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Abstract 

Background: Adding salt at the table is a prevalent eating habit, but its long-term relationship with cardiovascular 
disease (CVD) and all-cause mortality remains unclear. We evaluated the associations of adding salt at the table with 
the risk of incident CVD and all-cause mortality.

Methods: Among 413,109 middle- and old-aged adults without cancer or CVD, all participants reported the fre-
quency of adding salt at the table at baseline. The associations between adding salt at the table and incident CVD 
(the composite endpoint of coronary heart disease, stroke, heart failure, and CVD deaths) and all-cause mortality were 
investigated using Cox proportional hazards models.

Results: Of the study population, the mean age was 55.8 years and 45.5% were men; 44.4% reported adding salt at 
the table; 4.8% reported always adding salt at the table. During a median follow-up of 12 years, there were 37,091 
incident CVD cases and 21,293 all-cause deaths. After adjustment for demographic, lifestyle, and cardiometabolic risk 
factors, the multivariable-adjusted hazard ratios (HRs) for participants who always added salt at the table versus never/
rarely added salt at the table were 1.21 (95% confidence interval [CI]: 1.16-1.26) for CVD, 1.19 (95%CI: 1.05–1.35) for 
CVD mortality, and 1.22 (95%CI: 1.16–1.29) for all-cause mortality, respectively.

Conclusions: In this prospective cohort study, a higher frequency of adding salt at the table was associated with a 
greater risk of incident CVD and mortality. Our findings support the benefits of restricting the habit of adding salt at 
the table in promoting cardiovascular health.
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Background
Cardiovascular disease (CVD) remains the leading cause 
of death worldwide. The Global Burden of Disease study 
has demonstrated that diet contributes significantly 

to the risk of CVD [1]. Although high sodium intake is 
closely related to the occurrence and development of 
CVD [2], many people have the habit of adding salt to 
their food before or after tasting it. Two studies using 
large nationally representative samples of households in 
the UK estimated that the proportion of habitually add-
ing salt at the table was 31.7% and 40.2% [3, 4]. Evidence 
from nationwide data indicated that more than 40% of 
various racial/ethnic groups reported habitually adding 
salt at the table in the USA [5].
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Preference or habit may prompt people to add discre-
tionary salt to their food during cooking or at the table 
[6], which may be one of the main contributing mecha-
nisms for long-term high salt consumption [7]. A recent 
systematic review reported that the average daily salt 
intake of adults worldwide ranged from 5.2 to 15.5 g/day 
[8], exceeding the recommended limit from the World 
Health Organization (WHO) [9] and current dietary 
guidelines [10]. Adding salt at the table may increase 
salt intake and remains a significant source of total salt 
intake, accounting for about 15–20% [4]. It was esti-
mated that about 1.4 g of salt was added at the table or 
during cooking in the UK [11]. Another survey based on 
Samoan surveillance data found that people who added 
salt at the table had 1.5 g higher salt intake than those 
who did not [12]. However, evidence on the relationship 
of adding salt at the table with the risk of incident CVD 
and mortality is limited. One study, including 11,814 
adults aged 46–66, showed that adding salt at the table 
was associated with a 15% higher risk of heart failure 
[13]. Another study, including 11,742 community older 
men, found that always adding salt to food was associated 
with a 12% higher risk of all-cause mortality [14]. Moreo-
ver, the long-term health effect of adding salt at the table 
on incident CVD and all-cause mortality remains unclear 
in the general population.

Therefore, the objective of this study was to examine 
the associations of the frequency of adding salt at the 
table with incident CVD, CVD mortality, and all-cause 
mortality in a prospective cohort study of nearly half a 
million adults.

Methods
Study design and participants
Between 2006 and 2010, UK Biobank recruited over 
500,000 middle- and old-aged UK adults [15]. Individu-
als registered with the National Health Service and liv-
ing within 25 miles of a UK Biobank assessment center 
were invited to participate voluntarily. Of the 9 million 
individuals invited to participate, 5.5% were ultimately 
enrolled. All participants attended 1 of 22 assessment 
centers where they completed questionnaires, took 
physical measurements, and provided biological samples 
[15]. All participants provided informed consent through 
electronic signature at baseline assessment, and the UK 
Biobank study was approved by the North West-Haydock 
Research Ethics Committee (16/NW/0274). Participants 
who withdrew from UK Biobank (n =46) and had can-
cer (n =56,029) or CVD (n =31,637) at baseline and 
those without data on salt added at the table (n =956) 
and those who died from coronavirus disease 2019 dur-
ing pandemic (n =728) were excluded from the analysis. 

The final analytical sample included 413,109 participants 
(Additional file 1: Fig. S1).

Exposure assessment
At the baseline, the frequency of adding salt at the table 
was recorded. Participants were asked to report their 
daily salt use habits, with the question “Do you add salt to 
your food? (Do not include salt used in cooking)”. Possible 
responses include “Never/rarely,” “Sometimes,” “Usually,” 
or “Always.” Discretionary salt is usually added during 
cooking or at the dinner table [3]. Therefore, adding salt 
to food other than during cooking was defined as adding 
salt at the table. A quadratic weighted kappa statistic was 
used to evaluate the long-term reliability of adding salt 
at the table at the baseline and first repeated assessment 
(mean 4.3 years after baseline) or second repeated assess-
ment (mean 9.0 years after baseline). Moderate reliability 
was identified with a kappa coefficient of 0.60 for the first 
repeated assessment and 0.53 for the second (Additional 
file 1: Table S3).

Outcome ascertainment
The main outcomes were incident CVD and all-cause 
mortality, and the secondary outcomes included the 
main types of CVD (coronary heart disease, heart fail-
ure, stroke) and CVD mortality. CVD was identified 
based on the 9th revision of the International Statistical 
Classification of Diseases (ICD-9), ICD-10, and Office 
of Population, Censuses and Surveys-4 (OPCS-4) codes 
and self-reported data fields with the choice-, disease-, 
or procedure-specific codes (Additional file 1: Table S1) 
[16]. We compared the date of the first CVD diagnosis 
and the baseline assessment visit. Participants with CVD 
before or at the baseline were ascertained as prevalent 
CVD cases, while those diagnosed with CVD after base-
line were regarded as incident CVD cases. At the time of 
this analysis, the inpatient record data were available as 
of March 31, 2021. We censored follow-up at this date or 
the date of the first incident of CVD or death, whichever 
came first. As mortality data were available up to 28 Feb-
ruary 2021, we censored follow-up at this date or the date 
of death, whichever occurred first.

Covariate assessment
Information on sociodemographic factors, lifestyle fac-
tors, dietary intake, medical history, and medication 
use was collected using a touch-screen, self-completed 
questionnaire at the baseline assessment. Height (m) and 
body weight (kg) were measured by trained nurses at 
the baseline. Ethnicity was categorized as White, Mixed, 
Asian, Black, Chinese, and others. Education was cat-
egorized as college or university, vocational, upper sec-
ondary, lower secondary, and others. Household income 
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was categorized as <£18,000, £18,000–£30,999, £31,000–
£51,999, £52,000–£100,000, and >£100,000. Smoking 
status was defined as never, former, and current. The 
frequency and volume of current alcohol consumption 
were self-reported, and alcohol consumption was con-
sidered as a continuous variable. People in the UK are 
advised not to drink more than 14 units a week (equiva-
lent to 16 g/day) [17]. Socioeconomic status was derived 
from Townsend deprivation index scores and categorized 
into quintiles (a higher score denoted a higher degree 
of deprivation) [18]. Physical activity level over a typical 
week was self-reported using the validated International 
Physical Activity Questionnaire, and the total metabolic 
equivalent of task (MET) in a week was categorized into 
quintiles [19]. Body mass index (BMI) was calculated as 
the weight in kilograms (kg) divided by the square of the 
height in meters  (m2) and was considered a continuous 
variable. Medical history (hypertension, diabetes, dys-
lipidemia, family history of stroke, and heart disease) 
was classified as yes or no. We constructed a healthy diet 
score concerning the dietary priorities for cardiometa-
bolic health recommended by the American Heart Asso-
ciation [20]. Definitions of each component of the healthy 
diet score are shown in Additional file  1: Table  S2. The 
scale of the healthy diet score ranged from 0 to 10, and 
a higher score denoted a healthier dietary pattern. The 
healthy diet score was categorized into quintiles [16].

Statistical analysis
Baseline characteristics were presented as the num-
ber (percentage) for categorical variables and the mean 
(standard deviation) for continuous variables. Gen-
eral linear models were used to evaluate the association 
between the frequency of adding salt at the table and 
the estimated 24-h urinary sodium excretion. Multivar-
iable-adjusted Cox proportional hazards models were 
performed to estimate the hazard ratios (HRs) and 95% 
confidence intervals (CIs) for the associations of adding 
salt at the table with incident CVD and mortality. The 
proportionality assumption was checked by using the 
Schoenfeld residual test. Three sequential models were 
used. Model 1 adjusted for age, sex, ethnicity, education, 
Townsend deprivation index, and household income; 
model 2 further included smoking status, alcohol con-
sumption, total physical activity, and healthy diet score; 
model 3 further included BMI, diabetes, dyslipidemia, 
family history of stroke, and heart disease. Because the 
formula for calculating estimated 24-h urinary sodium 
included age, sex, height, and weight [21–23], we did not 
adjust for age, sex, and BMI in the general linear model. 
The missing values of covariates were treated as dummy 
variables.

Subgroup analyses were performed by the following 
variables: age (<60, ≥60 years), sex (man or woman), edu-
cation (College or university/Vocational, upper second-
ary or lower secondary), ethnicity (white, non-white), 
household income (≤£30,999, >£30,999), Townsend dep-
rivation index (below the median, above the median), 
smoking status (current, previous, never), alcohol con-
sumption (≤16, >16 g/d), BMI (<30.0, ≥30.0 kg/m2), 
diabetes (yes or no), and dyslipidemia (yes or no). As for 
hypertension, we stratified it into diagnosed and undi-
agnosed. Diagnosed hypertension was defined based on 
ICD-9, ICD-10, a self-reported history of hypertension, 
or the use of antihypertensive drugs. Given that elevated 
blood pressure might be the main pathway by which 
salt affects CVD, rather than a source of reverse causal-
ity, screen-detected participants with baseline systolic or 
diastolic blood pressure ≥140 mmHg or 90 mmHg and 
those without hypertension were defined as undiagnosed 
hypertension. The effect modification was assessed by 
including multiplicative interaction terms with the fre-
quency of adding salt at the table in the models.

Four sensitivity analyses were conducted to test the 
robustness of the main findings. First, to minimize the 
potential reverse causation bias, participants who devel-
oped CVD or died during the first 2 years of follow-up 
were excluded and re-ran the main analyses. Second, 
participants with chronic kidney disease were excluded 
because they have diminished capacity to excrete sodium 
and a higher risk of cardiovascular disease [24]. Third, 
dietary variation may alter the habit of adding salt at the 
table, and participants whose diets frequently changed 
week to week were excluded. Fourth, major diet changes 
before the baseline may contribute to changes in the 
habit of adding salt at the table, and those who had major 
dietary changes in the previous 5 years were excluded.

A 2-tailed P-value of less than 0.05 was used to deter-
mine the statistical significance. Results from subgroup 
analyses were considered exploratory due to multiple 
testing. All analyses were performed by SAS version 9.4 
software (SAS Institute, USA).

Results
Baseline characteristics
Baseline characteristics of the participants according to 
the frequency of adding salt at the table are displayed 
in Table 1. Of the 413,109 participants, 187,949 (45.5%) 
were men, with a mean age (SD) of 55.8 (8.1) years. Over-
all, 229,593 (55.6%) participants reported never/rarely 
adding salt at the table, while 183,516 (44.4%) reported 
adding salt at the table, 116,095 (28.1%) reported some-
times adding salt at the table, 47,703 (11.6%) reported 
usually adding salt at the table, and 19,718 (4.8%) 
reported always adding salt at the table. Compared with 
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the reference group (never/rarely adding salt at the table), 
those who added salt at the table were more likely to be 
current smokers, drink more alcohol, be more socioeco-
nomically deprived, have a higher level of total physical 

activity and estimated 24-hour urinary sodium, have a 
higher prevalence of diabetes and dyslipidemia, be less 
educated, have lower household income, and have poor 
diet quality. Additionally, those who added salt at the 

Table 1 Baseline characteristics of 413,109 participants without cardiovascular disease

Data were expressed as the mean (SD), median (IQR), or n (%)

SD standard deviation, MET metabolic equivalent
a Healthy diet score ranged from 0 to 10, and a higher score denoted a healthier dietary pattern

Characteristics Frequency of adding salt at the table

Never/rarely Sometimes Usually Always

Mean (SD) age (years) 55.80 (8.08) 55.70 (8.11) 56.26 (8.05) 55.15 (8.26)

Male, N (%) 100,439 (43.75) 53,561 (46.14) 24,371 (51.09) 9578 (48.57)

Ethnicity, N (%)

 White 218,788 (95.29) 107,962 (92.99) 44,362 (93.00) 17,052 (86.48)

 Mixed 1225 (0.53) 799 (0.69) 342 (0.72) 207 (1.05)

 Asian 3151 (1.37) 2906 (2.50) 1322 (2.77) 1056 (5.36)

 Black 3227 (1.41) 2336 (2.01) 781 (1.64) 738 (3.74)

 Chinese 764 (0.33) 372 (0.32) 181 (0.38) 113 (0.57)

 Others 1668 (0.73) 1344 (1.16) 546 (1.14) 458 (2.32)

 Missing 770 (0.34) 376 (0.32) 169 (0.35) 94 (0.48)

Education, N (%)

 College or university 81,589 (35.54) 37,319 (32.15) 14,718 (30.85) 4151 (21.05)

 Vocational 25,199 (10.98) 13529 (11.65) 5859 (12.28) 2491 (12.63)

 Upper secondary 27,414 (11.94) 12,748 (10.98) 5027 (10.54) 1591 (8.07)

 Lower secondary 60,460 (26.33) 31,504 (27.14) 12,901 (27.04) 5496 (27.87)

 Others 31,282 (13.62) 18,791 (16.19) 8315 (17.43) 5443 (27.60)

 Unknown 3649 (1.59) 2204 (1.90) 883 (1.85) 546 (2.77)

Household income (£)

 <18,000 38,246 (16.66) 20,775 (17.89) 9187 (19.26) 5079 (25.76)

 18,000–30,999 48,415 (21.09) 24,866 (21.42) 10,500 (22.01) 4242 (21.51)

 31,000–51,999 53,849 (23.45) 26,755 (23.05) 10,606 (22.23) 3682 (18.67)

 52,000–100,000 44,504 (19.38) 20,898 (18.00) 8269 (17.33) 2471 (12.53)

 >100,000 11,988 (5.22) 5551 (4.78) 2215 (4.64) 569 (2.89)

 Missing 32,591 (14.20) 17,250 (14.86) 6926 (14.52) 3675 (18.64)

Smoking status, N (%)

 Never 139,329 (60.69) 62,571 (53.90) 22,234 (46.61) 8303 (42.11)

 Previous 71,463 (31.13) 40,161 (34.59) 18,071 (37.88) 6754 (34.25)

 Current 18,101 (7.88) 12,924 (11.13) 7222 (15.14) 4550 (23.08)

 Missing 700 (0.30) 439 (0.38) 176 (0.37) 111 (0.56)

Mean (SD) alcohol consumption (g/day) 15.09 (16.22) 16.65 (17.48) 19.12 (20.00) 20.79 (25.84)

Healthy diet  scorea, mean (SD) 3.21 (1.41) 2.91 (1.37) 2.72 (1.38) 2.55 (1.39)

Mean (SD) total physical activity (MET-min/week) 2650.65 (2656.08) 2662.88 (2733.42) 2670.50 (2793.29) 2921.16 (3223.61)

Median (IQR) Townsend deprivation index −2.32 (−3.74, 0.13) −2.07 (−3.60, 0.60) −1.95 (−3.55, 0.87) −1.01 (−3.10, 2.32)

Mean (SD) BMI (kg/m2) 27.06 (4.68) 27.51 (4.75) 27.72 (4.76) 27.93 (5.05)

Family history of stroke, N (%) 62,479 (27.21) 30,719 (26.46) 12,638 (26.49) 4831 (24.50)

Family history of heart disease, N (%) 102,214 (44.52) 50,152 (43.20) 20,500 (42.97) 8076 (40.96)

Hypertension, N (%) 62,903 (27.40) 28,868 (24.87) 11,558 (24.23) 4769 (24.19)

Diabetes, N (%) 11,684 (5.09) 6171 (5.32) 2531 (5.31) 1120 (5.68)

Dyslipidemia, N (%) 108,004 (47.04) 56,630 (48.78) 24,212 (50.76) 10,234 (51.90)

Mean (SD) estimated 24-h urinary sodium (mg/day) 4092.82 (1211.57) 4191.76 (1231.19) 4236.76 (1260.74) 4370.51 (1311.85)
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table had a lower prevalence of hypertension, family his-
tory of stroke, and heart disease. After adjustment for 
covariates, we found a positive association between the 
frequency of adding salt at the table and the estimated 
24-h urinary sodium (Additional file 1: Fig. S2).

Associations of adding salt at the table with incident CVD 
and mortality
During a median follow-up of 12 years (4,757,762 per-
son-years for incident CVD and 4,897,675 person-years 
for mortality), we documented 37,091 CVD events, 
including 27,609 coronary heart disease, 8207 heart 
failure, and 7261 stroke cases, as well as 21,293 deaths, 

including 4147 CVD deaths. We observed positive asso-
ciations between the frequency of adding salt at the table 
and incident CVD and mortality (Table 2). After adjust-
ing for age, sex, and other sociodemographic factors, the 
HRs (95%CI) of incident CVD across participants who 
sometimes, usually, and always added salt at the table 
were 1.07 (1.04–1.09), 1.11 (1.08–1.15), and 1.31 (1.25–
1.37); the HRs (95%CI) of all-cause mortality across par-
ticipants who sometimes, usually, and always added salt 
at the table were 1.09 (1.05–1.12), 1.17 (1.12–1.22), and 
1.45 (1.38–1.54), respectively. In the fully adjusted model, 
the multivariable-adjusted HRs (95%CI) of incident CVD 
for participants who sometimes, usually, and always 

Table 2 Associations between adding salt at the table and incident cardiovascular disease and mortality among 413,109 participants

Model 1: adjusted for age, sex, ethnicity, education, Townsend deprivation index, household income

Model 2: model 1 + smoking status, alcohol intake, total physical activity, healthy diet score

Model 3: model 2 + body mass index, diabetes, dyslipidemia, family history of stroke, and family history of heart disease

Frequency of adding salt at the table

Never/rarely Sometimes Usually Always

CVD incidence
 Cases/person-years 19,140/2,654,769 10,645/1,335,958 4933/544,908 2373/222,127

 Model 1 1 (ref ) 1.07 (1.04–1.09) 1.11 (1.08–1.15) 1.31 (1.25–1.37)
 Model 2 1 (ref ) 1.04 (1.02–1.06) 1.06 (1.02–1.09) 1.21 (1.16–1.26)
 Model 3 1 (ref ) 1.03 (1.01–1.06) 1.04 (1.01–1.08) 1.21 (1.16–1.26)
Coronary heart disease incidence
 Cases/person-years 14,212/2,674,176 7910/1,346,554 3700/549,801 1787/224,341

 Model 1 1 (ref ) 1.06 (1.03–1.09) 1.11 (1.07–1.15) 1.31 (1.24–1.37)
 Model 2 1 (ref ) 1.04 (1.01–1.06) 1.06 (1.02–1.10) 1.22 (1.16–1.28)
 Model 3 1 (ref ) 1.03 (1.00–1.06) 1.05 (1.01–1.09) 1.22 (1.16–1.28)
Heart failure incidence
 Cases/person-years 4157/2,730,607 2362/1,378,469 1121/564,201 567/231,282

 Model 1 1 (ref ) 1.08 (1.02–1.13) 1.13 (1.06–1.20) 1.37 (1.25–1.49)
 Model 2 1 (ref ) 1.05 (0.99–1.10) 1.06 (0.99–1.13) 1.23 (1.12–1.35)
 Model 3 1 (ref ) 1.02 (0.97–1.08) 1.03 (0.96–1.10) 1.21 (1.11–1.33)
Stroke incidence
 Cases/person-years 3784/2,729,456 2107/1,377,682 924/564,059 446/231,152

 Model 1 1 (ref ) 1.08 (1.02–1.14) 1.07 (0.99–1.15) 1.28 (1.16–1.42)
 Model 2 1 (ref ) 1.05 (0.99–1.11) 1.01 (0.94–1.09) 1.16 (1.05–1.28)
 Model 3 1 (ref ) 1.05 (0.99–1.11) 1.01 (0.94–1.08) 1.17 (1.06–1.29)
All-cause mortality
 Deaths/person-years 10,762/2,725,720 6085/1,376,591 2944/563,957 1502/231,408

 Model 1 1 (ref ) 1.09 (1.05–1.12) 1.17 (1.12–1.22) 1.45 (1.38–1.54)
 Model 2 1 (ref ) 1.04 (1.01–1.07) 1.06 (1.02–1.11) 1.23 (1.16–1.30)
 Model 3 1 (ref ) 1.03 (1.00–1.07) 1.06 (1.01–1.10) 1.22 (1.16–1.29)
CVD mortality
 Deaths/person-years 2053/2,725,720 1215/1,376,591 580/563,957 299/231,408

 Model 1 1 (ref ) 1.12 (1.04–1.20) 1.16 (1.05–1.27) 1.41 (1.25–1.60)
 Model 2 1 (ref ) 1.07 (1.00–1.15) 1.05 (0.96–1.16) 1.20 (1.06–1.36)
 Model 3 1 (ref ) 1.06 (0.98–1.13) 1.04 (0.95–1.14) 1.19 (1.05–1.35)
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added salt at the table were 1.03 (1.01–1.06), 1.04 (1.01–
1.08), and 1.21 (1.16–1.26); the multivariable-adjusted 
HRs (95%CI) of all-cause mortality for participants who 
sometimes, usually, and always added salt at the table 
were 1.03 (1.00–1.07), 1.06 (1.01–1.10), and 1.22 (1.16–
1.29), respectively. We further examined the associations 
between the frequency of adding salt at the table and cor-
onary heart disease, heart failure, stroke, and CVD mor-
tality separately. In the fully adjusted model, compared 
with participants who never/rarely added salt at the table, 
participants who always added salt at the table had a 
higher risk of coronary heart disease (HR: 1.22, 95%CI: 
1.16–1.28), heart failure (HR: 1.21, 95%CI: 1.11–1.33), 
stroke (HR: 1.17, 95%CI: 1.06–1.29), and CVD mortality 
(HR: 1.19, 95%CI: 1.05–1.35), respectively.

Secondary analyses
We conducted stratified analyses according to poten-
tial risk factors (Fig.  1). Given the existence of multiple 
comparisons in our analyses, Bonferroni’s correction 
was intercalated to reduce the likelihood of making a 
false positive (P < 0.004 after Bonferroni’s correction). 
For incident CVD, the association between adding salt 
at the table and the risk of CVD was stronger among 
participants aged <60 years (P for interaction =0.0004). 
Sensitivity analyses showed no qualitative change when 
participants who developed CVD or died during the first 
2 years of follow-up were excluded (Additional file  1: 
Table  S4); participants with chronic kidney disease at 
baseline were excluded (Additional file 1: Table S5); par-
ticipants whose diet changed frequently every week were 
removed (Additional file 1: Table S6); or those who had 

Fig. 1 Subgroup analyses of the effects of always adding salt at the table on incident cardiovascular disease and all-cause mortality. Hazard ratios 
were adjusted for age, sex, ethnicity, education, Townsend deprivation index, household income, smoking status, alcohol intake, total physical 
activity, healthy diet score, BMI, diabetes, dyslipidemia, family history of stroke, and family history of heart disease. (The stratified variable was not 
adjusted in the model.) *Healthy diet score ranged from 0 to 10, and a higher score denoted a healthier dietary pattern. Horizontal lines represent 
95% confidence intervals
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major dietary changes in the last 5 years were excluded 
(Additional file 1: Table S7).

Discussion
In this large prospective cohort study, adding salt at the 
table was significantly associated with a higher risk of 
incident CVD, CVD mortality, and all-cause mortality. 
The association was independent of demographic, socio-
economic, lifestyle, and cardiovascular risk factors.

Evidence on the frequency of adding salt at the table 
and incident CVD and subsequent mortality is limited. 
A most recent study separated participants who had a 
habit of adding salt at the table and those who did not use 
additional salt, founding that adding salt at the table was 
associated with a 15% higher risk of heart failure [13]. 
Another study, including 11,742 community older men, 
reported that always adding salt to food was associated 
with a 12% higher risk of all-cause mortality [14], which 
was consistent with our study. Our findings extended 
these observations to the general population, among 
whom a positive association between adding salt at the 
table and incident CVD was first revealed. In addition, 
ample evidence shows that high salt intake was associ-
ated with adverse cardiovascular outcomes and mortal-
ity [2, 25–29]. A recent study measured sodium intake 
in multiple 24-h urine samples, reporting that each daily 
increase of 1000 mg in sodium excretion (equivalent to 
2.5 g salt intake) was associated with an 18% higher CVD 
risk [2]. In our study, as the frequency with which par-
ticipants added salt at the table increased, their levels of 
sodium intake estimated by using urinary sodium excre-
tion increased accordingly. Taken together, our find-
ings emphasized the potential cardiovascular benefits of 
avoiding or reduction of adding salt at the table and sup-
ported the current salt reduction policies.

Several analyses in UK Biobank reported flat associa-
tions between the estimated 24-h urinary sodium and 
CVD [30, 31]. The inconsistency in existing findings 
may be mainly due to the differences in sodium meas-
urement methods. Both studies used predictive for-
mulas to estimate 24-h urinary sodium as surrogates of 
sodium intake. However, several confounding variables 
(e.g., age, sex, weight, height) were used in the formulas, 
all of which were associated with cardiovascular risk [2]. 
Interestingly, one study re-adjusted for multiple covari-
ates after removing BMI found that the estimated 24-h 
urinary sodium was directly and linearly associated with 
CVD [30]. In this study, we focused on the specific prac-
tices for adding salt at the table, rather than the meas-
urement of total salt intake. Adding salt at the table is a 
common eating habit that reflects a person’s long-stand-
ing salt taste preferences and is less likely to be affected 
by large changes in daily sodium intake [32]. Our study 

assessed the long-term reliability of adding salt at the 
table and found a positive association between adding 
salt at the table and the estimated 24-h urinary sodium. 
Furthermore, compared to the gold standard for assess-
ing sodium intake (the mean of multiple, nonconsecutive, 
24-h urinary sodium), evaluating subjects’ salt habitua-
tion in large cohorts may be easier to implement.

Considering the important health implications of 
sodium intake, WHO and current international dietary 
guidelines recommend that salt intake for the general 
population should limit to less than 5 g/day [9] or 6 g/day 
[10]. However, several studies suggested that when the 
amount of salt in people’s diet was reduced, they could 
partially compensate by adding salt to their food at the 
table [33, 34]. A study found that as the food’s sodium 
decreased more, the number of participants who added 
salt after tasting increased. In addition, when sodium was 
reduced by 30% and accompanied by the reduced-salt 
label, participants over-compensated for the reduction 
in salt [34]. Another study also found that more salt was 
added with increased salt reductions in the meals, and 
19% of consumers compensated by adding salt back at 
the table for full compensation [33]. These studies have 
shown that when salt is reduced in diets, it may lead to 
the appearance of adding salt to food at the table, which 
may ultimately fail to achieve the goal of salt reduction.

Restricting the habit of adding salt to food at the table 
has been proposed to reduce salt intake [35, 36]. Pub-
lic health education or removing/replacing salt shak-
ers could also partially reduce salt added at the table [4, 
37, 38]. However, the habit of adding salt at the table is 
prevalent, whether in developed regions [3–5] or in low- 
and middle-income countries [12, 39–41]. Despite the 
cardiovascular benefits of reducing salt intake have been 
increasingly recognized, this has not fully translated into 
salt reduction action. Moreover, the lack of public aware-
ness of the health benefits derived from not adding salt 
at the table restricted the implementation of salt reduc-
tion actions. Therefore, raising public awareness and 
implementing salt reduction behavioral intervention 
is necessary. Our findings first revealed the long-term 
health hazard of adding salt at the table strongly sup-
ported the current public health recommendations and 
highlighted the benefits of restricting this habit for public 
health. Achieving and sustaining salt reduction by limit-
ing the habit of adding salt at the table, even by a modest 
amount, will bring enormous benefits worldwide [35].

This is the first investigation to study the relationship 
between adding salt at the table and cardiovascular out-
comes, with a large sample size and long-term follow-up. 
Several limitations should be noted. First, adding salt at the 
table was self-reported, and misclassification of participants 
was possible. Second, information on salt added at the table 
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was collected at baseline and follow-up visits, but only 10% 
or fewer participants completed the question during follow-
up. Therefore, exploring the associations between changes 
in adding salt at the table and incident CVD and mortality 
was not possible. However, this phenomenon would prob-
ably bias our data toward the null. Third, our analyses were 
performed primarily on middle- and old-aged individuals 
of White British descent, and thus the direct extrapolation 
of our findings to other populations should be cautious. 
Fourth, as a prospective cohort study, we cannot exclude the 
possibility of reverse causation, which may occur when peo-
ple reduce their sodium intake because of illness or based 
on medical recommendations. However, our findings were 
not materially altered when we adjusted for cardiovascular 
risk factors and excluded participants who developed CVD 
or died during the first 2 years of follow-up. Additionally, 
subgroup analyses also indicated that the positive associa-
tion between adding salt at the table and the risk of CVD 
was consistent across the subgroup in hypertension. Fifth, 
although we accounted for a comprehensive list of covari-
ates and conducted several sensitivity analyses, the possi-
bility of residual confounding and potential bias cannot be 
ruled out. Finally, we cannot assume causality because of the 
study’s observational nature.

Conclusions
In this large prospective cohort with nearly half a million 
UK adults, frequently adding salt at the table was associ-
ated with a higher risk of cardiovascular morbidity and 
mortality. These findings are of great public health impli-
cations because of the high prevalence of adding salt at 
the table in many populations; 44.5% of participants in 
this study reported habitually adding salt at the table, and 
4.8% reported always adding salt at the table. Our study 
supports the benefits of reducing added salt use at the 
table in promoting cardiovascular health.
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