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Abstract 

Background  With rapid urbanization, the urban environment, especially the neighborhood environment, has 
received increasing global attention. However, a comprehensive overview of the association between neighborhood 
risk factors and human health remains unclear due to the large number of neighborhood risk factor–human health 
outcome pairs.

Method  On the basis of a whole year of panel discussions, we first obtained a list of 5 neighborhood domains, con-
taining 33 uniformly defined neighborhood risk factors. We only focused on neighborhood infrastructure-related risk 
factors with the potential for spatial interventions through urban design tools. Subsequently, following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, a systematic meta-review of 17 
infrastructure-related risk factors of the 33 neighborhood risk factors (e.g., green and blue spaces, proximity to major 
roads, and proximity to landfills) was conducted using four databases, Web of Science, PubMed, OVID, and Cochrane 
Library, from January 2000 to May 2021, and corresponding evidence for non-communicable diseases (NCDs) was 
synthesized. The review quality was assessed according to the A MeaSurement Tool to Assess Systematic Reviews 
(AMSTAR) standard.

Results  Thirty-three moderate-and high-quality reviews were included in the analysis. Thirteen major NCD outcomes 
were found to be associated with neighborhood infrastructure-related risk factors. Green and blue spaces or walkabil-
ity had protective effects on human health. In contrast, proximity to major roads, industry, and landfills posed serious 
threats to human health. Inconsistent results were obtained for four neighborhood risk factors: facilities for physical 
and leisure activities, accessibility to infrastructure providing unhealthy food, proximity to industry, and proximity to 
major roads.

Conclusions  This meta-review presents a comprehensive overview of the effects of neighborhood infrastructure-
related risk factors on NCDs. Findings on the risk factors with strong evidence can help improve healthy city guide-
lines and promote urban sustainability. In addition, the unknown or uncertain association between many neighbor-
hood risk factors and certain types of NCDs requires further research.
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Introduction
According to the World Bank, in 2019, the global urban 
population exceeded 55% of the world’s total population, 
which continues to increase dramatically even today. 
With such a large proportion of the population living in 
cities, the impact of the urban environment on human 
health has become a growing concern [1, 2]. The neigh-
borhood, often characterized by similar social positions, 
demographics, and housing characteristics, forms the 
basic geographical component of a city [3, 4]. Moreo-
ver, the neighborhood is the most appropriate spatial 
unit for predicting residents’ daily activities and various 
exposures to the urban environment, as it is the outdoor 
space to which they are most frequently exposed [5–7]. 
Enormous systematic reviews and meta-analyses have 
examined and confirmed the associations between cer-
tain neighborhood risk factors (e.g., green space, walka-
bility, and proximity to major roads) and multiple human 
health outcomes [8–10].

Although numerous relevant individual studies, sys-
tematic reviews, and meta-analyses have been pub-
lished, studies providing a comprehensive overview of 
the associations between human health and neighbor-
hood  risk factors remain limited. Due to the large num-
bers of neighborhood risk factor–human health outcome 
pairs, it is challenging to reveal all health impacts of each 
neighborhood risk factor. Therefore, in this study, we 
begin with a subset of neighborhood risk factors that are 
considered high priority and can be easily modified from 
the perspective of engineering.

Across various neighborhood environment domains, 
neighborhood-level socioeconomic status (nSES) is rec-
ognized as a major determinant of human health [11]. 
There is broad consensus that, on average, residents 
from socially and economically deprived neighborhoods 
experience worse health outcomes than those from more 
prosperous areas [12]. Studies have found that residents 
of high-poverty areas suffer from higher rates of heart 
disease [13], respiratory ailments [14], cancer [15], and 
overall mortality [12]. A socially deprived neighborhood 
is often characterized by poor infrastructure and insuf-
ficient medical resources, which may be associated with 
serious adverse health outcomes for residents [16].

Neighborhood infrastructure refers to the collection of 
physical facilities that support and sustain the lives and 
work of people [17], which covers a wide variety of urban 
physical elements (e.g., parks, roads, and shops). The 
cyclical decay of many city parks and neighborhoods has 

rendered some of them unusable and a frequent haven 
for criminal activity. These issues can only be addressed 
through changes in government priorities and invest-
ments or social mobilization to maintain the infrastruc-
ture and preserve the vitality of the space [2]. Globally, 
infrastructure improvement is an essential issue in urban 
planning and policy to reduce neighborhood inequity, 
which requires huge annual investments. Hence, rel-
evant neighborhood infrastructure-related risk factors 
with strong evidence should be identified, and those 
with poor conditions should be prioritized for improve-
ment. Assessing the benefits of infrastructure improve-
ment to neighborhood health also supports lobbying for 
more public investment in infrastructure. Following the 
place-based interventions conducted a decade ago [18], 
corresponding spatial interventions for neighborhoods, 
which can be accomplished using urban design tools, are 
urgently required to promote sustainable urban develop-
ment [19].

According to the 2017 World Health Statistics Report 
issued by the World Health Organization, 71% of total 
deaths worldwide were caused by chronic non-commu-
nicable diseases (NCDs) [20]. Herein, we aim to outline 
the associations between neighborhood risk factors and 
human health by starting with neighborhood infrastruc-
ture-related risk factors and NCD outcomes.

Regarding the numerous neighborhood infrastructure-
related risk factors and NCD outcome pairs, we adopted 
the meta-review method to comprehensively analyze 
the evidence on the health impacts of these risk fac-
tors. A meta-review (or “review of reviews”) is used to 
comprehensively assess many neighborhood infrastruc-
ture-related risk factors, since there is a high volume of 
systematic reviews and meta-analyses focused on dif-
ferent neighborhood risk factor–human health out-
come pairs [21]. To reduce neighborhood inequity, we 
addressed the following questions: (1) which neighbor-
hood infrastructure-related risk factors have strong evi-
dence and should be considered high priority for future 
interventions and (2) which risk factors have inconsist-
ent findings or have rarely been studied that need further 
research.

Methods
Defining neighborhood domains and their risk factors
First, a complete list of neighborhood risk factors was 
created. This required the researchers to have adequate 
knowledge of the neighborhood environment, human 
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health, and the pathways bridging the two fields. There-
fore, through the Pathways to Equitable and Healthy Cit-
ies partnership, international workshops were held with 
experts from Asia, Europe, North America, and Africa, 
as well as from multidisciplinary backgrounds, includ-
ing public health and urban science. Referring to domain 
identification in [22], to identify potential risk factors, a 
scoping review was conducted on the National Center 
for Biotechnology Information (NCBI) web database 
PubMed using the keywords “neighborhood environ-
ment” and “health outcome.” Then, based on the review 

and professional knowledge, the participants conducted 
several rounds of discussions through online meetings 
and emails from July 2019 to June 2020. Finally, a list of 
5 neighborhood environment domains, which contained 
33 uniformly defined neighborhood or area risk factors, 
was created. This list is shown in Fig. 1, and more detailed 
information is presented in Additional file  1: Table  S1. 
The five neighborhood environment domains are listed 
as follows: physical environment, service and commercial 
environment, pollution and hazards, social environment, 
and safety and injury.

Fig. 1  List of neighborhood risk factors, where the risk factors in red are related to infrastructure and are further studied in this meta-review
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In this study, we only focused on the neighborhood 
infrastructure-related risk factors with the potential for 
spatial interventions through urban design tools, which 
indicates that the states of these risk factors (including 
shape, layout, density, and scale) can be modified through 
design and engineering to create better residential neigh-
borhoods [23]. The risk factors in the safety and injury 
domain were not considered because we only focused 
on chronic NCDs. Finally, 17 risk factors were included 
in this meta-review: green and blue spaces, walkabil-
ity, neighborhood disorder, facilities for physical and 
leisure activities/playability of urban space, bikeability, 
building density, accessibility to infrastructure provid-
ing unhealthy food, accessibility to infrastructure pro-
viding fruit/vegetable shops and markets, accessibility 
to community-level health facilities, accessibility to bus/
subway/metro stops, proximity to major roads/railways/
subway lines/airports, proximity to industry/brownfield 
sites, proximity to landfills/garbage treatment plants, soil 
pollution, surface water pollution, level of neighborhood 
sanitation, and accessibility to infrastructure providing 
tobacco and alcohol. These risk factors are marked in red 
in Fig. 1.

Search strategy
We searched the following four databases for articles 
from January 2000 to May 2021 on June 15, 2021: Web 
of Science, PubMed, OVID, and Cochrane Library. Only 
systematic reviews and meta-analyses were included in 
this meta-review. The search keywords were (“systematic 
review” OR “meta-analysis”) AND (“health” OR “disease” 

OR “obesity” OR “birth”) AND (KEYWORDS for each 
risk factor); the keywords for each risk factor are listed 
in Additional file  1: Table  S2. The language was limited 
to English, and only published studies were included. 
All studies identified through the database search were 
screened according to their titles and abstracts. A study 
was excluded if it was (1) not an epidemiological study or 
(2) not related to the neighborhood environment. Then, 
through a full-text screening of the remaining studies, 
the following were excluded: (1) one country-specific or 
one region-specific study (for general principle) or (2) 
not related to specific NCDs or all-cause mortality, such 
as mental health, obesity, birth-related outcomes, physi-
cal activity, and self-reported general health. Finally, the 
selected studies were included in this meta-review and 
a later quantitative synthesis. The flowchart describing 
this process is presented in Fig. 2. This meta-review was 
conducted following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines (www.​prisma-​state​ment.​org).

Quality assessment of included reviews
After the screening, a quality assessment was conducted 
for all included reviews according to A MeaSurement 
Tool to Assess Systematic Reviews (AMSTAR) [24]. 
AMSTAR provides a checklist of 11 questions to evaluate 
the quality of each systematic review and meta-analysis. 
The AMSTAR checklist is provided in Additional file  1: 
Table S3. If the answer to a question was “Yes,” the review 
was given an additional score; otherwise, it was given a 
zero score. Finally, the total score of each included review 

Database: Web of science, PubMed, OVID, Cochrane library
Period: from Jan 2000 to May 2021

894 articles identified by database search

209 articles identified by title and abstract screening

40 articles identified by full-text screening

685 articles excluded:
No epidemiological studies
Not related to neighborhood environment

169 articles excluded:
Focus on only one country / region
Not related to specific non-communicable diseases

Qualitive synthesis & evidence strength assessment (33 articles )

Excluded as Low-quality by AMSTAR standard

Fig. 2  PRISMA flowchart of the literature search and screening

http://www.prisma-statement.org
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was calculated, and according to the scores, all included 
reviews were classified as very high quality, high quality, 
moderate quality, or low quality. The classification cri-
teria are listed in Table  1. As questions 9 and 10 in the 
checklist were only applicable to meta-analysis, the clas-
sification criteria for the meta-analysis were slightly dif-
ferent from those of the systematic review. If a review 
received a quality score less than or equal to 5 for the 
meta-analysis and 4 for the systematic review, it was clas-
sified as low quality and excluded from the data extrac-
tion and qualitative synthesis later [25]. Although these 
cut-offs are relatively casual, they play a qualitative role in 
facilitating the structure of the literature [26]. Low-qual-
ity reviews were excluded because the low scores resulted 
from their lack of following a protocol or failure in con-
sidering the risk of bias [27]; thus, these results and con-
clusions need to be interpreted with caution. The quality 
assessment was independently conducted by two review-
ers. If different scores were assigned to the same review 
by the two reviewers, the disagreement was resolved 
through discussion. The quality assessment results are 
shown in Additional file 1: Table S4.

Data extraction and evidence evaluation
The following characteristics were extracted from 
moderate-quality and high-quality systematic reviews 
and meta-analyses: population characteristics, specific 
NCDs, neighborhood risk factors examined, range of 
sample sizes, number of studies of each study type, main 
findings, and findings for the subgroup population. The 
data for the primary studies included in each review were 
extracted from the reviews, not from the primary stud-
ies themselves. Certain reviews reported a range of risk 
factors, some of which were not relevant to our focus. In 
this case, we separated data related only to the specific 
factors we were concerned about. This step excluded the 
same studies that were included in different reviews and 
addressed the main drawback of the meta-reviews [28]. 
All data were extracted by one reviewer and checked by 
another reviewer. When different reviews reported the 
same study, we prioritized the findings in the high-qual-
ity review.

For each neighborhood risk factor–health outcome 
pair in the included reviews, the evidence was evaluated 
through two steps. First, the main findings were summa-
rized and graded into four types: “harmful,” “protective,” 
“null,” and “inconsistent” [29]. “Null” indicated that no 
associations were observed between this neighborhood 
risk factor and the NCD outcome. “Inconsistent” indi-
cated that the individual studies in this systematic review 
or meta-analysis did not offer consistent conclusions 
about the risk factor–outcome relationship. The grad-
ing of “harmful,” “protective,” “null,” and “inconsistent” 
was based on the conclusions in the systematic reviews 
or meta-analyses instead of being determined by the two 
reviewers.

Second, since the quality of the review differed from 
that of the evidence, we also evaluated the strength of the 
evidence. The evidence was categorized into four levels: 
strong, medium, weak, and limited [25]. “Limited” rep-
resented that the evidence was supported by only one 
study in a review. The other strength types were evalu-
ated by weighting the study scores for different study 
types, as shown in Table 2. In detail, a cohort study was 
given 3 points, a case–control study or case-crossover 
study was given 2 points, an ecological or a time-series 
study was given 1 point, and a cross-sectional study or 
survey was given 0 points [30]. A cut-off score of 9 for 
strong evidence implied evidence obtained from at least 
3 cohort studies or 2 cohort studies and 2 case–con-
trol studies, indicating high confidence in the evidence. 
A cut-off score of 2 for weak evidence implied evidence 
obtained from 1 case–control study or 2 ecological stud-
ies or several cross-sectional studies, but no cohort study, 
indicating low confidence in the evidence. The other 
scores of 3–8 for medium evidence indicated that the 
evidence was from 1–2 cohort studies or 2–4 case–con-
trol studies, indicating moderate confidence in the evi-
dence. For example, one meta-analysis regarded green 
space as a protective factor against cardiovascular disease 
(CVD), supported by seven individual studies, includ-
ing two cohort studies, four ecological studies, and one 
cross-sectional study. This evidence strength was evalu-
ated as “strong” in our study, since the average score was 
2x3+4x1+1x0 = 10.

Table 1  Classification criteria of quality assessment for the 
included reviews

Quality Meta-analysis 
(score)

Systematic 
review (score)

Outcome

Very high 10–11 8–9 Included for 
data extraction 
later

High 8–9 7

Moderate 6–7 5–6

Low 1–5 1–4 Excluded

Table 2  Criteria for evidence strength

Strength No. of supporting individual 
studies

Average score, S

Limited  ≤ 1

Weak  ≥ 2 0 ≤ S ≤ 2

Medium  ≥ 2 2 < S < 9

Strong  ≥ 2 9 ≤ S
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Results
As shown in Fig. 2, the systematic search identified 894 
different systematic reviews, of which 685 were judged 
as not meeting the inclusion criteria based on their 
abstracts. Of the remaining 209 potentially eligible sys-
tematic reviews, 169 were further excluded, as they did 
not meet the inclusion criteria when full-text versions 
were examined. Finally, through the quality assessment, 
7 reviews were further excluded and 33 reviews were left 
(Additional file 1: Table S4), among which 13 were rated 
as moderate quality, 18 as high quality, and 2 as very high 
quality. Altogether, these reviews analyzed 481 individual 
studies.

Fourteen of the 33 systematic reviews focused on the 
associations between NCDs and proximity to major 
roads [10, 31–43], 11 on green space [44–54], 4 on walk-
ability [41, 43, 44, 51], 4 on accessibility to infrastructure 
providing unhealthy food [41, 43, 51, 55], 6 on proxim-
ity to industry [56–61], 3 on facilities for physical activity 
or recreation [43, 44, 51], and 2 on proximity to landfills 
[57, 62]. Most reviews included studies that measured 
multiple neighborhood risk factors and NCD outcomes 
(Additional file 1: Table S5). The results obtained for the 
subgroups were also extracted and are demonstrated in 
Additional file 1: Table S6.

Findings from high‑quality reviews
Of the 33 reviews included, 20 were classified as 
high quality and very high quality. Among these, 10 
reviews focused on green and blue spaces [44–49, 
51, 52], 5 on proximity to major roads or high-traffic 
roads [10, 35, 40, 41, 63], 5 on proximity to indus-
try [56, 58–61], 3 on walkability [41, 44, 51], and 2 
reviews each focused on access to infrastructure pro-
viding unhealthy food [41, 51] and facilities for physi-
cal and leisure activities [44, 51]. There was only one 
high-quality review on proximity to landfills [57]. 
Most high-quality systematic reviews and meta-anal-
yses provided medium or strong evidence. The pieces 
of evidence and their strengths are shown in Table 3. 
Overall, 54 risk factor–outcome pairs of all evidence 
strength levels were identified from high-quality 
reviews.

Green and blue spaces
Nine high-quality reviews examined the associa-
tions between NCDs and green and blue spaces, which 
accounted for half of all high-quality reviews. The term 
green space refers to vegetation (e.g., trees, grass, for-
ests, and parks), whereas blue space refers to all visible 
surface waters in space (e.g., lakes, rivers, and coastal 
water). Thirteen high-quality reviews identified strong 
evidence of the protective effects of green and blue 

spaces on multiple NCD outcomes, including atopic dis-
eases, respiratory diseases, T2DM, stroke, coronary heart 
disease (CHD)/ischemic heart disease (IHD), and CVD. 
For example, Yuan et al. [48] conducted a meta-analysis 
and found a statistically significant reduction for stroke 
mortality [pooled HR (95% CI) = 0.77 (0.59, 1.00)] but no 
significant reduction for CVD mortality [pooled HR (95% 
CI) = 0.99 (0.89, 1.09)], IHD mortality [pooled HR (95% 
CI) = 0.96 (0.88, 1.05)], and respiratory disease mortal-
ity [pooled HR (95% CI) = 0.99 (0.89, 1.10)] for a 0.1 unit 
increase in the normalized difference vegetation index 
(NDVI) around residences. The NDVI quantifies vegeta-
tion by measuring the difference between near-infrared 
light (which is strongly reflected by vegetation) and red 
light (which is adsorbed by vegetation). Another meta-
analysis [49] reported a statistically significant decrease 
in stroke incidence and T2DM. In a review of urban 
green space and human health [46], the risks of CVD 
and respiratory mortality were negatively associated with 
green space, although there were not many studies exam-
ining the associations.

Medium evidence was found for CHD and T2DM in 
four high-quality reviews. A meta-analysis conducted 
by Twohig-Bennett et al. [49] reported a statistically sig-
nificant reduction in type II diabetes (OR = 0.72; 95% CI, 
0.61, 0.85) and a reduction in CHD incidence (OR = 0.92; 
95% CI, 0.78–1.07). For lung cancer, green space had 
a protective effect, but the evidence was weak, which 
included two ecological studies and one cross-sectional 
study [45]. Evidence of the protective effect of green 
space on kidney disease and prostate cancer was limited, 
and only one individual study was found for each [46].

Walkability
Four high-quality reviews examined the effects of neigh-
borhood walkability on T2DM. Strong evidence was 
reported in a meta-analysis [44] that included three 
cohort studies examining the association between walk-
ability and T2DM. The same protective effects were 
found in another complex meta-analysis that assessed the 
association between NCDs and the neighborhood built 
environment [44]. The protective effect of walkability 
on T2DM was confirmed across six longitudinal studies. 
Neighborhood walkability was negatively associated with 
the risk of T2DM (OR = 0.79; 95% CI, 0.7–0.9). In addi-
tion, two pieces of limited evidence were reported in the 
same review [44], which found no association between 
street connectivity and CHD but found higher land use 
mix as a protective factor for CHD.

Facilities for physical and leisure activities
Two reviews examined the association between NCDs 
and facilities for physical and leisure activities. One of 
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them focused on recreational facilities, while the other 
focused on facilities for physical activities. Chandrabose 
et al. [44] showed strong evidence that access to recrea-
tional facilities had no effect on CHD in three cohort 
studies and a protective effect on diabetes outcomes in 
two cohort studies. However, this review claimed that 
there were insufficient studies to draw a clear conclu-
sion, which in our study was rated as medium-strength 
evidence. den Braver et  al. [51] found an inconsistent 
association between T2DM and the facilities for physical 
activities in three longitudinal studies and three cross-
sectional studies, which was rated as strong evidence. 
Two of the six studies indicated that more neighborhood 
resources available for physical activities were associated 
with a lower risk of T2DM, while the other four did not 
observe any association between physical activities and 
T2DM.

Accessibility to infrastructure providing unhealthy food
Two high-quality systematic reviews explored the rela-
tionship between NCDs and an unhealthy food envi-
ronment. den Braver et  al. [51] found no association 
between diabetes and an unhealthy food environment 
after reviewing 7 longitudinal studies and 13 cross-sec-
tional studies, which was evaluated as strong evidence. 
Malambo et al. [41] identified the harmful effect of high 
fast-food restaurant availability on stroke and CVD 
from one longitudinal study and one cross-sectional 
study among Mexican–American adults, but the harm-
ful effect was not observed among non-Hispanic White 
adults. Both pieces of evidence were evaluated as having 
medium strength.

Table 3  Grading level and evidence strength of very high-and high-quality reviews

Note: In the brackets, +  +  + means “strong.” +  + means “medium,” + means “weak,” and—means “limited.” The NCDs in bold show strong evidence

Risk factors NCD outcomes
Harmful Protective Null Inconsistent

Green and blue spaces Kidney disease (-)
Prostate cancer (-)
Lung cancer ( +)
Cancer (-)
Asthma ( +)
Atopic diseases (+ + +)
Respiratory diseases 
(+ +  + , +  +  + , +  + +)
T2DM 
(+ + , +  + , +  +  + , +  + +)
Stroke (+ +  + , +  + +)
CHD (+ +)
IHD (+ + +)
CVD (-, -, +  +  + , +  +  + , 
+  +  + , +  + +)

T2DM (+ +)

Walkability CHD (-)
T2DM (+ , +  +  + , +  + +)

CHD (-)

Facilities for physical and 
leisure activities

T2DM (+ +) CHD (+ + +)
Stroke (+ + +)

T2DM (+ + +)

Accessibility to infrastructure 
providing unhealthy food

Stroke (+ +)
CVD (+ +)

T2DM (+ + +)

Proximity to major roads CHD (-)
CVD (-, + +)
Rheumatoid arthritis (RA) (+ +)
Childhood leukemia 
(+ +  + , +  + +)

Proximity to industry Respiratory tract diseases (+ +)
Lung cancer (+ + +)
Leukemia (+ +  + , +  + +)

CVD (+ +)
Non-Hodgkin’s lymphoma 
(NHL) (+ + +), Hodgkin’s lym-
phoma (HL) (+ + +), multiple 
myeloma (MM) (+ + +)

Proximity to landfills Asthma (+ +)
Breast cancer (+ +)
Liver cancer (+ + +)
Bladder cancer (+ + +)
NHL (+ + +)
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Proximity to major roads
Five high-quality systematic reviews or meta-analyses 
examined the associations between NCDs and proximity 
to major roads (heavy traffic).

A meta-analysis [32] identified 26 studies, in which 
19 case–control studies and 1 cohort study focused on 
residential traffic exposure; this was considered strong 
evidence. The meta-analysis found that residential expo-
sure to heavy traffic roads could lead to childhood leu-
kemia but only in the highest exposure category. Boothe 
et al. [10] identified the same result across nine studies, 
including eight case–control studies and one population-
based study, and reported that childhood leukemia was 
associated with residential exposure to high traffic den-
sity during the postnatal period. Moreover, the harmful 
effects did not differ by study location, study period, type 
of exposure metric, cancer type, control for SES, or qual-
ity score.

A meta-analysis [35] that rheumatoid arthritis (RA) was 
associated with residential exposure to heavy traffic dur-
ing the postnatal period [pooled relative risk (RR) = 1.34, 
95% CI: 1.11–1.62], which was identified through two 
studies, a prospective cohort study and a nested case–
control study; this was considered medium-strength evi-
dence. Another medium-strength evidence was reported 
by a systematic review of eight cross-sectional stud-
ies and two cohort studies that found harmful effects of 
proximity to major roads for CVD [40]. Malambo et  al. 
[41] conducted a systematic review of the effects of com-
plex neighborhood environment characteristics on major 
CVD outcomes. In this review, two limited pieces of evi-
dence of harmful effects were found for CVD and CHD.

Proximity to industry
Six high-quality reviews examined the effects of prox-
imity to industry. Two very high-quality meta-analyses 
reported increased risks of both mortality and morbid-
ity of leukemia among residents living near petrochemi-
cal industrial complexes (PICs), which indicates strong 
evidence. Boonhat and Lin [56] found that higher RRs 
of leukemia incidence existed with follow-up periods 
of ≥ 10  years. In addition, Jephcote et  al. [60] reported 
inconsistent findings for three NCD outcomes: Hodgkin’s 
lymphoma (HL) (RR = 1.03, 95% CI = 0.81–1.30), non-
Hodgkin’s lymphoma (NHL) (RR = 1.06, 95% CI = 0.97–
1.17), and multiple myeloma (MM) (RR = 1.16, 95% 
CI = 0.83–1.63). Lin et al. [61] conducted a meta-analysis 
of residential proximity to PICs for lung cancer across 
six cohort studies and one case–control study, which 
indicated  a slightly higher risk of lung cancer mortality 
(RR = 1.03, 95% CI = 0.98–1.09). Lin et al. [58] conducted 
another meta-analysis of residential proximity to PICs for 
lung cancer across six cohort studies. The results showed 

a 19% higher risk of lung cancer for residents living close 
to PICs (95% CI = 1.06–1.32). The subgroup analysis was 
conducted by gender and location. Higher risks were 
found for females and groups in Europe. In addition, two 
pieces of medium-strength evidence were identified by 
Raffetti et al. [59], who found an increased risk of respir-
atory tract diseases, as well as an inconsistent effect on 
CVD, for residents living close to the plant.

Proximity to landfills
Only one systematic review [62] that examined the asso-
ciation between NCDs and proximity to landfills was 
assessed as a high-quality review. Three strong-and two 
medium-strength evidence were identified. For strong 
evidence, liver cancer, bladder cancer, and NHL were 
reported to be positively associated with living close to 
landfills. For medium evidence, the review reported a 
harmful effect for asthma and breast cancer.

Findings from moderate‑quality reviews
Of the 33 reviews included, 13 were classified as mod-
erate quality. Among these, three reviews focused on 
green and blue spaces [43, 50, 54], nine on proximity 
to major roads or high-traffic roads [32–34, 36–39, 42, 
43], and two on accessibility to infrastructure providing 
unhealthy food [43, 55]. Proximity to landfills [62], walk-
ability [43], and facilities for physical and leisure activities 
[43] were studied by one moderate-quality review each. 
Overall, most moderate-quality systematic reviews and 
meta-analyses provided strong or medium evidence. The 
grading level and evidence strength of moderate-quality 
reviews are shown in Table 4. Overall, 26 risk factor–out-
come pairs at all evidence strength levels were identified 
from moderate-quality reviews.

Green and blue spaces
Three moderate-quality systematic reviews included 
seven neighborhood infrastructure-related risk factors 
and specific disease pairs, discussing the associations 
among green and blue spaces and CVD, T2DM, atopic 
diseases, and cancer. There was only one strong evidence 
identified from the review [50], which concluded that 
green space was an inconsistent risk factor, as green-
ness significantly improved the health status for atopic 
diseases (asthma, eczema, and rhinitis) in only 4% of 
the available studies. The same review [50] also reported 
other medium-strength evidence that exposure to green-
ness significantly decreased the risk of diabetes in 58% of 
individual studies in their systematic reviews, suggest-
ing that green space is a protective factor for diabetes. 
However, the review [50] reported an inconsistent effect 
of green space on CVD, as only 18% of studies found a 
reduction effect. Other medium-strength evidence was 
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examined for associations with T2DM. Dendup et  al. 
[43] found an overall protective effect of green space/
open space on diabetes. All three cross-sectional studies 
showed that the incidence of diabetes among residents 
in greener neighborhoods was significantly reduced, and 
the other three studies also showed the protective effect 
of greenness, although not significant.

Browning et  al. [50] concluded that greenness signifi-
cantly decreased the risk of T2DM in 58% and CVD in 
18% studies; only the latter evidence had an inconsist-
ent conclusion. The systematic review of Gascon et  al. 
[54] was the only one concerning exposure to blue space. 
Nevertheless, no significant associations between dia-
betes and proximity to blue space were observed in the 
two studies that investigated this association [RR1 = 1.86 
(0.69, 1.06), RR2 = 0.88 (0.65, 1.20)].

Walkability
There was only one moderate-quality systematic 
review concerning walkability. Dendup et al. [43] sum-
marized four cohort studies, one ecological study, 
and two cross-sectional studies and concluded that a 
higher level of walkability was associated with a lower 
risk of T2DM. These authors considered walkability 
to be a protective factor, and the evidence strength 
was medium. This conclusion was not consistent with 
those drawn from high-quality reviews.

Facilities for physical and leisure activities
Only one moderate-quality systematic review focused 
on the association between T2DM and access to physi-
cal activity facilities [43]. Dendup et  al. [43] reported a 
cohort study, which combined the method of Geographic 

Information System (GIS) and surveys, and observed a 
significant reduction of 19% in the risk of T2DM for an 
interquartile increase in physical activity resources, while 
six other related studies found no significant association 
between diabetes and availability/distance to physical 
activity resources. Therefore, this review was graded as 
null, and the evidence was evaluated as strong. However, 
two high-quality systematic reviews reported facilities 
for physical and recreational activities as a protective fac-
tor and an “inconsistent” factor, respectively. The large 
divergence of these reviews indicates that more stud-
ies are required to better understand the relationship 
between T2DM and access to physical/recreational activity 
resources.

Accessibility to infrastructure providing unhealthy food
There were two systematic reviews on accessibility to 
infrastructure providing unhealthy food. Dendup et  al. 
[43] provided strong evidence that the available individ-
ual studies showed an inconsistent association between 
T2DM and unhealthy food access. Six studies found that 
more access to healthy food was beneficial in lowering 
the risk of T2DM, while ten other studies did not find 
any significant association. The “inconsistent” conclu-
sion from this moderate-quality review agreed with that 
obtained from the high-quality review. In addition, Kraft 
et al. [55] conducted a systematic review on the influence 
of the neighborhood unhealthy food environment on 
the health of low-SES populations in the United States. 
They found that unhealthy food access is significantly 
positively associated with the risk of stroke for Mexican–
American adults, which was rated as medium-strength 
evidence. Current epidemiological studies on unhealthy 

Table 4  Grading level and evidence strength of moderate-quality reviews

In the brackets, +  +  + means “strong,” +  + means “medium,” + means “weak,” and—means “limited”

Risk factor NCD outcomes
Harmful Protective Null Inconsistent

Green and blue spaces T2DM (+ + , + +)
Cancer ( +)

T2DM ( +) Atopic diseases (+ + +)
CVD (+ +)

Walkability T2DM (+ + +)
Facilities for physical and leisure activities T2DM (+ + +)
Accessibility to infrastructure providing 
unhealthy food

Stroke (-) T2DM (+ + +)

Proximity to major roads CVD (-)
Asthma (-, -)
RA (+ +)
Lung cancer (+ + +)
T2DM (-, +  + , +  + +)
Leukemia (+ + , +  + +)
Dementia (-, + +)

Dementia (+ + +)
T2DM (+ +)

Proximity to landfills CVD (+ +)
Respiratory diseases (+ +)
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food environments have focused more on obesity out-
comes, neglecting the influence on NCDs.

Proximity to major roads
The number of reviews for proximity to a major road 
ranked top among all moderate-quality reviews. There 
were four pieces of strong evidence, four pieces of 
medium-strength evidence, and 5 pieces of limited evi-
dence. For strong evidence, Zhao et  al. found that an 
increased risk of T2DM was observed for residents living 
near major roadways. The meta-analysis suggested that 
the adjusted pooled RR for residential proximity to major 
roadways was 1.12 (95% CI: 1.03–1.22). Hamra et al. [39] 
found that distance to roadways had an increased risk of 
lung cancer, which may be due to exposure to high level 
of air pollution.

For medium-strength evidence, Dzhambov et  al. [36] 
synthesized one prospective cohort study and one nested 
case–control study and found that a higher risk of RA 
was observed for people living within 50  m of a heavy 
traffic road. The adverse effect of proximity to major 
roads on RA was consistent with that reported by high-
quality systematic reviews. In addition, Peters et al. [34] 
reported that the association between dementia and 
proximity to major roads was inconsistent, among which 
one study found a negative effect of proximity to major 
roads, while another study obtained insignificant results. 
Filippini et al. [32] discovered that, for childhood leuke-
mia, the pooled odds ratio of exposure to residential traf-
fic density and proximity to petrol stations/repair garages 
was 1.07 (95% CI: 0.93–1.24) and 1.83 (95% CI: 1.42–
2.36), respectively. This implies that proximity to a major 
road is a harmful factor for childhood leukemia. Dendup 
et  al. [43] stated that the association between diabetes 
and distance to roadways was inconsistent because three 
studies showed a significantly harmful effect, while oth-
ers showed no significant difference or no difference in 
the risk of T2DM.

For limited evidence, Delgado-Saborit et al. found that 
residential traffic exposure increased the risk of demen-
tia. Both Gasana et  al. [37] and Salgado et  al. [38] indi-
cated that proximity to major roads increased the risk 
of asthma in children and adults. Salgado et  al. [38] 
regarded road density in the neighborhood as a harm-
ful factor for CVD mortality. High traffic intensity in the 
neighborhood also increased the risk of type II diabetes. 
The limited evidence provided us with a rough picture of 
the health effects of these risk factors; thus, higher-qual-
ity systematic reviews or meta-analyses are required to 
validate the conclusions.

Proximity to landfills
One systematic review focused on the association 
between residential exposure to municipal solid waste 
and two NCDs (CVD and respiratory diseases). Vinti 
et  al. [62] provided two pieces of medium-strength evi-
dence that residents living near landfills had a higher risk 
of developing CVD and respiratory diseases. However, 
this systematic review indicated that most study types 
were cross-sectional, and there was a lack of cohort stud-
ies. In addition, there were no high-quality reviews con-
cerning proximity to landfills; thus, more relevant studies 
are required to clarify the harmful effects of landfills on 
urban residents’ health.

Discussion
The rapid but unbalanced development of the neighbor-
hood environment and its association with residents’ 
health have recently become important issues. This 
meta-review comprehensively assessed a wide range of 
neighborhood infrastructure-related risk factors accord-
ing to their effects on NCDs. Our synthetic evaluation of 
the health effects of several neighborhood infrastructure-
related risk factors fills this literature gap and can guide 
relevant spatial interventions to reduce the risk of NCDs.

Summary of evidence
Table  5 shows the final synthetic evaluation results 
obtained for the seven neighborhood risk factors pre-
sented in the Results section. The synthetic evaluation 
considered only medium-strength and strong evidence 
from all the included reviews, as summarized in Addi-
tional file  1: Table  S5. Given that different reviews may 
have different conclusions about the same risk factor–
outcome pairs because they may include different indi-
vidual studies, we first present our synthesis principles. 
When all pieces of evidence for the health effects were 
in the same direction, we only reported the number of 
strong evidence pieces in the table, and if there was no 
strong evidence, we reported the number of medium evi-
dence pieces. This is because strong evidence implies a 
high level of confidence, whereas medium-strength evi-
dence implies fewer individual studies with a high level 
of confidence; thus, these results should be interpreted 
with caution. When the same risk factor–outcome pairs 
appeared in different directions of health effects, we pri-
oritized the direction of strong evidence and used the 
direction with most pieces of strong evidence as our 
final direction. The effect was considered inconsistent 
when there was an equal number of strong and medium 
strength evidence pieces with different directions.

Seven main NCD outcomes were found to be asso-
ciated with neighborhood infrastructure-related risk 
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factors. A total of 19 pairs were confirmed to have a 
definitive health effect, and 1 pair was confirmed to have 
no association. As shown in Table  5, green and blue 
spaces or walkability had protective effects on human 
physical health. In particular, a higher density of green 
and blue spaces can decrease the risks of CVD, T2DM, 
and respiratory diseases. A neighborhood with a higher 
walkability environment can effectively reduce the risk of 
T2DM. The health benefits of green and blue spaces and 
high walkability have been discussed in many reviews 
and individual studies. The role of urban green and blue 
spaces, such as parks, forests, green roofs, streams, and 
community gardens, in the provision of regulating ser-
vices and related health benefits includes urban heat 

regulation, noise reduction, air quality improvement, 
moderation of climate extremes, runoff mitigation, waste 
treatment, pollination, pest regulation, seed dispersal, 
and global climate regulation [48, 64], which are com-
monly regarded as protective factors of CVD and other 
outcomes. Green space and favorable walking built envi-
ronments also promote physical activities, social interac-
tions, and psychological well-being, thus benefiting the 
general health of urban residents [49].

In contrast, proximity to major roads, industry, and 
landfills can pose serious threats to human health. Prox-
imity to major roads has harmful effects on CVD, RA, 
leukemia, lung cancer, and T2DM. Leukemia and lung 
cancer can also be induced by long-term exposure to 

Table 5  Summary of strong and medium evidence from the included reviews

Green and 

blue space
Walkability

Facilities for physical and 

leisure activities 

Accessibility to infrastructure 

providing unhealthy food

Proximity to major 

roads

Proximity to 

industry

Proximity to 

landfills

Bladder cancer
Harmful

1 strong

Breast cancer
Harmful

1 medium

CVD*
Protective

7 strong

Null

2 strong

Harmful

2 medium

Harmful

1 medium

Inconsistent

1 medium

Harmful

1 medium

Dementia

Inconsistent

1 strongly inconsistent

1 medium harmful

HL 
Inconsistent

1 strong

Leukemia
Harmful

3 strong

Harmful

2 strong

Liver cancer
Harmful

1 strong

Lung cancer
Harmful

1 strong

Harmful

1 strong

MM
Inconsistent

1 strong

NHL
Inconsistent

1 strong

Harmful

1 strong

RA
Harmful 

2 medium

Respiratory diseases
Protective

4 strong

Harmful

1 medium

Harmful

2 medium

T2DM
Protective

2 strong

Protective

3 strong

Inconsistent

1 null strong 

1 inconsistent strong

1 protective medium

Inconsistent

2 both strongly inconsistent

Harmful

1 strong

If the associations between the risk factor and health outcome were consistent in each related review, the corresponding blank in Table 5 was filled with “protective” 
in green, “harmful” in red and orange, or “null” in grey, according to the specific associations. In contrast, if the associations were inconsistent in one or all reviews, the 
corresponding blank in Table 5 was filled with “inconsistent” in blue

The number of supporting reviews and their evidence strengths are marked in the blanks
* CHD/IHD and stroke were merged into CVD
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industrial sites. In addition, residential proximity to land-
fills is associated with CVD, respiratory diseases, breast 
cancer, lung cancer, liver cancer, bladder cancer, and 
NHL. The pathways may be related to ambient air toxins 
emitted from industrial sites (e.g., 1,3-butadiene, ben-
zene, and aromatic hydrocarbons) and major roads (e.g., 
PM2.5, NO2/NOx, and O3), which are mutagenic, exhibit 
carcinogenic properties, and increase the risk of diseases, 
thereby affecting human health [34, 56, 60]. The release 
of hazardous chemicals through leachates from landfills, 
such as organic chlorinated compounds, heavy metals, 
and petrochemicals, also has grievous consequences for 
the surrounding environment and human life [57, 61, 65].

In addition, fast-food stores, which provide high-cal-
orie unhealthy food, are usually considered a risk fac-
tor and are identified as harmful for CVD in our study. 
However, facilities for physical and leisure activities are 
considered irrelevant to the risk of CVD and are rated as 
“null.”

Implications for future studies
Our meta-review confirmed that some neighborhood 
infrastructure risk factors have health effects on NCD 
outcomes, with strong evidence of harmful or protective 
effects. To better understand the risk factor–outcome 
associations, further research is needed. The main focus 
is on inconsistent health effects and the medium, weak, 
and limited evidence, for each of which we have a cor-
responding strategy.

For risk factor–outcome pairs of inconsistent health 
effects, seven pairs were identified, including facilities 
for physical and leisure activities and T2DM, accessibility 
to infrastructure providing unhealthy food and T2DM, 
proximity to major roads and dementia, and proxim-
ity to industry and CVD, HL, MM, and NHL. All these 
inconsistent conclusions summarized from the included 
reviews are attributed to the fact that most of the studies 
did not observe an association, and there were no con-
flicting conclusions. These inconsistent results suggest 
that more evidence is needed to understand the asso-
ciations between the specific risk factors and these NCD 
outcomes. For facilities for physical and leisure activities 
and T2DM pair, all three health effects, i.e., null, protec-
tive and inconsistent, were found; thus, further explora-
tion is needed.

For medium-strength evidence, seven pairs were iden-
tified, including accessibility to infrastructure providing 
unhealthy food and CVD, proximity to major roads and 
CVD and RA, proximity to industry and respiratory dis-
eases, and proximity to landfills and breast cancer, CVD, 
and respiratory diseases. For these pairs, some individual 
studies already exist, and the directions of health effects 
are consistent. However, there is a lack of reliable studies, 

so the confidence interval of these risk factor–outcome 
pairs should be improved with more cohort or case–con-
trol studies.

For the weak and limited evidence (i.e., only one indi-
vidual study or only a cross-sectional study type), there 
were three pairs, all of which were protective: green and 
blue spaces and kidney disease, prostate cancer, walkabil-
ity, and CVD. For these pairs, even at the beginning, there 
were some promising results, especially for the walkabil-
ity and CVD pair, as CVD was confirmed to be associated 
with physical activity and expected to be strongly associ-
ated with the neighborhood walking environment.

Other types of infrastructure have not appeared in any 
reviews, including some common infrastructure types 
that can affect physical activities and human health (e.g., 
subway lines and stations, bike lanes, and infrastructure 
that provides tobacco and alcohol), suggesting that a sys-
tematic review and meta-analysis of related topics could 
be conducted next.

Implications for infrastructure policy
Clarifying the hazards and health effects of infrastructure 
configuration can provide support for government policy 
priorities and the health effects of neighborhoods can 
result in more infrastructure investment. The findings 
of this review provide a reference for this purpose. For 
example, in terms of factors with harmful effects, new 
constructions of hazardous and polluted industries and 
waste landfills should be restricted in densely populated 
urban areas. For those already established, a wide green 
belt planted with tall trees should be built in the sur-
roundings to reduce air pollution. Meanwhile, the highly 
polluted industries and large waste landfills in densely 
populated urban areas should be immediately moved to 
peri-urban areas. For newly built major roads, the dis-
tance from buildings alongside the road should be suffi-
cient to plant a wide green belt. For existing major roads, 
more and higher road-adjacent trees should be planted 
to reduce traffic-related air pollution, noise, and the heat 
island effect. In terms of factors with protective effects, 
green infrastructure has numerous benefits not only for 
human health but also for improving the urban environ-
ment. Although it can mitigate the harmful effects of 
some urban infrastructure, parks and other green infra-
structure for promoting physical activities should be 
restricted near the infrastructure with harmful effects, 
including polluted industry, landfills, and major roads, 
to reduce exposure to the general population. In addi-
tion to increasing the urban green space coverage, green 
morphology variables, such as the shape and aggregation 
index, should also be considered.
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Strengths and limitations
The rapid but unbalanced development of neighbor-
hood environments and their associations with residents’ 
health have recently become important public issues. 
This study comprehensively assessed a wide range of 
neighborhood infrastructure-related risk factors accord-
ing to their effects on NCDs. The synthesis of reviews in 
this study provides a summary of available evidence and 
identifies key neighborhood infrastructure-related fac-
tors from the perspective of public health.

The first strength of this study is that we provided a 
complete list of neighborhood risk factors with clear 
explanations that are not limited to infrastructure-
related risk factors and can be used as a reference for 
future studies. Second, we analyzed each original study 
in each included systematic review in detail, which is 
not usually required in a meta-review, in order to pre-
cisely evaluate the evidence strength of these neigh-
borhood risk factors. This helped us eliminate the 
influence of duplicate studies in multiple systematic 
reviews and to accurately extract and categorize the 
associations between different risk factors and health 
outcomes when some systematic reviews covered mul-
tiple risk factors and outcomes. Third, we distinguished 
the quality of evidence from the quality of systematic 
reviews. Previous meta-reviews have focused more on 
the quality of included reviews, while the strength of 
the evidence provided on various health associations 
from these reviews can be quite different from the qual-
ity of reviews. Therefore, in the final synthesis results 
obtained in this study, evidence with weak strength or a 
limited number of studies was excluded to enhance the 
robustness and reliability of the conclusions.

However, this study has several limitations. This 
meta-review did not provide a systematic search of all 
individual studies on the associations between NCDs 
and neighborhood infrastructure-related risk factors. 
Considering only systematic reviews and meta-analyses 
may limit the focus on neighborhood risk factors that 
have been studied the most while neglecting the health 
impacts of risk factors that only have individual stud-
ies and no related systematic reviews. Future studies 
should focus more on other neighborhood risk fac-
tors and conduct related systematic reviews and meta-
analyses. Additionally, the large number of positive 
findings reported may result from possible publication 
bias; therefore, the results need to be interpreted with 
caution. However, it is currently difficult to evaluate 
the publication bias because most systematic reviews 
related to neighborhood risk factors are narrative sys-
tematic reviews instead of quantitative synthesis, such 
as meta-analysis. More quantitative systematic reviews 

are required in the field of healthy neighborhoods and 
cities. Furthermore, the definitions and terms of neigh-
borhood risk factors were so diverse and inconsistent 
that the search terms applied in this study might have 
missed some related reviews. Finally, our approach to 
evaluating evidence strength did not afford much con-
sideration to the specific study design of each indi-
vidual study because we extracted information from 
the reviews rather than the original individual stud-
ies, which places high requirements on the approach 
to evaluating evidence strength in reviews. Here, in 
response to the integration of evidence from obser-
vational studies, we propose that future reviews care-
fully consider the informative study design of each risk 
factor–outcome pair to better synthesize the evidence 
[66–68].

Conclusions
This meta-review was intended to present a comprehen-
sive overview of neighborhood infrastructure-related 
risk factors on NCDs, which seems to be impossible to 
achieve in one systematic review or meta-analysis. Over-
all, the neighborhood is the outdoor space to which 
humans are most frequently exposed, and thus, is a cru-
cial determinant of human health. Findings on neigh-
borhood infrastructure-related risk factors with strong 
evidence can help improve healthy city guidelines and 
promote urban sustainability. Additionally, the associa-
tions between many neighborhood risk factors and cer-
tain types of NCDs remain unknown or uncertain, which 
is in urgent need for further research.
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