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Background: Hypertension is more prevalent in the
African American population when compared with the
European American population in the United States. Un-
provoked hypokalemia may lead to hypertension and is
associated with several forms of recognized secondary
hypertension.

Methods: We investigated the association of ethnicity
with unprovoked hypokalemia in the second Atheroscle-
rosis Risk in Communities (ARIC) study examination.
Hypokalemia was defined as serum potassium �3.5
mmol/L .

Results: A statistically significant association was de-
tected between ethnicity and unprovoked hypokalemia
(odds ratio � 5.3; 95% confidence interval � 3.6, 7.7)

with unprovoked hypokalemia more prevalent in African
Americans both before and after adjustment for important
covariates. The unadjusted prevalence for unprovoked hy-
pokalemia was 2.6% for African Americans and 0.5% for
European Americans.

Conclusions: We found that the prevalence of unpro-
voked hypokalemia for African Americans in the ARIC
cohort was more than five times that for European Amer-
icans. These data suggest that an increased awareness of
hypokalemia and its etiology may be indicated for African
Americans. Am J Hypertens 2002;15:594–599 © 2002
American Journal of Hypertension, Ltd.
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N onpharmacologic or unprovoked hypokalemia is
defined as serum potassium �3.5 mmol/L in the
absence of potassium-depleting medications.1

Hypokalemia is a consequence of either decreased total
body potassium or redistribution of potassium from the
extracellular to intracellular space.

Causes of total body potassium depletion can include
low dietary potassium levels, high dietary Na�2/K� ratio,2

and excessive potassium loss through a variety of mech-
anisms including renal potassium excretion, sweating, and
excessive ethanol intake. Potassium depletion from in-
creased renal excretion is most commonly associated with
potassium-depleting medication and less common with
disorders involving excess aldosterone production or in-
trinsic renal mechanisms.3 Recent studies have shown that
although aldosterone levels are often found to be lower in
African Americans, there may be differences between Af-

rican Americans and European Americans with respect to
renal mechanisms involving epithelial sodium channel ac-
tivity.4,5

Possible correlates of long-term hypokalemia include
some forms of hypertension and arrhythmias. Low dietary
potassium intake has also been related to stroke mortality.6

An association between hypertension, low potassium in-
take, and high sodium consumption has been reported in
several populations and has been particularly noted as a
feature in African American populations.7,8 In addition,
there is evidence that in some groups, oral potassium
supplementation is generally associated with reductions in
blood pressure (BP), and that this reduction may be more
pronounced in African Americans.9 The prevalence of
hypertension is higher in the African American population
when compared with the European American population
in the United States. This difference also generalizes to
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stroke mortality rates in groups of individuals aged �85
years.10 The detection of a higher prevalence of unpro-
voked hypokalemia in the African American population
would point to areas of research that may lead to better
understanding of differences in disease prevalence.

Patients and Methods
Study Population

The Atherosclerosis Risk in Communities Study (ARIC)
study is a multicenter longitudinal study of the etiology of
atherosclerosis, the variation of cardiovascular risk fac-
tors, medical care, and disease by ethnicity, sex, and place
of residence. The ARIC cohort at baseline consisted of
approximately 15,800 participants aged 45–64 years for
whom data were taken from 1987 through 1989, with
follow up visits at intervals of approximately 3-years. The
four ARIC communities include Forsyth County, NC; the
northwestern suburbs of Minneapolis, MN; Washington
County, MD; and city of Jackson, MS. The ARIC study
design and participant response by center have been de-
scribed in detail elsewhere.11,12 The data for this study
were taken from the first ARIC follow-up examination (or
examination 2), which occurred between 1990 and 1993
and included 14,348 returning participants. Examination 2
serum potassium data, along with all available examina-
tion 2 risk factors for unprovoked hypokalemia, were used
for this study. Serum potassium concentration was mea-
sured during the baseline examination, but these data were
not used for this study because of differences in baseline
examination methods with respect to fist clenching during
venipuncture. These protocol differences may have led to
differences found in repeated measurements of serum po-
tassium,13 as well as distribution of serum potassium be-
tween study centers. This was corrected before the begin-
ning of examination 2.

Exclusions from this analysis include the following: 42
participants who were not reported as either African
American or white; 56 participants with missing serum
potassium data from examination 2; 100 participants re-
porting use of potassium-sparing medications; and 2508
participants reporting potassium-depleting medications.
Individuals with unknown or inconsistent medication sta-
tus from the clinic examination were also excluded among
these 2,508 individuals. The total sample size for this
study after all exclusions was 11,642.

Measurements

Blood samples were drawn after a period of �12 h during
which participants were instructed to fast. Blood collection
and processing as well as laboratory blood chemistry anal-
yses were done according to protocols that have been
documented in detail elsewhere.14 For purposes of adjust-
ment in this study, renal dysfunction is indicated by a
serum creatinine value �1.6 mg/dL for men and �1.4
mg/dL for women. Hypokalemia was determined as a

serum potassium level �3.5 mmol/L. Physical activity at
baseline was represented by activity in sports and non–
sports-related leisure time. The methods for obtaining
these two physical activity scales have been reported pre-
viously along with instrument reliability and validity mea-
sures for the ARIC cohort.15

Blood pressure measurements for this study consisted
of the average of the last two from a series of three random
zero sphygmomanometer readings taken while the partic-
ipant is seated. Hypertension is indicated by systolic BP of
�140 mm Hg, diastolic BP of �90 mm Hg, or self-
reported use of hypertensive medications.

Medication information was taken by means of a med-
ication inventory during each clinic visit. Potassium-de-
pleting medications were defined as any medication con-
sisting of or containing a potassium-depleting diuretic.
Participants were classified as not reporting the use of
potassium-depleting medications if they had a valid med-
ication record and no reported use of any potassium-
depleting medications as defined above.

To further reduce the influence of potential misclassi-
fication of participant medication status, medication codes
and medication names were manually compared for par-
ticipants classified both as not taking potassium-depleting
medication and as having serum potassium �3.5 mmol/L.
Two individuals were found to have drug codes for a
hypertensive medication that did not include a diuretic,
whereas the drug name on file indicated a combination
including a diuretic. These individuals were both African
American but from two different study centers. These two
cases were excluded along with individuals of unknown
medication status.

Dietary intake of potassium and sodium at baseline
were derived from the ARIC dietary instrument.16,17

Household income was measured at baseline and for the
present study was categorized into four categories (less
than $8,000, $8,000 to $15,999, $16,000 to $34,999, and
more than $34,999).

Statistical Analysis

General characteristics of the study population are sum-
marized as means � SD for continuous data and as per-
centages for categoric data. All univariate contrasts be-
tween African Americans and European Americans were
based on one-way analysis of variance and �2 tests or
Fisher’s exact tests where appropriate. Covariate adjusted
associations of interest in this study were estimated by
means of multiple logistic regression using PROC LOGIS-
TIC from the SAS statistical package (SAS Institute, Cary,
NC).18,19

Results
The study population was characterized separately for
women and men (Tables 1 and 2). Covariates that could
potentially lead to lower serum potassium, including lower
dietary potassium intake and evidence of renal dysfunc-
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tion, were significantly different for both African Ameri-
can men and women. Use of potassium supplements was
higher for African Americans, and use of angiotensin
converting enzyme (ACE) inhibitors was higher only for
African American women when compared with European
American women. Mean serum potassium was not signif-
icantly lower for African American women. Median serum
potassium for European American women (4.1 mmol/L)
was lower than for African American women (4.2 mmol/
L), as shown in Fig. 1. The distributions of serum potas-
sium for men and women as given in Figs. 1 and 2 reflect

the general tendency of serum potassium to be lower for
African Americans for values below the median or 50th
percentile, with the first percentile (lowest point on per-
centile scale) being well below 3.5 mmol/L for African
Americans and �3.5 mmol/L for European Americans.

The unadjusted prevalence of unprovoked hypokalemia
in African Americans was four to seven times that of
European Americans (Tables 1 and 2). Sex-specific regres-
sions with ethnicity as an independent variable and non-
pharmacologic hypokalemia as a dependent variable re-
sulted in evidence of significant associations between

Table 1. Characteristics of women not reporting use of potassium-depleting medication by ethnicity, ARIC
study 1990–1993

Variable

African American European American

P Valuen Mean or % SD n Mean or % SD

Age, years 1425 55.7 5.7 4722 56.6 5.6 .001
BMI, Kg/m2 1420 30.2 6.3 4718 26.4 5.1 .001
Dietary K�,g 1387 2.3 1.0 4640 2.6 0.9 .001
Dietary Na�2, g 1387 1.3 0.5 4640 1.4 0.5 .001
Serum K�, mmol/L 1425 4.18 0.39 4722 4.19 0.35 .489
Current drinker (%) 1422 27.1 4721 61.9 .001
Current smoker (%) 1423 21.8 4721 21.9 .925
Income �$16,000 (%) 1270 54.3 4486 13.9 .001
ACE inhibitors (%) 1425 5.0 4722 3.5 .007
K� supplements (%) 1425 3.3 4722 1.4 .001
Renal dysfunction (%)* 1425 2.7 4722 0.6 .001
Hypertension (%)† 1416 37.0 4715 18.1 .001
Hypokalemia (%)‡ 1425 2.9 4722 0.7 .001

ARIC � the Atherosclerosis Risk in Communities study; BMI � body mass index; ACE � angiotensin converting enzyme.
* Renal dysfunction defined as serum creatinine �1.6 mg/dL for men and 1.4 mg/dL for women.

† Hypertension defined as systolic blood pressure of �140 mm Hg or diastolic blood pressure of �90 mm Hg or self-reported use of
antihypertensive medications during the previous 2 weeks.
‡ Hypokalemia defined as serum potassium �3.5 mmol/L.

Table 2. Characteristics of men not reporting use of potassium-depleting medication by ethnicity, ARIC
study 1990–1993.

Variable

African American European American

P Valuen Mean or % SD n Mean or % SD

Age, years 991 56.0 5.9 4504 57.4 5.7 .001
BMI, Kg/m2 985 27.6 4.9 4502 27.4 3.9 .086
Dietary K�, g 951 2.4 1.0 4426 2.8 1.0 .001
Dietary Na�2, g 951 1.4 0.5 4426 1.6 0.6 .001
Serum K�, mmol/L 991 4.26 0.42 4504 4.31 0.34 .001
Current drinker (%) 981 50.6 4501 68.6 .001
Current smoker (%) 980 34.1 4502 22.1 .001
Income �$16,000 (%) 887 40.8 4348 7.2 .001
ACE inhibitors (%) 991 4.5 4504 5.1 .494
K� supplements (%) 991 1.8 4504 0.9 .012
Renal dysfunction (%)* 991 4.9 4504 1.3 .001
Hypertension (%)† 986 39.2 4492 24.9 .001
Hypokalemia (%)‡ 991 2.2 4504 0.3 .001

Abbreviations as in Table 1.
* Renal dysfunction defined as serum creatinine �1.6 mg/dL for men and 1.4 mg/dL for women.

† Hypertension defined as systolic blood pressure of �140 mm Hg or diastolic blood pressure of �90 mm Hg or self-reported use of
antihypertensive medications during previous 2 weeks.
‡ Hypokalemia defined as serum potassium �3.5 mmol/L.
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ethnicity and hypokalemia (Table 3). Significant associa-
tions persisted after adjustment for covariates.

Several covariates were significantly related (P � .05)
to unprovoked hypokalemia in the multiple logistic regres-
sions. For men and women combined, these included body
mass index (BMI) below the first quintile (odds ratio [OR]
� 3.2; 95% confidence interval [CI] � 1.6 to 6.7, P �
.0016), annual household income less than $8,000 (OR �
2.5; 95% CI � 1.3 to 4.5, P � .0004), hypercreatinemia
(OR � 2.7, 95% CI � 1.1–6.7, P � .03), and reported use
of potassium supplements (OR � 4.6, 95% CI � 2.1–10.1,
P � .001).

Physical activity variables were initially included as

covariates in the logistic regressions to account for poten-
tial differences in loss of potassium from sweating. The
inclusion of these in the analysis did not change the
association between ethnicity and hypokalemia for women
and appeared to have a nonsignificant inverse association
with hypokalemia for men, indicating the possibility of a
weak tendency for participants with low potassium to be
less active. This is consistent with the clinical conse-
quences of hypokalemia rather than its etiology. For these
reasons, physical activity was not included in the regres-
sion model.

African American participants from Forsyth County,
NC, and the other study centers characterized by a major-

FIG. 1. Serum potassium percentiles for women who did not report use of potassium-depleting medications, by ethnicity.

FIG. 2. Serum potassium percentiles for men who did not report use of potassium-depleting medications, by ethnicity.
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ity of European Americans were included in the general
analyses for this article. Although there were too few of
these participants to perform a separate multiple regres-
sion analysis, it is informative that the patterns in unad-
justed prevalence of hypokalemia are similar to the overall
study population. The prevalence of unprovoked hypoka-
lemia for African Americans in Forsyth County is 3.8%
(10/263), whereas the prevalence for European Americans
for the same center is 0.7% (19/2892), which is consistent
with differences found in the whole study population.

Discussion
We have shown that unprovoked hypokalemia is more
prevalent in African Americans than in European Ameri-
cans for this middle-aged population. This cross-sectional
association persists after adjustment for risk factors poten-
tially related to ethnicity and hypokalemia status. The
consistency of prevalence differences in the overall study
population with the Forsyth County center tends to rule
out regional differences as an explanation for this result.

Several studies, including results from the ARIC co-
hort, have reported lower potassium intake in African
Americans. Thus, the association reported here could be a
consequence of residual confounding from dietary electro-
lyte intake.16,20,21

Other explanations for the results of this study include
renal dysfunction or secondary forms of hypertension.22,23

Given that aldosterone levels are often found to be lower
in African Americans, there is no clear evidence to support
excess aldosterone secretion as an explanatory mecha-
nism.4 Recent studies of unrecognized forms of secondary
hypertension in some African Americans provide one
plausible explanation. These studies point to increased
sodium retention in African American individuals that is
related to primary renal mechanisms involving epithelial
sodium channel activity.4,5,23

A potential limitation of this study involves possible
underreporting of the use of potassium-depleting medica-
tions. One study comparing medication inventory methods
to serum levels of medications in an elderly population24

found that for several drugs including hydrochlorothiazide
(HCTZ), rather than underreporting, participants were

more likely to report using the drug in cases in which no
serum levels could be detected. However, of 50 partici-
pants reporting no use of HCTZ, one participant was found
to have measurable serum levels of HCTZ.

We believe that medication-reporting error is an un-
likely explanation for the results of this study, as the
methods for recording medications were consistent across
centers and as individuals with unknown and inconsistent
medication status were excluded from this analysis. How-
ever, because of higher rates of hypertension and as well
as use of hypertension medication in the African American
population, and because of the documented potential for
underreporting diuretic use in other studies, this limitation
cannot be completely ruled out.

This study reports a significant cross-sectional relation-
ship between ethnicity and unprovoked hypokalemia.
From a clinical perspective the prevalence of unprovoked
hypokalemia is thought to be generally �1%.1 In this
middle-aged African American cohort, the prevalence of
unprovoked hypokalemia was �2%. These results clearly
indicate the need for increased awareness of unprovoked
hypokalemia in African American individuals, along with
increased efforts to determine the underlying causes of this
disorder.
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