L))

Check for
updat

Original Article

Page 1 of 8

Prevalence and associated factors of hypokalemia in
hypertension: the perspective in a low to middle-income setting
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Background: Despite being a common feature that can be present either as a complication of treatment
or a sign of primary aldosteronism, the true prevalence of hypokalemia has not been enough documented
in a low to middle-income setting. This study sought to determine the prevalence and associated factors of
hypokalemia at the outpatient department of the Douala General Hospital (DGH), Cameroon.

Methods: Records obtained from the hypertension registry of the DGH were reviewed and those with
confirmed white coat hypertension were excluded from the study. Univariate and multivariate logistic
regression was used to determine factors associated with hypokalemia in hypertension.

Results: A total of 687 records (62.1% females, mean age 57.5+12.9 years) were included in the study. One
hundred and eighty (26.2%) records had hypokalemia. Participants on diuretics were more likely to develop
hypokalemia, and those receiving indapamide or chlorthalidone (OR =5.7, P<0.001 and OR =4.8, P=0.02
respectively) were more likely to have hypokalemia than those on hydrochlorothiazide (OR =1.9, P=0.01).
Conclusions: Hypokalemia was very frequent amongst our patients with hypertension but not
systematically well investigated. Diuretics prescription was the main associated factor. These findings have

implications for the investigation and management of individuals with hypertension in our setting.
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Introduction management (4,5). Pharmacologic management of

L . . . hypertension has well-established adverse effects of which
Hypertension is a major cardiovascular risk factor

accounting for about 50% of cardiovascular deaths globally electrolyte disturbance are amongst. Hypokalemia defined

(1,2). Compared to high-income countries, the rate of
hypertension has been on the rise in low to middle-income
settings (3). Effective treatment of this condition warrants
adequate lifestyle modifications as well as pharmacologic
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as serum potassium less than 3.5 mmol/L (6-8) is a well-
established adverse effect of pharmacologic management
of diuretic therapy (9,10) which remains the cornerstone

in the management of hypertension (4,11). Moreover,
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1,100 records reviewed from
the hypertension registry at
Douala general hospital

413 cases excluded
* 50 cases of confirmed
> white coat hypertension
® 363 records without
information on serum
A electrolytes
687 records included

\4
Patient characteristics

and associated factors of
hypokalemia in hypertension

Figure 1 Flow chart representing recruitment of participants (1,100

records were reviewed and 687 were included in the study).

hypokalemia in hypertension can as well be present in
specific etiologies of hypertension with the most common
being primary aldosteronism (12-14), with recent endocrine
society guidelines recommending screening for primary
aldosteronism in any case of hypertension presenting with
spontaneous or diuretic-induced hypokalemia (12,13).

Several studies have demonstrated the relationship
between potassium and blood pressure (BP) (7,15-19) and
although serum potassium is not an absolute predictor of
total body potassium, studies have determined a U-shaped
relationship between cardiovascular outcomes and serum
potassium (8,20-22). Compared to Caucasian populations,
studies have reported salt sensitivity in the black populations,
these studies further demonstrated blunting of the sodium
effect on BP once potassium intake is increased (23).
Furthermore, data reports low urinary potassium excretion in
blacks when compared to Caucasians regardless of potassium
intake (24,25).

"To our knowledge, most studies reporting the prevalence
of hypokalemia in hypertension were carried out in
high-income countries, with these studies revealing the
prevalence of hypokalemia in hypertension between 6-21%
(26,27). Thus, we carried a study to measure the prevalence
of hypokalemia in hypertension as well as the factors
associated with hypokalemia in hypertension in a low to
middle-income setting.

Methods
Study design and setting
This was a 5-year retrospective (January 2014-January 2019)
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observational study conducted at the outpatient department
of Douala General Hospital (DGH) which is a tertiary
hospital located in the urban city of Douala. Data were
obtained from the DGH hypertension registry, an ongoing
registry created by cardiologists of the DGH since 2010.

Records with confirmed hypertension by an attending
cardiologist (based on office BP >140/90 mmHg or 24-hour
ambulatory BP >130/80 mmHg) (28) were included, while
records with confirmed white coat hypertension (records
with office BP >140/90 mmHg with 24-hour ambulatory
BP <130/80 mmHg) (28), and records with no information
on serum electrolyte were excluded from the study.

Data collection

Administrative authorization was obtained from the central
administration of the DGH and ethical clearance from
the Faculty of Health Sciences University of Bamenda,
Cameroon.

Blood pressure: BP was obtained from patient records
which were measured following the European Society of
Cardiology (ESC) 2013 guidelines (28) and the average BP
for each patient record was obtained by summing the second
and third BP reading in each record and dividing by two.

Serum potassium and other laboratory investigations
were obtained from patient records, information concerning
usage of antihypertensive medications was obtained
during the first consultation and those reported to be
newly diagnosed with hypertension were considered not
to be on any medications. Hypokalemia was considered as
serum potassium <3.5 mmol/L. Mild, moderate and severe
hypokalemia was defined as serum potassium between 3-3.4,
2.5-2.9 and <2.5 mmol/L respectively. Figure I summarizes
the steps for the recruitment of study participants.

Statistical analyses

Data obtained from patient records were analyzed using
SPSS version 25 for windows, patients were classified
into three groups based on serum potassium. Categorical
variables were presented as frequencies and percentages
while continuous variables were presented as mean and
standard deviation. Categorical variables were compared
using the Chi-squared (y°) test and Fischer exact test
whereas one-way analysis of variance was used to compare
continuous variables, Brown-Forsythe correction was used
to adjust P values for continuous variables which violated the
Levene’s test for homogeneity of variance. Univariate and
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multivariate logistic regression was used to determine the
associated factors of hypokalemia in hypertension with the
calculation of odds ratio (OR) and 95% confidence intervals
(CIs). A P value of less than 0.05 was considered significant.

Results
Patient characteristics

In total, 687 participants were included in the study. The
demographic and clinical characteristics of these participants
are summarized in Table 1 based on three levels of serum
potassium. Overall 62% [427] of the participants were
females with a mean age of 57.5+12.9 years. The mean
systolic BP (SBP) and diastolic BP (DBP) were 163.8+24.0
and 95.8+16.0 mmHg respectively with 65% of participants
reported having either grade 1 or grade 2 hypertension based
on the ESC classification. Also, 74% of participants reported
being on BP-lowering medications. The mean serum
potassium was 3.9+0.55 mmol/L with 71% of participants
reported to have serum potassium between 3.5-5.0 mmol/L.

Prevalence of bypokalemia in hypertension

Of the 687 records reviewed, 180 had serum potassium less
than 3.5 mmol/L thus the prevalence of 26.2% (95% CI,
22.9-29.7%). Out of these 180 cases, 82.8% were cases of
mild hypokalemia, 16.7% had moderate hypokalemia and
0.6% were cases of severe hypokalemia.

Factors associated with bypokalemia

On univariate analysis, use of calcium channel blockers
(CCBs) (OR =1.57, P<0.05) was associated with
hypokalemia, also use of diuretics was associated with
hypokalemia with use of indapamide (OR =5.7, P<0.001)
associated more with hypokalemia than hydrochlorothiazide
(OR =1.6, P=0.01). Female sex had a decreased likelihood
to present with hypokalemia (OR =0.93, P=0.70) but this
was however not statistically significant. All variables used
for univariate analysis were entered into the multivariate
model, the use of diuretics was significantly associated
with hypokalemia, with participants using thiazide-like
diuretics (indapamide and chlorthalidone) presenting higher
chances of hypokalemia than those using of thiazide-type
diuretics (hydrochlorothiazide). Table 2 summarizes the
results obtained from univariate and multivariate logistic
regression.
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Discussion

In this study, we demonstrated a high prevalence of
hypokalemia (26.2%) in a black African hypertensive
population, with use of diuretics independently associated
with hypokalemia. Furthermore, participants receiving
thiazide-like (indapamide and chlorthalidone) diuretics
were more likely to present with hypokalemia than those
on thiazide-type (hydrochlorothiazide) diuretics. To our
knowledge, this is the first study reporting the prevalence
of hypokalemia in hypertension in the general hypertensive
population in a sub-Saharan African setting.

Prevalence of hypokalemia in bypertension

Most studies reporting the prevalence of hypokalemia
in hypertension are focused on the diagnosis of primary
aldosteronism with most of the participants presenting with
specific characteristics like resistant hypertension or severe
hypertension (26,27). This study included all categories of
patients thus representing a general hypertensive cohort.
The prevalence of hypokalemia in this study was 26.2%,
similar to that observed by Douma et /. (26). Although
the Douma series included only participants with resistant
hypertension nevertheless, Monticone and colleagues
reported a lower prevalence (6.3%) (27). Notably, this was
a study to report the prevalence of primary aldosteronism
and antihypertensive medications in most participants were
withheld for 4-6 weeks prior to measurement of serum
electrolytes and aldosterone renin ratio.

Factors associated with hypokalemia

Diuretics are strongly recommended by studies and
hypertension guidelines as first-line agents in the treatment
of hypertension, especially in blacks (4,5,29). In addition,
studies have established superiority of thiazide-like
diuretics (chlorthalidone and indapamide) over thiazide-
type diuretics (hydrochlorothiazide) with regards to BP-
lowering and cardiovascular risk protection, with similar
effects on metabolic profile (serum electrolytes and serum
glucose) (11,30,31). Nonetheless, thiazide diuretics are
associated with hypokalemia (9). This study revealed
diuretics were independently associated with hypokalemia
in hypertension and on further analyses, chlorthalidone and
indapamide were more associated with hypokalemia than
hydrochlorothiazide. These results are in agreement with
findings of a systematic review conducted by Dorsch er al.
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Table 1 Patient characteristics by serum potassium level
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Variables K <8.5 mmol/L, n=180 K 8.5-5 mmol/L, n=488 K >5 mmol/L, n=19 P value
Female 114 (63.3) 302 (61.9) 11 (57.9) 0.88
Age (years), (SD) 57.67 (12.63) 57.45 (13.02) 58.42 (13.50) 0.94
Risk factors
Diabetes mellitus 19 (10.6) 53 (10.9) 2(10.5) 0.99
Heart failure 7 (3.9) 13 (2.7) 0 0.53
Tobacco 4(2.2) 14 (2.9) 1(5.3) 0.72
Signs and symptoms
Palpitations 23 (12.8) 78 (15.9) 1(5.3) 0.29
Clinical parameters
Weight (kg) 80.06 (14.20) 80.54 (15.02) 77.42 (15.12) 0.64
Heart rate (bpm) 79.39 (14.36) 79.58 (14.49) 77.21 (17.43) 0.78
SBP (mmHg) 168.08 (25.63) 163.94 (22.99) 185.05 (24.83) <0.001
DBP (mmHg) 95.19 (16.42) 95.84 (15.78) 100.13 (16.21) 0.44
Laboratory parameters
Sodium (mmol/L) 137.58 (6.55) 139.13 (6.91) 142.11 (11.34) 0.004
Creatinine (mg/dL) 1.02 (0.37) 1.15(1.0) 2.16 (2.48) 0.05
eGFR (mL/min/1.73 m?) 87.56 (26.63) 88.90 (29.60) 72.61 (36.16) 0.06
LDL (g/L) 1.28 (0.43) 1.36 (0.46) 1.23 (0.62) 0.32
Total cholesterol (g/L) 1.96 (0.49) 2.10 (0.50) 1.95(0.79) 0.02
Serum glucose (mg/dL) 99.61 (25.38) 99.36 (37.49) 105.43 (25.75) 0.81
Medications
On blood pressure lowering medications 155 (86.1) 342 (70.1) 14 (73.9) <0.001
Beta blockers 14 (7.7) 46 (9.4) 1(5.3) 0.32
CCBs 91 (50.6) 193 (39.5) 7 (36.8) 0.77
ACE inhibitors 77 (42.8) 189 (38.7) 8 (42.1) 0.51
ARBs 20 (11.1) 38(7.8) 0 0.33
Diuretics 128 (71.1) 227 (46.5) 6 (31.6) <0.001
ACEi + diuretics 71 (39.4) 96 (19.8) 2(10.5) <0.001

ACEi, angiotensin converting enzyme inhibitor; ARBs, angiotensin receptor blockers; bpm, beats per minute; DBP, diastolic blood
pressure; eGFR, estimated glomerular filtration rate; K, serum potassium; LDL, low density lipoproteins; SBP, systolic blood pressure;

CCBs, calcium channel blockers.

where chlorthalidone was associated with more hypokalemia
than hydrochlorothiazide (11). However, they are somehow
different from those observed in other systematic reviews,
which included studies conducted almost exclusively in
Caucasians and where there was no difference between
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thiazide-like and thiazide-type diuretics on serum potassium
levels (11,30). These contrasting findings can be explained
by racial or nutritional differences. It shall be noted that
some studies have shown that urinary potassium excretion is
less in blacks than Caucasians even when identical amounts
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Table 2 Factors associated with hypokalemia in hypertension (univariate and multivariate logistic regression)

Univariate analysis

Multivariate analysis

Variables

OR (95% CI) P value aOR (95% Cl) P value
Female sex 0.93 (0.66-1.33) 0.70 1.11 (0.77-1.62) 0.57
Age (years) 1.00 (0.98-1.01) 0.87 0.99 (0.98-1.01) 0.92
Hydrochlorothiazide 1.6 (1.22-2.84) 0.004 1.92 (1.15-3.22) 0.01
Chlorthalidone 4.38 (1.29-14.87) 0.02 4.82 (1.32-17.52) 0.02
Indapamide 5.70 (3.59-9.07) <0.001 5.89 (3.52-9.87) <0.001
Furosemide 1.75 (0.46-6.68) 0.41 2.17 (0.54-8.78) 0.27
CCBs (yes) 1.57 (1.12-2.21) 0.01 1.16 (0.79-1.70) 0.44
Beta blockers (yes) 0.83 (0.44-1.54) 0.55 0.79 (0.39-1.57) 0.50
ARBs (yes) 1.54 (0.87-2.73) 0.14 1.66 (0.85-3.27) 0.14
ACE inhibitors (yes) 1.18 (0.83-1.66) 0.34 0.85 (0.53-1.34) 0.48
Fasting plasma glycemia >100 (mg/dL) 1.36 (0.95-1.95) 0.09 1.26 (0.86-1.85) 0.24
eGFR <60 (mL/min/1.73 m? 0.93 (0.57-1.53) 0.77 0.84 (0.49-1.44) 0.52

ACE, angiotensin converting enzyme; ARBs, angiotensin receptor blockers; aOR, adjusted odds ratio; CCBs, calcium channel blockers;
Cl, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio.

of potassium are provided in the diet (24,25). However,
because the urinary potassium excretion also depends on
sodium intake and diet, we cannot rule out the possibility
that a low salt diet which is largely prescribed by physicians
in our setting might have influenced plasma potassium
levels in our population. Also, potassium depletion has been
reported to increase mean arterial BP (32), through pressor
effects and alteration of vascular resistance, in addition, it is
as well reported that potassium depletion increases urinary
calcium excretion which has been stipulated by several
studies to have positive pressor effects. Finally, that a large
proportion of our population was on angiotensin converting
enzyme (ACE) inhibitors or angiotensin receptor blockers
(ARBs) could have resulted in less potassium excretion due
to a synergistic effect of these medications with diuretics.
This has been particularly advocated and demonstrated in
populations with low-renin hypertension (33,34). Patients
with essential hypertension especially those with resistant
hypertension are generally reported to have high plasma
renin (35) which can, in turn, result in negative potassium
balance by subsequent activation of the renin aldosterone
angiotensin pathway. However, studies have reported black
patients often present with low renin hypertension (36). It
is worth noting that hypertension in blacks is salt-sensitive,
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this effect is however blunted by increased potassium intake
(23,37). Also, non-pharmacologic treatment of hypertension
encourages patients to adopt the DASH (dietary approach
to stop hypertension) diet which has been reported to
effectively decrease BP, this diet is also noted for its high
potassium and calcium content (38).

Limitations of the study

The present study has some limitations that must be
underscored. First, its retrospective design precluded any
standardizing methods of measuring serum potassium
and the collection of data in all eligible patients as well as
reporting the proportion of patients who were on potassium
supplements which could have an impact on the prevalence
of hypokalemia. Second, in the absence of randomization,
there was no head to head comparison of diuretics in this
study. Third, diuretics does not only reduced potassium,
but also increased uric acid and increase total cholesterol
and triglycerides but we did not assess other metabolic
changes.

Despite these short comes, our study is one of the rare
studies evaluating the prevalence and associated factors of
hypokalemia in a general hypertensive cohort in a low to
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middle-income setting, our findings provide baseline values
for planning future research on hypertension in our setting.

Conclusions

This study revealed 1 out of 4 patients with hypokalemia,
and though not randomized patients on thiazide-like
diuretics (indapamide and chlorthalidone), were more likely
to present with hypokalemia than those on thiazide-type
diuretics (hydrochlorothiazide). More attention should be
paid on serum electrolytes of patients with hypertension and
consideration should be given to promoting the intake of
potassium-rich foods, as this may balance the consequences
of hypokalemia.
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