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Abstract
Purpose There are epidemiologic studies indicating a positive correlation between high sodium and low potassium intake 
and body mass index. Therefore, this study was conducted in a cross-sectional sample of Iranian children and adolescents 
to evaluate the link between 24-h urinary Na:K ratio and risk of obesity.
Methods In this cross-sectional study, 374 participants aged 11–18 years were included. One 24-h urine sample was col-
lected by each participant to estimate Na:K ratio. Anthropometric measurements were carried out and overweight/obesity 
was defined as a BMI ≥ 85th percentile and abdominal obesity as a waist:height ratio (WHtR) of more than 0.5.
Results As expected, 24-h urinary Na:K ratio showed significant associations with risk of overweight/obesity. Risk of 
adiposity assessed by WC and PBF was significantly associated with Na:K ratio after adjusting for SSBs consumption and 
calorie intake. Urinary Na:K ratio showed significant association with risk of adiposity assessed by WC only in girls in the 
highest tertile group with OR of 2.71 (95% CI 1.14–6.43), only after the addition of calorie intake. Adiposity assessed by 
PBF was only associated with Na:K ratio among boys with OR of 4.47 (95% CI 1.44–9.87) and 3.87 (95% CI 1.20–8.48), 
after adjusting for SSBs consumption and calorie intake, respectively.
Conclusion Our findings suggest that reducing Na and increasing K intake could be used as a useful approach to lower the 
risk of obesity and associated burden of disease in Iran. However, more studies are warranted.
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Introduction

Obesity is a major public health challenge worldwide 
because of its high prevalence both in developed and devel-
oping countries. Studies indicate the rising incidence of 
overweight and obesity and their attributed range of meta-
bolic complications in children and adolescents [1]. Middle-
East is one of the regions with the highest prevalence of 
overweight among preschool children [2] and as one of the 
countries in the area, Iran also suffers from high prevalence 
of obesity and related diseases including metabolic syn-
drome and diabetes in different age groups [3–5]. Therefore, 
early prevention and control of risk factors related to obesity 
and related diseases are among important public health pri-
orities in Iran.

In recent years, sodium intake has significantly 
increased due to the consumption of various types of pro-
cessed foods with high salt content [6] and, as a result, 
the mean salt intake in most countries is around 9–12 g/d 
[7]. On the other hand, there are results indicative of 
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inadequate intake of potassium among children [8]. Stud-
ies in Iran also indicate that Iranian children consume a 
large amount of sodium and small amount of potassium 
[9]. In addition to strong evidence indicating an associa-
tion between high sodium intake and diseases such as high 
blood pressure and cardiovascular disease [10], gastric 
cancer [11], osteoporosis and kidney disease [12], recent 
studies suggest that there may be an association between 
sodium intake and obesity epidemic [13]. There are also 
evidence regarding sodium intake in relation to body 
weight in children and adolescents independent of energy 
intake [14–16]. In addition, it has been found that potas-
sium intake slows the harmful effects of sodium. Although 
this has only been shown with respect to blood pressure 
[17]. There are also few epidemiologic studies indicating 
a positive correlation between high sodium and low potas-
sium intake and adiposity measures [18, 19].

The issue here is that, in cases such as high blood pres-
sure, the interaction between high dietary sodium intake 
and low potassium intake is involved in the pathogenesis of 
hypertension in a way that the overall effect of high sodium 
and low potassium diets on blood pressure seems to be more 
than the effect of each of these factors alone. However, the 
combined role of dietary sodium and potassium intake in 
the pathogenesis of other conditions including overweight 
and obesity especially among children is less known [20]. 
No population-based study has specifically estimated the 
effect of Na:K ratio on the risk of obesity among Iranian 
children using 24-h urine collections as the gold standard 
method. Therefore, we analyzed data from a cross-sectional 
sample of Iranian children and adolescents to evaluate the 
link between 24-h urinary Na:K ratio and risk of obesity.

Materials and methods

Study design and participants

A cross-sectional study including children and adolescents 
aged 11–18 years living in Isfahan, Iran, was carried out 
between September 2015 and February 2016. Using random 
cluster sampling method, participants were selected from 
13 schools in four different districts. The main investiga-
tors then visited schools and invitations were sent to par-
ents. Parents/students who agreed to participate in the study 
were asked to complete an informed consent. Participants 
with any acute or chronic diseases or on any medication or 
special diet were excluded. From 456 invited participants, 
374 of them completed the study (response rate 82%). The 
study was approved by the Research and Ethics Commit-
tee of Isfahan University of Medical Sciences (IR. mui.
rec.1394.3/294).

24‑h urine collection

24-h urine collection containers were distributed among par-
ticipants and parents, along with verbal and written instruc-
tions on how to complete the procedure. It was emphasized 
that no change in dietary habits during the day of collection 
was allowed. Sampling was completed over the weekends 
from Friday to Saturday during a 24-h period. Each par-
ticipant was provided with a 2.5-L polypropylene container 
used for the collection of 24-h urine sample. All participants 
were instructed to initiate the collection by emptying their 
bladder, discarding first voiding after getting up on Friday 
morning and continue the collection till next day morning. 
To assist with urine collection, an additional 500-ml plas-
tic cup was provided. All participants were asked to keep 
the containers in cool and dry conditions and samples were 
immediately transferred to the laboratory on the next day 
for promp analysis to prevent from microbial degradation. 
Measured parameters included 24 h urine volume, Na, K and 
creatinine (Cr). Na and K were estimated using ion selective 
electrode method and urine Cr was measured by Jaffe reac-
tion method [21]. Completeness of 24-h urine was defined 
by volume of collected urine ≥ 500 ml and 24-h Cr excre-
tion ≥ 0.1 mg/ kg body weight [22].

Anthropometric assessment

Body weight was measured using a digital scale with mini-
mal clothing and was recorded to the nearest 100 g. Height 
was estimated using an upstretched tape without shoes and 
was registered to the nearest 0.5 cm. Waist circumference 
(WC) was measured midway between the lowest rib and 
top of the hip bone to the nearest 0.5 cm. Body mass index 
(BMI) was calculated as weight in kg divided by height 
in  m2. Participants were grouped into weight categories 
(underweight, normal weight, overweight, obese) using 
the international obesity taskforce BMI reference cut-offs 
[23]. Abdominal obesity was defined as waist to height ratio 
(WHtR) of equal or more than 0.5 [24]. Percent body fat 
(PBF) was measured using Omron BF511 body composition 
monitor (Omron Corp, Kyoto, Japan) and PBF > 25% for 
boys and > 35% for girls aged 11 years and older was defined 
as adiposity risk [25].

Dietary assessment

A validated 168-item self-administered food frequency ques-
tionnaire (FFQ) was used to assess usual dietary intake. It 
consisted of a list of foods and a standard serving size for 
each [26]. The subjects were asked to report the frequency 
of consumption of a given serving of each food item during 
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the previous year on a daily, weekly or monthly basis. Por-
tion sizes of consumed foods were converted to grams using 
household measures [27]. Dietary analysis was performed 
using Nutritionist IV software (First Databank, Hearst Corp, 
San Bruno, CA, USA).

Assessment of other variables

Additional information regarding sociodemographic vari-
ables including age, sex and parents’ education level, house-
hold income and past medical history were obtained using a 
self-administered questionnaire. The Physical Activity Ques-
tionnaire (PAQ), a self-administered, 7-day recall instrument 
with consistently high validity and moderate reliability [28], 
was used to assess the general levels of physical activity. A 
summary of physical activity score derived from nine items, 
each scored on a 5-point scale is provided by this question-
naire. The mean score of these nine items results in the final 
PAQ activity summary score. A score of 1 indicates low 
physical activity, a score of 2–4 indicates moderate physi-
cal activity and a score of 5 indicates high physical activity.

Statistical analysis

Descriptive statistics (mean values and standard devia-
tions for continuous variables or numbers and percentages 
for categorical variables) were used to describe participant 

characteristics. One-way ANOVA and chi-squared tests were 
used where appropriate. Multiple logistic regression models 
were used to assess the association between 24 h urinary 
Na:K excretion and (1) weight category and (2) abdominal 
obesity. The unadjusted and adjusted models (age, sex, par-
ents’ education level, household income, physical activity) 
are presented. To assess whether the association between 
24 h urinary Na:K excretion and adiposity outcome meas-
ures was independent of energy and sugar-sweetened bev-
erages intake (sugar-sweetened beverages (SSBs); includ-
ing carbonated soft drinks, soda, squashes, fruit drinks), 
additional models were constructed with these covariates. 
Analyses were completed using SPSS software version 18 
(IBM Inc., Chicago, IL, USA), and a P value < 0·05 was 
considered statistically significant.

Results

Table 1 shows the demographic characteristics of partici-
pants and data on urinary excretion and dietary intake across 
tertiles of Na:K excretion. Of 456 participants who started 
the 24-h urine collection, 50 samples were not returned. 
Also, some collections were excluded (n = 32) due to incom-
pleteness of 24-h collection. Thus, 374 participants had 
complete and valid urinary samples and were included in 
the final analysis. Overall, 58.8% (n = 220) were girls and 

Table 1  Baseline characteristics 
according to tertiles of 24-h 
urinary sodium to potassium 
ratio among Iranian children 
and adolescents aged 11–18 
years, Isfahan, Iran

*Tertile
**Mean (Standard deviation)
***P value (obtained from ANOVA for continuous variables and χ2 test for categorical variables)
1 Sugar-sweetened beverages included carbonated soft drinks, soda, squashes and fruit drinks
2 Physical activity was calculated using PAQ score where score of 1 indicates low physical activity, score of 
2–4 indicates moderate physical activity and score of 5 indicates high physical activity

Tertile of Na:K ratio

T*1 < 1.79 T2 1.79–2.49 T3 > 2.49 P***

Mean (SD)** Mean (SD) Mean (SD)

Participants (n) 125 126 123
Age (year) 14.36 (2.19) 14.49 (2.20) 14.46 (2.09) 0.88
Sex n (%) 0.46
Girls 68 (31.0) 76 (34.5) 76 (34.5)
Boys 57 (37.0) 50 (32.5) 47 (30.5)
Na:K ratio 1.40 (0.31) 2.13 (0.19) 3.32 (0.83) < 0.001
Cr excretion (mmol/kg/day) 0.13 (0.09) 0.14 (0.07) 0.13 (0.07) 0.56
Urine output (l/day) 0.97 (0.41) 0.94 (0.38) 0.92 (0.35) 0.04
Energy intake (kcal/day) 1672.96 (301.71) 1706.68 (323.93) 1649.97 (275.12) 0.33
SSBs1 (g/day) 46.83 (42.24) 46.08 (45.99) 38.31 (37.26) 0.21
Physical  activity2 n (%) 0.99
Low 45 (33.1) 46 (33.8) 45 (33.1)
Moderate 80 (33.6) 80 (33.6) 78 (32.8)
High – – –
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the mean age was 14.4 (2.02) years. As can be seen, no 
significant differences were found in terms of presented vari-
ables across tertiles of Na:K ratio except for urine output. 
Participants had mostly moderate physical activity level and 
there were no children and adolescents with high physical 
activity in our sample.

Based on Table  2, no significant differences were 
observed regarding body weight across tertiles of Na:K ratio 
while subjects in the highest tertile were significantly lower 
in body height. Significant differences were observed only 
regarding weight categories and abdominal obesity across 
tertiles of Na:K ratio. The mean BMI of the sample was 
20.91 (4.16) kg/m2 and 18.2% (n = 68) and 8.6% (n = 32) of 
the sample were overweight and obese, respectively. In total, 
29.7% (n = 111) of participants were classified as centrally 
obese. Based on PBF as another marker of adiposity, 24.9% 
(n = 93) of participants had excess body fat.

Multivariate-adjusted odds of overweight/obesity, 
abdominal obesity and adiposity based on PBF according 
to tertiles of 24-h urinary Na to K ratio are shown in Table 3. 
As expected, 24-h urinary Na:K was a strong independent 
predictor of the risk of obesity. 24-h urinary Na:K ratio 
showed significant associations with risk of overweight/ 
obesity which remained significant in stratified models. Risk 
of adiposity assessed by WC and PBF was not significantly 
associated with Na:K ratio in model 1. However, the addition 
of SSBs consumption and calorie intake into the multivari-
ate logistic regression (models 2 and 3) created statistically 
significant differences in the patterns of the association 

between urinary Na:K ratio and these adiposity measures. 
In stratified models, urinary Na:K ratio showed significant 
association with risk of adiposity assessed by WC only in 
girls in the highest tertile group with OR of 2.71 (95% CI 
1.14–6.43), only after the addition of calorie intake. Adipos-
ity assessed by PBF was only associated with Na:K ratio 
among boys with OR of 4.47 (95% CI 1.44–9.87) and 3.87 
(95% CI 1.20–8.48), after adjusting for SSBs consumption 
and calorie intake, respectively.

Discussion

Among school children, we found that 24-h urinary Na:K 
was associated with greater risk of overweight/obesity and 
abdominal obesity. Of note, the association between Na:K 
and abdominal obesity was not independent of BMI, indicat-
ing that the potential effect of Na:K is related to total body 
weight and is not specific to central fat distribution (data not 
shown). Our findings clearly show the public health impor-
tance of the reduction of Na intake and the increase of K 
intake for preventing obesity.

To our knowledge, the present study is the first to report 
the association of Na:K assessed by 24-h urine collection 
with the risk of obesity in Iran. It has important clinical and 
public health implications because high Na and low potas-
sium intake and obesity are considered among public health 
issues in Iranian population [9, 29, 30]. Accordingly, these 
findings contribute to the existing literature and provide 

Table 2  Anthropometric 
measurements according to 
tertiles of Na:K ratio among 
Iranian children and adolescents 
aged 11–18 years, Isfahan, Iran

*Tertile
**Mean (standard deviation)
***P value (obtained from ANOVA for continuous variables and χ2 test for categorical variables)
1 Body mass index, 2waist to height ratio, 3percent body fat, 4underweight was defined as BMI < 5th; normal 
weight was defined as 5th ≤ BMI < 85th; overweight was defined as 85th ≤ BMI < 95th; obesity was defined 
as BMI ≥ 95th; 5abdominal obesity was defined as WHtR > 0.05; 6 adiposity was defined as PBF > 25% for 
boys and > 35% for girls

Total Tertile of Na:K ratio

T*1 < 1.79 T2 1.79–2.49 T3 > 2.49 P***

Mean (SD)** Mean (SD) Mean (SD) Mean (SD)

Weight (kg) 53.24 (14.22) 53.13 (14.05) 53.43 (14.86) 53.16 (13.82) 0.98
Height (cm) 158.72 (10.58) 159.72 (11.37) 159.66 (10.66) 156.79 (9.43) 0.04
BMI1 (kg/m2) 20.91 (4.16) 20.58 (3.10) 20.77 (4.29) 21.40 (4.19) 0.27
WHtR2 0.47 (0.06) 0.47 (0.06) 0.47 (0.06) 0.48 (0.05) 0.32
PBF3 (%) 24.99 (9.65) 24.29 (9.67) 24.49 (9.30) 26.22 (9.93) 0.23
Weight  category4 n (%) 0.007
Underweight/normal weight 274 (73.2) 99 (36.1) 97 (35.4) 78 (28.5)
Overweight 68 (18.2) 13 (19.1) 21 (30.9) 34 (50.0)
obesity 32 (8.6) 13 (40.6) 8 (25.0) 11 (34.4)
Abdominal  obesity5 n (%) 111 (29.7) 35.0 (31.5) 28 (25.3) 48 (43.2) 0.02
Adiposity by  PBF6 n (%) 93 (24.9) 28 (30.1) 26 (28.0) 39 (41.9) 0.10
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new and important information regarding the relationship 
between Na:K and obesity in a representative sample of 
the Iranian children and adolescents, and suggest that the 
reduction of Na intake and increase of K intake should be 
an important priority for reducing the prevalence of obesity 
in Iran.

To date, only one cross-sectional study and a multi-
ethnic cohort study have attempted to investigate the asso-
ciation between Na:K intake and risk of obesity. Zeng Ge 
and colleagues [18] reported that the odds of abdominal 
obesity, but not overweight and obesity, increased signifi-
cantly with successive Na:K quartiles in Chinese adults 
aged 18–69 years. Compared with participants in the first 
quartile of Na:K excretion, the OR (95% CI) of abdominal 
obesity (WC) and abdominal obesity (WHtR) was 1.35 
(1.02, 1.79) and 1.57 (1.18, 2.10) in the fourth quartile, 
respectively. Similarly, Jain N et al. [19] identified Na:K as 

an independent predictor of obesity risk. With a three-unit 
change in urinary Na:K, a statistically significant change 
of 0.75 (95% CI 0.25, 11.25) in total body percentage 
fat was documented. Moreover, a study by Shavit L [31] 
showed significantly higher levels of urinary Na and K in 
overweight and obese kidney stone formers compared to 
normal weight participants. This was similarly indicated 
in another study [32] reporting that urinary excretion of 
sodium increased with increasing BMI. However, uri-
nary potassium excretion was not associated with BMI. 
A systematic review [33] also showed that Na to K ratio 
seems to be a more sensitive index to examine the risk of 
obesity compared to each factor alone. Although, due to 
lack of relevant studies, conducting a meta-analysis was 
not possible and further studies with prospective designs 
or clinical trials are warranted to assess this association 
more thoroughly.

Table 3  Odds ratios for overweight/obesity and abdominal obesity according to tertiles of Na:K ratio among Iranian children and adolescents 
aged 11–18 years, Isfahan, Iran

*Tertile
**Overweight/obesity defined as BMI ≥ 85th
***Abdominal obesity defined as WHtR > 0.5 cm
****Defined as PBF > 25% for boys and > 35% for girls aged 11 years and older
1 Adjusted for age, sex, parents’ education and household income, sleep hours and physical activity
2 Additionally adjusted for SSBs (g/day)
3 Additionally adjusted for energy intake (kcal/day)

Total Girls Boys

Urinary Na:K ratio Urinary Na:K ratio Urinary Na:K ratio

T*1 < 1.79 T2 1.79–2.49 T3 > 2.49 T*1 < 1.82 T2 1.82–2.57 T3 > 2.57 T*1 < 1.77 T2 1.77–2.38 T3 > 2.38

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Overweight/obesity**
 Model  11 1 1.11 (0.57–

2.12)
2.54(1.36–

4.76)
1 1.68 (0.70–

4.03)
2.70 (1.16–

6.26)
1 0.62 (0.21–

1.79)
2.86 

(1.05–7.81)
 Model  22 1 1.14 (0.58–

2.22)
3.01 (1.57–

5.76)
1 1.69 (0.69–

4.15)
2.94 (1.23–

7.02)
1 0.61 (0.20–

1.84)
4.09 

(1.40–8.94)
 Model  33 1 0.86 (0.39–

1.91)
4.07 (1.92–

8.65)
1 1.52 (0.52–

4.45)
5.09 (1.79–

9.50)
1 0.29 (0.07–

1.17)
4.03 

(1.23–8.20)
Abdominal obesity***
 Model  11 1 0.65 (0.35–

1.21)
1.63 (0.92–

2.88)
1 0.87 (0.38–

1.96)
1.94 (0.91–

4.14)
1 0.39 (0.14–

1.07)
1.29 

(0.51–3.30)
 Model  22 1 0.65 (0.35–

1.22)
1.84 (1.02–

3.31)
1 0.84 (0.36–

1.94)
2.06 (0.94–

4.48)
1 0.37 (0.13–

1.07)
1.79 

(0.66–4.86)
 Model  33 1 0.51 (0.26–

1.02)
1.89 (1.02–

3.51)
1 0.68 (0.26–

1.76)
2.71 (1.14–

6.43)
1 0.23 (0.07–

1.76)
1.32 

(0.48–3.63)
Adiposity based on PBF****
 Model  11 1 0.83 (0.42–

1.63)
1.74 (0.92–

3.29)
1 0.83 (0.33–

2.05)
1.21 (0.51–

2.89)
1 0.73 (0.24–

2.22)
3.01 

(1.04–8.66)
 Model  22 1 0.85 (0.42–

1.70)
1.99 (1.03–

3.85)
1 0.84 (0.33–

2.14)
1.28 (0.52–

3.15)
1 0.72 (0.22–

2.33)
4.47 

(1.44–9.87)
 Model  33 1 0.75 (035–

1.61)
2.22 (1.10–

4.46)
1 0.76 (0.26–

2.19)
1.65 (0.61–

4.44)
1 0.49 (0.14–

1.77)
3.87 

(1.20–8.48)
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Also, this study found that different adiposity measures 
showed more apparent associations with Na intake in dif-
ferent sexes. Risk of adiposity assessed by WC was signif-
icantly associated with dietary Na:K intake only in girls, 
whereas adiposity risk assessed by PBF was significantly 
associated with dietary Na:K intake only in boys. Risk of 
adiposity assessed by BMI was in general consistent in both 
sexes. Previous studies have not examined sex differences in 
the associations between NA:K ratio and obesity. Therefore, 
these differences need to be further explored.

Several mechanisms may explain the relationship 
between Na:K intake and obesity risk. First, diets high in 
Na and low in K are often high in energy and, therefore, 
may promote weight gain. Besides, through the effects on 
thirst, a salty diet may cause greater consumption of SSBs 
which are associated with weight gain [14, 34, 35]. How-
ever, after adjusting for intake of energy and SSBs, we found 
that the association between Na:K intake and obesity risk 
remained significant, suggesting that other mechanisms may 
be involved. Experimental studies suggest that higher Na 
intake is associated with increased lipogenic activity and 
formation of adipocyte tissue. Moreover, in mice, it was seen 
that the uptake of glucose and its conversion to lipids within 
adipocytes was higher when their sodium intake increased 
[36, 37]. The mechanism of dietary K intake in relation to 
obesity risk is less well understood. It has been suggested 
that obesity is associated with potassium channel function 
[38, 39]. Potassium can influence carbohydrate accumula-
tion and glucose homeostasis [40, 41] and has important 
role in insulin secretion and carbohydrate metabolism [41, 
42]. Also, the protective effect of potassium against obesity 
could be due to high intake of fruits and vegetables which 
are the main sources of potassium in diet [43]. Furthermore, 
in this study, subjects in the highest tertile of Na:K ratio 
were significantly lower in body height (Table 2) with no 
significant differences in terms of body weight across vari-
ous tertiles. It could be hypothesized that the increased risk 
of obesity could be related to decreased body height due 
to high sodium and low potassium intake. However, this 
association was not examined in our study and needs further 
exploration. In summary, more studies are needed to eluci-
date the exact mechanism of action of dietary potassium in 
obesity risk reduction.

Potential limitations should be noted. The cross-sec-
tional design precludes us from inferring causal relation-
ship between Na:K intake and risk of obesity. Furthermore, 
a single 24-h urine collection might have overestimated or 
underestimated the actual Na and K intake in the study popu-
lation. Also, factors such as stress or menstruation have been 
associated with obesity and these were not controlled in our 
study. Therefore, in future studies, these should be consid-
ered. Also, no information on parental overweight/obesity 
was collected. This could influence the results since parental 

overweight is an important predictor of the children’s body 
weight. Nevertheless, a major strength of our study includes 
use of 24-h urine collection as the gold standard method for 
estimation of Na and K intake. In addition, to the best of our 
knowledge, this is the first study to show the combined effect 
of Na and K intake on general and abdominal obesity in a 
large sample of children and adolescents.

In summary, we report an independent association 
between the ratio of dietary Na and K intake and obesity 
risk in a large sample of children and adolescents, even after 
controlling for important confounding factors. Our findings 
suggest that reducing Na intake and increasing K intake 
could be used as a useful approach to reduce the risk of 
obesity and associated burden of disease in Iran.
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