics compared with 
the controls in this study (Table 2).

Even though the plasma lipid mean concentrations tended to be higher 
among the hypertensive diabetics as compared to the diabetic patients, 
there was no significant difference in the mean values between the 
diabetics and hypertensive diabetics for the lipid profile estimations 
except for TC and LDL which were significantly higher only in 
hypertensive diabetic patients (Table 2).

Within diabetic patients, only TC and HDL significantly differed 
(p<0.05) in gender with females showing even higher odds ratio 
(OR) values (1.24 and 1.51) in all the above significant parameters. 
Cu, Mg, and Zn levels in diabetic patients were significantly different 
between males and females in the present study with p=0.019, 0.001, 
and 0.008, respectively. Women had significantly higher mean Cu and 
Mg levels than males (while males had significantly higher mean Zn 
levels than females). With respect to marital status, Cu and Cr values 
were significantly increased in married than non-married respondents 
(p=0.005 and 0.001, respectively). All other parameters were not 
statistically significant (Table 3).

There was a significant difference in TC (Fig.  1) and LDL between 
males and females within hypertensive diabetic group (p=0.012 
and 0.005, respectively), with females showing higher mean values 
than males (Fig. 2). TG was significantly different between the age 
groups with the age group of 56–60  years statistically different 
from all other age groups (p=0.046, OR=1.04, confidence interval 
[CI]=0.535–6.482). Only TC differed significantly between the 
married and the unmarried participants (Fig. 1). Interestingly, there 
was also a significant difference between TC, TG, and LDL values 
with respect to the educational levels of the study participants with 
respondents having attained only primary level of education, having 
higher mean values of TG, TC, and LDL when compared to those with 
higher educational levels (p=0.041, 0.02, and 0.001; OR=1.70, 1.02, 
and 1.51; CI=1.204–5.620) (Figs. 1 and 2). With respect to elements, 
there was a significant difference in Cu, Mg, and Zn distribution 
between males and females. Only Cu and Zn mean values were 

Table 1: Trace elements in diabetic and hypertensive diabetic 
patients versus controls

Diabetics, 
hypertensive 
and controls

Trace elements

Cu 
(µg/dl)

Zn 
(µg/dl)

Mg 
(mmol/L)

Cr 
(µg/dl)

Diabetics 183.27±16.9 60.3±8.4 0.90±0.12 0.07±0.01
Control 135.8±14.8 102.3±5.6 1.0±0.1 0.09±0.01
p‑value 0.010* 0.001* 0.0001* 0.0001*
Hypertensive 
diabetic patients

70.9±14.6 48.1±6.7 0.3±0.1 0.05±0.02

Control 135.8±14.8 102.3±5.6 1.0±0.1 0.09±0.01
p‑value 0.0001* 0.0001* 0.001* 0.0001*
*Statistically significant at 0.05 significance level. Reference ranges: Mg – 0.7 
– 1.1 mmol/L, Cr – 0.05–1.50 μg/L, Zn – 55–150 μg/dl, Cu in males – 70–
140 μg/dl, Cu in females – 80–155 μg/dl. Zn: Zinc, Mg: Magnesium, Cr: 
Chromium, Cu: Copper

Table 2: Lipid profile in diabetic patients versus controls

Diabetics, 
hypertensive 
and controls

Lipid levels

TC 
(mmol/L)

HDL 
(mmol/L)

LDL 
(mmol/L)

TG 
(mmol/L)

Diabetics (DM) 4.19±0.87 1.33±0.62 2.48±0.73 1.27±0.71
Control 3.72±0.37 1.18±0.25 1.56±0.53 1.02±0.37
p‑value 0.210 0.431 0.101 0.174
Diabetics 4.19±0.87 1.33±0.62 2.48±0.73 1.27±0.71
Hypertensive 
diabetic patients

4.60±0.98 1.27±0.12 2.72±0.44 1.26±0.51

F‑value 1.433 5.091 2.061 2.814
p‑value 0.043* 0.498 0.017* 0.141
*Statistically significant at 0.05 significance level. TC: Total cholesterol, HDL: 
High‑density lipoprotein, LDL: Low‑density lipoprotein, TG: Triglyceride. 
Reference ranges: TC – <5.17 mmol/L (desirable blood cholesterol), 5.17–
6.18 mmol/L (borderline‑high blood cholesterol), ≥6.20 mmol/L (high); 
HDL – up to 0.91 mmol/L (high risk), 1.56 mmol/L (low risk); LDL – up 
to 2.59 mmol/L (optimal), 2.59–3.34 mmol/L (above optimal), 3.37–4.12 
mmol/L (borderline); TG – 1.71 mmol/L (suspect), 2.29 mmol/L (increased). 
DM: Diabetes mellitus
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significantly different in age group. Interestingly, only Mg mean 
values significantly differed with respect to marital status. There 
was also a positive significant correlation between the BMI and Cr 
(r=+0.3, p=0.045) in diabetics.

DISCUSSION

There was a statistically significant difference in the serum lipid 
and trace element levels between diabetics, hypertensive diabetics, 

Fig. 1: Mean total cholesterol distribution with respect to sociodemographics

Fig. 2: Mean distribution of lipid profile with respect to sociodemographics

Table 3: Common trace elements and lipid profile in diabetic patients according to gender and marital status

Trace elements

Socio-demographics Cu (µg/dl) Zn (µg/dl) Mg (mmol/L) Cr (µg/dl)
Gender

Male 138.27±06.1 98.4±2.8 0.80±0.01 0.05±0.18
Female 195.80±09.2 99.8±6.3 1.10±0.12 0.08±0.05

p value 0.019* 0.008* 0.001* 0.087
Marital status

Married 156.90±9.24 110.51±7.1 0.76±0.20 2.10±0.20
Not married 127.54±10.3 108.24±5.7 0.84±0.01 0.05±0.04

p value 0.005* 0.102 0.084 0.001*
Lipid levels TC (mmol/L) HDL (mmol/L) LDL (mmol/L) TG (mmol/L)
Gender

Male 3.92±0.72 1.05±0.24 1.68±0.57 1.24±0.24
Female 5.22±0.64 2.60±0.13 2.01±0.33 1.07±0.32

p value 0.012* 0.046* 0.061 0.089
*Statistically significant at 0.05 significance level. TC: Total cholesterol, HDL: High‑density lipoprotein, LDL: Low‑density lipoprotein, TG: Triglyceride, Zn: Zinc, 
Mg: Magnesium, Cr: Chromium, Cu: Copper
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and controls within this study. Cu being an essential element that 
is important for energy production is also a component of the 
mitochondrial cytochrome oxidative phosphorylation system [22]. In 
this study, there was a significant difference in mean Cu levels between 
diabetics and controls within the study population with diabetic 
patients having higher Cu levels compared to the normal controls. 
These results corroborated with that of Qiu et al. [23]. They stated 
overall that the DM patients showed higher Cu levels than the healthy 
controls. However, these results did not tie with that of Edan [24], who 
showed in their study that serum Cu levels are significantly decreased 
in diabetic patient as compared to normal controls. Other studies 
showed that increase in plasma Cu levels was reported in Taiwan [22], 
Brazil [25], and Egypt [26], whereas decrease or no change in Cu levels 
was reported in studies from the USA [27] and Germany [28]. The 
discrepancy could be due to differences in lifestyles, dietary habits, 
different populations or sample sizes, and associated conditions with 
the type 2 diabetes patients.

Mg is an essential ion for all organisms and it is present in every cell in 
the human body [29]. The role of Mg in glucose metabolism, transport, 
and homeostasis is well documented [30,31]. The results of the current 
investigation showed low levels of Mg in patients with diabetes 
compared to the normal controls. These results tie with that of Lin and 
Huang [30] and Chen et al. [32], who reported a decreased Mg level in 
diabetic patients compared to their normal controls. Disturbance of Mg 
levels in patients with diabetes also agrees with the previous reports 
that were conducted in other areas such as that of Odusan et al. [33], in 
India and Pokharel et al. [34], in Pakistan. Factors that might contribute 
to the low levels of Mg (also known as hypomagnesemia) in diabetes 
include impairment of tubular reabsorption of Mg by the action of 
glycosuria and hyperglycemia [35]. In addition, disturbance in insulin 
levels affects cellular Mg uptake [36,37]. Although diabetes per se may 
induce hypomagnesemia, higher Mg intake may confer a lower risk for 
type 2 diabetes.

Eshak et al. [38] reported that abnormal Zn metabolism is suggested to 
play a role in the etiology of diabetes and some of its complications. In 
the present study, serum Zn levels were found to be significantly lower 
in patients with diabetes compared to their normal controls. This was 
consistent with the previous findings such as that of Chausmer [14] 
and Viktorínová et al. [39]. Conversely, Zn was reported to be elevated 
in erythrocytes of children with DM in a study by Kruse-Jarres and 
Rükgauer [40]. Thus, hyperglycemia seems to play a major role in the 
determination of Zn levels in patients with diabetes.

The results found decreases in Cr levels in type  2 diabetic patients 
compared to the normal controls. This is in agreement with most 
previous studies [32,41,42]. Cr is involved in insulin action and its Cr 
deficiency is related to glucose intolerance and insulin resistance in 
patients with diabetes [43]. In addition, some studies have reported 
a lower risk of non-insulin-dependent DM in adults who were taking 
Cr-containing supplements [42]. This suggests that insulin might play 
a role in Cr balance inside the body. However, one previous study from 
Germany has shown increases in Cr in plasma and polymorphonuclear 
cells of DM patients [40]. Cr level was found to be lowest in hypertensive 
diabetics perhaps as a result of the two conditions occurring together. 
In type 2 diabetics, there is excessive production of unutilized insulin 
and elevated glucose level, thus resulting in high excretion of Cr and this 
result in Cr deficiency invariably [16,17].

The study on lipid profile levels in diabetics, hypertensives, and 
diabetic hypertensives shows that there was no significant difference 
observed within the diabetic patients and controls for all the lipid 
profile estimations, respectively, perhaps due to the fact that the 
patients were already on medications. This study agrees with the 
study carried out in Nigeria, in 2003, by Isezuo and Badung who 
stated that the TC, HDL cholesterol, LDL cholesterol, and TG levels 
did not differ significantly among patients with diabetes compared to 
normal controls [10].

There was a significant difference in Mg levels in diabetic females 
and males, respectively. This may be attributed to hormonal changes, 
particularly high estrogen seen, especially in menopausal women. 
Estrogens circulate in the body bound mainly to the sex hormone-
binding globulin (SHBG); however, only unbound estrogens can enter 
target tissue cells and induce biological activity. Any change in the 
concentration of SHBG will alter estrogen metabolism by inducing 
changes in the availability of estrogen to the target cell [44].

The fact that the study respondents were already on medications 
may have had effects on the results. Again, only some trace elements 
which have been proven to be greatly affected in type 2 diabetes were 
analyzed. However, the scope of the study was on some trace elements 
in patients coming for diabetes treatment and management such that 
the relationship between the analyzed trace elements and type  2 
diabetes will give a wider basis on the need to consider trace elements 
in the effective management of type 2 DM.

CONCLUSION

Understanding the impact of micronutrient deficiencies and the 
potential utility of supplementation is relevant to the prevention and/
or management of type  2 DM. There was a statistically significant 
difference in the serum lipid and trace element levels between diabetics, 
hypertensive diabetics, and controls within this study with diabetic 
and hypertensive diabetic patients having higher serum Cu levels and 
decreased serum Mg, Zn, and Cr levels compared to the normal controls. 
With respect to the lipid profile levels in diabetics and hypertensive 
diabetics, there was no significant difference observed within the study 
groups for all lipid profile estimations except for TC and LDL which 
were observed to be significantly higher only in hypertensive diabetic 
patients. The utilization of these trace elements and lipids as an aid 
to improve glucose control and management cannot, therefore, be 
sidelined.
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