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ABSTRACT

Background: Recently epidemiological studies have shown that type 2 diabetes mellitus is great a risk factor for
cardiovascular mortality. Electrolyte abnormalities are commonly encountered in chronic diabetes mellitus type 2
patients

Aim: The aim of this study was to estimate serum electrolyte levels and HbA1C levels among Sudanese diabetic
patients with macrovascular complications in Khartoum state, Sudan.

Materials and methods: in this case control hospital based study conducted in, Khartoum state. Hundred subjects
were involved, fifty were type 2 diabetes patients and fifty healthy subjects control group sex and age matched. Serum
Na and K levels estimated by automated biochemistry analyzer (Easylyte electrolyte) and HbA1C by automated
biochemistry analyzer.

Result: The mean serum level of sodium and potassium in type 2 diabetes patients were significantly decreased (137.7
+4.05 vs. 139.8 + 3.62 mmol/l, p=0.008 and 3.60 + 0.20 vs. 3.92 + 0.22 mmol/l, p=0.03 respectively ). Where as
HAIC level showed significant increases in the test group when compared with reference group (9.68 + 1.24 vs. 5.44
+ 0.42%, P=0.000). Across gender our study observed no significant alteration in serum Na and K levels (p>0.05) in
type 2 diabetic patients. Furthermore serum Na* level was significantly correlated K™ (R=0.369, p=0.008). Where as
both Na® and K" were in significantly correlated with patients age, HbAlc (%) and duration of DM (p>0.05). In
contrast HA1C is significantly correlated with the duration of diabetes (R=0.425, P=0.002).

Conclusion: Our study revealed significant alterations in electrolyte levels in type 2 diabetes mellitus and proper

hyperglycemic control with evaluation of electrolyte levels can reduce the complication accompanied with electrolyte

disbalance in type2 DM.

Keywords: Electrolyte; HbA1C; Sodium; Potassium; Macro vascular complications, Sudanese

INTRODUCTION

Diabetes is a major worldwide health problem. Diabetes mellitus
is an endocrine disorder affecting millions of people every year.
Diabetes remains latent and its secondary complications leads to
the mortality and morbidity [1]. Type 2 diabetes mellitus is a
common chronic disease of adults, which presents with acute,
sometimes life-threating, symptomatic hyperglycemia [2]. Serious

long-term complications associated to type 2 diabetes include
cardiovascular disease, stroke, chronic kidney disease, foot ulcers
and damage to the eyes. Recently epidemiological studies have
shown that type 2 diabetes mellitus is great a risk factor for
macrovascular mortality [3].

There is a strong relation between electrolytes and T2DM.
Electrolytes play an important role in maintaining acid-base
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balance, blood clotting, control body fluid and muscle
contractions. The electrolytes in serum include sodium (Na*),
potassium (K*), calcium (Ca?*) and magnesium (Mg?*) [4]. These
electrolytes play an important role in intermediary metabolism
and cellular function, including enzyme activities and electrical
gradients. Serum concentrations of electrolytes have been shown
to change with plasma glucose levels [5]. Disturbed electrolyte
distribution may affect the
management. The relation between blood glucose and
electrolytes is complex and is related to a number of other factors

course of diabetes and its

like age and associated conditions [6]. Glucose is an osmotically
active substance and hyperglycemia increases serum osmolality
and results in movement of water out of the cells and reduction
of sodium levels by the dilutional effect. The osmotic effect of
glucose also causes osmotic diuresis causing a decrease in
circulating blood volume and cellular dehydration due to the
shift of water from

dehydration [8].

intracellular spaces causing cellular

Glycosylated hemoglobin (HbAlc) is the most vital target of
glycemic control. The desirable value for HbAlc is values below
6.0%. HbAlc is important standard in analysis of patients’
status that indicates the average blood glucose during the past
three months which is essential to ensure the optimal care of
diabetic patients [9,10]. The research has revealed that with each
one percent reduction in the value of HbAlc, the risk of micro
vascular complications is reduced by 40 percent. This study
carried to measured serum electrolyte levels and HbA1C and
examined their relationship with macrovascular complications
in Sudanese adults with diabetes.

MATERIALS AND METHODS

Study design and population

This is case-control study was performed at Asia hospital-
Khartoum state during May to December 2019, including
hundred subjects, fifty patients known diagnosed with diabetes
mellitus type 2 (26 (52%) females and 24 (48%) males), with
mean age 55.5 t 8.11 year and duration of diabetes 2.00-23.0
years and other fifty healthy individuals as control groups sex
and age matched.

Inclusion criteria

Sudanese patients diagnosed with type 2 diabetes mellitus with
age more than 40 years and less than 70 years.
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Exclusion criteria

Patients who had type 1 diabetes mellitus, known malignancy
infectious disease and any type 2 diabetic patients refuse to
participate in this study were excluded.

Data collection and clinical examination

Each site used a standardized questionnaire which collected the
demographic and symptom information assessed in this study.

Sample collection

Blood was taken from each participant by standard procedures.
Plasma sodium (Na*) and potassium (K*), were estimated by ion
selective electrode method in fully automated biochemistry

HbAIC was estimated by

enzymatic method in fully automated biochemistry analyzer.

analyzer (easylyte electrolyte).

Quality control

Samples representing the normal and pathological levels of
sodium, potassium and HA1C were used for assessment of the
quality control. Results + 2 SD of the target values of the control
sera were accepted.

Statistical analysis

Data was analyzed by computer software by using SPSS program
manual master sheet (SPSS version 21), the results were
expressed as frequency percentage, mean and SD and the
independent ttest was used to compare the mean levels of
sodium, potassium and HA1C in case and control. Correlation
between measured variable was significant at p < 0.05.

RESULTS

A total of 100 subjects were included for the study. All subjects
categorized in two groups, 50 patients with type 2 diabetes
mellitus case (26 (52%) females and 24 (48%) males) [7]. With
mean age 55.5 t 8.11 years and duration of diabetes 2.00-23.0
years. In addition to other 50 healthy subjects age and sex
matched control group in Table 1.

Table 1: Mean age and duration of diabetes mellitus in the study group.

Variables Minimum Maximum Mean + SD
Age (year) 40 70 55.5£8.11
Duration (year) 2 23 9.44 +3.97

As presented in Table 2 the mean serum level of both sodium
and potassium in type 2 diabetes patients were significantly
decreased when compared to the control group (137.7 + 4.05 ws.
139.8 £ 3.62 mmol/1, p=0.008 and 3.60 + 0.20 ws. 3.92 + 0.22
mmol/l, p=0.03 respectively), whereas HAIC level showed
significant increases in the test group when compared with
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reference group (9.68 + 1.24 vs. 5.44 + 0.42%, P=0.000 and with
significant elevation of both systolic and dystolic blood pressure

(p=0.000).
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Table 2: Mean comparison of study parameters in case versus control group.

Parameters Case (Mean * SD) Control (Mean + SD) P-value
Na+ (mmol/L) 137.7 + 4.05 139.8 + 3.62 0.008
K+ (mmol/L) 3.60 £0.20 392 +0.22 0.03
HbAIc (%) 9.68 £ 1.24 5.44 +0.42 0
SPB (mmHg) 133.0+3.73 120.6 £ 0.86 0
DBP (mmHg) 88.70 £ 2.38 80.52 + 1.63 0
As illustrated in Table 3, across gender there is no significant with females (p>0.05) in type 2 diabetic patients [9].

differences in serum Na+ and K+ levels in males when compared

Table 3: Mean comparison of study parameters in male versus female in the study group.

Parameters Male (Mean * SD) Female (Mean + SD) P-value
Na+ (mmol/L) 137.0 £ 3.39 138.3 + 4.55 0.258
K+ (mmol/L) 3.79 +0.38 3.99 + 0.40 0.068
HbAlc (%) 9.48 + 1.18 9.87 £ 1.29 0.258
SPB (mmHg) 133.6 £3.75 132.4 + 3.68 0.259
DBP (mmHg) 88.6 +2.22 88.76 + 2.57 0.833
In Table 4, serum Na* level was significantly correlated with K* significantly correlated with both patients age and HbAlc (%)

(R=0.369, p=0.008). Where as both serum Na* and K" were in (p>0.05) in the study group [10].

Table 4: Correlation between Na*, K*, HbAlc (%) and with patients age in the study group.

Variables Na* (mmol/L) K* (mmol/L) HbAlc (%)
Age R 0.241 0.1 0.378
P 0.09 0.49 0.007
Duration of DM R 0.248 0.045 0.425
P 0.08 0.758 0.002
Na® (mmol/L) R - 0.369 0.175
P - 0.008 0.225
K* (mmol/L) R 0.369 - 0.061
P 0.008 - 0.675
HbAlc (%) R 0.175 0.061
P 0.225 0.675

As shown in Figures 1 and 2 both serum K" recorded study group, whereas HA1C is significantly correlated with the
insignificant correlation with duration of diabetes mellitus duration of diabetes (R=0.425, P=0.002) in Figure 3 [11].
(R=0.248, P=0.08 and R=0.045, P=0.758 respectively) in the
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Figure 1: Correlation between serum sodium level with
duration of the diabetes mellitus in the study group.
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Figure 2: Correlation between serum potassium level with
duration of the diabetes mellitus in the study group.
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Figure 3: Correlation between HbA1c% level with duration of
the diabetes mellitus in the study group.
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DISCUSSION

Type 2 diabetic individuals are at higher risks of serious long-
term complications associated with type 2 diabetes include
cardiovascular disease, stroke, chronic kidney disease, foot ulcers
and damage to the eyes. Electrolytes play an important role in
several body mechanisms and electrolyte imbalance is commonly
present in patients with type 2 diabetes mellitus, the cause is
usually multifactorial, but commonly results from insulin
inactive or deficiency.

In the current study mean serum level of sodium and potassium
were significantly decreased in type 2 diabetes patients Which
are inconsistence with the studies performed by Nabil, et al.,
and Ugwuja, et al. and disagree with Sarguru, et al. and
McDonnell et al. Another studies conducted by Rashid, et al.
and Alaka and Saurabh observed that Serum Na* was
significantly low and serum CI, Ca?* were significantly increased
in type 2 DM compared to control. Insignificant high value of
serum K" was observed in case compared to control. Wang, et
al., reported only 0.6% of diabetes had hypokalemia and 1.2%
of diabetes subjects had hyperkalemia. George, et al., perform an
overview on electrolyte levels in type 2 diabetic patients and
observed that diabetic patients
constellation of electrolyte disorders.

frequently develop a

Across gender our study recorded insignificant alteration in
serum Na and K levels (p>0.05) in type 2 diabetic patients.

The present study illustrated significant correlation between
serum Na* and K levels (p<0.05). Whereas both Na* and K*
were in significantly correlated with patients age, HbAlc (%)
and duration of DM (p>0.05).

Our study observed significant increases in HA1C level in the
test group when compared with reference group, with significant
correlation with the duration of diabetes (P=0.002). Elevated
level of HA1C-reflects uncontrolled DM which induced osmotic
diuresis, that may increase the urinary excretion of Na* and K.
It’s proposed to be a primary mechanism responsible for the
decreased serum concentrations of Na* and K.

CONCLUSION

Sodium and potassium imbalance is significantly present in
patients with uncontrolled diabetes mellitus, hence electrolytes
levels should be routinely determined in patients with type 2
diabetes mellitus.
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