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1  | INTRODUC TION

Awareness of sodium intake and its relationship with cardiovascu-
lar outcomes has been a patients of debate for decades. In 2012, 
the World Health Organization (WHO) strongly recommended <2 g 
sodium intake or <5 g salt intake daily because it was beneficial for 
blood pressure as well as risks of stroke, cardiovascular, and cor-
onary heart diseases.1 The 2019 American College of Cardiology/

American Heart Association (ACC/AHA) guidelines for prevention 
of cardiovascular disease have also recommended minimizing con-
sumption of salt along with other dietary interventions as measures 
preventing cardiovascular morbidity.2

Numerous studies have argued the merits of low sodium diet and 
suggested association with cardiovascular disease outcomes.3-9 A me-
ta-analysis concluded the existence of a J-shaped association between 
sodium intake and cardiovascular mortality.10 Reverse causation 
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Abstract
Dietary sodium intake and cardiovascular outcomes have a reported J-shaped curve 
relationship. This study analyzes the relationship between dietary sodium and sugar 
intake as a potential mechanism to explain this association. The authors examined 
cross-sectional data from the National Health and Nutrition Examination Survey 
(NHANES) 2001-2016 where dietary sodium, carbohydrate, fat, cholesterol, and 
sugar intakes were assessed by 24-hour dietary recall and were standardized to a 
total daily intake of 2000 calories. Sodium intake was categorized into sodium quin-
tiles (SQ) as follows: SQ1(0.06-2.6 g/d); SQ2(2.6-3.0 g/d); SQ3(3.0-3.4 g/d); SQ4(3.4-
4.0 g/d); and SQ5(4.0-29.3 g/d). Simple and multivariate linear regression using SQ3 
as reference were used to assess associations between daily sodium intake and the 
other nutrients. Our results showed that among 38 722 participants that met our 
study criteria, the mean age was 43.6  years (SD 16.8  years) and sex was equally 
distributed (48.8% male vs 51.2% female). Sugar intake went down across increasing 
SQs and was significantly higher in SQ1 (141.2 g/d) and SQ2 (118.6 g/d) and signifi-
cantly lower in SQ4 (97.9 g/d) and SQ5 (85.6 g/d) compared to SQ3 (108.6 g/d; all 
P < .01). These same trends remained unchanged and significant in the fully adjusted 
multivariate model. In conclusion, NHANES study participants reporting low sodium 
intake on 24-hour dietary recall have a higher consumption of sugar. The negative 
impact of low sodium diet on cardiovascular health may be explained at least partially 
by the associated high sugar intake.
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where at-risk participants lower their salt intake, the confounding ef-
fects of physical activity and frailty on total calorie intake along with 
questioned quality of the data and methods used to estimate so-
dium intake were consistent explanations that were employed in the 
discussion of limitations of these studies.3,6,7 A scientific statement 
from the American Heart Association pointed to an average of 3 to 4 
methodological issues that may account for the inconsistent findings 
in observational studies related to sodium and CVD.11 Although such 
associations might exist, there was lack of evidence to establish cau-
sality.12 The issue of low sodium diet and poor cardiovascular health 
remained unanswered and recommendations necessitated the need 
for quality research to tackle this major public health issue.13

On the other hand, low-quality carbohydrates such as sug-
ar-sweetened beverages (SSB), sweets, and refined grains have 
been shown to affect cardiometabolic risk by adversely affecting 
body weight and diabetes mellitus risk.14,15 The 2015-2020 Dietary 
Guidelines for Americans recognized the harmful effects of sugar 
and recommended consumption of less than ten percent of calories 
per day from added sugar.16

The purpose of this study was to provide a plausible explanation 
of the association between low sodium intake and poor cardiovascu-
lar health by analyzing the relationship of dietary intakes of sodium 
and other nutrients including sugar.

2  | METHODOLOGY

2.1 | Data source and study design

The data for our study were obtained from the continuous National 
Health and Nutrition Examination Survey (NHANES), 2001-2016. 
The NHANES is a multistage probability cross-sectional survey that 
represents general health and nutritional status of the noninstitu-
tionalized civilian population of the United States. The data retrieved 
included responses to the in-person interviews and examinations 
on multiple demographic variables, medical history, vital and body 
measurements and nutritional intake history. The nutritional in-
take history was based on 24-hour dietary recall, measured by two 
instances.

The NHANES was designed and executed by the National Center 
for Health Statistics (NCHS). All participants included in the data 
provided written consent. Data utilized for the current study are 
publicly available.17

2.2 | Study sample

A total of 82  097 participants from eight available continuous 
NHANES cycles (2001-2016) were included in our study. We did 
not use the 1999-2000 NHANES cycle because there was no in-
formation on sugar intake. We included participants from age 18 to 
75 years with at least one 24-hour dietary recall instance that was 

considered reliable with complete information on sodium and sugar 
intake. The NHANES dietary intake data were considered unreliable 
if there were no data on total nutrient intakes or the total number of 
foods reported. A total of 38 722 participants met our study criteria 
as shown in Figure 1.

2.3 | Twenty four-hour dietary recall

Twenty four-hour dietary recall interviews were administered by 
trained interviewers. Dietary data collected for the NHANES was 
based on the recall of the participants and was collected on both 
weekdays and weekends. Respondents were requested to recall their 
diet in the past 24 hours and to report all the food and beverages 
consumed (midnight to midnight). This information was collected 
with a computer-assisted automated technique and utilized the U.S 
Department of Agriculture (USDA) automated multiple-pass method 
to account for day to day variations.18 There were two 24-hour di-
etary recall instances for all NHANES cycles. The first instance was 
conducted by in-person interview during a mobile physical exami-
nation session, and the second instance was conducted by phone 
interview executed 3-10 days after the mobile examination session. 
Nutritional values of all dietary items and beverages were provided 
by the USDA's Food and Nutrient Database for Dietary Studies 
(FNDDS) which is regularly updated each cycle and supplies the nu-
trient profiles for every food and beverage reported in NHANES.19

2.4 | Demographics, body measurements, and other 
study variables

Age is reported as a continuous variable in years, and sex is re-
ported dichotomously as either “male” or “female.” Race/ethnicity 
is reported categorically as “White,” “Black,” “Mexican Hispanics,” 
“Other Hispanics,” and “Others.” Season was divided into two val-
ues as either the first or second half of the year. Body mass index 
(BMI) in kg/m2 is reported as a continuous variable. Physical activ-
ity was recorded as either “moderate” or “vigorous” based on sur-
vey response to the level of activity over the past 30 days. Those 
not reporting “moderate” or “vigorous” activity were coded as “no 
moderate/vigorous.”

2.5 | Medical history

Smoking was reported as a “yes” response to the question whether a 
participant smoked more than 100 cigarettes in a lifetime. We evalu-
ated the following co-morbid conditions as present if the respond-
ent answered “yes” to the condition: hypertension, coronary artery 
disease, congestive heart failure, and angina. Diabetes was defined 
by self-report of the condition or a glycosylated hemoglobin greater 
than or equal to 6.5%.
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2.6 | Dietary data

For all nutritional variables in NHANES, we used an average of the 
reported 24-hour intake from the two 24-hour dietary recall in-
stances. We used the reported value when only one dietary instance 
occurred. We excluded participants where dietary information on 
sodium or sugar intake was absent. Observations were also excluded 
from analysis if the dietary history was unreliable by NHANES cri-
teria (see Figure 1). Total sodium intake was recorded in milligrams 
and converted to grams. We classified sodium intake categori-
cally into sodium quintiles (SQ) as follows: SQ1 (0.06-2.6 g/d); SQ2 
(2.6-3.0  g/d); SQ3 (3.0-3.4  g/d); SQ4 (3.4-4.0  g/d); and SQ5 (4.0-
29.3  g/d). Carbohydrates, sugar, total protein, cholesterol, and fat 
were all recorded continuously in grams or milligrams as indicated. 
All nutritional variables were divided by reported total caloric intake 
and then multiplied by 2000 to standardize all nutritional variables 
to an arbitrarily defined 2000 calorie diet. Detailed information on 
NHANES data collection through 2016 is recorded by the Center for 
Disease Control and Prevention (CDC).17,20

2.7 | Statistical analysis

We performed all statistical analyses using the survey commands 
[svy] within Stata 16.0 to account for the complex sampling and 
survey design of the continuous NHANES. The data were analyzed 

according to the primary sampling units and strata and were weighted 
based on NHANES defined weights for the dietary intake data. 
Standard errors were estimated using the Taylor-linearized variance 
estimation method. The NHANES weights from each cycle were 
combined into an eight-cycle year weight as recommended by the 
NCHS.

We used simple descriptive statistics to report the overall char-
acteristics of the defined NHANES participants. Categorical vari-
ables were compared across sodium groups using the design-based 
probability. We performed categorical between group comparisons 
to the “average sodium intake group,” that is sodium quintile 3. 
Continuous variables were compared across sodium quintile groups 
using linear regression with sodium quintile 3 as the reference 
group. For these comparisons, a two-tailed p value of less than 0.05 
was accepted as statistically significant. We performed the same 
comparisons for the nutritional variables across sodium quintile 
groups, again using sodium quintile 3 as the reference group. We 
further explored the relationship between sugar and sodium intake 
using linear regression. Multiple linear regression was used to si-
multaneously adjust for age, sex, body mass index (BMI), physical 
activity, smoking, hypertension, diabetes, coronary artery disease, 
congestive heart failure, glycosylated hemoglobin, and season in 
an effort to attenuate reverse causation bias that can potentially 
affect both sodium and sugar intakes. We used boxplots with 95% 
confidence intervals to demonstrate the relationship between 
sugar and sodium intake.

F I G U R E  1   NHANES Sample 
Construction. All NHANES participants 
in cycle years 2001-16 ages 18 to 75 with 
reliable dietary information and complete 
information on sodium and sugar intake 
were included in the final study sample
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Finally, we explored the relationship between sugar and sodium 
intake using liner regression while serially excluding participants 
with a history of cardiovascular disease (reported history of coro-
nary artery disease, angina pectoris, myocardial infarction, conges-
tive heart failure, and stroke), hypertension, and diabetes mellitus. In 
addition, after excluding all participants with a history of cardiovas-
cular disease, we performed linear regression analysis on the rela-
tionship between dietary sugar and sodium intake in those with and 
without hypertension and in those with and without diabetes.

3  | RESULTS

Among 38,722 NHANES participants that met our study criteria, the 
mean age was 43.6 years (SD 15.6 years) and sex was equally dis-
tributed (48.8 male vs 51.2% female). Overall BMI was an average 
of 28.7  kg/m2 (SD 6.8  kg/m2). Lifetime smoking greater than 100 
cigarettes was reported in 46.4%, and reported prevalence of diabe-
tes (13.0%) and hypertension (38.2%) was consistent with national 
prevalence rates.21,22

Participant characteristics by level of sodium intake (quintiles) 
are presented in Table  1. Age was similar across sodium quintiles 
except sodium quintile 5 (SQ5) was significantly older compared to 
sodium quintile 3 (SQ3). Sex was similar across sodium intake groups. 
There were significant racial/ethnic differences by reported sodium 
intake when comparing reported race/ethnicity in sodium quintile 
groups 1 (SQ1) and 5 (SQ5) to SQ3. There was a notable decline 
in those reporting “black” and “Mexican Hispanic” race/ethnicity 
across sodium quintiles and a reciprocal increase in the proportion 
of those reporting “other” race/ethnicity. BMI (kg/m2) was lowest in 
SQ1 (27.9 kg/m2) increasing to the highest average BMI (29.3 kg/m2) 
in SQ5 (both P < .01 compared to SQ3). Physical activity was similar 
across sodium quintile groups. Reported smoking was higher in SQ1 
compared to SQ3 (52.1 vs 45.1%; P <  .01). The mean glycosylated 
hemoglobin increased across sodium quintiles. Hypertension was 
significantly lower in SQ2 (35.4%) and higher in SQ5 (41.5%) com-
pared to SQ3 (38.7%; all P < .01). Diabetes trended up across sodium 
quintiles with 10.4% diabetes in SQ1 and 16.3% diabetes in SQ5, 
both significantly different from 13.0% diabetes in SQ3 (all P < .01). 
There were subtle differences across sodium groups for congestive 

heart failure, coronary artery disease, and angina with significant 
differences only for congestive heart failure.

Dietary intake of major nutritional parameters by sodium intake 
is reported in Table 2. As can be seen in the table and in Figure 2, 
sugar intake went down across increasing sodium intake quintiles, 
and sugar intake was significantly higher in SQ1 (141.2  g/d) and 
SQ2 (118.6 g/d) and significantly lower in SQ4 (97.9 g/d) and SQ5 
(85.6 g/d) compared to the average sodium intake of SQ3 (108.6 g/d; 
all P < .01). As with sugar intake, other nutritional parameters showed 
significant trends with sodium intake. Carbohydrate intake mirrored 
sugar intake across sodium quintiles, while protein and cholesterol 
intake increased across sodium intake quintiles. Fat intake increased 
across sodium intake up to SQ4 and leveled off with a similar intake 
in SQ5 (77.3 g/d) compared to SQ3 (76.5 g/d).

To further examine the relationship between reported dietary 
sugar intake and sodium intake,

we performed both simple and multivariate linear regression 
using the average sodium intake quintile, SQ3, as the reference 
group (Table  3). Unadjusted sugar intake was 32.6 gm/day (95% 
CI: 29.4 to 32.3 g/d) higher in SQ1 and 10.0 gm/day (95% CI: 9.7 to 

TA B L E  2   Nutritional parameters of NHANES participants by quintile of reported sodium intake

Nutrients

Sodium Quintile 1
(0.06-2.6 g/d)
(N = 7745)

Sodium Quintile 2
(2.6-3.0 g/d)
(N = 7744)

Sodium Quintile 3
(3.0-3.4 g/d)
(N = 7745)

Sodium Quintile 4
(3.4-4.0 g/d)
(N = 7744)

Sodium Quintile 5
(4.0-29.3 g/d)
(N = 7744)

P 
value

Sugar (g/d) 141.2 (60.9)a  118.6 (43.4)a  108.6 (39.8) 97.9 (38.6)a  85.6 (37.6)a  <.001

Carbohydrate (g/d) 262.6 (58.7)a  250.0 (46.6)a  242.7 (45.7) 236.0 (46.0)a  229.3 (49.8)a  <.001

Protein (g/d) 67.6 (21.9)a  73.2 (18.0)a  78.5 (19.3) 83.2 (19.9)a  93.3 (24.8)a  <.001

Fat (g/d) 68.9 (19.6)a  74.8 (16.3)a  76.5 (15.8) 77.9 (16.9)a  77.3 (18.4) <.001

Cholesterol (mg/d) 219.7 (142.7)a  248.6 (142.0)a  276.6 (158.1) 294.2 (165.6)a  325.2 (192.2)a  <.001

Numbers in table represent the mean (standard deviation).
aP < .01 for comparison to sodium quintile 3. 

F I G U R E  2   Boxplot showing the association between quantiles 
of sodium intake and reported 24-h sugar intake. Sugar intake was 
significantly higher in SQ1 (141.2 g/d) and SQ2 (118.6 g/d) and 
significantly lower in SQ4 (97.9 g/d) and SQ5 (85.6 g/d) compared 
to the average sodium intake of SQ3 (108.6 g/d; all P < .01)
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12.5 g/d) higher in SQ2 compared to SQ3. Unadjusted sugar intake 
was 10.7 g/d (95% CI: 9.8 to 12.6 g/d) lower in SQ4 and 23.0 g/d 
(22.9 to 25.7) lower in SQ5 compared to SQ3 (all P < .001). The same 
trends continued in the multivariate model adjusted for age, sex, 
BMI, smoking, physical activity, co-morbid disease, glycosylated he-
moglobin, and season.

To further assess the robustness of the relationship between di-
etary sugar and sodium intake, we explored the relationship using 
simple linear regression while serially excluding participants with a 
history of cardiovascular disease, hypertension, and diabetes. Also, 
we performed additional subgroup analyses by first excluding those 
with cardiovascular disease and then assessing the relationship be-
tween dietary sugar and sodium intake in those with and without 
hypertension, and then repeated the analyses for those with and 
without diabetes. In all subsidiary analyses, the relationship between 
dietary sugar and sodium intake yielded similar results as our main 
analysis with a significant inverse relationship between the two nu-
trients (please see Tables A1-A3 in Appendix A).

4  | DISCUSSION

In this study of 38 722 adults from the United States, we aimed to 
characterize diet in reference to different levels of sodium intake in 
an effort to explore potential modifiers of interest to the reported 
relationship between low sodium intake and poor cardiovascular 
disease outcomes. Remarkably, we found a significant inverse asso-
ciation of the daily intake of sodium with estimated daily intake of 
sugar adjusted to a total daily intake of 2000 calories; this was most 
prominent at the lowest quintile of sodium intake. This association 
maintained strong significance after adjusting for cardiometabolic 
morbidities, BMI, glycosylated hemoglobin, season, and year of the 
survey. To the best of our knowledge, this is the first study to re-
port the existence of an interplay between sodium intake and sugar 
consumption.

The controversy of dietary sodium and its association with car-
diovascular disease outcomes started in late 1980s. A large epide-
miology study, INTERSALT, reported that low salt diet decreases 

the risk for cardiovascular morbidity and mortality.7 Since the in-
troduction of this concept, numerous cohort studies and random-
ized clinical trials have attempted to delineate this association but 
rendered conflicting findings.23 Proponents of the beneficial effects 
of low sodium diet proclaim that dietary sodium intake has a direct 
linear association with cardiovascular events.5,24-26 On the con-
trary, there is a growing body of evidence suggesting that there is 
a J-shaped association of cardiovascular events with dietary intake 
of sodium.4,6,23,27 However, the methodology of these studies has 
been questioned and hence their provocative results were not suffi-
cient to call for changes in dietary sodium intake as an isolated public 
health recommendation.13

The hypothesis of the J-shaped association between sodium 
intake and cardiovascular outcomes raises formidable issues and 
altogether with conflicting findings from large-scale studies have 
resulted in important questions raised concerning the dietary 
recommendations given by physicians. Currently, general recom-
mendations decree that sodium consumption should be restricted 
to less than 2.0 g/d for all individuals and to less than 1.5 g/d for 
males over 50 years of age, blacks, and hypertensive individuals.2,28 
Recommendations of low sodium diet for patients with hyperten-
sion are accepted1,2,24,25 but application of low sodium diet to the 
general population as a public health measure is controversial.13 
Interestingly, Stolarz-Skrzypek et al8 reported increased morbidity 
and mortality with low sodium intake regardless of concomitant im-
provement in blood pressure control. Similarly, follow-up of large-
scale observational studies which included a 70% proportion of 
hypertensive individuals have also yielded results which endorsed 
the J-shaped association between sodium intake and adverse car-
diac outcomes.29

Cardiovascular health is affected by multiple factors associated 
with dietary habits including but not limited to sodium and sugar in-
take. The relationship between dietary factors and cardiovascular dis-
ease should not be underestimated at a time when the leading global 
cause of death in Western Countries is cardiovascular disease.30,31 A 
large meta-analysis revealed that a reduction in dietary sodium low-
ered blood pressure while adversely affected renin, angiotensin, cat-
echolamine, cholesterol, and triglycerides serum levels.3 It remains to 

Sodium Group
Unadjusted 
Coefficient (95% CI)

P 
value

Adjusted Coefficient* 
(95% CI)

P 
value

Quintile 1 (0.06-2.6 g/d)
(N = 7745)

32.6 (30.1 to 35.0) <.001 30.9 (28.4 to 33.4) <.001

Quintile 2 (2.6-3.00 g/d)
(N = 7744)

10.0 (8.1 to 11.9) <.001 9.3 (7.3 to 11.3) <.001

Quintile 3 (3.0-3.4 g/d)
(N = 7745)

0 (Ref) N/A 0 (Ref) N/A

Quintile 4 (3.4-4.0 g/d)
(N = 7744)

−10.7 (−9.0 to −12.4) <.001 −10.7 (−8.9 to −12.5) <.001

Quintile 5 (4.0-29.3 g/d)
(N = 7744)

−23.0 (−21.5 to −24.6) <.001 −22.1 (−20.4 to 
−23.8)

<.001

*Adjusted for age, sex, body mass index, physical activity, smoking, diabetes mellitus, hypertension, 
congestive heart failure, coronary artery disease, glycosylated hemoglobin, and season. 

TA B L E  3   Unadjusted and adjusted 
mean sugar intake (g/d) by sodium intake 
quintile
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be seen if the effects of these physiologic alterations can be offset 
by the benefits of blood pressure reduction on cardiovascular health. 
Of interest to this observation is that high sugar (fructose) diet is also 
associated with the exact same physiologic alterations.3,32 High intake 
of dietary sugar in the setting of a pandemic of worldwide obesity and 
cardiovascular disease has heightened the concerns about the adverse 
effects of high sugar consumption. Sugar intake has been linked to 
obesity, insulin resistance, and adverse cardiovascular outcomes.33-35 
Excessive sugar consumption, particularly fructose, has been associ-
ated with the epidemic of coronary artery disease worldwide.5,36,37 
A scientific statement from the American Heart Association pointed 
out strong evidence supporting the association between added sugars 
and increased cardiovascular disease risk in children through increased 
energy intake, increased adiposity, and dyslipidemia.38 In one study, 
high carbohydrate diet was associated with higher risk of total mor-
tality while another study reported the presence of a J-shaped curve 
between the intake of carbohydrates and total mortality.39,40 In both 
reports, the species of carbohydrates and the relation between carbo-
hydrates and sodium intake were not investigated. Based on known 
cardiometabolic effects of different species of carbohydrates, it is 
important to note that the species of ingested carbohydrates may be 
more important than their quantity. Furthermore, different species of 
fats (saturated vs unsaturated) and proteins (animal vs plant) can have 
opposing health and CV effects therefore a conclusion that these nu-
trients can explain the J-shaped association could not be drawn from 
our results although a statistically significant trends were found be-
tween these nutrients and estimated sodium intake.41,42

Our results have specific limitations. First and similar to all 
cross-sectional observational studies, our findings do not allow us 
to establish causality. In our study, we aimed to characterize dietary 
habits; it was not an outcome study. The second limitation of our 
work was the assessment of dietary intake of nutrients. The 24-
hour recall method has inherent inaccuracies and may not reflect 
actual intakes thus can be subjected to recall bias with the potential 
for under and over-reporting. Perhaps the major limitation in the 
present study is the failure to examine different types of dietary 
sugars. It is believed that the slowly released natural sugar from 
moderately sweet fruits is less harmful than the sugar from rap-
idly consumed sweetened beverages.43 Moreover, physical activ-
ity during sugar consumption has a major impact on its metabolic 
fate. Low physical activity during a period of high fructose intake 
augments fructose-induced postprandial lipidemia and inflamma-
tion while high physical activity minimizes these fructose-induced 
metabolic disturbances.44 Although we adjusted our results for lev-
els of physical activity, controlling for physical activity during sugar 
consumption in a real-time manner was not possible in our study.

From nationally representative US surveys conducted between 
2001 and 2016, our results demonstrate that individuals consuming 
a low sodium diet are more likely to consume high sugar, a nutri-
ent with an established link to poor cardiovascular outcomes. This 
finding offers a potential explanation to the J-shaped association 
between sodium intake and cardiovascular outcomes and calls for 
carefully designed studies that analyze dietary characteristics and 

the interplay between all dietary factors including micronutrients of 
interest to reach a better understanding regarding the relationship 
between cardiovascular disease outcomes and these factors. This 
comes at a time when it is clear that dietary habits can be modified 
by populations strengthening the importance of such studies along 
with impact of public awareness and policy changes to help the fight 
against cardiovascular disease.45
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APPENDIX A

TA B L E  A 1   Regression coefficients for dietary sugar and sodium intake quintiles with serial exclusion of all cardiovascular disease (CVD), 
hypertension, and diabetes

Sodium Group Entire Cohort (N = 38 722)
Excluding all CVD 
(N = 35 731)

Excluding Hypertension 
(N = 22 417)

Excluding Diabetes 
(N = 20 378)

Quintile 1 (0.06-2.6 
g/d)

32.6 (30.2 to 35.0) 32.3 (29.8 to 34.8) 33.3 (30.2 to 36.4) 32.3 (29.1 to 35.6)

Quintile 2 (2.6-3.0 
g/d)

10.0 (8.1 to 11.9) 10.1 (8.1 to 12.2) 9.1 (6.8 to 11.4) 8.7 (6.2 to 11.1)

Quintile 3 (3.0-3.4 
g/d)

(Ref) (Ref) (Ref) (Ref)

Quintile 4 (3.4-4.0 
g/d)

−10.7 (−12.4 to −9.0) −10.5 (−12.3 to −8.7) −10.8 (−13.0 to −8.6) −10.6 (−12.9 to −8.4)

Quintile 5 (4.0-29.3 
g/d)

−23.0 (−24.6 to −21.4) −23.2 (−25.0 to −21.5) −22.4 (−24.4 to −20.4) −22.2 (−24.4 to −20.0)

All P values are <.001 for comparison of each sodium quintile to sodium quintile 3 (Reference Group).
Numbers represent the regression coefficient with the 95% confidence interval in parentheses.

TA B L E  A 2   Regression coefficients for dietary sugar intake and 
sodium intake quintiles in those with and without hypertension 
after excluding all with a history of cardiovascular disease

Sodium Group
Hypertension/No 
CVD (N = 13 314)

No Hypertension/No 
CVD (N = 22 417)

Quintile 1 
(0.06-2.6 g/d)

30.2 (26.0 to 34.4) 33.3 (30.2 to 36.4)

Quintile 2 (2.6-
3.0 g/d)

11.9 (8.4 to 15.5) 9.1 (6.8 to 11.4)

Quintile 3 (3.0-
3.4 g/d)

(Ref) (Ref)

Quintile 4 (3.4-
4.0 g/d)

−10.1 (−13.5 to −6.8) −10.8 (−13.0 to −8.6)

Quintile 5 (4.0-
29.3 g/d)

−24.4 (−27.7 to −21.1) −22.4 (−24.4 to −20.4)

All P values are <.001 for comparison of each sodium quintile to sodium 
quintile 3 (Reference Group).
Numbers represent the regression coefficient with the 95% confidence 
interval in parentheses.

TA B L E  A 3   Regression coefficients for dietary sugar intake and 
sodium intake quintiles in those with and without diabetes after 
excluding all with a history of cardiovascular disease

Sodium Group
Diabetes/No CVD 
(N = 5177)

No Diabetes/No CVD 
(N = 30 554)

Quintile 1 
(0.06-2.6 g/d)

39.3 (31.6 to 46.9) 31.4 (28.5 to 34.2)

Quintile 2 (2.6-
3.0 g/d)

13.5 (8.7 to 18.3) 9.6 (7.4 to 11.8)

Quintile 3 (3.0-
3.4 g/d)

(Ref) (Ref)

Quintile 4 (3.4-
4.0 g/d)

−11.8 (−16.1 to −7.5) −10.3 (−12.4 to −8.2)

Quintile 5 (4.0-
29.3 g/d)

−22.4 (−27.2 to −17.6) −−23.2 (−25.1 to −21.2)

All P values are <.001 for comparison of each sodium quintile to sodium 
quintile 3 (Reference Group).
Numbers represent the regression coefficient with the 95% confidence 
interval in parentheses.


