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transportation and accessibility, characteristics of 
building and streetscape, land use, spatial layouts and 
configuration) could increase or inhibit these diseases 
through their effect on physical activity, diet, air pol-
lution, blood pressure, and obesity. However, there 
are study shortages, contradictions, and ambiguities 
in these relationships which are mainly due to meth-
odological and conceptual challenges. As a result, 
more in-depth research is needed to achieve solid and 
consistent results that could be made into clear guide-
lines for planning and designing healthier cities.
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Urban form · Healthy city · Review

Introduction

While in this century, non-communicable diseases 
(NCDs) are the main cause of death around the world, 
the environment, especially the built environment, is 
increasingly being recognized as a key factor in pro-
motion of health and prevention of these diseases 
[1, 2]. Each year, NCDs cause 41 million out of the 
57 million deaths in the world (more than 70%), of 
which 15 million are early deaths [3]. These diseases 
are a big challenge to public health and may affect 
different aspects of one’s health [4]. More than 80% 
of the mortality of NCDs is caused by cardiovascu-
lar diseases (46%), cancer (22%), chronic respira-
tory diseases (11%), and diabetes (4%). The World 
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Health Organization (WHO) has recognized physical 
inactivity, tobacco use, unhealthy diet, and harmful 
use of alcohol as the main risk factors of these dis-
eases [3] and added air pollution to its list in 2018 
[5]. These factors contribute to the diseases through 
major metabolic/physiological changes in the body 
such as raised blood pressure, increased weight/obe-
sity, and increased blood glucose and lipids [3]. Some 
of these factors are beyond an individual’s control 
and affected by the policies of urban planning and 
design which, if regulated during the design, devel-
opment, and management of the built environment of 
everyday life, may decrease health risks, NCD rates, 
and health inequities [6, 7]. Evidence shows that the 
urban environment may enhance the physical and 
mental health of the society through their direct and 
indirect effects on behaviors and activities, air quality, 
access to healthy water and nutrition, accidents, inju-
ries, and social capital [1, 8–10]; therefore, by putting 
the issue of health at the heart of the new agenda of 
world cities, WHO has emphasized the importance 
urban management and planning as key determi-
nants of health justice [11]. In line with this, urban 
form is regarded as an important concept in urban 
planning and design which influences the patterns of 
use, movement, activity, and recreation among citi-
zens. Urban form refers to a number of physical and 
non-physical features of the city such as size, shape, 
scale, density, land use, building type, arrangement 
of urban blocks, and distribution of green space [12]. 
This notion can be studied on different geographi-
cal scales like region, city, neighborhood, block, and 
street, and scale is central to its understanding, for-
mulation, measurement, and analysis [13]. In general, 
the urban form consists of five main elements, i.e. 
density, transportation infrastructure and accessibil-
ity, land use, building/housing type, and layout [12]. 
Understanding how the components of urban form 
can affect NCDs provides evidence to support inter-
ventions that would improve public health outcomes.

So far, several review studies have associated some 
elements of urban form with health, but mostly with 
respect to one or two risk factors [14–17], especially 
physical activity and obesity [18–20], and limited 
to a certain geographical region [21–23]. However, 
none of them has explicitly established a correlation 
between the elements of urban form and a specific 
set of NCDs as well as their risk factors apart from 
a certain geographical context. Due to the significant 

role of urban environments in people’s health and the 
complicated nature of these environments, treating the 
burden of these diseases and health inequities in cit-
ies entails analysis of the role of different dimensions 
of urban design and planning, including the urban 
form and structure. This could help decision-makers, 
planners, urban designers, and health-care experts to 
understand the factors at work, perform better, and 
create healthy places. Therefore, the present study pro-
vides a systematic review of the literature to synthe-
size evidence from research findings about the associ-
ation between the elements of urban form and the four 
major NCDs as well as their risk factors. This way the 
diseases and risk factors with the strongest relation-
ship to urban form could be identified and examined 
with the aim of addressing the challenges and short-
comings in research and informing the agenda of the 
theory and practice of planning healthy cities.

Method

Search Strategy

We performed a systematic review of the litera-
ture on the effects of urban form on major NCDs as 
well as their risk factors. This search was performed 
in November 2020 without applying any time limit. 
Given the wide scope of research in medical science 
and urban planning, PubMed (a respected database 
in medical science) and Scopus were used as the 
databases of the research. The following terms were 
searched for in the keywords of Scopus articles and 
in the title and abstract of PubMed articles: “urban 
form” or “urban morphology” AND “health” or 
“disease” or “morbidity” or “heart” or “cardiovascu-
lar” or “cancer” or “respiratory” or “obstructive pul-
monary” or “diabetes” or “risk factors” or “diet” or 
“food” or “tobacco” or “alcohol” or “air pollution” 
or “physical activity” or “overweight” or “obesity” 
or “body mass index” or “blood pressure” or “blood 
glucose” or “blood lipid” or “cholesterol” (Table S1). 
The search was limited to scientific journal articles in 
published in English.

Study Selection

The initial search resulted in 256 articles, includ-
ing 123 articles from Scopus and 133 articles from 
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PubMed. A step-by-step method was performed to 
identify the relevant studies. In the first step, dupli-
cate articles (n = 35) were removed using the EndNote 
software. Then, two independent reviewer checked 
titles and abstracts of all articles to exclude irrelevant 
items. In case of disagreement, they screened full-text 
and discussed to reach agreement. If necessary and in 
case of disagreement between those two reviewers, 
the third individual decides to make the final deci-
sion. Next, two reviewers independently screened 
full-text articles for final inclusion. Again, in case 
of disagreement, the third reviewer decides to make 
the final decision. The flow of documents through the 
review is shown in the PRISMA diagram (Fig.  1). 
The inclusion criteria were as follows:

•	 The article must address one or more elements of 
urban form as independent variables. Those arti-
cles that only address the natural environment, 
socioeconomic environment, or any other compo-
nent of the built environment in isolation should 
be removed.

•	 The article should consider one or more variables 
related to major NCDs as dependent variables. 
These variables include the morbidity and mor-
tality rates of the diseases, their main risk factors 
(air pollution, physical activity, smoking, alcohol 
consumption, and diet), and key metabolic symp-

toms (obesity, being overweight, body mass index 
(BMI), blood pressure, and blood glucose and 
lipids). The studies concerning mental or commu-
nicable diseases should be removed from the list.

•	 The study should address an urban area. Articles 
about rural areas or those which compare urban 
and rural areas should be removed.

•	 Studies that focus on the participants’ workplace 
or those which address the scale of architecture 
and indoor spaces should be removed.

•	 Studies of animal subjects should be removed.
•	 Studies whose statistical population are from 

defined clinical subgroups (e.g., those with diabe-
tes, heart stroke) should be removed.

•	 Modeling/simulation studies should be removed, 
as they would not be independent sources of evi-
dence.

•	 Protocol studies, studies of legal issues, and stud-
ies that introduce guidelines or instructions should 
be removed.

•	 Review, opinion, and commentary articles should 
be removed.

•	 Studies published in languages other than English 
should be removed.

Finally, here is no limitation concerning geo-
graphical context and date of publication. Reasons for 

Fig. 1   Flow diagram of the 
study selection process, fol-
lowing PRISMA reporting 
style [24]
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excluding studies based on full-text review are shown 
in Table S2.

Data Extraction and Synthesis

Selected articles were closely studied and data extrac-
tion started. For this step and in order to classify 
data, a data extraction form based on previous stud-
ies [15, 21, 22] was designed in Microsoft Excel. The 
data include publication date, country of study, geo-
graphical scale of the study of urban form, research 
design and methodology (type of study design and 
measurement of urban form variables), dependent 
and independent variables (NCD-related variables, 
and criteria and indices of urban form), and findings 
of the relationships among variables (positive, nega-
tive, contradictory, or lack of relationship). Also, the 
criteria and indices of urban form defined in the arti-
cles were extracted and categorized according to five 
main elements of urban form (density, transporta-
tion and accessibility, characteristics of building and 
streetscape, land use, spatial layouts and configura-
tion). The frequency of data and their relationships 
were analyzed based on distinguished categories. 
These include five elements of urban form and three 
categories of main NCD-related variables (i.e., pres-
ence of NCD, metabolic issues, and risk factors). In 
order to clarify the association between the elements 
of urban form and NCD-related variables, the find-
ings were classified in four types: positive, negative, 
contradictory, and lack of relationship.

Results

Study Characteristics

This review incorporates 77 articles (Table  S3). 
About 43% of the articles (n = 33) were published in 
2016–2020 and no article before 2002 was qualified 
for inclusion. Forty-one percent of selected articles 
have been conducted in the United State, followed by 
Canada (17%), China (16%), and Australia (5%). The 
majority of studies (about 67%) examine the elements 
of urban form on neighborhood scale, in buffers of 
500–2000  m around residential areas and census 
blocks and districts. Thirty-one percent (n = 24) of 
the articles address a macroscale (city, region, county, 
suburban). Stockton and colleagues simultaneously 

study macroscale and microscales of the urban form 
[25]. There are also differences in the measurement 
of environment and study design. Most of the studies 
(89%) are cross-sectional and only 7% are longitudi-
nal. Furthermore, two studies enjoy both cross-sec-
tional and longitudinal designs [26, 27]. For meas-
uring the environment, the most common method is 
the objective measurement through using tools such 
as Geographic Information System (GIS) dependent 
on the existing spatial data, systematic observation, 
and modeling software (86%). Only two of the studies 
quantify the perceived environment and its effect on 
physical activity through a questionnaire [28, 29]. In 
addition, about 12% of the studies used both objective 
and subjective methods to measure the elements of 
urban form. Characteristics of the 77 studies reviewed 
are shown in Table 1.

Criteria and Indices of Urban Form in Relation to the 
Variables of Major NCDs

In the “Introduction” section, we named the five main 
elements of urban form (density, land use, transporta-
tion and accessibility, building/housing type, and spa-
tial layout). Given the planning and physical design 
of urban spaces, each element has a set of criteria and 
indices [12]. The criteria and indices of urban form 
related to major NCDs and their risk factors were 
extracted from the 77 articles and categorized with 
slight modifications according to our fivefold classi-
fication of urban form elements. The categorization is 
shown in Table 2.

NCDs Variables Related to Urban Form

Table 3 shows the number of studies addressing any 
one of the urban form elements in relation to NCDs 
based on the variables in three main groups of health 
components (i.e., Presence of NCD, metabolic issues, 
and risk factors). As can be seen in the table, physi-
cal inactivity (n = 38) and air pollution (n = 20) were 
the exposure categories most frequently published 
with regard to urban form. In the category of meta-
bolic issues, most studies focus on overweightness 
and obesity (n = 15). Also, the relationship of one or 
more major NCDs and their mortality rate to urban 
form was the topic of 9 articles. There was no study 
about tobacco use, harmful use of alcohol, and raised 
blood glucose and lipids.
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The Association Between the Elements of Urban 
Form and NCD‑Related Variables

How the relationship between the elements of urban 
form and NCD-related variables extracted from the 
literature’s findings, and classified in four types (posi-
tive, negative, contradictory, and lack of relationship) 
(Table 4). The results for each element of urban form 
present below.

Density

Density has been studied in 49 articles according 
to five criteria (population density, floor area ratio 
(FAR), residential density, site coverage ratio, and 
construction volume density). The results mostly 
associate increased density with reduced physical 
activity [30–33], obesity [34–36], cardiovascular 
diseases [37, 38], cancer, and diabetes [39]. By con-
trast, studies about air pollution and chronic respira-
tory diseases confirm a direct relationship between 
densities with air pollution, which will increase the 
rate of respiratory diseases [40–42]. Moreover, two 
studies have found a positive relationship between 

unhealthy diet and population density residential 
density due to the increase in the number of fast-
food stores and retail stores [43, 44]. In other words, 
density has a differential effect on health. For exam-
ple, a study has concluded that high-walkability 
neighborhoods with high residential density may 
contribute to lower mortality due to cardiovascular 
diseases by promoting physical activity whereas 
they suffer from more air pollution [45].

Other studies offer different and sometimes con-
tradictory results about the relationship between the 
criteria of density and their consequences for urban 
health. This may be explained by various reasons such 
as the varying effect of the environment on different 
air pollutants [46–48], differences in the concept and 
effect of density on different geographical scales and 
buffers [36, 49], and different effects of density on 
different aspects of physical activity [50, 51].

Land Use

The relationship of this element of urban form with 
NCD-related variables has been addressed in 51 stud-
ies. The majority of these studies indicate that higher 

Table 1   Characteristics of the 77 studies reviewed

Item Category Number of studies Percent

Year of publication Before 2006 8 10.4
2006–2010 9 11.7
2011–2015 27 35.1
2016–2020 33 42.8

Country of study USA 32 41.5
China 12 15.6
Canada 13 16.9
Australia 4 5.2
Other country 13 16.9
Multiple countries 3 3.9

Geographical scope Macro scale (county, suburban, city, region) 24 31.2
Micro scale (neighborhood, different residential buff-

ers, census blocks and districts)
52 67.5

Micro and macro scale 1 1.3
Study design Cross-sectional 69 89.6

Longitudinal 6 7.8
Cross-sectional and longitudinal 2 2.6

Built environment measurement Objective 66 85.7
Subjective 2 2.6
Subjective and objective 9 11.7
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Table 2   Elements, criteria, and indices of urban form related to the variables of major NCDs

Elements of urban form Criteria Measurement and index

Density Population density Number of persons, households per hectare 
of the total area

Floor area ratio (FAR) The ratio of a buildings total gross floor 
area to its site area

Net/gross residential density Number of dwelling units per acre or hec-
tare of net residential area/gross residen-
tial area

Site coverage ratio The ratio of the building footprint area to its 
site area

Construction volume density The area ratio of the volume of all construc-
tion sites

Land use Non-residential land use Number/density of commercial and retail 
land use

Number/density of community buildings
Number/density of office land use

Leisure and recreational land use Number/density of leisure and recreational 
land use and facility

Proximity to recreational facilities
Green space and water area Number/density of green space (forest, park, 

square, etc.)
Vegetation fragmentation
Distance to nearest park
Water area density

Food environment Number/density of grocery stores, coffee 
shops, food stores, fast food stores, etc

Land use mix and diversity Entropy index
Weighted average walk score

Characteristics of building and streetscape Housing type Predominant housing (flats, apartments, 
detached housing, etc.)

Building height Average height
Height difference/building variance

Building age The median year that building was built
Visibility of the street from surrounding 

houses
Proportion of houses with windows facing 

street
Aesthetic characteristics Presence of a landmark building, tree, street 

light, attractive natural sites, etc
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Table 2   (continued)

Elements of urban form Criteria Measurement and index

Accessibility and transport infrastructure Public transport infrastructure Number of public transportation stations 
and facilities

Distance to transit

Rail and non-rail transit route-kilometers 
per buffer

Private transport infrastructure Road length density/road area density

Street width

Number of parking lots

Number of gas stations

Pedestrian/cycling infrastructure Density and length of sidewalk/pathway/
cycleway/underpasses etc

Width of sidewalk/pathway/cycleway, etc

Minor road/low speed road density

Road management One-way systems, presence of traffic signs, 
crossovers, speed bumps, etc

Accessibility to destination and journey 
time

Distance to coast/school/recreational desti-
nations/home, etc

Distance between two main urban spaces

Street connectivity Intersection density

Average block size/block length

Number of cul-de-sacs

Percent of 4 or more intersections
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proportions of non-residential uses (commercial, 
community, etc.), recreational land uses, green space 
and water area, and food environment as well as land 
use mix and diversity is associated with increased 
physical activity [28, 52–58] and reduction in obe-
sity [35, 59, 60] and other major NCDs [39, 61, 62]. 
As with diet, several studies have associated it with 
access to healthy and unhealthy environments and 
land use mix independently or along with other walk-
ability indices [43, 50, 63]. In general, land use mix 
has shown a positive and synergistic effect on dif-
ferent health variables (particularly physical activ-
ity). However, a number of studies have discovered 
unexpected, inconsistent relationships or found no 

relationship at all among these variables. For exam-
ple, Luan et al. associate increased air pollution with 
higher density of green areas and lower density of 
water areas; also, they associate dispersion of green 
areas with the concentration of air pollutants in a 
500 m buffer whereas this association does not exist 
for 1000  m and 2000  m buffers [64]. It seems that 
these differing results are due to differences in the 
geographical scales and buffers under study, con-
sidering statistical samples of a specific age [65], 
the effects of geographical context and its specific 
attributes [66–68], lack of correspondence between 
objective and self-reported measures of built envi-
ronment [69], varying effects on the different aspects 

Table 2   (continued)

Elements of urban form Criteria Measurement and index

Spatial layouts and configuration Overall shape Area size

Shape and geometry (ratio of minor to 
major axis of ellipse representing city 
shape, sharp-edged, round city model)

Urban elongation ratio (dividing the radius 
of the minimum bounding circle by the 
radius of the maximal inscribed circle)

Complexity and irregularity of shape Fractal Dimension Index (Perimeter-area 
ratio)

Area-weighted mean fractal dimension 
index

Landscape shape index

Urban fragmentation Openness index/spatial closure ratio

Density and number of patches

Mean patch area

Landscape division index/splitting index

Edge density

Urban contiguity

Urban sprawl Aggregation Index (the average distance 
between any two nearest neighboring 
urban patches)

Sprawl index

Centeredness

Proximity index

Space syntax indexes Connectivity, accessibility and permeability

Depth

Integration
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of physical activity [51, 70] and different air pollut-
ants [48]. Also, each of the criteria of land use and its 
indices can bring about different consequences for the 
variables of health. For example, Gao et al. show that 
air pollution is positively correlated with commercial 
land uses while it has a negative relationship with 
green space [71].

Characteristics of Building and Streetscape

This element of urban form has been less studied 
than other elements (n = 17). According to the liter-
ature, increased visibility of the street (influence on 
security) and aesthetic features (street lighting, trees, 
landmark buildings, etc.) are major factors in improv-
ing health due to their effect on physical activity [29, 
52, 72, 73], blood pressure, obesity, cardiovascular 
diseases, and diabetes [61, 65, 74]. Also, decreased 
height difference and average building height on 
the scale of neighborhoods is associated with lower 
air pollution [64], although a study has resulted in a 
non-linear relationship between height and air pollut-
ant [71]. As to the age and type of buildings, there 
have been heterogeneous results concerning its asso-
ciation with physical activity [75, 76], cardiovascular 
diseases [38], and chronic respiratory diseases [41], 
which may be due to the lack of moderation of effec-
tive factors and differences in statistical population. A 

number of studies deny the relationship of aesthetic 
characteristics and visibility of the street to physical 
activity owing to the subjective measurement of the 
environment and the influence of other social and 
psychological factors [69, 77].

Transportation and Accessibility

As another element of urban form, transportation and 
accessibility have been addressed in 59 articles, most 
of which have indicated that enhancement of the infra-
structure of public transportation, walking and cycling, 
accessibility of destinations and streets (density of 
intersections and block size), and road management 
can significantly contribute to the prevention of major 
NCDs as well as their risk factors [37], particularly 
physical inactivity [78–83] and obesity [59, 60, 84]. 
Concerning the infrastructure of private transporta-
tion, higher density of length and area of main streets 
and facilities for private transportation (parking and gas 
station) contribute to the use of private cars and find 
a positive association with air pollution [40, 64, 85], 
unhealthy diet [86], cardiovascular diseases [87], and 
respiratory diseases [41]. However, a number of stud-
ies have achieved contradictory or unexpected results or 
discovered no relationship at all between some of the 
criteria of this element and health risks. One reason for 
this is the varying effects of this element on different 

Table 3   Number of studies about the relevance of urban form and NCD-related variables

Elements of urban form Density Land use Accessibility 
and transport 
infrastructure

Building and 
street character-
istics

Spatial layouts 
and configura-
tion

Total number of 
unique publica-
tionsNCD-related variables

Risk factors Air pollution 14 7 10 2 16 20
Physical inactiv-

ity
22 29 32 11 4 38

Unhealthy diet 3 4 4 1 0 6
Metabolic out-

comes
Raised blood 

pressure
2 2 2 0 2 2

Overweight/
obesity

10 12 12 2 3 15

Diseases Cardiovascular 
disease

7 8 6 0 6 9

Diabetes 2 3 2 0 2 3
Cancer 2 2 1 0 1 3
Chronic respira-

tory disease
4 4 3 1 3 4

Total number of unique publications 49 51 59 17 27
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physical activities. For example, Kaplan et al. mention 
the inconsistent role of some variables on two types of 
active travel (walking and cycling) and associate higher 
public transportation stations with increased walking 
but decreased cycling [88]. Other reasons to explain 
this inconsistency in results include differences in geo-
graphical scales and buffers [71], differences in statis-
tical population and research methods [26, 89], differ-
ent geographical contexts [66, 67, 87], and the effect of 
mediating factors [90, 91].

Spatial Layout and Configuration

Spatial layout and configuration are other elements of 
urban form which has been investigated in 27 stud-
ies, particularly in relation to air pollution. Most stud-
ies confirm the positive relationship of air pollution 
to the area size, complexity and irregularity of the 
city’s shape, urban fragmentation, and urban sprawl 
[92–97]. There are also different and inconsistent 
results which may be explained by differences in the 
geographical context and other environmental, eco-
nomic, and social factors of sites [98, 99], the city’s 
size and the geographical scale in question [100], and 
difference in research and analysis methods [46]. For 
example, in a longitudinal study in China, Zhou et al. 
confirm a negative relationship between city size and 
air pollution and state that, in contrast to European 
and American cities, urban development in China 
has made use of clean energies and contributed to the 
reduction of air pollution [99]. Conversely, Liu et al. 
have studied cities with different sizes in different 
seasons and obtained inconsistent results about this 
relationship [100].

Concerning physical activity, this element of urban 
form has only been studied in terms of space syntax 
indexes [61, 65, 101, 102], and one article, in terms 
of urban sprawl [36].

Discussion and Conclusion

This study systematically investigated the relation-
ship between urban form and major NCDs which are 
the main cause of mortality in the current century. 
The aim was to identify the health benefits and risks 
of planning and designing the different elements of 
urban form. For this purpose, after studying 77 sci-
entific articles and then extracting the criteria and 

indices of urban form that affect NCDs and their risk 
factors, their relationships, as well as the shortcom-
ings of research in this field, were studied. The find-
ings of this study are indicative of a significant rela-
tionship between the elements of urban form and the 
risk factors as well as the morbidity rate of NCDs. 
These findings conform to previous studies which 
associated urban form with physical inactivity [19, 
103], obesity [20], hypertension, diabetes [14, 15], 
cardiovascular diseases [16, 104], and other aspects 
of physical health [21, 23, 105].

Concerning research into relationship of the ele-
ments of urban form to three main groups of NCDs 
components (i.e. major NCDs, metabolic issues, 
and risk factors), the issue of physical inactivity on 
the microscale and the issue of air pollution on the 
macroscale were the most recurrent topics in the 
reviewed articles. Following these two factors, obe-
sity (among the metabolic issues) and cardiovascular 
diseases (among the four major NCDs) were the most 
frequently published topics identified with regard 
to urban form. This point clarifies the influence of 
physical activity and air pollution on the built envi-
ronment and related diseases and other risk factors 
investigated in those researches. The predominance of 
these two subjects could be contextual. For instance, 
most of the studies reviewed have been done in devel-
oped countries specifically in the USA. Therefore, the 
prevalence could be the result of the challenges of 
those geographic areas.

Considering a set of variables and the synthetic 
approach of this study, and based on the relationships 
among risk factors, metabolic changes, and NCDs, 
we developed a framework for gaining a more com-
prehensive understanding of the complicated rela-
tionships between health and the built environment 
(Fig.  2). According to this framework, the quality 
and quantity of the elements of urban form (includ-
ing density, transportation and accessibility, char-
acteristics of building and streetscape, land use, and 
spatial layout and configuration) affect the three main 
risk factors (amount and duration of physical activity, 
access to and consumption of healthy food, emission 
and concentration of air pollutants) and are associated 
with the metabolic issues of citizens (raised blood 
pressure, obesity, and overweightness) as well as 
with preventing or increasing the morbidity of major 
NCDs including cardiovascular diseases, chronic 
respiratory diseases, diabetes, and cancer. As with 
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physical activity, different factors of urban form and 
the environment of everyday life, particularly upgrade 
of public transportation, walking, and cycling infra-
structures, higher density of intersections, easier 
access to destinations, green space, increased land 
uses mix, continuity of the city, and higher density 
of population and housing, can encourage citizens to 

perform physical activity, which in turn contributes to 
the prevention of obesity and high blood pressure that 
are two major factors in cardiovascular diseases and 
diabetes. This supports other work like Giles-Corti 
et al. in the Lancet, 2016 [7]. In addition, the major-
ity of studies have focused on the relation between 
air pollution and spatial configuration and density on 

Fig. 2   Framework of association between urban form and non-communicable diseases
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the city scale, associating urban sprawl, complexity 
and irregularity of the city’s shape, population den-
sity, green space, density of streets, and height differ-
ences in blocks and streets with factors such as traffic 
density, wind stream, and emission and concentra-
tion of air pollutants which may lead to hypertension 
and respiratory diseases. Some studies, which were 
mostly performed on the neighborhood scale, have 
associated diet with food environment, land use mix, 
access to destinations, and density.

The findings suggest that there are research short-
comings, inconsistencies, and ambiguities in the rela-
tionships between health and urban form. This is a 
challenge in the way of achieving solid and consistent 
results that could be turned into clear guidelines for 
urban planners and policy-makers. The first challenge 
is the contradictory and differential effects of some 
elements of urban form on the components of health. 
Thus, improving one component can sometimes be 
harmful to another component. Therefore, in order to 
implement the components of health-oriented urban 
form, researchers should examine and quantify these 
ambivalent effects. The second challenge of plan-
ning and policy-making in this field is the inconsist-
ent results concerning each component. For example, 
although most studies have confirmed a positive asso-
ciation between urban sprawl and air pollution, some 
researchers have discovered an inverse relationship. 
A large part of these contradictions and ambiguities 
results from methodological and conceptual chal-
lenges which are listed below:

–	 Prevalence of cross-sectional rather than longitu-
dinal studies: many of the reviewed studies have 
implemented cross-sectional designs which may 
not be able to successfully demonstrate causative, 
moderated, and non-linear relationships.

–	 Varying effects of urban form on different urban 
scales and vagueness in the definition of the dis-
tricts of the physical environment: for instance, 
improving one criterion on the city scale may 
aggravate the health status on the neighborhood 
scale, or the effect of a criterion on health in large 
cities may be different from that in smaller cities. 
Inconsistent definitions of the districts of the phys-
ical environment such as neighborhood and vary-
ing sizes of residential buffers in the studies may 
also contribute to the difference in results.

–	 Difference in objective and perceived measures 
of built environment: lack of correspondence 
between the perceived and objective environ-
ments is another reason for inconsistent results. 
For example, McCormack and Mardinger report a 
positive association between the objective walka-
bility of neighborhood and physical activity while 
they reject any significant relationship between the 
subjective walkability and physical activity [69].

–	 Ignoring the mediating variables and not moderat-
ing them: there are various factors such as social, 
environmental, and individual features which may 
affect the relationships between health and urban 
form. Moderating or not moderating these factors 
in a study can led to different results.

–	 Difference in the effect of environment on differ-
ent air pollutants and physical activity: some of 
the criteria have shown different effects on the 
indices of each group. For example, high density 
of public transportation stations around one’s 
house may encourage students to walk to school 
while at the same time decrease the use of bicycle 
[88].

In addition to these reasons, it seems that differ-
ences in geographical context, difference in statisti-
cal population (gender and age), lack of reliability 
and validity of self-selection of a residential environ-
ment, ignoring non-linear relationships, and different 
research and analysis methods may explain the incon-
sistency of results. Future studies should consider 
these ambiguities and move toward obtaining more 
solid results that could be efficiently implemented 
in urban planning. Another challenge in this field is 
the inadequacy of the evidence for some relation-
ships (e.g., relationship between diet and urban form) 
and the effects of other variables as well as more 
recent issues in urban design (smart city, complete 
street, pedestrian network, etc.) which require further 
investigation.

One of the advantages of the present study is that 
it is the first systematic examination of the effects of 
the elements of urban form on NCDs and their risk 
factors (as indicators of physical health) without any 
geographical limitation. Simultaneous investiga-
tion of different health components and a synthetic 
approach contribute to a comprehensive understand-
ing of the complicated and sometimes contradictory 
relationships between these components and urban 
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form, while at the same time providing a reference 
framework for future research in this field and guiding 
the policies and actions of urban designers and plan-
ners toward developing healthier cities. In addition, 
the present study has moved beyond previous studies 
which mainly addressed the health-related urban ele-
ments in general with the aim of extracting the crite-
ria and indices of those studies and investigating their 
effectiveness. However, there are also limitations to 
this study. Although the search strategy was used due 
to make as comprehensive a selection of articles as 
possible, some studies may have been missed as a 
result of limited search conditions, parameters, key-
words, and databases. Furthermore, restriction to the 
English language while understandable is a limitation 
that could be acknowledged, in that it could be asso-
ciated with some unintended geographic bias toward 
studies in English-speaking countries. In addition, 
the majority of studies in this review have made use 
of cross-sectional designs which cannot make solid 
conclusions about the real cause-and-effect relation-
ships. There were no accompanying meta-analysis 
synthesizing results for strength of association across 
the studies. Furthermore, the risk of bias was not dis-
cussed in this study.

Due to continuous rise in the number of studies in 
this field, we should make some suggestions for fur-
ther research. First, there is a need to focus more on 
longitudinal studies to allow for more solid conclu-
sions about causative relationships. Second, the possi-
ble mediating factors should be studied. Third, future 
studies should systematically consider the different 
criteria of urban form on different scales as well as 
their effect on the components of health. Fourth, they 
should endeavor to determine a minimum threshold 
for each criterion to have a positive effect on the com-
ponents of health. Finally, more research is needed 
into the relationship of the criteria of urban form to 
diet, blood pressure, and the four major NCDs.

In general, the findings indicate that urban plan-
ning and design play a crucial role in creating healthy 
cities. By manipulating the elements of urban form, 
health risks such as physical inactivity and air pol-
lution could be reduced and the morbidity of NCDs 
could be decreased. Although having a healthy 
physical environment is not a sufficient condition for 
improving public health, this improvement is only 
possible when the policies of urban planning and 
design are supported by the concepts of health.
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