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ARTICLE INFO ABSTRACT
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Understanding how neighborhood environments are related to older adults’ quality of life (QoL) and physical
activity (PA) is important for public health actions on healthy ageing in sub-Saharan Africa. We examined as-
sociations of perceived neighborhood environment attributes with QoL among older adults in Nigeria and
investigated the moderating effects of PA on these associations. We conducted a cross-sectional study of 353
older adults (mean age = 68.9 + 9.1 years) selected from 5 high- and low-income communities in Maiduguri,
Nigeria. QoL, attributes of the neighborhood environments and PA were self-reported using validated ques-
tionnaires. Multi-level models were used to examine the direct associations between neighborhood environment
attributes and each of the four domains of QoL (physical health, psychological health, social relationships, and
environmental health), as well as the moderating effects of leisure-time and total PA. Seven of nine neighborhood
environment features were positively associated with multiple domains of QoL. Residential density, land-use
diversity, land-use mix-access, walking infrastructure, traffic safety and ‘overall walkability’ were positively
related to both or either physical health and environmental health QoL among those who are physically active. In
contrast, walking infrastructure, traffic safety, and ‘overall walkability’ were negatively related to psychological
health QoL among those not physically active. Our findings suggest being physically active moderates the as-
sociation of neighborhood environments with QoL among Nigerian older adults. We suggest that designing age-
friendly communities and simultaneously promoting PA may be needed to improve QoL and help prepare the
Nigerian society for the predicted increase in the older adult population.

Geriatrics
Healthy ageing

1. Introduction

Globally, the proportion of persons aged 65 or older is expected to
increase from around 3.6% in 2022 to 6.1% in 2050 in the least devel-
oped countries (United Nations, 2022). In sub-Saharan Africa, the older
adults population is projected to grow faster at rates above 3% per year
and rise from 3% in 2022 to almost double in 2050 (United Nations,
2022). This anticipated increase in older adults population may pose a
challenge to the public health system in sub-Saharan Africa, where the
burden of non-communicable diseases and associated health care costs
are already high across the age spectrum (Gouda et al., 2019). With
Nigeria’s population growing the most rapidly and projected to become
the third largest in the world by 2050 (United Nations, 2022), the

country will have a large population of older persons in the coming
years. Thus, understanding the correlates of healthy ageing in Nigeria is
important for planning effective public health action in the country
(Omotara et al., 2015), and Africa more generally.

Quality of life (Qol) is a marker of healthy ageing (Raggi et al., 2016).
Since older people tend to spend more time at home and in their local
neighborhoods (Clarke and Nieuwenhuijsen, 2009), the promotion of
healthy ageing through interventions focusing on neighborhood built
environments has been advocated in recent years (World Health Orga-
nization, 2007; World Health Organization, 2015; Garin et al., 2014).
Compared to substantial evidence from multiple systematic reviews and
meta-analyses on the relationship of built environments to physical ac-
tivity (PA) among older adults (Cerin et al., 2017; Barnett et al., 2017;
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Moran et al., 2014), relatively few studies, mainly from high-income
countries, have examined the relationship between built environments
and the QoL of older people (Garin et al., 2014; Sugiyama et al., 2008;
Sugiyama et al., 2009; Roswall et al., 2015).

There are indications that neighborhood environments may not only
be a proximal predictor of QoL and well-being of older people
(Sugiyama and Thompson, 2007), but some of the relations might be
explained by outdoor and recreational PA, as well as by other personal
factors (Sugiyama et al., 2009). For example, it is possible neighborhood
environments that are unfavorable to outdoor engagement and social
interaction among older adults may lead to less engagement in recrea-
tional PA and thus poor QoL. Because physically active and non-active
older adults could have different mobility options and health status, it
could be hypothesized that the association between neighborhood en-
vironments and QoL differ by PA status (Sugiyama et al., 2008; Morita
et al., 2010; Takano et al., 2002). A more favorable neighborhood
environment could be enjoyed more by older adults who are physically
active (Barnett et al., 2017; Moran et al., 2014), and therefore may be
expected to relate more to QoL (Sugiyama and Thompson, 2007). Yet,
this research topic has generally been unstudied in low- and middle-
income countries, where significant populations of ageing adults will
reside in the coming decades (United Nations, 2022).

Given the different socio-cultural contexts and environmental factors
(e.g., safety, land-use patterns) in Africa compared with high-income
countries (Oyeyemi et al., 2016), it is important, from a public health
perspective, to understand the relation of community environments
with older adults’ QoL, and how this relationship may depend on their
PA. Such evidence can be used to inform the development of targeted
interventions for promoting healthy ageing in African countries. The
present study aimed to examine associations between perceived neigh-
borhood environment features and QoL among older adults in Nigeria,
and investigate whether these associations are moderated by PA. We
hypothesized that: (1) perceptions of neighborhood environment attri-
butes favorable for PA would be positively associated with QoL, and (2)
those associations would be stronger among older adults who do more
leisure and total PA.

2. Method
2.1. Study design and participants

The methodology including study setting, participants, procedure,
and the neighborhood environment, and PA measures have been
described fully in our previous publication (Oyeyemi et al., 2019).
Briefly, cross-sectional data on self-reported QoL, neighborhood envi-
ronments, and PA were collected from older adults (60 years of age or
older) in Maiduguri, Nigeria. For the purpose of this study, participants
were recruited from 2 high-SES/low-walkable and 3 low-SES/high-
walkable neighborhoods that were purposively selected from 5 out of
the 15 localities in Maiduguri. Final selection of neighborhoods was
based on local knowledge, because pre-existing land-use data were not
available. Neighborhood walkability classification was based on the
criteria from the transportation literature, as previously described for
the city of Maiduguri (Oyeyemi et al., 2012). Based on these components
of walkability, low-SES neighborhoods are generally highly walkable
and high-SES neighborhoods are generally lowly walkable in Maiduguri
(Oyeyemi et al., 2012). Though prior studies of walkability and health
outcomes selected neighborhoods to represent 4 types based on a 2 X 2
matrix of high/low walkability X high/low SES (Cain et al., 2021), this
was not possible in the present study. In each of the selected neighbor-
hoods, households were enumerated on site, and older adults living in
every odd numbered house were invited through home visits to partic-
ipate in the study. All participants completed the survey through
interview in their homes. A sample size of 385 participants (77 from
each of the five localities) was determined to be needed to detect a
moderate to large effect size with more than 80% power (Cohen, 1988).
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Eligibility criteria were: (1) living within the identified neighborhood in
the last 12 months, (2) 60 years and older, (3) not having any disability
that interfered with walking, and (4) being willing to be interviewed in
English or local languages (Hausa or Kanuri language). The overall
completion rate of those contacted and eligible was 83%, with 353
surveys available for analysis. All participants provided signed informed
consent, and the study was approved by the Human Research Ethics
Committee of the University of Maiduguri Teaching Hospital, Nigeria.

2.2. Measures

The dependent variables were domains of QoL. The independent
variables were perceived features of the neighborhood environment,
and the moderators were leisure-time and total reported PA.

2.2.1. Dependent variables

Quality of Life. Data on QoL were collected with the World Health
Organization Quality of Life (WHOQOL)-BREF questionnaire, which
contained 26-items that profiled QoL in four domains: physical health,
psychological health, social relationships, and environmental health
(World Health Organization Quality of Life Group, 1998). Items were
rated on a 5-point Likert scale. The domain scores were calculated as the
mean of items within the domain. For descriptive and analytical pur-
poses, domain scores were transformed linearly to a 0-100 scale. Scores
were scaled in a positive direction (i.e., higher scores denoted higher
QoL). The WHOQOL-BREF domains have good internal consistency
(Cronbach’s a >=0.70) and content validity (r = 0.61-0.80) and
acceptable validity for discriminating known groups among older adults
in low-and middle-income countries, including Africa (World Health
Organization Quality of Life Group, 1998; Colbourn et al., 2012).
Cronbach’s alpha coefficient of WHOQOL-BREF in the present study was
0.89.

2.2.2. Independent variables

Neighborhood built environments. Perceived attributes of neighbor-
hood environments were measured with the Neighborhood Environ-
ment Walkability Scale-Abbreviated (NEWS-A), consisting of 54 items
that have been adapted to Nigeria (Oyeyemi et al., 2016; Oyeyemi et al.,
2017). NEWS-A assessed eight perceived neighborhood environment
features including: (1) Residential density; (2) Land-use mix—diversity
(proximity to non-residential destinations); (3) Land-use mix-access
(ease of access to services and places); (4) Street/road connectivity; (5)
Infrastructure and safety for walking; (6) Aesthetics; (7) Traffic safety;
and (8) Safety from crime. Apart from residential density and land-use
mix-diversity subscales, the other six subscale scores were computed
as means of 4-point response options, ranging from 1 (strongly disagree)
to 4 (strongly agree). Residential density subscale score was a weighted
sum of six items reflecting presence of dominant housing types, ranging
from lowest density to highest density. Land-use mix-diversity subscale
scores were determined by the reported time, ranging from 1- to 5-min
to greater than 30-min, to walk from one’s home to various types of
destinations. All NEWS-A subscales were computed as the mean of re-
sponses to items in the scale, with responses coded (or reverse-coded)
such that higher values indicated higher “walkability” of the environ-
ment. In addition, a total NEWS-A score (herein referred to as ‘overall-
walkability index’) was constructed by combining the mean of the
standardized scores of the eight NEWS-A subscales. The NEWS-A scales
are valid and reliable among older adults in Nigeria (Oyeyemi et al.,
2016; Oyeyemi et al., 2017).

2.2.3. Moderators

Physical activity. Recreational (leisure) PA and overall total PA were
assessed with the Nigerian Hausa version of the International Physical
Activity Questionnaire (IPAQ)-long form (Oyeyemi et al., 2014). Leisure
PA was computed by summing the duration of minutes/week of reported
walking and moderate- and vigorous-intensities PA spent in leisure time.
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To identify those engaging in leisure PA, leisure PA was dichotomized as
doing any minutes/week of leisure-time activities versus not doing any
minutes/week (World Health Organization, 2020). To determine the
estimate of total PA in a week, total duration (minutes/week) of re-
ported PA across domains (housework + occupation + transportation +
recreation/leisure) were summed. Sufficient overall PA was defined as 5
or more days of any combination of walking, moderate-intensity, or
vigorous-intensity activities achieving a minimum total PA of at least
600 Metabolic Equivalent (MET)-minutes/week (https://www.ipaq.ki.
se/scoring.pdf). Test-retest reliability (ICC = 0.38-0.82) and construct
validity (r = 0.11- 0.29) of Hausa IPAQ-long form among Nigerian
adults (including older people) were acceptable (Oyeyemi et al., 2014).

Covariates: As control variables we included sociodemographic

Table 1

Sample characteristics and descriptive information of quality of life, physical
activity and environmental attributes among older adults in Maiduguri, Nigeria,
2012.

Variables Total Sample (N = 353)

Socio-demographics
Age group (n, %)

60-64 years 135 (38.2)
65-69 years 100 (28.3)
70 year or more 118 (33.4)
Body weight status (n, %)

Underweight (<18.5 kg/m?) 4(1.1)
Normal weight (18.5-24.9 kg/m?) 112 (31.7)
overweight (25.0-29.9 kg/m?) 191 (54.1)
obese (>30.0 kg/m?) 46 (13.0)
Marital status (n, %)

Married 252 (71.4)
Not married 101 (28.6)
Education (n, %)

> Secondary school 88 (24.9)
Secondary school 45 (12.7)
Primary school 38 (10.8)
Never attended school 182 (51.6)
Employment (n, %)

Formal (office work) 47 (13.3)
Self-employed 109 (30.9)
Retired 73 (20.7)
Unemployed 124 (35.1)
Neighborhood type (n, %)

Low-SES/high walkable 181 (51.3)
High-SES/low walkable 172 (48.7)
Quality of life outcomes *

Physical health 62.9 + 9.5
Psychological health 51.5+10.1
Social relationships 71.5 + 16.7
Environment 62.7 +12.9

Environmental attributes *

Residential density 802.34 + 84.79

Proximity to destinations 2.88 + 0.43
Access to services and places 3.82 + 0.47
Street connectivity 2.94 + 0.52
Walking infrastructure and safety 3.03 + 0.43
Aesthetics 2.51 + 0.59
Traffic safety 2.32+0.53
Safety from crime 2.85 + 1.02
Walkability index —0.003 + 2.61
Physical activity variables ®

Recreation/Leisure PA (min/wk) 0 (0-40)

Overall Total PA (min/wk)
Meeting Physical Activity Guidelines
Engaged in Recreation/Leisure PA (n, %)

190 (70-450)

Yes 102 (28.9)
No 251 (71.1)
Sufficient Overall PA (n, %)

Yes 171 (48.4)
No 182 (51.6)

@ = Values for quality of life outcomes and environmental attributes are Mean
+ Standard Deviation; ® = Because the physical activity variables were skewed,
the median and Inter Quartile Range (25th and 75th percentile values) are ta-
bled; SES = Socioeconomic status; PA = Physical activity.
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characteristics. The participants’ age, sex, marital status, education and
employment were self-reported and categorized as appropriate
(Table 1). Height and weight were directly measured, and body mass
index (BMI) was calculated (kg/m?). Participants were categorized into
underweight (<18.5 kg/mz), normal weight (18.5-24.9 kg/mz), over-
weight (25.0-29.9 kg/mz) and obese (>30.0 kg/rnz).

2.2.4. Statistical analysis

Descriptive statistics were computed for all measures. Multi-level
models (MLMs) were used to examine direct associations between
neighborhood environment attributes (eight scales; independent vari-
ables) and each of the QoL outcomes (physical health, psychological
health, social relationships, and environmental health; dependent vari-
ables), as well as the moderating effects of leisure PA (some leisure PA vs
no leisure PA) and overall (total) PA (sufficient vs insufficient). MLMs
can handle data where observations are not independent, correctly
modeling correlated error, and account for dependency in error terms
due to clustering (participants recruited from selected neighborhood
units) (Garson, 2013). For main-effects of each QoL outcome, we esti-
mated separate MLMs for each environment attribute (single
environment-attribute models) adjusting for covariates and neighbor-
hood types. The cross-product terms of PA (separately for leisure PA and
total PA) x each environmental variable were entered into the models to
examine the potential moderating effects of PA. Statistical significance
was set at P = 0.05 for interpreting main effects and at P < 0.10 for
interpreting moderating effects (Twisk, 2006). In case of significant in-
teractions, separate models were run to interpret the direction of the
moderating effects. Because there is evidence that the pattern of
neighborhood environment features is more strongly related to health
behaviors than individual items (Oyeyemi et al., 2017; Van Cauwenberg
et al.,, 2013), additional models were run, separately, for each QoL
domain and ‘overall-walkability index’. All analyses were conducted
using SPSS version 18 (Armonk, NY, USA).

3. Results
3.1. Sample characteristics

Socio-demographic characteristics, perceived environment attri-
butes, QoL and PA levels of the participants are shown in Table 1. The
sample consisted of 353 participants with mean age of 68.9 + 9.1 years
(range = 60-102 years). About 40.0% were women, 71.4% were mar-
ried, and 58.8% were retired or unemployed. The mean BMI of partic-
ipants was 26.5 kg/m? (SD = 4.0); 54.1% were overweight and 13.0%
were obese. Participants reported highest QoL in social relationships
(71.5 + 9.5) and the lowest in psychological health (51.5 + 10.1). The
median time reported by the participants in leisure PA was 0.0 min/
week, with 25% reporting < 0 min/week and 25% reporting > 40 min/
week of leisure PA. The median time in total PA was 3.2 hr/week, with
25% of participants reporting < 1.2 hr/week and 25% reporting > 7.5
hr/week of overall PA. The reported mean time in leisure PA and total
PA were 51.5 + 113.3 min/week and 461.3 + 911.9 min/week,
respectively.

3.2. Neighborhood environmental attributes association with quality of

life

Table 2 shows the main effects of neighborhood environment attri-
butes on QoL. Physical health QoL was positively associated with resi-
dential density (b = 1.89, P = 0.032), land-use mix-diversity (b = 2.44,
P = 0.023), land-use mix-access (b = 1.94, P = 0.040), infrastructure
and safety for walking (b = 3.39, P = 0.001), and ‘overall-walkability’
(b = 0.42, P = 0.003). Psychological health QoL was negatively asso-
ciated with ease of access to services and places (b = -2.14, P = 0.039),
infrastructure and safety for walking (b = -2.69, P = 0.022), safety from
traffic (b = -1.15, P = 0.035), and ‘overall-walkability’ (b = -0.52, P =
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Table 2

Associations of environmental attributes with quality of life (Main effect) among older adults in Maiduguri, Nigeria, 2012.
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Physical health domain

Psychological domain

Social relationship domain

Environmental domain

Environmental attributes b 95% CI b 95% CI b 95% CI b 95% CI
Residential density 1.89* 0.16, 3.63 -1.74 —-3.64,0.16 0.79 —-2.09, 3.67 1.52 -0.71, 3.75
Land-use mix diversity 2.44* 0.34, 4.55 —0.20 —-2.52,2.11 3.55% 0.06, 7.03 —0.69 —3.42, 2.04
Land- use mix access 1.94* 0.09, 3.79 —2.14* —4.18, —0.11 1.67 —1.42, 4.75 0.18 —2.23, 2.59
Street connectivity 0.19 —1.45,1.84 0.08 —-1.74,1.89 -1.43 —4.15,1.29 0.32 —-1.82, 2.59
Walking infrastructure and safety 3.39%* 1.32, 5.47 —2.69* —4.99, —0.39 2.07 —1.40, 5.55 2.52% 0.01, 5.25
Aesthetics —0.52 —1.98, 0.94 —-0.75 —2.36, 0.86 0.88 —1.55, 3.30 0.64 1.26, 2.54
Traffic safety -0.33 -1.94,1.29 —1.15* —2.22, —0.08 -1.81 —4.43, 0.85 2.07%* 0.87, 3.27
Crime safety 0.27 —0.68, 1.22 -1.24 —3.04, 0.56 —0.66 —-2.23,0.91 0.73 —-1.39, 2.86
Walkability index 0.42* 0.14, 0.70 —0.52%* —0.82, —0.22 0.16 —0.30, 0.63 0.42% 0.06, 0.78

b = regression coefficient; 95% CI = 95% confidence intervals; *=Value significant at P < 0.050; **=Value significant at P < 0.001.

0.001). Environmental health QoL was positively associated with

infrastructure and safety for walking (b = 2.52, P = 0.045), safety from
traffic (b = 2.07, P = 0.001), and ‘overall-walkability’ (b = 0.42, P =
0.023). Social relationship QoL was positively associated only with land-

Table 3

use mix-diversity (b = 3.55, P = 0.046).

Leisure physical activity and total physical activity specific effect on associations of environmental attributes with quality of life among older adults in Maiduguri,

Nigeria, 2012.

Physical health domain

Psychological domain

Environmental domain

PA Specific Effect b 95% CI b 95% CI b 95% CI
Residential density

Some Leisure PA 2.85* 0.05, 5.66 - - - -

No Leisure PA 0.80 —1.89, 3.49 - - - -
Sufficient Total PA 2.09 —0.21, 4.38 - - - -
Insufficient Total PA 0.22 —3.45, 3.88 - - - -
Land-use mix diversity - - - -

Some Leisure PA 5.30%* 2.54, 8.06 - - - -

No Leisure PA 2.59 -1.11, 6.30 - - - -
Sufficient Total PA 6.34%* 3.01, 9.66 - - - -
Insufficient Total PA 3.95% 0.87, 7.03 - - - -
Land-use mix access - - - -

Leisure PA 4.81* 1.65, 7.97 - - - -

No Leisure PA 0.68 —1.84, 3.21 - - - -
Sufficient Total PA 2.28 —-0.10, 4.66 - - - -
Insufficient Total PA 1.58 —1.42, 4.57 - - - -

Street connectivity - -

Some Leisure PA 1.09 —0.87, 3.05 - - -0.19 —3.95, 3.55
No Leisure PA —2.45 -5.37, 0.47 - - —3.58 -8.22, 1.06
Sufficient Total PA 1.45 —0.82, 3.72 - - - -
Insufficient Total PA -0.24 —2.69, 2.22 - - - -
Walking infrastructure & safety - -

Some Leisure PA 4.72* 1.26, 8.17 - - - -

No Leisure PA 1.95 —-2.19, 6.09 - - - -
Sufficient Total PA 3.57* 0.74, 6.39 -2.11 —6.51, 2.27 - -
Insufficient Total PA 1.47 —2.44, 5.38 —3.32% —6.02,-6.22 - -
Aesthetics - -

Some Leisure PA 0.03 -2.71, 2.77 - - - -

No Leisure PA -1.79 -5.11, 1.54 - - - -
Sufficient Total PA —0.46 —2.68,1.76 - - - -
Insufficient Total PA -1.37 -3.86,1.13 - - - -

Traffic safety - -

Some Leisure PA —0.32 —2.45,1.81 —0.07 -1.97,1.82 2.23* 0.84, 3.62
No Leisure PA 1.28 0.62, 3.17 —1.26 —2.54, 0.01 1.67 —0.55, 3.88
Sufficient Total PA 1.00 —0.43, 2.44 - - - -
Insufficient Total PA —1.41* —2.78, —0.05 - - - -

Crime Safety - - - - - -

Some Leisure PA - - - -

No Leisure PA - - - -
Sufficient Total PA —-0.93 —-3.12,1.27 - - - -
Insufficient Total PA -0.39 —2.74,1.95 - - - -
Walkability index - -

Some Leisure PA - - - - 0.73* 0.26, 1.19
No Leisure PA - - - - 0.29 —0.29, 0.88
Sufficient Total PA - - -0.41 —0.85, 0.04 - -
Insufficient Total PA - - —0.59* —1.18, —0.00 - -

b = regression coefficient; 95% CI = 95% confidence intervals; PA = Physical activity; *=Value significant at P < 0.050; **=Value significant at P < 0.001; - =Indicates

no effect.
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3.3. Interactions of physical activity on associations between
neighborhood environment attributes and quality of life

The detailed results of interaction effect of recreational/leisure PA
and total PA on associations of environmental attributes with QoL are
shown in the Appendix A.

For physical health QoL, there was interaction effects of both leisure
PA and total PA with each of residential density, land-use mix-diversity,
land-use mix-access, street connectivity, infrastructure and safety for
walking, aesthetics, and safety from crime. The association of higher
residential density with better physical health QoL was stronger in older
adults who engaged in leisure PA (b = 2.87, P = 0.046), with a
marginally significant for those who were physically active overall (b =
2.09, P = 0.074) than those who were not active (Table 3). Compared to
those who not did not engage in leisure PA, those who engaged in leisure
PA showed 2.9 points higher physical health QoL for each one-unit
increment in residential density. Land-use mix-diversity was related to
better physical health QoL only in older adults who engaged in leisure
PA (b = 5.30, P = 0.001). Older adults who were physically active
overall had 6.3 points higher, and those not active overall had 3.9 points
higher physical health QoL for each one-unit increment in land-use mix-
diversity. Land use-mix-access was related to better physical health QoL
in those who engaged in leisure PA (b = 4.81, P = 0.003) and marginally
better physical health QoL among those who were physically active
overall (b = 2.28, P = 0.060). Compared to those physically inactive
overall (1.6 point higher), participants who were physically active
showed 2.3 point higher physical health QoL for each one-unit incre-
ment in land use-mix access. Better perceived walking infrastructure was
related to better physical health QoL in those who engaged in leisure PA
(b =4.72, P = 0.008) and were physically active overall (b = 3.57, P =
0.014). Better perception of traffic safety was related to lower physical
health QoL only among older adults who were physically inactive
overall (b = -1.41, P = 0.042) (Table 3).

For psychological health QoL, there were significant effect modifi-
cations of total PA with walking infrastructure and ‘overall-walkability’,
and leisure PA with traffic safety. Better perceptions of walking infra-
structure (b = -3.32, P = 0.016) and higher ‘overall-walkability’ (b =
-0.59, P = 0.050) were negatively associated with psychological health
QoL more among those who were physically inactive overall than those
who were active. Better perception of traffic safety was marginally
negatively associated with psychological health QoL among older adults
who did not engage in leisure PA (b = -1.26, P = 0.052) (Table 3).

For environmental health QoL, there were significant effect modifi-
cations of leisure PA with traffic safety and ‘overall-walkability’. Envi-
ronmental health QoL was positively associated with safety from traffic
(b = 2.23, P = 0.002) and ‘overall-walkability’ (b = 0.73, P = 0.003)
only in older adults who engaged in leisure PA (Table 3).

4. Discussion

Similar to findings from studies in high-income countries (Garin
et al., 2014; Sugiyama et al., 2008; Sugiyama et al., 2009; Roswall et al.,
2015), the present study suggested that multiple neighborhood envi-
ronment features were related to better QoL of older adults in Nigeria.
Attributes of built environments, including safety from traffic, having
safe parks and low street noise have similarly been associated with
health-related QoL of older adults in the middle-income country of
Colombia (Parra et al., 2010). The strongest evidence in the present
study was that living in proximity to commonly-used destinations (i.e.,
mixed-land use) was positively related to both physical health and social
relationship QoL. It was also notable that walking infrastructure and
‘overall-walkability” were positively related to both physical health and
environmental health QoL. Living within walking distance of shops and
services and having safe walking infrastructure allow older adults to live
independently and remain engaged in their communities, which would
be expected to support higher QoL. Living in higher-density areas was
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positively related to physical health QoL, perhaps because of the
increased opportunities for maintaining interactions and relationships.

There was mixed evidence for the ‘overall-walkability’, perceived
traffic safety, and walking infrastructure. It was expected these three
environmental variables would be positively related to several QoL
domains, but the pattern of negative associations with psychological
QoL is difficult to interpret and justifies further study. Perhaps the
confounding of walkability and socioeconomic status in the study
neighborhoods could explain this finding, because lower-income par-
ticipants could be expected to have worse psychological QoL. Future
studies should attempt to disentangle walkability and SES effects related
to psychological QoL. It was notable perceived crime safety was not
related to any of the QoL domains, suggesting that in this region of high
crime, including terrorism (Oladipo, 2013), older adults have learned to
cope with a chronically stressful situation. Overall, there was weak ev-
idence that neighborhood environment variables previously shown to be
related to PA in this sample (Oyeyemi et al., 2019) were directly related
to the QoL domains, except for positive effects of living in neighbor-
hoods with good access to shops and services.

4.1. The moderating effects of physical activity on the association between
neighborhood environment attributes and quality of life

The effect modification results provided a compelling pattern of re-
sults indicating PA may improve the positive impact of neighborhood
environment attributes on older adults’ QoL. Eight of eleven significant
effect modification tests showed associations between environment
characteristics and QoL were significantly positive only among those
who were physically active. The other findings were that walking
infrastructure, traffic safety and ‘overall-walkability’ were negatively
related to psychological health QoL only among older adults not physi-
cally active. It is unclear why living in neighborhood with walking
infrastructure and traffic safety would be related to poorer QoL among
any group, but the potential for confounding with SES should be
considered. It also is possible the inactive older adults were too physi-
cally limited to go out and enjoy their favorable neighborhood envi-
ronments, and they were somewhat depressed by their situation.
Previous evidence suggests perceptions of neighborhood environments
can be different, depending on how physically active or inactive people
are, with those who are inactive likely to be spending less time outdoors,
and be less familiar with their neighborhood environments (Humpel
et al., 2004). Thus, PA could be a confound for neighborhood percep-
tions. Perhaps, combined interventions to improve neighborhood envi-
ronments and simultaneously promote PA may be needed to enhance
QoL among Nigerian older adults.

Because PA significantly moderated eleven of the relations between
neighborhood environment attributes and QoL, this is a compelling
pattern of evidence that favorable neighborhood environments were
positively related to QoL of Nigerian older adults only among those who
were physically active. Traffic safety was an effect modifier for 3 QoL
domains, suggesting older adults who take advantage of safe traffic
situations experience robustly better QoL. In the present study, PA was a
significant effect modifier for all QoL domains except social relationship
QoL. Perhaps, unmeasured cofounders such as age-related disease and
disability that might decrease physical functioning and worsen social
isolation in old age could explain the lack of effect modification of PA on
associations of neighborhood environments with social relationship
QoL. Previous studies suggest greater neighborhood satisfaction and
opportunities to engage in social activities could partly explain some of
the observed association between environment features and QoL of
older adults (Richard et al., 2008; White et al., 2010).

4.2. Strengths and limitations

Whilst our study has some strengths, including a focus on an
understudied population (African older adults) and utilization of valid
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and widely used measures that facilitate international comparison, in-
terpretations should be made in the light of some important limitations.
First, the study was cross-sectional and conducted in one city, preclud-
ing causal interpretations and generalization to African older adults
from other settings. Second, the cross-sectional design means alternative
explanations should be considered. Reverse causation is a possibility.
Instead of living in a walkable neighborhood being a cause of higher
QoL, perhaps older adults with high QoL move to neighborhoods where
they can take advantage of being able to walk to places for shopping and
socializing. This possibility is directly related to the common concern
with “self-selection” in studies of built environments that people choose
environments that match their pre-existing preferences, which discounts
the impact of environments on people’s lives. Self-selection could not be
included in present analyses, which is a limitation. Prior studies of
neighborhood built environments and PA statistically adjusted for self-
selection, and the general finding is that self-selection plays a role but
not fully account for explanatory associations of walkability and other
built environment variables with PA (Boone-Heinonen et al., 2021;
Mokhtarian and Cao, 2008). Residential selection processes may differ
across countries and regions. For example, in Maiduguri and other Af-
rican cities, residential selection options are limited for low-income
residents. Living in multi-generational households or living very near
family may be a higher priority than in many high-income countries, a
characteristic likely to alter the dynamics of self-selection in low- and
middle-income countries. Nevertheless, we recommend future studies
on neighborhood environments and QoL include measures and analyses
related to self-selection. Third, the unavoidable confounding of neigh-
borhood walkability and SES inherent in Maiduguri presents substantial
challenges to interpretation. Replication in other cities in low-income
countries that are able to stratify neighborhoods by both built envi-
ronments and SES are needed. Fourth, given the overrepresentation of
men in the present study, there is a possibility of selection bias. Fifth, the
use of self-report measures may be subject to recall bias and social
desirability. Over-reporting due to social desirability, leading to
misclassification and overestimation of the prevalence of PA, has been
reported specifically for the IPAQ (Rzewnicki et al., 2003; Ainsworth
et al., 2006). Sixth, our data and analytic plan precluded a mediation
analysis that could allow for estimates of the direct and indirect effects
of the environments on QoL by fitting models with and without PA.
However, we believe the reported analyses of moderating effects of PA
adds important data to the field, which is largely unstudied in the region.
The findings provide preliminary evidence that improvement to envi-
ronmental characteristics designed to promote PA could simultaneously
be a means for improving the QoL of older adults in Nigeria.

4.3. Future directions

Future studies that build on these findings and explore PA as a
mediator of environments and QoL among older adults in the African
populations are needed. Ideally, such studies should use a prospective
design. We recommend future studies use appropriate measures of “self-
selection” for African populations. Studies are needed that apply geo-
spatial and mixed methods (including qualitative data collection) ap-
proaches to better understand why some neighborhood environment
features like good walking infrastructure and better traffic safety would
be related to poorer QoL among inactive older adults compared to their
peers who are physically active.

5. Conclusions

Consistent with our hypotheses, multiple activity-supportive envi-
ronmental attributes were related to 3 of the 4 domains of QoL. The
primary finding was that having many shops and services within easy
walking distance of homes, indicating mixed-land use, was positively
related to multiple domains of QoL. Activity-supportive environment
attributes, such as more diversity of destinations, good access to
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services, good aesthetics, higher residential density, more connected
streets and safety from traffic, have already been linked with physical,
psychological, and social health benefits, as well as favorable economic
and environmental sustainability effects (Sallis et al., 2015; Salvo et al.,
2021). Also as hypothesized, we found the PA status of Nigerian older
adults moderated the association of some neighborhood environment
factors with QoL. Leisure PA was a more consistent moderator than total
PA, which is logical because leisure activities are done in specific places
in neighborhoods, while occupational and household activities usually
do not depend on the neighborhood built environment. Present findings
demonstrate the potential for activity-supportive neighborhoods to
enhance QoL among Nigerian older adults who are physically active.
Our findings suggest that age-friendly and activity-supportive commu-
nity design and promotion of PA are important priorities that could help
prepare Nigerian society for more successful healthy ageing, which will
be a higher priority given predicted increase in the older adult popula-
tion in Africa and the rest of the world.
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