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Abstract

Neighborhood walkability has been associated with increased physical activity, but only a few
studies have explored the association between walkability and health outcomes related to physical
activity, such as type 2 diabetes. The aim of this study was to investigate the association between
objectively assessed neighborhood walkability and the 4-year incidence of type 2 diabetes in a
sample of 512,061 Swedish adults aged 18 years and older. Neighborhoods were defined by 408
administratively defined geographical areas in the city of Stockholm. We found a negative
association between walkability and type 2 diabetes (OR=1.33, 95% Cl=1.13-1.55) that remained
significant after adjusting for neighborhood deprivation. This association, however, no longer
remained statistically significant after adjusting for individual socio-demographic factors. These
results were also confirmed using a co-sibling design. Future studies are encouraged to further
explore the potential effect of a broader array of the neighborhood built environment on health
outcomes related to physical activity.
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Introduction

Research on environmental correlates of physical activity has gained increasing interest
during the last decade. Neighborhood walkability, a physical environmental characteristic,
has been investigated in several studies and it has become one of the most consistent
environmental correlates of physical activity in Europe (Sundquist et al., 2011; Van Holle et
al., 2012) and worldwide (Owen et al., 2007; Sallis et al., 2009; Bauman et al., 2012).

Previous research on neighborhood walkability has primarily addressed the hypothesis that
more walkable environments result in higher levels of physical activity, which in turn may
decrease the public health burden of non-communicative diseases such as hypertension, type
2 diabetes, cardiovascular disease and depression (Frank et al., 2006; Owen et al., 2007;
Sallis et al., 2009). Most studies have investigated the association between neighborhood
walkability and walking and/or total physical activity (Owen et al., 2007; Sallis et al., 2009;
Sundquist et al., 2011; Van Dyck et al., 2010a). For example, results from the Swedish
Neighborhood and Physical Activity study showed that participants living in highly
walkable neighborhoods reported 50 minutes more of walking for transportation per week
and had about 21 more minutes of moderate to vigorous physical activity per week
(Sundquist et al., 2011). Only a few studies have, however, investigated the association
between neighborhood walkability and other types of health-related outcomes and even
fewer have used a longitudinal study design. Many of the studies on walkability and health-
related outcomes have used body mass index (BMI) as an outcome (Frank et al., 2007;
Gebel et al., 2011; Sallis et al., 2009; Van Dyck et al., 2010b), while others were based on
mental and physical quality of life (Sallis et al., 2009). The results have often shown that
more walkable environments may have a beneficial effect on certain health-related outcomes
but not on others, i.e., living in walkable neighborhoods is associated with more physical
activity and lower overweight/obesity rates but not with better quality of life.

The worldwide prevalence of type 1 and type 2 diabetes in the adult population is about
6.4% (285 million people) and it is estimated to increase to 7.7% (439 million adults) by
2030 (Shaw et al., 2010). Insufficient levels of physical activity are estimated to cause 27%
of the type 2 diabetes burden worldwide (WHO, 2009). Despite the obviously beneficial
effects of physical activity in the prevention of type 2 diabetes (Colberg et al., 2010), a
majority of individuals at risk of developing type 2 diabetes are not sufficiently physically
active (at least 150 minutes of moderate to vigorous physical activity per week) (Morrato et
al., 2007). There is also evidence that walking specifically improves 24-h glycemic control
in people at risk for type 2 diabetes (DiPietro et al., 2013).

Walkable neighborhoods have therefore been suggested as a potentially preventive factor for
type 2 diabetes in the population (Pasala et al., 2010) and self-reported neighborhood
resources for physical activity, such as perceived ease of walking and availability of exercise
facilities, were shown to be negatively associated with type 2 diabetes in a study of 2,285
adults in the U.S. (Auchincloss et al., 2009). However, while the association between
objectively measured neighborhood walkability and physical activity is relatively
established, no previous study has investigated the potential association between objectively
measured neighborhood walkability and the incidence of type 2 diabetes in the entire adult
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population of a large city. In addition, previous research has highlighted the importance of
objectively assessing walkability; in a recent report that used both objective and subjective
assessments of walkability, one-third of individuals in neighborhoods with high objective
walkability misperceived it as low (Arvidsson et al., 2012b).

Neighborhood deprivation is an important variable to consider in studies of the potential
association between neighborhood characteristics and type 2 diabetes as previous studies
have documented associations between neighborhood deprivation and type 2 diabetes,
physical activity and diet (Cubbin et al., 2006; Mezuk et al., 2013). Neighborhood
walkability was a strong predictor of type 2 diabetes incidence independent of neighborhood
deprivation in a large study from Canada. Coexisting poverty and recent immigrant status
modified these effects (Booth et al., 2013). Finally, previous research has argued that there
is a need to examine whether individual and neighborhood characteristics may modify the
association between the built environment, i.e., neighborhood walkability, and health-related
behaviors (Lovasi et al., 2009). This is because socioeconomically disadvantaged
individuals may be less likely to respond positively to walkable neighborhoods due to lack
of financial and other resources.

The first aim of this study was to investigate the association between objectively assessed
neighborhood walkability and the incidence of type 2 diabetes, independently of
neighborhood - and individual-level potential confounders, in a sample of 512,061 Swedish
adults. The second aim was to investigate the potential interactions, i.e., moderating effects
of individual socioeconomic characteristics and neighborhood deprivation on this
hypothesized association. To gain further insight into the nature of the association between
walkability and diabetes, we also used a co-sibling design that allowed us to assess the
degree to which the possible association observed in the population might be causal or due
to confounding from genetic and/or familial-environmental factors.

Our study used linked data from multiple Swedish nationwide registries and healthcare data.
Linking was achieved via the unique individual 10-digit personal ID number assigned at
birth or immigration to all Swedish residents. This ID number was replaced by a serial
number, in order to preserve confidentiality. The following sources were used to create our
dataset: the Total Population Register, containing annual individual-level sociodemographic
data; the Multi-Generation Register, providing information on family relations; the Swedish
Hospital Discharge Register, containing all hospitalizations for all Swedish residents; the
Swedish Prescribed Drug Register, containing all prescriptions in Sweden picked up by
patients; the Swedish Mortality Register, containing causes of death, and; the Longitudinal
Integration Database for Health Insurance and Labour Market Studies (LISA), containing
annual information on socio-economic factors on all individuals from 16 years of age. The
data were provided to us by Statistics Sweden (the Swedish Government-owned Statistics
Bureau) and the National Board of Health and Welfare. All socioeconomic data used in the
present study were obtained from national registers maintained by Statistics Sweden, who in
turn receives data on the socioeconomic variables from different authorities. For example,
the income data comes from the tax authorities and the education data comes from schools

Health Place. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sundquist et al.

Page 4

and universities. Self-report survey measures are only used for educational level in those
immigrants who have not studied in Sweden (Statistics Sweden).

We secured ethical approval for this study from the Regional Ethical Review Board of Lund
University (No. 2008/409).

Outcome variable

Samples

Clinically diagnosed type 2 diabetes was identified in the Swedish Prescribed Drug Register
by ATC codes A10A (insulin and analogues to insulin), A10B (blood glucose lowering
drugs, excluding insulins) and A10X (other drugs used in diabetes). Individuals were
considered to have their first recorded event of type 2 diabetes in our analyses if they had
collected a prescribed drug classified from the above ATC codes during the period January
1, 2007 —December 31, 2010. Insulin and antidiabetic agents are almost exclusively
prescribed for individuals with a diagnosis of diabetes mellitus, which means that the use of
ATC-codes will not include other types of diseases. Swedish doctors follow national
guidelines in the diagnosis of type 2 diabetes (Lakemedelsverket), which are based on expert
consensus from the WHO. Missing data in the Swedish Prescribed Drug Register varies
between 0.02% and 0.6% according to the National Board of Health and Welfare (National
Board of Health and Welfare). In addition, the National Diabetes Register in Sweden has
used the Swedish Prescribed Drug Register to validate their own data and found that the
correspondence between the two registers is high (Nationella Diabetesregistret).

The city of Stockholm is divided into 408 geographic areas, created for administrative
purposes. The mean number of individuals living in these areas is 1,890 (range 1-8,790).
The mean size of the areas is 0.53 square kilometers (range 0.01-3.81), which corresponds
well with other studies’ definitions of neighborhoods used to estimate walkability indices
(Forsyth, 2007).

From the population residing in the 408 geographical areas on December 31, 2005, we
identified all individuals born 1988 or earlier (n=634,214). This age restriction ensures that
the vast majority of identified incident cases are of type 2 diabetes (Thunander et al., 2008).
We excluded individuals who had collected a prescribed drug classified from the above
ATC codes from January 1, 2006 — December 31, 2006 in order to increase the probability
that our analysis was restricted to incident cases; all drugs in Sweden are prescribed for a
period of three months, which means this 12-month wash-out period covered four possible
prescriptions. Remaining individuals were followed for the outcome variable described
above from 15t Jan 2007 to 315t Dec 2010. We also excluded those individuals hospitalized
for cardiovascular diseases (CVDs) during the years 2000-2006 in order to minimize
confounding due to CVD. CVD was defined according to the following ICD10 codes: 110-
115, 120-125, and 160-169. Other exclusions were individuals who died (n = 28,336) or
emigrated (n = 22,998) during the follow-up period. Individuals lacking information on
residential location were also excluded (n=3,777). Furthermore, we excluded 67 geographic
areas with less than 50 individuals due to unstable statistical estimates. In total, 1,869
eligible individuals were lost due to this restriction. In the final analyses, 512,061
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individuals from 341 geographical areas were included. In a second step, by means of the
Swedish Multi-Generation Register, we created a sibling dataset where we identified all full
sibling pairs in the study database (159,238 pairs). The total number of individuals who did
not live in the same neighborhood during the entire follow-up period was 189,898 and these
individuals were included in the study. A sensitivity analysis that excluded these individuals
showed almost identical results (data not shown in tables).

Neighborhood walkability

The walkability in each geographic area was assessed by calculating a walkability index
(Arvidsson et al., 2012a; Sundquist et al., 2011) using Geographic Information Systems
(GIS). The index was similar to walkability indices used in the U.S., Australia and Belgium
(Owen et al., 2007; Sallis et al., 2009; Van Dyck et al., 2010a) and included three
components: (1) residential density, (2) street connectivity, and (3) land use mix. Data on
residential density were delivered to us by Statistics Sweden and calculated as the number of
residential units per square kilometer (excluding water bodies). Street connectivity was
based on data delivered by the City Planning Administration in Stockholm and was
calculated as the number of intersections per square kilometer. Highways were not included
in the calculations. Cycle paths and footpaths were included if they had an intersection with
a street. The land use mix was calculated as the evenness in distribution between five
categories of land use: (1) retail/service, (2) entertainment/physical activity, (3) institutional/
healthcare, (4) office/workplace, and (5) dwellings. Categories 1 to 4 were based on data
delivered by Teleadress, a company founded when the government-owned telecom sector
was privatized. The Teleadress database is updated continuously and it includes businesses
and services with a registered phone number, as well as those who actively have provided
information about their business to the company. Inclusion in their database is free of
charge. We performed a small field study to test the validity of the data from Teleadress.
The results showed that almost all companies that are present in the Teleadress database
have a business at the correct address. In addition, 75% of all businesses that we could find
in the neighborhoods included in the small field study were present in the database. The fifth
category in the land use mix was based on data obtained from the City Planning
Administration in Stockholm. The correlation between the three different components
(residential density, street connectivity, and land use mix) in the walkability index varied
between 0.27-0.54.

The land use mix was calculated by the Herfindahl-Hirschman Index (HHI) (Rhoades,
1993). The HHI is calculated by summing the squared proportions of each land use category
(HHI= p12 + p,2 ... + ps?). A high HHI indicates a low level of land use mix.

The walkability index for each geographic area was calculated as the sum of the z-scores
using a formula based on previous research (Frank et al., 2010; Sundquist et al., 2011):

Walkability lndeX:ZResidential density+l'5 * ZStreet c(»nx}ectivity+ZLand use mix

The walkability index scores were then divided into deciles.
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Neighborhood deprivation

We used a neighborhood deprivation index (NDI) for each of the geographical areas based
on register data for all residents in the neighborhood aged 25-64, i.e., the working-age
population, who is assumed to have a stronger socioeconomic impact on the neighborhood
than others. The NDI was created as follows: a principal components analysis was used to
select deprivation indicators for the entire Swedish population. The following four variables
were selected for those aged 25-64: low educational status (<10 years of formal education);
low income (income from all sources, including that from interest and dividends, defined as
less than 50% of individual median income); unemployment (not employed, excluding full-
time students, those completing compulsory military service, and early retirees); and social
welfare recipient. Each of the four variables loaded on the first principal component with
similar loadings (+0.47 to +0.53) and explained 52% of the variation between these
variables. A z score was calculated for each SAMS neighborhood. The z scores, weighted by
the coefficients for the eigenvectors, were then summed to create the index (ranging from -3
to 11). Higher scores reflect more deprived neighborhoods. This index has been used in
previous research (Winkleby et al., 2007; Crump et al., 2011). Neighborhood-level
deprivation and the individual-level socioeconomic variables appeared sufficiently
uncorrelated (r = 0.18-0.31) to allow neighborhood effects to be disentangled from
individual effects. In addition, the correlation between the continuous NDI and the
continuous walkability score was low (-0.20).

Individual information

Our individual-level information was defined in 2006 and included year of birth (a
continuous variable); gender (male and female); net annual household income divided into
quartiles where one Swedish krona (SEK) equals to about 0.15 USD: high (>442,399 SEK),
mid-high (260,200-442,399 SEK), mid-low (161,700-260,199 SEK), and low (<161,700
SEK)) and education, divided into low (9 years or less), middle (10-11 years) and high (12
years or more). Female gender, high income and high education were used as reference
categories in the models. We selected individual-level covariates based on our previous
research on neighborhood walkability and physical activity (Sundquist et al., 2011) as well
as on other, similar studies from the U.S. (Sallis et al., 2009) and Australia (Owen et al.,
2007).

Statistical methods

We investigated the association between neighborhood walkability and individual odds of
type 2 diabetes. Odds ratios were considered to be a good approximation of relative risks
because we had a large sample size, a relatively low incidence rate, risk ratios of moderate
size, and a relatively short follow-up period (Davies et al., 1998). Firstly, we performed a
multilevel logistic regression with individuals nested within their geographical area at
baseline. This technique accounts for the hierarchical structure of the data. We created four
consecutive models. In the first model (empty model) we only included the areas as random
parameters in the model. In the second model (Model A) we also included the walkability
variable. In the third model (Model B) we added neighborhood deprivation. In the final
model (Model C) we also included the individuals’ characteristics. We also performed
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additional analyses where we investigated the association between the different components
(residential density, street connectivity and land use mix) of walkability and type 2 diabetes.
We followed the same steps for these components as we did for the walkability variable.

We present odds ratios and 95% confidence intervals (Cl) for the fixed parameters. For the
random part we use the latent variable method in order to convert the variance parameters
into the intra class correlation (ICC). This method converts the individual level variance
from the probability scale to the logistic scale. It assumes that the propensity for developing
clinically identified type 2 diabetes is a continuous latent variable underlying our binary
response. Each individual has a propensity to develop type 2 diabetes, but only individuals
whose propensity exceeds a certain limit will develop the disease. The unobserved
individual variable follows a logistic distribution with individual variance equal to 3.29
(I12/3). An ICC close to 0% suggest that the areas are not important constructs for
understanding the variation in type 2 diabetes, while a higher ICC suggest that the areas are
more important for understanding the variation in the outcome. The statistical analyses were
performed using MLwiN 2.23.

In the second part we aimed to compare the results from the multilevel logistic regression
with the results from a co-sibling design. Using conditional logistic regression (CLR), we
performed an analysis on all full sibling pairs that were discordant for type 2 diabetes status
and decile of neighborhood walkability (4.056 pairs from 308 neighborhoods). In these
models we controlled for the same individual and neighborhood factors as in the multilevel
analysis described above. The co-sibling design allows contrasting of the type 2 diabetes
odds of siblings living in different neighborhoods with different levels of walkability. This
model is adjusted for the familial cluster and, therefore, it accounts for an array of unknown
shared genetic and environmental factors. The statistical analyses were performed using
SAS 9.3.

Interactions were tested between walkability and the individual-level socio-demographic
factors and between walkability and neighborhood deprivation (both multiplicative and
additive interactions).

Table 1 shows the distribution of type 2 diabetes incidence by socio-demographic strata. A
total of 6,613 of the individuals (1.3%) were identified as incident cases of type 2 diabetes
between the years 2007-2010. The incidence proportions of type 2 diabetes were 1.5% in
men and 1.1% in women. The mean age among individuals with and without type 2 diabetes
was 55 (SD=14.9) and 44 (SD=16.9) years, respectively. The mean NDI was 0.59
(SD=2.11) among individuals with type 2 diabetes and —0.07 (SD=1.7) among individuals
without type 2 diabetes. The geographical distribution of neighborhood walkability and the
incidence of type 2 diabetes are shown in Figure 1. Neighborhood walkability seemed to be
higher in the central areas of Stockholm whereas incidence of DM seemed to be higher in
the outskirts of Stockholm.
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Table 2 shows the association between neighborhood walkability and odds of incident type 2
diabetes. In the crude model, individuals living in the lower deciles of walkability had
significantly higher odds of type 2 diabetes compared to individuals living in the tenth
decile, i.e., the decile with the highest walkability (model A). For example, individuals in
the first decile of walkability had 30% higher odds (OR=1.30, CI=1.06-1.60) of incident
type 2 diabetes compared to individuals in the tenth decile. Adjustment for neighborhood
deprivation (model B) resulted in only minor changes of the odds and the overall p-value
remained significant. However, further adjustment for age, gender, income and education
(model C) resulted in substantial reduction of the estimates and none of the estimates
remained statistically significant. The results from the co-sibling design (far right column in
Table 2) showed no significant differences in the odds of type 2 diabetes between siblings
living in neighborhoods that were discordant in walkability. No significant interactions were
found between walkability and the individual-level socio-demographic factors or between
walkability and neighborhood deprivation.

The results of the random part of the multilevel logistic regression showed that the ICC was
low in all models, i.e., only a small part of the total variation in type 2 diabetes was at the
neighborhood level (Table 3).

The analyses of the associations between the three components of walkability (residential
density, street connectivity and land use mix) and type 2 diabetes were similar to the
associations found in the analyses based on the walkability index. That is, there were no
significant associations between the separate walkability components and the incidence of
type 2 diabetes after adjusting for age, gender, income, education and neighborhood
deprivation (Supplementary Table 1).

Discussion

The aim of this study was to investigate the association between objectively assessed
neighborhood walkability and the incidence of clinically diagnosed type 2 diabetes in a large
sample of adults living in an urban area. The results showed that there was an inverse
association between neighborhood walkability and incidence of type 2 diabetes, and this
association remained significant after adjusting for neighborhood deprivation. However, the
association was no longer statistically significant after accounting for individual
sociodemographic factors. There were no moderating effects of individual characteristics
and neighborhood deprivation on the association between neighborhood walkability and
type 2 diabetes. The co-sibling analysis examining the incidence of type 2 diabetes among
siblings living in neighborhoods with different levels of walkability showed no significant
differences in the odds of type 2 diabetes between siblings living in neighborhoods that were
discordant in walkability. This latter analysis had the additional strength of accounting for
unmeasured genetic and family environmental factors that siblings share (e.g., family history
of type 2 diabetes and related conditions, early-life dietary habits, participation in sports
during childhood and adolescence) that we could not account for in the general population
analysis. The values of the ICC calculations indicate that the proportion of the total variance
at the neighborhood level is low. Our findings represent a novel contribution as it is, to the
best of our knowledge, the first study investigating the association between objectively
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assessed neighborhood walkability and objectively assessed incidence of type 2 diabetes in
the entire adult population in a large city, i.e., the capital of Sweden.

Recent reviews have found neighborhood walkability to be one of the most consistent
environmental correlates of physical activity (Bauman et al., 2012; Van Holle et al., 2012),
and a previous study of ours found higher levels of walking and moderate to vigorous
physical activity among individuals living in high walkability neighborhoods compared to
individuals living in low walkability neighborhoods (Sundquist et al., 2011). As physical
activity may prevent type 2 diabetes (Colberg et al., 2010; WHO, 2009), we therefore
hypothesized that there is a negative association between neighborhood walkability and type
2 diabetes. A study from the U.S. found a negative association between self-reported
neighborhood resources for physical activity and incidence of type 2 diabetes after adjusting
for individual-level socioeconomic factors, which was in line with our hypothesis. No
information of neighborhood socioeconomic factors or neighborhood deprivation was,
however, included in that analysis (Auchincloss et al., 2009). Although the present study is
not directly comparable to that study, our results no longer remained significant after
adjustment for individual-level socioeconomic factors. However, the results remained
significant after adjusting for neighborhood deprivation.

Neighborhood deprivation has been associated with type 2 diabetes in previous research
(Cox et al., 2007; Cubbin et al., 2006), possibly mediated by factors such as psychological
stress from unsafe environments, littering and violent crime and also unhealthy lifestyles
(Anderson et al., 1997; Cubbin et al., 2006). In previous studies on walkability and physical
activity, the positive associations remained after adjusting for neighborhood socioeconomic
status (Owen et al., 2007; Sallis et al., 2009; Sundquist et al., 2011; Van Dyck et al., 2010a).
For example, the odds ratio for walking for transport among participants living in high
compared to low walkability neighborhoods changed only slightly from 1.92 to 1.77 when
neighborhood socioeconomic status and individual socio-demographic factors were included
in the model (Sundquist et al., 2011).

Some studies have investigated the associations between neighborhood walkability and
other health-related outcomes related to physical activity. For example, a study from the U.S
found the odds of being overweight or obese to be 35% higher in participants living in low
walkability neighborhoods compared to participants living in high walkability
neighborhoods (Sallis et al., 2009). Gebel et al. found associations between low walkability
parameters and increases in BMI over a four-year follow-up period in Australia (Gebel et
al., 2011). Furthermore, self-reported land use mix was negatively associated with the
metabolic syndrome in a study on 1,324 Australian adults. Those results remained
significant after adjusting for neighborhood-level socioeconomic status (median household
income) (Baldock et al., 2012). Most studies have, however, used rather simple indicators of
neighborhood socioeconomic status (e.g., median income in the neighborhood), while the
present study used an index based on several socio-economic indicators.

Walkable neighborhoods have been associated with lower levels of motor vehicle ownership
and use per capita (Eriksson et al., 2012; Frank et al., 2006), which is health promoting.
However, there may be environmental factors associated with neighborhood walkability that
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may be risk factors for type 2 diabetes, and these risk factors may diminish the potential
positive influence of walkability on type 2 diabetes. For example, walkability has been
associated with higher levels of traffic-related air pollution (Marshall et al., 2009) due to
traffic congestions and a higher concentration of vehicle traffic. Long-term exposure to
traffic-related air pollution may increase the risk of type 2 diabetes (Andersen et al., 2012;
Kramer et al., 2010), and especially so in physically active individuals (Andersen et al.,
2012). Physical activity may increase the penetration of traffic-related particles into the
respiratory system, making physically active individuals more susceptible for traffic-related
air pollution compared to inactive individuals (Oravisjarvi et al., 2011). Also, long-term
exposure to traffic noise may be associated with increased risk of type 2 diabetes (Sorensen
et al., 2013). Further understanding of potential risk factors associated with walkable
environments and their effect on health would be useful when designing health-promoting
neighborhoods.

Strengths of this study include the large sample size, i.e., more than half a million
individuals. Using the Swedish personal ID number, replaced by a serial number, made it
possible to link population-based health care register data with the geographic area in which
the individuals lived. Both the explanatory variables (i.e., neighborhood walkability,
neighborhood deprivation and individual socio-demographic factors) and the outcome (type
2 diabetes) were based on objective measures. The use of incident, rather than prevalent,
cases of type 2 diabetes is an additional strength. The incidence of type 2 diabetes was
assessed using nationwide, highly complete data on collection of anti-diabetic drugs from
the Swedish Prescription Drug Register, and is thereby likely to include almost all new
cases. More importantly, this register captures all individuals that are medically treated for
type 2 diabetes as it is compulsory for all pharmacies in Sweden to report to the register. The
geographical areas used in this study were rather small with homogenous types of buildings
and their boundaries follow the road network, which makes it more likely that the
geographical areas are representative of neighborhoods in social terms.

There are also some limitations in the present study. We had no clinical diagnoses on type of
diabetes (type 1 or 2). However, we only included adult individuals aged 18 years or older at
study start and after a 12-month washout period, which minimized the proportions of
individuals with type 1 diabetes. Another limitation is that we could not detect patients with
type 2 diabetes that were not treated with medication. However, few individuals with type 2
diabetes are treated with only lifestyle changes, such as diet, which means that few
individuals with type 2 diabetes were missed in our study. Some cases may have been lost,
i.e., those who did not collect their prescribed drug. Also, the walkability index in this study
was based on only three neighborhood characteristics and an association between
walkability and type 2 diabetes incidence might have been found had the index included
characteristics of the built environment associated with a wider range of physical activities.
Finally, we did not have access to information on many other potential environmental risk
factors for type 2 diabetes (e.qg., traffic-related noise, air pollution and unhealthy food
outlets). Future studies could assess the predictive validity of a healthy food index in order
to obtain a more complete picture of the built environment’s role in the development of type
2 diabetes.
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Conclusions

The findings of the present study on 512,061 adults showed that there is an association
between neighborhood walkability and incidence of type 2 diabetes, after adjusting for
neighborhood deprivation. This association, however, no longer remained statistically
significant after adjusting for individual socio-demographic factors. Future studies are
encouraged to further explore risk factors potentially associated with walkable
environments, such as traffic-related noise and air pollution, as well as the potential effects
of a broader array of the neighborhood built environment on health outcomes related to
physical activity, which may provide important knowledge on how to design neighborhoods
that promote good health in several aspects.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The geographical distribution of neighborhood walkability and the incidence of diabetes

mellitus in the city of Stockholm. Higher numbers represent higher neighborhood
walkability and higher incidence of diabetes mellitus.
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Descriptive statistics of the 512,061 individuals living in the city of Stockholm in 2006 and included in the
analyses. Numbers and percentages (within brackets).

No diabetes mellitus

Diabetes mellitus®

N 505,448 (98.7) 6,613 (1.3)
Walkability Index? 0.51 (2.62) 0.16 (2.44)
Men 240,325 (98.5) 3,686 (1.5)
Women 265,123 (98.9) 2,927 (1.1)
Income

Low (0-161,699 SEKO) 125,190 (98.5) 1,922 (1.5)
Mid-Low (161,700-260,199 SEK) | 126,574 (98.6) 1,750 (L.4)
Mid-High (260,200-442,399 SEK) | 126,604 (98.7) 1,670 (1.3)
High (442,400-693,106,000 SEK) | 127,080 (99.0) 1,271 (L0)
Education

Low (<10 years) 106,078 (97.9) 2,288 (2.1)
Middle (10-11 years) 79,520 (98.2) 1,499 (L.9)
High (>11 years) 319,850 (99.1) 2,826 (0.9)
Age (years) 44 (16.9)P 55 (14.9)P
ND1d -0.07 (L.7)P 059 (2.12)P

aIndividuals that developed DM over the 2007-2010 follow-up period.

bMean (standard deviation)

COne Swedish krona (SEK) equals about 0.15 USD

dNDI:Neighborhood Deprivation Index
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Results from the multilevel logistic regression analysis on the 512,061 individuals included in the study with
diabetes mellitus as outcome and results from the conditional logistic regression on all sibling pairs. Numbers

are odds ratios and 95 % CI.

Model A2

Model B&

Model cad

Sibling Analysis

Walkability decile (walkability value)

1 (-3.44) (lowest)

1.30 (L.06; 1.60)

1.33 (1.13; 1.55)

1.16 (1.00; 1.34)

0.93 (0.67; 1.30)

2 (-2.57) 1.25(0.98; 1.54) | 1.16 (1.00; 1.35) | 1.09 (0.96; 1.25) | 0.75 (0.56; 1.02)
3 (-2.04) 1.30 (1.02; 1.63) | 1.14 (0.98; 1.26) | 1.11(0.96; 1.29) | 1.00 (0.74; 1.30)
4 (-1.42) 1.25(0.98; 1.55) | 1.08 (0.92;1.26) | 1.04 (0.90; 1.20) | 0.89 (0.65; 1.22)
5 (-0.83) 1.51(1.24;1.85) | 1.18(1.03;1.35) | 1.07 (0.94; 1.20) | 1.01 (0.76; 1.34)
6 (-0.14) 1.36 (1.09; 1.64) | 1.15(1.00;1.34) | 1.12(0.98; 1.27) | 0.85 (0.64; 1.13)
7(0.78) 1.32(1.04; 1.63) | 1.14 (0.99; 1.33) | 1.08 (0.95; 1.22) | 1.39 (1.05; 1.83)
8(1.92) 1.15(0.93; 1.45) | 1.13(0.97;1.31) | 1.13(0.99; 1.29) | 1.04 (0.79; 1.37)
9(3.27) 0.97 (0.78; 1.21) | 1.01(0.87;1.16) | 0.97 (0.85; 1.11) | 0.82 (0.62; 1.08)
10 (5.27) (highest) Reference Reference Reference Reference
p-valued 0.001 0.002 0.177

Neighborhood Deprivation Index

1.18 (1.15; 1.20)

1.21 (1.19; 1.23)

Men vs women

1.63 (155; 1.72)

Low Income

112 (1.04; 1.21)

Mid-Low Income

1.11 (1.03; 1.20)

Mid-High Income

1.09 (1.01; 1.17)

High Income

Reference

p-value®

0.077

Low Education

1.04 (0.97; 1.12)

Middle Education

1.44 (1.36; 1.55)

High Education

Reference

Birth Year (cen)

0.96 (0.96; 0.96)

aModeI A includes neighborhood walkability, Model B includes + neighborhood deprivation, and Model C includes + neighborhood deprivation,

gender, income, education and birth year.

bP-values for trends of the overall association between neighborhood walkability and diabetes mellitus in Models A, B and C.

¢ . . . .
P-value for trend of the overall association between income and diabetes mellitus.

d

The DIC value for model C equals 66196.82 while a model that includes the random part, the individual characteristics and the neighborhood
deprivation index have a DIC value of 66443.22.
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Results from the random part of the multilevel logistic regression analysis of the 512,061 individuals included

in the study with diabetes mellitus as outcome.

Variance Icca
Walkability
Empty Model 0.147 (0.119; 0.184) | 4.3%
Model A 0.133 (0.104; 0.169) | 3.9%
Model B 0.044 (0.030; 0.064) | 1.3%
Model C 0.016 (0.006; 0.028) | 0.5%
Residential density
Model A 0.119 (0.093; 0.152) | 3.5%
Model B 0.044 (0.028; 0.060) | 1.3%
Model C 0.014 (0.006; 0.026) | 0.4%
Street connectivity
Model A 0.141 (0.113; 0.178) | 4.1%
Model B 0.049 (0.031; 0.067) | 1.5%
Model C 0.018 (0.009; 0.029) | 0.5%
Land use mix
Model A 0.133 (0.105; 0.169) | 3.9%
Model B 0.041 (0.025; 0.057) | 1.2%
Model C 0.013 (0.006; 0.025) | 0.4%

a .
Intraclass correlation

Model A includes neighborhood walkability, Model B includes + neighborhood deprivation, and Model C includes + neighborhood deprivation,
gender, income, education and birth year.
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