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ABSTRACT
Objective To investigate the normal range of serum
potassium, the prevalence of dyskalaemia and the
associated factors in Chinese older adults.
Design A cross-sectional study conducted from
September 2017 to March 2018.
Setting Forty-eight community elderly care facilities in
four regions in northern China.
Participants A total of 1266 (308 apparently healthy and
958 unhealthy) participants 55 years or older and with
fasting serum potassium measured.
Main outcome measures and methods Serum potassium
<3.5 mEq/L and >5.5 mEq/L (guidelines definition) and
<2.5th and >97.5th percentiles of the distribution among
healthy participants (our study definition) were both used
to define hypokalaemia and hyperkalaemia, respectively.
Multivariable generalised estimating equation models were
used to adjust for clustering effect in the analyses of factors
associated with risk of dyskalaemia and with variations in
serum potassium.
Results The study participants had a mean age of 70 (8.8)
years. Among apparently healthy participants, the 2.5th and
97.5th percentiles of serum potassium distribution were
3.7 mEq/L and 5.3 mEq/L, respectively. Using the study
definition, the prevalence of hyperkalaemia was 4.3% (95%
CI 3.2% to 5.4%) and of hypokalaemia was 4.0% (95% CI
2.9% to 5.1%). Multivariable analyses showed that risk of
hyperkalaemia was associated with unhealthy conditions
(OR=2.21; 95% CI 1.17 to 4.18); risk of hypokalaemia was
associated with unhealthy conditions (OR=2.56; 95% CI 1.05
to 6.23), older age (OR=1.70 per 10-year increase; 95% CI
1.04 to 2.79) and region (OR=16.87; 95% CI 6.41 to 44.38);
and higher serum potassium was associated with male
gender (mean difference (MD)=0.12; 95% CI 0.05 to 0.19)
and estimated glomerular filtration rate <60 mL/min/1.73 m2
(MD=0.29; 95% CI 0.12 to 0.46). Using the guidelines
definition, hyperkalaemia accounted for 2.7% (1.8%, 3.6%)
and hypokalaemia 1.8% (1.1%, 2.5%). Analyses of the
associated factors showed similar trends.
Conclusions The study suggested a narrower normal
range of serum potassium for defining dyskalaemia, which
was common in older Chinese and more prevalent in
unhealthy ones.
Trial registration number NCT03290716; Pre-results.

Strengths and limitations of this study
►► A large number of apparently healthy study partici-

pants provided data for defining the normal range of
serum potassium.
►► Dyskalaemia was defined using both clinical guidelines and study-based definitions.
►► The prevalence of dyskalaemia was reported for the
first time among Chinese older adults.
►► Dyskalaemia was defined merely on a single blood
test of serum potassium.
►► The study population was institutionalised and predominantly composed of men.

INTRODUCTION
Dyskalaemia, either hyperkalaemia or
hypokalaemia, may lead to muscular weakness and cardiac arrhythmias and is associated with increased hospitalisation and
mortality.1–3 Besides its life-
threatening
influences, patients with dyskalaemia might
unduly discontinue administration of certain
medications that bear benefits on clinical
outcomes, such as ACE inhibitors (ACEI) and
diuretics.4 5 It is clinically important to characterise the epidemiology of dyskalaemia in the
general population.
Existing studies that reported on the
prevalence of dyskalaemia were primarily
conducted in patients with illnesses such
as renal insufficiency, heart failure and
diabetes mellitus, or in the setting of emergency departments, including some with data
from healthcare claims of a broader range of
patient population.6 7 Only few studies were
conducted in the general population and
all were done three decades ago and all in
Western populations.8–10 Further, there is not
universally agreed reference ranges that are
used to diagnose dyskalaemia, particularly
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METHODS
Study population
The DECIDE-Salt study is an ongoing cluster randomised
controlled trial with two-by-two factorial design to evaluate the effect of two salt reduction strategies, stepwise
salt supply control and salt substitute, in lowering blood
pressure. The details of the DECIDE-Salt trial have been
presented elsewhere.14 Briefly, 48 community elderly care
facilities from four regions, two in rural areas (Changzhi
and Yangcheng in Shanxi Province) and two in urban
areas (Xi’an in Shaanxi Province and Hohhot in Inner
Mongolia Autonomous Region), were recruited. The
type of facilities in China varies according to the services
provided, and these mainly include assisted living homes
in rural areas and nursing homes in urban areas. Assisted
living homes provide meals, accommodations and recreational activities for older adults otherwise living alone
to provide for their basic needs. Nursing homes provide
basic medical care in addition to assisted living. To be
adopted by an elderly care facility, candidates should
provide health check-
up results showing no communicable diseases and no acute medical conditions that
require hospitalisation.15 All facilities included in the
study were randomly assigned into one of four groups:
stepwise salt supply control and salt substitute, stepwise
salt supply control only, salt substitute only, and neither.
The interventions last for 2 years. Written informed
consent was obtained from every participant.
For research purposes, we used data from the baseline
investigation of DECIDE-Salt trial, which was conducted
from September 2017 to March 2018. To be included in
the trial, participants should be 55 years and older, are
expected to live in the facility for at least 2 years and have
signed informed consent. Unstable residents (expected
absence from the facility more than 1 month per year)
and those with incomplete blood pressure measurements
at baseline were excluded from the trial. Among all 1606
participants in the DECIDE-Salt trial, 340 refused drawing
of blood sample at baseline and hence were excluded
from the present study. Differences in baseline characteristics between included and excluded participants are
given in online supplemental table 1.
2

Study measurements and methods
administered questionnaire to
We used an interviewer-
collect data on demographics, lifestyle behaviours, history
of diseases and medication use. For antihypertension medications, the generic names were recorded by checking the
labels on the containers. Blood pressure was measured on
the right arm three times with an interval of at least 30 s,
using standard methods.16 We used the mean of three blood
pressure measurements for analysis. Overnight fasting blood
samples were drawn by a nurse and were shipped to the
central laboratory in Beijing for biochemistry assays.17 Serum
creatinine was measured using a Roche enzymatic assay on
a Roche Cobas c501 platform with the CREP2-Creatinine
Plus V.2 reagent. Serum potassium was measured with the
ion-selective electrode method using a Roche Cobas c501
platform.
Definitions
According to the current guidelines,18 19 hyperkalaemia
is defined as serum potassium >5.5 mEq/L (to convert to
mmol/L, multiply the value by 1.0), while hypokalaemia is
defined as serum potassium <3.5 mEq/L (referred to as the
‘guidelines definition’). We also defined hyperkalaemia as
serum potassium >97.5th percentile and hypokalaemia as
serum potassium <2.5th percentile of the distribution in the
healthy participants in our study (referred to as the ‘study
definition’). Hypertension was defined as systolic blood
pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm
Hg, or on antihypertension medications within 2 weeks.16
Diabetes mellitus was defined as fasting glucose ≥126 mg/
dL (7.0 mmol/L) or by self-
reported history of diabetes.
Stroke, coronary heart disease, cancer, chronic obstructive
pulmonary disease and chronic kidney disease were defined
according to participants’ self-reported information. Antihypertension medications were classified as potassium-sparing
medications including ACEI/angiotensin receptor blocker
(ARB), β-blocker and potassium-sparing diuretics; kaliuretic
diuretics; and other medications including calcium channel
blocker, α-blocker and so on. Estimated glomerular filtration rate (eGFR) was calculated with the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) creatinine
equation using serum creatinine.20 Unhealthy conditions
included hypertension, diabetes mellitus, coronary heart
disease, stroke, chronic kidney disease, cancer, chronic
obstructive pulmonary disease or being bedridden. Apparently healthy condition was defined as having none of the
above unhealthy conditions. In addition, dementia and
other severe mental conditions had been excluded from the
DECIDE-Salt trial. Government regulations precluded any
person with communicable diseases or acute medical conditions that require hospitalisation to be adopted to the facilities. For the population used to analyse the normal range
of serum potassium, we further excluded participants with
eGFR <60 mL/min/1.73 m2.
Statistical methods
We described the mean serum potassium and the prevalence
of dyskalaemia by participants’ health condition as well as
Jin A, et al. BMJ Open 2020;10:e039472. doi:10.1136/bmjopen-2020-039472
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to diagnose hyperkalaemia, and references were mostly
based on studies in Western populations.
Many factors have been reported to be associated with
risk of dyskalaemia.3 11–13 Similar to data on the prevalence, current evidence on risk factors for dyskalaemia
was mainly from studies among patients. There is a lack of
data from unhospitalised populations. Thus, the present
study aims to preliminarily understand (1) the distribution and normal range of serum potassium, (2) the prevalence of hyperkalaemia and hypokalaemia, and (3) the
factors associated with risk of hyperkalaemia and hypokalaemia and with variations in serum potassium level,
among Chinese older adults.

Open access

Patient and public involvement
Patients and/or the public were not involved in the
design or conduct of this study.

RESULTS
Characteristics of study population
The study population of 1266 participants had a mean age
of 70 years, ranging from 55 to 102 years old. Over 80% were
men. Majority (64%) had hypertension but nearly 40% of
them were not taking any antihypertension medication
(table 1). Among those on medication, 34% were taking
kaliuretic and 18% potassium-sparing medications. Overall,
958 (76%) participants were defined unhealthy.
Distribution of serum potassium levels
The distribution of serum potassium levels in the study
population is shown in figure 1. The mean serum potassium among all, apparently healthy and unhealthy participants was 4.4 (0.5) mEq/L, 4.4 (0.4) mEq/L and 4.5
(0.5) mEq/L, respectively. The distribution in apparently
healthy participants was close to symmetric, with the
median at 4.4 mEq/L and the 2.5th and 97.5th percentiles at 3.7 mEq/L and 5.3 mEq/L, respectively.
The mean serum potassium by age, sex and region is
given in online supplemental table 2.
Prevalence of dyskalaemia
Using the guidelines definition, the prevalence of hyperkalaemia was 2.7% in all and differed significantly between
apparently healthy and unhealthy participants (1.0% vs
3.2%, p=0.03). The prevalence of hypokalaemia was 1.8%
in all participants, and the difference in the prevalence
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between healthy (0.6%) and unhealthy (2.2%) participants was borderline significant (p=0.08).
Using the 2.5th and 97.5th percentiles in apparently
healthy participants to define hyperkalaemia (serum
potassium >5.3 mEq/L) and hypokalaemia (serum
potassium <3.7 mEq/L), the prevalence in unhealthy
participants would be 5.0% for hyperkalaemia and
4.5% for hypokalaemia, respectively, and the prevalence among all participants would be 4.3% and
4.0%, respectively. Comparisons between healthy and
unhealthy participants showed a significant difference
in the prevalence of hyperkalaemia (p=0.04) and a

Table 1 Characteristics of study participants (N=1266)
Variables

Statistics

Number of participants
Age (years), mean (SD)

1266
69.8 (8.8)

Men, n (%)

1048 (82.8)

Region, n (%)
Changzhi

472 (37.3)

Yangcheng

285 (22.5)

Xi’an

299 (23.6)

Hohhot

210 (16.6)

Current smoking, n (%)

488 (38.6)

Current drinking, n (%)

134 (10.6)

Unhealthy conditions, n (%)
Hypertension

815 (64.4)

Stroke

338 (26.7)

Diabetes mellitus

149 (11.8)

Coronary heart disease

128 (10.1)

Chronic kidney disease

30 (2.4)

Chronic obstructive pulmonary
disease

11 (0.9)

Cancer

8 (0.6)

Bedridden

66 (5.2)

Antihypertension medication use, n (%)
Potassium-sparing medications*†

119 (9.9)

Kaliuretic diuretics*

161 (13.4)

Other antihypertension medications*‡ 260 (21.6)
eGFR, mL/min/1.73 m2, n (%)
≥90

707 (55.9)

60–89
<60

504 (39.8)
55 (4.3)

*Number of participants with missing data: 60.
†Include ACEI/ARB, β-blocker and potassium-sparing
diuretics.
‡Include calcium channel blocker, α-blocker and so on.
ACEI, ACE inhibitor; ARB, angiotensin receptor blocker;
eGFR, estimated glomerular filtration rate.
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region, gender and age groups. We used analysis of variance
and Pearson χ2 test to compare differences between groups.
The 2.5th and 97.5th percentiles of distribution among
apparently healthy participants were used to define the
normal range of serum potassium. For risk of dyskalaemia,
the analysis was done separately for hyperkalaemia and
hypokalaemia. Associated factors considered included age,
gender, region, health condition, antihypertension medication use and eGFR. A generalised estimating equation
(GEE) model with an exchangeable covariance structure
was employed to confirm factors independently associated
with risk of dyskalaemia and variations in serum potassium,
adjusting for the clustering effect at facility level. To increase
statistical power and reduce collinearity, we combined
diabetes and coronary heart disease in our multivariable
models since they showed the same trends in association
with the outcomes in the univariate analyses. There were 60
participants with missing data on antihypertension medication use, and we imputed these missing data with multiple
imputation by fully conditional specification approach.21 All
statistical tests were two-sided and a p value less than 0.05 was
considered statistically significant. All statistical analyses were
carried out using SAS V.9.4.
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borderline significant difference in the prevalence of
hypokalaemia (p=0.08).
The prevalence of potassium abnormalities by age, sex
and region using the guidelines definition and the study
definition is given in online supplemental tables 3 to 6.
Factors associated with hyperkalaemia, hypokalaemia and
serum potassium
Using either the guidelines or our study definition,
univariate analyses showed similar results. A higher
risk of hyperkalaemia was significantly associated with
unhealthy conditions, specifically hypertension and
diabetes; a higher risk of hypokalaemia was significantly
associated with region and unhealthy conditions, specifically coronary heart disease (guidelines definition only);
and a higher level of serum potassium was associated with
region and low eGFR (<60 mL/min/1.73 m2) (table 2).
The GEE analyses adjusting for the clustering effect and
covariables showed that a higher risk of hyperkalaemia
was significantly associated with unhealthy conditions and
region; a higher risk of hypokalaemia was significantly
associated with unhealthy conditions, older age and
region (our study definition); and a higher level of serum
potassium was associated with low eGFR and male gender
(model 1 in table 3).
To further understand the role of specific diseases and
medications, we fit the GEE models with the specific
unhealthy conditions replacing the overall health condition (model 2 in table 3). The results showed that a higher
risk of hyperkalaemia was significantly associated with
diabetes mellitus and/or coronary heart disease and low
4

eGFR, but not with stroke and other unhealthy conditions
or any studied medication. No specific unhealthy conditions or medications were identified to be significantly
associated with risk of hypokalaemia. Use of diuretics and
antihypertension medications not affecting potassium
homeostasis and having diseases other than hypertension, stroke, diabetes and/or coronary heart disease were
associated with a lower level but having stroke was associated with a higher level of serum potassium.
DISCUSSION
Normal range of serum potassium
Our analysis on the distribution of serum potassium level
among apparently healthy older adults indicated a normal
range between 3.7 mEq/L and 5.3 mEq/L, accounting
for 95% of the healthy population. It was narrower than
the current widely adopted normal range of 3.5–5.5
mEq/L.18 19 A narrower normal range of 3.6–5.2 mEq/L
was reported previously in a study of 4524 healthy Chinese
adults between 20 and 79 years old.22 Considering the
associations of serum potassium with the risk of total
death, cardiovascular death and end-stage renal disease
were ‘U’-shaped,23 we believe a narrower normal range
should better be defined and applied in clinical practice.
Prevalence of dyskalaemia
Our study revealed that, using either the guidelines definition (4.5%) or our study definition (8.3%), dyskalaemia
was common among Chinese older adults living in elderly
care facilities.
Jin A, et al. BMJ Open 2020;10:e039472. doi:10.1136/bmjopen-2020-039472
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Figure 1 Distribution of serum potassium in all, apparently healthy and unhealthy participants. Unhealthy conditions included
hypertension, diabetes mellitus, coronary heart disease, stroke, chronic kidney disease, cancer, chronic obstructive pulmonary
disease or being bedridden.
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Other unhealthy conditions**

Other medications‡¶

Kaliuretic diuretics‡

1159
107

260

No
Yes

946

Yes

161

Yes

No

1045

No

119

Yes

477
1087

Yes

No

789

Potassium-sparing
medications‡§

128

Yes

Antihypertension medications No

149
1138

1117

Yes

338

Yes

No

928

No

815

Yes

No

Coronary heart disease

Diabetes

Stroke

451

No

958

Hohhot

Yes

299
210

Xi’an
308

285

Yangcheng

No

472

Changzhi

218

Female

2.7
2.8

2.7

2.8

3.7

2.6

5.0

2.5

2.5

2.8

5.5

2.4

5.4

2.3

3.3

2.5

3.4

1.3

3.2

1.0

3.3

1.3

3.2

3.0

1.4

3.0

2.7

2.7
2.7

0.76

0.96

0.43

0.13

0.77

0.07

0.05

0.45

0.03

0.03

0.42

0.19

–
0.98

4.4
3.7

6.5

3.8

4.4

4.4

5.0

4.3

4.8

4.1

7.0

4.0

7.4

3.9

4.4

4.3

5.4

2.4

5.0

2.3

4.3

2.7

4.6

5.3

2.3

4.8

3.8

4.3
5.4

0.75

0.06

0.98

0.72

0.52

0.12

0.05

0.92

0.01

0.04

0.38

0.10

–
0.20

P value

1.7
2.8

1.9

1.5

1.9

1.5

1.7

1.6

2.5

1.4

4.7

1.5

3.4

1.6

1.5

1.9

2.0

1.6

2.2

0.6

1.0

2.0

4.2

0.6

1.8

1.8

2.2

1.8
1.0

%

0.44

0.58

0.73

0.71

0.15

0.02

0.18

0.59

0.60

0.08

0.003

0.98

–
0.13

P value

%

%

P value

Guidelines
definition

Study definition

Guidelines
definition

3.9
4.7

4.2

3.7

5.6

3.5

4.2

3.8

5.0

3.3

5.5

3.8

4.7

3.9

3.6

4.1

4.2

3.6

4.5

2.3

2.9

3.7

10.2

0.9

4.1

3.9

4.4

4.0
3.0

%

0.61

0.69

0.21

0.80

0.12

0.35

0.62

0.66

0.59

0.08

<0.001

0.88

–
0.21

P value

Study definition

4.4 (0.5)
4.5 (0.5)

4.5 (0.5)

4.4 (0.5)

4.4 (0.5)

4.5 (0.5)

4.5 (0.5)

4.4 (0.5)

4.4 (0.5)

4.5 (0.5)

4.5 (0.6)

4.4 (0.5)

4.4 (0.5)

4.4 (0.5)

4.5 (0.5)

4.4 (0.5)

4.4 (0.5)

4.4 (0.5)

4.5 (0.5)

4.4 (0.4)

4.4 (0.5)

4.4 (0.5)

4.3 (0.6)

4.5 (0.5)

4.4 (0.5)

4.5 (0.5)

4.4 (0.5)

4.4 (0.5)
4.4 (0.5)

Mean (SD)

Continued

0.36

0.40

0.08

0.32

0.27

0.22

0.76

0.24

0.26

0.08

<0.001

0.06

–
0.35

P value

Serum potassium, mEq/L

BMJ Open: first published as 10.1136/bmjopen-2020-039472 on 30 October 2020. Downloaded from http://bmjopen.bmj.com/ on January 22, 2022 by guest. Protected by copyright.

Jin A, et al. BMJ Open 2020;10:e039472. doi:10.1136/bmjopen-2020-039472

Hypertension

Unhealthy conditions†

Study region

1048

859

Male

≥65

Sex

1266
407

<65

All
Age

n

Category

Hypokalaemia

Hyperkalaemia

Univariate analyses of factors associated with prevalence of hyperkalaemia, hypokalaemia and level of serum potassium*

Variables

Table 2

Open access

*Guidelines definition: hyperkalaemia is defined as serum potassium >5.5 mEq/L and hypokalaemia is defined as serum potassium <3.5 mEq/L. Study definition: hyperkalaemia is defined as
serum potassium >97.5th percentile and hypokalaemia is defined as serum potassium <2.5th percentile of the distribution among healthy participants.
†Unhealthy conditions include hypertension, diabetes mellitus, coronary heart disease, stroke, chronic kidney disease, cancer, chronic obstructive pulmonary disease or being bedridden.
‡Number of participants with missing data60.
§Include ACEI/ARB, β-blocker and potassium-sparing diuretics.
¶Include calcium channel blocker, α-blocker and so on.
**Other unhealthy conditions include chronic kidney disease, cancer, chronic obstructive pulmonary disease or being bedridden.
††P value for trend.
ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate.

<0.001
4.4 (0.5)

4.5 (0.5)
4.7 (0.6)

0.15
4.2

4.0
0

0.68
1.8

2.0
0

0.75
4.5

3.6
9.1

0.18
60–89
<60

2.6
707

504
55

≥90
eGFR, mL/min/1.73 m ††

P value
P value
n
Category

2

Variables

2.2
9.1

P value
Mean (SD)
P value
%
%
%

%

Guidelines
definition
Study definition
Guidelines
definition

P value

Study definition
Hypokalaemia
Hyperkalaemia
Continued
Table 2

6

There are very few studies that reported the prevalence
of dyskalaemia in the general population and none in a
healthy population. The Rotterdam study among 5179
inhabitants with a mean age of 70.3 years reported that
0.9% had serum potassium >5.3 mEq/L and 7.2% had
serum potassium <3.5 mEq/L.9 In 1558 elderly individuals with a mean age of 81.4 years in an urban area of
Stockholm, 2.8% had serum potassium >5.0 mEq/L and
2.5% had serum potassium <3.5 mEq/L.10 Another study
in the USA among 15 792 individuals aged 44–66 years
reported that 2.1% of participants had serum potassium
≥5.5 mEq/L and 2.7% had serum potassium <3.5 mEq/L.8
These findings were generally comparable with our
results.
Associated factors
To better understand the factors that may drive the development of dyskalaemia and the underlying mechanisms,
we fit the study variables simultaneously with risk of hyperkalaemia, risk of hypokalaemia and variations in serum
potassium level. The study variables chosen were based
on the results from the univariate analyses and knowledge
from previous studies.3 7 11 Putting together the resulting
associations with hyperkalaemia, hypokalaemia and
serum potassium, the pattern of the associations differed
from factor to factor, indicating the underlying mechanisms may differ very much.
First, low eGFR (below 60 mL/min/1.73 m2) was associated with a higher mean of serum potassium but not
in a linear pattern. The association has been known for
many years and the results were consistent throughout
the studies.7 24 It is widely believed that renal insufficiency, resulting mostly from renal diseases, would reduce
the excretion of potassium and hence increase serum
potassium level, which finally leads to the development
of hyperkalaemia. Our findings strongly support this
hypothesis.
Unlike low eGFR, diabetes mellitus and/or coronary
heart disease were associated with higher risk of both
hyperkalaemia and hypokalaemia, but not with variations
in serum potassium. These are also in line with previous
findings.7 25 26 The explanations may be attributed to use
of potassium homeostasis-
affecting medications, polypharmacy treatment, disease pathology and multiple
comorbidities.27 28 However, the role of medication use,
drug–drug interactions and disease pathology can be
hardly differentiated in this situation.
Among previously reported medications that affect
potassium homeostasis,12 13 spironolactone and ACEI/
ARB have been proven in randomised trials to increase
serum potassium and the risk of hyperkalaemia, while kaliuretic medications reduce serum potassium and increase
the risk of hypokalaemia.29 30 In our study, use of kaliuretic medications was significantly associated with lower
mean serum potassium and insignificantly associated with
a higher risk of hypokalaemia. Use of potassium-sparing
medications was not associated with serum potassium nor
risk of hyperkalaemia. The reasons might largely be due
Jin A, et al. BMJ Open 2020;10:e039472. doi:10.1136/bmjopen-2020-039472
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2.25 (0.39 to 12.95)

0.81 (0.3 to 2.19)
4.53 (0.94 to 21.84)

60–90

<60

Potassium-sparing
medications‡§

Stroke

Diabetes mellitus and/or
coronary heart disease

Hypertension

1.0
1.19 (0.43 to 3.29)

No

1.56 (0.70 to 3.49)

Yes

1.0

Yes

2.50 (1.13 to 5.53)

Yes

No

1.0

No

2.61 (0.99 to 6.87)

0.77 (0.28 to 2.12)

Hohhot

Yes

0.16 (0.05 to 0.57)

Xi’an
1.0

1.28 (0.53 to 3.10)

No

1.0

Yangcheng

Male

Changzhi

2.31 (0.60 to 8.95)

Female

Sex

Study region

1.0

–

Age, per 10 years

1.42 (0.84 to 2.40)

1.0

≥90

3.52 (1.34 to 9.25)

0.88 (0.29 to 2.69)

Hohhot

Yes

0.18 (0.04 to 0.86)

Xi’an
1.0

1.33 (0.42 to 4.21)

Yangcheng

No

1.0

Changzhi

0.83 (0.33 to 2.11)

1.0

1.15 (0.59 to 2.23)

1.0

2.42 (1.29 to 4.56)

1.0

1.90 (0.90 to 4.01)

1.0

0.91 (0.40 to 2.09)

0.24 (0.10 to 0.60)

1.29 (0.63 to 2.63)

1.0

2.02 (0.70 to 5.80)

1.0

1.25 (0.83 to 1.89)

2.6 (0.58 to 11.59)

0.83 (0.41 to 1.68)

1.0

2.21 (1.17 to 4.18)

1.0

1.05 (0.39 to 2.82)

0.27 (0.07 to 1.00)

1.19 (0.41 to 3.42)

1.0

1.96 (0.51 to 7.47)

1.0

1.25 (0.82 to 1.91)

OR (95% CI)

0.66 (0.13 to 3.38)

1.0

0.5 (0.17 to 1.48)

1.0

3.89 (1.53 to 9.92)

1.0

0.88 (0.28 to 2.73)

1.0

1.39 (0.21 to 9.06)

2.35 (0.47 to 11.65)

11.24 (2.91 to 43.37)

1.0

1.39 (0.39 to 4.99)

1.0

1.75 (0.94 to 3.26)

–

0.66 (0.24 to 1.84)†

1.0

4.04 (0.57 to 28.75)

1.0

1.25 (0.13 to 11.94)

2.44 (0.59 to 10.13)

7.82 (2.39 to 25.59)

1.0

1.12 (0.27 to 4.62)

1.0

1.83 (0.89 to 3.75)

OR (95% CI)

0.86 (0.30 to 2.48)

1.0

0.65 (0.31 to 1.36)

1.0

1.65 (0.80 to 3.39)

1.0

0.95 (0.45 to 2.03)

1.0

3.90 (1.04 to 14.69)

3.65 (1.01 to 13.15)

19.71 (6.63 to 58.6)

1.0

1.01 (0.42 to 2.46)

1.0

1.72 (1.12 to 2.65)

–

0.61 (0.31 to 1.18)†

1.0

2.56 (1.05 to 6.23)

1.0

3.42 (1.01 to 11.54)

3.44 (1.04 to 11.41)

16.87 (6.41 to 44.38)

1.0

0.91 (0.34 to 2.43)

1.0

1.70 (1.04 to 2.79)

OR (95% CI)

Continued

0.05 (−0.05 to 0.15)

Reference

0.08 (0.02 to 0.15)

Reference

0.01 (−0.06 to 0.08)

Reference

0.03 (−0.04 to 0.09)

Reference

−0.06 (−0.15 to 0.02)

−0.01 (−0.19 to −0.02)

−0.16 (−0.24 to −0.09)

Reference

0.12 (0.03 to 0.20)

Reference

0.02 (−0.02 to 0.06)

0.29 (0.12 to 0.46)

0.03 (−0.03 to 0.08)

Reference

0.01 (−0.04 to 0.07)

Reference

−0.04 (−0.19 to 0.11)

−0.09 (−0.27 to 0.10)

−0.15 (−0.32 to 0.02)

Reference

0.12 (0.05 to 0.19)

Reference

0.02 (−0.02 to 0.06)

β coefficients (95% CI)

Serum potassium level
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Model 2

eGFR, mL/min/1.73 m2

Unhealthy conditions

Study region

1.0

Female

Male

Sex

1.41 (0.86 to 2.31)

–

Model 1
Age, per 10 years

OR (95% CI)

Group

Guidelines definition Study definition

Guidelines definition

Study definition

Risk of hypokalaemia

Risk of hyperkalaemia

Factors associated with dyskalaemia and serum potassium level in the study population by multivariable regression models (N=1266)*

Variable

Table 3

Open access
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60–90
<60

0.82 (0.34 to 2.00)
4.26 (1.15 to 15.74)

1.0

1.28 (0.34 to 4.85)

Yes

≥90

1.0

No

0.51 (0.20 to 1.27)

Yes

0.85 (0.42 to 1.71)
2.80 (0.87 to 9.01)

1.0

1.05 (0.34 to 3.21)

1.0

1.1 (0.56 to 2.16)

1.0

0.58 (0.25 to 1.37)

1.0

OR (95% CI)

0.75 (0.26 to 2.20)†
–

1.0

2.1 (0.49 to 9.04)

1.0

2.24 (0.71 to 7.09)

1.0

1.73 (0.45 to 6.64)

1.0

OR (95% CI)

0.61 (0.29 to 1.29)†
–

1.0

1.82 (0.60 to 5.51)

1.0

1.89 (0.85 to 4.23)

1.0

2.18 (0.92 to 5.15)

1.0

OR (95% CI)

0.04 (−0.03 to 0.11)
0.31 (0.17 to 0.46)

Reference

−0.11 (−0.21 to 0.00)

Reference

−0.08 (−0.15 to 0.00)

Reference

−0.16 (−0.25 to −0.07)

Reference

β coefficients (95% CI)

Serum potassium level

*Guidelines definition: hyperkalaemia is defined as serum potassium >5.5 mEq/L and hypokalaemia is defined as serum potassium <3.5 mEq/L. Study definition: hyperkalaemia is defined as
serum potassium >97.5th percentile and hypokalaemia is defined as serum potassium <2.5th percentile of the distribution among healthy participants.
†Participants were classified only into two groups (eGFR ≥90 and <90 mL/min/1.73 m2) in the model of hypokalaemia.
‡Missing data were imputed with multiple imputation.
§Include ACEI/ARB, β-blocker and potassium-sparing diuretics.
¶Include calcium channel blocker, α-blocker and so on.
**Other unhealthy conditions include chronic kidney disease, cancer, chronic obstructive pulmonary disease or being bedridden.
ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate.

eGFR, mL/min/1.73 m

2

Other unhealthy conditions**

1.0

0.62 (0.23 to 1.69)

No

Yes

Other antihypertension
medications‡¶

1.0

OR (95% CI)

No

Guidelines definition Study definition

Group

Risk of hypokalaemia

Guidelines definition

Study definition

Risk of hyperkalaemia

Kaliuretic diuretics‡

Continued
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Variable

Table 3

Open access

Open access

Strengths and limitations
This is the first study on the epidemiology of dyskalaemia
in a population living in elderly care facilities. The study
facilities included assisted living homes, where a significant proportion of residents are healthy lonely persons in
need of assisted living, which gave us the opportunity to
explore the normal range of serum potassium of healthy
Chinese older adults. To ensure their healthy status, we
adopted a strict criteria that excluded any person with
measured or reported major chronic diseases. Moreover,
the facilities are regulated by the government and patients
with any communicable diseases or any medical conditions that require hospitalisation are not allowed to be
admitted. Considering previous studies were conducted
in Western countries, the results from this study may shed
light on Chinese and other Asian populations.
The study has several limitations. First, this is a cross-
sectional study and hence any inferences on causality
should be interpreted cautiously. Second, our study
participants were from elderly care facilities rather than
from communities. The overall prevalence of hyperkalaemia and hypokalaemia in this study should not be
extended directly to general older populations. Third,
the subsample used to analyse the normal range of serum
potassium should be considered as ‘apparently’ rather
than ‘entirely’ healthy because our baseline examination
included only basic physical and biomedical check-ups.
However, we measured the known major factors that
affect serum potassium homeostasis in every participant,
and all those with these factors were excluded from the
apparently healthy group. Fourth, the normal range of
serum potassium could be better informed by data on
the quantitative relationship of serum potassium level
and its subsequent clinical outcomes.34 35 However, the
present study was not able to provide these data. Fifth,
over 80% of our participants were men. Due to Chinese
culture, men are not accustomed to cooking meals in
Jin A, et al. BMJ Open 2020;10:e039472. doi:10.1136/bmjopen-2020-039472

the family and hence are more likely to prefer living in
elderly care facilities for assisted living when they have
become widowers and have no other dependents. This
led to the study population being predominantly men.
Sixth, 21% of participants had not drawn blood sample
and were not included in the study. They were older and
predominantly women, with fewer smokers and drinkers,
and with fewer patients with hypertension. Thus, the
overall prevalence of hypokalaemia might be underestimated, while that of hyperkalaemia and mean serum
potassium might be overestimated. Finally, the study
sample may be not powered enough to draw conclusions
on the negative findings of possible associated factors,
such as potassium-sparing antihypertension medications
and so on.

CONCLUSION
In conclusion, our study conducted among apparently
healthy Chinese older adults suggests a normal range of
serum potassium narrower than that used in current clinical guidelines. Our results also indicate that dyskalaemia
is common among Chinese older adults. Unhealthy conditions would increase the risk of both hyperkalaemia and
hypokalaemia, but the underlying mechanisms should
be different. Future studies with larger sample size and
cohort follow-up design will be required to confirm the
causality of the associations found in the present study.
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to the smaller number of participants on these medications and the complexity in the use of medications in real
practice, where medication use differed very much from
randomised trials.
Gender difference in mean serum potassium was also
reported in the Renal Research Institute (RRI)-
CKD
study.31 The explanation that men have higher levels
of serum potassium might simply be due to the higher
amount of food intake among men and a rapid loss of
potassium among women over 60 years.32
Geographical variations in serum potassium have also
been previously reported in the literature.33 Variations
in serum potassium may reflect geographical variations
in diet and seasonal changes in food availability. In fact,
the baseline survey of the DECIDE-Salt trial was not done
simultaneously across the four regions, starting with
Changzhi in the fall of 2017 and ending with Yangcheng
in the spring of 2018. Food variety and availability were
usually highest in the fall and lowest in the spring in
northern China.
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