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Plasma albumin, selenium, chromium and manganese levels of thirty patients each with HIV/AIDS,
diabetes mellitus and cardiovascular disease (CVD), and one hundred and six apparently healthy adults
in Akwa-Ibom and Cross River States, South-South Nigeria was studied. The mean plasma albumin was
higher in the control than in the disease patients. The mean plasma selenium was lowest in the control
(0.004 ± 0.01 mg/L) than in the HIV/AIDS (0.007 ± 0.00 mg/L), diabetes mellitus (0.007 ± 0.00 mg/L) and
CVD (0.010 ± 0.00 mg/L) patients. The mean plasma chromium was highest in the HIV/AIDS patients
(0.125 ± 0.45 mg/L) and lowest in the diabetes mellitus patients (0.106 ± 0.04 mg/L). Plasma manganese
level was highest in the control (0.028 ± 0.02 mg/L). Manganese was detected in the plasma of all the
diseased patients. For the total healthy subjects, only 55.67, 68.87 and 83.93% had selenium, chromium
and manganese detected in their blood plasma. There was no significant correlation between plasma
levels of albumin, selenium, chromium and manganese (P > 0.05) in the control. The poor nutritional
status of the disease patients was reflected by the depressed albumin levels.
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INTRODUCTION
Many trace elements play important roles in a number of
biological processes through their action as activators or

inhibition of enzymatic reactions by competing with other
elements and proteins for binding sites, by influencing the
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permeability of cell membranes, or through other
mechanisms (Al-Juboori et al., 2009). Trace elements
such as zinc, selenium, chromium and manganese are
important for maintaining a healthy immune system.
Antioxidant nutrient deficiencies may hasten the
progression of human immunodeficiency virus (HIV)
disease by impairing antioxidant defenses (Stephensen
et al., 2007), which influence the development of diabetes
and its complications and cardiovascular disease (CVD)
due to oxidative stress (Kangralkar et al., 2010;
Sotiropoulous et al., 2011). Selenium as an essential
mineral is required for the formation of selenoprotein
enzymes which are vital for the immune system.
Glutathione is the unique tripeptide essential for the
functional physiology of the immune system. The raised
glutathione levels make the immune system to go into
anti-viral, anti-HIV mode and the T-cell function is
enhanced (Zhao et al., 2000). Studies have shown that
selenium could enhance insulin sensitivity by mediating
insulin-like actions (Mueller and Pallauf, 2006) as
selenium dependent enzymes are known to have
antioxidant properties potentially protecting tissues and
membranes from oxidative stress. Therefore, selenium is
a co-factor of several key enzymes, the plasma levels of
which determines the activities of glutathione peroxidase,
thioredoxin reductase and deiodinase (Kohrle et al.,
2005).
Manganese-activated enzymes play important roles in
metabolism of carbohydrates, amino acids and
cholesterol (Institute of Medicine, 2000). Increased levels
of manganese can slow the activity of the reverse
transcriptase enzymes, which HIV and other retroviruses
use to convert their ribonucleic acid (RNA) to
deoxyribonucleic acid (DNA) when they attack and infect
human cells (Bolton et al., 2003). Manganese superoxide
dismutase (MnSOD) is a principal antioxidant enzyme of
mitochondria necessary for the proper development and
growth of an organism (Aschner and Aschner, 2005).
Manganese deficiency results in glucose intolerance
similar to diabetes mellitus. In HIV patients, fasting insulin
levels decrease with chromium supplementation.
Chromium is a nutrient that potentiates the action of
insulin, and may be an essential element for glucose
metabolism (Stein et al., 2013). The ability of chromium
to improve insulin sensitivity with apparently few serious
side effects suggested a possible role for chromium
supplementation in insulin resistance associated with HIV
disease (Stein et al., 2013). Chromium is an essential
element required for normal carbohydrate and lipid
metabolism. Insufficient dietary chromium has been
linked to maturity onset diabetes and cardiovascular
disease. Chromium supplementation of subjects with
elevated blood sugar following a glucose load leads to a
decrease in blood sugar while hypoglycemics respond to
supplemental chromium by an increase in hypoglycemic
glucose values, increased insulin binding and alleviation
of hypoglycemic symptoms (Kobla and Volpe, 2000).
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Impaired glucose tolerance and type II diabetes result to
adverse changes in lipid profiles and increased risk of
cardiovascular diseases (Kobla and Volpe, 2000).
Plasma albumin is a useful indicator of the nutritional
status of a population. A decrease in the serum
concentration of albumin is associated with increased risk
of death in patients with acute or chronic illness. Normal
range of albumin concentration in human blood is 35 to
50 g/L (McPherson and Pincus, 2011). The aim of this
study therefore was to compare the mean plasma levels
of albumin, selenium, chromium and manganese in
human immunodeficiency virus infection and acquired
immune deficiency syndrome (HIV/AIDS), diabetes and
cardiovascular disease patients, and in healthy
individuals in Akwa-Ibom and Cross River states of
Nigeria.
MATERIALS AND METHODS
One hundred and six apparently healthy subjects participated in this
study and served as control. The population was made up of 40
men and 66 women. They were considered to be in good health
based on medical histories and physical examination. The subjects
were randomly selected from rural and urban communities of AkwaIbom and Cross States South - South Nigeria. All subjects ate
ordinary foods available in their communities. Thirty patients with
HIV/AIDS (15 men and 15 women), thirty patients with diabetes (15
men and 15 women) and thirty patients with cardiovascular
diseases (19 men and 11 women) participated in the study. The
patients were outpatients of the University of Calabar Teaching
Hospital, Calabar, General Hospital, Ikom in Cross River State and
St Luke’s Hospital, Akwa-Ibom State.

Collection and preparation of samples
Blood was drawn in the morning into heparinised disposal plastic
syringes with stainless disposal needles by peripheral venipuncture.
Plasma was immediately separated out by centrifuging the blood
samples at 3000 rpm for 10 min (Khalili et al., 2008). The samples
were stored at -20°C until required for analysis (Akhlaghi et al.,
2012).

Analytical method
Trace metals (selenium, chromium and manganese) were
determined suing a Unicam 939/959 Atomic Absorption
Spectrophotometer as described by Kaneko (1999). Plasma
albumin was determined by the bromocresol green method (Hill,
1985). Albumin in the sample reacted with bromocresol green in
acid medium to form a coloured complex measured by
spectrophotometry.

Statistical analysis
Statistical analysis of data was carried out using statistical package
for the social sciences (SPSS) and the values expressed as mean
±SD. Correlations between plasma levels of albumin, selenium,
chromium and manganese in control and disease patients were
determined using Pearson correlation. Significant difference was at
P≤0.05.
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Table 1. Mean plasma of albumin, selenium (Se), chromium (Cr) and manganese (Mn) in healthy subjects
and disease patients.

Subjects
Control
HIV/AIDS
DM
CVD

Albumin (g/L)
49.55±12.70
28.42±8.75
37.67±7.79
44.39±6.86

Trace elements
Se (mg/L)
Cr (mg/L)
0.004±0.01
0.111±0.03
0.007±0.00
0.125±0.45
0.007±0.00
0.106±0.04
0.010±0.00
0.121±0.45

Table 2. Occurrence of trace elements in healthy subjects and
disease patients.

Subjects
Control
HIV/AIDS
DM
CVD

Number of subjects/Trace elements
Albumin
Se
Cr
Mn
106
59
73
89
30
10
16
30
30
8
6
30
30
13
9
30

Mn (mg/L)
0.028±0.02
0.003±0.00
0.003±0.00
0.004±0.00

the occurrence of trace elements in the healthy subjects
and disease patients. Manganese was detected in 89
healthy subjects out of the 106 subjects, and in the
plasma of all the 30 HIV/AIDS, 30 diabetes mellitus and
30 CVD patients that participated in this study. Selenium
was detected in 59 healthy subjects and only 10
HIV/AIDS, 8 Diabetes and 13 CVD patients. Chromium
was detected in 73 healthy subjects and 16 HIV/AIDS
patients, 6 diabetes patients and 9 CVD patients.

DISCUSSION
RESULTS
The mean plasma levels of albumin, selenium (Se),
chromium (Cr) and manganese (Mn) in healthy subjects
(control) and patients with HIV/AIDS, diabetes mellitus
(DM) and cardiovascular diseases (CVD) are presented
in Table 1.
The overall mean ± SD plasma albumin concentration
was (49.55±12.70 g/L) for 106 healthy subjects (control)
with values higher than in the diseased patients. The
HIV/AIDS patients had the lowest plasma albumin
(28.42±8.75 g/L). The control had the lowest plasma
selenium (0.004±0.01 mg/L) and highest plasma
manganese (0.028±0.02 mg/L) concentrations than the
diseased patients. Patients with CVD had the highest
mean ± SD plasma selenium and plasma manganese
with mean ± SD concentration of 0.010±0.00 mg/L and
0.004±0.00 mg/L respectively. The highest plasma
chromium concentration was for HIV/AIDS patients
(0.125±0.45 mg/L) and the diabetes patients had the
lowest plasma chromium concentration of 0.106±0.04
mg/L. There was no significant correlation (P˃0.05)
between the plasma level of albumin, Se, Cr, and Mn
levels within the control. Also, no significant correlation
(P˃0.05) was observed between the plasma albumin, Se,
Cr, Mn of healthy subjects and patients of the three
different diseases. But in the disease patients, there was
inverse correlation (r = - 0.434, P = 0.01) between
plasma albumin and manganese levels of HIV/AIDS
patients, a negative correlation (r = - 0.404, P = 0.05)
between plasma albumin and manganese of CVD and
diabetes patients. There was an inverse correlation
between plasma level of selenium and chromium (r = 0.447) though not significant at P ˃ 0.05. Table 2 shows

There is an increasing evidence for the important role
which micronutrients play in the prevention of disease
and promotion of overall health. Inadequate intake of a
diet balanced in micronutrients however exists in Nigeria
where there is widespread poverty (Kolawole, 2008). HIV
infection is a major health problem in developing
countries especially where malnutrition and nutritional
deficiency prevail. HIV infected individuals are prone to
malnutrition due to increased energy requirements,
enteropathy and increased catabolism (Khalili et al.,
2008). The low plasma albumin level observed in this
study is an indication of deterioration in the state of health
of the patients. The plasma albumin level in the HIV/AIDS
patients was 42.6% lower than that of the healthy
subjects which corroborates with the study of Khalili et al.
(2008).
Malnutrition and HIV infection can deteriorate immune
system function including decline in CD4 lymphocyte
count and delayed type immune reactions (Colecraft,
2008). The plasma level of selenium and chromium were
slightly higher in the HIV/AIDS patients than in the control
though there was no significant difference (P ˃ 0.05).
This was contrary to the studies of Khalili et al. (2008)
and Akiibinu et al. (2012) who had lower plasma serum
levels of Se in HIV/AIDS patients than in the control. HIV
requires large amount of Se for its replication in the cells
(Arinola and Akiibinu, 2005). The slightly higher plasma
Se levels in this study could have been induced by use of
antiretroviral therapy. Homeostatic mechanisms may
initially operate or maintain or even increase the level of
plasma Se. The specific role of Cr in HIV/AIDS infection
remains largely undefined but interestingly, there is
possibility that Cr increases lean body mass (Kobla and
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Volpe, 2000). During most infections, the plasma levels of
trace elements change but it is not clear if this reflects
changes in the infected tissues. The very low levels of Mn
in the HIV/AIDS patients observed in this study as
compared to the control, though not significant, may be
due to lack of activity of antioxidant enzymes (Akiibinu et
al., 2012). Manganese is essential in the activity of
antioxidant enzymes that protect the cells against highly
toxic reactive oxygen species and also enhance the
immunologic activities of phagocytes and lymphocytes
(Akiibinu et al., 2012).
The plasma albumin level in the diabetes patients was
24% lower than that of the healthy patients. This could be
due to the status of ill – health of the diabetes patients.
The higher plasma Se levels in the diabetes patients
corroborated with the study of Yang et al. (2011), who
had serum selenoprotein concentrations significantly
higher in patients with type 2 diabetes than normal
patients. Selenoprotein and glutathione peroxidase are
important for selenium storage and metabolism.
Increasing evidence suggests that high selenium levels
are associated with diabetes and CVD (Yang et al.,
2011). Adewumi et al. (2007), revealed significantly
lowered serum concentration of chromium and
manganese in diabetic patients compared to the control.
This is agreeable with the result of this study that showed
lower plasma chromium and manganese levels. The very
high plasma manganese level in the control than the
diabetic patients disagreed with studies of Anetor et al.
(2007) and Flores et al. (2011). Several dietary factors
may affect manganese absorption for example dietary
iron, presence of phytate and type of fat (Williams et al.,
2010). Plasma manganese in this study for healthy
Nigerians was generally high. There was a negative
correlation between plasma albumin and manganese
levels in the diabetic patients and this agreed with the
study of Flores et al. (2011). Chromium is thought to play
a key role in normal carbohydrate metabolism by
potentiating the action of insulin leading to increase
insulin sensitivity in type II diabetes and obesity
(Sreekanth et al., 2008). This could be the reason for the
lowered levels of chromium in the diabetic patients than
healthy individuals in this study.
The plasma albumin was 10.4% lower in the
cardiovascular patients than in the control. This could be
due to the inadequate dietary intake of nutrients and also
due to the infection. Plasma selenium and chromium
were higher in the cardiovascular disease patients than in
the control. Diet and nutrition have been extensively
investigated as risk factors for major cardiovascular
diseases like coronary heart disease and stroke, and are
also linked to other cardiovascular risk factors like
diabetes, high blood pressure and obesity (Reddy and
Katan, 2004). Selenium deficiency has established
implications in cardiovascular diseases particularly on
cardiac muscle integrity (Safaralizadeh et al., 2005). This
essential trace element takes part not only in the direct
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protection of endothelial cells against the accumulation of
aggressive oxygen species but also in biosynthesis of
arachidonic acid derivatives involved in platelet and acid
derivatives involved in platelet and leucocyte functions or
in regulation of cholesterol (Kolaawole, 2008).
The values obtained in this study showed no significant
correlation between plasma selenium levels in control
and patients of cardiovascular diseases. This
corroborated with the study of Stranges et al. (2006) that
showed lack of significant association and effect of 200 g
daily selenium supplementation with cardiovascular
disease after 7.6 years follow up. Epidemiological studies
assessing the role of chromium by Quallar et al. (2005)
reported that higher levels of chromium were associated
with lower risk of myocardial infarction in men.
Supplementation with chromium picolinate, a stable and
highly bioavailable form of chromium, has been shown to
reduce the risk of CVD and type II diabetes (Hummel et
al., 2007). The mean plasma chromium levels in this
study for cardiovascular diseases patients were higher
than control. The results do not indicate that plasma
chromium levels in the patients reflect impairment of
glucose tolerance. Mean plasma levels of manganese
obtained in this study for cardiovascular disease patients
were lower than the control. The low levels of plasma
manganese in the cardiovascular disease patients could
be due to the depressed activity of the antioxidant
enzyme Manganese superoxide dismutase (MnSOD).
Low activity of manganese superoxide dismutase could
cause an increase in the level of superoxide radicals and
thus increased oxidative stress (Zablocka et al., 2012.)
The plasma levels of selenium, chromium and
manganese of healthy subjects showed detection of only
55.67, 68.87 and 83.96% respectively of the trace
elements. Adequate intake (AI) of selenium is 55 µg/day
for women and 70 µg/day for men (FNB, 2001). Studies
in Nigeria showed mean plasma selenium to be
0.188±0.026 mg/L (Babalola et al., 2003) and 0.057±2.50
mg/L (Arinola and Charles – Davis, 2008). The AI of
chromium 35 µg/ day for men and 25 µg/L for women
(FNB, 2001) while the plasma chromium is between 0.18
and 0.47 mg/L or less than 0.50 mg/L (Chernecky and
Berger, 1997). The AI for manganese is 2.3 mg/day for
men and 1.8 mg/L for women while blood serum
manganese is between 0.003 to 0.010 mg/L for healthy
adults (FNB, 2001). The low plasma selenium as shown
by the values obtained could be as a result of foods and
diets consumed by the participants of this study which
were made up of starchy foods, cereals and fruits.
Selenium has been shown to be more available from
diets of animal origin that those of plant sources (Combs,
2001).
CONCLUSION
The plasma levels of manganese and chromium in the
healthy adults seemed adequate but the plasma selenium
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seemed to be low when compared with values obtained
in other studies. The HIV/AIDS, diabetes and
cardiovascular disease patients had lower plasma
albumin which was an indication of deteriorating health.
People with poorly controlled diseases are susceptible to
multiple micronutrient deficiencies. They should be
educated on the importance of acquiring these nutrients
from natural food sources in order to reduce high risk of
diseases.
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