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1  |  BACKGROUND

Gestational diabetes (GD) is a form of diabetes that develops dur-
ing pregnancy and in 2020 was diagnosed in 7.8% of pregnancies 
in the United States.1,2 GD increases infants' risk for being large for 
gestational age, may increase the risk of unhealthy weight gain dur-
ing childhood, and increases the pregnant individual's risk for future 

type 2 diabetes.1 Physical activity prior to and during pregnancy is 
associated with a lower risk of GD, and data suggest that even light 
physical activity and walking have protective effects.1,3–6

Neighbourhood walkability refers to built environment features 
that promote pedestrian activity.7,8 In the urban planning literature 
higher walkability is defined in terms of higher population den-
sity, greater street connectivity, availability of transit, greater land 
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Abstract
Background: Despite the links between neighbourhood walkability and physical ac-
tivity, body size and risk of diabetes, there are few studies of neighbourhood walk-
ability and risk of gestational diabetes (GD).
Objectives: Assess whether higher neighbourhood walkability is associated with 
lower risk of GD in New York City (NYC).
Methods: Cross-sectional analyses of a neighbourhood walkability index (NWI) score 
and density of walkable destinations (DWD) and risk of GD in 109,863 births recorded 
in NYC in 2015. NWI and DWD were measured for the land area of 1 km radius circles 
around the geographic centroid of each Census block of residence. Mixed generalised 
linear models, with robust standard error estimation and random intercepts for NYC 
Community Districts, were used to estimate risk ratios for GD for increasing quartiles 
of each of the neighbourhood walkability measures after adjustment for the pregnant 
individual's age, race and ethnicity, parity, education, nativity, and marital status and 
the neighbourhood poverty rate.
Results: Overall, 7.5% of pregnant individuals experienced GD. Risk of GD decreased 
across increasing quartiles of NWI, with an adjusted risk ratio of 0.81 (95% Confidence 
Interval (CI) 0.75, 0.87) comparing those living in areas in the 4th quartile of NWI to 
those in the first quartile. Similarly, for comparisons of the 4th to 1st quartile of DWD, 
the adjusted risk ratio for GD was 0.77 (95% CI 0.71, 0.84).
Conclusions: These analyses find support for the hypothesis that higher neighbour-
hood walkability is associated with a lower risk of GD. The analyses provide further 
health related support for urban design policies to increase walkability.
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use mix, and higher destination accessibility.7–10 Higher residential 
neighbourhood walkability has been associated with more walking, 
higher overall physical activity, lower BMI, lower incidence of dia-
betes, and improved glycemic control among patients with Type II 
diabetes.7,11–14 Given these prior findings, here we assess whether 
higher residential neighbourhood walkability is associated with a 
lower risk of GD among pregnant individuals in New York City (NYC).

2  |  METHODS

The analyses included data from 110,744 births reported in the 2015 
NYC Vital Statistics records and the dataset has been described pre-
viously.15 We excluded individuals with a record of pre-pregnancy 
diabetes (n = 835) and for whom neighbourhood walkability could 
not be calculated (n = 46), yielding a sample size of 109,863 births. 
The birth records included self-reported sociodemographic informa-
tion and pregnancy related data reported in the medical records.15

2.1  |  Neighbourhood variables

The pregnant individual's residential address was geocoded to the 
Census block of residence. A 1 km radial buffer was created around 
the geographic centroid of each 2010 Census block, areas of water 
were removed, and the radial buffers' land areas were characterised. 
The 2015 neighbourhood walkability index (NWI) was calculated for 
these buffers using data on residential density; street intersection 
density; land use mix; subway stop density; and the ratio of retail 
building floor area to retail land area, and has been described ex-
tensively elsewhere.7,10 Using the 2014 National Establishment Time 
Series data a second measure of neighbourhood walkability was 
created, the density of walkable destinations (DWD), a measure of 
walkability that is not directly included in the NWI.7 The proportion 
of residents with incomes below the poverty line (Poverty Rate) was 
calculated for each radial buffer using area-weighted interpolation 
of data from the 2012–2016 American Community Survey.
To preserve the confidentiality of the birth records, the linkage 
between the Census block of residence and neighbourhood vari-
ables was completed at the NYC Department of Health and Mental 
Hygiene, and the combined individual- and neighbourhood-level 
data were analysed with neighbourhood-level variables categorised 
into quartiles. Quartile cut-points were established using the distri-
bution of the neighbourhood-level variables across all Census blocks 
in NYC.

2.2  |  Statistical analysis

Generalised linear mixed models were used to estimate risk ratios 
and risk differences for GD for increasing quartiles of neighbour-
hood walkability.16 Each of the 59 NYC Community Districts is 
overseen by a Community Board, which is a local representative 

body that: oversees local land use and zoning issues; assesses the 
needs of the District; addresses community concerns (e.g., empty 
storefronts); and makes recommendations for the City budgeting 
process. Because Community Board activities are likely to cause 
non-independence of observations of built environment conditions 
within Districts, random intercepts for Community Districts and ro-
bust standard error estimation were used in the mixed models.
Analyses of DWD used negative binomial mixed models, while, 
due to non-convergence issues with the negative binomial models, 
analyses of NWI used Poisson mixed models.16 Risk ratio analyses 
controlled for pregnant individual's age, education, race/ethnicity, 
number of prior live births, marital status, nativity and neighbour-
hood poverty rate. In this population the pregnant individual's age 
at giving birth is as low as 13 years, and so educational attainment, 
marital status, and the number of prior live births show some co-
linearity with age at giving birth. Models estimating risk differences 
would not converge when maternal age was included in the models 
and age at giving birth was removed from these models. Analyses 
of data on the age at giving birth showed it was a negative con-
founder of the association between the walkability measures and 
GD and so not adjusting for this variable resulted in a slight bias to 
the null.
This study was approved by the Columbia University Irving Medical 
Center Institutional Review Board as Not Human Research. All anal-
yses were conducted at Columbia University.

3  |  RESULTS

Overall, 7.5% of pregnant individuals experienced GD and as shown 
in Table 1 risk of GD varied across sociodemographic characteris-
tics, notably across categories of race and ethnicity categories and 
educational attainment. After adjustment for individual-level so-
ciodemographic characteristics and neighbourhood poverty rate, 
the prevalence of GD declined across increasing quartiles of NWI 
and DWD (see Table 2). Comparing those living in areas in the 4th 

Synopsis

Study question
Is neighbourhood walkability associated with lower risk of 
gestational diabetes (GD)

What's already known
The sole prior study found no association

What this study adds
Given the long-lasting benefits of healthy pregnancies for 
the parent and the child, this research motivates the use of 
urban design to support healthy pregnancies.
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quartile of NWI to those in the 1st quartile, the adjusted risk ratio 
for GD was 0.81 with a 95% confidence interval (CI) of 0.75 to 0.87. 
Similarly, for comparisons of the 4th to 1st quartile of DWD, the 
adjusted risk ratio for GD was 0.77 (95% CI 0.71, 0.84). Among in-
dividuals for whom this was the first live birth, the inverse associa-
tion between the neighbourhood walkability measures and GD was 
slightly stronger; the risk ratio comparing the 4th quartile of NWI 
to the 1st was 0.68 (95% CI 0.61, 0.77) and the risk difference was 
−2.30 percentage points (95% CI −3.13, −1.47). Similarly, the risk 
ratio comparing the 4th quartile of DWD to the 1st was 0.70 (95% 
CI 0.61, 0.80) and the risk difference was −1.83 percentage points 
(95% CI −2.72, −0.95).

4  |  COMMENT

These analyses find that in NYC risk of GD is inversely associated 
with increasing levels of neighbourhood walkability. The association 
appears modest, with a reduction in the risk of GD between 1.30 
and 1.44 percentage points comparing those who lived in the low-
est and highest quartiles of the walkability metrics. However overall, 
7.5% of pregnant individuals were diagnosed with GD, 39% of the 
pregnant individuals lived in the highest citywide quartile of NWI 
and 49% lived in the highest citywide quartile of DWD. Thus, this 
risk reduction may be experienced by a large number of pregnant 
individuals.
To our knowledge, only one prior study has assessed neighbour-
hood walkability as a risk factor for GD and did not find an associa-
tion.17 That study used Walk Score as the metric of walkability, a 
measure that is comparable in conceptual design to the NWI and 
is similarly linked to variation in residents' physical activity and 
body mass index.7,10,18 However, Walk Score includes neighbour-
hood features within an assumed 30-minute walk (roughly 2 miles 
at a moderate pace walk) from an address, which might be a longer 
distance than is relevant for walking behaviours among pregnant 
individuals.18 Simulation analyses show that when the neighbour-
hood scale used in data analyses is larger than that actually utilised 
by study participants bias to the null occurs.19,20 Thus the differ-
ence in findings for the present study compared to the prior study 
may relate to differences in the area defined as the residential 
neighbourhood.
The strengths and weaknesses of this data set have been described 
previously.15 One weakness is that data on GD in prior pregnancies 
were not available and a prior GD diagnosis is a risk factor for GD 
in subsequent pregnancies. It is unlikely that prior GD would cause 
a woman to experience lower neighbourhood walkability during a 
subsequent pregnancy and create a confounding effect and spurious 
results in the current data. In addition, a significant inverse associa-
tion was observed between NWI and GD risk and between DWD 
and GD risk among individuals for whom this was the first live birth. 
However, the absence of these data does preclude analyses of effect 
modification between prior GD and neighbourhood walkability on 
the risk of GD in the pregnancies studied here.
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5  |  CONCLUSIONS

These analyses find that in NYC higher neighbourhood walkability 
is associated with a lower risk of GD, which, along with our prior 
findings that higher walkability is associated with lower odds of ex-
cessive gestational weight gain, suggest that urban design can con-
tribute to healthy pregnancies.15 By 2030, it is projected that 14% of 
the world's population (1.2 billion people) will live in cities like NYC 
that have populations of 5 million or more.21 As such, the findings 
reported here may be applicable to a very large population. Multiple 
design and planning guidelines to support planners and architects 
designing for health have been published by cities, professional or-
ganisations, and for-profit entities.8,22–25 However, because of lim-
ited research on active design and health during pregnancy, these 
guides do not explicitly consider pregnant individuals and their in-
fants. Given the long-lasting benefits of healthy pregnancies for the 
parent and the child, this research motivates the use of urban design 
to support healthy pregnancies. If further research replicates the 
findings presented here, supporting healthy pregnancies should be 
factored into cost–benefit analyses of built environment interven-
tions to create walkable neighbourhoods.
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TA B L E  2  Associations between the risk of gestational diabetes and neighbourhood walkability index score and density of walkable 
destinations

Gestational Diabetes
Unadjusted Risk 
Ratio (95% CI)

Adjusteda Risk 
Ratio (95% CI)

Unadjusted Risk 
Differenceb (95% CI)

Adjusted Risk 
Differencec (95% CI)No N (%) Yes N (%)

NWI quartiles

1 (low walkability) 9933 (91.7) 897 (8.3) 1.00 (Reference) 1.00 (Reference) 0.00 (Reference) 0.00 (Reference)

2 18,730 (92.2) 1580 (7.8) 0.94 (0.87, 1.02) 0.90 (0.83, 0.97) −0.50 (−1.14, 0.13) −0.75 (−1.34, −0.16)

3 33,404 (92.3) 2802 (7.7) 0.93 (0.87, 1.00) 0.84 (0.78, 0.91) −0.54 (−1.13, 0.04) −1.12 (−1.68, −0.56)

4 (high walkability) 39,591 (93.1) 2926 (6.9) 0.83 (0.77, 0.89) 0.81 (0.75, 0.87) −1.40 (−1.97, −0.80) −1.30 (−1.85, −0.76)

DWD Quartiles

1 (low walkability) 7298 (92.2) 620 (7.9) 1.00 (Reference) 1.00 (Reference) 0.00 (Reference) 0.00 (Reference)

2 13,802 (91.4) 1300 (8.6) 1.10 (1.003, 1.21) 1.00 (0.91, 1.09) 0.78 (0.04, 1.52) −0.11 (−0.81, 0.59)

3 29,992 (91.7) 2730 (8.3) 1.07 (0.98, 1.16) 0.90 (0.83, 0.98) 0.51 (−0.15, 1.18) −0.73 (−1.38, −0.09)

4 (high walkability) 50,566 (93.4) 3555 (6.6) 0.84 (0.77, 0.91) 0.77 (0.71, 0.84) −1.26 (−1.89, −0.63) −1.44 (−2.04, −0.84)

aAdjusted for race/ethnicity, education, age at birth, marital status, previous number of births and nativity of the pregnant individual and 
neighbourhood poverty rate.
bPercentage point difference in risk of gestational diabetes.
cPercentage point difference in risk of gestational diabetes, adjusted for race/ethnicity, education, marital status, previous number of births, and 
nativity of the pregnant individual and neighbourhood poverty rate.
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