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become accomplished to determine urinary sodium and potassium
excretion disaggregated by geographical location. Publication bias
became evaluated the usage of graphical funnel plot. Data analysis
was performed using STATA 16.

Results

Forty-three studies (n= 62,940) qualified the selection criteria. The
mean urinary excretion of sodium and potassium was 156.73
mmol/24h [95% confidence interval (CI), 148.98-164.47] and 48.89
mmol/24 h (95% CI, 43.61-54.17), respectively; the mean urinary
sodium/potassium ratio was 3.68 (95% CI, 2.96-4.40).

Conclusions

This updated systematic review highlights excessively high dietary
intake of sodium and low intake of potassium at the community level
in most parts of the world. The urinary Na/K ratio exceeded the level
recommended by the WHO guidelines.

Keywords
sodium, potassium, sodium-to-potassium ratio, systematic review,
hypertension
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s N
{L777573 Amendments from Version 2

We have read carefully every point highlighted by the reviewer and made changes according to the reviewers' input and
suggestions, including revising sentences regarding Na/K ratios in the discussion session.

We added the discussion about WHO recommendation of sodium intake and compared to our data.

Any further responses from the reviewers can be found at the end of the article

Introduction

Sodium (Na) and potassium (K) are the major electrolytes of the extracellular fluid and intracellular fluid, respectively.
Both these nutrients circulate a crucial role in normal biological functioning such as regulation of body fluids, active
transport of molecules across the cell membrane, maintenance of osmotic equilibrium, and acid-base balance.' Sodium
and potassium are naturally occurring nutrients in a variety of foods. Processed food and condiments typically have a high
sodium content, while fresh fruits, vegetables, and nuts are rich in potassium.” Industrialization and the adoption of a
westernized diet that tends towards ultra-processed food have contributed to an increase in the prevalence of obesity,
metabolic disease and cardiovascular disease.”” The switch from a traditional diet to westernized dietary pattern
represents a major eating habit change leading to the substantial increase in sodium consumption and decline in
potassium intake.” The Asian diet is already typically a high-salt diet, however food processing becomes practical has
further increased sodium levels, making the consumption of salt in Asia greater.’

Several randomized clinical studies and systematic reviews have demonstrated the effect of sodium and potassium intake
on non-communicable diseases.”* Low potassium consumption and high sodium intake have been shown to be related to
the extended danger of stroke, hypertension, and obesity.””"'’ The sodium-to-potassium (Na/K) ratio in diet showed a
more potent affiliation with blood pressure (BP) than both sodium or potassium alone.'"'> The World Health
Organization (WHO) recommends a wholesome diet pattern to prevent the onset of diet-related diseases. Foods
containing high potassium content and limited sodium content are particularly recommended.'*"'* Moreover, reducing
sodium intake and increasing potassium consumption have been recognized as a concern intervention to lessen non-
communicable illnesses.'”'® In reality, most populations consume less than the recommended level of potassium and
above the advocated level of sodium; the ratio of sodium to potassium typically ranges from 1 to 2.""'”'® According to
the WHO, almost all countries report high sodium intake and potassium deficiency in the general population.'”'®

Several strategic interventions have been implemented to improve the intake of sodium and potassium. WHO has
formulated recommendations to reduce population-wide dietary salt intake and has set a target of 30% reduction in salt
intake across the globe by 2025."” WHO also recommends potassium intake of at least 90 mmol/24 h.'® Moreover, the
current guidelines recommended a Na/K ratio of approximately one. Despite these interventions, several studies have
documented that most people still consume high-sodium and low-potassium foods in their diets.'”*'® Globally, there are
38 countries that have targets for salt levels in food and nine countries have introduced related laws for several food
products. Argentina and South Africa have laws limiting salt levels in various types of food. Seventeen countries reported
reductions in salt levels in foods—the majority in bread. Although these trends show progress, many countries have yet to
initiate efforts in this area.’

A systematic review characterized the population-wide intake of these nutrients in China. However, his study focused
only on Chinese population.'” To our knowledge, no systematic review and meta-analysis has comprehensively assessed
the sodium and potassium intake among populations across the world, as well as analyzed their relationship to other
health problems at the community level, or their correlation to other community-level health issues. In this study, we
attempt to systematically investigate the dietary consumption of sodium and potassium among adults at the community
level across the world. We performed a systematic literature review and meta-analysis of data pertaining to 24-hour
urinary excretion of sodium and potassium among healthy adult subjects. The objective was to quantify the dietary intake
of sodium and potassium as a public health problem at the community level.

Methods

Database search strategy

We conducted a systematic review and meta-analysis of observational studies in a match to the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) statement.”” The literature search for this study was conducted
from June to December 2021. The PubMed, EMBASE, Cochrane Library, and Google Scholar databases were used to
search for applicable studies published between January 2014 and December 2021. The following search terms were used
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to retrieve articles: (Sodium Chloride OR Sodium OR salt OR Potassium OR sodium-potassium ratio OR sodium to
potassium ratio) AND (dietary OR intake OR urinary). The detailed electronic search strategy is available in our review
protocol. In addition, the reference lists of the retrieved articles were manually searched to obtain applicable articles.
The protocol of this review has been published in the International Prospective Register of Systematic Reviews
(CRD42022279435).

Study selection and data extraction

Studies were considered eligible if they qualified the following criteria: (1) observational studies including cross-
sectional and cohort studies published during the period 2014-2021; (2) study population: healthy subjects who
underwent measurement of 24-hour urinary excretion of both sodium and potassium; (3) availability of full-text articles;
and (4) language of publication: English. The exclusion criteria were: (1) case reports, review articles, commentaries,
and letters; (2) outcomes not relevant to this study; or (3) subjects with comorbid diseases. The primary data were
extracted from the articles into a spreadsheet using Microsoft Excel version 16. Data concerning to following variables
were extracted: call of the primary author, year of publication, country of subjects, study design, sample size, patient
characteristics and setting, the method used for determining urinary sodium, and potassium, urine sodium and potassium
concentration. All reported concentrations of sodium and potassium were transformed into millimoles. The principal
summary measures were the standard error mean (SEM) of sodium and potassium excretion. If SEM became not
mentioned, we measured the same from the standard deviation and the number of samples.””

Additionally, the systematic review aimed to include studies that reported 24-hour urinary excretion of sodium and
potassium, and it is possible that such studies were limited or not published in the databases searched for these specific
regions. The systematic review does not provide a specific explanation for the absence of studies from South America or
Canada in the analysis. However, it is common in systematic reviews that the inclusion of studies is influenced by the
availability of relevant research published within the specified time frame and the search criteria used.

Quality assessment

Methodological quality of the included studies was assessed using assessment scale for non-randomized study developed
by Newcastle-Ottawa (NOS). The assessment consisted of several aspects such as the selection, comparability, and
outcome of the study. The database search, study selection, data extraction, and appraisal were independently performed
by four authors (F.R., P.HM., C.F, and N.Y.). Any differences of opinion were resolved by consensus and/or by
consulting three senior investigators (H.A.M., M.M., and P.S.R.).

Data analysis

In case of no significant heterogeneity among the included research (assessed by I? test), the fixed-effect model was used
to calculate the estimated effect size for mean difference (MD). I? > 50% is taken to indicate the importance of significant
heterogeneity. For significant heterogeneity, the random-effects model became used. Subsequently, subgroup analysis
was conducted to specify sodium and potassium excretion disaggregated by age-group (children and adults) and
geographical location (grouped by continent). Publication bias was measured using a graphical funnel plot. All analyses
were done using STATA 16.0 (StataCorp LLC, College Station, Texas).

Results

The database search produced a total of 6114 records. After elimination of duplicate records and manual search of the
reference lists of the relevant articles, a total of 3450 abstracts were screened. Of these, 496 articles were subjected to full-
text review, of which 357 were excluded due to various excuses. Finally, a total of 43 studies that reported 24-hour urinary
sodium and potassium excretion were included in the study.

Supplementary Table 2 (see Extended data’”) summarizes the characteristics of the 43 studies and reports the 24-hour
urinary sodium, potassium, and sodium-to-potassium (Na/K) ratio among adults based on continent. The studies
included 18 from Asia, nine from Europe, eight from United States, six from Africa, and two from Australia. The
majority of studies included both men and women; however, two studies used just a female population.''*' Most of the
reports included in our meta-analysis used a combination of 24-hour urine collection and dietary assessment.'"*'~** Most
of the included studies analyzed the correlation between the intake of sodium and potassium with blood pres-

25.34-42 .. . . . 2943
sure.' "' 7*7**=*2 In addition, several studies discussed both blood pressure and/or obesity as outcomes.”***~*

Figure 1 showed funnel plot of the included studies. Because of significant heterogeneity in a number of the included

studies (IZ 99.51%, p < 0.001), the random-effect sample was used for meta-analysis. No significant publication bias
became discovered through the funnel plot based on the mean sodium excretion.
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Figure 1. Funnel plot of the included studies using urinary sodium excretion outcome.

Table 1. Summary of the meta-analysis.

Country N Sodium excretion Potassium excretion Sodium/potassium
(mmol/24 h) (mmol/24 h)
ES 95% CI ES 95% CI ES 95% CI
All countries 43 156.73 (148.98-164.47) 48.89 (43.61-54.17) 3.68 (2.96-4.40)
Asia 18 175.72 (160.48-190.97) 39.92 (36.13-43.71) 5.03 (4.43-5.63)
Europe 9 152.96 (143.88-162.03) 61.1 (51.59-70.61) 2.62 (1.86-3.39)
America 8 139.94 (136.39-143.50) 56.25 (49.77-62.74) 2.2 (1.13-3.28)
Africa 6 137.99 (119.42-156.56) 33.82 (21.03-46.61) 3.52 (2.7-4.33)
Australia 2 141.03 (128.68-153.37) 73.11 (65.6-80.6) 1.56 (1.09-2.03)

ES = Effect size, 95% CI = 95% Confidence Interval.

Table 1 summaries the meta-analysis and presents demonstrates that the majority of the studies were done in Asia (42%)
followed by Europe and America (21% and 19%, respectively). Overall, the mean sodium excretion was 156.73 mmol/24 h
[95% confidence interval (CI), 148.98-164.47] and the mean urinary potassium was 48.89 mmol/24 h (95% CI, 43.61—
54.17). The highest mean sodium excretion was observed in Asia [175.72 mmol/24 h (95% CI, 1760.48-190.97), while the
lowest mean sodium excretion was observed in Africa [137.9 mmol/24 h (95% CI, 119.42—-156.56). The continent with the
highest mean potassium excretion were Australia [73.11 mmol/24 h (95% CI 65.58-80.64)] followed by Europe [61.1
(95% CI, 51.59-70.61)]. The lowest potassium excretion was found in Africa [mean: 33.82 mmol/24 h (95% CI, 21.03—
46.61)]. Urinary Na/K ratio was extracted from 27 (63%) out of 43 studies; the mean urinary Na/K ratio was 3.68 (95% CI,
2.96-4.40). The top urinary Na/K ratio was reported from Asia [mean: 5.03 (95% CI, 4.43-5.63)] while the lowest urinary
Na/K ratio was reported from Australia [mean: 1.56 (95% CI, 1.09-2.03)].

The mean urinary sodium, urinary potassium, and sodium-potassium ratio were summarized as forest plots presented in
Figure 2, Figure 3, and Figure 4 respectively. The overall effect size estimate is represented by the red dashed line. We
observed heterogeneity among these studies and all forest plots showed 1% > 50%, meaning significant heterogeneity.
Figure 2, Figure 3, and Figure 4 demonstrated significant heterogeneity among the study that analyzed urinary sodium
excretion, urinary potassium, and sodium-potassium ratio, respectively. Consequently, the random-effects model was
used in these studies.
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Figure 2. Mean urinary sodium excretion (mmol/24 h). The overall effect size estimate is represented by the red
dashed line

Discussion

The methods generally used to measure the intake of Na and K are dietary survey, spot urine, and 24-hour urine
collection.**=° Because of accurate and reliable method, the 24-hour urine collection is the gold standard for assessment
of Na and K intake. Nevertheless, it is costly, cumbersome, and difficult to implement. Meanwhile, other methods are
more convenient. Therefore, the more reliable methods for assessing Na and K intake are typically difficult to perform,
whereas the more convenient methods are less reliable.*® WHO recommends a sodium intake of less than 2,000 mg per
day and a potassium intake of at least 90 mmol/day (approximately 3,500 mg) to reduce the risk of hypertension and
other non-communicable diseases. In our meta-analysis, we included all studies that used 24-hour urinary collection for
assessment of Na and K intake. This is because it is crucial to acquire accurate measures at the populace level. It is
important to note that while 24-hour urinary excretion is the best method, studies commonly employ a combination of
methods including urine collection and dietary assessment. This approach is used to confirm the subjects’ dietary habits
and to identify food sources of these nutrients. Moreover, the WHO recommends that 24-hour urine collection should be
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Figure 3. Mean urinary potassium excretion (mmol/24 h). The overall effect size estimate is represented by the
red dashed line.

combined with a dietary evaluation.'>'® Most of the reports included in our meta-analysis used a combination of 24-hour
urine collection and dietary assessment.' '~ Likewise, the studies by Du et al. (2014)"" and Morrisey et al. (2020)*
used the spot urine method in combination with the dietary survey.

Most of the research included in our meta-analysis were conducted in Asia, particularly in China and
Japan,'7->#720-334051258 1y poth these countries, there is a focus on these nutrients owing to the typically high-salt diet.
Indeed, a systematic review and meta-analysis by Tan ez al. (2019)'? found a wide variety of research which had targeted
the intake of these nutrients since the 1980s. The eligible studies by Tan et al were they were conducted only in China, no
restriction on study year and subjects’age, applied 24-hour urine collection to assess Na and K intake.' Furthermore,
long-term prospective cohort studies have assessed the intake of these nutrients among adult Chinese and Japanese
population for 18 years and 24 years, respectively.'’~”? In our systematic review and meta-analysis, we only included
observational studies that enrolled healthy subjects. Most of the included studies analyzed the correlation between the
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Effect Size

Study with 95% CI
Chailimpamontree W, et al 2020 1: B 5.00[ 4.90, 5.10]
Chen SL, et al., 2018 g 2.40[2.23, 2,57]
Derouiche A, et al., 2017 = j 2.40[ 2.16, 2.64]
Farapti F et al, 2017 ' = 5.28[4.82, 5.74]
Harris RM, et al., 2018 B ; 2.00[1.82, 2.18]
Iwahori T, et al., 2017 :—B— 4.21[3.71, 4.71]
LiY, et al., 2020 o= 5.00 [ 4.94, 5.06]
Luta X, etal., 2018 ] 3 1.18[1.10, 1.26)
McLean R, et al., 2015 =] ] 1.32[1.26, 1.38]
Mi Kyung Kim, et al, 2019 g2 2.70[2.46, 2.94]
Mizehoun-Adissoda C, et al., 2017 E 3.90[3.69, 4.11]
Modesti PA, et al., 2019 3 =] 4.40[ 4.20, 4.60]
Moliterno P, et al., 2018 B 1 2.62[2.47, 2.77]
Moreira, Pedro, et al. 2018 B ]\ 2.33[2.29, 2.37]
Nohara-Shitama Y, et al., 2018 3 =] 5.80[5.68, 5.92]
Nowson C, et al., 2015 =] “ 1.80[1.69, 1.91]
Queiroz A, et al., 2017 1—EI— 4.20[3.73, 4.67]
Sari DW, et al., 2021 1‘ = 6.70 [ 6.46, 6.94]
Sugimoto M, et al., 2016 E 3.76 [ 3.55, 3.97]
Vallejo M, et al., 2017 B . 3.00[2.90, 3.10]
Vasara E, et al., 2017 S 2.82[2.69, 2.95]
Ware LJ, et al., 2017 Ej 3.60[ 3.31, 3.89]
Xu J, et al., 2014 . - 4.90[4.59, 5.21]
Xu J, et al., 2020 = 4.95[4.82, 5.08]
Yongging Z, et al. 2016 3 B 6.91[6.83, 6.99]
Yuan C, et al., 2017 ] : 1.20[1.17, 1.28]
Zhang L et al, 2015 , —B— 5.10[ 4.29, 5.91]
Overall j‘ 3.68[2.96, 4.40]
Heterogeneity: 12 = 3.62, I = 99.93%, H? = 1445.78 |

Test of 8, = 6;: Q(26) = 37590.25, p = 0.00 3

Test of 8 =0:z =10.03, p = 0.00 |

o 2 4 & 8

Sodium / Potassium Ratio

Figure 4. Sodium-potassium ratio (mmol/mmol). The overall effect size estimate is represented by the red
dashed line.

intake of sodium and potassium with blood pressure.'''”***=** In addition, several studies discussed both blood
pressure and/or obesity as outcomes,””**~*’ while other studies calculated the mean sodium and potassium intake
compared to the standard recommendation.”'+>*2*28-32:38.60-66 Nt a]] studies included the urinary the Na/K ratio in their
analysis. In most studies, Na/K ratio confirmed a more potent affiliation with incident hypertension than the intake of
sodium or potassium by itself.'"'">*

21

Sodium intake

In this study, the mean sodium intake among adults was 156.73 mmol/24 h (95% CI, 148.98-164.47), which is
equivalent to the daily intake of 3.6 g sodium or 9.17 g salt; the highest intake was in the Asian population. This result
is aligned with that of a preceding meta-analysis of research conducted in China wherein the mean sodium intake was
found to be 189.07 mmol.'® The China Health and Nutrition Survey cohort includes 16,869 adults aged 20-60 years who
were followed from 1991 to 2009; the results showed that despite the decreasing trend observed over successive years,
sodium intake was still double the level recommended by the Institute of Medicine, an American nonprofit, non-
governmental organization, that recommended sodium intake of 65 mmol/24 h as adequate intake and 100 mmol sodium
to the recommended daily tolerable upper intake level.' The decline in sodium intake has been most marked in northern
China since the 2000s. Despite the decrease, more than half of the working age population still has a habit of consuming a
large amount of sodium in the past decade.'” A systematic review by Bernstein ef al. (2010)°” examined the trends
in urinary sodium in the United States during the period 1957-2003; the results showed that the average sodium
excretion in 2003 was 153.3 mmol. Sodium consumption in the US adult population looks to be well above the currently
recommended levels and does not seem estimated salt content of one large slice of pizza is around 17 mmol sodium.
Therefore, several national and international agencies recommend individual dietary sodium intakes of no more than
100 mmol/24 h and in some cases no more than 65 mmol/24 h. Indeed, Australia and New Zealand set adequate sodium
intake at 20-40 mmol/24 h to ensure that basic nutritional requirements are met and to allow for adequate intakes of other
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nutrient."'* Furthermore, the sodium intake in this study was almost double than WHO recommendation to limit sodium
intake < 87 mmol/24 h or 5 g/d of salt for adults.'”

WHO has recognized the third reduction in population salt consumption as one of the primary objectives in its global
action plan for the prevention and management of non-communicable diseases.®” Salt reduction has been shown to be the
most effective intervention, and in a few cases, fee-saving interventions to reduce the developing burden of non-
communicable diseases. Processed foods account for up to 95% of dietary salt intake in the United Kingdom compared to
under three-quarters in Japan (20% from soy sauce alone). Otherwise, home-cooked foods account for up to 76% of
dietary salt intake in south China. Webster ez al. (2014)° provided a comprehensive overview of the progress made in
working with the food industry to lessen the salt content in processed items. Currently, a total of 59 countries (80% of
which implement national strategies for salt reduction) include programs to work with the food industry. Gupta et al.
(2018)"” assessed the perspectives over a range of stakeholders concerning improvement on an India-specific salt
reduction strategy. Based on the barriers and facilitators, several of the recommendations were around consumer’s
awareness, promoting salt reduction in the processed food industry while also implementing customer-friendly product
labeling. According to Trieu ef al. (2015),”" up to 75 countries now have national salt reduction strategies, twice the
number recorded at a similar review held in 2010. Most programs have multiple disciplines; twelve countries reported
reduced salt consumption, 19 countries reduced dietary salt intake, and 6 reported improved nutrition knowledge, habits,
or attitudes towards salt. Recent data showed that public health interventions to improve awareness also have a great
impact in decreasing salt intake in the population.”’ Although sodium is a naturally occurring in foods most sodium is
added during processing. Hence, this in itself should not be much of an issue with sodium intake. Consequently, although
individuals are trying to lessen their salt intake by not adding salt to food, they are nonetheless likely to be eating already
sodium-rich foods. This underlines the challenge in reducing salt consumption at the population level.

Potassium intake

In our study, the mean potassium excretion in adults was 51.36 mmol/24 h, equivalent to 2 g/day. The highest mean
potassium excretion was found in Australia while the lowest potassium excretion was found in Africa. In keeping with the
latest international and national surveys, only a few populations comply with the recommended consumption of
potassium. The Prospective Urban Rural Epidemiology (PURE) research assessed the potassium intake using a single
morning spot urine test; the results showed that most of the people of Asian populations consume <2 g of potassium per
day.®® In the northern states of the US and Europe, the average potassium intake was 2.5-2.7 g/day, while in Africa and
the southern states of the US, the average was < 2 g/day. The estimate for Africa was recently validated in a study carried
out in Benin, an African country with an excessive prevalence of high blood pressure in both rural and urban regions.'°
Data from the Swiss Salt Survey, showed the average potassium consumption in the general population was 2.6 g/day,
based on 24-hour urine collection.”” However, reports of the China Health and Nutrition Survey showed that potassium
consumption increased by 0.3 g/d over an 18-year period. However, the intake level is still lower than the recommen-
dation. Women, low-income groups, and lower-education groups showed a lower intake of potassium.'®'” Low
potassium intake is usually due to low fruit and vegetable intake. Moreover, the recent studies showed potassium intake
is associated with nutritional quality and food cost, so the cost of food often may inhibit its intake.'*”* Low potassium
consumption has also been observed in healthy Italian young people (aged 618 years), with a daily potassium intake of
nearly 40 mmol, like in conformity with 1.5 g/day.”* Recent international and national surveys have revealed that the
majority of populations across the world consume less than the advocated levels of potassium. Indeed, WHO recom-
mends to consume a minimum potassium intake of 90 mmol/24h (3.5 g/d) for adults.'® Collectively, these discoveries
indicate the requirements for concerted attempts to promote higher potassium intake across the world.

Sodium to potassium (Na/K) ratio

We extracted the Na/K ratio from 27 (63%) out of 43 studies belonging to the meta-analysis; the mean Na/K ratio was 3.38
(95% CI, 2.68-4.08) while the mean Na/K ratio in children was 3.61 (95% CI, 3.07—4.14). In the study by Du et al.
(2014),"” the mean Na/K ratio in 2009 was 2.8, more than half of subjects had a Na/K ratio above 2.0. It is important to
note that the Na/K ratio was much over the recommended level. Sodium potassium ratio of 1 is considered beneficial for
health.'” Therefore, achieving effective ways to lower this ratio in the population by reducing dietary consumption of
sodium and promoting dietary consumption of potassium is a key imperative since there are no reports of potassium
toxicity due to dietary consumption.'®

Several studies have shown a correlation of the Na/K ratio with health outcomes. The dietary Na/K ratio was found to be a
significant risk factor for mortality from stroke, cardiovascular disease, and all causes among the Japanese population.”
Reduction in blood pressure showed a significant correlation with reduced a urinary Na/K ratio and improved urinary
potassium.”” Epidemiological research advises that the urinary Na/K ratio can be an advanced metric as compared to
sodium and potassium levels alone for determining the association to BP and risk of cardiovascular disorder.”® While the
potassium to sodium ratio was also inversely associated with systolic blood pressure (P = .04), these effects were
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generally weaker compared with effects for potassium alone.”® Farapti ez al. (2017)"" found that the Na/K ratio may be a
beneficial marker for predicting BP in a specific population. In addition, to hypertension, the Na/K ratio was also
indicated to be related to obesity. Another study by Cai ef al. (2016)’” also found an association between urinary Na/K
ratio and obesity.

Dietary intake of sodium and potassium as a community health problem

Several epidemiological studies and systematic reviews have found an association between low potassium consumption
and high sodium consumption with several non-communicable diseases such as hypertension,” obesity,” cardiovascular
diseases,”®”” strokes, '’ chronic kidney disease,”” and also all-cause mortality.' Our systematic review only pertained to
subjects in a community setting and not hospitalized patients; several studies have analyzed the affiliation of these
nutrients with blood pressure and/or obesity at the population level.

Some research has discovered no significant association with sodium and/or potassium intake together with BP,”’~****
however, a majority of studies and some systematic reviews and meta-analyses of observational research have found a
significant relationship among children, adults, and the elderly. According to a systematic review by Newberry et al.
(2018),*" lowering sodium intake, increasing potassium intake, and the use of potassium-containing salt substitutes
within the meals may significantly lower the BP, in particular among those with high blood pressure. Furthermore, a
systematic review of studies published during 1995-2001 examined the influence of lowering sodium intake or potassium
supplementation on BP. In all meta-analyses, the decrease in BP was found to be larger in hypertensive than normotensive
subjects.””*%% A systematic review of another dietary intervention reported that the Dietary Approaches to Stop
Hypertension (DASH) diet (low sodium and high potassium diet) had the most important net impact on reducing
BP.** Finally, an umbrella review showed that the DASH dietary pattern is related to lowered incidences of cardiovas-
cular illnesses and improved BP.*

The significant impact of sodium and potassium intake on BP has also been demonstrated in children and adoles-
cents.®%° Excessive sodium consumption is a cause of increased BP in adults, youngsters, and teenagers. A systematic
review of evidence from experimental and observational studies showed a positive relationship between sodium intake
and BP in children and adolescents; consistent findings were obtained from experimental and observational studies.”® On
the other hand, another study showed the intake of higher potassium-rich foods in childhood may help prevent increased
BP in adolescence.”®

Some studies have revealed he affiliation between sodium or salt intake and obesity Ma et al. (2015)*” analyzed the UK
National Diet and Nutrition Survey (2008/2009 to 2011/2012) data which result showed higher salt intake in overweight
and obese subjects. In a study by Elfassy ez al. (2018),*® sodium intake was related to elevated body mass index (BMI),
waist circumference (WC), and body fat content. According to the National Health and Nutrition Examination Survey
(NHANES; 1999-2006), high sodium intake (>2300 mg/day) was related to a higher risk of obesity compared with
intermediate sodium consumption (1500-2300 mg/day).*

However, not many researchers have reported the relation between potassium consumption and obesity. In s study by Cai
etal. (2016),”” high potassium consumption was not related to a lowered risk of obesity, although potassium consumption
was related to metabolic syndrome. Furthermore, the urinary Na/K ratio was related to obesity. In a recent study by Tal
et al. (2019),”" subjects who achieved a decrease in BMI showed an average increase in potassium intake by 25%. Most
studies that analyzed the correlation between these nutrients (sodium and potassium) and obesity were performed in
children.

Importantly, several studies assessed the correlation of sodium and potassium consumption with both obesity and high
blood pressure. Leyvraz et al. (2018)° observed that the correlation between sodium consumption and BP became more
prominent in children who were overweight and low in potassium levels. In a study of children living in a Canadian rural
community, being overweight or obese were strongly associated with elevated BP.”' Delmis (2010)’* found that
overweight and obese children were at a 3-5 fold increased risk of hypertension. Concerning to the adult population,
the NHANES (1999-2006) with 9162 healthy participants showed an independent correlation of high sodium intake with
increased risk of both android and gynoid fat storage in the USA working age population.®

Overall, this study described clearly the association between sodium and potassium with blood pressure and/or obesity at

the population level. However, the limitation of this study is it did not calculate clearly of quantity by meta-analysis and
did not provide details the table or figure supported it.
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Conclusion

The present study highlights that the adult population in most parts of the world continues to consume excessively high
levels of sodium and low levels of potassium. This phenomenon was reflected in the Na/K ratio exceeding the current
recommended level. Our study underlines the excessive dietary intake of sodium and low intake of potassium as a global
public health problem and more strategic intervention possibly at policy level is warranted.

Data availability

Underlying data

All data underlying the results are available as part of the article and no additional source data are required.
Extended data

OSF: Extended data for: “Community-level dietary intake of sodium, potassium, and sodium-to-potassium ratio as a
global public health problem: A systematic review and meta-analysis”, http://doi.org/10.17605/0SF.I0/976RS.”
This project contains the following extended data:

¢ Supplementary Material.docx

Reporting guidelines
OSF: Extended data for: “Community-level dietary intake of sodium, potassium, and sodium-to-potassium ratio as a
global public health problem: A systematic review and meta-analysis”, http://doi.org/10.17605/0SF.I0/UBPT3.”*

* PRIMSA checklist

¢ PRISMA flow diagram

Data are available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CCO 1.0 Public
domain dedication).
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Review Comments

This study employs systematic review and meta-analysis methods to assess urinary sodium and
potassium excretion and their ratio on a global scale. The research topic is of significant
importance, the methodology is rigorous, and the conclusions provide valuable practical
guidance. The imbalance in dietary sodium and potassium intake is a widespread issue. Numerous
studies have demonstrated that interventions in dietary sodium and potassium intake can
significantly improve health outcomes, highlighting the importance of managing sodium and
potassium intake. However, despite considerable efforts and implementation of various policies
and measures by many countries, significant disparities in sodium and potassium intake
management persist, revealing global inequalities. The disease burden associated with sodium
and potassium intake requires ongoing attention and resolution. This study is problem-oriented,
and its results provide important evidence for improving the monitoring system and screening
strategies for sodium and potassium management. The analysis of the sodium-potassium ratio
and the subgroup analysis by continent are highlights of this study, deepening our understanding
of the global health inequality burden.

Minor remarks:

In the statistical analysis section, it is mentioned: "Subsequently, subgroup analysis was conducted
to specify sodium and potassium excretion disaggregated by age-group (children and adults) and
geographical location (grouped by continent)." The authors mention conducting a subgroup
analysis by age, but the results seem to be missing from the main text. Please include this
information in the manuscript.

In the "Sodium to potassium (Na/K) ratio" section, the authors state: "In some studies, the Na/K
ratio was inversely related to SBP; however, those outcomes have been commonly weaker in
comparison with the outcomes of potassium alone". There is a small error here. According to the
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cited literature, the correct statement should be: "While the potassium to sodium ratio was also
inversely associated with systolic blood pressure (P = .04), these effects were generally weaker
compared with effects for potassium alone."

Language expression: The overall language of the article is fluent, but there are still some minor
errors and areas that could be more coherent. It is recommended to seek further polishing from a
professional academic editor or native English speaker to improve the language quality of the
article.

Overall evaluation: This is a high-quality research paper with important academic value and
practical significance. If the above issues can be addressed and improved, it will further enhance
the quality and potential impact of the article. Agree to publish.

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Yes

Is the statistical analysis and its interpretation appropriate?
Yes

Are the conclusions drawn adequately supported by the results presented in the review?
Yes

If this is a Living Systematic Review, is the ‘living’ method appropriate and is the search
schedule clearly defined and justified? (‘Living Systematic Review’ or a variation of this term
should be included in the title.)

Yes

Competing Interests: No competing interests were disclosed.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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3 University of Josip Juraj Strossmayer, Osijek, Croatia

This is systematic review and meta analysis of a number of studies related to dietary intake of
sodium, potassium and calculated sodium-to-potassium ratio. The study is performed by review of
publications in various indexing basis. The study is conducted appropriately.

Minor remarks:
o Why no studies from South America or Canada were included in analysis?

> If two studies that used spot-urine sample were excluded from analysis, would obtained
data be different?
Kindly provide in Discussion section data from WHO on Na, K intake and compare that to
your data?

> In Discussion section, please provide or highlight the arguments for Conclusion that "...This
dietary pattern is correlated with an elevated risk of hypertension and obesity. "- e.g.
provide a table or infformation from analyzed studies.

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Yes

Is the statistical analysis and its interpretation appropriate?
Partly

Are the conclusions drawn adequately supported by the results presented in the review?
Yes

If this is a Living Systematic Review, is the ‘living’ method appropriate and is the search
schedule clearly defined and justified? (‘Living Systematic Review’ or a variation of this term
should be included in the title.)

Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: microcirculation, sodium/potassium dietary intake, physiology, immunology,
vascular reactivity

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 15 Apr 2025
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Reviewer :
Why no studies from South America or Canada were included in analysis?

Author response :

The systematic review does not provide a specific explanation for the absence of studies
from South America or Canada in the analysis. However, it is common in systematic reviews
that the inclusion of studies is influenced by the availability of relevant research published
within the specified time frame and the search criteria used. The authors may not have
found studies that met eligibility criteria from these regions during literature search, which
focused on observational studies published between January 2014 and December 2021.

Reviewer :
If two studies that used spot-urine sample were excluded from analysis, would obtained
data be different?

Author response :

The systematic review does not provide a specific explanation for the absence of studies
from South America or Canada in the analysis. However, it is common in systematic reviews
that the inclusion of studies is influenced by the availability of relevant research published
within the specified time frame and the search criteria used. The authors may not have
found studies that met eligibility criteria from these regions during literature search, which
focused on observational studies published between January 2014 and December 2021.

Additionally, the systematic review aimed to include studies that reported 24-hour urinary
excretion of sodium and potassium, and it is possible that such studies were limited or not
published in the databases searched for these specific regions. Further details would likely
be found in the discussion section of the paper, where the authors might address
limitations related to geographic representation findings.

Reviewer :
Kindly provide in Discussion section data from WHO on Na, K intake and compare that to
your data?

Author response :

Thank you for the suggestion.

We added the discussion about WHO recommendation of sodium intake and compared to
our data

Reviewer :

In Discussion section, please provide or highlight the arguments for Conclusion that "...This
dietary pattern is correlated with an elevated risk of hypertension and obesity. "- e.g.
provide a table or infformation from analyzed studies.

Author response :
Thank you for the suggestion
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We noted it as the limitation of this study and added the information in the last paragraph
of discussion section.

In this study, we attempt to systematically investigate the dietary consumption of sodium
and potassium among adults at the community level across the world.The objective was to
quantify the dietary intake of sodium and potassium as a public health problem at the
community level.

In the discussion section of dietary intake of sodium and potassium as a community health
problem, the discussion would likely emphasize that the high sodium and low potassium
intake patterns observed in their study correlate with increased risks of hypertension and
obesity as public health problem in community setting. However, we did not calculate
details of quantity by meta-analysis table or figure, we only explain clearly some studies
related it.

Competing Interests: No competing interests were disclosed.

Reviewer Report 05 March 2024

https://doi.org/10.5256/f1000research.134564.r243799

© 2024 Wang N. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.
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Nan Xin Wang

T Department of Human Nutrition, University of Otago, Dunedin, Otago, New Zealand
2 Department of Human Nutrition, University of Otago, Dunedin, Otago, New Zealand
3 Department of Human Nutrition, University of Otago, Dunedin, Otago, New Zealand

This systematic review investigated sodium and potassium intake in healthy adults using
observational studies that reported 24-hour urinary excretion of sodium and potassium.

Introduction:

Para 1: There is a strong emphasis on Asian diets transiting to "western" diet. However, the article
focus on worldwide. Typically, Asian countries have higher sodium intake than European,
American and Australia/NZ. So, it seems incorrect to comment that the adoption of Westernised
diet contributes to increased sodium intake. It is the adoption of convenience and ultra-processed
foods that contributes to higher sodium intake. So, it is unclear why the authors have singled
Asian diets.

Lifestyle: would be cover much wider aspect of life than just dietary pattern, please change the
wording. (Similarly, please remove from abstract.)

Para 3: WHO recommendations are not strategic interventions. These are guidelines for
interventions which countries can adopt. Perhaps, you could describe nation-wide interventions
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and its effects on intake.

Para 4: More details is needed on the systematic review conducted in China, how does this relate
to the current paper?

Methods: PRISMA is reportedly followed, please include the PRISMA table as supplementary table.

Results: I am unable to access the supplementary table for study characteristics.

Para 2: please follow spelling intervention, for numbers ten and below, please spell in full. (Please
follow this convention throughout the article)

"Likewise, the studies by Du et al. (2014)17 and Morrisey et al. (2020)34 used the spot urine method in
combination with a dietary survey." This sentence is not a result of the study. Please move it to
discussion. It confuses the reader.

Para 4: summaries, should be summarises
remove presents.
please use urinary excretion throughout

Discussion:
Para 1: Please elaborate on reliable and convenient methods.

Para 2: Sentence 1, replace was with were.
Please elaborate what kinds of research were included in Tan et al.

Para 3: Please state if the numbers in brackets are 95% CI, min/max, 25th/95th percentile.
Sentence 3, replace which with who.

Please state the recommendations of IOM. Please be consistent in using mg or mmol.
Alternatively, provide both units of measurement.

Sentence 9, replace seems with seem.

Please expand the two final sentence, what do you mean by "well greater than minimal
physiological requirements"? More concrete examples are required.

Para 4: suggest to reword, :"However, sodium is a naturally occurring nutrient into a vast range over
foods"

Although sodium is naturally occurring in foods, most sodium is added during processing. Hence,
this in itself should not be much of an issue with sodium intake.

Please type in full "they're".

Para 5: Please provide estimate for Potassium intake in Benin and describe how potassium intake
was assessed.

Para 11 and para 12: Suggest to reorganise.

Conclusion: "This dietary pattern is correlated with an elevated risk of hypertension and obesity." This is
not part of the study's results and therefore, cannot be concluded as such.

Are the rationale for, and objectives of, the Systematic Review clearly stated?
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Partly

Are sufficient details of the methods and analysis provided to allow replication by others?
Yes

Is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are the conclusions drawn adequately supported by the results presented in the review?
Partly

If this is a Living Systematic Review, is the ‘living’ method appropriate and is the search
schedule clearly defined and justified? (‘Living Systematic Review’ or a variation of this term
should be included in the title.)

Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Sodium, policy, iodine

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Farapti Farapti

ABSTRACT AND INTRODUCTION

Reviewer:

Lifestyle: would be cover much wider aspect of life than just dietary pattern, please change
the wording. (Similarly, please remove from abstract.)

Author Response:

You're right; lifestyle encompasses a much broader spectrum of life factors beyond just
dietary patterns. This includes aspects like physical activity, stress levels, sleep habits, and
more. Thank you for emphasizing the need to consider these broader aspects when
discussing health impacts.

Our suggestion: changing "Lifestyle" to "eating habit"

Reviewer:

Para 1: There is a strong emphasis on Asian diets transiting to "western" diet. However, the
article focus on worldwide. Typically, Asian countries have higher sodium intake than
European, American and Australia/NZ. So, it seems incorrect to comment that the adoption
of Westernised diet contributes to increased sodium intake. It is the adoption of
convenience and ultra-processed foods that contributes to higher sodium intake. So, it is
unclear why the authors have singled Asian diets.

Lifestyle: would be cover much wider aspect of life than just dietary pattern, please change
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the wording. (Similarly, please remove from abstract.)

Author Response:

Thank you for highlighting valid point about the transition to "western" diets not being
solely responsible for increased sodium intake. The emphasis should indeed be on the shift
towards convenience and ultra-processed foods rather than singling out Asian diets. It's
important to consider the broader global dietary trends and their impact on health. Thank
you for highlighting this perspective.

You're right; lifestyle encompasses a much broader spectrum of life factors beyond just
dietary patterns. This includes aspects like physical activity, stress levels, sleep habits, and
more. Thank you for emphasizing the need to consider these broader aspects when
discussing health impacts.

Our suggestion: changing "Lifestyle" to "eating habit"

Reviewer:

Para 3: WHO recommendations are not strategic interventions. These are guidelines for
interventions which countries can adopt. Perhaps, you could describe nation-wide
interventions and its effects on intake.

Author Response:

Thanks for your advice. We have describe in several countries regarding nation-wide
interventions about sodium potassium

Reviewer:

Para 4: More details is needed on the systematic review conducted in China, how does this
relate to the current paper?

Author Response:

The research in China focused on the domestic population, so it became a reference for us
to systematically research dietary consumption of Na/K in various countries from all over
the world. So it is hoped that the results of this research can also become knowledge that
can be accessed more widely.

METHODS

Reviewer:

Methods: PRISMA is reportedly followed, please include the PRISMA table as supplementary
table.

Feedback:

Thank you, we have added the PRISMA table in the supplementary file

RESULTS

Reviewer:

Results: I am unable to access the supplementary table for study characteristics.
Author Response:

Thank you, we have added the study characteristics table in the supplementary file

Reviewer:

Para 2: please follow spelling intervention, for numbers ten and below, please spell in full.
(Please follow this convention throughout the article)

"Likewise, the studies by Du et al. (2014)17 and Morrisey et al. (2020)34 used the spot urine
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method in combination with a dietary survey." This sentence is not a result of the study. Please
move it to discussion. It confuses the reader.

Author Response:

Thank you, we have revised that points

Reviewer:

Para 4: summaries, should be summarises remove presents. please use urinary excretion
throughout

Author Response:

Thank you, we have removed presents and only use urinary excretion throughout

DISCUSSION:

Reviewer:

Para 1: Please elaborate on reliable and convenient methods.

Author Response:

Thank you for the suggestion. We rearranged some sentences to elaborate clearly on
reliable and convenient methods.

Reviewer:

Para 2: Sentence 1, replace was with were.

Please elaborate what kinds of research were included in Tan et al.

Author Response:

The eligible studies by Tan et al were they were conducted only in China (Chinese
population), no restriction on study year and subjects'age, applied 24-hor urine collection to
assess Na and K intake

Reviewer:

Para 3: Please state if the numbers in brackets are 95% CI, min/max, 25th/95th percentile.
Sentence 3, replace which with who.

Author Response:

We stated the number in brackets are 95%CI (min-max). We revised which with who.

Reviewer:

Please state the recommendations of IOM.

Author Response:

We stated the recommendation of IOM about sodium intake

Reviewer:

Please be consistent in using mg or mmol. Alternatively, provide both units of
measurement.

Author Response:

Thank you for the suggestion

We changed the mg with mmol. We will consistent in using mmol for measurement unit of
sodium intake

Reviewer:
Sentence 9, replace seems with seem.
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Author Response:
We revised seems with seem

Reviewer:

Please expand the two final sentence, what do you mean by "well greater than minimal
physiological requirements"? More concrete examples are required.

Author Response:

Thank you for the suggestion.

We deleted the two final sentence, and arranged the new sentences to explain clearly and
give concrete example about basic nutritional requirements for sodium intake

Reviewer:

Para 4: suggest to reword, :"However, sodium is a naturally occurring nutrient into a vast range
over foods"

Although sodium is naturally occurring in foods, most sodium is added during processing.
Hence, this in itself should not be much of an issue with sodium intake.

Please type in full "they're".

Author Response:

Thank you for the correction.

We reworded as your suggestion

We corrected and changed they're with they are

Reviewer:

Para 5: Please provide estimate for Potassium intake in Benin and describe how potassium
intake was assessed.

Author Response:

We would like to clarify that we would like to point out that the study in Benin showed a
high prevalence of hypertension

Reviewer:

Para 11 and para 12: Suggest to reorganise.

Author Response:

Thank you for the suggestion

We arranged and organized two paragraphs become one paragraph discussing about
sodium and potassium intake and the correlation with obesity

CONCLUSION

Reviewer:

Conclusion: "This dietary pattern is correlated with an elevated risk of hypertension and
obesity." This is not part of the study's results and therefore, cannot be concluded as such.
Author Response:

Thank you for the correction. We deleted the sentence

Competing Interests: No competing interests were disclosed.
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