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Abstract
Objective: Diabetes is a growing public health problem, and the environment in
which people live and work may affect diabetes risk. The goal of the present study
was to examine the association between multiple aspects of environment and
diabetes risk in an employee population.
Design: This was a retrospective cross-sectional analysis. Home environment
variables were derived using employees’ zip code. Descriptive statistics were run
on all individual- and zip-code-level variables, stratified by diabetes risk and
worksite. A multivariable logistic regression analysis was then conducted to
determine the strongest associations with diabetes risk.
Setting: Data were collected from employee health fairs in a Midwestern health
system, 2009–2012.
Subjects: The data set contains 25 227 unique individuals across four years of data.
From this group, using an individual’s first entry into the database, 15 522
individuals had complete data for analysis.
Results: The prevalence of high diabetes risk in this population was 2·3 %. There
was significant variability in individual- and zip-code-level variables across
worksites. From the multivariable analysis, living in a zip code with higher
percentage of poverty and higher walk score was positively associated with high
diabetes risk, while living in a zip code with higher supermarket density was
associated with a reduction in high diabetes risk.
Conclusions: Our study underscores the important relationship between poverty,
home neighbourhood environment and diabetes risk, even in a relatively healthy
employed population, and suggests a role for the employer in promoting health.
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Diabetes affects more than 9 % of the US adult population,
with a prevalence that increases with age and varies by
socio-economic status, race and ethnicity, with minority
and low-income populations being disproportionately
affected(1). Another 37 % of the US adult population over
20 years of age is estimated to have pre-diabetes(2).
Diabetes has vast public health implications. In 2010,
diabetes was the seventh leading cause of death and is a
risk factor for heart disease, which continues to be the
leading cause of death(3). The vast majority of diabetes
cases in the USA are type 2 diabetes, related to obesity and
insulin resistance(4). In addition to increased mortality,
people with diabetes incur medical expenses that are
more than twice as high as people without diabetes.
Indirect costs of the disease are also high, with an esti-
mated $US 50 billion attributed to workdays lost, reduced

productivity at work, reduced productivity for those out of
work and reduced labour force participation in 2012(5).

Prevention and control of type 2 diabetes relies on healthy
lifestyle modification. Modifying diet and exercise to achieve
modest weight loss, in the range of 5–10% of body weight,
has been shown to be more effective in diabetes prevention
than medication(6). Environmental strategies are one way to
target population changes in these healthy lifestyle beha-
viours(7). Improving access to places to purchase healthy
foods, removing barriers to healthy food choice and
increasing opportunities for physical activity are nationally
recommended strategies for improving population health(8,9).
Two recent systematic reviews demonstrate associations
between the food and built environments in residential
settings and obesity and physical activity, although the
mechanism for such associations is not always clear(10,11).
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Multiple constructs for measuring the food and built
environments have been proposed to assist in developing
a consistent definition for cross-comparison(12,13). For
the food environment, community-level measures use
geo-localized data to determine density or proximity of
food stores classified as ‘healthy’ (grocery stores, produce
vendors) or ‘unhealthy’ (convenience stores, fast-food
chains)(14–16). Consumer-level measures include question-
naires, sales, nutrient or menu analyses, and validated tools,
such as the Nutrition Environment Measures Survey (NEMS),
that account for availability, price and quality of certain
food categories(15,17–19). The relationship between the food
environment, diet and obesity is complex. Perceived food
availability consistently associates with fruit/vegetable
consumption, while store audits of product availability and
geo-localized measures of store density sometimes correlate
with healthy intake(20). Overall, greater access to super-
markets and lower access to fast-food and convenience
stores is associated with lower BMI, although this is not
always mediated by a healthier diet, at least as measured by
fruit/vegetable intake, and may not always be true in rural
areas(11,21–24).

Similar to measurement complexities with the food
environment, the built environment as it relates to physical
activity has multiple components. Built environment
may be measured according to individual perceptions,
community audits, or using geographic information
systems. Components of the built environment that affect
physical activity include availability of sidewalks and bike
lanes for active transit, land-use mix and proximity to
stores and restaurants in residential neighbourhoods,
crime rates and public safety, and access to recreation
facilities and green space(25).

Finally, socio-economic status and race are important
determinants of access to healthy environments and
ultimately health outcomes. According to statistics from
the 2012 National Health Interview Survey, 13·7 % of
patients with incomes below the federal poverty level
(FPL; low-income) had diabetes, compared with 7·1% of
individuals with incomes 200 % of the FPL or above (not
low-income). Low-income individuals are half as likely as
individuals who are not low-income to report meeting
physical activity guidelines. Finally 32·1% of low-income
individuals are obese while only 26·4 % of individuals
who are not low-income are obese(1). An analysis con-
ducted in 2006 in St. Louis, MO, USA, the city from which
much our study population was derived, using a combi-
nation of food audits and geographic information system
techniques, found that lower-income census tracts and
predominantly African American census tracts were less
likely to have access to supermarkets providing options
that meet the US Department of Agriculture’s dietary
guidelines than predominantly white, high-income census
tracts(26).

Very few studies have examined the specific association
of home neighbourhood environment with diabetes risk.

Among participants in the African American Health Study
(also in St. Louis, MO, USA), poor housing conditions were
associated with self-reported diabetes, even after adjusting
for possible mediators(27). Further, a randomized trial
found that providing housing vouchers to move from a
high-poverty to a low-poverty census tract was associated
with lower prevalences of diabetes and extreme obesity
over 10–15 years of follow-up(28). In a pooled analysis of
cross-sectional studies in a German population, high
unemployment rates were associated with increased odds
of self-reported diabetes(29). Finally, a recent longitudinal
analysis of the Multi-Ethnic Study of Atherosclerosis cohort
found a lower risk for developing type 2 diabetes with
more exposure to neighbourhood healthy food resources
and physical activity environments(30).

To our knowledge, no studies have explicitly examined
associations between the home neighbourhood environ-
ment and diabetes risk in a healthy, employed population.
Our current study seeks to address this gap in the literature
by exploring the association between multiple aspects of the
home neighbourhood environment and diabetes risk among
a large sample of employees within a health-care system.

Methods

Sample
Our sample consists of employees attending on-site health
fairs in a single Midwestern health system with ten
hospitals and five administrative sites. Data were collected
at all sites at annual health fairs held during 2009–2012.
The data set contains 25 227 unique individuals across four
years of data. From this group, using an individual’s first
entry into the database for cross-sectional evaluation,
15 522 individuals had complete data on all independent
predictors for inclusion in the multivariable analysis. These
15 522 individuals comprise the study population, which
was generally representative of the full data set, although
women comprised a higher percentage of the high risk for
diabetes group in the study population.

At the health fair, individuals reported height, weight,
birth date, gender, zip code and usual workplace.
Capillary blood glucose (designated as fasting or non-
fasting), total cholesterol and HDL cholesterol (HDL-C)
were measured using the Cholestech LDX system (Alere
Home Monitoring, Livermore, CA, USA). Blood pressure
was measured using a manual sphygmomanometer
(Welch Allyn, Skaneateles Falls, NY, USA).

Variables

Individual
For glucose and cholesterol, reasonable ranges were
defined according to the limits of detection on the
Cholestech LDX system (glucose, 2·76–27·55 mmol/l
(50–500 mg/dl); total cholesterol, 2·59–12·93 mmol/l
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(100–500mg/dl); HDL-C, 0·39–2·59mmol/l (15–100mg/dl)).
For systolic blood pressure and BMI, reasonable ranges
were defined according to what could reasonably be
expected for an ambulatory patient (systolic blood
pressure, 80–250mmHg; BMI, 13–150 kg/m2). Individuals
with recorded ages from 16 to 90 years were included.
Values outside these ranges for each respective variable
were coded to missing.

Zip code/environmental
Zip code was used as a proxy for home neighbourhood.
As income and race were not available at the individual
level in this data set, we linked our data to the American
Community Survey (2008–2012) by zip code to create a
variable reflecting the percentage of the population in
the zip code that was below the FPL and the percentage of
the zip code that was African American(31,32). To reflect the
food environment within an employee’s zip code, the
density per square mile (2·59 km2) for supermarkets was
calculated using 2011 Zip Code Business Patterns by
Employee Size Class and 2010 Census Zip Code land
area(33,34). A supermarket was defined as a grocery store
with fifty or more employees as per prior research and
represented a place where individuals were likely to
have access to healthy foods and year-round produce(35).
While density of farmers’ markets, convenience stores or
fast-food restaurants could also reflect the food environ-
ment, supermarket density has been correlated with two
different global dietary measures(36). Also, of the available
zip-code-level food environment variables that could be
derived using the Zip Code Business Patterns data,
supermarket density was available for the largest number
of individuals in the data set. The Walk Score® for the
employee’s zip code was used to represent the built
environment in the home neighbourhood. The Walk Score
is an open-source measure of the built environment
available at the zip code level. A population-weighted
score from 0 to 100 (with higher scores corresponding to
more walker-friendly environments) is calculated for the
zip code, using distance to amenities, block length and
intersection density. It has been demonstrated to be a
reasonable measure of neighbourhood walkability(37).

Analysis
All analyses were conducted using the statistical software
package IBM SPSS Statistics version 21. For the purpose
of our multivariable regression analysis, the dependent
variable was high risk for diabetes. This was calculated
according to the American Diabetes Association’s defini-
tion of diabetes: fasting glucose >6·94 mmol/l (125 mg/dl)
or random glucose ≥11·11 mmol/l (200 mg/dl). We
have designated this category as high risk for diabetes,
rather than diagnosis of diabetes, as we have only single
measurements of capillary blood glucose and the
American Diabetes Association requires a repeated

measurement for confirmation. Descriptive statistics were
evaluated and bivariate analyses conducted for each
variable, stratified by diabetes risk and worksite. Variables
were evaluated for normality using the Kolmogorov–
Smirnov and Shapiro–WilkW tests and visual inspection of
histograms. None of our continuous predictor variables
were normally distributed, thus P values for comparison
between diabetes risk groups were based upon compar-
ison of mean ranks using the Mann–Whitney U test. The
χ2 statistic was used to evaluate differences between
groups on categorical variables. Differences among con-
tinuous variables by worksite were evaluated using the
Kruskal–Wallis statistic. Age, gender, BMI, non-HDL-C
(total cholesterol minus HDL-C) and systolic blood pres-
sure were included in the multivariable model as inde-
pendent predictors. Zip-code-level variables (percentage
of the zip code below the FPL, percentage of the zip code
African American, Walk Score, supermarket density) and
relevant interaction terms were then added to this model
individually to determine if their inclusion added to the
predictive value of the model for high risk of diabetes.
Standardized variables were used in the multivariable
model such that the adjusted odds ratio represents the
anticipated change in high diabetes risk with a change
of 1 SD in the independent predictor variable. Multi-
collinearity diagnostics were run on variables in the final
model to ensure that no two variables in the model were
collinear. The zip-code-level race variable was excluded
because of collinearity with the zip-code-level income
variable (variance inflation factor ~2·9 and tolerance
~0·35). A multilevel analysis was not undertaken because
workplace-level environment variables (i.e. objective
assessments of the food and built environments at the
worksite) were not available. Furthermore, as all worksites
in this sample were part of the same health system,
variability in the workplace food and built environments
was anticipated to be low.

Results

Descriptive statistics for the final population of 15 522
participants are provided in Tables 1 and 2. Table 1 con-
tains data stratified by diabetes risk and Table 2 contains
data stratified by workplace. Employees with high risk
for diabetes were significantly older (49·8 v. 40·8
years; P<0·001), with higher mean BMI (33·7 v. 28·1 kg/m2;
P< 0·001), systolic blood pressure (130·7 v. 118·3 mmHg;
P< 0·001) and non-HDL-C (3·85 v. 3·37 mmol/l (148·6 v.
130·2 mg/dl); P< 0·001) than those without high risk for
diabetes in bivariate comparisons. Employees with high
risk for diabetes also lived in zip codes with a higher
percentage of African Americans, a higher percentage of
the population below the FPL and higher Walk Score. In
fact, 43·2 % of those with high risk for diabetes lived in a
low-income zip code, defined as a zip code with ≥20 % of
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the population living below the FPL, whereas only 26·2 %
of those without high risk for diabetes lived in a low-
income zip code. There were no significant differences
between diabetes risk groups according to gender in the
study population.

Fifteen worksites were represented in this sample and
there was significant variability among worksites on many
of these variables. While significant differences were seen
among categories on all variables using the Kruskal–Wallis
omnibus comparison, differences among worksites were
most pronounced on zip-code-level variables. For exam-
ple, the mean percentage of African American population
in an employee’s zip code ranged from 0·3 to 30·7 %.
Likewise, the mean percentage of the population below
the FPL in an employee’s zip code ranged from 6·1 to
17·3 % across worksites. The percentage of a worksite’s
employee population living in a low-income zip code
ranged from 1·9 to 36·2 %. Mean Walk Score and super-
market density also ranged across worksites (mean Walk
Score, 2·3 to 42·5; mean supermarket density, 0·002 to 0·23
stores per square mile (2·59 km2)). Worksites were
predominantly female, consistent with the health-care
industry, but those sites that housed administrative and
corporate staff had a higher percentage of male
employees(38).

In our multivariable logistic regression analysis, shown in
Table 3, after adjusting for age, BMI, gender, non-HDL-C

and systolic blood pressure, living in a zip code with a
higher percentage of the population below the FPL was
independently associated with high risk for diabetes. When
included in the model individually, neither Walk Score nor
supermarket density had a significant association with
diabetes risk when adjusting for other variables; however,
when included in the model together, a higher Walk Score
was positively associated with a high risk for diabetes
while a higher supermarket density was associated with a
reduction in high risk for diabetes.

Discussion

Socio-economic factors are increasingly recognized to be
important determinants of health. In particular, in devel-
oped countries, rates of obesity are inversely associated
with socio-economic status, particularly in women(39).
Obesity increases risks for a number of chronic health
conditions including diabetes(40). Our analysis under-
scores this relationship between income and diabetes risk
and suggests a role for the home neighbourhood
environment.

Our variables reflecting the home neighbourhood food
and built environments (zip code supermarket density and
Walk Score, respectively) demonstrated small but statisti-
cally significant associations with high risk for diabetes

Table 1 Characteristics of the employee population attending Midwestern health fairs, 2009–2012, stratified by diabetes risk

Individual-level data

Age (years)† BMI (kg/m2)† SBP (mmHg)† Non-HDL-C (mmol/l)†

Mean SD Mean SD Mean SD Mean SD

High risk for diabetes (n 361) 49·8*** 10·3 33·7*** 7·8 130·7*** 18·3 3·85*** 1·24
Not high risk for diabetes (n 15 161) 40·8 12·6 28·1 6·8 118·3 15·7 3·37 1·01
Total population (n 15 522) 41·0 12·6 28·3 6·9 118·6 15·9 3·38 1·02

Zip-code-level data

African American
(%)†

Population below
FPL (%)† Walk Score®†

Supermarket density (stores per
square mile (2·59 km2))†

Mean SD Mean SD Mean SD Mean SD

High risk for diabetes (n 361) 36·3*** 34·0 18·4*** 10·6 39·4* 22·7 0·16 0·20
Not high risk for diabetes (n 15 161) 23·4 29·0 14·2 10·1 36·6 24·6 0·19 0·28
Total population (n 15 522) 23·7 29·4 14·3 10·1 36·6 24·6 0·19 0·27

Population with certain characteristics

Male (%)‡ Female (%)‡
Obese (BMI≥30 kg/m2)

(%)‡
Living in low-income

zip code (%)‡,§

High risk for diabetes (n 361) 24·4 75·6 62·9*** 43·2***
Not high risk for diabetes (n 15 161) 20·5 79·5 31·9 26·2
Total population (n 15 522) 20·6 79·4 32·6 26·6

SBP, systolic blood pressure; Non-HDL-C, non-HDL cholesterol; FPL, federal poverty level.
Mean values or percentages were significantly different between high risk and not high risk groups: *P< 0·05, ***P< 0·001.
†Comparison between high risk and not high risk groups (based on Mann–Whitney U test).
‡Comparison between high risk and not high risk groups (based on χ2 statistic).
§Low-income zip code = zip code where ≥ 20 % of the population is living below the FPL.

Environment and diabetes risk in employees 2043

https://doi.org/10.1017/S1368980015003328 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980015003328


Table 2 Characteristics of the employee population attending Midwestern health fairs, 2009–2012, stratified by worksite

Individual-level data

Age (years)† BMI (kg/m2)† SBP (mmHg)† Non-HDL-C (mmol/l)†

Mean SD Mean SD Mean SD Mean SD

Site 1 (n 370) 44·6 11·9 28·3 6·0 116·4 15·0 3·42 0·99
Site 2 (n 409) 38·4 11·6 29·7 8·9 116·9 14·0 3·29 1·04
Site 3 (n 855) 44·0 11·0 28·4 6·6 120·7 15·3 3·57 1·02
Site 4 (n 404) 38·7 11·7 28·3 6·5 115·5 14·9 3·27 1·02
Site 5 (n 6126) 40·4 12·6 28·3 7·0 119·3 16·2 3·37 1·05
Site 6 (n 549) 43·3 12·3 27·7 6·1 117·5 14·7 3·43 0·99
Site 7 (n 359) 44·4 12·4 27·4 6·2 118·0 15·4 3·37 0·98
Site 8 (n 1448) 40·5 14·0 28·8 6·7 118·7 15·6 3·39 0·98
Site 9 (n 75) 42·8 12·1 28·2 7·5 115·8 15·0 3·21 0·97
Site 10 (n 353) 46·8 10·4 29·7 7·5 120·0 16·2 3·48 1·00
Site 11 (n 179) 41·2 11·9 28·8 7·0 116·1 12·8 3·36 1·07
Site 12 (n 1801) 42·1 12·4 28·1 6·6 118·9 16·0 3·44 0·99
Site 13 (n 188) 42·9 13·5 28·7 6·1 116·5 15·3 3·57 0·97
Site 14 (n 155) 42·1 11·0 28·3 6·7 115·6 14·5 3·49 0·89
Site 15 (n 2251) 38·8 12·3 27·6 6·8 117·8 16·2 3·27 0·98

Zip-code-level data

African American (%)† Population below FPL (%)† Walk Score®†
Supermarket density (stores
per square mile (2·59 km2))†

Mean SD Mean SD Mean SD Mean SD

Site 1 (n 370) 8·2 12·0 13·4 4·8 17·9 23·4 0·04 0·06
Site 2 (n 409) 26·0 30·0 15·5 9·8 37·0 24·2 0·18 0·25
Site 3 (n 855) 18·1 24·7 11·7 9·0 36·7 23·5 0·19 0·26
Site 4 (n 404) 15·8 22·3 12·0 7·6 29·2 23·5 0·15 0·24
Site 5 (n 6126) 30·3 32·2 16·6 11·1 42·5 23·5 0·22 0·31
Site 6 (n 549) 6·9 11·8 6·8 5·4 25·7 25·1 0·09 0·10
Site 7 (n 359) 17·4 25·2 10·8 8·6 31·6 22·9 0·16 0·18
Site 8 (n 1448) 30·7 37·8 14·8 8·7 32·9 23·2 0·14 0·17
Site 9 (n 75) 19·2 24·0 12·0 8·2 35·8 22·0 0·16 0·19
Site 10 (n 353) 19·9 26·7 14·1 9·0 29·6 24·5 0·15 0·25
Site 11 (n 179) 0·3 0·7 17·3 3·7 2·3 5·1 0·00 0·00
Site 12 (n 1801) 16·0 24·9 10·8 8·4 32·9 22·6 0·17 0·21
Site 13 (n 188) 3·6 3·2 16·5 4·7 4·1 5·7 0·01 0·04
Site 14 (n 155) 6·3 9·6 6·1 4·3 22·4 21·5 0·10 0·09
Site 15 (n 2251) 23·7 28·5 14·6 10·6 41·3 24·0 0·23 0·33

Workplace population with certain characteristics

Male
(%)‡

Female
(%)‡

Obese (BMI≥30 kg/m2)
(%)‡

High risk for
diabetes (%)§

Living in low-income
zip code (%)‡,||

Site 1 (n 370) 13·5 86·5 32·7 1·6 1·9
Site 2 (n 409) 19·3 80·7 37·9 3·2 30·8
Site 3 (n 855) 41·5 58·5 31·6 3·6 17·7
Site 4 (n 404) 10·6 89·4 31·7 2·5 13·6
Site 5 (n 6126) 23·9 76·1 33·0 2·4 36·2
Site 6 (n 549) 12·0 88·0 28·4 2·0 4·4
Site 7 (n 359) 18·1 81·9 28·7 2·8 16·2
Site 8 (n 1448) 19·1 80·9 37·1 2·8 25·3
Site 9 (n 75) 9·3 90·7 29·3 0·0 17·3
Site 10 (n 353) 14·7 85·3 42·2 2·3 25·2
Site 11 (n 179) 14·5 85·5 36·3 1·7 27·4
Site 12 (n 1801) 16·3 83·7 31·3 1·6 15·3
Site 13 (n 188) 16·5 83·5 34·6 2·7 28·2
Site 14 (n 155) 16·8 83·2 32·9 3·2 3·9
Site 15 (n 2251) 16·1 83·9 29·5 1·8 27·9

SBP, systolic blood pressure; non-HDL-C, non-HDL Cholesterol; FPL, federal poverty level.
Highest and lowest values for each variable are indicated in bold.
†Statistical test for differences across worksites: Kruskal–Wallis omnibus comparison P< 0.001.
‡Statistical test for differences across worksites (except high risk for diabetes): χ2 statistic P< 0·001.
§Unable to run χ2 statistic across sites for high risk for diabetes because number of cases is less than five at sites 9, 11 and 14.
||Low-income zip code = zip code where ≥ 20 % of the population is living below the FPL.
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when examined together. Although we hypothesized that
living in a zip code with a higher Walk Score (representing
a neighbourhood where it would be easier to be physi-
cally active) would be associated with a reduction in high
diabetes risk, we found that there was actually a positive
association between Walk Score and high diabetes risk.
This is possibly because areas that have a higher Walk
Score tend to be urban areas and there may be other
factors associated with urban living and diabetes risk that
were not captured in the analysis(41). The Walk Score
represents proximity to many amenities, and these may
include restaurants, convenience stores and small grocery
stores with unhealthy foods. Of note, an interaction term
between Walk Score and supermarket density was not
statistically significant and did not add to the explanatory
power of the model. Also, simply living in a walker-
friendly neighbourhood does not automatically translate
into increased physical activity that could lower obesity
and diabetes risk. Living in a zip code with a higher
supermarket density did appear to be associated with a
reduction in high diabetes risk, similar to past research
findings on the impact of community food access on
obesity and cardiometabolic risk(42,43). While super-
markets contain many unhealthy foods, they are also likely
to have a wider variety and selection of healthy foods than

convenience stores or small grocery stores. Access to
healthy foods is necessary for health, but the magnitude
of this association may be affected by actual purchasing
and consumption behaviours not measured in the
present study.

Limitations
Our study has a number of limitations. First, our data
represent a relatively healthy, employed, predominantly
female population that was motivated to come to an
employee health screening fair in exchange for eligibility
for the lowest-premium health plan. Hence, results may
not generalize to the population as a whole. The rate of
high risk for diabetes in this population (2·3%) is much
lower than the US population rate of diabetes (>9%),
likely because our population represents a healthier group
of individuals. Importantly, even in this healthy, employed
population, living in areas with higher poverty is asso-
ciated with high risk for diabetes. Further, we found that
Walk Score and supermarket density affect diabetes risk in
our model even in this healthy, employed population. It is
possible that these effects would be even larger in the
general population. Second, while our final study popu-
lation is large, the population for which we have complete
data comprises only about 60 % of the people on whom
any data were collected over this time frame. This may
again affect the generalizability of our results. We also did
not have individual-level data on race or ethnicity. This
was an administrative decision made by the team con-
ducting the health fairs to encourage participation, but it is
an important variable in diabetes risk that we were unable
to include in our analysis. We attempted to describe race
within the communities in which our employees lived at
the zip code level, but within our population this corre-
lated strongly with poverty levels in those communities
and both variables could not be used in the multivariable
model together.

Our home environment variables were constructed at
the zip code level because information in our de-identified
database included employees’ zip code rather than com-
plete address. The clinical data collected for diabetes risk
included only a random blood sugar, designated as fasting
or non-fasting. Given that there are point-of-care devices
that measure glycated Hb (HbA1C), an average of blood
sugars over three months and definitions of diabetes
according to HbA1C, measurement of this outcome in the
future may give a richer assessment of diabetes in the
population. Also, height and weight in the current data set
are self-reported but could be reasonably easily measured.
Finally, zip code has been used as a neighbourhood proxy
in prior studies, but is limited in that it is not as specific as
census tract and is a somewhat arbitrary designation based
on mail routes. For example, there may be areas within zip
codes that have better access to supermarkets, are safer
and more walkable, and have higher-income households

Table 3 Multivariable logistic regression: association between
individual- and zip-code-level predictors and high diabetes risk
among an employee population attending Midwestern health fairs,
2009–2012

High diabetes risk

AOR 95 % CI

Individual-level predictors
Age (years)† 1·85 1·64, 2·10
Female gender‡ 0·87 0·68, 1·12
BMI (kg/m2)† 1·58 1·44, 1·72
SBP (mmHg)† 1·29 1·17, 1·42
Non-HDL-C (mmol/l)† 1·24 1·13, 1·37

Zip-code-level predictors
Population below FPL (%)†,§ 1·25 1·14, 1·38
Walk Score®† 1·19 1·04, 1·37
Supermarket density

(stores per square mile (2·59 km2))†
0·84 0·71, 0·99

Model summary
Nagelkerke R2 0·14
C statistic 0·80
95 % CI 0·78, 0·82
Hosmer and Lemeshow test
χ2 10·44
df 8
P value 0·24

AOR, adjusted odds ratio; SBP, systolic blood pressure; Non-HDL-C,
non-HDL cholesterol; FPL, federal poverty level.
†All continuous explanatory variables in the model are standardized such
that the odds ratio represents the effect of a 1 SD change in the independent
variable on the likelihood of high diabetes risk.
‡The gender variable compares females with the reference category
(males).
§The zip-code-level race variable (percentage African American) was
excluded from the multivariable analysis because of significant collinearity
with percentage below the FPL.
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than other areas, and this variability and level of detail
would not be reflected in the zip code average.

Future directions and the role of the employer
Since this was an employee population, our analysis raises
important questions surrounding the role of the employer
in addressing health. One important role highlighted by
the present study is in screening for disease through health
fairs. To maximize the impact of this activity for research
and intervention, data should be collected in a compre-
hensive, systematic way. This includes collecting clinical
data such as the measurement of HbA1C, height and
weight as well as other relevant information such as job
title, shift work, education level, income range, race, eth-
nicity, medical and family history, medications, health
behaviour information on exercise, diet, smoking and
alcohol use, and utilization of primary care. Employees
who are identified as high risk should then be directed to
primary care and workplace wellness programmes.

When we examined characteristics of employees at
different worksites within the health-care system, we
found a substantial degree of variability, particularly in
the percentage of employees at each worksite living in
low-income areas. Given that living in areas with higher
poverty rates is positively associated with high risk for
diabetes in our sample, our findings support a role for
the employer as a resource for promoting health and
addressing disparities. For low-income employees,
employers can increase resources at work to reduce
health risks.

Worksite wellness programmes addressing education,
behaviour change, and the food or built environment are a
priority in the Guide to Community Preventive Services and
the Affordable Care Act, as a meta-analysis of randomized
controlled trials demonstrated modest weight loss and
BMI reduction with these programmes (1·4 kg (3 lb) and
0·5 kg/m2 over 6–12 months)(44–46). Emerging evidence
suggests that employers may find return on investment for
their wellness programmes in terms of reduced medical and
absenteeism costs(47). However, there is very little literature
focusing on how workplace wellness programmes specifi-
cally address the needs of low-income workers(48,49).
Strategies to reach this population may be different and, in
order to foster participation, programmes should use a
participatory approach to engage employees early in
designing and implementing programmes that best address
the needs of these workers(50–52).

Finally, the present study explored the relationship
between diabetes risk and home environment in an
employee population, but workplaces have the opportunity
to create food and built environments that promote
employee health as well. For example, in an environmental
intervention within a healthcare workplace, nutritional
labelling and altered product placement both reduced
unhealthy item purchases, with intervention effects that

were similar across race/ethnicity and job type and
sustained over 2 years(53–55). Short-term randomized envir-
onmental interventions have also resulted in significant
increases in fruit, vegetable and fibre consumption and
decreases in fat and sweets consumption among interven-
tion employees(56–58). Potential built environment supports
include incentives for choosing to use stairwells instead of
elevators, facilities that allow for active transportation to
work, safe and walkable grounds, and flexible scheduling
allowing employees time for exercise during the
workday(59).

There is significant need for future research on home
and work environments and related disease risk. In regard
to assessing the food and built environments in both the
home and workplace, more detailed information could be
obtained on a subset of the population reflecting the actual
availability and price of foods in their local supermarkets,
as well as their food purchasing behaviours at home and at
work. Likewise, actual activity could be monitored using
accelerometer devices. There is also a need for more
detailed metrics to measure food and built environments
in the workplace. This would allow investigation of how
workplace environments modify the effect of home
environments on diabetes risk. Finally, future work in this
area should define best practices and areas for improve-
ment such that interventions to address diabetes risk and
health in the home and work environments may be
targeted and implemented effectively.
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