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ABSTRACT 

Objective: To evaluate the Frequency of hyperkalemia in a cohort of hypertensive diabetic patients. 

Study design: A prospective analytical cohort study. 

Place and duration of study: The study was carried out in department of medicine (nephrology) 
Military Hospital (MH) and Armed Forces Institute of Urology (AFIU) Rawalpindi from Jun 2007-
Jun 2009.  

Patients and methods: A total of 110 hypertensive, middle aged diabetic patients attending medical 
OPD in MH and AFIU  Rawalpindi were followed over two years from Jun 2007 - Jun 2009 for 
development of hyperkalemia and monitored  for changes in eGFR, Serum Urea, creatinine and 
blood glucose random besides changes in blood pressure and ECG findings. SPSS version 13 was 
employed for statistical analysis.  

Results: During the course of study 9 patients were lost to follow up. There were 7 deaths among 
study subjects before the end of study after about ten to twelve months. Out of the 94 patients 
followed up mean Serum Urea at the end of study was 13.50 mmol/l against a serum creatinine   
level of 2.26 mmol/l and an estimated GFR of 21.08 ml/min.  The Frequency  of raised serum 
Potassium of 5.1-6.0 mmol/l was 46.80% and 26.59% of the patients had serum Potassium of 6.1-7.2 
mmol/l at the end of study. This was against an initial level of 4.5-5.0 mmol/l in 100% of the study 
subjects. Paired sample t-test revealed significant changes in each variable studied but a borderline 
positive correlation of 0.619 was observed only between serum potassium and change in eGFR at 
the end of study.  The mean blood glucose random dropped from 16.14 mmol/l to 10.41 mmol/l.At 
the end of study mean systolic BP was 122 mm Hg and diastolic BP 80.2 mm Hg. The ECG revealed 
tall T waves in 64.9% of cases while at the start of study all subjects had their electrocardiograms 
within normal limits. There was a trend of increase in frequency of tall T waves with the rise in 
serum potassium levels. 

Conclusion:  Raised serum potassium is a significant potential complication among long standing 
diabetics with covert nephropathy   treated with ACE inhibitors, ARBs, potassium sparing diuretics 
or a combination of these drugs. Co morbidities and development of this complication must 
therefore be considered by physicians when dealing with such patients. 

Keywords: Hypertensive diabetics, ACE inhibitors, ARBs, hyperkalemia. 

INTRODUCTION 

Hyperkalemia is defined as a ‘serum 
potassium level greater than 5.5 mEq/L’1. 
Ranges are 5.5-6.0 mEq/L (Mild), 6.1-7.0 
mEq/L (Moderate), 7.0 mEq/L and greater 
(Severe). 

Hyperkalemia is a potentially life-
threatening complication resulting from the use 
of angiotensin-converting enzyme (ACE) 
inhibitors or angiotensin receptor 
blockers(ARBs) in diabetics with covert 

nephropathy; data to guide the intensity of 
monitoring for or responding to hyperkalemia 
in outpatients are limited2.  Angiotensin 
converting enzyme (ACE) inhibitors are now 
one of the most frequently used classes of 
antihypertensive drugs. Although ACE 
inhibitor therapy usually improves renal blood 
flow (RBF) and sodium excretion rates in CHF 
and reduces the rate of progressive renal injury 
in chronic renal disease, its use can also be 
associated with a syndrome of "functional renal 
insufficiency" and/or hyperkalemia. This form 
of acute renal failure (ARF) most commonly 
develops shortly after initiation of ACE 
inhibitor therapy but can be observed after 
months or years of therapy, even in the absence 
of prior ill effects. ARF is most likely to occur 

Correspondence: Maj Malik Nadeem Azam Khan, 
Classified Medical Specialist, Military Hospital 
Rawalpindi 
Email: nadeem.azam@hotmail.com 
Received: 26 Aug 2009; Accepted: 30 Sep 2009 



Hyperkalemia – In Hypertensive Diabetics                Pak Armed Forces Med J 2010; 60(2): 198-203 

 199 

when renal perfusion pressure cannot be 
sustained because of substantial decreases in 
mean arterial pressure (MAP) or when 
glomerular filtration rate (GFR) is highly 
angiotensin II (Ang II) dependent. Conditions 
that predict an adverse hemodynamic effect of 
ACE inhibitors in patients with CHF are 
preexisting hypotension and low cardiac filling 
pressures3.  Hyperkalemia is relatively common 
in ACE inhibitor–treated patients with CHF or 
uremia. Fortunately, increases in plasma 
potassium are generally fairly modest (1 
mEq/L), and severe hyperkalemia with ACE 
inhibitors is uncommon4. Mechanistically, by 
lowering plasma aldosterone levels and thereby 
reducing urinary potassium excretion, ACE 
inhibitor therapy may lead to hyperkalemia5. 
Thus, disruption of internal homeostasis may 
occur in patients with diabetes and 
hyperglycemia, in individuals receiving ß-
blockers, or in individuals receiving potassium 
supplements, heparin, or potassium-sparing 
diuretics. 

The aim of the study was to determine the 
Frequency of hyperkalemia among a cohort of 
hypertensive diabetics over a period of two 
years.  

PATIENTS AND METHODS 

This was an observational prospective 
cohort study,during the period June 2007 to 
June  2009 in the department of nephrology 
Military Hospital (MH) and Armed Forces 
Institute of Urology (AFIU) Rawalpindi. For 
our study, a cohort of 110 hypertensive diabetic 
patients managed in outdoor on ACE inhibitors 
and ARBs  was selected.   Study cohort were 
defined as those  patients  aged 50 -60 years of 
age  who were known diabetics  for  10 years or 
more ,had no known history of ischemic heart 
disease, cardiac conduction defects,congestive 
cardiac failure or renal function defect. They 
were all residents of Rawalpindi and were 
dependent upon military hospitals for medical 
treatment in OPD as well as emergency or 
indoor management.  This condition was 
included to circumvent attrition due to loss to 
follow up. Registration records included 
complete present and past history and drugs 
taken in outdoor. ECG, Blood pressure 

recording, blood glucose (R) and blood 
chemistry including Serum urea, creatinine, 
Potassium and ultrasonographic report on renal 
size and echotexture. Hyperkalemia was 
defined as Serum potassium level of 5.1 
m.mol/l and above. 

The cohort was followed up for next two 
years in routine OPD till June 2009.   Outcome 
variables i.e changes in clinical or blood 
chemical profile after two years were recorded 
at the end of study for analysis. 

Statistical Analysis 

The data collected was analysed on SPSS 
version 13. paired sample T-test  was applied to 
estimate significant changes  at 5% level of 
confidence and 95% confidence interval  for 
various factors checked and their correlation 
factors. Before and after frequencies of various 
variables and their association with changes in 
serum potassium were noted. 

RESULTS 

At the end of two years period of the study, 
out of the total 110 patients registered for 
follow up at the beginning ,data of 94 patients 
was complete as there were 9 patients who 
were lost to follow up for unidentified reasons . 
While 4 patients were brought as cases of 
suspected cardiac arrest but their data was not 
complete and confirmed so they were excluded 
from the study. Rest 3 of the patients died of 
other causes so they were also not included. 
Out of the 94 patients followed up mean Serum 
Urea at the end of study was 13.50 mmol/l 
(STD: 3.051) against a serum creatinine   level of 
2.26 mmol/l (STD: 1.115) and an estimated GFR 
of 21.08 ml/min (STD: 3.684).  The Frequency of 
raised serum Potassium of 5.1-6.0 mmol/l was 
46.80% and 26.59% of the patients had serum 
Potassium of 6.1-7.2 mmol/l at the end of 
study. This was against an initial level of 4.5-5.0 
mmol/l in 100% of the study subjects. The 
detailed comparison of Biochemical profile 
comprising these elements is shown in table 1. 
Paired sample t-test was employed to 
determine the significance of biochemical   
changes in each during the study as shown in 
table 2. Paired samples t- test was also applied 
to determine the correlation in Serum 
potassium levels with other renal function 
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profile at the start and end of study. The only 
positive correlation of 0.619 was observed 
between serum potassium at the end of study 
and change in eGFR. The ‘r’ value of each pair 
is shown in figure 1.  The other important 
clinical observations were of changes in systolic 
and diastolic blood pressure, renal 
ultrasonographic findings and ECG. Details of 
these data are shown in table 3. There was a fall 
in mean systolic and diastolic BP over the 
period of study alongwith blood glucose ® 
levels. The most frequent ECG change noted 
was tall T waves among 64% of the subjects 
which showed a gradual increase with rising 
serum potassium levels against a starting level 
of within normal limits ECG and Serum 
potassium level of 4.5-5.0 mmol/l among 100% 
of the subjects. The changes in Serum 
potassium and ECG among the study subjects 
are compared in figure 2. 

DISCUSSION 

In the present study, the mean S potassium 
at the start of study was 4.7 mmol/l while at the 
end of study., the mean S. Potassium was 5.8 
mmol/l.while 46.8% of patients had values 
between 5.1-6.0 mmol/l and 26.5% had 
hyperkalemia in the range of 6.1-7.2 mmol/l . 
Reardon LC et al in their study 3reported that 
of 1818 patients using ACE inhibitors, 194 (11%) 
developed hyperkalemia. After 1 year of 
follow-up, 15 (10%) of 146 case patients 
remaining on a regimen of an ACE inhibitor 
developed severe hyperkalemia (potassium 
level > 6.0 mmol/L). Mild hyperkalemia is 
common in medical outpatients using ACE 
inhibitors, especially in those with renal 
insufficiency or congestive heart failure.   Hunt 
SA and Baker et al reported that in recent years, 
angiotensin-converting enzyme inhibitors 
(ACE-Is), angiotensin II receptor blockers 

Table-1: Biochemical profile of patients before and after the study 

  Start End of Study 

Mean - n    (%) Mean - n     (%) 

 eGFR ml/min 28.50 (std dev:1.305) 21.08 (std dev:3.684) 

25-30 94 (100%)     10 (10.7) 

15-24   84    (89.3) 

2. S.Urea mmol/l 7.89 (std dev:0.475) 13.50 (std dev:3.051) 

 7-8 49(52.12)  

 8-9 45(47.87)  37(39.36) 

 9-10  21(22.34) 

 >10   36(38.29) 

3 S .Creatinine mmol/l 1.03 (std dev:0.129) 2.26 (std dev:1.115) 

 <1.0 31(32.97)  

 1.0-1.2 63(67.02)  12(12.76) 

 1.3-2.0   56(59.57) 

 >2.0   26(27.65) 

4 S. Potassium m.mol/l 4.7 (std dev:0.129) 5.8 (std dev:0.797) 

 4.5-5.0 94(100)   25(26.59) 

 5.1-6.0  44(46.80)  

 6.1-7.2  25(26.59) 

5 Bl.glucose®mmol/l 16.14 (std dev:2.251) 10.41 (std dev:0.986) 

 6-9      30(31.91) 

 10-14 34(36.17)     64(68.08) 

 15-19 60(63.82)  
 

Table 2: paired sample t- test of significance for follow up profile 
 

 
 

Mean Std  Dev 95% CI of Difference t-value Significance 

Lower  Upper 

Egfr 7.42 3.23 6.76 8.08 22.27 0.00 

S. Urea -5.60 3.16 -6.25 -4.96 -17.17 0.00 

S. Creatinine -1.23 1.14 -1.47 -1.00 10.45 0.00 

S. Potassium -1.10 0.76 -1.26 -0.94 -13.99 0.00 

 

 

 



Hyperkalemia – In Hypertensive Diabetics                Pak Armed Forces Med J 2010; 60(2): 198-203 

 201 

(ARBs), spironolactone and beta-adrenergic 
antagonists have been used to treat heart failure 
as first-line therapy6. However, these 
medications can cause hyperkalaemia as a side-
effect. Although the exact prevalence of 
hyperkalemia in community-based medical 
practice is unknown, potassium elevation is a 
common, potentially life-threatening problem 
most often occuring in patients with chronic 
renal failure or other illnesses that reduce renal 
potassium excretion . In these patients, acute 
hyperkalemia often is precipitated by stressors 
such as illness, dehydration, or initiation of 
medicines that alter potassium homeostasis 
with hyporeninemic hypoaldosteronism as a 
possible underlying mechanism in diabetics7. 

The mean Serum creatinine level raised 
from 1.03 mmol/l at the start to 2.26 mmol/l at 
the end of study with 59.9% subjects having 
levels between 1.3- 2.0 mmol/l.  A rise in serum 
creatinine may occur after initiation of therapy 
in patients with CHF. Serum creatinine often 
stabilizes and may decline thereafter8.  The 
mean serum Urea level at the end of study was 
13.50 mmol/l,with no less than 38.29% of 
subjects in the range of 15-20 mmol/l.   
Estimated GFR dropped from mean of 28.50% 
(with 100% subjects in the range of 25-30 
ml/min) to 21.08% with 89.3% subjects in the 
15-24 ml/min range. The renal size and echo 
texture as noted on ultrasonography revealed 
some changes in only 11% of subjects. 

Table-3: Clinical Profile of Patients during Study 
 

 
 

 Start of study End of study 

Mean      n (%) Mean        n (%) 

1 Systolic BP mmHg 144 (std dev:11.7) 122 (std dev:15.8) 

 100-119.9   

 120-139.9              37(39.4) 10(10.4) 

 140-160.0              57(60.7)  84(89.4) 

2 Diastolic BP mmHg 93.72 (std dev:4.8)  80.21 (std dev:3.01) 

 70-79.9  75(79.8)   

 80-89.9             59(62.8) 19(20.2) 

 90-100             35(37.2)  

3 ECG   

 Within Normal limits              94(100) 13(13.8) 

 Tall T waves              61(64.9) 

 Broad QRS complex              16(17.0) 

 Heart block              4(4.3) 

4 Renal USG   

 Normal study              94(100)           83(88.3) 

 Parenchymal or size changes           11(11.7) 
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Fig 1: Paired Sample correlation of S.Potassium                   Fig 2: Comparison of Serum Potassium changes  
and biochemical profile follow up       with ECG changes 
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The mean blood glucose (R) dropped from 
16.14 mmol/l to 10.41 mmol/l and the mean 
systolic and diastolic blood pressures also 
showed a downward trend. A number of 
studies have been performed to assess the 
systemic and regional hemodynamic effects of 
ACE inhibitors in the setting of CHF9,10. 
Acutely, a uniform reduction in MAP is 
observed after ACE inhibitor administration 
owing to a reduction in systemic vascular 
resistance. Total renal vascular resistance 
decreases, and an increase in RBF is observed in 
most patients. Nevertheless, the GFR usually 
remains unchanged or falls slightly11, 12. This 
discrepancy between RBF and GFR is due to the 
relatively greater effect of the ACE inhibitor in 
dilating postglomerular efferent than afferent 
arterioles, with a resultant reduction in 
glomerular capillary hydrostatic pressure and 
GFR12.  

ECG forms an important and easily 
accessible investigation known to reflect 
changes in serum potassium by subsequent 
changes in its various components. The 
commonest ECG  change was appearance of tall 
T waves  in 64.9% of cases while at the start of 
study all subjects had their electrocardiograms 
within normal limits. There was a trend of 
increase in frequency of tall T waves with the 
rise in serum potassium levels. 

In experimental settings, hyperkalemia has 
been associated with a defined series of 
electrocardiogram (ECG) abnormalities, 
including shortening of QT interval, peaking of 
T waves, QRS prolongation, shortening of PR 
interval, reduction in amplitude of the P wave, 
loss of sinoatrial conduction with onset of a 
wide-complex “sine-wave” ventricular rhythm, 
and ultimately asystole13. Most severe cardiac 
manifestations have been shown to occur with 
serum potassium concentrations >9 mEq/L 
[14]. On the basis of these experimental 
observations, commonly used clinical 
references recommend ECG assessment as an 
integral part of the evaluation of patients with 
hyperkalemia15. 

In one published series of 127 patients with 
serum potassium concentrations ranging 
between 6 and 9.3 mEq/L, no serious 

arrhythmias were documented16. Only 46% of 
ECG were noted to have changes suggestive of 
hyperkalemia, including QRS widening, 
conduction defects, and peaking of T waves17. 
There are multiple case reports of patients with 
renal failure who presented without significant 
ECG changes despite markedly elevated 
potassium levels18, 19. Other, less typical ECG 
presentations of hyperkalemia include ST 
elevations mimicking acute myocardial 
infarction and rate-dependent bundle branch 
blocks20. 

CONCLUSION  

In clinical practice the concomitant use of 
ACE - I and spironolactone has to be 
accompanied with a closer monitoring of 
potassium concentrations, careful evaluation of 
pre-disposing factors for hyperkalemia (e.g. 
renal failure, diabetes) to avoid iatrogenic 
hyperkalemia with its associated morbidity. 
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