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Abstract
Background: Current evidence regarding the prognostic relevance of urinary sodium-to-potassium ratio (Na-to-K
ratio), as an indicator of diet quality is limited. This study was conducted to investigate whether urinary Na-to-K ratio
could be related to habitual dietary patterns, in a general population.
Methods: This study was conducted in the framework of the Tehran Lipid and Glucose Study (2014–2017) on 1864
adult men and women. Urinary Na and K concentrations were measured in the morning spot urine samples. Dietary
intakes of the participants were assessed using a validated 147-item Food Frequency Questionnaire (FFQ) and major
dietary patterns were obtained using principal component analysis. Mediterranean dietary pattern and Dietary
Approaches to Stop Hypertension (DASH) score, were also calculated. Multivariable-adjusted linear regression was
used to indicate association of dietary patterns and urinary Na-to-K ratio.
Results: Mean (± SD) age of participants was 43.7 ± 13.9 years and 47% were men. Mean (± SD) urinary Na, K
and the ratio was 139 ± 41.0 and 57.9 ± 18.6 mmol/L, 2.40 ± 0.07, respectively. Higher urinary Na-to-K ratio (> 2.37
vs. < 1.49) was related to lower intakes of vegetables (282 vs. 321 g/day), low-fat dairy (228 vs. 260 g/day) and fruits
(440 vs. 370 g/day). Western dietary pattern was related to higher urinary Na-to-K ratio (β = 0.06; 95% CI 0.01, 0.16).
Traditional dietary pattern, Mediterranean and DASH diet scores were inversely associated with urinary Na-to-K ratio
(β = − 0.14; 95% CI − 0.24, − 0.11, β = − 0.07; 95% CI − 0.09, − 0.01, β = − 0.12; 95% CI − 0.05, − 0.02, respectively).
Conclusions: Spot urinary Na-to-K ratio may be used as a simple and inexpensive method to monitor diet quality in
population-based epidemiological studies.
Keywords: Sodium, Potassium, Urine, Dietary pattern
Background
Excessive dietary intakes of sodium (Na) along with
insufficient potassium (K) intakes are related to risk of
developing cardiometabolic disorders [1, 2]. The ratio
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of Na to K is now suggested as a more reliable index
to assess the risk of cardiovascular diseases (CVD)
and CVD-related mortality than either Na or K intake
alone [3]. Urinary Na-to-K ratio has been shown as
a strong predictor of hypertension (HTN) and cardiovascular diseases (CVD) [4–7]. The ideal Na-to-K
ratio of diet still remains a matter of debate, due to
controversy about the ideal level of Na and K intakes;
the value of ~ 0.5 derived from the World Health
Organization (WHO) and US–Canada recommendations (i.e., 2000 mg/day of Na and 3500 mg/day of K
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and 2300 mg/day Na and 4700 mg/day K, respectively)
has been suggested [8, 9], however a ratio of < 1.0 has
been identified as a best balance of Na and K intakes
for preventing CVD and all-cause mortality [10].
Non-urinary-based dietary assessments methods
(e.g., 24-h food recalls, Food Frequency Questionnaire) and measurement of urinary Na and K concentrations, in both spot and 24-h samples, are the most
common methods for estimation of dietary Na and K
intakes [11, 12]. Although measurement of Na and K
in 24-h urine is the gold standard method to estimate
their dietary intakes, low feasibility in populationbased studies and incomplete collections, resulting in
underestimation of NA–K intakes, is the major limitation of the method [13]. In contrast, spot urine sampling has a negligible risk of collection errors and is
less burdensome and more cost-effective than 24-h
urine sampling, which makes this method more practical, especially for population-based surveys [12].
There are a number of studies suggested spot urinary
Na and K as a simple, non-invasive, useful and alternative method to 24-h urine estimation in populations
[14, 15].
Current evidence regarding the prognostic relevance
of urinary Na-to-K ratio, as an indicator of diet quality in population-based studies is limited. Few observational studies have investigated the association
between urinary Na-to-K ratio and dietary patterns
[16, 17]. In the current study, we aimed to investigate
whether spot urinary Na-to-K ratio could be related
to habitual dietary patterns, and how the index can be
used as an indicator of diet quality among a general
population.

Methods
Study population

Current study was conducted within the framework of
Tehran Lipid and Glucose Study (TLGS), a prospective study on a representative sample of residents from
district 13 of Tehran, to investigate and prevent noncommunicable diseases (NCD) [18]. TLGS is a community-based study that was initiated in 1999 with 15,005
individuals, aged ≥ 3 years, and data collection is ongoing every 3 years to assess changes of NCD risks [19].
For the current analysis, we recruited 1864 adult men
and women (age ≥ 19 years) from the sixth examination
of the TLGS (2014–2017); participants with complete
data on spot urinary values (Na, K and creatinine),
demographics, anthropometrics, biochemical measurements and dietary intakes were included. Participants
who had under- or over-reported of energy intakes
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(< 800 kcal/day or > 4200 kcal/day, respectively) were
excluded from the final analysis.
Anthropometric and demographic measures

Weight was measured by digital scales (Seca, Hamburg,
Germany), height and waist circumference were measured by a tape meter, measurements were reported to
the nearest of 100 g and 0.5 cm, respectively. Waist circumference was measured at the level of the umbilicus.
Subjects were minimally clothed and without shoes
for anthropometric measurements. Body mass index
(BMI) was calculated as weight (kg) divided by height
in square (m2).
Systolic (SBP) and diastolic (DBP) blood pressures
were measured using a standard mercury sphygmomanometer calibrated by the Iranian Institute of Standards and Industrial Researches [20]. Blood pressure was
measured twice on the right arm of the participants,
after a 15-min rest in a sitting position, with at least a
30-s interval between two measurements. Mean of the
two measurements was considered as the participant’s
blood pressure.
Biochemical measures

Both blood and spot urine samples were obtained
between 7:00 and 9:00 a.m. following overnight fasting.
Urinary concentrations of Na and K were measured using
flame photometry (Screen lyte, Hospitex Diagnostics,
Florence, Italy). Intra- and inter-assay coefficients of variations (CVs) were ≤ 2.8% for Na, and ≤ 4.8% for K.
Fasting plasma glucose (FPG) and triglycerides (TG)
levels were determined by the enzymatic colorimetric
method, using glucose oxidase and glycerol phosphate
oxidase, respectively. High-density lipoprotein cholesterol (HDL-C) was measured by a homogenous method
(HDLC Immuno FS). Blood analysis were done using
Pars Azmoon kits (Pars Azmoon Inc., Tehran, Iran) and
a Selectra 2 auto-analyzer (Vital Scientific, Spankeren,
The Netherlands) at the research laboratory of the TLGS.
Both inter- and intra-assay coefficients of variations
(CVs) were ≤ 5%.
Dietary assessment

Dietary assessment was done using a validated 147-item
Food Frequency Questionnaire (FFQ), intake frequency
of each typical food item over the previous year documented on a daily, weekly, or monthly basis in household measures [21]. Since the Iranian Food Composition
Table (FCT) has limited data on the nutrient content of
raw foods and beverages, the US Department of Agriculture’s (USDA) Food Composition Table was used to
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analyze foods and beverages for their energy and nutrient
contents. For the traditional Iranian foods not available
in the USDA table, the Iranian FCT was used as an alternative. Validity and reliability of the FFQ have previously
been reported [22].
Identification of dietary patterns and calculation of dietary
scores

To obtain major dietary patterns, the principal component analysis (PCA) with varimax rotation was conducted, based on 18 predefined food groups (i.e., whole
grains, refined grains, starched vegetables, non-starched
vegetables, fruits, beans, high-fat and low-fat dairy, red
meat, poultry, vegetable oil, hydrogenated and animal fat,
fast foods, salty snacks, sweet snacks, sweetened beverages, nuts and seeds, tea and coffee). PCA, a posteriori
(data-driven) approach, is the most commonly used
method to derive dietary patterns; this method is a variable-reducing procedure based on correlation or covariance matrices of the original variables, creating linear
combinations (components, factors, or patterns) [23].
We considered eigenvalues > 1, the scree plot and
the interpretability of the patterns, and 2 factors were
obtained. Although all food groups contributed to the
pattern score calculation, food groups with an absolute
component loading ≥ 0.30 were selected to describe the
pattern. The Kaiser–Meyer–Olkin statistic, a measure
of sampling adequacy, was 0.67 (values > 0.6 indicate the
usefulness of cluster analysis using our data), and the P
value for Bartlett’s test of sphericity was < 0.001 supporting the use of cluster analysis as an appropriate procedure. Factor scores were calculated using the sum of
intakes of the standardized food groups weighted by their
respective factor loadings on each pattern.
To estimate Mediterranean dietary pattern scores, we
used an index variable that was composed of 8 Mediterranean food groups. The score was proposed by
Trichopoulou et al. [24] and its validity was evaluated
in previous studies [25]. In brief, consumption of food
groups (vegetables, fruits, legumes, nuts, whole grains,
fish and MUFA/SAFA) were scored according to median
intake values of the study population (i.e., score 0 and 1
for intakes below and above the median). For total red
meat, if the subjects consumed more than median, we
assigned score 0 and if they consumed less than median,
a score of 1 was assigned. Finally, after adding up the
individual component scores, overall Mediterranean dietary pattern score ranged from zero to eight [26].
To estimate DASH score, eight food-derived components including high intakes of fruits, vegetables,
nuts, legumes, low-fat dairy, and whole grains, and low
intakes of sodium, sweetened beverages, and red and
processed meats, were considered. For each of the eight
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components, all participants were categorized into fifths
according to their intakes ranking. For components in
which higher intakes are desirable (i.e., fruits, vegetables,
nuts, legumes, low-fat dairy, and whole grains), individuals received the maximum score of 5, if their intakes were
in the highest quintile. The remaining components (i.e.,
sodium, sweetened beverages, and red and processed
meats) were reversely coded. Intakes of the components between minimum and maximum amounts were
scored proportionally. Finally, scores were summed to
a total DASH score that ranges from a minimum of 8 o
to a maximum of 40 points [27]. This scoring system of
DASH diet was used in same population [28, 29], and its
validity was assessed elsewhere [30].
Statistical analyses

General characteristics and dietary intakes of participants were compared across tertiles of urinary Na-to-K
ratio, using the one-way ANOVA and Chi-square tests,
for dichotomous and continues variables, respectively.
To assess potential association of dietary patterns scores
with urinary Na-to-K ratio, linear regression models,
adjusted for potential confounders were used. To identify
the potential confounding variables, univariate regression
was used and the variables with PE < 0.2 were selected to
enter the models. Finally, confounders adjusted in models included sex (men/women), age (year), BMI (kg/m2),
and total energy intake (kcal/day). All statistical analyses
were conducted using the Statistical Package for Social
Science (version 20; IBM Corp., Armonk, NY, USA) and
P-value < 0.05 was considered significant.

Results
Mean (± SD) age of the study participants was
43.7 ± 13.9 years, and 47% of the participants were
men. Mean (± SD) calorie intake of the participants
was 2241 ± 680 kcal/day and mean (± SD) BMI was
27.7 ± 5.10 kg/m2. Mean (± SD) dietary intake of Na and
K were 3498 ± 1681 and 4415 ± 1697 mg/day, respectively. Mean (± SD) urinary Na and K concentrations, and
Na-to-K ratio were 139 ± 41.0 and 57.9 ± 18.6 mmol/L,
and 2.40 ± 0.07, respectively.
Demographic characteristics, anthropometric, and biochemical values of the participants across tertiles of Nato-K ratio are shown in Table 1. Dietary intakes of the
participants across tertiles of Na-to-K ratio are presented
in Table 2. Participants in the highest tertile of urinary
Na-to-K ratio, compared to those in the first tertile, had
significantly lower consumption of fruits (370 vs. 440 g/
day), vegetables (282 vs. 321 g/day), low-fat dairy (228 vs.
261 g/day), nuts and seeds (12.04 vs. 14.7 g/day). Dietary
intakes of refined grains and hydrogenated and animal
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Table 1 Demographic characteristics, anthropometric and biochemical values of participants across tertiles of Na-to-K
ratio: Tehran Lipid and Glucose Study
Variables

Tertile 1 (n = 622)

Tertile 2 (n = 621)

Tertile 3 (n = 621)

P-value

Range

< 1.49

1.49–2.37

> 2.37

Median

1.03

1.89

3.20

43.4 ± 13.8

44.2 ± 13.8

43.3 ± 14.3

0.504

49.4

0.255

27.9 ± 5.2

27.8 ± 5.0

27.4 ± 5.0

0.159

96.80 ± 27.50

98.34 ± 32.77

95.71 ± 24.65

0.265

7.60 ± 1.06

0.247

Urinary Na-to-K ratio

Age (years)
Men (%)
Body mass index (kg/m2)
Waist circumference (cm)
Fasting plasma glucose (mg/dL)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
TG/HDL ratio

44.7

93.1 ± 12.7

11.20 ± 1.54
7.51 ± 0.93

3.61 ± 3.70

47.2

93.2 ± 11.8

11.27 ± 1.69
7.59 ± 1.04

3.54 ± 3.72

92.7 ± 12.3

0.745

11.27 ± 1.62

0.727

3.26 ± 2.86

0.168

Data are mean ± SD (unless stated otherwise)
TG triglyceride, HDL high-density lipoprotein

Table 2 Dietary intakes of participants across tertiles of Na-to-K ratio: Tehran Lipid and Glucose Study
Variables

Tertile 1 (n = 622)

Tertile 2 (n = 621)

Tertile 3 (n = 621)

P-value

Urinary Na-to-K ratio
Range

< 1.49

1.49–2.37

> 2.37

Median

1.03

1.89

3.20

Energy (kcal/day)
Fruits (g/day)
Starched vegetables (g/day)
Non-starched vegetables (g/day)
Refined grains (g/day)
Whole grains (g/day)
Poultry (g/day)
Red meat (g/day)
Low-fat dairy (g/day)
High-fat dairy (g/day)
Hydrogenated and animal fat (g/day)
Vegetable oil (g/day)
Nuts and seeds (g/day)
Beans (g/day)
Sweets (g/day)
Salty snacks (g/day)
Fast foods (g/day)
Tea and coffee (mL/day)
Sweetened beverages (mL/day)

2236 ± 697

440 ± 352

26.81 ± 25.32

322 ± 200

248 ± 154

137 ± 95.9

30.62 ± 27.09

20.58 ± 19.40

261 ± 188

111 ± 128

14.99 ± 15.46

10.55 ± 26.58

14.69 ± 23.12

41.99 ± 31.50

51.13 ± 88.90

16.12 ± 57.38

15.94 ± 21.74

586 ± 511

42.39 ± 66.04

2208 ± 678

408 ± 338

26.89 ± 24.17

286 ± 164

264 ± 151

136 ± 104

32.80 ± 40.24

21.46 ± 30.62

235 ± 179

110 ± 123

15.63 ± 15.22

9.69 ± 9.60

11.58 ± 13.65

42.74 ± 34.79

48.43 ± 51.33

14.46 ± 20.38

14.71 ± 21.82

580 ± 457

46.37 ± 90.13

2276 ± 662

370 ± 304

25.79 ± 21.91

282 ± 166

285 ± 165

148 ± 113

29.72 ± 28.82

20.11 ± 17.27

228 ± 158

114 ± 135

17.34 ± 17.21

9.00 ± 7.38

12.04 ± 14.50

43.77 ± 36.01

46.59 ± 39.05

17.04 ± 22.53

18.29 ± 33.35

575 ± 453

47.58 ± 75.44

0.209
0.001
0.666
< 0.001
< 0.001
0.070
0.231
0.586
0.003
0.843
0.029
0.269
0.004
0.654
0.449
0.471
0.051
0.918
0.471

Data are mean ± SD

fats were significantly higher in the last tertile of urinary
Na-to-K ratio, compared to the first (284 vs. 247 g/day
and 17.34 vs. 14.99 g/day, respectively). There was no significant difference in dietary intakes of other food groups
across tertiles of urinary Na-to-K ratio.

Principal component analysis identified two major dietary patterns, traditional and Western dietary patterns.
These dietary patterns explained 21.3% of the total variance in food intake overall (variances of 11.7 and 9.6%,
respectively). The traditional dietary pattern was characterized by higher loads of starched and non-starched
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Table 3 Component loadings for derived dietary patterns
by PCA

Table 4 Mean (± SD) of urinary Na, K and Na-to-K ratio
across tertiles of dietary pattern scores

Foods groups

Dietary
patterns

Dietary patterns
1 (traditional)

Starched vegetables

0.488

Non-starched vegetables

0.490

Salty snacks

0.334

Sweetened beverages

0.332

Fruits

0.443

Nuts and seeds

0.390

Poultry

0.302

High-fat dairy

0.321

Sweet snacks

0.331

Red meat

0.405

Beans

0.445

2 (Western)

0.484

Tertile 3

P-value

Urinary Na
(mmol/L)

137.6 ± 54.65 130.9 ± 55.59 125.8 ± 55.01 0.001

Urinary K
(mmol/L)

73.22 ± 36.32 75.52 ± 37.83 75.72 ± 37.94 0.430

Urinary Na-toK ratio

2.31 ± 1.43

2.12 ± 1.33

2.00 ± 1.19

0.001

Western dietary pattern score
0.344

0.437

Fast foods

0.415

Hydrogenated and animal fat

0.341
11.75

Tertile 2

Traditional dietary pattern score

Refined grains

Total variance

Tertile 1

Urinary Na
(mmol/L)

121.6 ± 53.72 133.2 ± 54.39 139.6 ± 56.23 0.001

Urinary K
(mmol/L)

74.70 ± 39.17 73.90 ± 36.39 75.85 ± 36.51 0.658

Urinary Na-toK ratio

2.02 ± 1.35

2.20 ± 1.35

2.21 ± 1.27

0.018

DASH dietary score

9.60

Factors loading < 0.3 are not presented for simplicity. Principal component
analysis (PCA) was used to obtain main dietary patterns. The derived dietary
patterns explained 21.3% of the total variance in food intake overall (variances
of 11.7 and 9.6%, respectively)

Urinary Na
(mmol/L)

140.5 ± 54.74 131.6 ± 54.90 122.3 ± 54.77 0.001

Urinary K
(mmol/L)

74.18 ± 36.16 75.04 ± 36.67 75.18 ± 39.24 0.881

Urinary Na-toK ratio

2.33 ± 1.43

2.11 ± 1.28

2.00 ± 1.24

0.001

Mediterranean dietary score

vegetables, sweets and salty snacks, sweetened beverages,
fruits, nuts and seeds, poultry, high-fat dairy, red meat,
and beans. The Western dietary pattern had higher loads
of sweetened beverages, high-fat dairy, refined grains,
fast foods, hydrogenated and animal fats. These patterns
explained 21.35% of the total variance in the overall dietary intake (Table 3).
Mean (± SD) of urinary Na, K and Na-to-K ratio across
tertiles of dietary pattern scores are shown in Table 4.
Mean urinary Na concentration, as well as urinary Nato-K ratio, were significantly lower in participants in the
highest tertiles of traditional dietary pattern, DASH and
Mediterranean dietary pattern (P-value for all < 0.05).
However, mean urinary Na concentration and Na-to-K
ratio were significantly higher in participants in the highest tertile of Western dietary pattern (P-value < 0.05).
There were no significant differences between urinary K
concentrations across tertiles of dietary patterns.
Associations between dietary pattern scores and urinary Na-to-K ratio are shown in Table 5. After adjustment for confounding variables, traditional dietary
pattern (β = − 0.14; 95% CI − 0.24, − 0.11), DASH
(β = − 0.12; 95% CI − 0.05, − 0.02) and Mediterranean
dietary pattern (β = − 0.07; 95% CI − 0.09, − 0.01) were
inversely associated with urinary Na-to-K ratio. In contrast, Western dietary pattern was positively associated
with urinary Na-to-K ratio (β = 0.06; 95% CI 0.01, 0.16).

Urinary Na
(mmol/L)

136.5 ± 54.58 128.0 ± 54.79 128.2 ± 55.94 0.007

Urinary K
(mmol/L)

75.15 ± 38.79 75.04 ± 37.22 74.31 ± 36.60 0.905

Urinary Na-toK ratio

2.25 ± 1.41

2.08 ± 1.31

2.07 ± 1.25

0.016

Data are mean ± SD

Table 5 Multivariable association between
patterns scores and spot urinary Na-to-K ratio

dietary

Dietary patterns Standardized β
scores
coefficient

95% confidence
interval for β

P value

− 0.22, − 0.10

0.001

− 0.24, − 0.11

0.001

Traditional dietary pattern
Crude
Adjusteda

− 0.12

− 0.14

Western dietary pattern
Crude

0.06

0.02, 0.14

0.008

Adjusteda

0.06

0.01, 0.16

0.021

− 0.05, − 0.02

0.001

− 0.05, − 0.02

0.001

− 0.08, − 0.01

0.013

DASH dietary score
Crude
Adjusteda

− 0.11

− 0.12

Mediterranean dietary score
Crude
Adjusteda

− 0.06

− 0.07

Linear regression models were used
a

− 0.09, − 0.01

Adjusted for age, sex, body mass index, energy intake

0.009
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Discussion
In the current cross-sectional population-based study,
traditional dietary pattern (loading for vegetables, fruits,
sweets and salty snacks, sweetened beverages, nuts and
seeds, poultry, high-fat dairy, red meat and beans), as well
as DASH and Mediterranean dietary pattern were negatively related to urinary Na-to-K ratio. Western dietary
pattern, with higher loads of sweetened beverages, highfat dairy, refined grains, fast foods, hydrogenated and
animal fats, was significantly associated with higher urinary Na-to-K ratio. To the best of our knowledge, this is
the first study used a comprehensive approach to address
potential application of spot urinary Na-to-K ratio, as a
simple method to assess diet quality, in the framework of
a population-based study.
In our study, healthy dietary patterns identified as
Mediterranean and DASH diet, were related to a lower
urinary Na-to-K ratio, as a risk factor of cardiometabolic
disorders. Our findings are in line with those of previous
studies showed that the Japanese dietary pattern, heavily
loaded for fish and vegetables, was positively associated
with urinary K concentration [16], and studies reported
a significant inverse association between “nuts, seeds,
fruits and fish” dietary pattern with urinary Na-to-K ratio
[17]. Subjects with a higher Mediterranean dietary pattern score had better nutrient profiles, with lower sodium
and higher potassium intakes [31]; similarly, the DASH
diet provides high amounts of potassium and a restricted
amount of sodium (~ 1500 mg/day) that results in a urinary Na-to-K ratio less than 1 [32, 33].
An inverse association we found between Western dietary pattern and urinary Na-to-K ratio is in line with previous findings indicated that the “noodle dietary pattern”
[16], and “snacks–fast food–soft drinks” pattern [34]
were related with high urinary Na concentrations.
Mean urinary Na-to-K ratio in our population was 2.40
(< 1.39 in the first and > 2.37 in the third tertile); WHO
recommends a corrected-value of 1.33 for urinary Na-toK ratio, that refers to a Na intake less than 2000 mg/day
and K intake more than 3500 mg/day (< 1 mmol/mmol or
0.59 g/g) [35, 36]. A wide range of urinary Na-to-K ratio
were reported; The Trials of Hypertension Prevention
(TOHP), reported a mean value of 2.88 and 2.97 for men
and women, respectively, with a higher value in Black
compared to White people (3.43 vs. 2.83) [6]. Mean 24-h
urinary Na-to-K ratio ranged from 0.01 in Brazil to 7.58
in China; in Asian and Western populations this value
was reported approximately in a range of 3–5 [4, 14].
Although measurement of 24-h urinary Na and K is
considered as the gold standard method for assessment
of their dietary intakes, it is difficult and rather inconvenient for population-based studies to collect 24-h
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urine without any loss of urine; reports show that the
rate of unsuccessful collection of 24 h urine samples is
about 40% [15]. Furthermore, much attention has been
focused on estimating Na and K intakes using the ‘spot’
urine sample [37], as collection time of the spot urine
samples has no restriction [38, 39]. There are a number of confirmed formulas to estimate 24-h urine Nato-K ratio, using spot urine values of Na and K, in some
cases using creatinine values [15, 37]. Pearson correlation coefficients of 24-h urinary Na-to-K ratio and spot
urine Na-to-K ratios across the Western/Asian populations were r = 0.88 to 0.96 in subgroups categorized by
sex and age; moreover, these correlations were r = 0.96
and r = 0.69 in analyses across populations and individuals, respectively [14], indicating that spot urine
Na-to-K ratio could be a useful, low-burden alternative method to 24-h urine estimation in populations,
for comparing different populations, as well as indicating annual trends of a particular population; it may not
however be suitable for estimating an individual’s 24-h
urine excretions [14, 15]. A benefit of the spot urine
Na-to-K ratio (compared to Na or K per se) is that no
conversion into 24-h excretion values is needed, a factor that usually results in imprecision [12].
The strengths of the present study include its relatively large sample size, use of a validated comprehensive FFQ to assess dietary intakes, and evaluating the
association between four dietary patterns and Na-toK ratio, simultaneously. Although spot urine sample
is a simple and low-burden method to estimate 24-h
urine concentrations, it has some limitations due to the
potential inter- and intra-individual variations of urinary excretions of Na and K, and effect of time of sampling; using spot urine samples may be limited due to
circadian rhythms of Na excretion [12].
Taken together, our findings indicates that spot urinary Na-to-K ratio may be used as a simple, non-invasive and inexpensive method to monitor diet quality,
especially in population-based studies. The urinary
Na-to-K ratio may also be used to track adherence of
dietary recommendations in nutrition clinical trials, in
which changes of dietary patterns of the participants
during the study period is targeted. However, future
studies are needed to approve the performance of spot
urine Na-to-K ratio as a reliable method of assessing
diet quality.
Abbreviations
TLGS: Tehran Lipid and Glucose Study; FFQ: Food Frequency Questionnaire;
BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; FPG: Fasting plasma glucose; HDL: High-density lipoprotein; TG:
Triglyceride; CI: Confidence interval.

Mirmiran et al. Eur J Med Res

(2021) 26:3

Page 7 of 8

Acknowledgements
The authors would like to express their appreciation to the participants in
the Tehran Lipid and Glucose Study for their cooperation, and the staff of
the Research Institute for Endocrine Science, TLGS Unit. The authors wish to
acknowledge Ms. Niloofar Shiva for critical editing of English grammar and
syntax of the manuscript.

7.

Authors’ contributions
PM designed the study. ZG, ZB and AG analyzed the data from TLGS population. ZG, PM and MT wrote the manuscript. FA corrected the manuscript. All
authors read and approved the final manuscript.

10.

Funding
This work was not supported by any funding agency.
Availability of data and materials
Not applicable.
Ethics approval and consent to participate
Written informed consents were obtained from all participants, and the
study protocol was approved by the ethics research council of the Research
Institute for Endocrine Science, Shahid Beheshti University of Medical Science
in Tehran.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

8.
9.

11.

12.
13.

14.
15.

Author details
1
Nutrition and Endocrine Research Center, Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences, No. 24, Sahid‑Erabi
St, Yemen St, Chamran Exp, P.O. Box: 19395‑4763, Tehran, Iran. 2 Endocrine
Physiology Research Center, Research Institute for Endocrine Sciences,
Shahid Beheshti University of Medical Sciences, Tehran, Iran. 3 Department
of Biochemistry, School of Paramedical Sciences, Dezful University of Medical
Sciences, Dezful, Iran. 4 Prevention of Metabolic Disorders Research Center,
Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran. 5 Endocrine Research Center, Research Institute
for Endocrine Sciences, Shahid Beheshti University of Medical Sciences,
Tehran, Iran.

16.

Received: 11 June 2020 Accepted: 19 December 2020

20.

17.
18.
19.

21.
References
1. Mirmiran P, Bahadoran Z, Nazeri P, Azizi F. Dietary sodium to potassium ratio and the incidence of hypertension and cardiovascular
disease: a population-based longitudinal study. Clin Exp Hypertens.
2018;40(8):772–9.
2. Okayama A, Okuda N, Miura K, Okamura T, Hayakawa T, Akasaka H, et al.
Dietary sodium-to-potassium ratio as a risk factor for stroke, cardiovascular disease and all-cause mortality in Japan: the NIPPON DATA80 cohort
study. BMJ Open. 2016;6(7):e011632.
3. Bailey RL, Parker EA, Rhodes DG, Goldman JD, Clemens JC, Moshfegh AJ, et al. Estimating sodium and potassium intakes and their
ratio in the American diet: data from the 2011–2012 NHANES. J Nutr.
2015;146(4):745–50.
4. Intersalt Cooperative Research Group. Intersalt: an international study
of electrolyte excretion and blood pressure. Results for 24 hour urinary
sodium and potassium excretion. BMJ. 1988;297(6644):319–28.
5. Cook NR, Appel LJ, Whelton PK. Sodium intake and all-cause mortality
over 20 years in the trials of hypertension prevention. J Am Coll Cardiol.
2016;68(15):1609–17.
6. Cook NR, Obarzanek E, Cutler JA, Buring JE, Rexrode KM, Kumanyika SK,
et al. Joint effects of sodium and potassium intake on subsequent cardiovascular disease: the trials of hypertension prevention follow-up study.
Arch Intern Med. 2009;169(1):32–40.

22.
23.

24.
25.
26.
27.
28.

Tzoulaki I, Patel CJ, Okamura T, Chan Q, Brown IJ, Miura K, et al. A
nutrient-wide association study on blood pressure. Circulation.
2012;126(21):2456–64.
World Health Organization. Guideline: sodium intake for adults and
children. Geneva: World Health Organization; 2012.
Campbell S. Dietary reference intakes: water, potassium, sodium, chloride, and sulfate. Clin Nutr Insight. 2004;30(6):1–4.
Yang Q, Liu T, Kuklina EV, Flanders WD, Hong Y, Gillespie C, et al. Sodium
and potassium intake and mortality among US adults: prospective data
from the third national health and nutrition examination survey. Arch
Intern Med. 2011;171(13):1183–91.
Yatabe MS, Iwahori T, Watanabe A, Takano K, Sanada H, Watanabe T,
et al. Urinary sodium-to-potassium ratio tracks the changes in salt
intake during an experimental feeding study using standardized lowsalt and high-salt meals among healthy Japanese volunteers. Nutrients.
2017;9(9):951.
Ginos BN, Engberink RH. Estimation of sodium and potassium
intake: current limitations and future perspectives. Nutrients.
2020;12(11):3275.
John KA, Cogswell ME, Campbell NR, Nowson CA, Legetic B, Hennis AJ,
et al. Accuracy and usefulness of select methods for assessing complete
collection of 24-hour urine: a systematic review. J Clin Hypertens.
2016;18(5):456–67.
Iwahori T, Miura K, Ueshima H, Chan Q, Dyer AR, Elliott P, et al. Estimating
24-h urinary sodium/potassium ratio from casual (‘spot’) urinary sodium/
potassium ratio: the INTERSALT study. Int J Epidemiol. 2017;46(5):1564–72.
Tanaka T, Okamura T, Miura K, Kadowaki T, Ueshima H, Nakagawa H, et al.
A simple method to estimate populational 24-h urinary sodium and
potassium excretion using a casual urine specimen. J Hum Hypertens.
2002;16(2):97–103.
Fujiwara A, Asakura K, Uechi K, Masayasu S, Sasaki S. Dietary patterns
extracted from the current Japanese diet and their associations with
sodium and potassium intakes estimated by repeated 24 h urine collection. Public Health Nutr. 2016;19(14):2580–91.
Ndanuko RN, Tapsell LC, Charlton KE, Neale EP, Batterham MJ. Associations between dietary patterns and blood pressure in a clinical sample of
overweight adults. J Acad Nutr Diet. 2017;117(2):228–39.
Azizi F, Ghanbarian A, Momenan AA, Hadaegh F, Mirmiran P, Hedayati M,
et al. Prevention of non-communicable disease in a population in nutrition transition: Tehran lipid and glucose study phase II. Trials. 2009;10:5.
Azizi F, Rahmani M, Emami H, Mirmiran P, Hajipour R, Madjid M, et al.
Cardiovascular risk factors in an Iranian urban population: Tehran lipid
and glucose study (phase 1). Soz Praventivmed. 2002;47(6):408–26.
Askari S, Asghari G, Ghanbarian A, Khazan M, Alamdari S, Azizi F. Seasonal
variations of blood pressure in adults: Tehran lipid and glucose study.
Arch Iran Med. 2014;17(6):441–3.
Hosseini-Esfahani F, Jessri M, Mirmiran P, Bastan S, Azizi F. Adherence to
dietary recommendations and risk of metabolic syndrome: Tehran lipid
and glucose study. Metab Clin Exp. 2010;59(12):1833–42.
Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M, Azizi F. Reliability and relative validity of an FFQ for nutrients in the Tehran lipid and glucose study.
Public Health Nutr. 2010;13(5):654–62.
Schwedhelm C, Iqbal K, Knüppel S, Schwingshackl L, Boeing H. Contribution to the understanding of how principal component analysis—
derived dietary patterns emerge from habitual data on food consumption. Am J Clin Nutr. 2018;107(2):227–35.
Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a
Mediterranean diet and survival in a Greek population. N Engl J Med.
2003;348(26):2599–608.
Zaragoza-Martí A, Cabañero-Martínez MJ, Hurtado-Sánchez JA, LagunaPérez A, Ferrer-Cascales R. Evaluation of Mediterranean diet adherence
scores: a systematic review. BMJ Open. 2018;8(2):e019033.
Samieri C, Grodstein F, Rosner BA, Kang JH, Cook NR, Manson JE, et al.
Mediterranean diet and cognitive function in older age. Epidemiology.
2013;24(4):490–9.
Rai SK, Fung TT, Lu N, Keller SF, Curhan GC, Choi HK. The dietary
approaches to stop hypertension (DASH) diet, Western diet, and risk of
gout in men: prospective cohort study. BMJ. 2017;357:j1794.
Asghari G, Yuzbashian E, Mirmiran P, Hooshmand F, Najafi R, Azizi F.
Dietary approaches to stop hypertension (DASH) dietary pattern is

Mirmiran et al. Eur J Med Res

29.

30.
31.
32.
33.
34.

(2021) 26:3

associated with reduced incidence of metabolic syndrome in children
and adolescents. J Pediatr. 2016;174:178–84.
Esfandiari S, Bahadoran Z, Mirmiran P, Tohidi M, Azizi F. Adherence to the
dietary approaches to stop hypertension trial (DASH) diet is inversely
associated with incidence of insulin resistance in adults: the Tehran lipid
and glucose study. J Clin Biochem Nutr. 2017;61(2):123–9.
Miller PE, Cross AJ, Subar AF, Krebs-Smith SM, Park Y, Powell-Wiley T, et al.
Comparison of 4 established DASH diet indexes: examining associations
of index scores and colorectal cancer. Am J Clin Nutr. 2013;98(3):794–803.
Castro-Quezada I, Román-Viñas B, Serra-Majem L. The Mediterranean diet
and nutritional adequacy: a review. Nutrients. 2014;6(1):231–48.
Challa HJ, Tadi P, Uppaluri KR. DASH Diet (dietary approaches to stop
hypertension). In: StatPearls. Treasure Island: StatPearls Publishing; 2018.
Tyson CC, Nwankwo C, Lin P-H, Svetkey LP. The dietary approaches to
stop hypertension (DASH) eating pattern in special populations. Curr
Hypertens Rep. 2012;14(5):388–96.
Roberts K, Cade J, Dawson J, Holdsworth M. Empirically derived dietary
patterns in UK adults are associated with sociodemographic characteristics, lifestyle, and diet quality. Nutrients. 2018;10(2):177.

Page 8 of 8

35. World Health Organization. Guideline: potassium intake for adults and
children. World Health Organization; 2012.
36. World Health Organization. Guideline: sodium intake for adults and
children. World Health Organization; 2012.
37. Koo HS, Kim YC, Ahn SY, Oh SW, Kim S, Chin HJ, et al. Estimating 24-hour
urine sodium level with spot urine sodium and creatinine. J Korean Med
Sci. 2014;29(Suppl 2):S97–102.
38. Gumz ML, Rabinowitz L. Role of circadian rhythms in potassium homeostasis. Semin Nephrol. 2013;33(3):229–36.
39. Nikolaeva S, Pradervand S, Centeno G, Zavadova V, Tokonami N, Maillard
M, et al. The circadian clock modulates renal sodium handling. J Am Soc
Nephrol. 2012;23(6):1019–26.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

