
Sodium Intake in a Cross-Sectional, Representative Sample
of New York City Adults
Sonia Y. Angell, MD, MPH, Stella Yi, PhD, MPH, Donna Eisenhower, PhD, Bonnie D. Kerker, PhD, Christine J. Curtis, MBA, Katherine Bartley, PhD,
Lynn D. Silver, MD, MPH, and Thomas A. Farley, MD, MPH

Cardiovascular disease (CVD) is the leading
cause of death in the United States,1 and
hypertension is a leading risk factor. A positive
and continuous relationship between sodium
intake and blood pressure (BP) is well estab-
lished.2 Existing estimates of sodium intake
measured by self-report show that US adults
consume a daily average of 3400 milligrams,
well above the recommended limit (1500---
2300 mg/d),2 and public health efforts are
aimed at reducing sodium consumption.3---5 In
a simulation analysis of risk factor and outcome
data from key CVD data sources, researchers
estimated that up to 92 000 deaths could be
averted annually by lowering the current mean
adult intake by 1200 milligrams of sodium,
resulting in intake closer to the recommended
limit.6 Although reduced sodium intake de-
creases BP on average in all racial/ethnic
groups and in individuals with normal and high
BP, the BP-lowering effect of sodium reduction
is greater in Blacks than in other racial/ethnic
groups.7,8 National estimates of sodium intake
derived from self-report do not demonstrate
higher intake among Blacks.

The gold standard method for assessing
sodium intake is measurement of sodium ex-
cretion in rigorously collected 24-hour urine
samples, although this method has some limi-
tations, such as undercollection.9 This method
has been used to assess population intake in the
United Kingdom, Finland, Portugal, and Bar-
bados.10---14 In the United States, population
intake has been assessed since 1971 through
24-hour dietary recall. Although adequate for
understanding general trends and intake, esti-
mates that rely on self-report are subject to
reporting error and bias.9 Objective measures
would avoid these problems; however, to
date no representative assessment of sodium
intake derived from 24-hour urine collections
has been performed in the United States.

In the absence of nationally representative
US surveys employing the gold standard

method, we measured sodium excretion in
urine over 24 hours in a representative sample
of adults in New York City. Our objectives were
to estimate mean population sodium intake,
overall and by subgroup, particularly in differ-
ent racial/ethnic groups; to understand sodium
intake in relation to recommended limits; and
to assess the relationship between sodium
intake and other variables.

METHODS

We conducted the cross-sectional Heart
Follow-Up Study in 2010 to assess sodium
intake in a population-based representative
sample of noninstitutionalized New York City
adults (aged ‡ 18 years). Detailed study in-
formation is available elsewhere.15 We
recruited study participants from the Commu-
nity Health Survey (CHS), an annual telephone
survey conducted by the city Health Depart-
ment that recruits 8000 to 10 000 New
Yorkers.16 To obtain a representative sample
of noninstitutionalized adults, the CHS uses

a dual-frame sample design consisting of
random-digit-dial landline telephone ex-
changes and a second frame of cellular tele-
phone exchanges that cover the city. The CHS
also incorporates a disproportionate stratified
random sample design to allow for analysis
at the city, borough, and neighborhood levels.
The CHS data track patterns in behavioral
risk factors, such as diet and physical activity.

Sample

To ensure a representative sample to sup-
port population-level estimates, we approached
a random selection of CHS participants (n =
6799) to participate in the Heart Follow-Up
Study. We excluded participants who were
pregnant, breastfeeding, lactating, or on current
or past dialysis. Those who agreed to partici-
pate were slightly more likely than those who
declined to be Hispanic and younger than
65 years; they also reported a slightly lower
average income.15 Recruited participants an-
swered additional survey questions related to
CVD and nutrition. We then sent a urine
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collection kit with written instructions to their
homes, and participants collected their urine
for 24 hours.

Medical technicians visited the participants’
homes to pick up urine samples, measure
anthropometry (height and weight), and take 3
seated BP measurements (according to the
National Health and Nutrition Examination
Survey protocol).17 The technicians used vali-
dated, clinic-grade BP monitors and standard-
ized arm and body positions to measure BP.18

Participants were instructed not to consume
caffeine or to exercise 30 minutes prior to the
visit, and they rested for 5 minutes prior to
measurement. During this home visit, if tech-
nicians determined that samples were under-
collected (24-hour urine volume < 500 ml), or
collected incorrectly (included the first urine
void of the day), they asked participants to redo
their collection; those who refused still received
the $100 study incentive, but we excluded their
samples from analysis. Technicians at a collab-
orating laboratory reviewed the volume and
sodium level of the samples for potentially
incongruous values.

Of the 6799 CHS participants in 2010 who
were screened for Heart Follow-Up Study
participation, we identified 5830 eligible adults
(Figure A, available as a supplement to the
online version of this article at http://www.
ajph.org), of whom 2333 agreed to provide
a 24-hour urine sample; 1775 provided
a sample that could be analyzed by the labo-
ratory. To account for the possibility that
a participant did not collect all urine voided
during the collection period (an incomplete
collection), we defined incomplete samples by
biological implausibility criteria (total volume
< 500 ml; creatinine < 6.05 mmol [688 mg]
for men or < 3.78 mmol [430 mg] for women;
Paul Elliott and Ian Brown, INTERMAP Study,
personal communication, June 17, 2011) or
by participant report of missing a collection
(more detail is shown in Appendix A, available
as a supplement to the online version of this
article at http://www.ajph.org). Our final sam-
ple, after exclusion of incomplete collections
(n = 116), comprised 1656 participants.

Covariates

The collaborating laboratory analyzed urine
for sodium, potassium, albumin, and creatinine.
Technicians determined sodium and potassium

content by the ion-selective electrode potenti-
ometric method on the Roche DPP modular
analyzer. They measured creatinine by the
Jaffe kinetic colorimetric method on the same
analyzer. Participants self-reported demo-
graphics (age, gender, race/ethnicity, poverty,
country of birth) and other characteristics (self-
assessment of overall diet, smoking status,
personal history of CVD, level of physical activity,
alcohol use). We assessed poverty status as
annual combined household income, grouped
according to the 2010 federal poverty guidelines
determined by the US Department of Health
and Human Services.19We determined nativity
(US- vs non---US-born) by asking participants
about their state and country of birth. Because
sodium intake is related to diet, which in turn is
heavily influenced by culture, we categorized
participants who reported being born in Puerto
Rico or other US territories as non---US-born.

We defined personal history of CVD as
self-report of hypertension, congestive heart
failure, coronary heart disease, angina pectoris,
myocardial infarction, or transient ischemic
attack. To assess physical inactivity, we used
the validated question, “During the past 30 days,
other than your regular job, did you participate
in any physical activities or exercises such as
running, calisthenics, golf, gardening, or walking
for exercise?” We categorized anyone respond-
ing with no as physically inactive. We defined
heavy drinking for men as more than 2 drinks
per day and for women as more than 1 drink per
day.We assessed overall quality of diet from the
survey question, “In general, how healthy is your
overall diet? Would you say excellent, very
good, good, fair or poor?” This is a previously
validated question that has been included on
National Health and Nutrition Examination
Surveys from 2005 to 2012.

The Dietary Guidelines for Americans rec-
ommends sodium intake of less than 2300
milligrams per day for those who are not at high
risk. High-risk adults (aged ‡ 51 years, Black
race/ethnicity, diagnosed with hypertension, di-
abetes, or chronic kidney disease) are recom-
mended to limit sodium to less than 1500
milligrams per day.2 We defined hypertension
by the average of our 3 BP measurements
(systolic ‡ 140 mm Hg; diastolic ‡ 90 mm Hg)
or self-reported antihypertensive medication
use. We defined diabetes as a positive response
to the question, “Have you ever been told by

a doctor, nurse, or other health professional that
you have diabetes?”We defined chronic kidney
disease as having a 24-hour albumin excretion
of more than 30 milligrams per day.

Statistical Methods

We performed all analyses with weights
calculated for the Heart Follow-Up Study to
account for survey design and nonresponse; all
results were representative of the New York
City noninstitutionalized adult population.
Prior to analysis, we normalized laboratory
values to a 24-hour period according to par-
ticipants’ reported duration of collection. For
example, if the duration of collection was
25 hours, we multiplied the sodium value by
24/25. We reported demographics of the
city population, sample size, and weighted
sample size resulting from application of survey
weights. We calculated mean, median, and
select percentiles for sodium, potassium, and
the sodium-to-potassium ratio. We used the t
test to assess statistical differences in mean
sodium intake stratified by demographics, over-
all and by gender. We constructed a multivari-
able linear regression model with sodium as the
dependent variable to assess factors associated
with sodium intake after adjustment. The factors
we considered were age, race/ethnicity, poverty,
nativity, body mass index (BMI; defined as
weight in kilograms divided by the square of
height in meters and used as a proxy for caloric
intake), markers of healthy diet (potassium in-
take, self-report of overall diet quality), personal
CVD-related characteristics (tobacco use, history
of CVD, physical inactivity, heavy drinking),
and the interaction between race/ethnicity and
gender (because of differing subgroup intakes).
We calculated the percentage of the total
sample who exceeded their recommended
daily limit (either high risk or normal).

We used multivariable linear regression to
assess the relationship of sodium and BP,
adjusted for covariates (age, race/ethnicity,
gender, BMI, heavy drinking) and potassium
intake. Two additional multivariable linear
regression models assessed the relationship be-
tween potassium and BP (adjusted for covariates
and sodium) and the sodium-to-potassium ratio
and BP (adjusted for covariates). Because the
literature suggests a differential response of
sodium on BP by race/ethnicity, we included
interaction terms (sodium · race/ethnicity,
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potassium · race/ethnicity, sodium-to-potassium
ratio · race/ethnicity) in each model. During
data collection, we discovered that a technician
was consistently using a BP cuff too large for the
participants’ arms, leading to artificially low
readings. Thus analyses with BP as the outcome
did not include these individuals (n = 86). In light
of the skewed nature of the sodium data, we
repeated analyses with the exclusion of potential
outliers and influential points and by log-
normalizing sodium; results did not differ. We
analyzed data with SUDAAN software version
10.0 (Research Triangle Institute, Research
Triangle Park, NC).

RESULTS

We weighted the final sample of 1656
participants to be representative of the New
York City population to estimate sodium intake
in all city adults. More than 75% of participants
were aged 25 to 64 years, about half were
male, more than half were Black or Hispanic,
almost half were non---US-born, and close to
half had an income less than 200% of the
2010 federal poverty level of the US Depart-
ment of Health and Human Services (Table 1).
The population was evenly distributed as nor-
mal weight, overweight, and obese, and about
70% of participants rated their diet as good,
very good or excellent. About 40% were
current or former smokers, 37% had a history
of CVD, 24% were physically inactive over the
past 30 days, and 5% were heavy drinkers.

The unadjusted mean daily sodium intake
was 3239 milligrams per day (median = 2861
mg/d). Ten percent of New Yorkers were
consuming 1469 milligrams per day of sodium
or less (Figure 1a); 10% of men were con-
suming 1628 milligrams per day or less, and
10% of women were consuming 1363 milli-
grams per day or less (Figure 1b and 1c).
Mean sodium intake was higher in men
than women (3583 mg/d vs 2944 mg/d;
P < .001) and was lower in participants aged
65 years or older than in those aged 25 to
44 years (Table 2). Mean systolic BP was
121.6 millimeters of mercury; mean diastolic
BP was 74.3 millimeters of mercury. Mean
urinary creatinine excretion was 13 millimoles
per day (1477 mg/d); 16 millimoles per
day (1800 mg/d) in men and 11 millimoles per
day (1250 mg/d) in women (data not shown).

TABLE 1—Sample Characteristics: Heart Follow-Up Study, New York City, 2010

Characteristic No. (%) Weighted No. (Weighted %)

Total sample 1656 (100) 6 222 961 (100)

Age, y

18–24 102 (6.2) 821 000 (13.2)

25–44 504 (30.5) 2 698 000 (43.4)

45–64 701 (42.4) 1 739 144 (28.0)

‡ 65 348 (21.0) 962 000 (15.5)

Gender

Male 692 (41.8) 2 875 000 (46.2)

Female 964 (58.2) 3 348 000 (53.8)

Race/ethnicity

Non-Hispanic White 612 (37.0) 2 406 000 (38.7)

Non-Hispanic Black 440 (26.6) 1 429 000 (23.0)

Hispanic 485 (29.3) 1 538 000 (24.7)

Non-Hispanic Asian 84 (5.1) 627 000 (10.1)

Other 35 (2.1) 224 000 (3.6)

Poverty status,a %

< 200 720 (45.1) 2 905 000 (48.0)

200–399 267 (16.7) 910 000 (15.0)

‡ 400 520 (32.6) 1 715 000 (28.3)

Country of birth

United States 956 (57.9) 3 319 000 (53.4)

Not United States 696 (42.1) 2 895 000 (46.6)

BMI, kg/m2

Underweight (< 18.5) 39 (2.4) 174 000 (2.8)

Normal (18.5–24.9) 521 (31.5) 1 994 000 (32.1)

Overweight (25–29.9) 566 (34.3) 2 162 000 (34.8)

Obese (‡ 30) 526 (31.8) 1 885 000 (30.3)

Diet quality

Excellent 233 (14.2) 731 000 (11.9)

Very good 416 (25.3) 1 646 000 (26.8)

Good 548 (33.3) 2 024 000 (33.0)

Fair 370 (22.5) 1 487 000 (24.2)

Poor 77 (4.7) 251 000 (4.1)

Smoker

Never 918 (55.7) 3 698 000 (59.5)

Current 287 (17.4) 1 099 000 (17.7)

Former 443 (26.9) 1 413 000 (22.8)

Hypertension

Yes 589 (35.6) 1 838 000 (29.6)

No 1064 (64.4) 4 375 000 (70.4)

Diabetes

Yes 219 (13.2) 656 000 (10.5)

No 1437 (86.8) 5 567 000 (89.5)

Chronic kidney disease

Yes 235 (14.2) 822 000 (13.2)

No 1421 (85.8) 5 401 000 (86.8)

Continued
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Blacks had the highest sodium intake of all
racial/ethnic groups, and both Blacks and
Hispanics had higher intake than Whites
(3477 mg/d, 3395 mg/d, and 3066 mg/d,
respectively; P= .01 for Blacks and .03 for
Hispanics; Table 2). The pattern differed by
gender: Black men had a higher sodium intake
thanWhite men, but Black women’s intake was
not statistically significantly higher than White
women’s. Whites and Asians did not differ
significantly in sodium intake. We also observed
no differences by poverty status or nativity.
Obese participants had higher daily sodium
intake than their normal-weight counterparts
(3609 mg/d vs 3040 mg/d; P< .001). Patterns
varied by lifestyle factors (healthier diets, smok-
ing, physical activity), as shown in Table 2;
participants who reported healthier diets con-
sumed lower amounts of sodium (excellent,
2779 mg/d vs poor, 3802 mg/d; P< .001)
Multivariable linear regression reflected similar
differences in sodium intake after adjustment
(Table 2), although the higher sodium intake in
Blacks than in Whites was no longer significant.

The majority of adults in New York City,
81%, exceeded recommended daily limits for
sodium consumption. More than half of adults
(62.1%; 95% confidence interval [CI ] = 58.0,
66.0) met criteria for high risk, but only 9.2% of
these were consuming less than the recommen-
ded limit (< 1500 mg/d; Table 3). Among the
rest of the population, 34.6% achieved the goal
of not exceeding the recommended sodium
intake (< 2300 mg/d).

Multivariable regression analyses demon-
strated a positive association between sodium
and systolic BP overall (0.82 mm Hg higher
systolic BP/1000 mg/d higher sodium intake;
95% CI = 0.02, 1.62; P= .04); the relationship
between sodium and diastolic BP was not
statistically significant (0.36 mm Hg higher
diastolic BP/1000 mg/d higher sodium intake;
95% CI = –0.20, 0.93; P= .21). The association
between sodium intake and BP was modified
by race/ethnicity (P for interaction = .01).
The association between sodium and BP
was larger in Blacks than Whites; for every
1000 milligrams per day of sodium, systolic BP
was 1.83 millimeters of mercury higher in
Blacks than in Whites (95% CI = 0.52, 3.15;
P= .01), after adjustment for covariates (con-
tinuous age, gender, BMI, heavy drinking,
poverty status) and potassium intake (full

results not shown). The effect was marginally
significant in Hispanics versus Whites (1.43
mm Hg difference; 95% CI = 0.00, 2.87;
P= .05) and did not differ between Asians
and Whites (–0.30 mm Hg difference; 95%
CI = –2.49, 1.88; P= .78; data not shown).

Potassium intake was not associated with BP
(–0.57 mm Hg difference/1000 mg change in
potassium; 95% CI = –2.52, 1.39; P= .57)
after adjustment for covariates, including sodium
intake, nor was it modified by race/ethnicity (P
for interaction = 0.77). A 1-unit increase in the
sodium-to-potassium ratio was associated with
a 1.98 millimeters of mercury higher systolic BP
(95% CI = 0.73, 3.23; P< .01) after adjustment
for covariates; this association was not modified
by race/ethnicity (P for interaction= .08). Di-
astolic BP was not significantly associated with
either sodium or potassium intake separately in
regression models, but was 1.20 millimeters of
mercury higher (95% CI = 0.27, 2.13; P= .01)
with a 1-unit increase in the sodium-to-potassium
ratio (data not shown).

DISCUSSION

In a population-based sample with measure-
ment of sodium intake by the 24-urine collection
method rather than dietary self-report, intake
greatly exceeded recommended limits in all de-
mographic groups and was particularly high
among non-Hispanic Blacks and Hispanics. Mean
sodium intake was approximately twice the
recommended limit for those at higher risk.

Although the estimate of 3239 milligrams
sodium per day in New York City adults is
similar to national estimates derived from

dietary recall (3400 mg/d, not including salt
added at the table),20 our finding of substan-
tially higher sodium intake in non-Hispanic
Blacks and Hispanics than in Whites has not
been observed in previous studies.5 Bias in
food intake surveys may partly explain the
difference. People with a higher BMI are more
likely than others to underreport caloric intake.21

Blacks and Hispanics have a higher prevalence
of obesity and overweight than Whites,22 and
because sodium intake tracks closely with calorie
intake,23 self-reported sodium intake may be
underestimated in Blacks and Hispanics. The
association between race/ethnicity and intake
persisted for Hispanics but became nonsignifi-
cant in Blacks after adjustment for other cova-
riates, including BMI, suggesting that BMI or
caloric intake may be an important mediator.

Multivariable regression analyses of the as-
sociation between sodium and BP revealed that
the relationship between sodium intake and
systolic BP was modified by race, with a larger
effect observed in Blacks than in Whites (P for
interaction = .04). This finding corroborates
previous studies, including clinical trials,20,24,25

and is of particular concern in light of the new
observation that Black New Yorkers consume
more sodium daily than do Whites and the fact
that the prevalence of hypertension- and
CVD-related mortality is higher in Blacks than
Whites.26,27 These racial differences in sodium
intake are important for New York City and
possibly nationally. Although potassium intake
itself was not associated with BP in our study
sample after adjustment for sodium intake, we
observed a striking relationship between the
sodium-to-potassium ratio and BP. Aiming to

TABLE 1—Continued

Personal history of CVD

Yes 611 (36.9) 1 930 000 (31.0)

No 1045 (63.1) 4 292 000 (69.0)

Physical activity in past 30 d

Yes 1257 (75.9) 4 624 000 (74.3)

No 399 (24.1) 1 599 000 (25.7)

Heavy drinker

Yes 82 (5) 357 000 (5.8)

No 1559 (95) 5 794 000 (94.2)

Note. BMI = body mass index; CVD = cardiovascular disease.
aAccording to 2010 federal poverty guidelines of US Department of Health and Human Services. “Don’t know” category not
shown, so percentages do not sum to 100.
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reduce this ratio to an optimal level is a poten-
tial goal for all adults regardless of race/
ethnicity, because the ratio may be a stronger
predictor of cardiovascular morbidity and
mortality than either nutrient alone.28,29 The
current national and global attention on re-
ducing sodium intake as a means to improve
health can potentially contribute to favorable
changes in the ratio in all adults.

We detected no significant difference in
sodium intake by income, and others have not
consistently observed an association between
these variables.2,5 This may reflect a general
reliance on packaged and restaurant foods
across income strata and the presence of
sodium in processed foods, often independent
of cost or quality. However, we found a re-
markably robust relationship between self-
reported overall quality of diet and sodium
intake; further exploration of this variable
through validation studies is warranted. Even
when we controlled for income and other
relevant demographics, increases in reported
quality of diet correlated with decreases in
sodium intake. Because of the dominance of
processed food, it is difficult to reduce sodium
intake to recommended levels through knowl-
edge alone. Broadscale reductions in popula-
tion sodium intake have been achieved in other
countries through national policy efforts,11

which have extended beyond public awareness
campaigns to include changing the amount of
sodium in processed foods.10---12

Limitations

Although meticulous 24-hour urine collec-
tion is the gold standard method of estimating
sodium intake, it is not infallible.9 The potential
for incomplete collection of urine by the par-
ticipant is a primary limitation of this method.
Inconsistent29,30 or paradoxical31,32 conclu-
sions from other studies employing this method
have been attributed to the inclusion of in-
complete urine collections. From study design
to implementation to laboratory and data
analysis, we took this into consideration (Ap-
pendix A, available as an online supplement).
For example, we investigated criteria for
a complete urine collection, and we excluded
samples that did not meet the criteria. Appli-
cation of these criteria resulted in a study
sample that was similar in demographic char-
acteristics to the overall sample, suggesting that
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FIGURE 1—Percentiles of sodium and potassium intakes and sodium-to-potassium ratio in

(a) adults, (b) men, and (c) women: Heart Follow-Up Study, New York City, 2010.

RESEARCH AND PRACTICE

December 2014, Vol 104, No. 12 | American Journal of Public Health Angell et al. | Peer Reviewed | Research and Practice | 2413



TABLE 2—Weighted Mean Daily Sodium Intake by Gender and Demographic Characteristics: Heart Follow-Up Study, New York City, 2010

Characteristic

Men, Unadjusted Sodium

Intake (mg/d),a Weighted Mean (SE)

Women, Unadjusted Sodium

Intake (mg/d),a Weighted Mean (SE)

Total Sample, Unadjusted Sodium

Intake (mg/d),a Weighted Mean (SE)

Total Sample, Adjusted Sodium

Intake (mg/d),a,b Weighted Mean (SE)

Total sample 3583 (98) 2944 (74) 3239 (98)

Age, y

18–24 4069 (281) 2849c (223) 3445 (193) 3718 (182)

25–44 3484 (166) 3026 (133) 3248 (107) 3241 (103)

45–64 3821 (154) 3169 (109) 3467 (92) 3305 (89)

‡ 65 2906* (139) 2459*** (117) 2630*** (91) 2757** (105)

Race/ethnicity

Non-Hispanic White (Ref) 3306 (122) 2785 (132) 3066 (89) 2949 (94)

Non-Hispanic Black 4191*** (214) 2909 (141) 3477* (139) 3541 (116)

Hispanic 3889* (238) 3142 (125) 3395* (123) 3490* (110)

Non-Hispanic Asian 3182c (318) 2953c (323) 3068 (225) 3365 (227)

Other 3043c (193) 2944c (287) 2992c (175) 3039 (198)

Poverty status, %

< 200 3710 (167) 3032 (100) 3306 (93) 3275 (88)

200–399 3807 (221) 2914 (145) 3350 (140) 3370 (126)

‡ 400 (Ref) 3452 (150) 2854 (165) 3200 (110) 3208 (109)

Country of birth

United States (Ref) 3562 (120) 2993 (112) 3299 (83) 3330 (80)

Not United States 3619 (165) 2906 (98) 3176 (90) 3160 (77)

BMI, kg/m2

Underweight (< 18.5) 4138c (1131) 2603c (458) 3130c (524) 3292 (569)

Normal (18.5–24.9; Ref) 3444 (162) 2698 (128) 3040 (104) 3105 (94)

Overweight (25–29.9) 3387 (143) 2820 (124) 3114 (96) 3125 (97)

Obese (‡ 30) 3988* (200) 3342*** (133) 3609*** (116) 3549*** (107)

Diet quality

Excellent (Ref) 3236 (203) 2378 (146) 2779 (131) 2758 (159)

Very good 3377 (182) 2877* (165) 3132 (124) 3268* (109)

Good 3761 (178) 2985*** (137) 3345*** (114) 3381*** (93)

Fair 3686 (207) 3116*** (140) 3368*** (121) 3233* (120)

Poor 4200c (472) 3563*** (206) 3802*** (219) 3599*** (202)

Smoker

Never (Ref) 3442 (128) 2941 (93) 3149 (76) 3179 (75)

Current 4009* (224) 3022 (183) 3496* (153) 3397 (135)

Former 3592 (194) 2888 (164) 3287 (133) 3330 (111)

Personal history of CVD

Yes 3740 (206) 2822 (108) 3165 (106) 3214 (117)

No (Ref) 3531 (111) 3013 (97) 3273 (75) 3268 (64)

Physically active in past 30 d

Yes (Ref) 3491 (114) 2865 (85) 3152* (70) 3181 (60)

No 3841 (181) 3177 (148) 3491 (120) 3450* (113)

Heavy drinker

Yes (Ref) 4291c (393) 3320c (431) 3772 (305) 3633 (264)

No 3547 (101) 2916 (73) 3205 (62) 3228 (56)

Note. BMI = body mass index; CVD = cardiovascular disease.
aNormalized to 24-hour collection time.
bAdjusted for all other covariates listed in the table, gender, potassium, race · gender interaction in linear regression with sodium as the dependent variable. For race · gender interaction. P = .02.
cEstimate’s relative SE (a measure of estimate precision) was > 30% or the sample size was < 50, making the estimate potentially unreliable.
*P < .05; **P < .01; ***P < .001.
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participants were excluded at random. We
concluded that these excluded participants
were therefore true undercollectors rather than
participants who had low urine volume or
creatinine excretion attributable to biological
differences (i.e., female gender, small stature) or
underlying chronic conditions. It is possible
that a single 24-hour collection may not be
representative of an individual’s typical intake
because of the high intraperson variability of
sodium excretion, although this is less prob-
lematic in population-level estimates.

We used the commonly employed approach
of weighting to account for the complex survey
design and nonresponse. We recognize that
this is an imperfect method, resulting in limi-
tations with respect to representativeness of the
full New York City population and generaliz-
ability, although our stratified sample ensured
representativeness across diverse parts of the
city. Recruiting from a random-digit-dial sam-
pling frame was a unique approach, and our
study established follow-up recruitment from
a random-digit-dial frame as a cost-effective
means for conducting population-level surveil-
lance, even with the inclusion of a 24-hour
urine collection and an in-home visit.

Conclusions

Our findings illustrate the value of the
24-hour urine collection method, particularly

to assess disparities that are potentially
masked in self-report data. These data are
a critical evaluation component to help un-
derstand the potential impact of population-
wide sodium reduction activities, such as the
US National Salt Reduction Initiative. This
initiative and other programs,33 such as those
in the United Kingdom and under develop-
ment elsewhere, aim to achieve reductions in
population sodium intake by working directly
with the food industry to reduce sodium in
processed foods. Our findings importantly
demonstrate the feasibility of building a sam-
ple for 24-hour urine collection from an
existing population-based data source and the
way these data may be used to understand
population risk, guide policy development,
and, ultimately, measure the impact of our
efforts. j
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