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INTRODUCTION

Hypertension is regarded as one of the leading modifiable
causes of morbidity and mortality worldwide, affecting
approximately 1.39 billion adults, and the prevalence is
predicted to increase by at least 30% by 2025.!"! Nearly
40% of people aged >25 years worldwide are reported
to suffer from hypertension.” Lifestyle determinants,
including dietary factors, profoundly impact blood
pressure (BP) and the risk of hypertension. Although
dietary interventions for the prevention and management
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of hypertension have predominantly focused on the
reduction of sodium intake, many other dietary factors,
such as adequate intake of potassium, calcium, and
magnesium, should be considered as part of a healthy
diet for patients with hypertension.! Several studies
have reported that the effects of nonsalt components of
a healthy diet, such as adequate potassium, magnesium,
and calcium consumption, produced more favorable
improvements in BP than reducing salt intake.l>¢
Potassium is an essential mineral in BP regulation,
and it can modulate the adverse effects of sodium on
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BP." Several epidemiologic and intervention studies have
reported an inverse correlation between potassium intake,
BP, and the prevalence of hypertension.

Accuracy of measuring daily intake of potassium is one
of the greatest concerns in epidemiologic studies.['*!]
Although most studies utilize self-reported measurement
of dietary intake, such methods are inherently limited
by participant ability to recall detailed information on
foods, beverages, and portion sizes.'”? Serum potassium
concentration and 24 h urinary potassium excretion are
two biomarkers of potassium intake,">* and given that
serum potassium is strictly controlled by physiological
pathways, 24 h urine is recommended as the gold standard
for measuring potassium intake.['"4!

Serum potassium level, both below and above the normal
range, has been associated with adverse clinical outcomes,
including hypertension.™ The association between 24 h
urinary potassium excretion and BP has been investigated
in several epidemiologic studies,>'*!*l however, results
have been inconsistent. Indeed, some studies have shown
a negative association between potassium excretion
and BP,>'#1¢18 while, in contrast, others have reported
a null or a positive relation between urinary potassium
and BP.["?2 To the authors knowledge, there is no
comprehensive systematic review and meta-analysis
that has explored the relationship between 24 h urinary
potassium and BP. Thus, the aim of the present study was
to conduct a systematic review and meta-analysis based
on published observational data regarding the association
between urinary potassium excretion and BP or risk of
hypertension.

MATERIALS AND METHODS

Search strategy

This study was planned, conducted, and reported
according to the Meta-Analysis of Observational Studies
in Epidemiology guidelines.!?! Electronic databases,
including Medline, Scopus, Web of Science, ScienceDirect,
and Google Scholar were searched from inception to June
2030. The following search terms were used: (“potassium
excretion” [Title/Abstract] OR “urinary potassium” [Title/
Abstract] OR “urine potassium” [Title/Abstract] OR
“urinary cations” [Title/Abstract]) OR “potassium
intake” [Title/Abstract]) OR “potassium status” [Title/
Abstract]) AND (“blood pressure” [MeSH] OR “systolic
blood pressure” [Title/Abstract] OR “diastolic blood
pressure” [Title/Abstract] OR “hypertension” [MeSH]
OR “high blood pressure” [Title/Abstract]) OR
“Cardiovascular events” [Title/Abstract]) OR “chronic
disease” [Title/Abstract]). No other restrictions were
imposed in the literature search, and the reference lists of
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all relevant original and review articles were also searched
manually.

Study selection

In the first round of screening, the title and abstract of all
retrieved articles were independently evaluated by two
authors (R.Z and S.F) to identify eligible studies. In the
second round of screening, full text of publications identified
for further evaluation were reviewed. Any disagreements
between authors were discussed and resolved by consensus.
All observational studies that reported the association
between BP and potassium excretion, in overnight or
24 h urine samples, were included. Duplicate publications,
reviews, experimental researches, letters, comments,
editorials, case reports, conference reports, and studies
that measured urinary potassium excretion in a spot urine
samples, respectively, were excluded.

Data extraction

Characteristics of eligible articles including the first
author’s last name, publication year, study location, total
and gender-specific sample size, mean age, study design,
follow-up duration, urine sample collection method,
reported statistics, adjusted confounders, and main findings
were extracted and tabulated. The correlation coefficient
between urinary potassium excretion and systolic BP (SBP)
and diastolic BP (DBP) BP, mean and standard deviation
or standard error of urinary potassium excretion in
normotensive and hypertensive individuals, and risks of
hypertension in the highest category of urinary potassium
excretion were also extracted from eligible articles.

Quality assessment

The methodological quality of included studies was
assessed using the Newcastle-Ottawa Scale. This scale
consists of three categories: Selection, comparability, and
exposure or outcome. Total quality score can range from
0 to 9 for case—control and cohort studies, and from 0 to
10 for cross-sectional studies. In general, studies that were
scored 27 were considered as high quality.**!

Statistical analysis

Reported standard errors were converted to standard
deviations, and all units for means + standard deviations
were converted to mmol/day.?® Log-transformed odds
ratios (ORs) of hypertension across different categories
of urinary potassium excretion were used to calculate
appropriate effect sizes. The overall risk of hypertension
was estimated by pooling the reported and calculated ORs.
The analysis was performed separately for means and risk
of hypertension.

Overall effect sizes were calculated by pooling the effect
sizes derived from each study. When the number of effect
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sizes was <5, the overall effect sizes were estimated using
a fixed-effects model.””! Otherwise, a random-effects
model was used to pool effect sizes. Between-study
heterogeneity was assessed using the I-squared (I?)
statistic. In the case of significant between-study
heterogeneity, subgroup analysis was conducted to
investigate the potential sources of heterogeneity.
Between-subgroup heterogeneity was evaluated
using a fixed-effects model. Sensitivity analysis was
carried out to test the robustness of the pooled results,
while Begg’s rank correlation test and Egger’s linear
regression test, respectively, were used to detect potential
publication bias. When publication bias was significant,
a trim-and-fill analysis was performed to determine the
possible impact of publication bias. All statistical analyses
were performed using Stata software (version 11.2, Stata
Corporation, College Station, Texas, USA); additionally,
analyses were two-tailed, and statistical significance was
set at P <0.05, a priori.

RESULTS

A flow diagram of the study selection process is shown in

Figure 1. Finally, 22 articles were included in the present
Study.[m'm']7'19'22'28'421

Characteristics of eligible studies are reported in Table 1.
Eighteen studies!!®!71921223042l ysed a cross-sectional design,
two were case—control studies,?®*! and two had a cohort
design.l'*?% Cohort studies enrolled healthy subjects,
case—control studies used healthy subjects in control groups
and hypertensive subjects in case groups, and cross-sectional
studies included both healthy and hypertensive participants.
All studies enrolled adults, except for two studies which
recruited subjects aged <18 years o0ld.331 Although
most studies used 24 h urinary collections for potassium
eXCretiOn measurement,[10,14,17,19,21,22,29,30,33-35,37—39,41,42] 6 Studies
used an over-night urinary specimen. 2028313236401 Study
bias assessment showed that most studies were of high
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Figure 1: Flow chart of the study selection process
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quality.[810141720:22,30-32,343557-2] Six studies were conducted
using partial adjustment, 922283140411 fourteen studies
with full adjustment,[!014172021,3234-36.3839,4244] and in two
studies, correlation coefficients were reported without any
adjustments.*! Factors which were adjusted are as follows;
age, body mass index, sex, alcohol intake, total energy
intake, each of the other dietary electrolytes, smoking status,
plasma aldosterone, physical activity, antihypertensive
medication use, and waist circumference.

Eight studies reported no significant association between
urinary potassium concentrations and BP.[212228313638,4041]
Mean 24 h urinary potassium was not significantly different
between normotensive and hypertensive individuals
in 3 studies.!??42 Although eight studies reported a
significant negative correlation between urinary potassium
and BP,[1014173031343537] three studies showed a positive
association.l?*?*¥! Furthermore, the results were inconsistent
between men and women in one study.”

Pooled correlation coefficient

Sixteen studies were eligible for
meta-analysisl!0141719-22283233364042] and 22 effect sizes were
extracted (n = 19261). The correlation coefficient between
urinary potassium excretion and SBP or DBP was reported
in 10 studies (11 effect sizes).!'”192022325353638401 Ag shown
in Figure 2, the pooled correlation coefficient between
DBP and urinary potassium excretion was not significant
(ES: 0.02; 95% confidence interval [CI]: -0.02, 0.05), with no
significant heterogeneity (I? = 33.1%; P = 0.134). Although
a comparable result was obtained for SBP (ES: -0.01; 95%
CI: -0.06, 0.04), between-study heterogeneity was high in
this case (I2=73.9%; P <0.001). Therefore, we ran a subgroup
analysis based on gender, region, age, and type of urine

sample. Although studies conducted on children (<18 years)
showed a significant positive correlation between urinary
potassium and SBP (ES: 0.12; 95% CI: 0.04, 0.19), results
indicated no significant correlation in adults (ES: -0.03;
95% CI: -0.08, 0.02) [Figure 3]. Heterogeneity was not
significant in the children subgroup (12 = 0.0%; P = 0.84),
however, it was high in the adult subgroup (12 = 73.9%;
P =0.000). In addition, between-subgroup heterogeneity
was high (P = 0.001). Subgroup analysis based on type
of urine sample is shown in Figure 4. Accordingly, the
overall effect size of studies which used 24 h (ES: -0.01;
95% CI: 0.09, 0.07) or overnight urinary samples (ES: 0.01;
95% CI: 0.02, 0.04) reported no correlation between urinary
potassium and both SBP and DBP. Although there was no
significant heterogeneity in the overnight urine sample
subgroup (12 = 0.0%; P = 0.683), heterogeneity in the 24 h
urine sample subgroup was high (12 = 79.9%; P < 0.001).
Further subgroup analysis which did not attenuate
heterogeneity is displayed in Table 2.

Mean urinary potassium in normotensive versus
hypertensive subjects was reported in 5 studies (1 =4030).
As shown in Figure 5, mean potassium excretion was
3.31 mmol/24 h higher in normotensive individuals,
compared with hypertensive subjects (95% CI: 1.22,
5.39). We did not observe any significant heterogeneity
(I2=10.0%; P =0.944).

The association between urinary potassium and risk of
hypertension was reported in 5 studies (n = 11651). There
was no association between urinary potassium excretion
and risk of hypertension (OR: 0.12; 95% CI: -0.35, 0.10), and
between-study heterogeneity was significant (I = 64.4%;
P =0.024) [Figure 6].

Study ES (95% CT) Weight
0
Liul1990(Totaly : 0.00 (-0.50, 0.50) 0.59
Bulpit (1986) (total) 'i_*_ 0.10(0.00, 0.20) 9.94
Chien (2008) (All) 8 0.05 (0.00, 0.10) 19.93
MaldonadoMartin (2002) (All) T 0.05 (-0.03, 0.13) 12.49
Nakagawa1999Intersalt (All) (FullAdjusted) —"‘—J: -0.07 (-0.16, 0.02) 11.82
Nakagawa1999Intersalt-2(All) (FullAdjusted) —o—qi 2007 (-0.16,0.02) 11.82
Staessen1983(All) ———— 0.00 (-0.09, 0.09) 12.15
Zhul987(M) _*_‘:_ -0.06 (-0.22,0.10) 4.80
Staessen1983(All) —-§—+— 0.09 (-0.07,0.25) 5.10
Yannsue2008(All) (EveningBP) ' -0.01 (-0.23,0.20) 2.93
Lemogoum —';—0— 0.05(-0.06,0.16) 842
Overall (I-squared = 33.1%, p = 0.134) <> 0.02 (-0.02, 0.05) 100.00
'
T I T
-5 1] 5

Figure 2: Forest plot demonstrating pooled correlation coefficient between diastolic blood pressure and urinary potassium excretion. Pooled effect was calculated

using a random effects model
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Sensitivity analysis and publication bias

No publication bias was detected for SBP (Begg’s: P =0.721;

Overall correlation coefficients for both SBP and  Egger’s: P=0.563), DBP (Begg's: P=0.581; Egger’s: P=0.923),
DBP were not changed after removing each study, and mean urinary potassium excretion (Begg’s: P = 0.142;
individually, and the same results were obtained for = Egger’s: P=0.225). However, there was significant publication
risk of hypertension. In contrast, pooled mean urinary  bias in studies that reported risk of hypertension (Begg's: P=
potassium was significantly changed after omission of = 0.042; Egger’s: P=0.06). Trim-and-fill analysis was conducted

the study by Jackson et al.['%!

and no trimming was performed.

Study ES (95% CI) Weight
'
Adults '
Liu1990 (Total) --+— 0.01(-0.02, 0.05) 1344
Bulpit (1986) (total) —_— -0.09 (-0.15,-0.04) 12.16
Chien (2008) (All) —_—— 0.04(-0.02,0.09) 12.44
Nakagawal999 Intersalt (All) (FullAdjusted) ————-— E -0.11 (-0.20, -0.02) 9.70
Nakagawal999 Intersalt-2 (All) (FullAdjusted) ———— | -0.11(-0.20, -0.02) 9.70
Staessen1983 (All) —+—1-— 0.04 (-0.13,0.05) 985
Staessen1983 (All) : > 0.13 (-0.03,0.29) 5.66
Yamasue 2008 (All) (Evening BP) : -0.07 (-0.29,0.15) 3.67
Lemogoum —] -0.01 (-0.13,0.10) 7.97
Subtotal (I-squared = 70.2%, p = 0.001) < -0.03 (-0.08,0.02) 84.60
[
'
Children ;
MaldonadoMartin (2002) (All) | —— 0.12(0.04,0.21) 9.99
Zhu1987 (M) 0.10(-0.06, 0.27) 5.4
Subtotal (I-squared = 0.0%, p = 0.847) | = 0.12(0.04,0.19) 15.40
Overall (I-squared = 73.9%, p = 0.000) <:> -0.01 (-0.06, 0.04) 100.00
1 . 1
-288 0 288

Figure 3: Forest plot demonstrating pooled correlation coefficient between systolic blood pressure and urinary potassium excretion stratified by age. Pooled effect

was calculated using a random effects model

Study

1

Overnight Urine -
Liu1990(Total) -

Yamasue2008 (All) (EveningBP) ¥
Lemogoum —_—
9

1

i

1

[N S :

i

1

Subtotal (I-squared = 0.0%, p = 0.683)

24hUrine

Bulpit (1986) (total)

MaldonadoMartin (2002) (All)

Nakagawa1999Intersalt (All) (FullAdjusted) ~———t0—
1

Nakagawa1999 Intersalt-2(All) (FullAdjusted) =——————0r——1
Staessen1983(All)

ES (95% CI) Weight

0.01 (-0.02, 0.05) 13.44
-0.07 (-:0.29,0.15) 3.67

-0.01 (-0.13,0.10) 7.97
0901 #F2%0.04) F908

-0.09 (-0.15,-0.04) 12.16
0.12(0.04,0.21) 999
-0.11(-0.20,-0.02) 9.70

-0.11 (-0.20, -0.02) 9.70
0.04 (-0.13,0.05) 9.85

Zhu1987 (M)

0.10 (-0.06,0.27) 541

Staessen1983(All)
Subtotal (I-squared =79.9%, p = 0.000)

Over Night Urine
Chien (2008) (All)
Subtotal (I-squared =.%, p=")

Overall (I-squared =73.9%, p =0.000)

V

> 0.13(-0.03, 0.29) 5.66
-0.01 (-0.09,0.07) 6248

0.04(-0.02,0.09) 12.44
0.04 (-0.02,0.09) 1244

-0.01 (-0.06, 0.04) 100.00

T
-288 0

T
.288

Figure 4: Forest plot demonstrating pooled correlation coefficient between systolic blood pressure and urinary potassium excretion stratified by type of urine sample.

Pooled effect was calculated using a random effects model
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Study ES (95% CI)  Weight
Jackson (2014) (All) —i— 411(040,782)  31.69
Hoosen (1985) (All) (UrbanZulus) i 1.44(-8.50, 11.38) 441
Hoosen (1985 )(All) (RuralZulus) : )504 (-3.43,13.516.08
Hossen (1985) (All) (Indians) 240(-5.78, 10.58) 6.0
Yan2015(All) 0.60 (-8.76,9.96) 4.98
Deng (2020) —.— 389(042,7.36) 3621
Moliterno (2018) 0.40(-6.16, 6.96)  10.13
Overall (Isquared =0.0%, p =0.944) <> 331(122,5.39)  100.00

T 1 T
135 o ° 135

Figure 5: Forest plot demonstrating overall effect of association between blood pressure and mean urinary potassium excretion in normotensive and hypertensive

individuals. Pooled effect was calculated using a random effects model
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Ge 2015 (All) —-*—
Chien (2008) (All) —e—
Kieneker (2014) (All) -;-o—

Yan 2015 (All) —+—-
Jackson (2014) (All) i

Overall (I-squared = 64.4%, p = 0.024) <:>

-1.78 0

ES (95% CI) Weight
0.14 (-0.19,0.47) 20.09
-0.02 (:0.25,0.21) 2587
-0.01 (-0.16, 0.14) 30.66
-0.48 (-0.86, -0.09) 17.19
0.97 (-1.78,-0.15) 6.19
-0.12(-0.35, 0.10) 100.00
178

Figure 6: Forest plot demonstrating pooled the association between urinary potassium excretion and risk of hypertension. Pooled odds ratio was calculated using

a fixed-effects mod

DISCUSSION

The results of this meta-analysis revealed that BP is not
significantly correlated with 24 h urinary potassium excretion.
However, we found a positive correlation between SBP and
urinary potassium excretion in children. The mean urinary
potassium excretion was significantly higher in normotensive
individuals than hypertensive patients, and the risk of
hypertension had no association with potassium excretion.
To the authors” knowledge, this is the first systematic review
and meta-analysis to have assessed the relationship between
24 h urinary potassium excretion and BP.

Urinary samples are an important tests utilized to assist in
the diagnosis, prognosis, and determination of treatment
strategy.*! A 24 h urine specimen is regarded as the gold
standard for the measurement of dietary potassium intake

| 2020 |

in a healthy population,™ in addition to yielding detailed
information regarding the circadian variation in the urinary
excretion of potassium. !

In the present study, and in contrast to adults, a positive
correlation between SBP and potassium excretion was
observed in children. Renal ability to excrete potassium is
fully developed in early childhood. Therefore, potassium
intake is expected to have a comparable relationship with
BP in children and adults.*”! Indeed, our results must be
interpreted with caution due to two reasons. (1) There
was a limited number of studies in this field;33384841
(2) Most included studies reported unadjusted correlation
coefficients, and we did not include regression coefficients
adjusted for confounders in our analysis. Therefore, it
is conceivable that the observed correlation between
potassium excretion and SBP in children was confounded

Journal of Research in Medical Sciences 8
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Table 2: Subgroup analysis to assess the correlation between systolic blood pressure and urinary potassium

excretion
Subgroups Studies (n) Effect size P (%) P heterogeneity P between subgroup heterogeneity
Region
Asian 6 -0.02 (-0.08, 68.7 0.007 0.354
0.04)
European 3 0.02 (-0.1, 0.14) 86 <0.001
Gender
Male 6 0.02 (-0.11, 0.14) 89.2 <0.001 0.179
Female 5 0.04 (-0.02, 0.11) 40.4 0.152
Both 4 -0.06 (-0.15, 0.14) 75.6 0.006
Age group
Children 2 0.12 (0.04, 0.19) 0.0 0.847 0.001
Adults 8 -0.03 (-0.08, 74 <0.001
0.02)
Type of urine sample
Overnight urine sample 3 0.02 (-0.01, 0.05) 0.0 0.583 0.006
24-hour urine sample 7 -0.01 (-0.09, 0.07) 79.9 <0.001

by covariates; nevertheless, further studies into the specific
relationship in children should be conducted.

Pooled mean urinary potassium was 3.46 mmol/24 h higher
in normotensive individuals compared with hypertensive
subjects. The normal range of urinary potassium
concentration is between 25 and 125 mmol/24 h (diet
dependent).™! therefore, the observed difference between
normotensive subjects and hypertensive patients is <4% of
variation in normal range of urinary potassium. Although
our finding is statistically significant, it seems likely that it
has no clinical significance.">

In contrast to our study, which included observational
research, meta-analyses of clinical trials have reported that
increased potassium intake (dietary + supplement) can
yield a beneficial effect on BP.[¥/%*%%] We detected a small
difference in potassium excretion between normotensive
participants compared with hypertensive counterparts,
however, notwithstanding this difference, it was not
sufficient to elicit any change in BP. In contrast, however,
potassium intake was markedly increased by nutritional
intervention. Empirical data suggests that 12 weeks dietary
intervention can result in a mean increase in 24 h urinary
potassium excretion of 45 mmol.* Therefore, a nutritional
intervention is capable of eliciting a significant difference
in potassium intake, and consequently, BP.

Although 24 h potassium excretion is considered the gold
standard for estimating ingested potassium, it has some
limitations: (1) It does not and cannot reflect long-term dietary
potassium intake,®! (2) It cannot cover day-to-day variation
in potassium intake. Therefore, a single 24 h urine sample is
prone to random measurement error, which can overestimate
or underestimate the actual potassium intake. It has been
recommended that using multiple 24 h urine samples may

9 Journal of Research in Medical Sciences

provide a more reliable estimate,"!! (3) There are concerns
regarding the adequacy of 24 h urine sample collection. Indeed,
some evidence highlights that under-collection of 24 h urine
sample s prevalent,* (4) Intestinal absorption efficacy of dietary
potassium is variable among individuals. For instance, on
average, 73.7%-80.3% of dietary potassium is absorbed; thus,
the concentration of potassium in a 24-h urinary sample may be
not equal to ingested potassium. Given the above limitations,
it is, therefore, imperative that findings manifest using 24 h
urinary potassium excretion should be interpreted with caution.

To the best of our knowledge, this was the first systematic
review and meta-analysis to have investigated the association
between 24 h urinary potassium excretion and BP, as well
as risk of hypertension, and represents a major strength.
Indeed, a further strength of our study was the use of a
comprehensive subgroup analysis. Furthermore, according to
Egger’s testand Begg’s test, our findings were not affected by
publication bias. Moreover, we tried to analyze all the possible
reported data including OR, correlation coefficient and mean
difference. Despite the aforementioned strengths, there are
some limitations that must be considered. A significant
heterogeneity was detected in sub-group analysis, suggesting
that some results may not be reliable, and require further
investigation. Although we included all reported potential
sources of heterogeneity, there are still some factors which
should be considered in future studies (e.g., of 24 h urinary
sodium concentration, the dietary origin of potassium
and participants’ medication history). The greatest impact
of dietary potassium intake on SBP has been reported in
individuals with high sodium consumption,* highlighting
that it is important to measure both sodium and potassium
simultaneously.l®” Dietary sources of potassium excreted
in urine were not reported in most studies, which could
viably have impacted some results. In addition to potassium
rich foods, such as fruits and vegetables, there are some
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potassium-based food additives (e.g., potassium sorbate)
found in processed cheese, yogurt, beverage, processed
meat, cake, and pastry, which can influence the amount of
potassium excreted in the urine.’®" The authors advocate that
the use of antihypertensive treatments should be carefully
considered in future studies.

CONCLUSION

In conclusion, the current systematic review and
meta-analysis highlighted that 24 h urinary potassium
excretion was not correlated with SBP, DBP, and risk of
hypertension. However, mean urinary potassium excretion
was higher in normotensive individuals compared with
hypertensive subjects. In order to better understand the
relationship between potassium and BP, it is advisable that
future studies consider the impact of different sources of
dietary potassium.
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