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ABSTRACT
Background: Several studies have reported that dietary salt intake
may be an independent risk factor for overweight/obesity, but results
from previous studies are controversial, reflecting study limitations
such as use of a single spot urine or dietary recall to estimate daily
salt intake rather than 24-h urine collections, and population samples
from only a single country or center.
Objective: The aim of this study was to use data from the
International Study of Macro-/Micro-nutrients and Blood Pressure
(INTERMAP Study) to explore the relation between dietary salt
intake estimated from 2 timed 24-h urine collections and body mass
index (BMI; in kg/m2) as well as prevalence of overweight/obesity
in Japan, China, the United Kingdom, and the United States.
Methods: Data were from a cross-sectional study of 4680 men and
women aged 40–59 y in Japan (n = 1145), China (n = 839), the
United Kingdom (n = 501), and the United States (n = 2195).
General linear models were used to obtain the regression coefficients
(β) of salt intake associated with BMI. Multivariable logistic
regression models were used to determine the ORs and 95% CIs
of overweight/obesity associated with a 1-g/d higher dietary salt
intake.
Results: After adjustment for potential confounding factors includ-
ing energy intake, salt intake 1 g/d higher was associated with BMI
higher by 0.28 in Japan, 0.10 in China, 0.42 in the United Kingdom,
and 0.52 in the United States, all P values < 0.001. Salt intake 1 g/d
higher was associated with odds of overweight/obesity 21% higher
in Japan, 4% higher in China, 29% higher in the United Kingdom,
and 24% higher in the United States, all P values < 0.05.
Conclusions: Salt intake is positively associated with BMI and
the prevalence of overweight/obesity in Japan, China, the United
Kingdom, and the United States. This association needs to be further
confirmed in well-designed prospective studies with repeated dietary
and BMI measurements.This trial was registered at clinicaltrials.gov
as NCT00005271. Am J Clin Nutr 2019;110:34–40.

Keywords: salt intake, 24-h urine sodium, body mass index, obesity,
cross-sectional study

Introduction
High salt intake has been widely reported to be associated

with elevated blood pressure (BP) (1–3) and increased risk of
cardiovascular diseases (4, 5). Over the last few years, several
studies have reported that dietary salt intake was associated with
overweight/obesity and put forward a hypothesis that salt intake
may be an independent risk factor for overweight/obesity in
adults (6–13), but results from previous studies are controversial
(14, 15). Previous studies have limitations such as use of a
single spot urine (15) or dietary recall (6, 12, 14) to estimate
daily salt intake, which have been criticized for large bias in
estimating individual salt intake (16–18). Multiple 24-h urine
collections have been recommended as the most reliable method
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in this field (19). A possible explanation for a valid link between
salt intake and overweight/obesity is that higher salt intake may
result in more fluid intake and may thereby contribute to weight
increase (20). In addition, increased consumption of processed
calorie-dense foods may result in excessive sodium intake, thus
energy intake may be important for the relation between salt
intake and overweight/obesity. Unfortunately, lack of data on
energy intake has weakened the meaning of data from some
previous studies (7, 10). Only a few studies in adults used 24-
h urine collection to estimate salt intake with adjustment for
energy intake in multivariable models and found that the relation
between salt intake and obesity may be independent from energy
intake (8, 9, 11, 13). However, almost all those previous studies
were carried out in a single country or center, leaving large limits
on the generality of their conclusions. Therefore, the present
study aims to use data from the International Study of Macro-/
Micro-nutrients and Blood Pressure (INTERMAP Study) to
explore the relation between dietary salt intake estimated from
2 timed 24-h urine collections and BMI as well as prevalence of
overweight/obesity in Japan, China, the United Kingdom, and the
United States.

Methods

Study population

Participants were from the INTERMAP international epi-
demiologic study on relations of dietary variables with BP,
including 4680 men and women aged 40–59 y from 17 population
samples in Japan (4 samples), China (3 samples), the United
Kingdom (2 samples), and the United States (8 samples) (21).
For each participant, data collection included 2 timed 24-h urine
specimens, four 24-h dietary recalls, 8 BP measurements, and
data on variables possibly confounding nutrient–BP relations.
Interviewer-assisted questionnaires were used to obtain data on
demographic and lifestyle factors, such as smoking and drinking
status and physical activity. Field work was conducted from
1996 to 1999, with strict quality control procedures undertaken
at the international, national, and local levels throughout the
field surveys. Details about the study populations have been
reported previously (21). The participant flowchart of the present
observational study (NCT00005271) is shown in Supplemental
Figure 1. Written informed consent was obtained from all
participants.

Dietary data collection

Each participant attended the local research center 4 times: the
first 2 visits were on consecutive days, then another such pair
of visits followed with an interval of 3–6 wk. Four 24-h dietary
recalls (2 pairs) were performed by trained certified interviewers
using the in-depth multipass 24-h recall method (22). All foods,
drinks, and dietary supplements consumed in the previous 24 h
were recorded. Assessment tools such as real foods, food models,
measuring devices, and photographs were used in the 4 countries
to assist in accurate recording. Nutrient data were derived from
country-specific food tables standardized and enhanced by the
Nutrition Coordinating Center, University of Minnesota (23).
Dietary quality control procedures indicated generally high data
quality (22).

Urine collection

Two timed 24-h urine specimens were collected with an
interval of 3–6 wk, each coinciding with a pair of 24-h dietary
recalls. Collections started at the local research center on the
first day of each visit and were completed there the next
day. The start and end times were recorded as participants
began and completed the collection at the research center. Also,
participants reported any missing urine on a written form;
in such cases the specimen was designated “incomplete” and
the participant was asked to repeat the collection. Also, the
collection was repeated if the collection time fell outside the
range of 22–26 h, or the total volume of urine was <500 mL.
Urine aliquots were stored frozen at −20◦C and air-freighted
frozen to the Central Laboratory (Leuven, Belgium) within 1 y,
where urinary sodium, potassium, creatinine, and other variables
were measured with rigorous internal and external quality
control.

Definition of overweight/obesity

Height and weight without shoes or heavy clothing were
measured at 2 visits and the BMI was calculated as kg/m2. In
this study, based on the WHO cutoff criteria (24), we combined
the definition of overweight or obesity as BMI ≥ 25 because the
numbers of cases of obesity (defined as BMI ≥ 30) in Japan (n =
25) and China (n = 29) were very small.

Statistical analysis

Data are presented as mean ± SD for continuous variables
and as n (percentage) for categorical variables. Salt intake is
converted from the mean of the 2 timed 24-h urine sodium values
(1 g salt is equivalent to 17.1 mmol sodium), used throughout
the article as a continuous variable. We tested differences in
baseline characteristics between different BMI status groups
with t tests for continuous variables and with χ2 tests for
categorical variables. General linear models were used to obtain
the regression coefficients (β) of salt intake associated with
BMI. We then used multivariable logistic regression models to
determine the ORs and 95% CIs of overweight/obesity associated
with a 1-g/d higher dietary salt intake. In multivariate models,
we sequentially adjusted for age, gender, sample center, smoking
status, drinking status, years of education, physical activity in
leisure time, dietary fiber intake, and total energy intake. A 2-
tailed P value <0.05 was considered statistically significant. All
analyses were performed using SAS version 9.4 (SAS Institute).

Results
The INTERMAP Study included 4680 participants from Japan

(n = 1145), China (n = 839), the United Kingdom (n = 501),
and the United States (n = 2195). The study was designed to
include approximately equal numbers of men and women. The
mean ± SD age of the study participants was 49.2 ± 5.5 y.
The characteristics of the study sample according to BMI status
across the 4 countries are shown in Table 1. Overall, those
participants who were overweight/obese were more likely to be
men, older, consumed more calories, and were less physically
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FIGURE 1 Scatterplots of salt intake vs. BMI in Japan, China, the United Kingdom, and the United States. r was calculated by correlation analysis.

active. Overweight/obese participants had higher salt intake than
those with normal BMI in all 4 countries.

The scatterplots of salt intake against BMI in Japan, China,
the United Kingdom, and the United States are presented in
Figure 1. The regression coefficients (β) of salt intake associated
with BMI are shown in Table 2. The mean ± SD daily salt intake
in Japan, China, the United Kingdom, and the United States was
11.6 ± 3.3, 13.3 ± 5.9, 8.5 ± 2.9, and 9.5 ± 3.5 g, respectively.
The mean ± SD BMI in these 4 countries was 23.4 ± 2.9,
23.1 ± 3.4, 27.5 ± 4.6, and 28.9 ± 5.9, respectively. After

adjustment for several potential confounding factors including
daily total energy intake, salt intake 1 g/d higher was associated
with BMI 0.28 higher in Japan, 0.10 higher in China, 0.42 higher
in the United Kingdom, and 0.52 higher in the United States, all
P values < 0.001.

Table 3 shows the prevalence of overweight/obesity and
the relation between salt intake and the prevalence of over-
weight/obesity in the 4 countries. The prevalence of over-
weight/obesity in Japan, China, the United Kingdom, and
the United States was 26.7%, 25.5%, 69.7%, and 71.8%,

TABLE 2 Regression coefficients (β) and 95% CIs of salt intake associated with BMI1

Model 12 Model 23 Model 34

Salt intake, g/d BMI, kg/m2 β (95% CI) P value β (95% CI) P value β (95% CI) P value

Japan 11.6 ± 3.3 23.4 ± 2.9 0.28 (0.23, 0.33) <0.0001 0.28 (0.23, 0.33) <0.0001 0.28 (0.23, 0.34) <0.0001
China 13.3 ± 5.9 23.1 ± 3.4 0.11 (0.06, 0.16) <0.0001 0.11 (0.06, 0.15) <0.0001 0.10 (0.05, 0.14) 0.0001
United 8.5 ± 2.9 27.5 ± 4.6 0.40 (0.25, 0.55) <0.0001 0.41 (0.27, 0.56) <0.0001 0.42 (0.27, 0.56) <0.0001

Kingdom
United States 9.5 ± 3.5 28.9 ± 5.9 0.57 (0.50, 0.64) <0.0001 0.53 (0.46, 0.60) <0.0001 0.52 (0.45, 0.59) <0.0001
All 10.6 ± 4.2 26.4 ± 5.5 0.36 (0.32, 0.40) <0.0001 0.35 (0.31, 0.38) <0.0001 0.34 (0.30, 0.38) <0.0001

1Values are mean ± SD unless otherwise indicated. β (95% CI) was calculated by general linear models.
2Model 1 adjusted for age, gender, and sample center.
3Model 2 further adjusted for smoking status, drinking status, years of education, and physical activity in leisure time.
4Model 3 further adjusted for total energy intake and dietary fiber intake.
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TABLE 3 ORs (95% CIs) of salt intake in relation to overweight/obesity1

Overweight/
obesity,
n (%)

Model 12 Model 23 Model 34

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Japan 306 (26.7) 1.21 (1.15, 1.26) <0.0001 1.21 (1.16, 1.27) <0.0001 1.21 (1.16, 1.27) <0.0001
China 214 (25.5) 1.06 (1.02, 1.09) 0.0028 1.05 (1.02, 1.09) 0.0041 1.04 (1.00, 1.08) 0.0332
United Kingdom 349 (69.7) 1.24 (1.13, 1.36) <0.0001 1.26 (1.15, 1.39) <0.0001 1.29 (1.17, 1.42) <0.0001
United States 1575 (71.8) 1.25 (1.20, 1.30) <0.0001 1.24 (1.19, 1.29) <0.0001 1.24 (1.19, 1.29) <0.0001
All 2444 (52.2) 1.16 (1.14, 1.19) <0.0001 1.16 (1.14, 1.18) <0.0001 1.16 (1.13, 1.18) <0.0001

1Overweight/obesity was defined as BMI ≥ 25 kg/m2. OR (95% CI) was calculated by logistic regression models.
2Model 1 adjusted for age, gender, and sample center.
3Model 2 further adjusted for smoking status, drinking status, years of education, and physical activity in leisure time.
4Model 3 further adjusted for total energy intake and dietary fiber intake.

respectively. Multivariable logistic regression models showed
a positive relation between salt intake and the prevalence of
overweight/obesity after adjustment for age, gender, sample
center, smoking status, drinking status, years of education, and
physical activity in leisure time. This relation persisted when we
further adjusted for total energy intake. Salt intake 1 g/d higher
was associated with odds of overweight/obesity 21% higher in
Japan, 4% higher in China, 29% higher in the United Kingdom,
and 24% higher in the United States, all P values < 0.05.

As a sensitivity analysis, we excluded 628 participants who
reported the use of any special diet for medical, weight-loss,
or other purposes, of which 76 were in Japan, 45 in China,
106 in the United Kingdom, and 401 in the United States. The
associations between dietary salt intake and BMI as well as the
ORs of overweight/obesity were somewhat attenuated in some
countries but remained significant in all these 4 countries (see
Supplemental Tables 1 and 2).

Discussion
In this international multicenter population study, we found

a consistently significant association between dietary salt intake
and BMI as well as the odds of overweight/obesity in Japan,
China, the United Kingdom, and the United States, with
adjustment for potential confounding factors including total
energy intake. These findings have both important clinical
and public health implications in that reducing salt intake, in
addition to lowering BP, may also lower BMI and the prevalence
of overweight/obesity, and thereby reduce the risk of main
cardiovascular diseases.

Our results are consistent with those of several previous
studies, although most of these had methodological problems,
namely the use of either spot urine (15) or dietary recall methods
(6, 12, 14) to estimate individual salt intake rather than 24-h urine
collections. Energy intake is the most important confounding
factor for the link between salt intake and overweight/obesity
because high salt intake may stimulate thirst and appetite and
lead to more energy intake (20), and some previous studies did
not include total energy intake in their analysis (7, 10). Only a
few studies in adults used 24-h urine collection to estimate salt
intake and adjusted for energy intake in multivariable models.
A study based on the UK National Diet and Nutrition Survey
rolling program including 785 adults reported that a 1-g/d higher
salt intake was associated with 26% higher odds of overweight

or obesity (OR: 1.26; 95% CI: 1.16, 1.37) after adjusting for
several potential confounding factors including energy intake (8),
a finding similar to our results from the UK sample. We found
that 1-g/d higher salt was associated with 29% (OR: 1.29; 95%
CI: 1.17, 1.42) higher odds of overweight/obesity in the United
Kingdom. A cross-sectional study of 1043 Japanese women aged
18–22 y found that the 24-h urine-derived sodium intake was
associated with higher odds of obesity; the adjusted OR (95%
CI) of the highest quartile was 2.49 (1.15, 5.42) compared with
the lowest quartile of sodium intake (9). A study analyzed cross-
sectional data of 640 healthy adults from South Korea and found
a positive association between higher sodium intake as assessed
by 24-h urinary sodium excretion and obesity independent of
energy intake (11). A cross-sectional study based on data from a
sample of 730 participants aged 20–69 y found that a 1000-mg/d
higher sodium excretion was significantly associated with a 3.8-
higher BMI (95% CI: 2.8, 4.8), adjusted for covariates. Compared
with participants in the lowest quartile of sodium excretion,
the adjusted prevalence ratio in the highest quartile was 1.93
(95% CI: 1.69, 2.20) for overweight/obesity (13). A longitudinal
population study that enrolled 215 Danish participants found a
significant association of 24-h sodium excretion with body fat
and fat-free mass, but the power of this study was limited owing
to the small sample size (25).

The mechanisms underlying the salt intake relation to obesity
remain unclear. A possible explanation is that higher salt intake
is associated with excessive energy intake, but our results along
with the considerable previous evidence indicate that there may
be a direct link between dietary salt intake and overweight/obesity
independent of energy intake. This association remained signifi-
cant when we excluded participants with any special diet during
the study or stratified by energy intake (Supplemental Table
3) as sensitivity analyses. Recent experimental research in mice
showed that high intake of salt activates the aldose reductase–
fructokinase pathway in the liver and hypothalamus, leading to
endogenous fructose production with the development of leptin
resistance causing obesity (26). Other studies showed that a
high-salt diet enhanced adipocyte insulin sensitivity for glucose
uptake and the insulin-induced glucose metabolism, promoting
adipocyte hypertrophy and increasing the mass of white adipose
tissue and leptin production in rats (27, 28). Results from a
human study also showed that a high-salt diet increased fasting
ghrelin, which regulates appetite, glucose homeostasis, and fat
deposition, and may be a novel underlying mechanism of obesity
(29).
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As far as we know, the present study is the first to explore the
association between dietary salt intake and overweight/obesity
in multicountry populations with a large sample size. Our study
used 2 timed 24-h urine collections to estimate salt intake
and 4 in-depth multipass 24-h dietary recalls for estimating
daily dietary intake. Strict quality control procedures for both
urine collections and dietary recalls added data reliability
in our study. Several limitations in our study also need to
be addressed. First, energy intake in our study was derived
from 24-h dietary recalls but not more accurate methods such
as the doubly labeled water method. Previous studies have
demonstrated a bias toward underestimation when using 24-
h dietary recalls for estimating total energy intake, especially
among those that are obese (30–32). Nevertheless, there were
no essential changes in the association between salt intake and
BMI when we excluded 945 participants who were obese as a
sensitivity analysis (Supplemental Table 4). Second, 2 urinary
measurements may not be reflective of long-term dietary habits,
but similar results were found for each urinary measurement
compared with the combined exposure measurement analysis
(Supplemental Tables 5 and 6). Third, the cross-sectional study
design makes it impossible to conclude that there were causal
relations between salt intake and overweight/obesity because the
time sequence of exposure factors and outcomes is not clear;
long-term prospective cohort analysis with repeated dietary and
BMI measurements may provide clearer answers.

In conclusion, findings from the INTERMAP Study indicate
that dietary salt intake is positively associated with BMI and
the prevalence of overweight/obesity in Japan, China, the
United Kingdom, and the United States, and this relation was
independent of total energy intake. This association needs to
be further confirmed in well-designed prospective studies with
repeated dietary and BMI measurements.
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