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ABSTRACT 

Objective: To determine whether neighborhood socio-economic status (SES) is associated with body 

mass index (BMI), waist circumference, and urinary sodium, and potassium excretion.  

Design: A cross-sectional study. 

Setting: The data reported were from the 2010 Heart Follow Up Study, a population based 

representative survey of 1,645 adults.  

Participants: Community dwelling diverse residents of New York City nested within 128 neighborhoods 

(zip codes).   

Primary and secondary outcome measures: BMI (kg/m2) and waist circumference (inches) were 

measured during in-home visits, and 24-hour urine was collected to measure sodium and potassium. 

Results: After adjusting for individual-level characteristics using multilevel linear regressions, low vs. 

high neighborhood SES tertile was associated with 1.83 kg/m2 higher body mass index (95% CI: 0.41, 

3.98) and 251 mg/day lower potassium excretion (95% CI: -409,-93) among women only, with no 

associations among men (p-values for neighborhood SES by sex interactions <0.05).   

Conclusion: Our results suggest women may be particularly vulnerable to the effects of a 

socioeconomically disadvantaged neighborhood.  Future neighborhood research should explore sex 

differences, as these can inform tailored interventions. 

Trial Registration: This trial is registered at clinicaltrials.gov as NCT01889589. 
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Strengths and Limitations of this study: 

�� These data come from the New York City Heart Follow-Up Study, and are population based and 

representative of the New York City adult population. 

�� Modeled as tertiles of a factor score, the main exposure of interest, neighborhood socio-

economic status, was constructed based on neighborhood levels of education, poverty, 

unemployment, and safety. 

�� All outcomes were measured objectively and included measured body mass index, waist 

circumference, and 24-hour urinary excretion derived measures of sodium, potassium, and 

sodium to potassium ratio. 

�� Data were cross-sectional and therefore temporality was not established; additionally the paper 

does not account for self-selection of certain individuals into certain neighborhoods. 
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INTRODUCTION: 

Poor socio-economic status (SES) has been linked to both higher rates of obesity 1 and poor dietary 

quality,2 particularly among women.1  Mechanisms behind such associations include poverty being 

associated with unhealthy behaviors3 and greater exposure to stress-inducing mechanisms.4  For 

example, for individuals of low SES, cost is often a barrier to a healthy diet, and therefore, such 

individuals are more likely to consume less nutritious and more calorie-dense food.5  However, the 

extent to which modifying characteristics or behaviors at the individual-level would be successful for 

achieving better diet quality and lower obesity rates, especially among individuals living in 

disadvantaged environments, remains unclear.  

 

Beyond individual-level mechanisms, a growing body of research suggests that neighborhood 

characteristics, such as neighborhood safety and neighborhood SES, may also influence obesity6-9  and 

diet quality.10-14  For example, findings from the landmark Moving To Opportunity study showed that 

altering the socioeconomic environment by relocating into a higher income neighborhood was 

associated with a lower prevalence of obesity15 and improved physical health outcomes in youth girls 

but not boys.16  Studies10-12,17 pointing to a relationship between the neighborhood environment and 

diet quality have mainly used subjective measures of diet such as healthy eating indices or self-reported 

fruit and vegetable intake which can be prone to measurement error.18  To our knowledge, only two 

previous studies of neighborhood and diet13,19 have included objectively measured biomarkers of diet 

quality such as sodium and potassium.20,21  Furthermore, while it is suggested that neighborhood effects 

might differ by sex, the relationships between the neighborhood socioeconomic environment with 

obesity and diet quality are seldom explored by sex and results have been mixed.16,22-27 
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Leveraging data from the Heart Follow-Up Study (HFUS), a population based study of New York City 

(NYC) adult residents, the objective of our analysis was to examine the association between 

neighborhood SES and measures of obesity – as body mass index and waist circumference – and diet 

quality – as 24-hour urine derived biomarkers of sodium, potassium, and sodium to potassium (Na-K) 

ratio.  We also examined whether these associations varied by  sex. 

 

METHODS  

Study design and study sample 

The New York City Community Health Survey (CHS) Heart Follow-Up Study (HFUS), is a cross-sectional 

study conducted in 2010 to assess population-based sodium intake from a representative sample of 

1,775 NYC adults ages 18 years or older.28  Study participants in the HFUS were recruited from the CHS 

parent study, which is an annual telephone survey conducted by the NYC Health Department that 

includes 8,000 to 10,000 adult New Yorkers each year.29  To obtain a representative sample of non-

institutionalized adult New Yorkers, the CHS uses a dual frame sample design consisting of random-digit-

dial landline and cellular telephone exchanges that cover NYC and incorporates a disproportionate 

stratified random sample design.  In brief, study participants in the HFUS answered survey questions and 

collected urine for a 24-hour period.  During a home visit, a trained medical technician took 

anthropometric measurements, aliquotted the urine, and sent it directly to the research laboratory.  All 

study participants provided informed consent and IRB approval was obtained at both the Univeristy of 

Miami and the NYC Health Department. 

 

Measures of obesity 
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During in-home visits, HFUS participants’ weight and height was recorded without shoes.  BMI was 

calculated as measured weight in kilograms divided by measured height in meters-squared.  Waist 

circumference (WC) was measured in inches as waist girth at the top of the lateral border of the right 

ilium.  

 

Biomarkers of Diet Quality: urinary sodium and potassium 

HFUS participants provided 24-hour urine samples which were sent to the collaborating laboratory at 

the Mount Sinai Hospital and Medical School and analyzed for sodium, potassium, and creatinine.  

Sodium and potassium were measured using the ion-selective electrode potentiometric method on the 

Roche DPP Modular analyzer.  Creatinine, used to assess urine completeness,20 was measured using the 

Jaffe kinetic colorimetric method on the same analyzer.  All laboratory values were normalized to a 24-

hour collection period (mg/day).  Na-K ratio was defined as the ratio between sodium (mg/day) and 

potassium (mg/day). Higher sodium, lower potassium, and higher Na-K ratio are indicative of worse diet 

quality.20,21  

 

Other individual-level measures  

Through survey questionnaires, HFUS participants reported their age in age groups (18-24, 25-44, 45-64, 

or 65+ years), sex, and race/ethnicity (white non-hispanic, black non-hispanic, hispanic, asian, or other).  

Participants reported family size as the number of individuals per household, and also reported whether 

their household income from all sources was less than 100%, 100 – 199%, 200 – 299%, 300 – 399%, 400 

– 499%, 500 – 599%, or 600% or more of the Federal Poverty Level (FPL).  For reference, the FPL in 2010 

for a household of four people was $22,050.30  Participants also reported their educational attainment 

defined as less than high school (HS), HS graduate, some college, or college graduate or more.  

Employment status was recorded and defined as employed, unemployed, or not in the labor force.  
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Participants also answered a series of questions about their physical activity which were used to 

calculate their total minutes of moderate and vigorous physical activity.31  Participants who reported an 

average of 150 moderate or 75 vigorous minutes of physical activity per week were considered to have 

met 2008 physical activity guidelines.32 

 

Neighborhood SES 

Neighborhoods were defined according to zip codes which were retrieved from participants’ addresses.  

We used factor analysis to create a neighborhood SES factor score using zip code level variables.  The 

prinicple factor method was used to estimate factor scores, and a loading threshold of 0.3 was set to 

indicate whether a variable should be retained.  The final selected variables included: percentage of 

households in the neighborhood with income 100% below the FPL, percentage of individuals in the 

neighborhood who are unemployed, percentage of individuals in the neighborhood with less than a HS 

education, and percentage of individuals in the neighborhood who report living in an unsafe 

neighborhood.  Neighborhood safety  was reported in response to the question of “How safe from crime 

do you consider your neighborhood to be” with responses including “extremely safe,” “quite safe,” 

“slightly safe,” or “not safe at all”; answers were then dichotomized into two categories: an unsafe 

neighborhood (“slightly safe” or “not safe at all” responses) vs. a safe neighborhood (“extremely safe” or 

“quite safe” responses).  We then created tertiles from the neighborhood SES score to further 

characterize neighborhoods as having low SES (disadvantageous), middle SES, or high SES 

(advantageous).  

 

Statistical Analyses 

Of the original 1775 individuals who provided urine samples, a total of 119 were excluded due to an 

incomplete or biologically implausible urine sample, defined using the following criteria: total urine 
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volume <500 mL, creatinine <6.05 mmol for men or <3.78 mmol for women, or a participant reporting 

missing a collection.20   An additional 11 individuals were excluded due to lack of geographic residence 

(zip code) information, resulting in a final analytic sample of 1645 individuals. 

 

The data structure of this analysis includes 2 levels: 1645 individuals in level 1 nested within 128 

neighborhoods in level 2.  We first assessed individual-level characteristics of the sample overall and by 

sex.  We then assessed neighborhood-level characteristics overall and across tertiles of the 

neighborhood SES score.  Next we estimated mean obesity (BMI and WC)  and mean dietary 

characteristics ( sodium, potassium, and Na-K ratio) across tertiles of neighborhood SES score, for 

women and men separately.  All means and proportions were age standardized to the US 2010 

population so that they could be compared to national US population.  

  

To determine whether a multi-level model and analyses were appropriate, we calculated intraclass 

correlation coefficients which calculate for each outcome of interest the percent of total variance that is 

between neighborhoods.  Intraclass correlations were 4.4%, 3.6%,  0.17%, 6.6%, and 8.0%  respectively 

for BMI, WC, sodium, potassium, and Na-K ratio, indicating sufficient neighborhood level clustering for 

all outcomes but sodium; a multilevel analysis was then deemed appropriate. We then fit multi-level 

linear regression models to determine whether neighborhood SES score (as tertiles) was associated with 

each of BMI, WC,  sodium, potassium, and Na-K ratio.  We tested for effect modification by sex in 

unadjusted models; neighborhood SES by sex interactions were significant for outcomes of WC (p<0.05) 

and potassium (p<0.05), all models were then stratified by sex.  We adjusted for individual level age, 

race/ethnicity, education, poverty, employment status, physical activity (for BMI and WC models), and 

BMI (for sodium, potassium, and Na-K models).  Data were analyzed in 2016 with survey weights and 

Page 8 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

design variables using SUDAAN (version 10.0; Research Triangle Institute, Research Triangle Park, North 

Carolina) and MPLUS (Version 7; Muthen and Muthen 1998-2012).   

RESULTS 

Approximately 13.3% of the sample was 18-24 years of age, 44% were ages 25-44 years, 28% were 45-64 

years, and 15% were 65 years or older (Table 1).  A total of 39% of the population was non-Hispanic 

White, 23% was non-Hispanic Black, 24% was Hispanic, and 10% was Asian.  Approximately 21% had less 

than a HS education, 48% were below 200% of the FPL, and 10% were unemployed.  A total of 62.1% of 

the population met 2008 PA guidelines. Compared with men, women were more likely to have less than 

a HS education and be in poverty, and less likely to be employed. 
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Table 1. Individual-level characteristics of the study sample, overall and by sex. 

 

Overall 

 (N=1645) 

 

Men  

(n=689) 

 

Women (n=956) 

 
% SE 

 
% SE 

 
% SE 

Characteristic         

Age group 
    

   
 

    18-24 13.3 1.6 
 

14.0 2.4 
 

12.6 2.3 

   25-44 43.5 2.0 
 

45.4 3.1 
 

41.8 2.7 

   45-64 27.9 1.6 
 

27.7 2.4 
 

28.0 2.2 

   65+ 15.4 1.2 
 

12.9 1.6 
 

17.5 1.8 

Race/Ethnicity 
   

   
  

   White 39.0 1.7 
 

45.8 2.6 
 

33.5** 2.3 

   Black 23.4 1.5 
 

21.9 2.2 
 

24.4 2.2 

   Hispanic 23.6 1.6 
 

16.9 2.0 
 

29.3** 2.4 

   Asian 10.3 1.4 
 

11.4 2.3 
 

9.4 1.6 

   Other 3.7 1.4 
 

4.0 1.3 
 

3.5 1.1 

 Less than HS Education 
   

   
  

   < HS 21.3 1.7 
 

17.6 2.4 
 

24.5* 2.5 

   HS 27.0 1.8 
 

27.6 2.7 
 

26.7 2.4 

   Some college 22.0 1.5 
 

23.4 2.4 
 

20.7 2.0 

   College grad 29.6 1.5 
 

31.3 2.4 
 

28.1 2.0 

Poverty 
   

   
  

   < 200% FPL 48.1 1.9 
 

41.9 2.9 
 

53.0** 2.6 

   ≥200% FPL 45.9 1.8 
 

54.0 2.7 
 

39.2** 2.4 

   Don’t know/Refused 6.0 1.1 
 

4.1 1.2 
 

7.7 1.9 

Employment 
   

   
  

   Employed 56.7 1.8 
 

62.6 2.3 
 

51.2** 2.6 

   Unemployed 10.4 1.2 
 

10.8 1.6 
 

10.1 1.6 

   Not in labor force 32.9 1.6 
 

26.6 1.9 
 

38.7** 2.4 

Meets 2008 Physical Activity 62.1 1.9 
 

65.3 2.6 
 

58.9 2.7 
a Estimates are age standardized to the US 2000 population. 

Abbreviations: FPL: federal poverty level; HS: high school; SE: standard error. 

Boldface indicates statistical significant differences comparing men with women (** P<0.01, *P<0.05) 
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The proportion of households with income <100% of the FPL and the proportion of individuals reporting 

living in an unsafe neighborhood was highest (38% and 56% respectively) in the lowest neighborhood 

SES score tertile and lowest in the highest neighborhood SES tertile (6% and 10% respectively), data not 

shown.  Likewise, the proportion of individuals who were unemployed or with less than a HS education 

was highest (12% and 27% respectively) in the lowest neighborhood SES tertile and lowest in the highest 

neighborhood SES tertile (6% and 7% respectively). 

 

Mean 24-hour urinary sodium excretion was 3240 mg/day and did not differ significantly by 

neighborhood tertile in men or women (Table 2).  Among men, those living in a low vs. high SES 

neighborhoods had significantly lower mean urinary potassium excretion (2131 vs. 2404 mg, p<0.01), 

and higher mean Na-K ratio (1.92 vs. 1.61, P=0.01).  Among women, those living in a low vs. high SES 

neighborhood had higher mean BMI (29.3 vs. 26.1 kg/m2, p<0.01), higher mean WC (36.4 vs. 32.9 inches, 

p<0.01), and lower mean urinary potassium excretion (1911 vs. 2238, p<0.01). Similarly, women living in 

middle vs. high SES neighborhoods also had significantly higher mean BMI (28.3 vs. 26.1 kg/m2, p<0.01), 

higher mean WC (35.8 vs. 32.9 inches, p<0.01), and lower mean urinary potassium excretion (1890 vs. 

2238, p<0.01).   
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Table 2. Mean obesity and dietary characteristics overall and across tertiles of neighborhood SES score, by sex. a
 

   Men  Women 

   Tertile of Neighborhood SES Score  Tertile of Neighborhood SES Score 

 Overall  
Low  

(n=216) 
 

Middle 

(n=258) 
 

High 

(n=215)  

Low  

(n=422) 
 

Middle 

(n=304) 
 

High 

 (n=230) 

 
Mean SE 

 
Mean SE 

 
Mean SE 

 
Mean SE 

 

Mean SE 
 

Mean SE 
 

Mean SE 

   BMI (kg/m2) 28.2 0.3 
 

28.6 0.5 
 

28.6 0.8 
 

27.3 27.3 

 

29.3** 0.5 
 

28.3** 0.5 
 

26.1 0.5 

   Waist Circumference (inches) 36.3 0.2 
 

37.6 0.5 
 

37.6 0.7 
 

36.9 0.5 

 

36.4** 0.4 
 

35.8** 0.5 
 

32.9 0.4 

   Sodium (mg/day) 3,240 58 
 

2,699 159 
 

3,734 134 
 

3,377 159 

 

2,961 106 
 

2,865 108 
 

3,013 150 

   Potassium (mg/day) 2,182 38 
 

2,131* 87 
 

2,667 135 
 

2,404 92 

 

1,911** 63 
 

1,890** 61 
 

2,238 95 

   Na-K Ratio 1.68 0.03 
 

1.92* 0.08 
 

1.63 0.08 
 

1.61 0.10 

 

1.73 0.07 
 

1.70 0.08 
 

1.52 0.09 
a Estimates are age standardized to the US 2000 population. 

Abbreviations: Na-KSE: standard error; SES: socio-economic status 

Boldface indicates statistical significant differences when compared to high neighborhood SES using T-tests (** P<0.01, *P<0.05) 
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In multilevel models, neighborhood SES was not associated with individual-level BMI or WC among men 

(Table 3).  Among women, in unadjusted models, living in a low vs. high SES neighborhood was 

significantly associated with 3.60 kg/m2 higher BMI [95% Confidence interval (CI): 2.00, 5.19] and 2.94 

inches larger WC (95% CI: 0.80, 5.09).  Likewise, living in a middle vs. high neighborhood SES was 

significantly associated with 2.21 kg/m2 higher BMI (95% CI: 1.00, 3.43) and 2.00 inches larger WC (95% 

CI: 0.46, 3.58).  In fully adjusted models, living in a low vs. high SES neighborhood remained associated 

with 2.19 inches higher BMI (95% CI: 0.41, 3.98), while living in a middle vs. high neighborhood SES 

remained significantly associated with 1.83 kg/m2 higher BMI (95% CI: 0.34, 3.31) and 1.86 inches larger 

WC (0.22, 3.50). 

Page 13 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Table 3. Associations of tertiles of neighborhood SES score with BMI and waist circumference, by sex. 

 
BMI (kg/m

2
)  Waist Circumference (inches) 

 
Men  Women  Men  Women 

 
Beta  95% CI  Beta  95% CI  Beta  95% CI  Beta  95% CI 

Model 1
 a
 

  
 

  
 

  
 

  
Neighborhood SES           

   Low  1.17 -0.39, 2.74  3.60** 2.00, 5.19  0.19 -1.42, 1.81  2.94** 0.80, 5.09 

   Middle  1.12 -1.69, 3.93  2.21** 1.00, 3.43  0.18 -1.77, 2.13  2.00* 0.46, 3.58 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 2 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  0.92 -0.63, 2.47  2.37** 0.84, 3.89  0.55 -1.24, 2.33  2.21* 0.19, 4.24 

   Middle  1.00 -1.47, 3.47  1.79** 0.49, 3.10  0.35 -1.52, 2.23  1.83* 0.27, 3.39 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 3 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  0.62 -1.11, 2.35  2.25** 0.70, 3.80  0.18 -1.74, 2.09  2.07* 0.01, 4.14 

   Middle  0.85 -1.56, 3.25  1.65* 0.36, 2.94  0.29 -1.57, 2.14  1.69* 0.05, 3.33 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 4 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  0.59 -1.06, 2.23  2.19* 0.41, 3.98  0.17 -1.66, 1.99  2.12 -0.11, 4.34 

   Middle  1.07 -1.33, 3.48  1.83* 0.34, 3.31  0.46 -1.39, 2.31  1.86* 0.22, 3.50 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 a Model 1 is unadjusted; model 2 is adjusted for individual-level age, and race/ethnicity; Model 3 is additionally adjusted for individual-level 

education, poverty, and employment status; model 4 is additionally adjusted for physical activity.  

Abbreviations: CI: confidence interval; SES: socio-economic status. 

Boldface indicates statistical 
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Among men, neighborhood SES was associated with individual level potassium and Na-K ratio from 

unadjusted multi-level models (Table 4).  In particular, living in a low vs. high SES neighborhood was 

significantly associated with 403 mg/day less potassium excretion (95% CI: -628, -178) and 0.40 (95% CI: 

0.13, 0.66) unit higher Na-K ratio in unadjusted models only.  Among women, from unadjusted 

multilevel models, living in a low or middle SES neighborhood vs. high SES neighborhood was 

significantly associated with 426 mg/day (95% CI: -614, -238) and 425 mg/day (95% CI: -604, -245) less 

potassium excretion, respectively.  Likewise low vs. high SES neighborhood was associated with 0.36 

(95% CI: 0.16, 0.56) units higher Na:K ratio among women.  In fully-adjusted models, among women, 

living in a low or middle SES neighborhood vs. high SES neighborhood remained significantly associated 

with 251 mg/day (95% CI: -409, -93) and 330 mg/day (95% CI: -501, -159) less potassium excretion, 

respectively.   
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Table 4. Associations of tertiles of neighborhood SES score with urinary sodium, potassium, and Na-K excretion by sex. 

 Sodium (mg/day)  Potassium (mg/day)  Sodium to Potassium Ratio 

 Men  Women  Men  Women  Men  Women 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta 95% CI  

Model 1
 a
 

       
 

     
 

 
  

Neighborhood SES                 

   Low  12 -426, 451 
 

42 -217, 301 
 

-403**  -628, -178 
 

-426**  -614, -238 
 

0.40** 0.13, 0.66 
 

0.36** 0.16, 0.56 

   Middle  64 -410, 538 
 

-61 -318, 195 
 

-14  -235, 208 
 

-425** -604, -245 
 

0.13 -0.10, 0.36 
 

0.27 0.05, 0.49 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref  
 

ref  

Model 2
 
 

       
 

     
 

 
  

Neighborhood SES                 

   Low  -2  -512, 508 
 

-116 -362, 129 
 

-98 -323, 127 
 

-266** -446, -86 
 

0.11 -0.13, 0.34 
 

0.09 -0.08, 0.27 

   Middle  77 -335, 489 
 

-156  -416, 103 
 

235 -101, 571 
 

-331**  -509, -152 
 

-0.08 -0.33, 0.17 
 

0.13 -0.04, 0.30 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref  
 

ref  

Model 3 
       

 
     

 
 

  

Neighborhood SES                 

   Low  -21 -591, 550 
 

-130 -404, 144 
 

31 -195, 257 
 

-244**  -415, -73 
 

0.05 -0.19, 0.29 
 

0.04 -0.13, 0.21 

   Middle  80 -325, 486 
 

-183  -452, 87 
 

319 -13, 651 
 

-328**  -507, -148 
 

-0.11 -0.34, 0.12 
 

0.10 -0.07, 0.26 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

   Ref  
 

ref  

Model 4 
       

 
     

 
 

  

Neighborhood SES                 

   Low  78 -478, 545 
 

-205 -475, 64 
 

47 -180, 274 
 

-251**  -409, -93 
 

0.04 -0.19, 0.28 
 

-0.01  -0.19, 0.16 

   Middle  168 -347, 1775 
 

-227 -478, 24 
 

313* 9, 618 
 

-330**  -501, -159 
 

-0.12 -0.35, 0.11 
 

0.06 -0.11, 0.24 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref 
 

ref   
a Model 1 is unadjusted; model 2 is adjusted for individual-level age, and race/ethnicity; Model 3 is additionally adjusted for individual-level education, 

poverty, and employment status; model 4 is additionally adjusted for physical activity. 

Abbreviations: CI: confidence interval; Na-K: sodium to potassium ratio; SES: socio-economic status. 

Boldface indicates statistical significance (** P<0.01; * P<0.05) 
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DISCUSSION 

Findings from this study suggest strong associations between lower neighborhood SES and higher BMI 

and WC, and lower urinary potassium excretion among women but not men.  Among women, residing in 

a low vs. high SES neighborhood was associated with a 2.19 kg/m2 higher BMI and a 251 mg/day lower 

urinary potassium excretion, above and beyond individual-level characteristics. Our results suggest that 

women may be particularly vulnerable to obesogenic and other negative effects of a socioeconomically 

disadvantaged neighborhood.   

 

A number of studies have pointed to an association between neighborhood SES and measures of 

obesity.6,7,9,33  For example, findings from the Dallas Heart Study, a multiethnic cohort, showed that 

moving from a higher to a lower SES neighborhood was associated with weight gain.7  Likewise, among  

women of the Black Women’s Health Study, lower neighborhood SES was associated with weight gain 

over 10 years.34  In our multiethnic cohort of NYC adult residents, we too found that living in a low SES 

neighborhood was associated with measures of obesity such as higher BMI, and the association was only 

present in women.  Prior work has shown individual-level SES to be more strongly associated with 

obesity in women than in men.1  However, neighborhood effects on measures of obesity by sex yielded 

mixed findings.22-25  For example, among participants of the 1986 American’s Changing Lives Study, 

neighborhood poverty was associated with higher BMI among women but not men.24  Results from the 

Multi-Ethnic Study of Atherosclerosis found no association between the social environnment and BMI 

among women.25  Further studies exploring associations between the neighborhood environment and 

obesity, and whether or not these associations vary across different groups, are warranted to better 

understand the impacts of residing in low SES neighborhoods and to guide the design of more tailored 

and comprehensive interventions.  
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Low neighborhood SES was not associated with urinary sodium excretion in men or women.  Given the 

low intraclass correlation coefficient for sodium, indicative of no neighborhood level sodium clustering, 

our null findings were expected.  Our results are in accordance with previous findings from the HFUS 

cohort showing no association between neighborhood-level poverty and individual-level sodium 

intake.19  Similarly, results from the Japan Dietetic Students’ Study for Nutrition and Biomarkers Study 

Group, a Japanese cohort of young women showed no association between neighborhood SES and 24-

hour urinary sodium excretion.35  These results may point to the ubiquity of sodium in the US food 

supply,36 such that everyone is exposed regardless of the SES of the neighborhood they live in.   

 

Unlike with sodium, our findings showed significant associations between neighborhood SES and 24-

hour urinary potassium excretion, an objective indicator of fruit and vegetable consumption37 and 

healthy diet.21  Our findings are consistent with other studies,11,12,35,38,39 yet mostly using self-reported 

fruit and vegetable consumption.  For example, findings from the National Health Nutrition and 

Examination survey showed that higher neighborhood SES was associated with increased fruit and 

vegetable intake.11  Likewise, findings from the New York City Community Health Survey have shown 

that residing in a neighborhood of low vs. high SES was associated with reporting lower fruit and 

vegetable intake.12  Prior studies have also linked other neighborhood characteristics, such as 

neighborhood retail environment, to individual diet quality, including potassium.38  For example, among 

participants of the Japan Dietetic Students’ Study for Nutrition and Biomarkers Study Group, 

neighborhood availability of supermarkets was associated with higher urinary potassium excretion.13   

 

Previous studies have signaled that the associations between individual-level SES and fruit and vegetable 

consumption may vary by sex.37  However, to our knowledge, no prior studies in the US have formally 

assessed whether the relationship of neighborhood-level SES and diet quality, measured objectively—

Page 18 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

19 

 

such as 24-hour urinary potassium excretion, varies by sex.  In our study, we found neighborhood SES to 

be associated with potassium excretion among women but not men.  It has been hypothesized that in 

general, neighborhood level effects might be stronger for women than men considering women may 

spend more time in the home and within their neighborhoods.40     

 

Finally, our study found that residing in a neighborhood of low vs. high SES was associated with a 0.40 

and 0.36 unit higher Na-K ratio in men and women respectively, in unadjusted models.  Though limited 

studies exist, our finding mirrors a study of Japanese women which showed that low vs. high 

neighborhood SES was associated with higher Na-K ratio, adjusting for only survey year, living status, 

and region of residence.35  However, in our study, associations of neighborhood SES with Na-K were no 

longer significant after we adjusted for covariates. 

 

The current research has few limitations that are worth noting.  First, while our study was population 

based and representative of non-institutionalized NYC adults, our results may not necessarily be 

extrapolated to other geographical locations given the uniqueness of NYC neighborhoods.  We also 

relied on zip codes to define neighborhoods, though zip codes are commonly utilized to define 

neighborhoods, smaller geographic units such as census blocks exist but were not accessible.  

Additionally, 24-hour urine measures reflect sodium and potassium intake during the previous day and 

may not necessarily be indicative of habitual sodium and potassium consumption.  Finally, the HFUS was 

cross-sectional, thus any observed associations may reflect self-selection of certain individuals into 

certain neighborhoods rather than the effect of a neighborhood on an individual’s health.  Despite such 

limitations, the study possesses noteworthy strengths.  Our measure of neighborhood SES was rich as it 

utilized several SES domains. We were adequately powered to test for interaction by sex, and have 

found that sex moderated the associations of neighborhood SES with obesity and biomarkers of diet. 
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Most notably, our outcomes were objectively measured and therefore subject to less measurement 

error.  This is particularly true of our dietary measures, the HFUS study is the only population-based 

representative study in the US to use the gold-standard of 24-hour urine to measure sodium and 

potassium intake. 

  

CONCLUSIONS: 

In our study, representative of NYC adults, residing in a low vs. high SES neighborhood was associated 

with measures of obesity and lower urinary potassium excretion among women but not men.  This 

research contributes to the growing body of evidence showing that the neighborhood environment is 

associated with health.  We highlight that the association of SES with obesity and potassium—an 

objective dietary biomarker—is moderated by sex.  Future research related to neighborhood level 

effects should focus on exploring such sex differences. 
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ABSTRACT 

Objective: To determine whether neighborhood socio-economic status (SES) is associated with body 

mass index (BMI), waist circumference, and biomarkers of diet (urinary sodium and potassium 

excretion).  

Design: A cross-sectional study. 

Setting: The data reported were from the 2010 Heart Follow Up Study, a population based 

representative survey of 1,645 adults.  

Participants: Community dwelling diverse residents of New York City nested within 128 neighborhoods 

(zip codes).   

Primary and secondary outcome measures: BMI (kg/m2) and waist circumference (inches) were 

measured during in-home visits, and 24-hour urine was collected to measure biomarkers of diet: sodium 

(mg/day) and potassium (mg/day). 

Results: After adjusting for individual-level characteristics using multilevel linear regressions, low vs. 

high neighborhood SES tertile was associated with 1.83 kg/m2 higher body mass index (95% CI: 0.41, 

3.98) and 251 mg/day lower potassium excretion (95% CI: -409,-93) among women only, with no 

associations among men (p-values for neighborhood SES by sex interactions <0.05).   

Conclusion: Our results suggest women may be particularly vulnerable to the effects of a 

socioeconomically disadvantaged neighborhood.  Future neighborhood research should explore sex 

differences, as these can inform tailored interventions. 

Trial Registration: This trial is registered at clinicaltrials.gov as NCT01889589. 
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Strengths and Limitations of this study: 

� These data come from the New York City Heart Follow-Up Study, and are population based and 

representative of the New York City adult population. 

� Modeled as tertiles of a factor score, the main exposure of interest, neighborhood socio-

economic status, was constructed based on neighborhood levels of education, poverty, 

unemployment, and safety. 

� All outcomes were measured objectively and included measured body mass index, waist 

circumference, and 24-hour urinary excretion derived measures of sodium, potassium, and 

sodium to potassium ratio. 

� Data were cross-sectional and therefore temporality was not established; additionally the paper 

does not account for self-selection of certain individuals into certain neighborhoods. 
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INTRODUCTION: 

Poor socio-economic status (SES) has been linked to both higher rates of obesity 1 and poor dietary 

quality,2 particularly among women.1  Mechanisms behind such associations include poverty being 

associated with unhealthy behaviors3 and greater exposure to stress-inducing mechanisms.4  For 

example, for individuals of low SES, cost is often a barrier to a healthy diet, and therefore, such 

individuals are more likely to consume less nutritious and more calorie-dense food.5  However, the 

extent to which modifying characteristics or behaviors at the individual-level would be successful for 

achieving better diet quality and lower obesity rates, especially among individuals living in 

disadvantaged environments, remains unclear.  

 

Beyond individual-level mechanisms, a growing body of research suggests that neighborhood 

characteristics, such as neighborhood safety and neighborhood SES, may also influence obesity6-9  and 

diet quality.10-14  For example, findings from the landmark Moving To Opportunity study showed that 

altering the socioeconomic environment by relocating into a higher income neighborhood was 

associated with a lower prevalence of obesity15 and improved physical health outcomes in youth girls 

but not boys.16  Studies10-12,17 pointing to a relationship between the neighborhood environment and 

diet quality have mainly used subjective measures of diet such as healthy eating indices or self-reported 

fruit and vegetable intake which can be prone to measurement error.18  To our knowledge, only two 

previous studies of neighborhood and diet13,19 have included objectively measured biomarkers of diet 

quality such as sodium and potassium.20,21  Furthermore, while it is suggested that neighborhood effects 

might differ by sex, the relationships between the neighborhood socioeconomic environment with 

obesity and diet quality are seldom explored by sex and results have been mixed.16,22-27 

 

Page 4 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

The objective of our analysis was to examine the association between neighborhood SES, obesity, and 

diet quality using data from the Heart Follow-Up Study (HFUS), a population-28based study of New York 

City (NYC) adult residents by sex.  Obesity was ascertained using measured body mass index (BMI) and 

waist circumference (WC), and diet quality was ascertained using 24-hour urine derived biomarkers of 

sodium, potassium, and the sodium to potassium (Na-K) ratio. 

METHODS  

Study design and study sample 

The New York City Community Health Survey (CHS) Heart Follow-Up Study (HFUS), is a cross-sectional 

study conducted in 2010 to assess population-based sodium intake from a representative sample of 

1,775 NYC adults ages 18 years or older.29  Study participants in the HFUS were recruited from the 2010 

CHS, a complex survey design telephone parent study of approximately 10,000 New Yorkers conducted 

by the NYC Health Department.30  From the 2010 CHS, a total of, 6,342 participants were screened for 

HFUS eligibility with 5,830 deemed eligible (not pregnant , lactating, or undergoing kidney dialysis).  Of 

eligible participants, a total of 1,775 individuals participated in the HFUS.  In brief, study participants in 

the HFUS answered survey questions and collected urine for a 24-hour period.  During a home visit, a 

trained medical technician took anthropometric measurements, aliquotted the urine, and sent it directly 

to the research laboratory.  All study participants provided informed consent and IRB approval was 

obtained at both the University of Miami and the NYC Health Department. 

 

Measures of obesity 

During in-home visits, HFUS participants’ weight and height was recorded without shoes.  BMI was 

calculated as measured weight in kilograms divided by measured height in meters-squared.  Waist 

circumference (WC) was measured in inches as waist girth at the top of the lateral border of the right 

ilium.  
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Biomarkers of Diet Quality: urinary sodium and potassium 

HFUS participants provided 24-hour urine samples which were sent to the collaborating laboratory at 

the Mount Sinai Hospital and Medical School and analyzed for sodium, potassium, and creatinine.  

Sodium and potassium were measured using the ion-selective electrode potentiometric method on the 

Roche DPP Modular analyzer.  Creatinine, used to assess urine completeness,20 was measured using the 

Jaffe kinetic colorimetric method on the same analyzer.  All laboratory values were normalized to a 24-

hour collection period (mg/day).  Na-K ratio was defined as the ratio between sodium (mg/day) and 

potassium (mg/day). Higher sodium, lower potassium, and higher Na-K ratio are indicative of worse diet 

quality.20,21  

 

Other individual-level measures  

Through survey questionnaires, HFUS participants reported their age in age groups (18-24, 25-44, 45-64, 

or 65+ years), sex, and race/ethnicity (white non-hispanic, black non-hispanic, hispanic, asian, or other).  

Participants reported family size as the number of individuals per household, and also reported whether 

their household income from all sources was less than 100%, 100 – 199%, 200 – 299%, 300 – 399%, 400 

– 499%, 500 – 599%, or 600% or more of the Federal Poverty Level (FPL).  For reference, the FPL in 2010 

for a household of four people was $22,050.31  Participants also reported their educational attainment 

defined as less than high school (HS), HS graduate, some college, or college graduate or more.  

Employment status was recorded and defined as employed, unemployed, or not in the labor force.  

Participants also answered a series of questions about their physical activity which were used to 

calculate their total minutes of moderate and vigorous physical activity.32  Participants who reported an 

average of 150 moderate or 75 vigorous minutes of physical activity per week were considered to have 

met 2008 physical activity guidelines.33 
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Neighborhood SES 

Neighborhoods were defined according to zip codes which were retrieved from participants’ addresses.  

We used factor analysis to create a neighborhood SES factor score using zip code level variables.  The 

principle factor method was used to estimate factor scores, and a loading threshold of 0.3 was set to 

indicate whether a variable should be retained.  The final selected variables included: percentage of 

households in the neighborhood with income 100% below the FPL, percentage of individuals in the 

neighborhood who are unemployed, percentage of individuals in the neighborhood with less than a HS 

education, and percentage of individuals in the neighborhood who report living in an unsafe 

neighborhood.  Neighborhood safety was reported in response to the question of “How safe from crime 

do you consider your neighborhood to be” with responses including “extremely safe,” “quite safe,” 

“slightly safe,” or “not safe at all”; answers were then dichotomized into two categories: an unsafe 

neighborhood (“slightly safe” or “not safe at all” responses) vs. a safe neighborhood (“extremely safe” or 

“quite safe” responses).  We then created tertiles from the neighborhood SES score to further 

characterize neighborhoods as having low SES (disadvantageous), middle SES, or high SES 

(advantageous).  

 

Statistical Analyses 

Of the original 1775 individuals who provided urine samples, a total of 119 were excluded due to an 

incomplete or biologically implausible urine sample, defined using the following criteria: total urine 

volume <500 mL, creatinine <6.05 mmol for men or <3.78 mmol for women, or a participant reporting 

missing a collection.20   An additional 11 individuals were excluded due to lack of geographic residence 

(zip code) information, resulting in a final analytic sample of 1645 individuals. 
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The data structure of this analysis includes 2 levels: 1645 individuals in level 1 nested within 128 

neighborhoods in level 2.  We first assessed individual-level characteristics of the sample overall and by 

sex.  We then assessed neighborhood-level characteristics overall and across tertiles of the 

neighborhood SES score.  Next, we estimated mean obesity (BMI and WC) and mean dietary 

characteristics (sodium, potassium, and Na-K ratio) across tertiles of neighborhood SES score, for 

women and men separately.  All means and proportions were age standardized to the US 2010 

population so that they could be compared to national US population.  

  

To determine whether a multilevel model and analyses were appropriate, we calculated intraclass 

correlation coefficients which calculate for each outcome of interest the percent of total variance that is 

between neighborhoods.  Intraclass correlations were 4.4%, 3.6%, 0.17%, 6.6%, and 8.0% respectively 

for BMI, WC, sodium, potassium, and Na-K ratio.  Though the ICC’s are of relatively small magnitude, we 

were uniquely interested in the associations of neighborhood level SES with anthropometrics and diet 

quality; and thus for all outcomes but sodium a multilevel model could be justified.28  We then fit 

multilevel linear regression models to determine whether neighborhood SES score (as tertiles) was 

associated with each of BMI, WC,  sodium, potassium, and Na-K ratio.  We tested for effect modification 

by sex.  Models were adjusted for individual level age, race/ethnicity, education, poverty, employment 

status, physical activity (for BMI and WC models), and BMI (for sodium, potassium, and Na-K models).     

Data were analyzed in 2016 with survey weights and design variables using SUDAAN (version 10.0; 

Research Triangle Institute, Research Triangle Park, North Carolina) and MPLUS (Version 7; Muthen and 

Muthen 1998-2012).   

RESULTS 

Approximately 13.3% of the sample was 18-24 years of age, 44% were age 25-44 years, 28% were age 

45-64 years, and 15% were 65 years or older (Table 1).  A total of 39% of the population was non-
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Hispanic White, 23% was non-Hispanic Black, 24% was Hispanic, and 10% was Asian.  Approximately 21% 

had less than a HS education, 48% were below 200% of the FPL, and 10% were unemployed.  A total of 

62.1% of the population met 2008 physical activity guidelines. Compared with men, women were more 

likely to have less than a HS education and be in poverty, and less likely to be employed. 
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Table 1. Individual-level characteristics of the study sample, overall and by sex. 

 

Overall 

 (N=1645) 

 

Men  

(n=689) 

 

Women 

 (n=956) 

 
% SE 

 
% SE 

 
% SE 

Characteristic         

Age group 
    

   
 

    18-24 13.3 1.6 
 

14.0 2.4 
 

12.6 2.3 

   25-44 43.5 2.0 
 

45.4 3.1 
 

41.8 2.7 

   45-64 27.9 1.6 
 

27.7 2.4 
 

28.0 2.2 

   65+ 15.4 1.2 
 

12.9 1.6 
 

17.5 1.8 

Race/Ethnicity 
   

   
  

   White 39.0 1.7 
 

45.8 2.6 
 

33.5** 2.3 

   Black 23.4 1.5 
 

21.9 2.2 
 

24.4 2.2 

   Hispanic 23.6 1.6 
 

16.9 2.0 
 

29.3** 2.4 

   Asian 10.3 1.4 
 

11.4 2.3 
 

9.4 1.6 

   Other 3.7 1.4 
 

4.0 1.3 
 

3.5 1.1 

 Less than HS Education 
   

   
  

   < HS 21.3 1.7 
 

17.6 2.4 
 

24.5* 2.5 

   HS 27.0 1.8 
 

27.6 2.7 
 

26.7 2.4 

   Some college 22.0 1.5 
 

23.4 2.4 
 

20.7 2.0 

   College grad 29.6 1.5 
 

31.3 2.4 
 

28.1 2.0 

Poverty 
   

   
  

   < 200% FPL 48.1 1.9 
 

41.9 2.9 
 

53.0** 2.6 

   ≥200% FPL 45.9 1.8 
 

54.0 2.7 
 

39.2** 2.4 

   Don’t know/Refused 6.0 1.1 
 

4.1 1.2 
 

7.7 1.9 

Employment 
   

   
  

   Employed 56.7 1.8 
 

62.6 2.3 
 

51.2** 2.6 

   Unemployed 10.4 1.2 
 

10.8 1.6 
 

10.1 1.6 

   Not in labor force 32.9 1.6 
 

26.6 1.9 
 

38.7** 2.4 

Meets 2008 Physical Activity 

guidelines 
62.1 1.9 

 
65.3 2.6 

 
58.9 2.7 

a Estimates are age standardized to the US 2000 population. 

Abbreviations: FPL: federal poverty level; HS: high school; SE: standard error. 

Boldface indicates statistical significant differences comparing men with women (** P<0.01, *P<0.05) 
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The proportion of households with income <100% of the FPL and the proportion of individuals reporting 

living in an unsafe neighborhood was highest (38% and 56% respectively) in the lowest neighborhood 

SES score tertile and lowest in the highest neighborhood SES tertile (6% and 10% respectively), data not 

shown.  Likewise, the proportion of individuals who were unemployed or with less than a HS education 

was highest (12% and 27% respectively) in the lowest neighborhood SES tertile and lowest in the highest 

neighborhood SES tertile (6% and 7% respectively). 

Mean 24-hour urinary sodium excretion was 3240 mg/day and did not differ significantly by 

neighborhood tertile in men or women (Table 2).  Among men, those living in a low vs. high SES 

neighborhoods had significantly lower mean urinary potassium excretion (2131 vs. 2404 mg, p<0.01), 

and higher mean Na-K ratio (1.92 vs. 1.61, P=0.01).  Among women, those living in a low vs. high SES 

neighborhood had higher mean BMI (29.3 vs. 26.1 kg/m2, p<0.01), higher mean WC (36.4 vs. 32.9 inches, 

p<0.01), and lower mean urinary potassium excretion (1911 vs. 2238, p<0.01). Similarly, women living in 

middle vs. high SES neighborhoods also had significantly higher mean BMI (28.3 vs. 26.1 kg/m2, p<0.01), 

higher mean WC (35.8 vs. 32.9 inches, p<0.01), and lower mean urinary potassium excretion (1890 vs. 

2238, p<0.01).   
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Table 2. Mean obesity and dietary characteristics overall and across tertiles of neighborhood SES score, by sex. a
 

   Men  Women 

   Tertile of Neighborhood SES Score  Tertile of Neighborhood SES Score 

 Overall  
Low  

(n=216) 
 

Middle 

(n=258) 
 

High 

(n=215)  

Low  

(n=422) 
 

Middle 

(n=304) 
 

High 

 (n=230) 

 
Mean SE 

 
Mean SE 

 
Mean SE 

 
Mean SE 

 

Mean SE 
 

Mean SE 
 

Mean SE 

   BMI (kg/m2) 28.2 0.3 
 

28.6 0.5 
 

28.6 0.8 
 

27.3 27.3 

 

29.3** 0.5 
 

28.3** 0.5 
 

26.1 0.5 

   Waist Circumference (inches) 36.3 0.2 
 

37.6 0.5 
 

37.6 0.7 
 

36.9 0.5 

 

36.4** 0.4 
 

35.8** 0.5 
 

32.9 0.4 

   Sodium (mg/day) 3,240 58 
 

2,699 159 
 

3,734 134 
 

3,377 159 

 

2,961 106 
 

2,865 108 
 

3,013 150 

   Potassium (mg/day) 2,182 38 
 

2,131* 87 
 

2,667 135 
 

2,404 92 

 

1,911** 63 
 

1,890** 61 
 

2,238 95 

   Na-K Ratio 1.68 0.03 
 

1.92* 0.08 
 

1.63 0.08 
 

1.61 0.10 

 

1.73 0.07 
 

1.70 0.08 
 

1.52 0.09 
a Estimates are age standardized to the US 2000 population. 

Abbreviations: Na-KSE: standard error; SES: socio-economic status 

Boldface indicates statistical significant differences when compared to high neighborhood SES using T-tests (** P<0.01, *P<0.05) 
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In unadjusted and fully adjusted models, neighborhood SES by sex interactions were significant for 

outcomes of WC (p<0.05) and potassium (p<0.05). Consequently, all models were stratified by sex.  

Among men, results from unadjusted and fully adjusted multilevel models showed that neighborhood 

SES was not associated with individual-level BMI or WC (Table 3).  Among women, in unadjusted models, 

living in a low vs. high and middle vs. high neighborhood SES was significantly associated with 3.60 

kg/m2 [95% Confidence interval (CI): 2.00, 5.19] and 2.21 kg/m2 (95% CI: 1.00, 3.43) higher BMI; P for 

trend < 0.05.  Likewise, living in a low vs. high and middle vs. high neighborhood SES was significantly 

associated with 2.94 inches (95% CI: 0.80, 5.09) and 2.00 inches (95% CI: 0.46, 3.58) larger WC; P for 

trend < 0.05.  In fully adjusted models, living in a low vs. high or middle vs. high SES neighborhood 

remained associated with 2.19 kg/m2 (95% CI: 0.41, 3.98) and 1.83 kg/m2 (95% CI: 0.34, 3.31) higher 

BMI; P for trend < 0.05.  Living in a middle vs. high neighborhood SES remained significantly associated 

with 1.86 inches (95% CI: 0.22, 3.50) larger WC.  
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Table 3. Associations of tertiles of neighborhood SES score with BMI and waist circumference, by sex. 

 
Men  Women 

 

BMI  

(kg/m
2
) 

 Waist Circumference 

(inches) 

 
BMI (kg/m

2
) 

 Waist Circumference 

 (inches) 

 
Beta  95% CI  Beta  95% CI  Beta  95% CI  Beta  95% CI 

Model 1
 ab

 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  1.17 -0.39, 2.74  0.19 -1.42, 1.81  3.60** 2.00, 5.19  2.94** 0.80, 5.09 

   Middle  1.12 -1.69, 3.93  0.18 -1.77, 2.13  2.21** 1.00, 3.43  2.00* 0.46, 3.58 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 2
 ab

 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  0.92 -0.63, 2.47  0.55 -1.24, 2.33  2.37** 0.84, 3.89  2.21* 0.19, 4.24 

   Middle  1.00 -1.47, 3.47  0.35 -1.52, 2.23  1.79** 0.49, 3.10  1.83* 0.27, 3.39 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 3 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  0.62 -1.11, 2.35  0.18 -1.74, 2.09  2.25** 0.70, 3.80  2.07* 0.01, 4.14 

   Middle  0.85 -1.56, 3.25  0.29 -1.57, 2.14  1.65* 0.36, 2.94  1.69* 0.05, 3.33 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 4
 a
 

  
 

  
 

  
 

  
Neighborhood SES           

   Low  0.59 -1.06, 2.23  0.17 -1.66, 1.99  2.19* 0.41, 3.98  2.12 -0.11, 4.34 

   Middle  1.07 -1.33, 3.48  0.46 -1.39, 2.31  1.83* 0.34, 3.31  1.86* 0.22, 3.50 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 a Indicates a significant trend for BMI among women, P< 0.05; b Indicates a significant trend for waist circumference among women, P< 0.05 

Model 1 is unadjusted; model 2 is adjusted for individual-level age, and race/ethnicity; Model 3 is additionally adjusted for individual-level 

education, poverty, and employment status; model 4 is additionally adjusted for physical activity.  

Abbreviations: CI: confidence interval; SES: socio-economic status. 

Boldface indicates statistical significance (** P<0.01; * P<0.05)
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Among men, living in a low vs. high SES neighborhood was significantly associated with 403 mg/day 

lower potassium excretion (95% CI: -628, -178) and 0.40 (95% CI: 0.13, 0.66) unit higher Na-K ratio in 

unadjusted models only; P for trend was significant (P < 0.05) for both outcomes in Model 1 (Table 4).  

From fully adjusted multilevel models among men, middle vs. high SES neighborhood was significantly 

associated with 313 mg higher potassium excretion (95% CI: 9, 618); all other associations among men 

were null.  Among women, from unadjusted multilevel models, living in a low vs. high or middle vs. high 

SES neighborhood was significantly associated with 426 mg/day (95% CI: -614, -238) and 425 mg/day 

(95% CI: -604, -245) lower potassium excretion; P for trend < 0.05.  Likewise low vs. high SES 

neighborhood was associated with 0.36 (95% CI: 0.16, 0.56) units higher Na-K ratio among women; P for 

trend < 0.05.  From fully adjusted models among women, living in a low vs. high or middle vs. high SES 

neighborhood remained significantly associated with 251 mg/day (95% CI: -409, -93) and 330 mg/day 

(95% CI: -501, -159) lower potassium excretion; P for trend < 0.05.   
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Table 4. Associations of tertiles of neighborhood SES score with urinary sodium, potassium, and Na-K excretion by sex. 

   Men      Women   

 
Sodium  

(mg/day) 
 

Potassium 

 (mg/day) 
 

Sodium to 

Potassium Ratio 
 

Sodium  

(mg/day) 
 

Potassium  

(mg/day) 
 

Sodium to 

Potassium Ratio 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta 95% CI  

Model 1
 abcd

 
       

 
     

 
 

  

Neighborhood SES                 

   Low  12 -426, 451 
 

-403**  -628, -178 
 

0.40** 0.13, 0.66 
 

42 -217, 301 
 

-426**  -614, -238 
 

0.36** 0.16, 0.56 

   Middle  64 -410, 538 
 

-14  -235, 208 
 

0.13 -0.10, 0.36 
 

-61 -318, 195 
 

-425** -604, -245 
 

0.27 0.05, 0.49 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref  
 

Ref  

Model 2
 b 

       
 

     
 

 
  

Neighborhood SES                 

   Low  -2  -512, 508 
 

-101 -236, 123 
 

0.11 -0.13, 0.34 
 

-116 -362, 129 
 

-266** -446, -86 
 

0.09 -0.08, 0.27 

   Middle  77 -335, 489 
 

231 -105, 513 
 

-0.08 -0.33, 0.17 
 

-156  -416, 103 
 

-331**  -509, -152 
 

0.13 -0.04, 0.30 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref  
 

Ref  

Model 3
b
 

       
 

     
 

 
  

Neighborhood SES                 

   Low  -21 -591, 550 
 

31 -195, 257 
 

0.05 -0.19, 0.29 
 

-130 -404, 144 
 

-244**  -415, -73 
 

0.04 -0.13, 0.21 

   Middle  80 -325, 486 
 

319 -13, 651 
 

-0.11 -0.34, 0.12 
 

-183  -452, 87 
 

-328**  -507, -148 
 

0.10 -0.07, 0.26 

   High  Ref   Ref   Ref   Ref   Ref   Ref  

Model 4
b
 

       
 

     
 

 
  

Neighborhood SES                 

   Low  78 -478, 545 
 

47 -180, 274 
 

0.04 -0.19, 0.28 
 

-205 -475, 64 
 

-251**  -409, -93 
 

-0.01  -0.19, 0.16 

   Middle  168 -347, 1775 
 

313* 9, 618 
 

-0.12 -0.35, 0.11 
 

-227 -478, 24 
 

-330**  -501, -159 
 

0.06 -0.11, 0.24 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref 
  

Ref  
a Indicates a significant trend for potassium among men, P<0.05; b Indicates a significant trend for potassium among women, P<0.05 
c Indicates a significant trend for Na-K among men, P<0.05; d Indicates a significant trend for Na-K among women, P<0.05 

Model 1 is unadjusted; model 2 is adjusted for individual-level age, and race/ethnicity; Model 3 is additionally adjusted for individual-level education, 

poverty, and employment status; model 4 is additionally adjusted for physical activity. 

Abbreviations: CI: confidence interval; Na-K: sodium to potassium ratio; SES: socio-economic status. 

Boldface indicates statistical significance (** P<0.01; * P<0.05) 
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DISCUSSION 

Findings from this study suggest strong associations between lower neighborhood SES and higher BMI 

and WC, and lower urinary potassium excretion among women but not men.  Among women, residing in 

a low vs. high SES neighborhood was associated with a 2.19 kg/m2 higher BMI and a 251 mg/day lower 

urinary potassium excretion, above and beyond individual-level characteristics. Our results suggest that 

women may be particularly vulnerable to obesogenic and other negative effects of a socioeconomically 

disadvantaged neighborhood.   

 

A number of studies have pointed to an association between neighborhood SES and measures of 

obesity.6,7,9,34  For example, findings from the Dallas Heart Study, a multiethnic cohort, showed that 

moving from a higher to a lower SES neighborhood was associated with weight gain.7  Likewise, among  

women of the Black Women’s Health Study, lower neighborhood SES was associated with weight gain 

over 10 years.35  Though neither of these studies focused on differences by sex.  In our multiethnic 

cohort of NYC adult residents—using a more comprehensive measure of neighborhood SES, we too 

found that living in a low SES neighborhood was associated with measures of obesity such as higher 

BMI, and the association was only present in women.  Prior work has shown individual-level SES to be 

more strongly associated with obesity in women than in men.1  However, neighborhood effects on 

measures of obesity by sex yielded mixed findings.22-25  For example, among participants of the 1986 

American’s Changing Lives Study, neighborhood poverty was associated with higher BMI among women 

but not men.24  Results from the Multi-Ethnic Study of Atherosclerosis found no association between the 

social environment and BMI among women.25  Further studies exploring associations between the 

neighborhood environment and obesity, and whether or not these associations vary across different 

groups, are warranted to better understand the impacts of residing in low SES neighborhoods and to 

guide the design of more tailored and comprehensive interventions.  
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Low neighborhood SES was not associated with urinary sodium excretion in men or women.  Given the 

low intraclass correlation coefficient for sodium, indicative of no neighborhood level sodium clustering, 

our null findings were expected.  Our results are in accordance with previous findings from the HFUS 

cohort showing no association between neighborhood-level poverty and individual-level sodium 

intake.19  Similarly, results from the Japan Dietetic Students’ Study for Nutrition and Biomarkers Study 

Group, a Japanese cohort of young women showed no association between neighborhood SES and 24-

hour urinary sodium excretion.36  These results may point to the ubiquity of sodium in the US food 

supply,37 such that everyone is exposed regardless of the SES of the neighborhood they live in.   

 

Unlike with sodium, our findings showed significant associations between neighborhood SES and 24-

hour urinary potassium excretion, an objective indicator of fruit and vegetable consumption38 and 

healthy diet.21  As potassium is an important nutrient that helps lower blood pressure,39 the strength of 

these results cannot be underscored; a 251 mg/day difference is substantial—especially on a population 

wide basis—considering recommended intake should be 4700 mg/day.40  Importantly, our findings are 

consistent with other studies,11,12,36,41,42 yet mostly using self-reported fruit and vegetable consumption.  

For example, findings from the National Health Nutrition and Examination survey showed that higher 

neighborhood SES was associated with increased fruit and vegetable intake.11  Likewise, findings from 

the New York City Community Health Survey have shown that residing in a neighborhood of low vs. high 

SES was associated with reporting lower fruit and vegetable intake.12  Prior studies have also linked 

other neighborhood characteristics, such as neighborhood retail environment, to individual diet quality, 

including potassium.41  For example, among participants of the Japan Dietetic Students’ Study for 

Nutrition and Biomarkers Study Group, neighborhood availability of supermarkets was associated with 

higher urinary potassium excretion.13  Finally, previous HFUS findings showed that neighborhood 
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poverty was not associated with 24 hour urinary excretion of potassium.19  However, this study used 

different methods which likely accounted for the discrepant findings.  For example, the current analysis 

includes more neighborhood level units (i.e. 128 vs. 42 neighborhoods), a different neighborhood SES 

construct comprised of multiple dimensions of SES rather than just poverty, and sex stratified models.  

Had we used overall rather than sex-stratified models, associations for potassium would have been null.    

 

Previous studies have signaled that the associations between individual-level SES and fruit and vegetable 

consumption may vary by sex.38  However, to our knowledge, no prior studies in the US have formally 

assessed whether the relationship of neighborhood-level SES and diet quality, measured objectively—

such as 24-hour urinary potassium excretion, varies by sex.  In our study, we found neighborhood SES to 

be associated with potassium excretion among women but not men.  It has been hypothesized that in 

general, neighborhood level effects might be stronger for women than men considering women may 

spend more time in the home and within their neighborhoods.43     

 

Finally, our study found that residing in a neighborhood of low vs. high SES was associated with a 0.40 

and 0.36 unit higher Na-K ratio in men and women respectively, in unadjusted models.  Individuals 

consuming USDA recommendations40 for sodium (< 2300 mg/day) and potassium (≥4700 mg/day) would 

have an Na-K ratio of 0.49.  Thus differences in the order of 0.4 in magnitude are substantial; though 

these findings were not significant in adjusted models.  Though limited studies exist, our findings are 

somewhat consistent with a  study of Japanese women showing that low vs. high neighborhood SES was 

associated with higher Na-K ratio, adjusting for only survey year, living status, and region of residence.36   

 

The current research has a few limitations that are worth noting.  First, while our study was population 

based and representative of non-institutionalized NYC adults, our results may not necessarily be 

Page 19 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

20 

 

extrapolated to other geographical locations given the uniqueness of NYC neighborhoods.  Further, we 

relied on zip codes to define neighborhoods; zip codes may encompass a more heterogeneous SES 

composition and therefore introduce heterogeneity into the measure.  Despite this, we believe the use 

of zip code is appropriate for the following reasons: 1) NYC is a densely populated area and so zip codes 

encompass much smaller geographical bounds than in other locations, and 2) any heterogeneity 

introduced in our measure would likely bias results towards the null.  Yet, we still found substantial and 

strong neighborhood level effects.  Additionally, 24-hour urine measures reflect sodium and potassium 

intake during the previous day and may not necessarily be indicative of habitual sodium and potassium 

consumption.  Further though we were adequately powered to test for interaction by sex, stratification 

by sex resulted in smaller sample sizes and notably limited the precision our estimates—particularly for 

our dietary factors of sodium and potassium which are highly variable.  Finally, the HFUS was cross-

sectional, thus any observed associations may reflect self-selection of certain individuals into certain 

neighborhoods rather than the effect of a neighborhood on an individual’s health.  Despite such 

limitations, the study possesses noteworthy strengths.  Our measure of neighborhood SES was rich as it 

utilized several SES domains. Most notably, our outcomes were objectively measured and therefore 

subject to less measurement error.  This is particularly true of our dietary measures, the HFUS study is 

the first population-based representative study in the US to use the gold-standard of 24-hour urine to 

measure sodium and potassium intake. 

  

CONCLUSIONS: 

In our study, representative of NYC adults, residing in a low vs. high SES neighborhood was associated 

with measures of obesity and lower urinary potassium excretion among women but not men.  This 

research contributes to the growing body of evidence showing that the neighborhood environment is 

associated with health.  We highlight that the association of SES with obesity and potassium—an 
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objective dietary biomarker—is moderated by sex.  Future research related to neighborhood level 

effects should focus on exploring such sex differences. 

 

FUNDING STATEMENT: 

The HFUS was supported by funding from the Robert Wood Johnson Foundation, the New York State 

Health Foundation, the National Association of County & City Health Officials and the Centers for 

Disease Control and Prevention [Grant Number 5U38HM000449-02], the W.K. Kellogg Foundation, and 

the U.S. Department of Health and Human Services. This funding is administered by the Fund for Public 

Health in New York, a private non-profit organization that supports innovative initiatives of the NYC 

DOHMH.  The contents of this article are solely the responsibility of the authors and do not necessarily 

represent the official view of the funders. 

 

Dr. Tali Elfassy was supported by the American Heart Association post-doctoral fellowship 

(17POST32490000) and the T32 training grant from the National Institutes of Health, National Heart, 

Lung, and Blood Institute (HL 007426).  Dr. Stella Yi was supported by P60MD000538 from the National 

Institutes of Health (NIH)/National Institute on Minority Health and Health Disparities and U58DP005621 

from the Centers for Disease Control and Prevention (CDC). Dr. Adina Zeki Al Hazzouri was supported by 

a grant from the National Institutes of Health, National Institute on Aging (K01AG047273). 

 

Contributor Statement 

Dr. Elfassy conducted the statistical analyses for this study. Drs. Elfassy and Zeki Al Hazzouri interpreted 

the data and drafted the manuscript. Drs. Elfassy, Yi, Llabre, Schneiderman, Gellman, Florez, Prado, and 

Zeki Al Hazzouri contributed to the methodological aspects of this study and were all involved with 

critical review of the manuscript.  The authors have no relevant financial disclosures to report. 

Page 21 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

22 

 

 

Data Sharing Statement: 

No additional data available 

 

Financial Disclosures: 

The authors have no financial disclosures or conflicts of interest to report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 22 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

23 

 

REFERENCES 

1. Ogden CL, Lamb MM, Carroll MD, Flegal KM. Obesity and socioeconomic status in adults: United 

States, 2005-2008. NCHS data brief. 2010(50):1-8. 

2. Harrington J, Lutomski J, Molcho M, Perry IJ. Food poverty and dietary quality: is there a 

relationship? Journal of epidemiology and community health. 2009;63(Suppl 2):16. 

3. Lynch JW, Kaplan GA, Salonen JT. Why do poor people behave poorly? Variation in adult health 

behaviours and psychosocial characteristics by stages of the socioeconomic lifecourse. Social 

science & medicine (1982). 1997;44(6):809-819. 

4. Moore CJ, Cunningham SA. Social position, psychological stress, and obesity: a systematic 

review. Journal of the Academy of Nutrition and Dietetics. 2012;112(4):518-526. 

5. Drewnowski A, Darmon N. Food choices and diet costs: an economic analysis. The Journal of 

nutrition. 2005;135(4):900-904. 

6. Moore K, Diez Roux AV, Auchincloss A, et al. Home and work neighbourhood environments in 

relation to body mass index: the Multi-Ethnic Study of Atherosclerosis (MESA). Journal of 

epidemiology and community health. 2013;67(10):846-853. 

7. Powell-Wiley TM, Cooper-McCann R, Ayers C, et al. Change in Neighborhood Socioeconomic 

Status and Weight Gain. American Journal of Preventive Medicine.49(1):72-79. 

8. Singh GK, Siahpush M, Kogan MD. Neighborhood socioeconomic conditions, built environments, 

and childhood obesity. Health affairs (Project Hope). 2010;29(3):503-512. 

9. Van Hulst A, Gauvin L, Kestens Y, Barnett TA. Neighborhood built and social environment 

characteristics: a multilevel analysis of associations with obesity among children and their 

parents. International journal of obesity (2005). 2013;37(10):1328-1335. 

10. Boone-Heinonen J, Diez-Roux AV, Goff DC, et al. The neighborhood energy balance equation: 

does neighborhood food retail environment + physical activity environment = obesity? The 

CARDIA study. PloS one. 2013;8(12):e85141. 

11. Dubowitz T, Heron M, Bird CE, et al. Neighborhood socioeconomic status and fruit and 

vegetable intake among Whites, Blacks, and Mexican-Americans in the United States. The 

American journal of clinical nutrition. 2008;87(6):1883-1891. 

12. Jack D, Neckerman K, Schwartz-Soicher O, et al. Socio-economic status, neighbourhood food 

environments and consumption of fruits and vegetables in New York City. Public Health Nutr. 

2013;16(7):1197-1205. 

13. Murakami K, Sasaki S, Takahashi Y, Uenishi K. Neighbourhood food store availability in relation 

to 24 h urinary sodium and potassium excretion in young Japanese women. Br J Nutr. 

2010;104(7):1043-1050. 

14. Rundle A, Neckerman KM, Freeman L, et al. Neighborhood Food Environment and Walkability 

Predict Obesity in New York City. Environmental Health Perspectives. 2009;117(3):442-447. 

15. Ludwig  J, Sanbonmatsu  L, Gennetian  L, et al. Neighborhoods, Obesity, and Diabetes — A 

Randomized Social Experiment. New England Journal of Medicine. 2011;365(16):1509-1519. 

16. Kling JR, Liebman JB, Katz LF. Experimental Analysis of Neighborhood Effects. Econometrica. 

2007;75(1):83-119. 

17. Shohaimi S, Welch A, Bingham S, et al. Residential area deprivation predicts fruit and vegetable 

consumption independently of individual educational level and occupational social class: a cross 

sectional population study in the Norfolk cohort of the European Prospective Investigation into 

Cancer (EPIC-Norfolk). Journal of epidemiology and community health. 2004;58(8):686-691. 

Page 23 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

24 

 

18. Michels KB, Welch AA, Luben R, Bingham SA, Day NE. Measurement of Fruit and Vegetable 

Consumption with Diet Questionnaires and Implications for Analyses and Interpretation. 

American journal of epidemiology. 2005;161(10):987-994. 

19. Yi SS, Ruff RR, Jung M, Waddell EN. Racial/ethnic residential segregation, neighborhood poverty 

and urinary biomarkers of diet in New York City adults. Social science & medicine (1982). 

2014;122:122-129. 

20. Angell SY, Yi S, Eisenhower D, et al. Sodium intake in a cross-sectional, representative sample of 

New York City adults. American journal of public health. 2014;104(12):2409-2416. 

21. Loftfield E, Yi S, Immerwahr S, Eisenhower D. Construct validity of a single-item, self-rated 

question of diet quality. Journal of nutrition education and behavior. 2015;47(2):181-187. 

22. Diez-Roux AV, Link BG, Northridge ME. A multilevel analysis of income inequality and 

cardiovascular disease risk factors. Social science & medicine (1982). 2000;50(5):673-687. 

23. King T, Kavanagh AM, Jolley D, Turrell G, Crawford D. Weight and place: a multilevel cross-

sectional survey of area-level social disadvantage and overweight/obesity in Australia. 

International journal of obesity (2005). 2006;30(2):281-287. 

24. Robert SA, Reither EN. A multilevel analysis of race, community disadvantage, and body mass 

index among adults in the US. Social science & medicine (1982). 2004;59(12):2421-2434. 

25. Mujahid MS, Diez Roux AV, Shen M, et al. Relation between neighborhood environments and 

obesity in the Multi-Ethnic Study of Atherosclerosis. Am J Epidemiol. 2008;167(11):1349-1357. 

26. Kershaw KN, Albrecht SS. Metropolitan-level ethnic residential segregation, racial identity, and 

body mass index among U.S. Hispanic adults: a multilevel cross-sectional study. BMC public 

health. 2014;14:283. 

27. Kershaw KN, Albrecht SS, Carnethon MR. Racial and ethnic residential segregation, the 

neighborhood socioeconomic environment, and obesity among Blacks and Mexican Americans. 

Am J Epidemiol. 2013;177(4):299-309. 

28. Diez Roux AV. Estimating neighborhood health effects: the challenges of causal inference in a 

complex world. Social science & medicine (1982). 2004;58(10):1953-1960. 

29. Sanderson M, Yi, S, Bartley, K, Quitoni, K, Immervahr, S, Curtis, CJ, Angell, SY, Eisenhower, DE. 

The Community Health Survey, Heart Follow-Up Study: Methodology Report. New York City 

Department of Health and Mental Hygiene;2012. 

30. New York City Department of Health and Mental Hygiene. Survey Data on the Health of New 

Yorkers. Data & Statistics 2013; http://www.nyc.gov/html/doh/html/data/chs-methods.shtml. 

Accessed June 13 2013, 2013. 

31. US Department of Health and Human Services. 2010 HHS Poverty Guidelines. 2010; 

https://aspe.hhs.gov/2010-hhs-poverty-guidelines. Accessed Sept 21, 2016. 

32. Yi SS, Roberts C, Lightstone AS, Shih M, Trinh-Shevrin C. Disparities in meeting physical activity 

guidelines for Asian Americans in two metropolitan areas in the United States. Annals of 

epidemiology. 2015;25(9):656-660.e652. 

33. US Department of Health and Human Services. 2008 Physical Activity Guidelines for Americans. 

2008; http://www.health.gov/paguidelines/pdf/paguide.pdf. Accessed 2016, Sept 21. 

34. Janssen I, Boyce WF, Simpson K, Pickett W. Influence of individual- and area-level measures of 

socioeconomic status on obesity, unhealthy eating, and physical inactivity in Canadian 

adolescents. The American journal of clinical nutrition. 2006;83(1):139-145. 

35. Coogan PF, Krishnan S, Cozier YC, et al. Neighborhood socioeconomic status in relation to 10-

year weight gain in the Black Women’s Health Study. Obesity (Silver Spring, Md). 

2010;18(10):2064-2065. 

Page 24 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

25 

 

36. Murakami K, Sasaki S, Takahashi Y, Uenishi K. Neighborhood socioeconomic disadvantage is 

associated with higher ratio of 24-hour urinary sodium to potassium in young Japanese women. 

J Am Diet Assoc. 2009;109(9):1606-1611. 

37. Mattes R, Donnelly D. Relative contributions of dietary sodium sources. Journal of the American 

College of Nutrition. 1991;10:383-393. 

38. Loftfield E, Yi S, Curtis CJ, Bartley K, Kansagra SM. Potassium and fruit and vegetable intakes in 

relation to social determinants and access to produce in New York City. The American journal of 

clinical nutrition. 2013;98(5):1282-1288. 

39. Adrogue H, Madias NE. Sodium and Potassium in the Pathogenesis of Hypertension. NEJM. 

2007;356:1966-1978. 

40. US Department of Agriculture. Scientific Report of the 2015 Dietary Guidelines Advisory 

Committee. Washington, D.C.: U.S Government Printing Office; 2015. 

41. Giskes K, Avendano M, Brug J, Kunst AE. A systematic review of studies on socioeconomic 

inequalities in dietary intakes associated with weight gain and overweight/obesity conducted 

among European adults. Obes Rev. 2010;11(6):413-429. 

42. Miyaki K, Song Y, Taneichi S, et al. Socioeconomic Status is Significantly Associated with Dietary 

Salt Intakes and Blood Pressure in Japanese Workers (J-HOPE Study). International journal of 

environmental research and public health. 2013;10(3):980-993. 

43. Wen M BC, Cagney KA. A multi-level study of neighborhood environment and its relationship to 

physical activity in adulthood. Urban Studies. 2007;a(44):1-18. 

 

Page 25 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

� �

���������	�
�
��
��
������������
�����	����������
�������
������
������������
��	����	�������
��

�

� �����

��� ��	����
���
�
�

�

���
�����
��

������	��

�� ���������	�
���
����� !���
��"��#����	�������� ���
���
��������
�����
������
�	����	��$�

�

�����
�	������
��%�����	"
�&�

����'�����
������
�	����	���	��������	���
�	����	�	��
������	� ����#�	��#	�����
�

	���#�	��#	�������$��

�	����	�������	"
�&�

�
�����	�
�
�

�	��"�����(�	����	�
� )� �*��	�����
����
��������	��"������	����	����	�
�������
����
���"	������
��"��
����
�$�

�

������������������	"
�+�

��,
����
�� -� ��	�
���
��������,
����
�.���������"�	� ���
��
����
��� ����
�
�$��

��	"
�/����
�/�

��������

���� ��
��"�� 0� '�
�
����
 �
�
�
����������� ��
��"��
	�� ������
��	�
�$��

��	"
�/����
��)&1&%�

�
����"� &� 2
�����
���
��
����".����	�����.�	����
�
�	����	�
�.���������"��
����������
������
��.�


*�����
.������#1��.�	����	�	�����
�����$��

��	"
�/����
��)&1&%�

'	������	���� 3� �����������	�
��
4��
���
�
��"������ �����
��	.�	�����
������
��	����
���������

�
�
����������	������	���5�2
�����
��
��������������#1��$��

��	
���������	�
��
4��
���
�
��"������ �����
��	.�	�����
������
��	����
���������

�	�
�	��
��	���
���	������������
�
�����5�4��
���
��	����	�
�������
������
�����	�
��

	������������67�

���		�	
��������	�
��
�	"
��%����
��&01�	"
�������
�/�

�����������	�
��
8����	���
�������
�.�"��
��	�����"�����
��	�	�������
�����


*���
��	�����
*���
��67�

��	
���������	�
��
8����	���
�������
�.�"��
��	�����"�����
��	�	�����
�����
�����

����������
���	�
�67�

9	��	��
�� +� :�
	�� ��
���
�	���������
�.�
*�����
�.���
�������.����
���	����������
��.�	���
��
���

������
��5�4��
���	"�����������
��	.����	�����	��
$��

��	"
�/����
�&&�;��	"
��%����
�0+�

2	�	������
�(�

�
	���
�
���

/<� �8���
	����	��	��
�������
�
��.�"��
������
������	�	�	����
�	��������
���������

	��
���
�����
	���
�
���5�2
�����
�����	�	����� ����	��
���
����
�����������
�
����

���
���	����
�"����$��

��	"
�/����
�&&�;��	"
��%����
�0+�

��	�� =� 2
�����
�	� �
����������	���
������
���	�������
�������	�$��	"
�)-����
��31����

���� ���>
� �%� �*��	�����#���
����� ���>
�#	��	����
��	�$���	"
��%����
�&0�;��	"
�������
�/�

?�	����	���
��	��	��
�� ��� �*��	�����#�@�	����	���
��	��	��
��#
�
��	���
�������
�	�	� �
�5����	�����	��
.�

�
�����
�#�����"������"��#
�
�����
��	���#� $��	"
��%����
���+10+�

��	������	���
������ �)� ����2
�����
�	�����	������	���
�����.���������"�����
���
���������������������������"$�

�	"
����

����2
�����
�	� ��
��������
�����
*	���
����"������	������
�	������$��	"
�������
��

0&1&%�

�����*��	�����#�������"��	�	�#
�
�	���
��
�$���	"
��%����
��&01�	"
�������
�/�

�����������	�
��
���	�����	��
.�
*��	�����#��������������#1���#	��	���
��
��67�

��	
���������	�
��
���	�����	��
.�
*��	�����#��	�����"�����	�
��	������������#	��

	���
��
��67�

���		�	
��������	�
��
���	�����	��
.��
�����
�	�	� ���	���
�������	���"�	����������

�	�����"����	�
" $������
*�����
 ��
��"�1�	"
�������
�&0�;��	"
��)����
�3�

�
��2
�����
�	� ��
�������� �	�	� �
��$��(	�

Page 26 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

� �

�

��������

'	������	���� �-<� �	���
���������
��������������	���	��
	�����	"
�������� 

"�����
������
���	�� �
��"���
.�


*	���
������
��"������ .��������
��
��"���
.�������
�������
����� .������
���"������#1��.�	���

	�	� �
�$��	"
��%����
��&01�	"
�������
�/�

����4��
��
	������������1�	������	�����	��
	�����	"
1��	"
��%����
��&01�	"
�������
�/�

����:�����
����
����	����#���	"�	�$��

2
��������
�

�	�	�

�0<� �	��4��
���	�	��
��������������� ��	������	�����
"��
��"�	����.�������	�.�����	���	���������	�����

���
*�����
��	������
���	����������
��$���	��
�����	"
��-��	����	"
��)�	����	"
��-�

���������	�
�����
������	������	����#����������"��	�	�����
	����	��	��
�������
�
��$��	"
��%�

���
��&01�	"
�������
�/�

�����������	�
��
����	���
������#1������
��
".�	�
�	"
�	������	��	�������67�

������
��	�	� �&<� �������	�
��
�
���������
������������
�
�
�����������	� ��
	���
����
�����
�67�

��	
���������	�
����
���������
������
	���
*�����
��	�
"�� .��������	� ��
	���
�����


*�����
�67�

���		�	
��������	�
����
���������
������������
�
�
�����������	� ��
	���
�$�671

������
��������������5���
�	�
����	�
��	�
��
����
�������
��	��
����	"
���+�	����=��

A	����
������ �3� ����4��
���	�,���
��
����	�
��	��.����	�����	��
.���������
�1	�,���
��
����	�
��	�����
���

��
��������
".�=&B�������
��
����
��	��5�A	�
���
	��#�������������
���#
�
�	�,���
������	���

#� ���
 �#
�
�������
�$��

��	��
��-���	"
��+��	����	��
�0���	"
��=�.�	�,����
����	�
���
	��

�����
������	�
"�� ������	��
��#�
��������������	��	��
��#
�
��	�
"���>
�1#
���
���
����
�����

	��	���������
.��	"
��%.����
���+10+�

��������
�
�	��.�������
����	���	���"�
����	�
������
�	���
�����������	������
����������	��
	���"����

���
��
����167�

���
��	�	� �
�� �+� �
��������
��	�	� �
�����


"�	�	� �
��������"������	������
�	������.�	����
�������� �

	�	� �
��

�
�	���
�
�

C
 ��
������ �/� ����	���
��
 ��
������#�����
�
�
��
�������� ���,
����
�$�'	"
�)%����
��31�+�

D����	������ �=� 2������������	�����������
����� .��	���"������	������������
��������
���	����	���������
������5�

2���������������
������	����	"�����
����	� ����
���	����	�$��	"
�)).����
��-�10=�

���
���
�	����� )%� 4��
�	��	���������
�	������
���
�	���������
������������
���"���,
����
�.������	�����.������������ �

���	�	� �
�.��
����������������	�������
�.�	������
���
�
�	���
���
��
$��	"
�)-.����
���+1)=�

4
�
�	���	����� � )�� 2���������
�"
�
�	���	����� ��
*�
��	���	����� �������
����� ��
�����$��	"
�)-����
��31/�

������

������
�
�

8�����"� ))� 4��
���
������
����������"�	�����
����
������
�����
���������
���
�
������� �	��.����	�����	��
.�

������
����"��	������ ����#�������
���
�
���	�����
�����	�
�$�������
��	����
�
��������
�

�	��������$��	"
�)-����
�-31�	"
�)0����
��%�

�

�

Page 27 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

�

�

�

�����������	
�����
��������
������
��	
�����
���������

������������
����
�������
��	
�������
����������
��
	���


�����
���
����
����
�	�����
���
�����
������
��
���	� �
�

�

�������	� ���������


������
������ �����������������������

 ��
����!"��	� �������#�

�����$���
���%��"��#�� ��#��	� ���&�'������

(��������)
����*� ��#���	� +�*���",�!��
-�.�
'���
�"��*�

��
,�/���
��0����#�$�
������
1
,�$�����-�&�2�1��3�.�
'���
�"�)��4����
�%
����(�����,�/������
���0����#�
)�����,�
��
�-�.�
'���
�"��*�

��
,�/�"�#���4"�

$�#��
%�����,�&�
�-�.�
'���
�"��*�

��
,�/�"�#���4"�
5������,�
���-�.�
'���
�"��*�

��
,�/�"�#���4"�
6����7,�0�����-�.�
'���
�"��*�

��
,�/���
��0����#�$�
������
/��%�,�5�
������-�.�
'���
�"��*�

��
,�/���
��0����#�$�
������
8�3
� ��0�77���
,� %
���

9�:/�
���"�$�������
0��%
�49;�:	�

+�
%��
���4"�

$����%��"�$�������0��%
�4	� /���
��#����#�

<�"2��%�	� &.!��!�=&�>���+!+!�($,�/.?)�(�0+ )!0,�+/��+
�=)=51�

��

�

�

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

Neighborhood socio-economic status and cross-sectional associations with obesity and urinary 

biomarkers of diet among New York City adults: The Heart Follow-up Study. 

 

Tali Elfassy1, Stella S. Yi2, Maria M Llabre3, Neil Schneiderman3, Marc Gellman3, Hermes Florez1, 

Guillermo Prado4, and Adina Zeki Al Hazzouri1 

 

1 Department of Public Health Sciences, Division of Epidemiology, University of Miami, FL 33136.  

2 Department of Population Health, New York University School of Medicine, New York, NY 10016. 

3 Department of Psychology, University of Miami, Department of Psychology, Coral Gables, FL  33124. 

4 Department of Public Health Sciences, Division of Prevention Science, University of Miami, FL 33136. 

 

Corresponding author: 

Tali Elfassy, MS, PhD 

AHA Postdoctoral Scholar 

Division of Epidemiology & Population Health Sciences  

Department of Public Health Sciences 

University of Miami 

1120 NW 14th street 1021 

Miami, FL 33136  

Phone: +01 (917) 613-8815 

Fax: +01 (305)-243-3051 

E-mail: t.elfassy@med.miami.edu 

 

Word count: 3,691 

 

 

Page 1 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-018566 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

ABSTRACT 

Objective: To determine whether neighborhood socio-economic status (SES) is associated with body 

mass index (BMI), waist circumference, and biomarkers of diet (urinary sodium and potassium 

excretion).  

Design: A cross-sectional study. 

Setting: The data reported were from the 2010 Heart Follow Up Study, a population based 

representative survey of 1,645 adults.  

Participants: Community dwelling diverse residents of New York City nested within 128 neighborhoods 

(zip codes).   

Primary and secondary outcome measures: BMI (kg/m2) and waist circumference (inches) were 

measured during in-home visits, and 24-hour urine was collected to measure biomarkers of diet: sodium 

(mg/day) and potassium (mg/day), with high sodium and low potassium indicative of worse diet quality. 

Results: After adjusting for individual-level characteristics using multilevel linear regressions, low vs. 

high neighborhood SES tertile was associated with 1.83 kg/m2 higher body mass index (95% CI: 0.41, 

3.98) and 251 mg/day lower potassium excretion (95% CI: -409,-93) among women only, with no 

associations among men (p-values for neighborhood SES by sex interactions <0.05).   

Conclusion: Our results suggest women may be particularly vulnerable to the effects of a 

socioeconomically disadvantaged neighborhood.  Future neighborhood research should explore sex 

differences, as these can inform tailored interventions. 

Trial Registration: This trial is registered at clinicaltrials.gov as NCT01889589. 
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Strengths and Limitations of this study: 

�� These data come from the New York City Heart Follow-Up Study, and are population based and 

representative of the New York City adult population. 

�� Modeled as tertiles of a factor score, the main exposure of interest, neighborhood socio-

economic status, was constructed based on neighborhood levels of education, poverty, 

unemployment, and safety. 

�� All outcomes were measured objectively and included measured body mass index, waist 

circumference, and 24-hour urinary excretion derived measures of sodium, potassium, and 

sodium to potassium ratio. 

�� Data were cross-sectional and therefore temporality was not established; additionally the paper 

does not account for self-selection of certain individuals into certain neighborhoods. 
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INTRODUCTION: 

Poor socio-economic status (SES) has been linked to both higher rates of obesity 1 and poor dietary 

quality,2 particularly among women.1  Mechanisms behind such associations include poverty being 

associated with unhealthy behaviors3 and greater exposure to stress-inducing mechanisms.4  For 

example, for individuals of low SES, cost is often a barrier to a healthy diet, and therefore, such 

individuals are more likely to consume less nutritious and more calorie-dense food.5  However, the 

extent to which modifying characteristics or behaviors at the individual-level would be successful for 

achieving better diet quality and lower obesity rates, especially among individuals living in 

disadvantaged environments, remains unclear.  

 

Beyond individual-level mechanisms, a growing body of research suggests that neighborhood 

characteristics, such as neighborhood safety and neighborhood SES, may also influence obesity6-9  and 

diet quality.10-14  For example, findings from the landmark Moving To Opportunity study showed that 

altering the socioeconomic environment by relocating into a higher income neighborhood was 

associated with a lower prevalence of obesity15 and improved physical health outcomes in youth girls 

but not boys.16  Studies10-12,17 pointing to a relationship between the neighborhood environment and 

diet quality have mainly used subjective measures of diet such as healthy eating indices or self-reported 

fruit and vegetable intake which can be prone to measurement error.18  To our knowledge, only two 

previous studies of neighborhood and diet13,19 have included objectively measured biomarkers of diet 

quality such as sodium and potassium.20,21  Furthermore, it is suggested that the impact of SES on health 

might differ by sex, with a stronger association among women.  For example, a number of studies have 

linked poor SES to higher rates of obesity in women only or to a greater extent.1,22,23  Yet, the 
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relationships between the neighborhood socioeconomic environment with obesity and diet quality are 

seldom explored by sex and results have been mixed.16,24-29   

 

The objective of our analysis was to examine the association between neighborhood SES, obesity, and 

diet quality using data from the Heart Follow-Up Study (HFUS), a population-30based study of New York 

City (NYC) adult residents by sex.  Obesity was ascertained using measured body mass index (BMI) and 

waist circumference (WC), and diet quality was ascertained using 24-hour urine derived biomarkers of 

sodium, potassium, and the sodium to potassium (Na-K) ratio. 

METHODS  

Study design and study sample 

The New York City Community Health Survey (CHS) Heart Follow-Up Study (HFUS), is a cross-sectional 

study conducted in 2010 to assess population-based sodium intake from a representative sample of 

1,775 NYC adults ages 18 years or older.31  Study participants in the HFUS were recruited from the 2010 

CHS, a complex survey design telephone parent study of approximately 10,000 New Yorkers conducted 

by the NYC Health Department.32  From the 2010 CHS, a total of, 6,342 participants were screened for 

HFUS eligibility with 5,830 deemed eligible (not pregnant , lactating, or undergoing kidney dialysis).  Of 

eligible participants, a total of 1,775 individuals participated in the HFUS.  In brief, study participants in 

the HFUS answered survey questions and collected urine for a 24-hour period.  During a home visit, a 

trained medical technician took anthropometric measurements, aliquotted the urine, and sent it directly 

to the research laboratory.  All study participants provided informed consent and IRB approval was 

obtained at both the University of Miami and the NYC Health Department. 

 

Measures of obesity 
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For obesity, we considered two outcome measures: BMI as a measure of total fat, and waist 

circumference (WC), a strong determinant of metabolic disease risk,33,34 as a measure of central 

adiposity.  During in-home visits, HFUS participants’ weight and height was recorded without shoes.  

BMI was calculated as measured weight in kilograms divided by measured height in meters-squared.  

WC was measured in inches as waist girth at the top of the lateral border of the right ilium.  

 

Biomarkers of Diet Quality: urinary sodium and potassium 

HFUS participants provided 24-hour urine samples which were sent to the collaborating laboratory at 

the Mount Sinai Hospital and Medical School and analyzed for sodium, potassium, and creatinine.  

Sodium and potassium were measured using the ion-selective electrode potentiometric method on the 

Roche DPP Modular analyzer.  Creatinine, used to assess urine completeness,20 was measured using the 

Jaffe kinetic colorimetric method on the same analyzer.  All laboratory values were normalized to a 24-

hour collection period (mg/day).  Na-K ratio was defined as the ratio between sodium (mg/day) and 

potassium (mg/day). Higher sodium, lower potassium, and higher Na-K ratio are indicative of worse diet 

quality.20,21  

 

Other individual-level measures  

Through survey questionnaires, HFUS participants reported their age in age groups (18-24, 25-44, 45-64, 

or 65+ years), sex, and race/ethnicity (white non-hispanic, black non-hispanic, hispanic, asian, or other).  

Participants reported family size as the number of individuals per household, and also reported whether 

their household income from all sources was less than 100%, 100 – 199%, 200 – 299%, 300 – 399%, 400 

– 499%, 500 – 599%, or 600% or more of the Federal Poverty Level (FPL).  For reference, the FPL in 2010 

for a household of four people was $22,050.35  Participants also reported their educational attainment 

defined as less than high school (HS), HS graduate, some college, or college graduate or more.  
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Employment status was recorded and defined as employed, unemployed, or not in the labor force.  

Participants also answered a series of questions about their physical activity which were used to 

calculate their total minutes of moderate and vigorous physical activity.36  Participants who reported an 

average of 150 moderate or 75 vigorous minutes of physical activity per week were considered to have 

met 2008 physical activity guidelines.37  Participants were also asked to rate the safety of their 

neighborhoods.  Neighborhood safety was reported in response to the question of “How safe from 

crime do you consider your neighborhood to be” with responses including “extremely safe,” “quite 

safe,” “slightly safe,” or “not safe at all”; answers were then dichotomized into two categories: an 

unsafe neighborhood (“slightly safe” or “not safe at all” responses) vs. a safe neighborhood (“extremely 

safe” or “quite safe” responses). 

 

Neighborhood SES 

Neighborhoods were defined according to zip codes which were retrieved from participants’ addresses.  

Individual level responses for household poverty level, educational attainment, employment, and 

perceived neighborhood safety (all defined above) were aggregated by neighborhood to create 

neighborhood level variables for: proportion of households in the neighborhood with income 100% 

below the FPL, proportion of individuals in the neighborhood who are unemployed, proportion of 

individuals in the neighborhood with less than a HS education, and proportion of individuals in the 

neighborhood who report living in an unsafe neighborhood.  All neighborhood level variables were 

expressed as a proportion with a potential range of 0% to 100%.  Then, using the principle factor 

method, we created a neighborhood SES factor score using these neighborhood level variables; all 

neighborhood level variables met a loading threshold criteria of 0.3.  Finally, we created tertiles from the 

neighborhood SES score to further characterize neighborhoods as having low SES (disadvantageous), 

middle SES, or high SES (advantageous).  
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Statistical Analyses 

Of the original 1775 individuals who provided urine samples, a total of 119 were excluded due to an 

incomplete or biologically implausible urine sample, defined using the following criteria: total urine 

volume <500 mL, creatinine <6.05 mmol for men or <3.78 mmol for women, or a participant reporting 

missing a collection.20   An additional 11 individuals were excluded due to lack of geographic residence 

(zip code) information, resulting in a final analytic sample of 1645 individuals. 

 

The data structure of this analysis includes 2 levels: 1645 individuals in level 1 nested within 128 

neighborhoods in level 2.  We first assessed individual-level characteristics of the sample overall and by 

sex.  We then assessed neighborhood-level characteristics overall and across tertiles of the 

neighborhood SES score.  Next, we estimated mean obesity (BMI and WC) and mean dietary 

characteristics (sodium, potassium, and Na-K ratio) across tertiles of neighborhood SES score, for 

women and men separately.  All means and proportions were age standardized to the US 2010 

population so that they could be compared to national US population.  

  

To determine whether a multilevel model and analyses were appropriate, we calculated intraclass 

correlation coefficients which calculate for each outcome of interest the percent of total variance that is 

between neighborhoods.  Intraclass correlations were 4.4%, 3.6%, 0.17%, 6.6%, and 8.0% respectively 

for BMI, WC, sodium, potassium, and Na-K ratio.  Though the ICC’s are of relatively small magnitude, we 

were uniquely interested in the associations of neighborhood level SES with anthropometrics and diet 

quality; and thus for all outcomes but sodium a multilevel model could be justified.30  We then fit 

multilevel linear regression models to determine whether neighborhood SES score (as tertiles) was 

associated with each of BMI, WC,  sodium, potassium, and Na-K ratio.  We tested for effect modification 
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by sex.  Models were adjusted for individual level age, race/ethnicity, education, poverty, employment 

status, physical activity (for BMI and WC models), and BMI (for sodium, potassium, and Na-K models).     

Data were analyzed in 2016 with survey weights and design variables using SUDAAN (version 10.0; 

Research Triangle Institute, Research Triangle Park, North Carolina) and MPLUS (Version 7; Muthen and 

Muthen 1998-2012).   

RESULTS 

Approximately 13.3% of the sample was 18-24 years of age, 44% were age 25-44 years, 28% were age 

45-64 years, and 15% were 65 years or older (Table 1).  A total of 39% of the population was non-

Hispanic White, 23% was non-Hispanic Black, 24% was Hispanic, and 10% was Asian.  Approximately 21% 

had less than a HS education, 48% were below 200% of the FPL, and 10% were unemployed.  A total of 

62.1% of the population met 2008 physical activity guidelines. Compared with men, women were more 

likely to have less than a HS education and be in poverty, and less likely to be employed. 
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Table 1. Individual-level characteristics of the study sample, overall and by sex. 

 

Overall 

 (N=1645) 

 

Men  

(n=689) 

 

Women 

 (n=956) 

 
% SE 

 
% SE 

 
% SE 

Characteristic         

Age group 
    

   
 

    18-24 13.3 1.6 
 

14.0 2.4 
 

12.6 2.3 

   25-44 43.5 2.0 
 

45.4 3.1 
 

41.8 2.7 

   45-64 27.9 1.6 
 

27.7 2.4 
 

28.0 2.2 

   65+ 15.4 1.2 
 

12.9 1.6 
 

17.5 1.8 

Race/Ethnicity 
   

   
  

   White 39.0 1.7 
 

45.8 2.6 
 

33.5** 2.3 

   Black 23.4 1.5 
 

21.9 2.2 
 

24.4 2.2 

   Hispanic 23.6 1.6 
 

16.9 2.0 
 

29.3** 2.4 

   Asian 10.3 1.4 
 

11.4 2.3 
 

9.4 1.6 

   Other 3.7 1.4 
 

4.0 1.3 
 

3.5 1.1 

 Less than HS Education 
   

   
  

   < HS 21.3 1.7 
 

17.6 2.4 
 

24.5* 2.5 

   HS 27.0 1.8 
 

27.6 2.7 
 

26.7 2.4 

   Some college 22.0 1.5 
 

23.4 2.4 
 

20.7 2.0 

   College grad 29.6 1.5 
 

31.3 2.4 
 

28.1 2.0 

Poverty 
   

   
  

   < 200% FPL 48.1 1.9 
 

41.9 2.9 
 

53.0** 2.6 

   ≥200% FPL 45.9 1.8 
 

54.0 2.7 
 

39.2** 2.4 

   Don’t know/Refused 6.0 1.1 
 

4.1 1.2 
 

7.7 1.9 

Employment 
   

   
  

   Employed 56.7 1.8 
 

62.6 2.3 
 

51.2** 2.6 

   Unemployed 10.4 1.2 
 

10.8 1.6 
 

10.1 1.6 

   Not in labor force 32.9 1.6 
 

26.6 1.9 
 

38.7** 2.4 

Meets 2008 Physical Activity 

guidelines 
62.1 1.9 

 
65.3 2.6 

 
58.9 2.7 

a Estimates are age standardized to the US 2000 population. 

Abbreviations: FPL: federal poverty level; HS: high school; SE: standard error. 

Boldface indicates statistical significant differences comparing men with women (** P<0.01, *P<0.05) 
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The proportion of households with income <100% of the FPL and the proportion of individuals reporting 

living in an unsafe neighborhood was highest (38% and 56% respectively) in the lowest neighborhood 

SES score tertile and lowest in the highest neighborhood SES tertile (6% and 10% respectively), data not 

shown.  Likewise, the proportion of individuals who were unemployed or with less than a HS education 

was highest (12% and 27% respectively) in the lowest neighborhood SES tertile and lowest in the highest 

neighborhood SES tertile (6% and 7% respectively). 

Mean 24-hour urinary sodium excretion was 3,240 mg/day and did not differ significantly by 

neighborhood tertile in men or women (Table 2).  Among men, those living in a low vs. high SES 

neighborhoods had significantly lower mean urinary potassium excretion (2,131 vs. 2,404 mg, p<0.01), 

and higher mean Na-K ratio (1.92 vs. 1.61, P=0.01).  Among women, those living in a low vs. high SES 

neighborhood had higher mean BMI (29.3 vs. 26.1 kg/m2, p<0.01), higher mean WC (36.4 vs. 32.9 inches, 

p<0.01), and lower mean urinary potassium excretion (1,911 vs. 2,238, p<0.01). Similarly, women living 

in middle vs. high SES neighborhoods also had significantly higher mean BMI (28.3 vs. 26.1 kg/m2, 

p<0.01), higher mean WC (35.8 vs. 32.9 inches, p<0.01), and lower mean urinary potassium excretion 

(1,890 vs. 2,238, p<0.01).   
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Table 2. Mean obesity and dietary characteristics overall and across tertiles of neighborhood SES score, by sex. a
 

   Men  Women 

   Tertile of Neighborhood SES Score  Tertile of Neighborhood SES Score 

 Overall  
Low  

(n=216) 
 

Middle 

(n=258) 
 

High 

(n=215)  

Low  

(n=422) 
 

Middle 

(n=304) 
 

High 

 (n=230) 

 
Mean SE 

 
Mean SE 

 
Mean SE 

 
Mean SE 

 

Mean SE 
 

Mean SE 
 

Mean SE 

   BMI (kg/m2) 28.2 0.3 
 

28.6 0.5 
 

28.6 0.8 
 

27.3 27.3 

 

29.3** 0.5 
 

28.3** 0.5 
 

26.1 0.5 

   Waist Circumference (inches) 36.3 0.2 
 

37.6 0.5 
 

37.6 0.7 
 

36.9 0.5 

 

36.4** 0.4 
 

35.8** 0.5 
 

32.9 0.4 

   Sodium (mg/day) 3,240 58 
 

2,699 159 
 

3,734 134 
 

3,377 159 

 

2,961 106 
 

2,865 108 
 

3,013 150 

   Potassium (mg/day) 2,182 38 
 

2,131* 87 
 

2,667 135 
 

2,404 92 

 

1,911** 63 
 

1,890** 61 
 

2,238 95 

   Na-K Ratio 1.68 0.03 
 

1.92* 0.08 
 

1.63 0.08 
 

1.61 0.10 

 

1.73 0.07 
 

1.70 0.08 
 

1.52 0.09 
a Estimates are age standardized to the US 2000 population. 

Abbreviations: Na-KSE: standard error; SES: socio-economic status 

Boldface indicates statistical significant differences when compared to high neighborhood SES using T-tests (** P<0.01, *P<0.05) 
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In unadjusted and fully adjusted models, neighborhood SES by sex interactions were significant for 

outcomes of WC (p<0.05) and potassium (p<0.05). Consequently, all models were stratified by sex.  

Among men, results from unadjusted and fully adjusted multilevel models showed that neighborhood 

SES was not associated with individual-level BMI or WC (Table 3).  Among women, in unadjusted models, 

living in a low vs. high and middle vs. high neighborhood SES was significantly associated with 3.60 

kg/m2 [95% Confidence interval (CI): 2.00, 5.19] and 2.21 kg/m2 (95% CI: 1.00, 3.43) higher BMI; P for 

trend < 0.05.  Likewise, living in a low vs. high and middle vs. high neighborhood SES was significantly 

associated with 2.94 inches (95% CI: 0.80, 5.09) and 2.00 inches (95% CI: 0.46, 3.58) larger WC; P for 

trend < 0.05.  In fully adjusted models, living in a low vs. high or middle vs. high SES neighborhood 

remained associated with 2.19 kg/m2 (95% CI: 0.41, 3.98) and 1.83 kg/m2 (95% CI: 0.34, 3.31) higher 

BMI; P for trend < 0.05.  Living in a middle vs. high neighborhood SES remained significantly associated 

with 1.86 inches (95% CI: 0.22, 3.50) larger WC.  
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Table 3. Associations of tertiles of neighborhood SES score with BMI and waist circumference, by sex. 

 
Men  Women 

 

BMI  

(kg/m
2
) 

 Waist Circumference 

(inches) 

 
BMI (kg/m

2
) 

 Waist Circumference 

 (inches) 

 
Beta  95% CI  Beta  95% CI  Beta  95% CI  Beta  95% CI 

Model 1
 ab

 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  1.17 -0.39, 2.74  0.19 -1.42, 1.81  3.60** 2.00, 5.19  2.94** 0.80, 5.09 

   Middle  1.12 -1.69, 3.93  0.18 -1.77, 2.13  2.21** 1.00, 3.43  2.00* 0.46, 3.58 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 2
 ab

 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  0.92 -0.63, 2.47  0.55 -1.24, 2.33  2.37** 0.84, 3.89  2.21* 0.19, 4.24 

   Middle  1.00 -1.47, 3.47  0.35 -1.52, 2.23  1.79** 0.49, 3.10  1.83* 0.27, 3.39 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 3 
  

 
  

 
  

 
  

Neighborhood SES           

   Low  0.62 -1.11, 2.35  0.18 -1.74, 2.09  2.25** 0.70, 3.80  2.07* 0.01, 4.14 

   Middle  0.85 -1.56, 3.25  0.29 -1.57, 2.14  1.65* 0.36, 2.94  1.69* 0.05, 3.33 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 

Model 4
 a
 

  
 

  
 

  
 

  
Neighborhood SES           

   Low  0.59 -1.06, 2.23  0.17 -1.66, 1.99  2.19* 0.41, 3.98  2.12 -0.11, 4.34 

   Middle  1.07 -1.33, 3.48  0.46 -1.39, 2.31  1.83* 0.34, 3.31  1.86* 0.22, 3.50 

   High  Ref 
 

 Ref 
 

 Ref 
 

 Ref 
 a Indicates a significant trend for BMI among women, P< 0.05; b Indicates a significant trend for waist circumference among women, P< 0.05 

Model 1 is unadjusted; model 2 is adjusted for individual-level age, and race/ethnicity; Model 3 is additionally adjusted for individual-level 

education, poverty, and employment status; model 4 is additionally adjusted for physical activity.  

Abbreviations: CI: confidence interval; SES: socio-economic status. 

Boldface indicates statistical significance (** P<0.01; * P<0.05)
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Among men, living in a low vs. high SES neighborhood was significantly associated with 403 mg/day 

lower potassium excretion (95% CI: -628, -178) and 0.40 (95% CI: 0.13, 0.66) unit higher Na-K ratio in 

unadjusted models only; P for trend was significant (P < 0.05) for both outcomes in Model 1 (Table 4).  

From fully adjusted multilevel models among men, middle vs. high SES neighborhood was significantly 

associated with 313 mg higher potassium excretion (95% CI: 9, 618); all other associations among men 

were null.  Among women, from unadjusted multilevel models, living in a low vs. high or middle vs. high 

SES neighborhood was significantly associated with 426 mg/day (95% CI: -614, -238) and 425 mg/day 

(95% CI: -604, -245) lower potassium excretion; P for trend < 0.05.  Likewise low vs. high SES 

neighborhood was associated with 0.36 (95% CI: 0.16, 0.56) units higher Na-K ratio among women; P for 

trend < 0.05.  From fully adjusted models among women, living in a low vs. high or middle vs. high SES 

neighborhood remained significantly associated with 251 mg/day (95% CI: -409, -93) and 330 mg/day 

(95% CI: -501, -159) lower potassium excretion; P for trend < 0.05.   
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Table 4. Associations of tertiles of neighborhood SES score with urinary sodium, potassium, and Na-K excretion by sex. 

   Men      Women   

 
Sodium  

(mg/day) 
 

Potassium 

 (mg/day) 
 

Sodium to 

Potassium Ratio 
 

Sodium  

(mg/day) 
 

Potassium  

(mg/day) 
 

Sodium to 

Potassium Ratio 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta  95% CI 

 
Beta 95% CI  

Model 1
 abcd

 
       

 
     

 
 

  

Neighborhood SES                 

   Low  12 -426, 451 
 

-403**  -628, -178 
 

0.40** 0.13, 0.66 
 

42 -217, 301 
 

-426**  -614, -238 
 

0.36** 0.16, 0.56 

   Middle  64 -410, 538 
 

-14  -235, 208 
 

0.13 -0.10, 0.36 
 

-61 -318, 195 
 

-425** -604, -245 
 

0.27 0.05, 0.49 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref  
 

Ref  

Model 2
 b 

       
 

     
 

 
  

Neighborhood SES                 

   Low  -2  -512, 508 
 

-101 -236, 123 
 

0.11 -0.13, 0.34 
 

-116 -362, 129 
 

-266** -446, -86 
 

0.09 -0.08, 0.27 

   Middle  77 -335, 489 
 

231 -105, 513 
 

-0.08 -0.33, 0.17 
 

-156  -416, 103 
 

-331**  -509, -152 
 

0.13 -0.04, 0.30 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref  
 

Ref  

Model 3
b
 

       
 

     
 

 
  

Neighborhood SES                 

   Low  -21 -591, 550 
 

31 -195, 257 
 

0.05 -0.19, 0.29 
 

-130 -404, 144 
 

-244**  -415, -73 
 

0.04 -0.13, 0.21 

   Middle  80 -325, 486 
 

319 -13, 651 
 

-0.11 -0.34, 0.12 
 

-183  -452, 87 
 

-328**  -507, -148 
 

0.10 -0.07, 0.26 

   High  Ref   Ref   Ref   Ref   Ref   Ref  

Model 4
b
 

       
 

     
 

 
  

Neighborhood SES                 

   Low  78 -478, 545 
 

47 -180, 274 
 

0.04 -0.19, 0.28 
 

-205 -475, 64 
 

-251**  -409, -93 
 

-0.01  -0.19, 0.16 

   Middle  168 -347, 1775 
 

313* 9, 618 
 

-0.12 -0.35, 0.11 
 

-227 -478, 24 
 

-330**  -501, -159 
 

0.06 -0.11, 0.24 

   High  Ref 
  

Ref 
  

Ref  
 

Ref 
  

Ref 
  

Ref  
a Indicates a significant trend for potassium among men, P<0.05; b Indicates a significant trend for potassium among women, P<0.05 
c Indicates a significant trend for Na-K among men, P<0.05; d Indicates a significant trend for Na-K among women, P<0.05 

Model 1 is unadjusted; model 2 is adjusted for individual-level age, and race/ethnicity; Model 3 is additionally adjusted for individual-level education, 

poverty, and employment status; model 4 is additionally adjusted for physical activity. 

Abbreviations: CI: confidence interval; Na-K: sodium to potassium ratio; SES: socio-economic status. 

Boldface indicates statistical significance (** P<0.01; * P<0.05) 
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DISCUSSION 

Findings from this study suggest strong associations between lower neighborhood SES and higher BMI 

and WC, and lower urinary potassium excretion among women but not men.  Among women, residing in 

a low vs. high SES neighborhood was associated with a 2.19 kg/m2 higher BMI and a 251 mg/day lower 

urinary potassium excretion, above and beyond individual-level characteristics. Our results suggest that 

women may be particularly vulnerable to obesogenic and other negative effects of a socioeconomically 

disadvantaged neighborhood.   

 

A number of studies have pointed to an association between neighborhood SES and measures of 

obesity.6,7,9,38  For example, findings from the Dallas Heart Study, a multiethnic cohort, showed that 

moving from a higher to a lower SES neighborhood was associated with weight gain.7  Likewise, among  

women of the Black Women’s Health Study, lower neighborhood SES was associated with weight gain 

over 10 years.39  Though neither of these studies focused on differences by sex.  In our multiethnic 

cohort of NYC adult residents—using a more comprehensive measure of neighborhood SES, we too 

found that living in a low SES neighborhood was associated with measures of obesity such as higher 

BMI, and the association was only present in women.  Prior work has shown individual-level SES to be 

more strongly associated with obesity in women than in men.1  However, neighborhood effects on 

measures of obesity by sex yielded mixed findings.24-27  For example, among participants of the 1986 

American’s Changing Lives Study, neighborhood poverty was associated with higher BMI among women 

but not men.26  Results from the Multi-Ethnic Study of Atherosclerosis found no association between the 

social environment and BMI among women.27  Further studies exploring associations between the 

neighborhood environment and obesity, and whether or not these associations vary across different 

groups, are warranted to better understand the impacts of residing in low SES neighborhoods and to 

guide the design of more tailored and comprehensive interventions.  
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Low neighborhood SES was not associated with urinary sodium excretion in men or women.  Given the 

low intraclass correlation coefficient for sodium, indicative of no neighborhood level sodium clustering, 

our null findings were expected.  Our results are in accordance with previous findings from the HFUS 

cohort showing no association between neighborhood-level poverty and individual-level sodium 

intake.19  Similarly, results from the Japan Dietetic Students’ Study for Nutrition and Biomarkers Study 

Group, a Japanese cohort of young women showed no association between neighborhood SES and 24-

hour urinary sodium excretion.40  These results may point to the ubiquity of sodium in the US food 

supply,41 such that everyone is exposed regardless of the SES of the neighborhood they live in.  In fact, it 

is estimated that approximately 80% of sodium consumed is derived from prepackaged, and restaurant 

foods;41,42 therefore limiting individual ability to control sodium intake.  In the current study, daily 

sodium intake overall was 3,240 mg/day, well exceeding 2015 US Department of Agriculture 

recommendations of no more than 2,300 mg per day;43 this was true among all tertiles of neighborhood 

SES. 

 

Unlike with sodium, our findings showed significant associations between neighborhood SES and 24-

hour urinary potassium excretion, an objective indicator of fruit and vegetable consumption44 and 

healthy diet.21  As potassium is an important nutrient that helps lower blood pressure,45 the strength of 

these results cannot be underscored; a 251 mg/day difference is substantial—especially on a population 

wide basis—considering recommended intake should be 4700 mg/day,43 and that mean potassium 

intake overall was only 2,182 mg/day.  Though we did directly not assess reasons for neighborhood 

differences in potassium intake, these findings have important public health implications and highlight 

that certain neighborhoods may require additional intervention (i.e. access or affordability of fruits and 

vegetables).  Importantly, our findings are consistent with other studies,11,12,40,46,47 yet mostly using self-
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reported fruit and vegetable consumption.  For example, findings from the National Health Nutrition 

and Examination survey showed that higher neighborhood SES was associated with increased fruit and 

vegetable intake.11  Likewise, findings from the New York City Community Health Survey have shown 

that residing in a neighborhood of low vs. high SES was associated with reporting lower fruit and 

vegetable intake.12  Prior studies have also linked other neighborhood characteristics, such as 

neighborhood retail environment, to individual diet quality, including potassium.46  For example, among 

participants of the Japan Dietetic Students’ Study for Nutrition and Biomarkers Study Group, 

neighborhood availability of supermarkets was associated with higher urinary potassium excretion.13  

Finally, previous HFUS findings showed that neighborhood poverty was not associated with 24 hour 

urinary excretion of potassium.19  However, this study used different methods which likely accounted for 

the discrepant findings.  For example, the current analysis includes more neighborhood level units (i.e. 

128 vs. 42 neighborhoods), a different neighborhood SES construct comprised of multiple dimensions of 

SES rather than just poverty, and sex stratified models.  Had we used overall rather than sex-stratified 

models, associations for potassium would have been null.    

 

Previous studies have signaled that the associations between individual-level SES and fruit and vegetable 

consumption may vary by sex.44  However, to our knowledge, no prior studies in the US have formally 

assessed whether the relationship of neighborhood-level SES and diet quality, measured objectively—

such as 24-hour urinary potassium excretion, varies by sex.  In our study, we found neighborhood SES to 

be associated with potassium excretion among women but not men.  It has been hypothesized that in 

general, neighborhood level effects might be stronger for women than men considering women may 

spend more time in the home and within their neighborhoods.48  Further, it has been proposed that the 

neighborhood food environment (often correlated with neighborhood SES)49 may drive differences in 

diet quality.50  With women more likely to be primary grocery shoppers, it is perhaps not surprising that 
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associations between the neighborhood environment and diet quality are more pronounced among 

women.   

 

Finally, our study found that residing in a neighborhood of low vs. high SES was associated with a 0.40 

and 0.36 unit higher Na-K ratio in men and women respectively, in unadjusted models.  Individuals 

consuming USDA recommendations43 for sodium (< 2300 mg/day) and potassium (≥4700 mg/day) would 

have an Na-K ratio of 0.49.  Thus differences in the order of 0.4 in magnitude are substantial; though 

these findings were not significant in adjusted models.  Though limited studies exist, our findings are 

somewhat consistent with a  study of Japanese women showing that low vs. high neighborhood SES was 

associated with higher Na-K ratio, adjusting for only survey year, living status, and region of residence.40   

 

The current research has a few limitations that are worth noting.  First, while our study was population 

based and representative of non-institutionalized NYC adults, our results may not necessarily be 

extrapolated to other geographical locations given the uniqueness of NYC neighborhoods.  Further, we 

relied on zip codes to define neighborhoods; zip codes may encompass a more diverse SES composition 

and therefore introduce heterogeneity into the measure.  Despite this, we believe the use of zip code is 

appropriate for the following reasons: 1) NYC is a densely populated area and so zip codes encompass 

much smaller geographical bounds than in other locations, and 2) any heterogeneity introduced in our 

measure would likely bias results towards the null.  Yet, we still found substantial and strong 

neighborhood level effects.  Additionally, 24-hour urine measures reflect sodium and potassium intake 

during the previous day and may not necessarily be indicative of habitual sodium and potassium 

consumption.  Further though we were adequately powered to test for interaction by sex, stratification 

by sex resulted in smaller sample sizes and notably limited the precision our estimates—particularly for 

our dietary factors of sodium and potassium which are highly variable.  Finally, the HFUS was cross-
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sectional, thus any observed associations may reflect self-selection of certain individuals into certain 

neighborhoods rather than the effect of a neighborhood on an individual’s health.   

 

Despite such limitations, the study possesses noteworthy strengths.  Our measure of neighborhood SES 

was rich as it utilized several SES domains.  Additionally, we utilized two measures of obesity: BMI, as a 

measure of total fat, and WC as a measure of central adiposity.34  Both BMI and WC have respective 

limitations: with BMI unable to account for body fat distribution or muscle mass, and WC unable to 

account for height.34  Given the limitations of each measure on its own, the consistency of our results 

across both measures added strength to the findings.   Also notable, our outcomes were objectively 

measured and therefore subject to less measurement error.  This is particularly true of our dietary 

measures, the HFUS study is the first population-based representative study in the US to use the gold-

standard of 24-hour urine to measure sodium and potassium intake. 

  

CONCLUSIONS: 

In our study, representative of NYC adults, residing in a low vs. high SES neighborhood was associated 

with measures of obesity and lower urinary potassium excretion among women but not men.  This 

research contributes to the growing body of evidence showing that the neighborhood environment is 

associated with health.  We highlight that the association of SES with obesity and potassium—an 

objective dietary biomarker—is moderated by sex.  Future research related to neighborhood level 

effects should focus on exploring such sex differences. 
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