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ABSTRACT

Background and aims: Low serum potassium concentration is associated with hypertension, but whether the same
association can be found in African origin populations, is unknown. We assessed serum potassium concentration,
and its association with hypertension among Ghanaians living in different geographical locations.

Methods: Baseline data of 962 rural, 1420 urban, and 2947 migrant Ghanaians from the Research on Obesity and
Diabetes among African Migrants study were analysed. Mean serum potassium concentration was compared
between the groups, and the association between serum potassium and hypertension was assessed using
multivariate regression analyses.

Results: Mean serum potassium concentration was higher in rural Ghana (4.28, 95% confidence interval
4.25-4.32 mmol/L) than in Ghanaians living in Amsterdam (3.90, 3.88-3.92 mmol/L) and London (4.11,
4.07-4.14 mmol/L), but lower than in Ghanaians living in urban Ghana (4.38, 4.34-4.42 mmol/L) and Berlin
(4.57, 4.51-4.62 mmol/L) in both sexes. In the age-adjusted analyses, serum potassium was associated with
hypertension in urban- (odds ratio 0.44, 0.23-0.82), London- (0.34, 0.17-0.64) and Amsterdam-Ghanaian males
(0.41, 0.20-0.86), and in rural- (0.49, 0.28-0.84), London- (0.29, 0.17-0.49) and Amsterdam-Ghanaian females
(0.33, 0.17-0.64). However, after adjustment for demographic, lifestyle, and health factors, serum potassium was
associated with hypertension in Amsterdam-Ghanaian males only (0.12, 0.02-0.59).

Conclusions: This study shows differences in mean serum potassium among Ghanaian populations living in
different locations in Europe and Ghana, and different associations with hypertension between sites. Further
research should focus on elucidating the mechanism underlying potassium handling and blood pressure regu-
lation in African populations, in order to mitigate the burden of hypertension among these populations.

1. Introduction

(CVDs) [1], and globally the highest blood pressure (BP) levels have
shifted from high-income countries to low-income countries in South

Hypertension is the leading risk factor for cardiovascular diseases Asia and sub-Saharan Africa (SSA) [2]. In SSA, the prevalence of
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hypertension varies between countries, urban/rural locations, and
sub-populations [3], with standardised prevalence rates of hypertension
rising up to over thirty percent in countries such as Mali, Sierra Leone,
and the Central African Republic [4]. These variations in hypertension
prevalence among SSA populations are not only observed among those
living in SSA but also outside SSA. The hypertension prevalence is higher
in SSA migrants compared to their counterparts living in SSA [5,6] as
well as compared to the European host populations [7-9]. Some studies
have reported that hypertension occurs earlier, more severely, and is
associated with more significant target-organ damage in African origin
populations than in other populations [10-12]. However, explanations
for the high prevalence of hypertension among African origin pop-
ulations still need to be elucidated.

Low potassium intake may raise BP and increase the risk of CVD [13,
14]. Low potassium intake would result in higher BP by serum potas-
sium concentration mediated activation of sodium-chloride co-trans-
porters in the kidney, hereby stimulating sodium and water retention
and potassium excretion [15]. Moreover, low serum potassium con-
centration has been linked to salt-sensitivity and salt-sensitive hyper-
tension by hyperaldosteronism [16,17]. However, regulatory
mechanisms keep the serum potassium concentration within tight limits,
and there is still little information about BP effects of differences within
or near the normal serum potassium range [18,19]. Additionally, only a
few studies have been published on the association between serum po-
tassium and hypertension, and the results are inconsistent [20,21]. None
of these studies were conducted in SSA populations, even though both
salt-sensitivity and salt-sensitive hypertension are more prevalent
among these populations [22]. This study, therefore, assessed serum
potassium concentration and its independent association with BP and
hypertension among Ghanaians living in rural and urban Ghana and
their compatriots living in Germany, the United Kingdom, and the
Netherlands. Additionally, the association between potassium intake
and serum potassium, BP and hypertension was also studied.

2. Patients and methods
2.1. Study design and study population

Baseline data from the prospective, multi-centre Research on Obesity
and Diabetes among African Migrants (RODAM) cohort study was used.
Baseline data collection was conducted between 201 and 2015 in rural
and urban Ghana and the European cities of Amsterdam, Berlin, and
London. We only report a summary of the design and methodology of
the RODAM study as it has been described elsewhere in detail [23]. In
Ghana, the urban and rural recruitment sites were Kumasi and Obuasi,
and 15 villages in the Ashanti region. Participants were randomly drawn
from the 30 enumeration areas based on the 2010 census, and partici-
pants aged >25 years were included. In the European cities, the par-
ticipants aged between 18 and 70 were randomly drawn from
municipality registrations and member lists of Ghanaian organisations.
The participation rates were 53% in Amsterdam, 68% in Berlin, 75% in
London, 74% in urban Ghana, and 76% in rural Ghana. Almost all the
participants in Europe were first-generation migrants (99%).

2.2. Measurements and definitions

In the RODAM study, standard operating procedures were applied
across all study sites to ensure data collection standardisation. Ques-
tionnaires were used to obtain information on demographics, educa-
tional level, past medical history, health status, and lifestyle factors
[23]. Smoking status was classified into current, former, and never
smokers. Intake of potassium (mg/day), sodium (mg/day), total energy
(kcal/day), and alcohol (grams/day) was estimated using standard
portion sizes combined with intake frequencies based on a standardised
Food Propensity Questionnaire (FPQ). This Ghana-specific FPQ was
based on the European-FPQ adjusted to the Ghanaian diet and validated
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using 24 h dietary recalls. The usual food intake in grams per day was
translated into energy and nutrient intake using the West African Food
Composition [24]. The World Health Organisation STEPwise Approach
to NCD Risk Factor Surveillance (WHO-STEPS) questionnaire was used
to derive physical activity in metabolic equivalents (METs, hours/-
week), which included physical activity at work, while commuting, and
in leisure time [25].

Physical examination was performed using validated devices. Weight
and height were measured in light clothing without shoes using SECA
877 weighing scales and SECA 217 portable stadiometers. Body mass
index (BMI, kg/mz) was calculated by dividing the weight in kilograms
by the squared height in meters. Waist circumference (cm) and hip
circumference (cm) were measured using measuring tape at the
midpoint between the lower rib and the upper margin of the iliac crest
and around the major trochanter, respectively. Waist-to-hip ratio (WHR)
was calculated by dividing the waist by hip circumference. All anthro-
pometric measurements were performed twice, and the average of the
two measurements was used for analysis. BP was measured three times
using a validated semi-automated device (Microlife WatchBP home)
with appropriate cuffs in a sitting position after 5 min rest. The average
of the last two BP readings was used for the analysis. Hypertension was
defined as systolic BP (SBP) > 140 mm Hg, and/or diastolic BP (DBP) >
90 mm Hg, and/or the use of BP-lowering medication [26,27].

Overnight fasting venous blood samples were collected for
biochemistry analysis. All blood samples were analysed in the same
laboratory in Berlin to prevent inter-laboratory differences in results.
Concentration of fasting plasma glucose (mmol/L) was measured using
an enzymatic method (hexokinase). Diabetes mellitus (DM) was defined
according to the self-reported diagnosis of DM, a fasting glucose level
>7.0 mmol/]l, and/or the use of glucose-lowering medication [28].
Heparin blood was centrifuged, and plasma was aliquoted directly after
sample taking, thereby minimising the risk of haemolysis impacting
potassium concentrations. Serum potassium and serum natrium con-
centrations were measured at the analyser ABX Pentra 400 (Horiba ABX
SAS, Montpellier, France) by potentiometry using an ion-selective
electrode with an associated reference solution, calibrators, and con-
trols. Concentration of plasma creatinine (umol/L) was determined by a
kinetic colorimetric spectrophotometric isotope dilution mass spec-
trometry calibration method (Roche Diagnostics). Urinary creatinine
concentration (mmol/L) was measured by a kinetic spectrophotometric
method (Roche Diagnostics). Estimated glomerular filtration rate
(eGFR) was calculated using CKD-EPI (Chronic Kidney Disease -
Epidemiology Collaboration) creatinine equation. Chronic kidney dis-
ease was considered when eGFR <60 ml/min/1.73 m? [29].

2.3. Data analysis

For the RODAM study, 6385 individuals agreed to participate in the
study for all sites. For our analysis, initial data was used from 5898
participants with complete data of physical examination and blood
sample collection. After exclusion of participants aged <25 or >70
years, with missing serum potassium values, and the highest and lowest
one percent of the serum potassium distribution (<3.3 or >5.5 mmol/L),
5328 participants were included in the analysis (Supplementary Fig. 1).

Data on categorical variables were presented by frequencies and
percentages with corresponding 95% confidence intervals (CI). Contin-
uous variables were either presented by mean and 95% CI for variables
showing a normal distribution, or by the median and interquartile range
(IQR) for variables showing a skewed distribution. To evaluate whether
the mean serum potassium concentrations differed between the
geographical locations, one-way ANOVA was used.

Multivariate linear regression analyses were performed to assess the
associations between serum potassium and SBP and DBP, and results
were presented as the beta coefficient (§) with corresponding 95% CI.
Multivariate logistic regression analysis was used to assess the associa-
tion between serum potassium concentration and hypertension. Results
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were presented as odds ratios (OR) with corresponding 95% CIs. Cor-
relation between potassium intake and serum potassium was assessed
using Spearman’s regression coefficient rho, because of skewed distri-
bution of potassium intake. Association between log-transformed
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potassium intake and BP was assessed using linear regression analysis,
whereas logistic regression was used to assess the association between
(non-transformed) potassium intake and hypertension. The regression
analyses were run in models including various covariates potentially

Table 1
Population characteristics.
Males Rural Ghana Urban Ghana London Berlin Amsterdam
n 370 404 398 276 565
Age (mean (SD)) 45.95 (12.73) 46.34 (11.93) 46.01 (10.88) 45.57 (10.91) 48.37 (9.41)
Education (n (%))
Never been to school 92 (26.6) 50 (13.1) 6 (1.7) 6(2.2) 25 (4.7)
Elementary schooling 47 (13.6) 40 (10.4) 10 (2.9) 12 (4.4) 91 (17.0)
Lower vocational schooling or lower secondary schooling 134 (38.7) 173 (45.2) 101 (29.4) 133 (48.4) 230 (42.9)
Intermediate vocational schooling or intermediate/higher secondary 51 (14.7) 84 (21.9) 67 (19.5) 77 (28.0) 146 (27.2)
schooling
Higher vocational schooling or university 22 (6.4) 36 (9.4) 159 (46.4) 47 (17.1) 44 (8.2)
BMI (mean (SD)) 20.97 (2.95) 24.09 (3.85) 27.45 (3.80) 26.35 (4.03) 27.01 (3.84)
WHR (mean (SD)) 0.89 (0.06) 0.90 (0.06) 0.90 (0.07) 0.92 (0.07) 0.95 (0.06)
Physical activity, min/day (median[IQR]) 6480 5280 1440 5760.00 5700
[3600, 11,130] [1680, 10,530] [0, 7200] [915, 12,000] [1110, 17,520]
Alcohol intake, mg/day (median [IQR]) 0.59 [0.00, 0.14 [0.00, 0.73 [0.00, 3.67 [0.00, 2.70[0.12,9.18]
3.46] 1.49] 2.09] 19.42]
Current smoking, yes (n (%)) 19 (5.5) 13 (3.4) 4(1.1) 43 (15.6) 43 (8.4)
K intake, mg/day (median [IQR]) 4791 3993 6405 6071 4822
[3732, 6266] [3336, 4724] [4114, 7960] [4052, 7873] [3737, 7048]
Na intake, mg/day (mean (SD)) 2647 (1173) 3222 (1092) 3373 (1259) 3277 (1451) 2940.57 (1002)
Energy intake, kcal/day (mean (SD)) 2950 (1432) 2443 (798) 3138 (1164) 3227 (1407) 2659.69 (1053)
Diabetes ((n %)) 15 (4.1) 46 (11.4) 38 (9.5) 43 (15.6) 81 (14.3)
eGFR<60 ml/min (n (%)) 11 (3.0) 19 (4.7) 8(2.0) 7 (2.5) 16 (2.9)
Use of blood pressure lowering medication, incl. combinations 15 (4.1) 23 (5.7) 87 (21.9) 78 (28.3) 149 (26.4)
(n (%))
ACE or ARB, yes (%) 10 (2.7) 11 2.7) 34 (8.5) 56 (20.3) 72 (12.7)
Beta blocker, yes (%) 2 (0.5) 6 (1.5) 9(2.3) 16 (5.8) 48 (8.5)
Calcium channel blocker, yes (%) 12 (3.2) 19 (4.7) 73 (18.3) 32 (11.6) 99 (17.5)
Diuretics, yes (%) 4(1.1) 6 (1.5) 22 (5.5) 13 (4.7) 53 (9.49)
Antihypertensive medication, other class, yes (%) 0 (0.0) 0 (0.0) 5(1.3) 3(1.1) 6(1.1)
SBP, mmHg (mean (SD)) 123.73 (18.35) 130.86 (20.88) 136.66 (17.47) 138.90 (18.48) 137.94 (17.33)
DBP, mmHg (mean (SD)) 77.19 (11.00) 82.20 (13.37) 84.72 (10.93) 88.72 (11.62) 87.72 (11.33)
Hypertension (n (%)) 80 (21.6) 136 (33.7) 201 (50.5) 160 (58.0) 323 (57.2)
Females Rural Ghana Urban Ghana London Berlin Amsterdam
n 592 1015 629 239 840
Age (mean (SD)) 46.87 (12.56) 44.69 (11.21) 47.53 (10.49) 44.61 (9.26) 45.37 (8.61)
Education (n (%))
Never been to school 284 (51.9) 349 (35.2) 30 (5.5) 2(0.9) 109 (13.9)
Elementary schooling 81 (14.8) 164 (16.5) 35 (6.4) 25 (10.7) 234 (29.8)
Lower vocational schooling or lower secondary schooling 153 (28.0) 364 (36.7) 192 (35.2) 128 (54.7) 256 (32.7)
Intermediate vocational schooling or intermediate/higher secondary 18 (3.3) 86 (8.7) 149 (27.3) 61 (26.1) 152 (19.4)
schooling
Higher vocational schooling or university 11 (2.0) 28 (2.8) 140 (25.6) 18 (7.7) 33 (4.2)
BMI (mean (SD)) 23.73 (4.61) 27.98 (5.47) 30.86 (4.99) 29.16 (4.97) 30.18 (5.13)
WHR (mean (SD)) 0.89 (0.07) 0.90 (0.06) 0.87 (0.09) 0.88 (0.06) 0.89 (0.07)
Physical activity, min/day (median [IQR]) 4320 2880 1200 3360 3840.00
[1440, 8400] [160, 8880] [120, 5620] [410, 11520] [1200, 12240]
Alcohol intake, mg/day (median [IQR]) 0.06 [0.00, 0.06 [0.00, 0.06 [0.00, 1.05 [0.00, 2.92] 0.73 [0.00, 2.96]
0.58] 0.58] 1.47]
Current smoking, yes (n (%)) 0 (0.0) 1(0.1) 1(0.2) 7 (3.0) 14 (1.8)
K intake, mg/day (median [IQR]) 4635 3811 5652 6339 4527
[3646, 6025] [3185, 4656] [3964, 7623] [4323, 7800] [3648, 6938]
Na intake, mg/day (mean (SD)) 2628 (1061) 3116 (1147) 3153 (1226) 3456 (1447) 2886 (955)
Energy intake, kcal/day (mean (SD)) 2814 (1254) 2292 (709) 2966 (1132) 3236 (1440) 2451 (940)
Diabetes ((n (%)) 33 (5.6) 85 (8.4) 54 (8.6) 23 (9.6) 78 (9.3)
eGFR<60 ml/min (n (%)) 26 (4.4) 33(3.3) 18 (2.9) 2(0.8) 24 (2.9)
Use of blood pressure lowering medication, incl. combinations 54 (9.1) 123 (12.1) 181 (28.8) 78 (32.6) 234 (27.9)
(@ (%))
ACE or ARB, yes (%) 21 (3.5) 50 (4.9) 73 (11.6) 52 (21.8) 93 (11.1)
Beta blocker, yes (%) 4(0.7) 16 (1.6) 15 (2.4) 22 (9.2) 54 (6.4)
Calcium channel blocker, yes (%) 49 (8.3) 101 (10.0) 134 (21.3) 25 (10.5) 126 (15.0)
Diuretics, yes (%) 9 (1.5) 31(3.1) 67 (10.7) 15 (6.3) 96 (11.4)
Antihypertensive medication, other class, yes (%) 3(0.5) 8(0.8) 15 (2.4) 1(0.49) 5(0.6)
SBP, mmHg (mean (SD)) 123.96 (22.00) 124.67 (19.66) 134.38 (17.16) 131.94 (18.54) 131.19 (16.99)
DBP, mmHg (mean (SD)) 77.18 (12.28) 78.31 (11.62) 82.34 (10.32) 83.69 (11.29) 81.64 (10.12)
Hypertension (n (%)) 168 (28.4) 298 (29.4) 321 (51.0) 120 (50.2) 395 (47.0)

SD, standard deviation; IQR, interquartile range; BMI, body mass index; WHR, waist-

hip-ratio; K, potassium; Na, sodium; eGFR, estimated glomerular filtration rate;

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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impacting the associations. Covariates were chosen based on previously
reported direct or indirect effects on potassium intake, serum potassium
and/or BP. Collinearity between the covariates was tested using the R
package ‘car’. Multicollinearity was considered unlikely if the variation
inflation factor was <2. Model 1 was adjusted for age; model 2 was
adjusted for age and level of education; model 3 was adjusted for age,
level of education, physical activity, smoking, alcohol consumption,
potassium and sodium intake, BMI, and WHR; and model 4 was adjusted
for model 3 plus DM, eGFR, and the use of any BP-lowering medication
(use of ACE-inhibitors and ACE-receptor blockers, beta blockers, cal-
cium antagonists, diuretics, or combination therapy). In model 4 we
adjusted for the use of any BP-lowering medication, rather than for the
drug classes separately, because this variable also included combination
therapy, and the separate drug classess include relatively small numbers.

All analyses were stratified by sex and geographical location because
of significant interaction between serum potassium and location and sex
(p < 0.05).

Additionally, sensitivity analysis was performed running the
regression analysis excluding n = 1022 participants with prescribed BP-
lowering medication.

All analyses were performed using R software, version 4.0.3 (R Core
Team (2020). R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria.)

2.4. Ethical considerations

This study was conducted following the Declaration of Helsinki. This
study was approved by the respective medical ethical committees in
Ghana (School of Medical Sciences/Komfo Anokye Teaching Hospital
Committee on Human Research, Publication & Ethical Review Board),
the Netherlands (Institutional Review Board of the AMC, University of
Amsterdam), Germany (Ethics Committee of Charité-Uni-
versitatsmedizin Berlin) and the UK (London School of Hygiene and
Tropical Medicine Research Ethics Committee). Consent of all partici-
pants of the RODAM study was obtained before enrollment in the study.

3. Results
3.1. Population characteristics

Population characteristics are presented in Table 1. Compared to the
other study sites, mean age was highest in Amsterdam-Ghanaian males
and London-Ghanaian females. Educational level was highest in London,
where close to half of the male and a quarter of the female participants
completed higher vocational training or university, whereas this was
lowest in rural Ghana, where a half of the female and a quarter of the
male participants had never been to school. BMI was lowest in rural
Ghana and highest in Europe, especially among females, while WHR did
not vary much between the locations. Physical activity showed a step-
wise decrease from rural Ghana to urban Ghana and Europe. On average,
Berlin-Ghanaians consumed more alcohol and smoked more than the
other sites in both sexes. Daily dietary potassium and sodium intake
were highest in Berlin and London. Energy intake was highest in Berlin,
while energy intake was lowest in rural-Ghanaian males and urban-
Ghanaian females. DM was most prevalent in Berlin, whereas reduced
eGFR was most prevalent in rural Ghana. Use of BP-lowering medication
was generally low with 46% of those with hypertension having been
prescribed BP-lowering medication. Having prescribed BP-lowering
medication was least prevalent in rural Ghana, followed by urban
Ghana, and most prevalent in Berlin. SBP, DBP, and the prevalence of
hypertension showed a stepwise increase from rural Ghana through
urban to Europe in both sexes.

Mean serum potassium was highest in Berlin (4.57 mmol/L males,
4.48 mmol/L females), followed by urban Ghana (4.38 mmol/L males,
4.28 mmol/L females), rural Ghana (4.28 mmol/L males, 4.16 mmol/L
females), London (4.11 mmol/L males, 4.11 mmol/L females), and
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Amsterdam (3.90 mmol/L males, 3.81 mmol/L females) in both males
and females, with females tending to have a lower potassium concen-
tration than males in rural Ghana, Berlin and Amsterdam (Fig. 1). Mean
serum potassium levels did not change after exclusion of participants
using BP-lowering medication.

3.2. Association between serum potassium and blood pressure

Fig. 2 (males) and Fig. 3 (females) show the association between
serum potassium and SBP and DBP with adjustment for various cova-
riates. The age-adjusted model (Model 1) showed an inverse association
between serum potassium and SBP in urban- and London-Ghanaian
males (Fig. 2A), and in rural- and London-Ghanaian females (Fig. 3A).
In London-Ghanaians, this associaten attenuated after adjustment for
lifestyle factors and BMI (model 3), whereas the associaten persisted in
urban-Ghanaian males and rural-Ghanaians females in the fully adjusted
model (model 4). Serum potassium was associated with DBP in urban-
Ghanaian males (model 1, Fig. 2B), but this association disappeared
after adjustment for lifestyle factors and BMI (model 3). For females,
higher serum potassium was associated with lower DBP in rural-, Lon-
don- and Amsterdam-Ghanaians, but only persisted in rural Ghana in the
fully adjusted model (Fig. 3B).

Sensitivity analysis excluding participants with prescribed BP-
lowering medication did not impact the findings (Supplementary
Table 1).

3.3. Association between serum potassium and hypertension

Fig. 4 displays the association between mean serum potassium and
hypertension, stratified by geographical location and sex. The age-
adjusted model (Model 1) showed an inverse association in urban-,
London-, and Amsterdam-Ghanaian males (Fig. 4A), while in females,
this inverse association was present in rural-, London-, Amsterdam-
Ghanaians (Fig. 4B). After adjustment for all covariates, the inverse
association remained only in Amsterdam-Ghanaian males.

Excluding participants with prescribed BP-lowering medication did
not impact the results (Supplementary Table 1).

3.4. Association between potassium intake and serum potassium, blood
pressure and hypertension

Potassium intake showed a weak negative correlation with serum
potassium concentration in rural-Ghanaian females (rho —0.10, p =
0.01), and a weak positive correlation in Berlin-Ghanaian males (rho
0.15, p = 0.01). Log-transformed potassium intake was no associated
with either SBP or DBP in linear regression analyses (Supplementary
Table 2), nor was potassium intake with hypertension in model 1-4 in
logistic regression analysis (Supplementary Table 3).

4. Discussion
4.1. Key findings

Mean serum potassium concentration differed between geographical
locations and sex with highest concentration among Berlin-Ghanaian
males and lowest among Amsterdam-Ghanaian females. There was a
negative association between serum potassium concentration and SBP in
urban- and London-Ghanaian males and in rural- and London-Ghanaian
females. For DBP, a negative association with serum potassium con-
centration could be observed in urban-Ghanaian males and rural-,
London- and Amsterdam-Ghanaian females. In rural-Ghanaian females,
urban-Ghanaian males, and London- and Amsterdam-Ghanaian males
and females, a negative association between serum potassium concen-
tration and hypertension could be observed. However, these associa-
tions were largely explained by lifestyle factors and BMI and only
persisted in urban-Ghanaian males (SBP), rural-Ghanaian females (SBP
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Fig. 2. Association between serum potassium concentration and systolic (A) and diastolic (B) blood pressure, per geographical location in males.

CI, confidence interval; Model 1 adjusted for age; Model 2 adjusted for age and education; Model 3 adjusted for age, education, physical activity, smoking,
alcohol intake, sodium intake, potassium intake, body mass index and waist-hip-ratio; Model 4 adjusted for model 3 plus diabetes mellitus, eGFR<60 and
blood pressure lowering medication.
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Fig. 3. Association between serum potassium concentration and systolic (A) and diastolic (B) blood pressure, per geographical location in females.

Model 1 adjusted for age; Model 2 adjusted for age and education; Model 3 adjusted for age, education, physical activity, smoking, alcohol intake, sodium intake,
potassium intake, body mass index and waist-hip-ratio; Model 4 adjusted for model 3 plus diabetes mellitus, eGFR<60 and blood pressure lowering medication; CI,
confidence interval.
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Fig. 4. Association between serum potassium concentration and hypertension, per geographical location and males (A) and females (B).

Model 1 adjusted for age; Model 2 adjusted for age and education; Model 3 adjusted for age, education, physical activity, smoking, alcohol intake, sodium intake,
potassium intake, body mass index and waist-hip-ratio; Model 4 adjusted for model 3 plus diabetes mellitus, eGFR<60 and blood pressure lowering medication; OR,
odds ratio; CI, confidence interval.
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and DBP), and Amsterdam-Ghanaian males (hypertension) after
adjustment for covariates. There was a weak correlation between po-
tassium intake and serum potassium concentration in rural-Ghanaian
females and Berlin-Ghanaian males, although the direction of associa-
tion differed. There was not association between potassium intake and
SBP, DBP or hypertension.

4.2. Discussion of the key findings

Difference in mean serum potassium concentrations among Gha-
naian residing in different geographical locations might be due to diet
modification after migration or to differential exposure to contextual
factors. Prior studies among African migrant populations in high-income
countries have shown substantial dietary modifications upon migration,
changing from a low-salt/high-potassium to a high-salt/low-potassium
diet [30,31]. This leads to sodium and water retention and, as a
consequence, higher BP [32]. Prior RODAM results showed that
compared to rural Ghana, potassium intake was lower in
Amsterdam-Ghanaians but higher in London- and Berlin-Ghanaians,
whereas sodium intake was higher in all European sites [24]. This
suggests that diet modification after migration might contribute to the
observed lower serum potassium levels in Amsterdam-Ghanaians.
Additionally, as high sodium intake induces ineffective potassium con-
servation, higher potassium intake in London and Berlin might
compensate for the potential adverse effects of high sodium intake.
These differences in potassium intake between Ghanaian migrants in the
Netherlands, the UK and Germany reflect differences in daily potassium
intake of the respective host populations [33], implying the potential
role of contextual factors such as the local food environment and na-
tional salt reduction policies on the difference in serum potassium.
However, as our study only found a correlation between potassium
intake and serum potassium concentration in rural-Ghanaian females
and urban-Ghanaian males, more research is needed to establish the
mechanism linking potassium intake and serum potassium
concentration.

Serum potassium concentration was inversely associated with BP
and hypertension among Ghanaian migrants in Europe and their com-
patriots in Ghana. This association persisted for SBP in rural-Ghanaian
females and urban-Ghanaian males, for DBP in rural-Ghanaian females
and for hypertension in Amsterdam-Ghanaian males, after adjustment
for a wide range of covariates and after exclusion of participants using
BP-lowering medication. This indicates the potential importance of
serum potassium concentration on BP. As the renin-angiotensin system
plays a pivotal role in regulating BP through potassium and sodium
homeostasis, and aldosterone levels have shown to be higher among SSA
migrants residing in Europe compared to their counterparts in SSA [22],
future research into the role of renin and aldosterone could contribute to
our understanding of the regulatory mechanism underlying this associ-
ation, and could lead to better understanding of the pathophysiology of
hypertension in SSA populations. However, as in the other populations
the observed associations between serum potassium and BP/hy-
pertension were explained by lifestyle factors and the use of BP-lowering
medication suggesting that serum potassium might not be the most
important determinant of BP in this SSA population residing in different
settings.

There was no association between potassium intake and BP or hy-
pertension, which is in contrast with previous literature [14]. This is
potentially due to the way potassium intake was assessed. The gold
standard to assess potassium intake in population studies is 24 h urinary
potassium excretion, whereas in the current study potassium intake was
assessed using a food propensity questionnaire. Although this ques-
tionnaire was developed in an extensive process including standardised
description of portion sizes, 24 h-dietary recalls and the German
Nutrient Database (BLS 3.01) (2010) and the West African Food
Composition Table (2012) to translate usual food intake into energy
consumption and intake of nutrients [24], the questionnaire was not
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validated against urinary excretion, and potassium intake could have
been under- or overestimated. However, as recent studies from Ghana
and South-Africa did not find an association between 24 h urinary so-
dium or potassium excretion and BP [34,35], it is unclear whether other
measuring techniques would have impacted our results. Future research
is needed using data of both FPQ as well as 24 h urinary excretion to
disentangle the complex interplay between potassium intake, serum
potassium concentration and BP.

4.3. Strengths and limitations

One of the strengths of the RODAM study is that it compared ho-
mogenous populations of migrants and non-migrant Ghanaians. More-
over, highly standardised data collection procedures were used at all
sites, and all blood samples were analysed in the same laboratory to
prevent inter-laboratory differences in results. Subsequently, the mea-
surement technique of serum potassium was consistent between all sites.
To our knowledge, this is the first study to examine the association be-
tween serum potassium and hypertension in an SSA population.
Therefore, the findings of this study can serve as a reference for future
research. Another strength is the deeply phenotyped dataset, allowing to
adjust for multiple determinants of hypertension.

However, there are some limitations to consider. Conclusions on
causality could not be drawn because of the cross-sectional design of the
study. Also, given that some of the variables, such as educational level
and physical activity, potassium, and sodium intake were based on self-
report, the influence of reporting bias on the results cannot be ruled out,
even though validated measurements were used. As this study did not
collect data on plasma aldosterone concentrations, or urinary potassium
excretion, the influence of aldonterone on potassium levels could not be
assessed.

4.4. Conclusion

This study showed serum potassium concentration to vary between
geographical locations and to be inverserly associated with BP and hy-
pertension in Ghanaians residing in different geographical locations,
indicating the potential role of serum potassium concentration on BP.
There was no association between potassium intake and BP variables.
More research is needed to establish the mechanism underlying sodium
and potassium handling in SSA populations in order to increase our
understanding of pathophysiological processes causing hypertension
among SSA populations, thereby enhancing hypertension preventive
measures among these populations.
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