
Abstract

Background: Hypokalemia is a very common electrolyte imbalance in diabetic patients which 
leads to substantial morbidity and mortality. Severe hypokalemia is associated with life-
threatening arrhythmias and sudden cardiac death. There are no adequate studies regarding the 
incidence and factors precipitating hypokalemia in Bangladeshi diabetic subjects. Objective: The 
objective of this study was to find out the factors precipitaing hypokalemia in diabetic patients. 
Materials and Methods: A total 95 admitted diabetic patients with hypokalemia were studied. 
Specimens were collected from all adult diabetic patients with serum potassium level <3.5 mmol/L 
irrespective of cause of admission. Informations were obtained in a semistructured data collection 
form and analyzed. Results: Most of the subjects (61.1%) belonged to the age group of 60 years 
and above, 31.5% to the age group 40–59 years and 7.4% belonged to the age group of 20–39 
years. Sixty one (64.2%) patients were females and 34 (35.8%) were males. In 63.2% cases, 
vomiting was found as a factor causing hypokalemia in the diabetic patients. Other common 
factors precipitaing hypokalemia were diarrhea (42.1%), inadequate diet (9.5%), severe 
hyperglycemia (3,2%), diabetic ketoacidosis (6.3%) and drugs especially diuretics (18.9%), 
bronchodilators (6.3%) and steroids (5.3%). The commonest comorbidity associated with diabetes 
was hypertension. Conclusion: In this study the commonest precipitating factor causing 
hypokalemia was vomiting. Majority of hypokalemic patients were female and of older age group. 
When hypokalemia is identified, the underlying precipitating factor should be sought and the 
disorder treated. Diuretics should be used with caution in the elderly patients having hypertension, 
a common comorbid condition of diabetes, as these patients are susceptible to develop 
hypokalemia.
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Potassium (K+) is essential for transmission of nerve 
impulses, contraction of cardiac muscle, maintenance of 
intracellular tonicity of skeletal and smooth muscles, 
and maintenance of normal renal function. 
Hypokalemia is defined as a serum K+ level of <3.5 
mmol/L (3.5 mEq/L).1-3 Moderate hypokalemia is a 
serum K+ level of 2.5–3.0 mmol/L, and severe 

hypokalemia is a level of <2.5 mmol/L.1-5 Hypokalemia 
is frequently encountered in clinical practice. It is more 
common in hospital populations6 and is a common 
electrolyte abnormality in diabetes mellitus (DM). 
Patients with hypokalemia often have no symptoms, 
particularly when the disorder is mild (serum K+ 
3.0–3.5 mmol/L).1,7,8 Muscular weakness, fatigue, and 
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muscle cramps are frequent complaints in mild to 
moderate hypokalemia.9 Severe hypokalemia may 
produce life-threatening arrhythmias, flaccid paralysis, 
hyporeflexia, dyspnea, tetany and rhabdomyolysis.9 
Transient causes of hypokalemia are due to cell shift, 
whereas sustained hypokalemia is caused by either 
inadequate intake or excessive potassium loss.10 It is 
widely believed that elderly patients are more prone to 
develop hypokalemia than younger patients.4

It is well known that the severe hyperglycemia in DM 
can cause osmotic diuresis leading to dehydration and 
electrolyte loss, particularly sodium (Na+), K+, chloride 
and magnesium.11-13 Dehydration in turn induces 
secondary hyperaldosteronism that exacerbates K+ 
loss.3 As a result patient with DM may have 
hypokalemia.  Potassium facilitates the function of 
insulin in the delivery of glucose to cells; when insulin 
binds to its receptors on the cell membrane, it causes K+ 
to flow into the cells. In diabetics, excessive use of 
insulin is associated with hypokalemia; those with low 
blood glucose and hypokalemia should avoid using 
insulin. Routine outpatient insulin treatment does not 
cause significant hypokalemia. However, when 
administered in large doses, such as for treatment of the 
non-ketotic hyperosmolar state that sometimes occurs in 
older diabetics, insulin shifts potassium into cells and 
can result in marked serum hypokalemia. In diabetic 
ketoacidosis, hydrogen ion (H+) is elevated in the blood 
and the resulting metabolic acidosis forces H+ into cells, 
displacing K+ out of the intracellular compartment. 
Plasma K+ may even be raised initially; however, soon 
after insulin treatment is started there is likely to be a 
precipitous fall in the plasma K+ due to the movement 
of K+ into cells induced by insulin and the patient is 
prone to develop hypokalemia. The hypokalemia is also 
due to rapid shift of potassium from the extracellular to 
the intracellular space secondary to correction of 
acidosis. Drugs like thiazide or loop diuretics, used for 
treating comorbid conditions like hypertension in 
diabetes may also cause hypokalemia. Diabetic 
nephropathy is one of the complications of DM, which 
ultimately leads to renal failure and renal failure 
sometimes may be a cause of hypokalemia among 
hospitalized diabetic patients.  For insulin, there is a 
feedback system in which insulin secretion is decreased 
in hypokalemia whereas it is increased in 
hyperkalemia.14-17 Moreover, hypokalemia decreases 
peripheral insulin sensitivity. Clinical evidence suggests 
that the hypokalemic effect of thiazide used for the 

treatment of hypertension is the causative factor in 
thiazide-associated diabetes mellitus.18 Studies have 
shown that K+ infusions improve glucose tolerance by 
increasing insulin and proinsulin concentrations.19

Even mild or moderate hypokalemia increases the risks 
of morbidity and mortality in patients with 
cardiovascular disease.14 Hypokalemia increases the 
likelihood of digitalis toxicity. As a result, when 
hypokalemia is identified, the underlying cause should 
be sought and the disorder treated.10 Data regarding the 
incidence and influencing factors of hypokalemia in 
DM in our country are limited. The objectives of this 
study was (i) to identify the factors precipitating 
hypokalemia in diabetic patients, (ii) to find out the 
comorbidities associated with DM that influences 
hypokalemia and (iii) to assess the socio-demographic 
status of these patients.

Materials and Methods
This cross sectional study was conducted in the 
Department of Medicine in Bangladesh Institute of 
Health Sciences (BIHS) and Hospital, Dhaka. The study 
was carried out for 10 months from January to October 
2013. The target population was adult diabetic patients 
and the sample size was 95. Adult male and female 
patients (>18 years) suffering from DM and identified 
to have hypokalemia on admission (serum K+ <3.5 
mmol/L) were included in the study. Patients unwilling 
to be included in the study, patients with mental illness 
and pregnant diabetic patients were excluded. Type 1 
and Type 2 DM (T2DM) were labeled on the basis of 
clinical characteristics. For optimum blood sugar 
control in many nonpregnant adults the American 
Diabetes Association (ADA) recommends fasting and 
premeal capillary plasma glucose at 3.9 to 7.2 mmol/L 
(70 to 130 mg/dL) and the postprandial capillary 
plasma glucose at <10 mmol/L (<180 mg/dL).20 The 
International Diabetes Federation21 and ADA20 
recommend a target glycosylated hemoglobin (HbA1c) 
of <7.0% in most individuals. However, a higher target 
HbA1c of 7.5% may be more appropriate in older 
patients with preexisting cardiovascular disease, or 
those treated with insulin and therefore at risk of 
hypoglycemia.22 As most of the diabetic patients in our 
study were older with some comorbid conditions, we 
have considered glycemic control with a bedside 
capillary blood glucose at <10 mmol/L and HbA1c up 
to 7.5% on admission.
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Sampling was made from all diabetic patients with 
hypokalemia at the time of hospital admission. Semi-
structured questionnaire and checklist were used as 
instruments for data collection. All participants were 
interviewed face to face followed by physical 
examination. The data collection form included age, 
sex, history and physical findings, quantity of sodium 
and potassium in the diet, and medications 
administered. Clinical events such as presence of 
diarrhea and vomiting with duration and severity were 
noted. Special attention was given to the dose and 
duration of treatment with diuretics, laxatives, digitalis, 
corticosteroids, insulin, and catecholamines because 
these drugs are known to influence the handling or 
distribution of potassium in the body and can contribute 
to the development of hypokalemia.23 Specimens for 
blood test were collected from the antecubital vein 
using disposable plastic syringe. Tests included assays 
for serum Na+, K+, chloride, bicarbonate, urea, 
creatinine and magnesium. Blood specimens were also 
sent to laboratory for HbA1c estimation. Urine Na+ and 
K+ concentrations and pH were measured. Random 
blood glucose (RBG) on admission was done by 
bedside standardized glucometer from finger prick. 
Bedside readings by glucometer indicated “high” when 
RBG was >30 mmol/L which we have considered as 
severe hyperglycemia in this study. Urine ketone bodies 
were estimated bedside by reagent strip method. All the 
necessary informations were recorded in the data 
collection sheet. Data editing, coding, cleaning, and 
analysis were done by using the SPSS windows version 
16.0 software program.

Results
The study was carried out among 95 diabetic patients 
having hypokalemia on admission. Table I shows 
distribution of patients according to age, sex, residence, 
education, occupation and economic status. The age 
range was 28–90 years with mean 59.5 ± 12.2 years. 
Most of the subjects (61.1%) belonged to the age group 
of 60 years and above, 31.5% to the age group 40–59 
years and 7.4% belonged to the age group of 20–39 
years. Total number of males were 34 (35.8%) and 
females 61 (64.2%). Majority of the patients (82.1%) 
belonged to urban population; the rest belonged to 
semi-urban (9.5%) or rural areas (8.4%). Most of them 
(43.1%) had junior school certificate (JSC) level of 
education or less, followed by higher secondary school 
certificate (HSC) (34.7%), graduation and above level 

(14.8%) and no education at all (7.4%). Most were 
involved in household work (51.6%) followed by self-
employment (28.4%), government or private service 
(11.6%) and 8.4% were unemployed/dependent. 
Financial condition was found average in 59%, good in 
26.3% and below average in 14.7% of the study 
subjects.

Table I: Socio-demographic profile of the study subjects 
(n=95)

 Variables Number Percentage

 Age (years)

 20–39 07 7.4 
 40–59 30 31.5
 >60 58 61.1

 Sex
 Male 34 35.8
 Female 61 64.2

 Residential  area
 Urban 78 82.1
 Semi-urban 09 9.5
 Rural 08 8.4

 Education
 No formal schooling 07 7.4
 Up to JSC 41 43.1
 Up to HSC 33 34.7
 Graduation and above 14 14.8

 Occupation
 Service (government/private) 11 11.6
 Self-employment 27 28.4
 (business/agriculture)
 Household work/house wife 49 51.6
 Unemployed/dependant 08 8.4

 Financial condition 
 Average (Tk. 13000–30000/month) 56 59.0
 Good (>Tk. 30000/month) 25 26.3
 Below average (<Tk. 13000/month) 14 14.7

Table II shows sex distribution of hypokalemic patients 
in elderly (>60 years) and relatively younger (<60 
years) age group of patients. Stratification of the 
hypokalemic patients according to age revealed 58 
(61.1%) patients fell into the >60 years group, and 37 
(38.9%) fell into <60 years group. 
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Table II: Sex distribution of hypokalemic patients 
according to age groups (n=95)

 Variables Number Percentage
 Age > 60 years                                            58 61.1
 Males 17 29.3
 Females 41 70.7
 Age <60 years 37 38.9
 Males 17 46.0
 Females 20 54.0

In our study we have considered hypokalemia when 
serum K+ level was found <3.5 mmol/L. The lowest 
value of serum K+ in this study was 1.5 mmol/L. The 
mean value of serum K+  level was 2.86 mmol/L with 
standard deviation (SD) of  ± 0.43 mmol/L.   Table III 
shows distribution of the patients having different 
ranges of serum K+ level. Majority of patients (60.0%)  
with hypokalemia had serum K+ level ranging from 
3.0–3.4 mmol/L followed by 23.1% with serum K+ 
level of 2.5–2.9 mmol/L and 16.9% with serum K+ 
level of <2.5 mmol/L. Among the study subjects, 
T2DM was in 94.7% and T1DM was in 5.3%. 
Table III: Serum potassium concentration of the study 

subjects (n=95)

 Serum  K+ ( mmol/L) Number Percentage
 3.0–3.4 57 60.0
 2.5–2.9 22 23.1
 <2.5 16 16.9

Fig 1 shows the comorbidities in the diabetic patients at 
the time of hospital admission. About 67.4% subjects had 
hypertension, 40.0% had chronic kidney disease (CKD), 
16.8% had fatty liver, 9.5% had ischemic heart disease 
(IHD) and 3.2% had congestive cardiac failure (CCF). 

Fig 1. Comorbidities associated with diabetes (n=95) 
Some patients had multiple responses 

           HTN, Hypertension; CKD, Chronic kidney disease; FL, 
Fatty liver; IHD, Ischemic heart disease; CCF, 
Congestive cardiac failure. Axis values are in 
percentage.

Fig 2 shows status of diabetes of the study subjects at 
the time of hospital admission. Diabetes was found 
uncontrolled in most of the patients (76.8%). 

Fig 2. Status of diabetes on admission (n=95)

The factors precipitating hypokalemia revealed on 
hospital admission is shown in Table IV. Most common 
cause of hypokalemia was vomiting (63.2%) followed 
by diarrhea (42.1%), diuretics (frusemide and thiazide, 
18.9%), inadequate K+ intake due to severe anorexia or 
voluntary restriction (9.5%), diabetic ketoacidosis 
(6.3%) and severe hyperglycemia (3.2%). About 15.8% 
of patients with hypokalemia had hypomagnesemia. 
CKD was the precipitating cause of hypokalemia in 
4.2% and CLD in 1.1%, cases. No apparent cause of 
hypokalemia was found in 2.1% cases. There were no 
cases of Bartter's, Gitelman's or Liddle's syndromes or 
of hypokalemic periodic paralysis in this study.

Table IV: Factors precipitating hypokalemia (n=95)

 Variables Number* Percentage*

 Vomiting 60 63.2
 Diarrhea 40 42.1
 Hypomagnesemia 15 15.8
 Diuretic induced 18 18.9
 Inadequate potassium intake 09 9.5
 Beta-2 agonists 06 6.3
 Corticosteroids 05 5.3
 Diabetic ketoacidosis 06 6.3
 CKD with edema 04 4.2
 Severe hyperglycemia 03 3.2
 CLD with edema 01 1.1
 No apparent cause 02 2.1
*Multiple responses

 

 

 

Controlled
DM

Uncontrolled
DM
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Discussion
Hypokalemia is common in hospitalized diabetic 
patients and can be associated with serious adverse 
consequences. Although older adults have been 
reported to experience profound weakness from 
hypokalemia, more commonly there are no 
symptoms. Instead, low potassium levels are often 
discovered incidentally during routine blood testing. 
In the absence of blood testing, low potassium levels 
may go undetected and drop to the point at which 
cardiac rhythm disturbances occur.

In this study, most of the hypokalemic patients were of 
60 years or older. Another study also revealed that 
hypokalemia is common in older adults, and increasing 
age is associated with a marked increase in the 
incidence of hypokalemia.24 In comparison to younger 
adults, an 80-year-old person has more than three times 
the risk of having a K+ level <3.0 mmol/L.8,24,25 Of the 
total hypokalemic subjects in our study 64.2% were 
female and 35.8% were male. Studies have shown that 
gender also confers risk, with women more likely than 
men to have a low K+ level.8,23-26 In one study, 
mortality of patients with hypokalemia was found more, 
particularly in females than those having normal K+ 
level.27 A retrospective analysis of biochemical data 
from 58,167 hospital inpatients showed a positive 
correlation between hypokalemia and both female sex 
and hospital mortality.26

Most of the patients in our study had multiple co-
morbid conditions of which hypertension was the most 
common (67.4%). It was 61% in a study conducted in 
Bangladesh Institute of Research and Rehabilitation in 
Diabetes, Endocrine and Metabolic Disorders 
(BIRDEM).28

The most common precipitating factor for 
hypokalemia found in our study was vomiting 
(63.2%). In addition to gastrointestinal loss by 
vomiting there is also excess renal K+ loss due to 
metabolic alkalosis following chloride loss secondary 
to vomiting.5,8  However it is widely believed that 
the most common cause of hypokalemia, especially 
in developing countries, is gastrointestinal loss from 
infectious diarrhea.9 We have found diarrhea in 
42.1% of hypokalemic patients in our study.

Among the study subjects, 18.9% were found to use 

diuretics, 6.3% beta-2 agonists, and 5.3% cortico-
steroids. The study at BIRDEM also revealed vomiting 
and thiazide diuretics as main precipitating causes of 
hypokalemia in admitted diabetic subjects.28 In a 
double blind randomized controlled trial, hypertensive 
men treated with thiazide diuretics who developed 
serum K+ of < had a two-fold increase in 
ventricular arrhythmias compared with those with 
normal serum K+ level.29 A low serum K+ concen-
tration has been found in 10 –40% of patients treated 
with thiazide diuretics.30 A retrospective analysis of 
biochemical data revealed that drug-related hypo-
kalemia was most commonly seen with diuretics, it was 
also apparent following use of steroids and insulin in 
uncontrolled diabetes.26

Most of the patients in our study were found to have 
uncontrolled diabetes on admission (76.8%). Diabetic 
ketoacidosis was found in 6.3% cases and severe 
hyperglycemia in 3.2% cases in this study. In severe 
hyperglycemia, renal glucose loss causes osmotic 
diuresis, increasing Na+ delivery to the distal nephron 
and promoting K+ excretion. With prolonged glyco-
suria, there is considerable depletion of body stores of 
K+ as well11, but hypokalemia is usually mild or absent 
because insulin deficiency impedes the entry of K+ into 
cells. The underlying K+ deficiency is rapidly unmasked 
when insulin is given, and severe hypokalemia can 
develop, particularly in patients with diabetic 
ketoacidosis, unless aggressive replacement of K+ 
stores is undertaken at the same time.

In this study the commonest precipitating factor causing 
hypokalemia was vomiting and majority of 
hypokalemic diabetic patients at the time of 
hospitalization were females and of older age group. 
Hypertension was the most common comorbid 
condition associated with diabetes.  Diuretics like 
thiazide used for treating comorbid conditions like 
hypertension or congestive cardiac failure in diabetes 
may result in hypokalemia. Therefore, diuretics should 
be used with caution in the elderly as these patients are 
susceptible to develop hypokalemia. Serum electrolytes 
should be measured in every admitted elderly diabetic 
patient irrespective of the cause of admission and when 
hypokalemia is identified, the underlying cause should 
be sought and the disorder treated since it is an 
avoidable cause of death.
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