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ABSTRACT  

Diabetes and hypertension are important clinical conditions which are also independent risk 

factors for other diseases. Some anthropometric indices, plasma lipid profile and mineral 

levels were compared amongst 150 Out-patients with type 2 diabetes (DM), hypertension 

(HBP), and hypertensive diabetes (HBP+DM), and 50 apparently diabetes- and hypertension-

free (controls) at Nnamdi Azikiwe University Teaching Hospital, Nnewi. Total cholesterol 

(TC), triglyceride (TG), high density lipoprotein cholesterol (HDL-C) and low density 

lipoprotein cholesterol (LDL-C) were determined using standard methods. Trace elements 

(chromium, copper, magnesium and zinc) were determined by atomic absorption 

spectrophotometry (AAS), while sodium and potassium were determined by flame 

photometry. Results showed that the DM (28.28±8.99 kg/m2) and HBP+DM (27.38±4.41 

kg/m2) patients had non-significantly higher BMI levels compared to the HBP (26.00±4.05 

kg/m2) and controls (26.18±3.88 kg/m2), while SBP and DBP were significantly higher in the 

HBP (153.02±28.42 and 94.04±12.40 mmHg) and HBP+DM (133.24±11.04 and 87.36±10.58 

mmHg) patients than in DM (111.20±8.75 and 71.40±8.30 mmHg) and controls 

(116.68±11.56 and 76.60±1.80 mmHg). Also, TC and LDL-C concentrations of the DM 

(4.19±0.87 and 2.48±0.73 mmol/L), HBP (4.45±0.63 and 2.73±0.58 mmol/L) and HBP+DM 

(4.60±0.98 and 2.72 mmol/L) patients were significantly higher than those of the control 

subjects (3.72±0.37 and 1.56±0.53 mmol/L), while the patients’ HDL-C and TG levels were 

non-significantly elevated compared to the control group values. Na concentrations of the 

HBP+DM group was significantly (p<0.000) higher, while that of Cu was lower than those of 

the DM, HBP and control subjects. Age and gender did not significantly (p>0.05) affect the 

levels of the parameters studied in the patient groups. The results call for early diagnosis and 

monitoring of dyslipidaemia in these group of patients for better prognosis.  
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INTRODUCTION  

Diabetes mellitus and hypertension have 

become clinical conditions of public health 

importance especially in developing 

countries due to their high mortality and 

morbidity. Diabetes is a condition in which 

the body does not produce enough or 

properly respond to insulin, a hormone  

 

produced in the pancreas. Insulin enables 

cells to absorb glucose and so when  

non-functional or insufficient, glucose tend 

to accumulate in the blood and lead to 

various complications. Many medical 

conditions are associated with diabetes 

mellitus and these include high blood 

pressure, elevated cholesterol levels, 
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polycystic ovary syndrome, chronic 

pancreatitis among others (Tierney et al., 

2002; Rother, 2007).  

Hypertension, on the other hand, is a chronic 

medical condition in which both systolic and 

diastolic blood pressures are elevated above 

140 and 90 mmHg respectively. It is one of 

the risk factors for stroke, heart attack, heart 

failure and is a leading cause of chronic 

renal failure (Pierdomenico et al., 2009); 

even moderate elevation of arterial blood 

pressure leads to shortened life expectancy.   

Information on plasma lipid concentrations 

and prevalence of dyslipidaemia among 

patients with type 2 diabetes mellitus and or 

hypertension is important. Several reports 

have confirmed that diabetes and 

hypertension are independently associated 

with dyslipidaemia among Nigerians (Igwe 

et al., 2017; Nwankwo et al., 2017). 

Furthermore, the occurrence of diabetes 

mellitus\ hypertension is associated with a 

number of socio-demographic factors such 

as age and gender (Valliyot et al., 2014). 

Trace elements are inorganic molecules 

which are essential for life. In states of 

absolute deficiency, death results and in 

limited intake, biological functions are 

impaired (Burtis and Asswood, 2003). 

Direct association of trace amounts of macro 

elements and even derangement in 

micronutrient concentrations with diabetes 

have been reported by Nourmohammadi et 

al. (2000). There is accumulating evidence 

that metabolism of several essential 

elements is altered in diabetes and several 

other diseases, and that these nutrients might 

have specific roles in the pathogenesis and 

progress of such diseases (Murray et al., 

2000; Vincent, 2000).  

Although, there is a growing body of 

information on metabolic changes in 

diabetes mellitus\hypertension, there is 

currently insufficient data on such changes 

in combined occurrence of diabetes and 

hypertension in Nigeria. Moreover, no study 

has specifically assessed the effect of age 

and gender differences on lipid profile and 

minerals in hypertensive diabetics in 

Anambra State. This study was therefore 

designed to determine and compare the 

changes in some anthropometric indices, 

lipid profile and minerals of type 2 diabetics, 

hypertensive and hypertensive diabetics 

attending Nnamdi Azikiwe University 

Teaching Hospital in Anambra State. The 

study will provide data that will help to 

achieve adequate diagnostic and therapeutic 

control of dyslipidaemia and mineral 

derangement in diabetic and hypertensive 

patients. 

MATERIALS AND METHODS 

Study population 

About 372 out-patients attending the 

Nnamdi Azikiwe University Teaching 

Hospital Nnewi at the commencement of 

this study constituted the study 

population.  

Sample size (SS) was computed using 

Cochran formulae: SS =
(Z−score2)(P)(1−P)

(M)2  

(Cochran 1963). Where, Z-score is 1.645 at 

90% confidence interval with study 

population (SP) of 372; P is population 

proportion (expressed as decimal assumed to 

be 0.5 (50%); and M is margin of error at 

5% (0.05).  

Substituting these values,  

SS =
(1.6452)(0.5)(1−0.05)

(0.05)2
= 514, and Adjusted 

SS (ASS) according to Barlett et al. (2001).  

 is =
SS

1+(
SS−1

SP
)

 = 
514

1+(
514−1

372
)

=
514

1+(
513

372
)

 

ASS=
514

1+1.3790
= 216 

Eventually, 200 subjects comprising 50 

diabetic normotensive, 50 hypertensive  

non-diabetics, and 50 hypertensive diabetics, 

together with 50 apparently normal subjects 

who gave informed consent fully 

participated in the study.  

Ethnical clearance was from the Ethics 

Committee of Nnamdi Azikiwe University 

Teaching Hospital Nnewi. 

Inclusion and exclusion criteria  

Patients on oral hypoglycaemia drugs or 

whose diagnosis of diabetes was made at the 

age 40 years and above with no record of 

ketosis were considered to have type 2 

diabetes mellitus. Diabetic subjects on 

insulin injection and those not up to 40 years 

http://www.thediagnostics.org/


Ekwunoh et al., 2018                                      Diabetic and hypertensive out-patients at Nnewi 

 

The diagnostics*www.thediagnostics.org*Vol. 1, No. 3, August 2018 

27 

 

(grouped as type 1 diabetics) were excluded 

from the study. Subjects with systolic 

pressure greater than 140 mmHg and or 

diastolic blood pressure greater than 90 

mmHg measured using standard procedures 

were included as hypertensives.  

Determination of blood pressures, 

heights, weights and BMI of subjects 

Blood pressure of each subject was 

measured using Mercury 

sphygmomanometer (Desk 605P, Suzuken 

Company Japan) according to standard 

protocol. The body weights of the subjects 

were measured with the aid of a mechanical 

weighing scale (SALTER 200, England) to 

the nearest 0.5 kg, with the subjects wearing 

light clothing and without shoes. Heights of 

barefooted subjects were measured using a 

measuring tape to the nearest 0.1m. Body 

mass index (BMI) was calculated as weight 

(kg) of the subjects divided by their 

corresponding squared height (m2). 

Blood sample collection  

Eight milliliters (8ml) of blood was 

collected from each subject, out of which 

about 2ml was dispensed into fluoride 

oxalate bottle and spun for glucose 

estimation using glucose oxidase method of 

Barham and Trinder (1972). The remaining 

blood sample was allowed to clot, spun and 

the serum separated for lipid profile, 

sodium, potassium and trace elements 

estimations.  

Determination of lipid profile 

Total cholesterol (TC) was determined by 

enzymatic end point method, while high 

density lipoprotein cholesterol (HDL-C) and 

low density lipoprotein cholesterol (LDL-C) 

were determined by precipitation enzymatic 

method as described by Groove (1979) and 

Burstein et al. (1980). Triglyceride (TG) 

concentration was estimated by colorimetric 

method of Fossati and Prencipe (1982). 

Determination of the elements 
Sodium and potassium concentrations were 

determined using an atomic emission 

spectrophotometer (Model AVI572A and 

Agilent Technology Model 4100MP-AES, 

England) while the trace elements 

(magnesium, zinc, copper and chromium) 

were evaluated with the aid of an atomic 

absorption spectrophotometer (Surgifield 

Medical Model AA320N, England). 

 

Data analysis 

Data generated were presented as means 

with standard error. They were analyzed in 

MS Excel version 2013 and shown in bar 

charts with error bars indicating standard 

error at 5% level of significance. 

 

RESULTS 

The BMI, SBD, DBP, FBS, serum lipids and 

mineral levels of DM, HBP and HBP+DM 

of out-patients and control subjects studied 

are presented in Figure 1(a-e).  

The DM (28.28±8.99 kg/m2) and HBP+DM 

(27.38±4.41 kg/m2) out-patients had non-

significantly higher BMI levels compared to 

the HBP (26.00±4.05 kg/m2) and control 

(26.18±3.88 kg/m2) subjects (Figure 1a).  

In Figure 1b, there were significantly higher 

levels of SBP and DBP in the HBP 

(153.02±28.42 and 94.04±12.40 mmHg) and 

HBP+DM (133.24±11.04 and 87.36±10.58 

mmHg) patients than in DM (111.20±8.75 

and 71.40±8.30 mmHg) and control 

(116.68±11.56 and 76.60±1.80 mmHg) 

subjects. On the other hand, the FBS 

concentrations of the DM (15.18±5.88 

mmol/L) and HBP+DM (13.56±4.29 

mmol/L) patients were significantly higher 

than those of the HBP (6.68±3.56 mmol/L) 

and control (4.62±0.80 mmol/L) groups. The 

TC and LDL-C concentrations of the DM 

(4.19±0.87 and 2.48±0.73 mmol/L), HBP 

(4.45±0.63 and 2.73±0.58 mmol/L) and 

HBP+DM (4.60±0.98 and 2.72 mmol/L) 

patients were significantly higher than those 

of the control subjects (3.72±0.37 and 

1.56±0.53 mmol/L), while the patients’ 

HDL-C and TG levels were non-

significantly elevated compared to the 

control group values (Figure 1c). 

In Figure 1d, the Na concentrations of the 

HBP+DM (144.90±5.90 mmol/L) group was 

significantly (p<0.000) higher than those of 

the DM, HBP and control subjects 

(136.30±3.40, 139.60±5.30 and 137.50±3.60 
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mmol/L respectively). However, the K 

concentrations of the patients were non-

significantly lower than that of the control 

group (4.50±0.3 mmol/L). Also, the Mg 

level of the HBP+DM subjects at 0.30±0.10 

mmol/L was significantly lower than those 

of the DM (0.90±0.10 mmol/L), HBP 

(0.90±0.90 mmol/L) and the control 

(1.00±0.10 mmol/L) subjects.  

There was no significant difference between 

the copper levels of the control 

(135.80±14.8 mmol/L) and DM 

(138.30±16.90 mmol/L) groups, while those 

of the HBP (103.70±15.40 mmol/L) and 

HBP+DM (70.90±14.60 mmol/L) were 

significantly reduced (Figure 1e). The zinc 

levels of the patients were significantly 

lower than that of the control (102.30±5.60 

mmol/L) group, with HBP+DM having the 

significantly least level of 48.10±6.70 

mmol/L, followed by that of the DM 

(60.30±8.40 mmol/L) and HBP (80.50±8.60 

mmol/L) groups. The HBP patients had the 

significantly highest chromium level 

(0.70±0.01 mmol/L), while control group 

showed the lowest value at 0.009±0.01 

mmol/L. 

Figure 2 is the distributions of FBS, TG, TC, 

HDL-C and LDL-C concentrations of the 

DM, HBP and HBP+DM patients by age. 

The values of the various parameters did not 

vary significantly amongst the patient 

groups with age but the DM group had 

consistently higher FBS values but lower 

TG, TC, HDL-C and LDL-C concentrations 

when compared with those of the HBP and 

HBP+DM subjects. 

Figure 3 presents the distribution of values 

of BMI, SBP, DBP, lipid profile parameters 

and minerals of the DM, HBP and 

HBP+DM patients studied by gender. 

The results show that gender did not 

significantly affect the levels of BMI, SBP 

and DBP as well as the concentrations of the 

lipid profile parameters and most of the 

minerals. However, there was observed 

significantly higher values of Mg and Cr in 

the female diabetics (0.94±0.11 and 

0.07±0.02 mmol/L) than the male diabetics 

(0.86±0.14 and 0.06±0.02 mmol/L). 

Similarly, female hypertensives had 

significantly higher Cr level (0.07±0.01 

mmol/L) than their male counterparts. 

Similarly, female diabetic hypertensives had 

significantly higher Cu value (74.62±15.99 

µg/dl) than the males of the same group 

(65.42±10.28 µg/dl). 

 

 

 
Figure 1:(a) BMI (Kg/m2), (b) SBD, DBP (mmHg) and FBS (mmol/L), (c) Serum lipids 

(mmol/L), (d) Na, K, Mg (mmol/L), and (e) Cu, Cr, and Zn (µg/dl) amongst DM, HBP, and 

HBP+DM Out-patients and Control subjects. 
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Figure 2: Distribution (mmol/L) of (a) FBS (b) TG, (c) TC, (d) HDL, and (e) LDL among 

DM, HBP, and HBP+DM Out-patients by age-groups. 

 

 

 

Figure 3: Distribution of (a) BMI (kg/m²), (b) SBP and DBP (mmHg), (c) Lipids (mmol/L), 

(d) Minerals (mmol/L; µg/dl) among DM, HBP, and HBP+DM by gender. 
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DISCUSSIONS 
High levels of body mass index (BMI) and 

blood pressures have been identified as 

hallmarks of diabetes and hypertension 

respectively. This is in tune with our 

observation of significantly higher levels of 

BMI in the studied diabetic (DM) and 

diabetic hypertensive (HBP+DM) subjects 

when compared with the hypertensive 

(HBP) and normal subjects (Figure 1a).  

A similar trend was observed among the 

subjects for fasting blood sugar (FBS). On 

the other hand, there were significantly 

higher levels of systolic and diastolic blood 

pressures in the HBP and HBP+DM subjects 

than the DM patients and the controls 

(Figure 1b). 

Systolic and diastolic blood pressures make 

up the total blood pressure in the body. 

Generally, in hypertensives, there is elevated 

blood pressure. This assertion is in 

consonance with the observation in the 

present study in which the hypertensive and 

hypertensive diabetic patients had 

significantly higher blood pressures than 

those with only diabetes and the control 

subjects. Systolic and diastolic blood 

pressures have been related to risk of 

coronary heart disease in a linear fashion: 

the higher the level of blood pressure, the 

greater the incidence of coronary heart 

disease. 

A study of the lipid profile levels of the 

diabetics, hypertensives and diabetic 

hypertensives showed that there were no 

significant differences observed among them 

(Figure 1c). Perhaps due to the fact that the 

patients were on medications. However, 

their lipid profile levels were significantly 

higher than those of the control subjects. 

Diabetic and hypertensive patients are 

generally at high risk of dyslipidaemia 

characterized by hyper-cholesterolaemia, 

hyper-triglyceridaemia, and hyper-

lipoproteinaemia (mostly very low density 

lipoproteins [LDL]), and low levels of high-

density lipoprotein cholesterol (HDL-C) and 

a shift in LDL distribution towards small, 

dense particles (Igwe et al., 2007). Our 

result corroborates the findings of Isezuo et 

al., (2003) who reported that total 

cholesterol, high density lipoprotein 

cholesterol, low density lipoprotein 

cholesterol and triglyceride levels do not 

differ significantly among patients with 

hypertension, diabetes and concurrent 

hypertension and diabetes. 

Increase in blood glucose level increases 

blood osmolality, which directly increases 

blood pressure. Similarly, increase in blood 

lipids such as cholesterol promoted by 

increase in low density lipoprotein leads to 

thickening of the arterial walls causing a 

further rise in blood pressure. This agrees 

with the study carried out in Saudi Arabia in 

2008 which showed that hypertensive 

individuals have significantly higher mean 

levels of total cholesterol and low density 

lipoprotein cholesterol compared with 

controls (Afridi et al., 2008). 

People with increased BMI are overweight 

and are predisposed to hypertension and 

diabetes. Thus, increased BMI can lead to 

increased blood pressure which invariably 

causes significantly higher levels of 

cholesterol and low density lipoprotein. This 

finding is in line with previous similar study 

by Nasri and Yasdni (2006) on correlation 

between lipid levels and blood pressure 

values in patients with type 2 diabetes, 

which reported a positive correlation  

(r = 0.196, p = 0.031) between LDL-

cholesterol and systolic blood pressure 

values. 

It was seen in Figures 1d and 1e that all the 

minerals analyzed in this study (sodium, 

magnesium, chromium, copper, and zinc) 

differed significantly between the patients 
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and control subjects except for potassium, 

which were not significantly different in all 

the groups studied. Although, the potassium 

values were non-significantly different 

within the groups, but there was a lower 

mean potassium level in the hypertensives 

compared to the controls. The hypertensive 

individuals had significantly higher serum 

sodium levels than the other groups. When 

sodium levels are persistently elevated, the 

body loses potassium and retains water, 

making blood pressure rise (Afridi et al., 

2008). This is inconsonance with the earlier 

report that hypertensive individuals have 

significantly higher serum sodium, chloride 

and calcium levels but a significantly lower 

potassium level when compared to 

normotensives (Al-Muhana et al., 2006). 

Potassium functions closely with sodium 

and chloride to maintain fluid distribution 

and pH balance and to augment nerve-

impulse transmission, muscle contraction, 

and regulation of heartbeat and blood 

pressure. Marginal change in potassium 

concentration can induce an increase in fluid 

volume and lead to an impairment of blood 

pressure regulating mechanisms which can 

result in hypertension in susceptible 

individuals (Jerry, 2000). 

Magnesium levels were lower in the patients 

than the control group, with the hypertensive 

diabetics having the lowest magnesium level 

(Figure 1d), perhaps due to the co-existence 

of the two conditions. Magnesium helps 

relaxation of blood vessels, promoting 

normal blood pressure. It also plays an 

important role in carbohydrate metabolism 

by regulating blood sugar levels. Low 

magnesium levels have been implicated as 

an important factor in most disorders of 

metabolic syndrome X, a group of health 

disorders that include insulin resistance plus 

high blood pressure, elevated cholesterol, 

obesity, and certain age-related conditions 

(Resnick, 1992; Resnick et al., 1992). This 

agrees with the deduction from the 

examination of 22 research papers on type 2 

diabetes, in which nearly half of all patients 

had depleted magnesium levels and a third 

more had suboptimal levels (Rosolova et al., 

1997; De Lenardis et al., 2000).  Also, in a 

double-blind, placebo-controlled study, 

people who took 411 to 548 milligrams of 

magnesium daily achieved a reduction in 

both systolic and diastolic blood pressure 

(Itoh et al., 1997). 

The blood copper levels of the patients 

differed significantly, with the diabetics 

having the highest level of copper among 

the patients which is not significantly 

different from that of the controls. On the 

other hand, the patients had significantly 

lower zinc concentration than the control 

subjects, with hypertensive diabetics having 

lowest levels of both copper and zinc. 

Meanwhile, in all the subjects studied 

copper levels were significantly higher than 

their respective zinc concentrations. Copper 

helps prevent cardiovascular problems such 

as high blood pressure, while zinc has been 

associated with normal immune function. 

Elevated copper level has been correlated 

with low zinc level in diabetics. Excess Zn 

antagonizes Cu levels (Zagar and Shah, 

1998).  Low zinc level in diabetics generally 

is due to physiological losses of zinc from 

the body due to hyperglycaemia. Thus, the 

lowest zinc level observed amongst the 

hypertensive diabetics might be due to 

complications caused by the loss in zinc. 

Insufficient blood zinc level causes 

oxidative stress which may damage the cells 

irreversibly leading to some classic 

complications of diabetics of which 

hypertension is one of them (Naila et al., 

2008). 

Results in Figures 2 and 3 showed that age 

and gender did not significantly affect the 
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levels of BMI, blood pressures, minerals and 

lipid profile parameters of the studied DM, 

HBP and HBP+DM patients. However, the 

female patients had generally higher levels 

of BMI, SBP and DBP as well as the lipid 

profile parameters and minerals studied. 

This corroborated earlier observation from 

the studied area that, although female 

diabetic patients are less prone or exposed to 

DM-associated lifestyle changes, yet they 

had significantly higher BMI, systolic and 

diastolic blood pressures, FBS and lipid 

profile parameters than male diabetics 

(Nwankwo et al., 2017; Igwe et al., 2017).  

CONCLUSION  

Results of the present study buttressed the 

role of increase in BMI and blood pressures 

in the diagnosis and management of DM and 

HBP. The study also highlighted the need 

for monitoring of changes in lipid profile 

parameters of DM, HBP and HBP+DM 

patients. However, the lipid profile results 

did not indicate significantly negative 

outcome for HBP+DM patients compared to 

those with diabetes or hypertension alone. 

The observed lower levels of minerals, 

especially the microelements, in the patients 

reiterates the need for micronutrient 

supplementation in metabolic disease 

patients. Age and gender did not 

significantly affect the levels of the 

parameters studied in the patient groups. 

Thus, age- and gender-based interventions 

may not be very necessary amongst the 

patients. However, the need for closer 

monitoring, early diagnosis and treatment of 

dyslipidaemia amongst these group of 

patients is a necessity for better patient 

outcome. 
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