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ABSTRACT
Background: As globally observed in low income countries, the incidence of diabetes rise rapidly in Benin.
Electrolytes imbalance contribute to complications observed in diabetes. The aim of this study was to estimate
electrolytes disturbances in diabetic patients in Cotonou, Benin.
Methods: A total of 260 participants were included in the study: 150 diabetic patients and for the control group110
age and sex matched non diabetic subjects. Glucose, Ca2+, Mg2+, K+, Na+ and Cl- were determined in fasting blood
samples. The proportions of subjects with abnormal values in the diabetic population and in the control group were
compared using Chi-square test. The diabetic population was divided in three groups in regard of the fasting plasma
glucose (FPG) level. For each group, the mean values of the parameters were compared to those of the control group
using the Student’t-test.The significance level was set to 5%.
Results: Near half of the diabetic patients suffered from hyperkalemia (48%). Hypocalcemia was observed in 41.3%
of the diabetic patients and hypercalcemia was found in 23.3%. Hypomagnesemia and hyponatremia affected more
than 40% of the diabetic subjects. The mean values of serum potassium were significantly elevated in all three groups
of diabetic patients compared to the control group.
Conclusions: This study showed that electrolyte imbalances affect the diabetic patients in Cotonou.
Keywords: Diabetes, Electrolytes, Hyperglycaemia, Hypocalcemia, Hyperkalemia

INTRODUCTION
The number of persons affected by diabetes continues to
increase worldwide. Estimates suggest that 438 million
individuals will be affected in 2030.1 Essentially,
emerging and developing countries will experience this
large increase. Higher rate of mortality and morbidity are
observed in low-income countries due to their weak
health systems and limited infrastructures. More than
80% of the mortality due to diabetes is registered in those
countries.2 In Benin, the prevalence of diabetes raised
from 3.3% in 2002 to 4.6% in 2012.3,4
Diabetes syndrome is associated with multiple tissue
alterations
such
as
hypertension,
retinopathy,

cardiomyopathy and neuropathy in various degrees. 5,6 It
is known that diabetes is associated with serum
electrolytes disturbances.
Electrolyte disorders are
mainly observed in hospitalized patients but also
community subjects are frequently affected.7,8 The
diabetic ketoacidosis and hyperosmolar hyperglycemic
state, the two serious acute metabolic complications, are
involved in the osmotic diuresis in diabetes. Although
these two disorders often occur together, diabetic
ketoacidosis is typically related to type1 diabetes and
hyperosmolar hyperglycemic state is typically associated
with type2 diabetes. Osmotic diuresis leads to loss of
water, sodium, potassium, and other electrolytes.9 Several
studies have determined the prevalence of diabetes in
sub-Saharian Africa and data about complication of
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diabetes were available. 11 The electrolytes disturbances
should be taken in account in the surveillance of diabetes.
Currently in our country, the fasting blood glucose test is
the main one done for the diabetes management. The
patient lipid profile is sometimes added to this test. In the
present study, we measure glycemia, calcemia,
magnesemia, kaliemia, natremia and chloremia in known
diabetic and non-diabetic patients living in Cotonou,
Benin
METHODS
Study participants
This prospective study was conducted from April to July
2015. The participants were 150 diabetic patients
attending the Diabetes Center at Akpakpa in Cotonou
(Benin) and 110 age- and sex-matched controls recruited
among patients attending the Laboratory of Hôpital de
Menontin in Cotonou for blood analysis. Patients who
reported the use of insulin, oral antidiabetic medication or
who knew about their disease were considered as
diabetics and excluded from the control group.
The study was conducted in accordance with the ethical
standards of the University of Abomey-Calavi, and
informed consent was obtained from each participant at
the beginning of the study.

Normal serum electrolyte reference ranges were as
follows: 88-102 mg/L for calcemia, 16-25 mg/L for
magnesemia, 136-145 meq/L for natremia, 3.5-4.5
meq/L for kalemia and 98-107 meq/L for chloremia.
Statistical analysis
Data were analyzed with MS Excel (2007). The results
were expressed as proportion of subjects with abnormal
values in the diabetic population and in the control group.
Differences in proportion were evaluated using the Chisquare test. Following the stratification of diabetic
patients in regard of the plasma glucose level in three
groups, means and standard deviations were calculated.
For each group, mean values of electrolytes were
compared to those of the control group using the
Student’s t-test. The significance level was set to 5%.
RESULTS
Age and sex distribution
Among the 150 diabetic patients involved in this study,
110 (73.3%) were aged between 40 to 65 years. In the
control group, 17 (15.4%) of 110 subjects were under 40
years while 80 (72.8%) were between 40 to 65 years old
(Table 1). Overall, 60% of the participants were female.
Table 1: Age and sex distribution of the study
population.

Biochemical analysis
Two blood sample tubes were collected from each
participant after an overnight fast. The tubes were stored
at 4°C until the centrifugation was performed (10
minutes, 1500 g). Plasma from fluoride tube was used
for glucose test and serum was used for the other
parameters. The blood glucose level was measured using
a colorimetric method with glucose oxidase associated
with peroxidase reaction. The calcemia is determined
with arsenazo III, a complexometric dye method. The
blood magnesium level was performed using the calmagit
complexometric method. The kits purchased for the
analysis were from Elitech (Puteaux, France) and the
tests were performed manually using a Biolabo
spectrophotometer (Maizy, France).
Kalemia, chloremia and natremia were determined with
an ion electrode Smartlyte electrolyte analyzer from
Diamond Diagnostics (Paris, France). The kits were
procured by the same manufacturer.
Definitions
According to the guidelines of the WHO, diabetes was
defined as fasting plasma glucose level greater than 1.2
g/L or on diabetic medication.5 We stratified the diabetic
population into three categories. Group I with fasting
plasma glucose level greater than 2g/L, group II with
fasting plasma glucose level between 1.2 g/L and 2 g/l.
In the group III, the glucose level was less than 1.2 g/L.

Age range
(years)
< 40
40-65
> 65

Diabetic patients

Control group

22 (14.7%)
110 (73.3%)
18 (12%)

17 (15.4%)
80 (72.8%)
13 (11.8%)

Plasma glucose and serum electrolyte levels in
participants
The mean value of blood glucose is higher in diabetic
subjects when compared with the control group (2.07
versus 0.96g/L).
The proportions of hypocalcemia and hypercalcemia
were higher in the diabetic patients in comparison to the
control subjects (Figure 2). Hypocalcemia affected up to
16.4% in control subjects and 41.3% in diabetic patients.
The proportion of hypercalcemia was 10% in the control
group against 23.3% in diabetic patients.
Hypomagnesemia was most frequently encountered in
diabetic patients than in the control subjects with
respectively 43.3% versus 9.1% (Figure 1).
The Figure 2 depicted that 45.3% of diabetic patients
against 11.8% of control subjects had hyponatremia. The
proportions were respectively 35.3% and 5.3% for
hypochloremia. A high proportion of the diabetic patients
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(48%) showed hyperkalemia against 19.1% in the control
group (Figure 2).
Cases
Controls

50
40

summarized in Table 2, the proportions of hypocalcemia,
hypercalcemia,
hyperkalemia,
hypomagnesemia,
hyponatremia and hypochloremia were significantly
predominant in diabetic patients.
Cases
Controls

50

30

40

20

30

10

20

0

Hypocalcemia

Hypercalcemia

Hypomagnesemia

10
0

Figure 1: Proportions of hypocalcemia, hypercalcemia
and hypomagnesemia in cases and control subjects.
For all analyzed parameters a higher rate of abnormal
values were found among the diabetic population. As

Hyperkalemia

Hyponatremia Hypochloremia

Figure 2: Proportions of hyperkalemia, hyponatremia
and hypochloremia in cases and control subjects.

Table 2: Proportions of subjects with electrolyte disturbances in diabetic patients and control group.
Parameter

Hypocalcemia
Hypercalcemia
Hypomagnesemia
Hypermagnesemia
Hypokalemia
Hyperkalemia
Hypernatremia
Hypernatremia
Hypochloremia
Hyperchloremia

Diabetic patients
( n= 150)
n
%
62
41.3
35
23.3
65
43.3
21
14
13
8.7
72
48
68
45.3
26
17.3
53
35.3
21
14

Control group
(n= 110)
n
%
18
16.4
11
10
10
9,1
12
10,9
7
6,3
21
19,1
13
11.8
15
13.6
8
7.27
12
10,9

χ2

p-value

17.42
6.86
34.61
0.30
0.65
21.84
31.69
0.40
26.3
0.30

<0.0001*
0.0009*
<0.0001*
0.58
0.21
<0.0001*
<0.0001*
0.52
<0.0001*
0. 58

Significant p-values are marked with the sign *

Mean values of blood electrolytes levels
For the further analysis of the data, mean and standard
deviation were calculated for each parameter (Table 3).
The comparison of the defined three groups of diabetic
patients with the control subjects revealed a significant
lower level of magnesium in group I (17.60 versus 20.96
mg/L) and group II (19.60 versus 20.96 mg/L).

As shown in Table 4, kalemia was significantly increased
in all groups of diabetic patients (group I, 4.70 meq/L;
group II, 4.56 meq/L; group III, 4.82meq/L) when
compared with control subjects (4.29 meq/L). The mean
level of chloremia showed no significant difference
between diabetic patients and control subjects.

Table 3: Mean values and standard deviations of parameters in diabetic patients and control subjects.

FPG
Ca2+
Mg2+
K+

Group I
<1.2g/L
1.09±0.08
90.92±10.57
17.60±6.25
4.70±0.94

Group II
1.2 -2g/L
1.58±0.23
91.98±11.80
19.60±5.38
4.56±0.71

Group III
>2g/L
2.96±0.89
94.01±11.34
20.25±6.35
4.82±0.88

Control
subjects
0.96±0.18
92.58±8.30
20.96±3.23
4.29±0.46
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Table 4: Comparison of parameters between the three groups of diabetic patients and the control group (p-values).

Control and group I
(FPG <1.2g/L)
Control and group II (FPG
1.2 – 2g/L)
Control and group III
(FPG >2g/L)

Ca2+
0.77

Mg2+
0.00031*

K+
0.0021*

Na+
0.302

Cl0.77

0.69

0.039*

0.0025*

0.018*

0.072

0.35

0.34

<0.0001*

0.72

0.46

Significant p-values are marked with the sign *

DISCUSSION
Patients with diabetes frequently develop electrolyte
disturbances due to hyperglycemia induced osmotic
imbalance. Such disturbances also result from renal
diseases and medication through diuretics and calcium
channel blockers.8,12 This study showed that the majority
of the diabetic patients had electrolyte disturbances when
compared with the control subjects.

to diuretic treatment and recurrent metabolic acidosis
may explain the decrease of serum magnesium level in
diabetic patients.8,21
Our findings suggested that diabetics patients who had a
normal glycaemia (<1.2 g/L) and those with mildly
elevated values of glucose (1.2-2 g/L) exhibited
decreased mean values of magnesium whereas the
diabetics with poor control of glycaemia had comparable
values like the control group.

Calcemia and magnesemia
Kalemia, natremia and chloremia
The rate of hypocalcemia was more than two fold higher
and the proportion of hypercalcemia was two fold higher
in the diabetic population. As to expecting, the mean
values of calcemia in diabetic patients and control
subjects were not significantly different (all p values
>0.05) while the calculation of the mean encountered
values lower and higher than the normal level.
The rate of 41.3% hypocalcemia among the diabetic
patients in our study is consistent with the result of AlYassin et al who reported 43% of diabetic patients
suffering from hypocalcemia in Diwaniya-City in Iraq.13
Similarly to our finding, a study conducted in Nigeria
showed no difference between the mean level of serum
calcium in diabetic patients and control subjects.14
However other authors observed a significant decrease in
serum calcium serum level in diabetic subjects.15,16
Calcium disorders in diabetic patients include both
hypocalcemia and hypercalcemia. Hypocalcaemia due to
renal failure in diabetic patients is linked to
hypomagnesemia or furosemide medication.17,18 In the
other hand, hypercalcemia observed in diabetic patients
could be due to hyperparathyroidism, thiazide therapy or
elevated readsorption of renal calcium.7,19
In this study, the percentage of hypomagnesemia cases
was four fold higher in the diabetic patients than in
control subjects (43.3% versus 10%). Palmer reported in
a review that the incidence of hypomagnesemia in
patients with type 2 diabetes varies from 13.5% to
47.7%.19 Other authors observed a decrease in serum
magnesium level in diabetic patients in China, Pakistan
and India.15,16,20 Several causes such as poor dietary
intake, gastrointestinal losses, increased renal losses due

When considering K+, Na+ and Cl-, our results suggested
that the major disturbance was hyperkalemia which
concerned almost half of the cases (48%). Comparison to
the control group showed differences in the proportion of
subjects affected and also in the mean level of this
parameter in all the three groups of diabetic patients.
Regarding the
results of hyponatremia and
hypochloremia, only the proportion of affected patients
was higher but no significant differences were found in
the mean level of the values.
Diabetes associated hyperkalemia hat multiples causes
such as reduced glomerular filtration, redistribution of
potassium from intracellular to extracellular compartment
and alterations in the Na+/K+ ATPase that maintained the
transmembrane gradients of sodium and potassium. 7, 22
Consistent with our finding, several studies reported
elevated values of serum potassium among diabetic
populations. Holkar indicated in India a mean value of
5.73 ± 0.07 in ketoacidosis diabetics.23 Shahid reported in
a study conducted in Pakistan a higher level of potassium
(7.41 ±1.8) in diabetic patients with stable glycemic
control.22 Our highest mean value of 4.82 ± 0.88 was
found in the group with glycaemia > 2g/L. According to
Sharma, only patients with elevated blood glucose had
higher potassium level whereas the increase was
observed in all the three groups of diabetic subjects in our
study.24
In the development of diabetes occurred gastrointestinal
and renal losses of potassium lead to hypokalemia.
Hypokalemia can result also on insulin administration
caused redistribution of potassium from extracellular to
intercellular compartment.7,25 This fact could explain
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reports which indicated both disturbances hypokalemia
and hypokalemia and others which noted only
hypokalemia. The study of Wang in China revealed
significantly higher proportion of hyperkalemia and
hypokalemia among the diabetics in contrary to our
results which showed no difference between the
proportions of hypokalemia in comparison to the control
population.16 Talabani found no differences in the mean
level of potassium,26 whereas geographically closer to
our country Ugwuja in Nigeria and Oyewole in SierraLeone reported lower mean level of potassium in
diabetics than in control subjects.14,27

measurement of the plasma glucose was performed in our
survey could be an explanation for these results. In
addition, the glycaemia varies in the development of
diabetes. Liamis reported that the association between
diabetes and hyponatremia is independent of
hyperglycaemia.29 Pham indicated in a review that not all
studies observed a correlation between glycemic control
and serum magnesium level. The same author reported
that magnesium replacement does not improve diabetic
control.30

In our study, the rate of hyponatremia among diabetic
patients was similarly high as that of hyperkalemia
(45.33% versus 48%). Except the group with glycaemia
between 1.2 and 2g/L, no differences were observed in
the mean values of serum sodium level of cases and
control subjects. It is known that serum sodium and
potassium levels are inverse correlated.28 Water
movement out of the cell due to hyperglycemia leads to a
dilution of serum sodium level.

This study showed that electrolyte disorders are common
among the diabetic patients who attend the diabetic center
in Akpakpa, Cotonou. The proportion of hyperkalemia
was higher than all other determined parameters (48%).
Hyponatremia, hypomagnesemia and hypocalcemia each
affected more than 40% of the diabetic patients. In
addition the mean values of kalemia differed significantly
between all the three groups of diabetic patients and the
controls. No difference was observed between the mean
values of calcemia and chloremia of diabetic subjects
compared to the control subjects. This study showed the
importance of serum electrolytes determination in the
diabetic patient care. To analyze the association between
serum electrolyte levels and the degree of hyperglycemia
further investigations with a large sample is required.

Hypoglycemic drugs, diuretics and insulin tend to reduce
the level of sodium.7, 8 Several studies revealed lower
sodium mean level in diabetic population.23-27
Hyponatremia occurs frequently in diabetes but
hypernatremia can also be observed in the development
of the disease. Shahid reported increased sodium mean
level among the diabetics group but his findings of
potassium level were similar to our results and others
investigations.22
Based on our results, 35.5% of the diabetic patients had
hypochloremia, but no difference was found between the
mean values of serum level by comparison with the
control group.
The studies of Ugwuja and Sharma revealed that the
mean level of chloride was lower in diabetics patients
compared with normal subjects whereas Talabani and
Oyewole reported elevated values of this parameter in
diabetic population.14, 24,26, 27
Among the diabetic population, the observed alterations
in the electrolytes levels were not correlated with the
plasma glucose level. However the highest kalemia value
was found in the group of glycaemia >2g/L (group III),
the group with glycaemia between 1.2-2g/L (group II)
exhibited a lower mean value of potassium than the group
of glycaemia <1.2 g/L (group I). The group I had a lower
mean value of magnesium than group II (17.60 g/L
versus 19.6). The group III with plasma glucose level
over 2 g/L showed no significant differences with the
control group (20.3 versus 21.0).
Considering the natremia, only group II had a decreased
mean value compared to the control group. Both
populations group I and group III showed no differences
with the control group. The fact that only one

CONCLUSION
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