Journal of Geriatric Cardiology (2015) 12: 119-126
©2015 JGC All rights reserved; www.jgec301.com

Research Article - Open Access *

Associations between serum potassium and sodium levels and risk of
hypertension: a community-based cohort study

Lu XI, Yong-Chen HAO, Jing LIU, Wei WANG, Miao WANG, Guo-Qi LI, Yue QI, Fan ZHAO,
Wu-Xiang XIE, Yan LI, Jia-Yi SUN, Jun LIU, Lan-Ping QIN, Dong ZHAO

Department of Epidemiology, Beijing Anzhen Hospital, Capital Medical University, Beijing Institute of Heart, Lung and Blood Vessel Diseases, No. 2 Anzhen
Road, Chaoyang District, Beijing 100029, China

Abstract

Objective Several studies have examined the relationships between dietary potassium and sodium and hypertension, but few have
evaluated the association between serum potassium or sodium and risk of incident hypertension. We therefore investigated the associations
between serum potassium and sodium and risk of incident hypertension in a Chinese community-based population. Methods A total of 839
normotensive individuals without cardiovascular disease from the Chinese Multi-Provincial Cohort Study who took part in the baseline
examination in 2007-2008 and the follow-up survey in 2012-2013 were included in this study. Odds ratios (OR) and 95% confidence
intervals (95%CI) for baseline serum potassium and sodium in relation to the risk of new-onset hypertension were evaluated using multivari-
ate logistic regression models. Results During five years of follow-up, 218 (26.0%) individuals progressed to hypertension. Logistic re-
gression adjusting for multiple confounders showed that every 1 mEq/L increment in baseline serum potassium level was associated with a
75% increased risk of hypertension (OR: 1.75; 95%CI: 1.01-3.04; P = 0.04). Compared with adults with serum potassium level of 4.20—4.79
mEq/L, adults with level > 4.80 mEq/L had an 84% increased risk of hypertension (OR: 1.84; 95%CI: 1.14-2.96; P = 0.01). There was
no significant association between serum sodium and risk of hypertension (OR: 0.96; 95%CI: 0.89-1.04; P = 0.33). Conclusions Base-
line serum potassium level, but not baseline serum sodium level, was positively related to the risk of incident hypertension in the Chinese

population.
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1 Introduction

Hypertension is recognized as a major risk factor for car-
diovascular disease (CVD), and represents a worldwide
public health challenge. Known risk factors for hypertension
include genetic and environmental factors, such as family
history, age, unhealthy diet, overweight, reduced physical
activity, and excess alcohol intake.!"? Although previous
studies have shown that inadequate intake of potassium or
excess intake of sodium may elevate blood pressure, the
associations between dietary potassium and sodium and
blood pressure in normotensive participants remain unclear.
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A meta-analysis performed by Aburto et al*) in 2013 ana-
lyzed data from 22 randomized controlled trials and con-
cluded that potassium supplementation did not lower blood
pressure in individuals with normal blood pressure. How-
ever, Zhang, et al* reported that higher sodium and lower
potassium consumption were associated with hypertension.
Another cross-sectional study by Sharma, ef al.”! indicated
that dietary potassium and sodium were not associated with
elevated blood pressure in individuals with no prior history
of hypertension.

However, dietary potassium and sodium do not necessar-
ily reflect their levels in extracellular fluids. Serum potas-
sium and sodium represent the internal environment of the
body, and play an important role in the regulation of blood
pressure.®” Existing studies rarely investigate the associa-
tions between serum potassium and sodium and hyperten-
sion, and the results are sometimes conflicting. The Fram-
ingham Heart Study suggested that serum potassium level >
5.2 mEq/L or < 4.0 mEq/L may increase the risk of hyper-
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tension, though the association was not significant, and se-
rum sodium level was not related to hypertension.™” The
NHANES and British Regional Heart Study suggested that
elevated serum potassium level increased CVD mor-
tality."®'1 A cross-sectional study conducted by Kesteloot
and Joossens revealed that serum potassium and sodium
levels were negatively related to blood pressure.!"”

Increased dietary intake of potassium and sodium may
subsequently increase potassium and sodium levels in
blood.!"*'% The safety of salt substitutes containing potas-
sium chloride needs to be evaluated if higher serum potas-
sium may increase the risk of hypertension or other dis-
eases.

This study aimed to evaluate the associations between
serum potassium and sodium levels and risk of incident
hypertension during a 5-year follow-up period in a commu-
nity-based population of Chinese adults without diagnosed
hypertension.

2 Methods

2.1 Study population

The study population was recruited from the large Chi-
nese Multi-Provincial Cohort Study (CMCS) in the Beijing,
China. The design and selection criteria of the CMCS have
been described previously.!"”! We selected participants who
had took part in the baseline examination at 2007—2008
and follow-up survey at 2012—2013 in Beijing as the base-
line population (n = 1991). Participants who were lack of
blood pressure (# = 5) or baseline potassium or sodium lev-
els (n = 66), or who had CVD (n = 56) or hypertension (n =
1023), or with an estimated glomerular filtration rate (¢GFR)
< 60 (n =2) were excluded. A total of 839 participants were
thus finally included in the study.

The study protocol was approved by the Ethics Commit-
tee of Beijing Anzhen Hospital, Capital Medical University
and all participants provided written informed consent.

2.2 Risk factor measurements

Baseline and follow-up surveys of CVD risk factors were
based on the WHO-MONICA project.""® All investigators in
the surveys had been properly trained according to the
WHO-MONICA research protocol. Data were recorded
using a standardized questionnaire including age, sex,
smoking status, alcohol consumption, physical activity and
medical history. Current smoking was defined as at least
one cigarette per day in the past year. Alcohol consumption
was defined as drinking more than three times a week.
Physical activity was categorized as no activity, occasional

activity (exercise 1-2 sessions a week lasting on average 30
min per session) and regular activity (exercise more than 3
sessions a week lasting on average 30 min per session).

Physical examinations included measurements of height,
weight and blood pressure. Blood pressure was measured on
the right arm using a standard electronic sphygmomanome-
ter (OMRON, HEM-770A, Japan) with the participant
seated quietly for at least 5 min. The mean value of three
consecutive readings (an interval of 30 s) was used both at
the baseline and the follow-up surveys. Hypertension was
defined as a mean systolic blood pressure > 140 mmHg,
and/or a mean diastolic blood pressure > 90 mmHg, and/or
taking antihypertensive medication.""” Optimal blood pres-
sure was defined as a mean systolic blood pressure < 120
mmHg and a mean diastolic blood pressure < 80 mmHg.
Normal blood pressure was defined as a mean systolic blood
pressure of 120-129 mmHg and a mean diastolic blood
pressure of 80-84 mmHg. Pre-hypertension was defined as
a mean systolic blood pressure of 130-139 mmHg and a
mean diastolic blood pressure of 85-89 mmHg. The
new-onset hypertension was defined as normotensive at
baseline examination and progressed to hypertension in the
follow-up survey. Body mass index (BMI) was calculated
as the weight in kilograms divided by the square of the
height in meters. The eGFR was calculated according to the
modification of diet in renal disease.”” Diabetes mellitus
was defined as fasting blood glucose > 126 mg/dL (7.0
mmol/L) or the use of antidiabetic drugs.

Overnight fasting venous blood samples were collected
for the measurements of serum glucose, blood lipid, albu-
min, creatinine, insulin and electrolyte concentrations. Se-
rum potassium and sodium levels were measured by the
ion-selective electrode method.”!) Fasting blood glucose
and creatinine were measured by enzymatic methods.
High-density lipoprotein and low-density lipoprotein were
measured by homogeneous assay. Fasting insulin was
measured using a microparticle enzyme immunoassay and
albumin level was measured by the bromocresol green me-
thod. Quality control of laboratory tests was performed by
the WHO Regional Lipid Reference Center.””)

2.3 Statistical analysis

With the actual sample size of 839, hypertension inci-
dence of 26.0%, a of 5% and statistical power of 80%, we
can test a statistically significant association if the odds ra-
tios were lower than 0.79 or higher than 1.27 with serum
potassium or sodium levels as continuous variables or if the
odds ratios were lower than 0.51 or higher than 1.74 with
serum potassium or sodium levels as categorical variables.

Serum potassium and sodium levels were expressed as
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means + SD. Categorical variables were presented as per-
cent (%). For comparison, serum potassium level was clas-
sified into five groups according to 0.20 mEq/L intervals (<
420 mEq/L, 4.20-4.39 mEqg/L, 4.40-4.59 mEq/L, 4.60—
4.79 mEqg/L and > 4.80 mEq/L). Serum sodium was classi-
fied into five groups according to 1 mEq/L intervals (< 140,
141, 142, 143, and > 144 mEq/L). The incidence of hyper-
tension was calculated according to baseline serum potas-
sium and sodium levels, classified as above. Univariate and
multivariate logistic regression models were used to evalu-
ate the associations between baseline serum potassium and
sodium levels and risk of incident hypertension. The multi-
variate model was adjusted for factors that may affect blood
pressure or serum potassium and sodium including age, sex,
BMI, systolic blood pressure, high-density lipoprotein
(HDL-C), low-density lipoprotein (LDL-C), insulin, albu-
min, eGFR, diabetes mellitus, smoking, alcohol consump-
tion, physical activity, family history of hypertension, and
levels of serum calcium and magnesium ions. The associa-
tions between baseline potassium and sodium and the inci-
dence of hypertension were expressed as OR and 95% con-
fidence intervals (95%CI). Potential increased risk for hy-
pertension with higher or lower serum potassium and so-
dium levels was further assessed by combining the second,
third and fourth groups as reference groups.

We tested for interactions between serum potassium and
sodium and sex, BMI, smoking, alcohol consumption, dia-
betes, and physical activity by including the interaction
terms in the logistic models. P < 0.05 was considered statis-
tically significant and analyses were identified as two-tailed.
Data were analyzed using Statistical Package for the Social
Sciences (SPSS) version 20.0 (SPSS Inc., Chicago, IL,
USA).

3 Results

A total of 839 participants were included in the analysis,
including 300 men (35.8%) and 539 women (64.2%), aged
45-79 years. The mean baseline serum potassium and so-
dium levels were 4.47 = 0.35 mEq/L and 142.67 + 2.64
mEq/L, respectively. A total of 3.8% of participants had
serum potassium level above the normal range (normal:
3.5-5.1 mEq/L), while 0.8% and 6.7% had lower and higher
serum sodium level, respectively (normal: 136-146 mEq/L).

The baseline serum potassium and sodium levels ac-
cording to the different characteristics of the study popula-
tion are presented in Table 1. Serum potassium level was
higher in smokers (P < 0.01), participants with more physi-
cal activity (P < 0.01) and participants with lower eGFR (P

< 0.01). Serum sodium level was higher in younger indi-
viduals (P = 0.01), and those with lower eGFR (P < 0.001).

Among the 839 participants, 218 (26.0%, 80 men) de-
veloped hypertension during the 5-year follow-up period.
There was no statistical difference between sexes (P = 0.74),
of the cumulative incidences of hypertension, with 26.7% in
men and 25.6% in women. The cumulative incidence rates
of new-onset hypertension according to baseline serum po-
tassium and sodium groups are presented in Figure 1. The
incidence of hypertension was highest in the group of serum
potassium > 4.80 mEqg/L and lowest in the group of serum
potassium of 4.40—4.59 mEq/L in the whole population and
the females, and the incidence of hypertension rises with the
increase of serum potassium levels in males. Although the
incidence of hypertension was highest in the group of serum
sodium of 142 mEg/L in the whole population and the
males, the incidence of hypertension decreased with the
increase of serum sodium levels in females. The P for trends
of incident hypertension was 0.02 for serum potassium and
0.10 for serum sodium.

Baseline serum potassium level was positively associated
with the risk of hypertension when analyzed as a continuous
variable in univariate analysis (OR: 1.86; 95%CI: 1.20-2.90;
P < 0.01) and in multivariate analysis (OR: 1.75; 95%CI:
1.01-3.04; P = 0.04). However, there was no significant
association between baseline serum sodium level and risk of
hypertension in either univariate analysis (OR: 0.98; 95%CI:
0.92-1.04; P = 0.41) or multivariate analysis (OR: 0.96;
95%CI: 0.89-1.04; P = 0.33) (Table 2). The highest cate-
gory of serum potassium (> 4.80 mEq/L) was positively
associated with risk of hypertension compared with the ref-
erence group (OR: 1.84; 95%CI: 1.14-2.96; P = 0.01), and
there was a non-significant increase in risk of hypertension
in the lowest serum-potassium group (< 4.20 mEq/L) com-
pared with the reference group (OR: 1.06; 95%CI,
0.66-1.70; P = 0.81). Neither the lowest nor the highest
category of serum sodium was significantly associated with
risk of hypertension (Table 2).

We found no significant interactions between serum po-
tassium or sodium levels and selected covariates (P > 0.05).
Other risk factors for hypertension included BMI (OR: 1.09;
95%CI, 1.02-1.16; P = 0.01), systolic blood pressure (OR:
1.12; 95%CI, 1.09-1.14; P < 0.001) and family history of
hypertension (OR: 1.60; 95%CI: 1.11-2.31; P = 0.01) at
baseline.

4 Discussion

Individuals in this Chinese, community-based cohort
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study showed interindividual variations in serum potassium (OR: 1.75; 95%CI: 1.01-3.04; P = 0.04) after adjusting for
and sodium levels. Baseline serum potassium level was potential confounding factors. In contrast, there was no sig-
positively associated with the risk of incident hypertension nificant association between baseline serum sodium level

Table 1. Baseline serum potassium and sodium levels of participants.

Total, n = 839 Men , n =300 ‘Women, n =539
Characteristics
Potassium, mEq/L. Sodium, mEq/LL n  Potassium, mEq/L. Sodium, mEq/L. n  Potassium, mEq/L. Sodium, mEq/L. n
Age, years
45-59 447+0.33 142.85+2.72 508 448+0.33 14237+249 142 447 +0.34 143.03+£2.78 366
60-69 448 +0.34 142.62+248 225 4444033 14253 +2.64 96 4.51+0.35 142.68 £2.37 129
70-79 4.46 +0.40 142.02+243 106 447 +042 141.77+272 62 446+0.37 14236+1.93 44
P 0.92 0.01 0.63 0.18 045 0.16
BMI, kg/m’
<24 446+0.37 142.53+2.55 414 444 +035 142154251 135 4.47+037 142.71+2.55 279
>24 449 +0.32 142.83 £2.71 425 4.48 £0.35 14242 +2.66 165 4.49+0.31 143.09+2.71 260
P 0.30 0.10 0.28 0.37 0.59 0.09
Smoking
Yes 4.57+0.35 14229+2.74 105 4.56+0.34 14220+4.56 97 4.67+0.38 143.38+2.07 8
No 4.46 +0.34 14274 +2.61 734 442+034 14234 +2.51 203 448 +0.34 142.89+2.64 531
P <0.01 0.10 <0.01 0.64 0.11 0.60

Alcohol consumption

Yes 447+0.35 14270 £2.64 770 4454035 14228 £2.61 236 448 +0.34 142.89+£2.63 534
No 4524033 14248 +£2.58 69 4.52+034 14238 +£2.57 64 448 +0.12 14380+£2.59 5
P 0.24 0.51 0.13 0.79 0.99 0.44

Physical activity
No activity 443+0.38 14243 +2.72 102 443+£038 141.65+2.72 31 443 +0.39 14278 £2.66 71
Occasional activity 445+033 142.71+2.74 479 442+032 142254259 174 447+0.34 14298 £2.79 305
Regular activity 4.53+034 142.72£240 258 4.57+0.38 142.59+£2.54 95 4.51+0.32 142.79£2.31 163
P <0.01 0.60 <0.01 0.20 0.30 0.72

Diabetes
Yes 447+035 14273 +2.62 761 4.46+035 142.35+2.57 264 448 +0.35 14294 +£2.63 497
No 4.50+0.31 142.17+272 78 4.50+0.32 141.89+2.75 36 4.50+0.31 14240+2.70 42
P 045 0.07 0.49 0.32 0.67 0.21

BP category
Optimal 444+033 444+033 277 446+033 446+0.33 71 444+033 444+£033 200
Normal 4.50+0.35 450+035 270 4.48+0.39 448 +0.39 99 4.51+£032 451+£032 171
Pre-hypertension 448 +£0.36 448+036 292 446+033 446+033 124 4.50+0.37 450+037 168
P 0.20 0.80 0.88 0.94 0.13 0.67

eGFR, 60 mL/min per 1.73 m’
<80 4.55+041 143.71+3.01 79 454+043 14338+2.67 45 4.56+0.38 144.15+339 34
80-120 449+0.34 142.83+248 602 446+0.34 142314250 229 4.50+0.35 143.14+242 373
> 120 4.39+0.30 141.60 +2.67 158 4.38+0.29 14027 +2.09 26 439+0.31 14186 £2.70 132
P <0.01 <0.001 0.18 <0.001 <0.01 <0.001

Values are means and standard deviations. BMI: body mass index; BP: blood pressure; eGFR: estimated glomerular filtration rate.
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Figure 1. Incidence of hypertension according to baseline serum potassium or sodium levels. (A): Incidence of hypertension for all
study subjects according to baseline serum potassium; (B): Incidence of hypertension in men according to baseline serum potassium; (C):
Incidence of hypertension in women according to baseline serum potassium; (D): Incidence of hypertension for all study subjects according
to baseline serum sodium; (E): Incidence of hypertension in men according to baseline serum sodium; (F): Incidence of hypertension in
women according to baseline serum sodium. Error bars represent standard errors. *P for trends = 0.021. *P for trends = 0.006. * P for trends >
0.05.

Table 2. Baseline serum potassium and sodium levels and risk of incident hypertension.

No. at risk No. of hyperten- Non-adjusted Fully-adjusted*
sion, n (%) OR (95%CT) P OR (95%CT) P
Potassium, mEq/L
Continuous variable 839 218 (26.0) 1.86 (1.20-2.90) <0.01 1.75 (1.01-3.04) 0.04
Categorical variable
<4.20 175 41(23.4) 0.96 (0.64—1.44) 0.86 1.06 (0.66—1.70) 0.81
4.20-4.79 523 126 (24.1) 1.00 1.00
>4.80 141 51(36.2) 1.79 (1.20-2.66) <0.01 1.84 (1.14-2.96) 0.01
Sodium, mEqg/L
Continuous variable 839 218 (26.0) 0.98 (0.92-1.04) 0.41 0.96 (0.89-1.04) 0.33
Categorical variable
<141 145 43 (29.7) 1.19 (0.78-1.82) 0.41 1.11 (0.67-1.85) 0.68
141-143 391 102 (26.1) 1.00 1.00
> 144 303 73 (24.1) 0.90 (0.64-1.27) 0.55 0.82 (0.54-1.26) 0.37

*Adjusted for age, sex, body mass index, systolic blood pressure, high-density lipoprotein, low-density lipoprotein, eGFR, albumin, diabetes mellitus, smoking,
alcohol consumption, physical activity, family history of hypertension, serum calcium and magnesium levels. We further adjusted for serum sodium level when
analyzing the relationship between serum potassium and hypertension, and further adjusted for serum potassium level when analyzing the relationship between

serum sodium and hypertension.

and hypertension risk (OR: 0.96; 95%CI: 0.89-1.04; P = investigating the association between serum potassium level
0.33). and hypertension with only one cohort study among them.”!
As far as we know, there are few epidemiological studies The Framingham Heart Study found that adults with serum
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potassium > 5.2 mEq/L had increased risk of hypertension,
though the difference was not significant.!”’ Higher serum
potassium level was also associated with increased risk of
CVD. The results of Fang, et al.'" suggested that there was
an increase in CVD mortality among the population with
serum potassium > 4.5 mEqg/L, after adjusting for other
CVD risk factors. Wannamethee, et al.'” reported an in-
crease in mortality risk of 70% in male smokers with serum
potassium > 5.2 mEq/L. The results of cross-sectional and
case-control studies of serum potassium and hypertension
were not consistent with our study. Kesteloot, et al.[m,
Pikilidou, ez al.”® and Rinner, et al** found that serum
potassium level was negatively associated with blood pres-
sure. Hu, e al) suggested that serum potassium level was
lower in hypertension group compared with non-hyperten-
sion group. However, it is insufficient to infer causality of
serum potassium level on future risk of hypertension based
on results from cross-sectional and case-control studies.

We found an 84% increased risk of hypertension in indi-
viduals with baseline serum potassium level > 4.80 mEq/L
compared with level of 4.20-4.79 mEq/L, in accordance
with the trend shown by Framingham Heart Study.”’ Our
study was similar to that of the Framingham Heart Study
with respect to follow-up years, but the participants in our
study were older. In addition, the Framingham Heart Study
excluded participants with creatinine levels > 2.0 mg/dL and
potassium levels > 6.3 mEq/L, however, all participants had
creatinine levels < 2.0 mg/dL and potassium levels < 6.3
mEq/L in our study. We excluded individuals with eGFR <
60 mL/min per 1.73 m” and adjusted for eGFR in multivari-
ate analyses, given that renal function may influence serum
potassium and sodium levels.

There was no significant association between baseline
serum sodium level and risk of hypertension, which was
consistent with Framingham Heart Study.” While a
cross-sectional study from Kesteloot, et al.''” found a nega-
tive correlation between serum sodium level and blood
pressure. And Hu, et al'® found no significant difference in
serum sodium level between hypertension and non-hyper-
tension groups.

Potassium and sodium play important roles in the main-
tenance of cellular functions, and raised or lowered serum
potassium level may be harmful to health.™ Our results
found that elevated serum potassium could increase the risk
of hypertension. The physiological mechanisms by which
higher serum potassium level increase hypertension risk are
not fully understood. Renal function may affect the level of
serum potassium,”*! however, the association was not al-
tered after adjusting for eGFR in multivariate analysis. This

indicated that the association between serum potassium and
hypertension risk was independent of renal function. Our
study found no association between serum sodium and risk
of hypertension. The regulation of blood pressure by sodium
may be based on dietary intake and renal excretion, inde-
pendent of serum sodium level.”™ In addition, it is important
to note that the incidence of hypertension may be affected
by other unknown risk factors that may affect serum potas-
sium and sodium levels.

Increased dietary intake of potassium and sodium may
subsequently increase potassium and sodium levels in
blood."*"**! The Atherosclerosis Risk in Communities
(ARIC) Study"®® measured the dietary and serum potassium
levels in 12,209 participants, and showed that serum potas-
sium level was higher in the group of high potassium intake.
In this study, serum potassium level was divided into 4
groups < 4.0, 4.0-4.5, 4.5-5.0 and 5.0-5.5 mEq/L, and the
dietary potassium intake were 1.63 £ 0.43, 1.65 + 0.42, 1.68
+ 0.41 and 1.70 £ 0.41 mg/kcal (P < 0.01), respectively.
Another research among normotensive individuals showed
that with the salt intake from 10 mmol/day increased to 250
mmol/day, plasma sodium levels changed from 138.5 £ 0.7
mmol/day to 141.5 + 1.1 mmol/day.!"*

Salt substitute containing 25% potassium chloride, 65%
sodium chloride and 10% magnesium sulfate to replace
100% sodium chloride are currently used in China to reduce
sodium intake and increase potassium intake."””’ However,
our results suggested that an increase in serum potassium
might also increase the risk of hypertension. Individuals
with normal blood pressure who use such salt substitute
over a long period may thus be at increased risk of hyper-
tension. In fact, the results from studies with health out-
comes were insufficient to draw a conclusion whether low
sodium intake is associated with an increased or reduced
risk of CVD in general population.”®*"! Further studies on
the safety of long-term intake of salt substitute are therefore
required.

There were several limitations to our study. First, our
study based on the Chinese population and the results may
therefore not be applicable to other populations. Second,
baseline levels of serum potassium and sodium cannot rep-
resent the values of serum potassium and sodium through-
out the study period. Third, our study may have insufficient
statistical power to detect a relatively modest association
between serum sodium and hypertension. In addition, we
cannot get more details about other variables such as heart
function and the quantitative data of alcohol consumption.
Additional cohort studies with larger sample size and which
monitor 24-h potassium and sodium excretion as well as
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potassium and sodium levels in blood may be necessary.

This study was among the few cohort studies to investi-
gate the relationships between serum potassium and sodium
levels and the risk of hypertension in normotensive adults.
In conclusion, the results of this community-based study
indicated that elevated serum potassium level might in-
crease the risk of incident hypertension, while serum so-
dium level was unrelated to hypertension risk. These find-
ings suggested that potassium might not always be benefi-
cial in terms of reducing the risk of hypertension. However,
further studies with larger sample size and wider age ranges
are needed to clarify the relationships between serum potas-
sium and sodium and the risk of hypertension.
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