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Abstract 

Introduction: Food environments are viewed as the interface where individuals interact with the wider food system 
to procure and/or consume food. Institutional food environment characteristics have been associated with health 
outcomes including obesity and nutrition-related non-communicable diseases (NR-NCDs) in studies from high-
income countries. The objectives of this study were (1) to map and characterise the food-outlets within a Ghanaian 
university campus; and (2) to assess the healthiness of the food outlets.

Methods: Data collection was undertaken based on geospatial open-source technologies and the collaborative 
mapping platform OpenStreetMap using a systematic approach involving three phases: remote mapping, ground-
truthing, and food-outlet survey. Spatial analyses were performed using Quantum Geographical Information System 
(QGIS) and comprised kernel density, buffer, and average nearest neighbour analyses to assess outlet distribution, 
density, and proximity. A classification system was developed to assess the healthiness of food-outlets within the 
University foodscape.

Results: Food-outlets were unevenly distributed over the University foodscape, with many outlets clustered closer to 
student residencies. Informal food-outlets were the most frequent food-outlet type. Compared to NCD-healthy food-
outlets, NCD-unhealthy food-outlets dominated the foodscape (50.7% vs 39.9%) with 9.4% being NCD-intermediate, 
suggesting a less-healthy university foodscape. More NCD-unhealthy food outlets than NCD-healthy food outlets 
clustered around student residences. This difference was statistically significant for food outlets within a 100-m buffer 
(p < 0.001) of student residence and those within 100 and 500 m from departmental buildings/lecture halls (at 5% 
level of significance).

Conclusion: Further action, including research to ascertain how the features of the University’s food environment 
have or are influencing students’ dietary behaviours are needed to inform interventions aimed at creating healthier 
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Introduction
Globally, obesity prevalence tripled between 1975 and 
2016 [1] and unhealthy diet supplied by an increasingly 
unhealthy food environment has been cited as a key cul-
prit. In that, the global food environment, the interface 
where individuals interact with the wider food system 
to procure and/or consume food, has in recent decades 
seen rapid transformations that make unhealthier food 
options increasingly available. Recent conceptualisations 
distinguish this as the external food environment from 
personal food environment domains [2]. The external 
domain comprises exogenous features such as availabil-
ity, prices, vendor and product characteristics, market-
ing, and governance. Conversely, the personal domain 
is defined to include individual-level factors includ-
ing physical accessibility, affordability, convenience and 
desirability [2]. Given that food choices are made within 
the limits of options the food system makes available, 
food environments exert significant influences on food-
related behaviours [3]. It has for example been suggested 
that the rapid increase in global obesity prevalence is a 
materialised reflection of individuals’ natural response 
to their environment that promotes excess calorie intake 
and sedentary behaviour [4, 5].

Emerging adults, 18 to 25-year olds, have been found 
to engage in nutritionally poor and less healthy food 
behaviours, and especially so in comparison with other 
age cohorts [6–8]. This is generally true across 28 coun-
tries in the European Union [8], Australia [6] and USA 
[7]. They are less likely to meet standard dietary recom-
mendations [9–12]. Emerging adulthood is a key transi-
tion period when individuals establish independence 
and responsibility for life choices, including autonomy 
in food- and health-related choice [13, 14]. Emerging 
adulthood presents an opportune period to influence the 
adoption of healthy lifestyles, including dietary and phys-
ical activity behaviours  for immediate and future health 
and environmental benefits.

The university or school food environment has gained 
popularity as an important factor shaping young people’s 
eating habits in studies emanating from high-income 
countries (HICs) [15–17]. The university is one of the few 
places a large population of emerging adults live and/or 
work and spend most (≈35 h/week for ≈4 years) of their 
emerging adult life. The university food environment 
therefore offers an ideal setting to positively influence 

emerging adults’ food behaviours. Many university stu-
dents live away from home for the first time, where taking 
charge of their individual food needs becomes a new and 
often a difficult challenge [18]. The university campus is 
where certain health behaviours (including food-related) 
that may perpetuate into adulthood or trigger the onset 
of obesity and/or other NCDs are nurtured. For example, 
university food environments have been reported to offer 
less healthy food options than healthy food options in 
studies from USA [19, 20] Germany [21], Australia [22], 
New Zealand [23], Brazil [24], and South Africa [25]. In 
longitudinal studies, more ‘freshmen’ (i.e.: first years) liv-
ing on campus were obese or gained significantly more 
weight at the end of their first year than students with 
other living arrangements, with 3.38 kg mean weight gain 
for the subgroup of weight gainers [26, 27]. 

Nearly 10% of the population in sub-Saharan Africa 
(SSA) go through tertiary education institutions accord-
ing to [28] based on UNESCO Institute of Statistics 2020 
data. Moreover, the emerging adult age-group is particu-
larly important for SSA, which is home to the youngest 
population, the size of which is projected to double by 
2050 [29]. What is more, in SSA and other low-and-mid-
dle-income countries (LMICs), there is a rapidly increas-
ing double-burden of obesity and malnourishment linked 
to unhealthy diets [2, 30, 31]. However, recent system-
atic reviews of food environment research have found 
extremely limited evidence of research capturing the 
features of the prevailing food environment in the sub-
region and how this relates to the ongoing changes in 
food-related behaviours and health outcomes [32, 33]. 
This is a significant research gap given the fundamen-
tal differences between HIC and SSA cultures regarding 
food value-chains, production, supply environments, 
food acquisition and consumption practices, and public 
health nutrition challenges. This study sought to address 
this lacuna by mapping and characterising the features 
that constitute the food environment in an urban Ghana-
ian university campus.

Objectives

1. To identify and map the distribution of food-outlets 
within the University of Ghana campus.

2. To ascertain the type of food-outlets that make up 
the University of Ghana food environment.

foodscapes in the study University and other campuses and to lead the way towards the creation of healthy food 
environments at the home, work, and community levels.

Keywords: University foodscape, Food outlet healthiness, Non-communicable disease, Ghana, Humanitarian 
OpenStreetMap, Volunteered and collaborative mapping
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3. To assess the healthiness of the various food-outlets 
distributed over the University of Ghana campus.

Methods
Study area
The University of Ghana is the oldest and the largest pub-
lic university in Ghana, located about 13 km north-east of 
Accra and with a land size of about 99.3 hectares, includ-
ing a 23-hectare botanical garden. The University has 
three campuses, namely Legon (main campus), Korle-Bu 
and Accra City, which are suburban areas, comprising 
a total student population size of 39,249 including both 
undergraduate (85.4%) and graduate (14.6%) students. 
The majority (97.9%) of the population is Ghanaian, 1.5% 
of other African nationality and 0.6% of other nationality. 
The University’s Legon campus has 14 halls of residence 
(six traditional halls1 and eight new residencies2 commis-
sioned in 2011), the International Student Hostel I and 
II, and the Valco Trust Hostel which altogether house 
about 52% of students of the Legon main and Korle-Bu 
campuses. The remainder lived in private hostels, rented 
accommodation from private landlords, and other liv-
ing arrangements. This study [part of a wider project (34, 
35]) covered outlets in and around departmental build-
ings, on-campus accommodation facilities and accom-
modation facilities like the African Union, Bani, James 
Topp Nelson Yankah, and Evandy halls, which are usu-
ally classified as off-campus facilities among students 
due to being distant from central campus. The University 
operates a collegiate system which includes four colleges 
namely: the College of Basic and Applied Sciences, Col-
lege of Education, College of Health Sciences and the 
College of Humanities. Students spend an average num-
ber of six (6) hours/day at their departments/lecture 
halls.

Data collection
The data collection employed a systematic approach 
involving three phases namely (1)  remote mapping (2), 
ground-truthing, and (3) food-outlet survey. The remote 
mapping phase included online mapping and online vali-
dation. There was an initial update of OpenStreetMap 
(OSM) based on freely available satellite imagery of the 
study area to create a vector basemap made up of foot-
prints of building structures and routes. All building 

structures and routes within the boundary of the Univer-
sity campus were remotely mapped and validated online 
using the Humanitarian OSM Team’s (HOT) Tasking 
Manager (Tasking Manager is a web-based interface to 
coordinate mapping task and edit OSM using map edi-
tors such as iD editor) to create a basemap which guided 
ground-truthing or block-by-block observation [36–38].

The ground-truthing activity involves field verifica-
tion of building structures and routes mapped during 
the online remote mapping and validation. All data were 
obtained through ground-truthing survey and direct 
observation by the first author, and two research assis-
tants recruited for this study, in collaboration with up to 
20 well-trained University of Ghana (UG) YouthMapper 
volunteers stationed at six different clusters of the Uni-
versity campus (namely: the Main campus area; Vice 
Chancellor’s residence; Athletic oval; Diaspora area; and 
Botanical gardens; and Pentagon area). Atlases of the 
verified basemap were generated and printed using a 
web-based interface (Fieldpapers.org) for generating A4 
field paper maps (hereafter, FieldPaper sheets). FieldPa-
per sheets (FPS) were used to guide the ground-truthing 
survey and to directly observe and verify the location and 
typology of all structures in the study area, with particu-
lar interest in residential structures and food outlets. Data 
were recorded using a questionnaire instrument devel-
oped using open source software namely OpenDataKit 
(ODK) [39] and OpenMapKit (OMK) [40] which were 
loaded into Samsung Galaxy S5 and Alcatel 3 V android 
mobile phones. The verified structures were also anno-
tated on the FPS for accuracy and as back-up reference 
when updating OSM. Each FPS has a quick-reference 
(QR) code which allows scanned FPS to be oriented when 
overlaid on OSM. The ODK questionnaire was piloted 
and modified prior to its usage. Volunteers were paired to 
conduct the actual ground-truthing survey between 8th 
October and 7th November 2019 by walking through the 
streets of the entire study area. This systematic approach 
offered three main benefits: (1) the potential to save time, 
and (2) comprehensive geographical coverage, (3) mitiga-
tion for other inherent weaknesses of individual methods 
[17, 38]. The study focused on university-managed stu-
dent residences. Rented rooms from private landlords 
were excluded, as these were farther from the University 
campus.

Volunteers were trained to follow a standard protocol 
as follows. First, the shape on the FPS representing the 
building structure was traced out in pencil. Where there 
was a new structure, a representative shape was drawn on 
the FPS. Structures were assigned serial numbers start-
ing with 1 (as a three-digit number—001) for the first 
structure visited using a naming convention (detailed 
in Table  1) that assigned a unique 13-digit structure ID 

1 Commonwealth Hall (the only male hall of residence); Akuafo Hall; Mensah 
Sarbah Hall; Volta Hall (the only female hall of residence); Jubilee Hall; and 
Legon Hall.
2 Alexander Kwapong Hall, Hilla Limann Hall, Jean Nelson Hall, Africa 
Union Hall, Bani Hall, Elizabeth Sey Hall, Evandy Hall, James Topp Nelson 
Yankah Hall (source: https:// afric avars ities. com/ unive rsity- of- ghana/).

https://africavarsities.com/university-of-ghana/
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number to each structure. Secondly, the name, loca-
tion/street address, structure type/use (e.g., residential, 
classroom, office, or food outlet, etc.), corresponding 
details on individual structures captured on the FPS were 
recorded in ODK collect where the unique 13-digit struc-
ture identification (ID) is generated. The Geographical 
Positioning System (GPS) coordinates of the structure 
were thirdly recorded using the OMK feature in the ODK 
questionnaire. Finally, a front-view photograph of the 
structure was taken. Data collected were quality checked 
by team leaders before submitting to the ODK Server 
hosted by the Institute for Global Sustainable Develop-
ment (IGSD) based at the University of Warwick. Iden-
tified discrepancies were discussed with volunteers in 
WhatsApp group chat and at weekly meetings and subse-
quently corrected.

In the food-outlet survey, a survey instrument was 
developed based on insights from the Nutrition Envi-
ronment Measures Survey (NEMS) instruments for res-
taurants [41] and stores [42] by Glanz and colleagues to 
assess food outlets (mapped in step 3) within the Univer-
sity of Ghana food environment using ODK collect. The 
assessment tool captured information on the type of food 

outlet and food options available—including fruit, vege-
tables, carbonated/sugar-sweetened beverages and salted 
snacks, fast-food, and other prepared/cooked foods—
opening hours, advertising material, availability of seat-
ing, etc. The location of food outlets as captured in step 
3 was also validated to ensure accuracy. The assessment 
tool was pilot-tested in the Main campus and Diaspora 
clusters with four different volunteer groups and subse-
quently revised based on a comparison of results, includ-
ing the classification of food outlets, to ensure accuracy.

A food outlet classification system was developed given 
the non-existence of a standard food outlet classification 
regime for the study country. This was based on the lit-
erature [5, 23, 43, 44] and the characteristics of the food 
outlets. Food outlets were initially classified into two 
broad categories—food stores and food service places—
based on the service type. These were further divided 
based on the features of the structure or edifice the food 
outlet operated from (i.e., movable/permanent, size, seat-
ing availability and type, number of vendors, etc.), key 
aspects of business practice (i.e., self-service, take-away/
delivery service, operating hours, etc.), and type/variety 
of foods. Appendix 1 shows the typology of food outlets 

Table 1 Naming convention for assigning unique 13-digit structure ID’s

Adapted from NIHR Global Health Research Unit, 2018

The naming convention is as follows:

First letter/alphabet unique to the study (‘N’ in this case) followed by

Field paper sheet code which should be three characters (this was A01 in this study) followed by

Three-digit enumeration area code (for e.g., 111 for Pentagon area) followed by

Field worker identification code (3-digits, e.g., 550) followed by

Last three digits indicated serial numbering of structures, with 1 (entered as 001) being the first structure visited by the fieldworker

Finally, the unique 13-digit structure ID for the first structure visited, for example, would be NA01111550001

Table 2 Food outlet healthiness classification and definition as NCD-healthy, NCD-unhealthy, or NCD-intermediate

Outlet healthiness category Definition

NCD-healthy This included outlets that had FV, other plant-based food options, organic foods, and low-fat food choices on offer or 
have been associated with healthy eating [47, 48]. E.g., Store/stall/table-top vendor specialising in selling fresh fruit 
and/or vegetable options only; Organic food store/stall/table-top vendor specialising in stocking only fresh organic 
fruit, vegetable, and other plant-based food options; Store/shop/stall/table-top vendor selling drinking water only; Fruit 
juice/smoothie/puree stand; Food service places (Restaurants) serving vegetable soups/sauces/stews, legume soups/
stews/sauces, and vegetable salads as main part of menu

NCD-unhealthy This encompassed food outlets that sold no fruit and/or vegetable choices, they offered ultra-processed foods (UPFs), 
high-fat, and energy-dense choices that encourage excess calorie intake (Costa et al., 2019 [49]; Costa et al., 2018 [50]; 
Nardocci et al., 2019 [51]; Piernas et al., 2016 [52]; Rauber et al., 2018 [53], 2020 [54]; WCRF/AICR, 2018 [55]). E.g., Store/
stall/table-top vendors selling confectionery, carbonated/SSBs or drinks; ice creams; sugared/salted snacks including 
cookies, cakes, and biscuits; frozen pizza; jams; bouillon/stock cubes or powders; packaged instant noodles, salted fish/
meat [55], blended kenkey (ice-kenkey). Food service places offering stir-fried rice, instant noodles, kelewele, deep-fried 
foods [56], sausages, khebab/other processed meat/salted meat, salted fish, burgers, hotdogs, chicken nuggets [55, 57], 
alcoholic drinks, milk shake

NCD-intermediate This included food outlets that did not fit neatly into either of the NCD-healthy or NCD-unhealthy categories and the 
contribution of the foods/food outlet types to obesity/overweight, hypertension, or other NCDs is inconclusive or 
stocked proportionate mixture of foods known to be NCD-healthy as well as food known to be NCD-unhealthy
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in the University foodscape and the description of each 
outlet type.

As the NEMS concept (employed in the development 
of the food-outlet survey instrument) enables the cap-
turing of both healthy and unhealthy food options avail-
able at eating venues, food outlets were also categorised 
as either NCD-healthy, NCD-intermediate, or NCD-
unhealthy based on:

1. the level of processing of the food options on offer 
[45];

2. whether or not the food options on offer are known 
risk factors for obesity, hypertension, other cardio-
vascular or NCDs [46–48]; and

3. whether or not the food options are known to offer 
protection against NCDs (after Maimaiti et al., 2020) 
[46–48].

The NCD-unhealthy food outlets category encom-
passed those that sold no fruit and/or vegetable choices, 
they offered only ultra-processed foods (UPFs), high-fat, 
and energy-dense choices that encourage excess calorie 

intake. NCD-healthy food outlets included outlets that 
had the highest proportion of food options being FV, 
other plant-based food options, and low-fat food choices 
or food option that have been associated with healthy 
eating [47, 48]. The NCD-intermediate category com-
prised of food outlets that did not fit neatly into either 
of the NCD-healthy or NCD-unhealthy categories and 
the contribution of the foods/food outlet types to BMI, 
hypertension, or other NCDs is inconclusive. See Table 2 
for the summary of the criteria.

Data analysis
Geocoding and a food retail environment spatial distri-
bution analysis were undertaken using Quantum Geo-
graphical Information System (QGIS) Desktop software 
version 3.10.0 with Geographic Resources Analysis Sup-
port System (GRASS) software version 7.6.1 and Micro-
soft Excel Spreadsheet. The density of the various outlets 
per kilometer square over the University foodscape was 
assessed. In a nearest-neighbor analysis, the distance 
between two outlets of the same type was determined. 

Fig. 1 Distribution of structures on the University of Ghana campus
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Distance to nearest hub (points) analysis was applied to 
determine the distance between food outlets and class-
rooms, and between outlets and students’ residences. 
Two-sample t-tests were ran in MS Excel Spreadsheet 
to compare the differences between NCD-healthy and 
NCD-unhealthy food outlets in terms of their proxim-
ity to student residencies. The same statistical analysis 
was ran to compare the proximity of NCD-health outlets 
and that of NCD-unhealthy food outlets to departmental 
buildings/lecture halls.

Results
After in-person block-by-block mapping of structures 
within the within the University boundary, five hun-
dred and fifty-eight (558) structures were identified and 
mapped. The structures comprised food outlets (138, 
24.7%), student hostels/halls (96, 17.2%), lecture halls/

other departmental buildings (including administrative 
offices, conference, or meeting rooms) (124, 22.2%), staff 
accommodation (154, 27.6%), libraries and bookshops 
based on the focus of this study. Figure 1 shows the dis-
tribution of the various structures. Student hotels/halls 
(hereinafter, student residence) were mostly large storey/
muti-storey buildings compared to staff accommodation 
which were usually small bungalows. The study focused 
on university-managed student residences. Rented rooms 
from private landlords were excluded, as these were far-
ther from the University campus.

Food outlet characteristics
Out of 138 food outlets 58% were food service places 
with 42% being food stores. About 27.5% of all food out-
lets were table-top operations offering mainly water, car-
bonated/sugar-sweetened drinks and biscuits; bread with 

Fig. 2 Food outlet typology
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omelets (fried egg); or instant noodles. A few table-top 
vendors sold fruit, roastgroundnuts and/or water, mil-
let porridge and other cooked breakfast cereals (such as 
oats). This is followed by traditional/local sit-down res-
taurants serving prepared meals including mainly rice 
dishes with vegetable salad (sold separately), banku/
kenkey with grounded pepper or vegetable sauces (sold 
separately), banku/fufu with soup, and beans with gari/
fried plantain (red-red). Together with other food ser-
vice places (standard sit-down and take-out restaurants), 
they made up over 35% of food-outlets, suggesting a 
high prevalence of eating-out among students. Conveni-
ence stores had the third highest proportion (11.6%) of 
food-outlets. In addition to other everyday items, the 
convenience stores stocked mainly water, soft drinks, 
biscuits, packaged snacks and other confectionery, and 
instant noodles. Each hall/hostel of residence had a con-
venience store inhouse. Interestingly, fruit store (Fruit 
stores + Fruit juice stand + Organic food shop together) 
ranked eighth, representing 3.62% of food-outlets. Food-
outlets that fell under the Supermarket category were not 
full-service supermarkets and offered ultra-processed/
packaged foods and drinks only, with no fresh food prod-
ucts. Figure 2, Table 3 and Appendix 1 show the typology 
and the proportion of each food-outlet type in the Uni-
versity foodscape.

The distribution of food-outlets was somewhat uneven 
over the University campus and appeared to be concen-
trated around the halls/hostels of residence, especially 
towards the south. There was a limited number of food 
outlets towards the east where many departmental build-
ings or lecture halls were located (Fig.  3). These areas 
were dominated by temporary table-top vendors mainly 
stocking water, carbonated/SSBs and pastries/biscuits. 
This may shape the eating habits of students, as the 
department is where they spend most of their day/time 
during term-time.

Food delivery service arrangements appeared to offer 
the opportunity to bridge the distance gap. The study 
identified four (4) main third-party delivery companies, 
including “Delivery on Point”, that operated through dis-
patch riders (on mopeds and motorbikes) stationed at 
major food-courts who took phone orders from students, 
procured the food (as requested by student) and deliv-
ered it to them. Through dispatch riders, students could 
buy food from any food outlet or vendor of choice inas-
much as they could afford the cost of delivery. Other food 
outlets had their own dispatch riders to deliver telephone 
orders to students. In addition to this, some standard sit-
down and take-out/fastfood restaurants like the Base-
ment Plus, Icy cup, Meluv’s Restaurant were listed on 
online food ordering and delivery platforms like Swyft-
lyfefood, Bolt food and Jumia food, which also enabled 

students to order food from outlets both within and out-
side the University foodscape.

Healthiness of food outlets
Food outlet assessment showed that there were more 
NCD-unhealthy (50.72%) than NCD-healthy food outlets 
by nearly 11 percentage points and 9.42% of food outlets 
being NCD-intermediate. Figure  4 shows the distribu-
tion of NCD-healthy and -unhealthy food outlets. The 
heat map shows the density of NCD-unhealthy food out-
lets (Fig. 5). The density of NCD-unhealthy food outlets 
is highest towards the south of the campus followed by 
parts of the middle belt of the foodscape close to a high 
number of student residences. About 89%, 89% and 
98% of NCD-unhealthy food outlets were respectively 
within 100  m, 200  m and 500  m buffer of halls/hostels 
of residence. This compares to about 85%, 85% and 94% 
of NCD-healthy food outlets within 100, 200, and 500 m 
of student residence, respectively. See Figs. 6A, B, and C. 
Statistical analysis showed that the difference between 
the proportion of NCD-unhealthy food outlets and 
NCD-healthy food outlets within 100 m buffer of student 
residencies was statistically significant (p < 0.001) but not 
for food outlets within 200- and 500-m buffer as shown 
in Table 4.

Regarding distance between departments and food 
outlets, 46%, 64% and 94% of NCD-unhealthy food out-
lets were respectively within 100, 200, and 500 m buffer 
of departmental buildings/lecture halls (Figs.  7A, B, C), 
compared to 32%, 48%, and 74% of NCD-healthy food 
outlets. As shown in Table  5, the differences between 
NCD-healthy and NCD-unhealthy outlets within 100 m 
and 500  m buffer of departments were statistically sup-
ported at 5% level of significance. These clustering were 

Table 3 Types of food outlets in

Food outlet type No %

Table-top 38 27.54

Traditional sit down 18 13.04

Convenience store 16 11.59

Standard sit-down restaurant 16 11.59

Take-out restaurant/fastfood 15 10.87

Food court 13 9.42

Khebab stand 7 5.07

Grocery shop 5 3.62

Fruit store 3 2.17

Supermarket 2 1.45

Drinking bar 1 0.72

Organic food shop 1 0.72

Fruit juice stand 1 0.72

Snack bar/Ice-cream shop 2 0.72

Total 138  100
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confirmed in the nearest-neighbour analysis (NNA). The 
NNA suggested that the average distance between one 
and another NCD-unhealthy food outlet was approxi-
mately 25  m, while the average distance between two 
NCD-healthy food outlets was 28 m. It is also important 
to add that more than 42% of all table-top vendors clus-
tered around departmental buildings.

Discussion
This study used Geographic Information System (GIS) 
to characterise the foodscape in the University of Ghana 
campus. This is the only study to use GIS methods to 
characterise the features of the food environment within 
a Ghanaian university community context. The study 
identified a total of 138 food-outlets in the University 
foodscape, which were unevenly distributed. Table-top 
operations ranked the single-largest food-outlet type 

(27.53%), although all restaurant types (traditional sit-
down (18%), standard sit-down (16%) and take-out res-
taurants (15%)) put together constituted nearly half of all 
food-outlets identified. A little over 50% of food-outlets 
were NCD-unhealthy, about 10 percentage points more 
common than NCD-healthy food-outlet availability over 
the foodscape. More food-outlets were clustered around 
student residences with limited availability of food-out-
lets around departmental buildings and lecture halls. The 
kernel-density analysis confirmed that NCD-unhealthy 
food-outlets also clustered closer to student residences, 
creating/suggesting an unhealthy food environment. 
These results suggest that the University foodscape 
appears to be less healthy by making more unhealthy 
food options easily accessible (closer) to students.

Food service places dominated the campus foodscape, 
making up about two-fifths of all outlets identified. This 

Fig. 3 Food outlet types in relation to departmental and residential structures
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suggests a high eating-out among students in this cam-
pus. That is, the prevailing characteristics of the Uni-
versity foodscape may be a materialised reflection of 
students’ longstanding preferences. Qualitative research 
among UK and Bangladeshi students have suggested 
that academic demands on time (among students in this 
university [34]) and the lack of cooking skills among 
young university students make eating-out a convenient 
choice [58, 59]. While all these reasons may not be the 
case among students at our study university due to dif-
fering cultural contexts, the findings here are consistent 
with the results from an urban poor non-student com-
munity in Ghana using the GIS method [5] and the Xi 
Hu district of China [46] showing a high number of out-
of-home cooked food and fast-food restaurants, respec-
tively. Using the Ordnance Survey’s Points of Interest 
(POI) geo-data and the UK Household Longitudinal 
Study (UKHLS) Penny et  al. (2018) found that a higher 
density of away-from-home food-outlets around the 
home/neighbourhood in relation to all other food-outlet 

types, showed greater odds of UK households expending 
a higher proportion of their monthly food expenditure 
eating out [60]. There is convincing evidence associating 
eating-out (food away from home) with poor diet qual-
ity [61–63] and high total energy intake, low micro-nutri-
ent and FV intake (Lachat et al., 2012 [64]; Llanaj et al., 
2018 [65]), and high BMI among adolescents and adults 
[63, 66, 67] including university students [65]. However, 
in the Dake et al. [5] study conducted in the same city as 
in the current study, every additional away-from-home 
food-outlet in the study area was associated with a 0.1 kg/
m2 less BMI among a non-university adult population. 
It could be postulated from systematic review evidence 
[68] that the determinants of away-from-home food con-
sumption in this student community should be consid-
ered in future research to inform tailored interventions 
aimed at reducing the influence of the local foodscape on 
the adoption of unhealthy dietary behaviours.

The study identified that food-outlets were not evenly 
spread over the university foodscape. This is consistent 

Fig. 4 Food outlet healthiness
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with qualitative findings from students in our study uni-
versity [34] and a non-university context in China in a 
study that used the GIS method [46]. The study assessed 
the proximity/clustering of food-outlets around depart-
mental buildings (including lecture rooms) and halls/hos-
tels of residence, as these are the places students spend 
most of their time on campus. There was limited avail-
ability of food-outlets closer to departments, with most 
food-outlets located around student residencies. Many of 
the food-outlets around departments were informal tem-
porary table-top structures selling snacks, biscuits other 
confectionery and carbonated/SSB, similar to the level of 
prevalence observed in informal communities in South 
Africa [69] where informal food vendors were the most 
the popular. Specific to university settings, Pulz et al. [24] 

used a cross-sectional descriptive design and also found 
more unhealthy food options and snacks sold at a uni-
versity’s food service facilities in Brazil. Franco et al. [70] 
and Barbosa et al. [71] also found that UPFs dominated 
the campus food environments at the expense of fresh 
and healthy food options in their assessment of the food 
environments in different public universities in Brazil. In 
HICs, similar findings have been reported in historically 
black USA universities in studies using GIS methods [72]. 
In cross-sectional surveys [23, 73], direct observations 
[74], qualitative interviews (Dhillon et  al., 2019a [19]; 
Hilger-Kolb & Diehl, 2019 [21]) have also found the rela-
tive availability of less-healthy food options at university 
campus food venues in Spain, New Zealand, Australia, 

Fig. 5 Kernel density map showing concentration of NCD-unhealthy food outlets
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and the USA, respectively, including vending machines 
[74, 75].

Although the observed prevalence of informal food-
outlets may not be expected in a highly regulated and 
‘elite’ community like the study area, there may be cul-
tural and normative underpinnings to this finding. It may 
encourage frequent ultra-processed food (UPF) con-
sumption and lead to unhealthy dietary habit formation 

over time [3]—including meal skipping, excess calorie 
intake. In that, the majority of students spent approxi-
mately 50% of their weekday at their departments and 
returned to their residences later in the afternoon or 
evening time. Previous research suggest that food-outlets 
consistently encountered by individuals in their daily rou-
tine and commuting routes trigger intentions to eat/buy 
and shape choice and preferences, including emotional 

Fig. 6 A, B, C Healthiness of food outlets within 100, 200 and 500 m buffer of student residence
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attachment to particular food-outlets (Burgoine et  al., 
2013 [76]; Clary et  al., 2017 [3]). However, a systematic 
review found limited evidence associating characteristics 
of the school food environment with students’ food con-
sumption patterns [77]. Indeed, there was no included 
study from an African setting. It is suggested that univer-
sities in the study country take advantage of their powers 
as semi-autonomous bodies to consider healthy school 
foodscape interventions (especially at departments) to 
lead the way in national efforts towards creating healthy 
food environments around the home, work, and other 
school environments.

Another important finding from our analysis showed 
a higher proportion (over 50%) of NCD-unhealthy food 
outlets than NCD-healthy food-outlets available within 
the University foodscape. These outlets including tradi-
tional sit-down and take-out restaurants, convenience 
stores and table-top vendors offered energy-dense meals, 
deep-fried (fatty) foods, SSBs and other UPFs, and oper-
ated for long hours. A similar pattern of distribution 
between healthy and unhealthy food-outlets have been 
reported in both high- and low-income countries (Bodor 
et  al., 2010 [78]; Maimaiti et  al., 2020 [46]; Patel et  al., 
2017 [79]; Zhang & Huang, 2018 [80]), including Ghana 
[5]. In this study, many of such NCD-unhealthy food-
outlets clustered closer to student residencies and domi-
nated the food market around the residencies (as evident 
on the heat map in Fig. 5 and buffer maps from depart-
mental buildings (Figs. 7A, B& C)) in the face of limited 
availability of grocery shops stocking organic/inorganic 
FV. None of the two identified supermarkets were full-
service, stocking mainly ultra-processed/packaged foods 
only with no fresh food products. The availability of 
unhealthy food-outlets (such as SSB vending machines, 
fast-food, convenience stores) within 1  km buffer of 
schools has been found to increase the consumption of 
SSB’s [81], deep-fried salty snacks, junk foods or other 
unhealthy foods and low FV intake among students in 
Canada [81], the UK [82], Ireland [83], and Brazil [84]. 
Neighbourhoods with relatively limited outlets stock-
ing fresh food options have been associated with sig-
nificantly low FV consumption [85, 86] and healthy food 

consumption in general [87]. In Ghana, for every other 
convenience store in a poor non-student urban commu-
nity in the same city as this study, BMI in persons aged 
15–59 years increased by 0.2 kg/m2 [5]. In this study, the 
long operating hours of outlets (including convenience 
shops, table-top vendors selling bread with omelets and 
kelewele, and khebab) closer to student residences may 
encourage less healthy late-night eating habits among 
students. Further research could consider the influence 
of this campus’ food environment features on students’ 
food choice and eating behaviours.

Most studies characterising the food environment have 
focused on a limited selection of food-outlet types. This 
study included all food-outlet types available within the 
study area. Another strength of this study is the use of a 
robust classification instrument to categorise all available 
food-outlets as NCD-healthy, NCD-intermediate or NCD-
unhealthy based on relevant research [50, 55, 56, 87].

Despite the strengths, this study had limitations. 
There was bad satellite imagery in sections of the study 
area during the online mapping and validation to create 
the study’s basemap. A few of the tasks on the Univer-
sity of Ghana campus HOT Tasking Manager appeared 
invisible because there was cloud cover obstruction. 
Those parts could not be digitised and some struc-
tures may have been missed at the online mapping 
stage. However, such structures would have been cap-
tured during structure verification/ground-truthing, 
highlighting the rationale for employing a system-
atic approach involving the combination of block-by-
block observation, respondent reports, and a GPS in 
this study to capture the characteristics of the food 
environment.

A second limitation could be the geographical inac-
cessibility encountered during the ground-truthing 
exercise. Access into some residential areas like the Vice 
Chancellor’s area and the University Guest Houses, 
were not allowed for security reasons. As this could 
mean some outlets missing from the maps, its impact 
on the study’s findings would be negligible, given that 
students were not allowed access into these areas.

Table 4 Two sample t-tests of NCD-health and NCD-unhealthy food outlets within 100/200/500 m buffer of student halls/hostels

100-m buffer 200-m buffer 500-m buffer

NCD-hfo NCD-ufo NCD-hfo NCD-ufo NCD-hfo NCD-ufo

Mean 46.61 61.04 114.39 121.08 282.47 286.52

Variance 874.97 676.39 3342.80 2496.76 17,219.15 15,915.13

Observations 111 120 311 368 1050 1316

df 220 617 2209

t Stat -3.92 -1.60 -0.76

P(T <  = t) two-tail 0.001 0.112 0.453
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In close relation to the above, the study may not 
have captured all outlets within the university food-
scape given that some food vendors were mobile. This 
includes vendors who ported FV, pastries, ice creams, 
and snacks on their heads; or carted ice cream, SSBs, 
and pastries on bicycles to various points of the 

foodscape. However, the mobile food vendors consti-
tuted a small proportion of food resources in the study 
community to make a significant difference to the find-
ings reported here.

Another limitation could be issues encountered dur-
ing the upload of fieldpaper sheets to Fieldpaper.org after 

Fig. 7 A, B, C Food outlets within 100, 200, 500 m buffer of departmental buildings



Page 14 of 17Mensah et al. BMC Public Health         (2022) 22:1912 

ground-truthing. Images of some updated fieldpaper 
sheets captured using the Samsung Galaxy S5 and Alca-
tel-3 V phone cameras could not be uploaded to Fieldpa-
pers.org. Those parts of the map were therefore manually 
updated online with information captured on the field-
papers during structure verification using the individual 
fieldpaper codes. This may have affected the accuracy of 
the point location for the structures entered manually. 
Although this was the case for an insignificant number 
of the structures identified and mapped, the findings of 
the study should be interpreted in the light of this and the 
foregoing limitations.

Many food items become unhealthy when consumed 
beyond recommended levels. Thus some of the food 
items used as markers of healthiness may become risks 
to personal health if not consumed in the most appropri-
ate and recommended manner [88]. Therefore, the food 
outlet healthiness categorisations—NCD-healthy, NCD-
intermediate, NCD-unhealthy—developed in this study 
should be interpreted with circumspection and in the 
proper context.

Conclusion
This study set out to identify the features of a university 
food environment and to assess the healthiness of the 
food-outlets within the campus foodscape. The cam-
pus foodscape offers a variety of food resources but an 
imbalance in the distribution of the food-outlets was 
identified. However, there was a robust food delivery 
system with some food service places listed on online 
food ordering and delivery platforms. Nearly half of 
the food resources qualified as NCD-unhealthy food 
outlets which clustered around student halls/hostels 
of residence, suggesting a less healthy food university 
environment. Overall, our findings have important 
implications for further research and policy interven-
tions towards identifying environmental risk factors 
associated with unhealthy food behaviours, overweight/

obesity, NCDs, and other health outcomes among uni-
versity students in Ghana during term-time. Another 
distinctive contribution of this study is the provision 
of evidence on how remotely mapped data in a collabo-
rative mapping approach can be combined with direct 
observation and other survey methods to produce data 
that provides useful insights into relationships between 
people and location characteristics. This would provide 
methodological guidance to other investigators, par-
ticularly, under-resourced researchers.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 022- 14266-7.

Additional file 1. Appendix 1.Typology of food-outlets identified in the 
University foodscape.

Acknowledgements
The authors are grateful to volunteers from the 2019/2020 University of 
Ghana (UG) Youth Mappers group notably (in no particular order) Bennaih 
Netor Ezuh, Neola Yakubu, Emmanuel Obeng, Gloria Kusi, Herwin Ziemeh 
Yengnone, Pascal A.W Gbiel, Christian Dogboe, Stephen N.Y. Amofah), Faustina 
Mintah and Sylvia Adoma for their support during block-by-block structure 
verification.

Authors’ contributions
DOM, GY and OO developed the study protocol with support from RL. DOM 
led the online mapping and validation with MB’s assistance and GY’s support. 
DOM led structure verification with MB’s assistance and with support from 
volunteers from the 2019/2020 group of UG Youth Mappers. DOM carried out 
analysis with GY’s support. DOM drafted the manuscript which OO, MB, and 
GY reviewed. The author(s) read and approved the final manuscript.

Funding
Funding: The study’s fieldwork was supported by the University of Warwick 
School of Life Sciences. GY and OO were funded by the NIHR Global Health 
Research Unit on Improving Health in Slums. This paper presents independent 
research and the views expressed are those of the authors and not necessarily 
those of the NHS, the NIHR, or the Department of Health. The funders had 
no role in study design, data collection and analysis, decision to publish, or 
preparation of the manuscript.

Availability of data and materials
The datasets used in this study, except identifiable personal information, are 
available from the corresponding author on reasonable request.

Table 5 Two sample t-tests of NCD-health and NCD-unhealthy food outlets within 100, 200, 500 m buffer of departmental buildings

100-m buffer 200-m buffer 500-m buffer

NCD-hfo NCD-ufo NCD-hfo NCD-ufo NCD-hfo NCD-ufo

Mean 69.32 63.61 124.44 119.20 311.39 299.61

Variance 581.92 563.21 2161.75 2375.67 12701.69 18559.42

Observations 132 142 383 277 1999 1089

df 272 658 3086

t Stat 1.98 1.40 2.57

P(T <  = t) two-tail 0.049 0.162 0.010

https://doi.org/10.1186/s12889-022-14266-7
https://doi.org/10.1186/s12889-022-14266-7


Page 15 of 17Mensah et al. BMC Public Health         (2022) 22:1912  

Declarations

Ethics approval and consent to participate
The study was approved by the Biomedical and Scientific Research Ethics 
Committee of the University of Warwick (BSREC) (REF.: BSREC 115/18–19) and 
the Ethical and Protocol Review Committee (EPRC) of the University of Ghana 
(REF.: CHS-Et/M2—4.12/2019–2020). All methods were carried out in accord-
ance with relevant guidelines and regulations in the Declaration of Helsinki 
pertaining to research involving human participants, human material, or 
human data. Informed consent was obtained from participants.

Consent for publication
Permission to use participant data for research-related activities, including 
journal publications was granted as part of informed consent obtained from 
each participant.

Competing interests
The authors have no competing interests to declare.

Author details
1 Warwick Medical School, Warwick Centre for Global Health, Division of Health 
Sciences, University of Warwick, Coventry, UK. 2 Technology for Research, 
Information and Digital Group, University of Warwick, Coventry, UK. 3 Depart-
ment of Geography and Resource Development, School of Social Sciences, 
University of Ghana, Accra, Ghana. 4 School of Life Sciences, Warwick Medical 
School, University of Warwick, Coventry, UK. 

Received: 9 February 2022   Accepted: 8 September 2022

References
 1. World Health Organization (WHO). Obesity and overweight. Fact sheets. 

2020. Available from: https:// www. who. int/ news- room/ fact- sheets/ 
detail/ obesi ty- and- overw eight. [Cited 2020 Dec 13]. Date Accessed: 
2020–12–13.

 2. Popkin B, Corvalan C, Grummer-Strawn LM. Dynamics of the double 
burden of malnutrition and the changing nutrition reality. Lancet. 
2020;395(10217):65–74. Available from: http:// www. scien cedir ect. com/ 
scien ce/ artic le/ pii/ S0140 67361 93249 73.

 3. Clary C, Matthews SA, Kestens Y. Between exposure, access and use: 
reconsidering foodscape influences on dietary behaviours. Health Place. 
2017;44:1–7.

 4. Feng X, Astell-Burt T, Badland H, Mavoa S, Giles-Corti B. Modest ratios 
of fast food outlets to supermarkets and green grocers are associated 
with higher body mass index: longitudinal analysis of a sample of 15,229 
Australians aged 45 years and older in the Australian National Liveability 
Study. Health Place. 2018;49:101–10.

 5. Dake FAA, Thompson AL, Ng SW, Agyei-Mensah S, Codjoe SNA. The local 
food environment and body mass index among the urban poor in Accra. 
Ghana J Urban Heal. 2016;93(3):438–55. Available from: http:// link. sprin 
ger. com/ https:// doi. org/ 10. 1007/ s11524- 016- 0044-y.

 6. Austrlian Instuitute of Health and Welfare (AIHW). Poor diets. Food and 
nutrition. 2019. Available from: https:// www. aihw. gov. au/ repor ts/ food- 
nutri tion/ poor- diet/ conte nts/ poor- diet- in- adults. [Cited 2021 Apr 12]. 
Date Accessed: 2021–04–12.

 7. Centers for Disease Control & Prevention (CDC). Poor nutrition. Fact 
sheets and at glances. Centers for Disease Control & Prevention (CDC); 
2021. Available from: https:// www. cdc. gov/ chron icdis ease/ resou 
rces/ publi catio ns/ facts heets/ nutri tion. htm. [Cited 2021 Apr 12]. Date 
Accessed: 2021–04–12.

 8. European Commission. European Core Health Indicators (ECHI). 2017. 
Available from: https:// ec. europa. eu/ jrc/ en/ health- knowl edge- gatew ay/ 
promo tion- preve ntion. [Cited 2021 Apr 12]. Date Accessed: 2021–04–12.

 9. Christoph MJ, Larson NI, Winkler MR, Wall MM, Neumark-Sztainer D. 
Longitudinal trajectories and prevalence of meeting dietary guidelines 
during the transition from adolescence to young adulthood. Am J Clin 
Nutr. 2019;109(3):656–64. https:// doi. org/ 10. 1093/ ajcn/ nqy333.

 10. Appannah G, Murray K, Trapp G, Dymock M, Oddy WH, Ambrosini GL. 
Dietary pattern trajectories across adolescence and early adulthood and 
their associations with childhood and parental factors. Am J Clin Nutr. 
2020. Available from: https:// doi. org/ 10. 1093/ ajcn/ nqaa2 81

 11. Hiza HAB, Casavale KO, Guenther PM, Davis CA. Diet quality of Americans 
differs by age, sex, race/ethnicity, income, and education level. J Acad 
Nutr Diet. 2013;113(2):297–306. Available from: http:// www. scien cedir ect. 
com/ scien ce/ artic le/ pii/ S2212 26721 20142 20.

 12. Banfield EC, Liu Y, Davis JS, Chang S, Frazier-Wood AC. Poor adherence 
to US dietary guidelines for children and adolescents in the National 
Health and Nutrition Examination Survey Population. J Acad Nutr Diet. 
2016;116(1):21–7. Available from: http:// www. scien cedir ect. com/ scien ce/ 
artic le/ pii/ S2212 26721 50125 99.

 13. Lambert M, Chivers P, Farringdon F. In their own words: a qualitative study 
exploring influences on the food choices of university students. Heal 
Promot J Austral. 2019;30:66–75.

 14. Nelson MC, Kocos R, Lytle LA, Perry CL. Understanding the perceived 
determinants of weight-related behaviors in late adolescence : a qualita-
tive analysis among college youth. J Nutr Educ Behav. 2009;41(4):287–92. 
https:// doi. org/ 10. 1016/j. jneb. 2008. 05. 005.

 15. Walmsley R, Jenkinson D, Saunders I, Howard T, Oyebode O. Choice archi-
tecture modifies fruit and vegetable purchasing in a university campus 
grocery store: time series modelling of a natural experiment. BMC Public 
Health. 2018;18(1149):1–9.

 16. Sadler RC, Clark AF, Wilk P, O’Connor C, Gilliland JA. Using GPS and activity 
tracking to reveal the influence of adolescents’ food environment expo-
sure on junk food purchasing. Can J Public Heal. 2016;107(1):eS14-20. 
https:// doi. org/ 10. 17269/ CJPH. 107. 5346.

 17. Hager ER, Cockerham A, O’Reilly N, Harrington D, Harding J, Hurley KM, 
et al. Food swamps and food deserts in Baltimore City, MD, USA: associa-
tions with dietary behaviours among urban adolescent girls. Public 
Health Nutr. 2017;20(14):2598–607. Available from: https:// www. cambr 
idge. org/ core/ artic le/ food- swamps- and- food- deser ts- in- balti more- city- 
md- usa- assoc iatio ns- with- dieta ry- behav iours- among- urban- adole scent- 
girls/ 3E8A0 082E3 CF8AD 5B5B8 2BB2E C399B 36.

 18. Tam R, Yassa B, Parker H, O’Connor H, Allman-farinelli M. University stu-
dents’ on-campus food purchasing behaviors, preferences, and opinions 
on food availability. Nutrition. 2017;37:7–13. https:// doi. org/ 10. 1016/j. nut. 
2016. 07. 007.

 19. Dhillon J, Diaz Rios LK, Aldaz KJ, De La Cruz N, Vu E, Asad Asghar S, et al. 
We don’t have a lot of healthy options: food environment perceptions 
of first-year, minority college students attending a food desert campus. 
Nutrients. 2019;11(4):1–15.

 20. Tseng M, DeGreef K, Fishler M, Gipson R, Koyano K, Neill DB. Assessment 
of a University Campus Food Environment, California, 2015. Prev Chronic 
Dis. 2016;4(13):E18–E18. Available from: https:// pubmed. ncbi. nlm. nih. 
gov/ 26851 337.

 21. Hilger-Kolb J, Diehl K. ‘Oh God, I have to eat something, but where can 
I get something quickly?’—A qualitative interview study on barri-
ers to healthy eating among university students in Germany. Nutr. 
2019;11(10):2440.

 22. Roy R, Hebden L, Kelly B, De Gois T, Ferrone EM, Samrout M, et al. Descrip-
tion, measurement and evaluation of tertiary-education food environ-
ments. Br J Nutr. 2016;115(9):1598–606. Available from: https:// www. 
cambr idge. org/ core/ artic le/ descr iption- measu rement- and- evalu ation- 
of- terti aryed ucati on- food- envir onmen ts/ C0357 58504 900AD 962CB 61FFA 
8AEBA 2C.

 23. Roy R, Soo D, Conroy D, Wall CR, Swinburn B. Exploring university food 
environment and on-campus food purchasing behaviors, preferences, 
and opinions. J Nutr Educ Behav. 2019;51(7):865–75. https:// doi. org/ 10. 
1016/j. jneb. 2019. 03. 003.

 24. Pulz IS, Martins PA, Feldman C, Veiros MB. Are campus food environments 
healthy? A novel perspective for qualitatively evaluating the nutritional 
quality of food sold at foodservice facilities at a Brazilian university. Per-
spect Public Health. 2017;137(2):122–35. https:// doi. org/ 10. 1177/ 17579 
13916 636414.

 25. Ranga L, Venter I. The association between dietary fat knowledge and 
consumption of ofoods rich in fat among black first-year students 
in a South African university self-catering residences. J Consum Sci. 
2017;2:95–112.

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.sciencedirect.com/science/article/pii/S0140673619324973
http://www.sciencedirect.com/science/article/pii/S0140673619324973
http://link.springer.com/https://doi.org/10.1007/s11524-016-0044-y
http://link.springer.com/https://doi.org/10.1007/s11524-016-0044-y
https://www.aihw.gov.au/reports/food-nutrition/poor-diet/contents/poor-diet-in-adults
https://www.aihw.gov.au/reports/food-nutrition/poor-diet/contents/poor-diet-in-adults
https://www.cdc.gov/chronicdisease/resources/publications/factsheets/nutrition.htm
https://www.cdc.gov/chronicdisease/resources/publications/factsheets/nutrition.htm
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention
https://doi.org/10.1093/ajcn/nqy333
https://doi.org/10.1093/ajcn/nqaa281
http://www.sciencedirect.com/science/article/pii/S2212267212014220
http://www.sciencedirect.com/science/article/pii/S2212267212014220
http://www.sciencedirect.com/science/article/pii/S2212267215012599
http://www.sciencedirect.com/science/article/pii/S2212267215012599
https://doi.org/10.1016/j.jneb.2008.05.005
https://doi.org/10.17269/CJPH.107.5346
https://www.cambridge.org/core/article/food-swamps-and-food-deserts-in-baltimore-city-md-usa-associations-with-dietary-behaviours-among-urban-adolescent-girls/3E8A0082E3CF8AD5B5B82BB2EC399B36
https://www.cambridge.org/core/article/food-swamps-and-food-deserts-in-baltimore-city-md-usa-associations-with-dietary-behaviours-among-urban-adolescent-girls/3E8A0082E3CF8AD5B5B82BB2EC399B36
https://www.cambridge.org/core/article/food-swamps-and-food-deserts-in-baltimore-city-md-usa-associations-with-dietary-behaviours-among-urban-adolescent-girls/3E8A0082E3CF8AD5B5B82BB2EC399B36
https://www.cambridge.org/core/article/food-swamps-and-food-deserts-in-baltimore-city-md-usa-associations-with-dietary-behaviours-among-urban-adolescent-girls/3E8A0082E3CF8AD5B5B82BB2EC399B36
https://doi.org/10.1016/j.nut.2016.07.007
https://doi.org/10.1016/j.nut.2016.07.007
https://pubmed.ncbi.nlm.nih.gov/26851337
https://pubmed.ncbi.nlm.nih.gov/26851337
https://www.cambridge.org/core/article/description-measurement-and-evaluation-of-tertiaryeducation-food-environments/C035758504900AD962CB61FFA8AEBA2C
https://www.cambridge.org/core/article/description-measurement-and-evaluation-of-tertiaryeducation-food-environments/C035758504900AD962CB61FFA8AEBA2C
https://www.cambridge.org/core/article/description-measurement-and-evaluation-of-tertiaryeducation-food-environments/C035758504900AD962CB61FFA8AEBA2C
https://www.cambridge.org/core/article/description-measurement-and-evaluation-of-tertiaryeducation-food-environments/C035758504900AD962CB61FFA8AEBA2C
https://doi.org/10.1016/j.jneb.2019.03.003
https://doi.org/10.1016/j.jneb.2019.03.003
https://doi.org/10.1177/1757913916636414
https://doi.org/10.1177/1757913916636414


Page 16 of 17Mensah et al. BMC Public Health         (2022) 22:1912 

 26. Vadeboncoeur C, Townsend N, Foster C. A meta-analysis of weight 
gain in first year university students: is freshman 15 a myth? BMC Obes. 
2015;2(1):22. https:// doi. org/ 10. 1186/ s40608- 015- 0051-7.

 27. Sharma T, Langlois C, Morassut RE, Meyre D. Effect of living arrangement 
on anthropometric traits in first-year university students from Canada: 
The GENEiUS study. PLoS One. 2020;15(11):e0241744. https:// doi. org/ 10. 
1371/ journ al. pone. 02417 44.

 28. World Bank. School enrollment, tertiary (% gross) - Sub-Saharan Africa. 
Data. 2021. Available from: https:// data. world bank. org/ indic ator/ SE. TER. 
ENRR? locat ions= ZG. [Cited 2021 Apr 12]. Date Accessed: 2021–04–12.

 29. UNDESA. World population projected to reach 9.8 billion in 2050, and 
11.2 billion in 2100. News. 2017. Available from: https:// www. un. org/ 
devel opment/ desa/ en/ news/ popul ation/ world- popul ation- prosp ects- 
2017. html. [Cited 2021 Apr 12]. Date Accessed: 2021–04–12.

 30. Akombi BJ, Chitekwe S, Sahle BW, Renzaho AMN. Estimating the double 
burden of malnutrition among 595,975 children in 65 low- and middle-
income countries: a meta-analysis of demographic and health surveys. 
Int J Environ Res Public Health. 2019;16(16):2886. Available from: https:// 
pubmed. ncbi. nlm. nih. gov/ 31412 530.

 31. Mbogori T, Kimmel K, Zhang M, Kandiah J, Wang Y. Nutrition transition 
and double burden of malnutrition in Africa: a case study of four selected 
countries with different social economic development. AIMS public Heal. 
2020;7(3):425–39. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 
32968 668.

 32. Turner C, Kalamatianou S, Drewnowski A, Kulkarni B, Kinra S, Kadiyala 
S. Food environment research in low- and middle-income countries: a 
systematic scoping review. Adv Nutr. 2020;11(2):387–97. https:// doi. org/ 
10. 1093/ advan ces/ nmz031.

 33. Carducci B, Oh C, Keats EC, Roth DE, Bhutta ZA. Effect of food environ-
ment interventions on anthropometric outcomes in school-aged chil-
dren and adolescents in low- and middle-income countries: a systematic 
review and meta-analysis. Curr Dev Nutr. 2020;4(7):nzaa098.

 34. Mensah DO, Oyebode O. “ We think about the quantity more ”: factors 
influencing emerging adults ’ food outlet choice in a university food 
environment , a qualitative enquiry. Nutr J. 2022;1–13. https:// doi. org/ 10. 
1186/ s12937- 022- 00801-0

 35. Mensah DO, Ofosua F, Adoma S, Lillywhite R. ‘We ’ re meat, so we need to 
eat meat to be who we are’: understanding motivations that increase or 
reduce meat consumption among emerging adults in the University of 
Ghana food environment. Meat Sci. 2022;193(April):108927. https:// doi. 
org/ 10. 1016/j. meats ci. 2022. 108927.

 36. Albuquerque JP de, Yeboah G, Pitidis V, Ulbrich P. Towards a participatory 
methodology for community data generation to analyse urban health 
inequalities : a multi-country case study. In: 52nd Hawaii International 
Conference on System Sciences. 2019. p. 3926–35. Available from: https:// 
hdl. handle. net/ 10125/ 59829

 37. Humanitarian OpenStreetMap Team. Humanitarian OpenStreetMap Team 
collaborative maping process. Mapping our world together. 2019. Avail-
able from: https:// www. hotosm. org/ proje cts/. [Cited 2020 Jun 1].Date 
Accessed: 01 June 2020.

 38. Yeboah G, de Albuquerque JP, Troilo R, Tregonning G, Perera S, Shifat 
Ahmed SAK, et al. Analysis of openstreetmap data quality at different 
stages of a participatory mapping process: Evidence from slums in Africa 
and Asia. ISPRS Int J Geo-Information. 2021;10(4):1–25. https:// doi. org/ 10. 
3390/ ijgi1 00402 65.

 39. Open Data Kit. Open Data Kit. Available from: https:// www. opend atakit. 
org/; 2020. Available from: https:// www. opend atakit. org/

 40. Open Map Kit. Open Map Kit. Available from: http:// openm apkit. org/; 
2019.

 41. Saelens BE, Glanz K, Sallis JF, Frank LD. Nutrition Environment Measures 
Study in Restaurants (NEMS-R): Development and Evaluation. Am J Prev 
Med. 2007;32(4):273–81. Available from: https:// www. scien cedir ect. com/ 
scien ce/ artic le/ pii/ S0749 37970 60056 78.

 42. Glanz K, Sallis JF, Saelens BE, Frank LD. Nutrition Environment Measures 
Survey in Stores (NEMS-S). Development and evaluation. Am J Prev Med. 
2007;32(4):282–9.

 43. Kroll F, Swart EC, Annan RA, Thow AM, Neves D, Apprey C, et al. Mapping 
obesogenic food environments in South Africa and Ghana: correlations 
and contradictions. Sustainability. 2019;11(14):1–31. Available from: 
https:// econp apers. repec. org/ RePEc: gam: jsusta: v: 11:y: 2019:i: 14:p: 3924-:d: 
249575.

 44. Green MA, Pradeilles R, Laar A, Osei-Kwasi H, Bricas N, Coleman N, et al. 
Investigating foods and beverages sold and advertised in deprived urban 
neighbourhoods in Ghana and Kenya: a cross-sectional study. BMJ Open. 
2020;10(6):e035680. Available from: http:// bmjop en. bmj. com/ conte nt/ 
10/6/ e0356 80. abstr act

 45. Monteiro A, Cannon G, Lawrence M, Costa Louzada ML, Machado P. Ultra-
processed foods, diet quality, and health using the NOVA classification 
system. Rome; 2019. Available from: http:// www. fao. org/3/ ca564 4en/ 
ca564 4en. pdf

 46. Maimaiti M, Ma X, Zhao X, Jia M, Li J, Yang M, et al. Multiplicity and 
complexity of food environment in China: full-scale field census of food 
outlets in a typical district. Eur J Clin Nutr. 2020;74(3):397–408. https:// doi. 
org/ 10. 1038/ s41430- 019- 0462-5.

 47. World Health Organization (WHO). Healthy diet. Fact sheets. 2020. Avail-
able from: https:// www. who. int/ news- room/ fact- sheets/ detail/ healt hy- 
diet. [Cited 2020 Dec 15]. Date Accessed: 2020–12–15.

 48. Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen S, et al. 
The Lancet Commissions Food in the Anthropocene: the EAT– Lancet 
Commission on healthy diets from sustainable food systems. Lancet 
Comm. 2019;393(10170):447–92. https:// doi. org/ 10. 1016/ S0140- 6736(18) 
31788-4.

 49. Costa CS, Rauber F, Leffa PS, Sangalli CN, Campagnolo PDB, Vitolo MR. 
Ultra-processed food consumption and its effects on anthropometric 
and glucose profile: a longitudinal study during childhood. Nutr Metab 
Cardiovasc Dis. 2019;29(2):177–84. Available from: http:// www. scien cedir 
ect. com/ scien ce/ artic le/ pii/ S0939 47531 83033 14.

 50. Costa CS, Del-Ponte B, Assunção MCF, Santos IS. Consumption of ultra-
processed foods and body fat during childhood and adolescence: a 
systematic review. Public Health Nutr. 2018;21(1):148–59. Available from: 
https:// www. cambr idge. org/ core/ artic le/ consu mption- of- ultra proce 
ssed- foods- and- body- fat- during- child hood- and- adole scence- a- syste 
matic- review/ 49F56 538F3 2B05C 3526E 1C552 3910A 9A.

 51. Nardocci M, Leclerc BS, Louzada ML, Monteiro CA, Batal M, Moubarac JC. 
Consumption of ultra-processed foods and obesity in Canada. Can J Pub-
lic Heal. 2019;110(1):4–14. https:// doi. org/ 10. 17269/ s41997- 018- 0130-x.

 52. Piernas C, Wang D, Du S, Zhang B, Wang Z, Su C, et al. Obesity, non-com-
municable disease (NCD) risk factors and dietary factors among Chinese 
school-aged children. Asia Pac J Clin Nutr. 2016;25(4):826–40. Available 
from: https:// pubmed. ncbi. nlm. nih. gov/ 27702 726.

 53. Rauber F, da Costa Louzada ML, Steele EM, Millett C, Monteiro CA, Levy 
RB. Ultra-Processed Food Consumption and Chronic Non-Communicable 
Diseases-Related Dietary Nutrient Profile in the UK  (2008−2014). Nutri-
ents. 2018;10(5):1–13. https:// doi. org/ 10. 3390/ nu100 50587.

 54. Rauber F, Steele EM, Louzada ML da C, Millett C, Monteiro CA, Levy 
RB. Ultra-processed food consumption and indicators of obe-
sity in the United Kingdom population (2008–2016). PLoS One. 
2020;15(5):e0232676. https:// doi. org/ 10. 1371/ journ al. pone. 02326 76.

 55. WCRF/AICR. Meat, fish and dairy products and the risk of cancer. Continu-
ous Update Project Expert Report. 2018. Available from: dietandcancer-
report.org%0AKey.

 56. Grootveld M, Percival BC, Grootveld KL. Chronic non-communicable 
disease risks presented by lipid oxidation products in fried foods. Hepato-
biliary Surg Nutr. 2018;7(4):305–12. Available from: https:// pubmed. ncbi. 
nlm. nih. gov/ 30221 162.

 57. Burgoine T, Sarkar C, Webster CJ, Monsivais P. Examining the interaction of 
fast-food outlet exposure and income on diet and obesity: evidence from 
51,361 UK Biobank participants. Int J Behav Nutr Phys Act. 2018;15(1):71. 
https:// doi. org/ 10. 1186/ s12966- 018- 0699-8.

 58. Kabir A, Miah S, Islam A. Factors influencing eating behavior and dietary 
intake among resident students in a public university in Bangladesh: 
a qualitative study. PLoS One. 2018;13(6):e0198801. https:// doi. org/ 10. 
1371/ journ al. pone. 01988 01.

 59. Deliens T, Clarys P, De Bourdeaudhuij I, Deforche B. Determinants of 
eating behaviour in university students: a qualitative study using focus 
group discussions. BMC Public Health. 2014;14(53):1–12. Available from: 
http:// www. biome dcent ral. com/ 1471- 2458/ 14/ 53% 0APage.

 60. Penney TL, Burgoine T, Monsivais P. Relative density of away from home 
food establishments and food spend for 24,047 households in England: a 
cross-sectional study. Int J Environ Res Public Health. 2018;15(12):2821.

https://doi.org/10.1186/s40608-015-0051-7
https://doi.org/10.1371/journal.pone.0241744
https://doi.org/10.1371/journal.pone.0241744
https://data.worldbank.org/indicator/SE.TER.ENRR?locations=ZG
https://data.worldbank.org/indicator/SE.TER.ENRR?locations=ZG
https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html
https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html
https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html
https://pubmed.ncbi.nlm.nih.gov/31412530
https://pubmed.ncbi.nlm.nih.gov/31412530
https://pubmed.ncbi.nlm.nih.gov/32968668
https://pubmed.ncbi.nlm.nih.gov/32968668
https://doi.org/10.1093/advances/nmz031
https://doi.org/10.1093/advances/nmz031
https://doi.org/10.1186/s12937-022-00801-0
https://doi.org/10.1186/s12937-022-00801-0
https://doi.org/10.1016/j.meatsci.2022.108927
https://doi.org/10.1016/j.meatsci.2022.108927
https://hdl.handle.net/10125/59829
https://hdl.handle.net/10125/59829
https://www.hotosm.org/projects/
https://doi.org/10.3390/ijgi10040265
https://doi.org/10.3390/ijgi10040265
https://www.opendatakit.org/
https://www.opendatakit.org/
https://www.opendatakit.org/
http://openmapkit.org/
https://www.sciencedirect.com/science/article/pii/S0749379706005678
https://www.sciencedirect.com/science/article/pii/S0749379706005678
https://econpapers.repec.org/RePEc:gam:jsusta:v:11:y:2019:i:14:p:3924-:d:249575
https://econpapers.repec.org/RePEc:gam:jsusta:v:11:y:2019:i:14:p:3924-:d:249575
http://bmjopen.bmj.com/content/10/6/e035680.abstract
http://bmjopen.bmj.com/content/10/6/e035680.abstract
http://www.fao.org/3/ca5644en/ca5644en.pdf
http://www.fao.org/3/ca5644en/ca5644en.pdf
https://doi.org/10.1038/s41430-019-0462-5
https://doi.org/10.1038/s41430-019-0462-5
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
http://www.sciencedirect.com/science/article/pii/S0939475318303314
http://www.sciencedirect.com/science/article/pii/S0939475318303314
https://www.cambridge.org/core/article/consumption-of-ultraprocessed-foods-and-body-fat-during-childhood-and-adolescence-a-systematic-review/49F56538F32B05C3526E1C5523910A9A
https://www.cambridge.org/core/article/consumption-of-ultraprocessed-foods-and-body-fat-during-childhood-and-adolescence-a-systematic-review/49F56538F32B05C3526E1C5523910A9A
https://www.cambridge.org/core/article/consumption-of-ultraprocessed-foods-and-body-fat-during-childhood-and-adolescence-a-systematic-review/49F56538F32B05C3526E1C5523910A9A
https://doi.org/10.17269/s41997-018-0130-x
https://pubmed.ncbi.nlm.nih.gov/27702726
https://doi.org/10.3390/nu10050587
https://doi.org/10.1371/journal.pone.0232676
https://pubmed.ncbi.nlm.nih.gov/30221162
https://pubmed.ncbi.nlm.nih.gov/30221162
https://doi.org/10.1186/s12966-018-0699-8
https://doi.org/10.1371/journal.pone.0198801
https://doi.org/10.1371/journal.pone.0198801
http://www.biomedcentral.com/1471-2458/14/53%0APage


Page 17 of 17Mensah et al. BMC Public Health         (2022) 22:1912  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 61. Zang J, Luo B, Wang Y, Zhu Z, Wang Z, He X, et al. Eating out-of-home in 
adult residents in Shanghai and the nutritional differences among dining 
places. Nutrients. 2018;10(7):951.

 62. Kobayashi S, Asakura K, Suga H, Sasaki S, Group the TS of W on D and 
HS. Living status and frequency of eating out-of-home foods in relation 
to nutritional adequacy in 4,017 Japanese female dietetic students 
aged 18–20 years: a multicenter cross-sectional study. J Epidemiol. 
2017;27(6):287–93.

 63. Watts AW, Valente M, Tu A, Mâsse LC. Eating away from home: influ-
ences on the dietary quality of adolescents with overweight or obesity. 
Can J Diet Pract Res. 2017;78(4):166–71. https:// doi. org/ 10. 3148/ 
cjdpr- 2017- 010.

 64. Lachat C, Nago E, Verstraeten R, Roberfroid D, Van Camp J, Kolsteren P. 
Eating out of home and its association with dietary intake: a system-
atic review of the evidence. Obes Rev an Off J Int Assoc Study Obes. 
2012;13(4):329–46.

 65. Llanaj E, Ádány R, Lachat C, D’Haese M. Examining food intake and 
eating out of home patterns among university students. PLoS One. 
2018;13(10):e0197874. https:// doi. org/ 10. 1371/ journ al. pone. 01978 74.

 66. Bhutani S, Schoeller DA, Walsh MC, McWilliams C. Frequency of eating 
out at both fast-food and sit-down restaurants was associated with high 
body mass index in non-large metropolitan communities in Midwest. Am 
J Health Promot. 2018;32(1):75–83.

 67. Kim D, Ahn BI. Eating out and consumers’ health: evidence on obe-
sity and balanced nutrition intakes. Int J Environ Res Public Health. 
2020;17(2):586. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 31963 
262.

 68. Janssen HG, Davies IG, Richardson LD, Stevenson L. Determinants of 
takeaway and fast food consumption:a narrative review. Nutr Res Rev. 
2018;31(1):16–34. Available from: https:// www. cambr idge. org/ core/ artic 
le/ deter minan ts- of- takea way- and- fast- food- consu mption- a- narra tive- 
review/ 84FCD 33761 68AF5 B70FB C51B4 799EC EF.

 69. Micklesfield LK, Lambert EV, Hume DJ, Chantler S, Pienaar PR, Dickie K, 
et al. Socio-cultural, environmental and behavioural determinants of 
obesity in black South African women: review articles. Cardiovasc J Afr. 
2013;24:369–75.

 70. Franco A da S, Canella DS, Perez PMP, Bandoni DH, de Castro IRR. Univer-
sity food environment: characterization and changes from 2011 to 2016 
in a Brazilian public university. Rev Nutr. 2020;33(:e200058):1–9.

 71. Barbosa R, Henriques P, Guerra H, Emerentino J, Soares D, Dias P, et al. 
Ambiente alimentario de una universidad pública brasileña: desafíos para 
promover una alimentación saludable. Rev Chil Nutr. 2020;47(3):443–8. 
Available from: http:// www. scielo. cl/ scielo. php? script= sci_ artte xt& pid= 
S0717- 75182 02000 03004 43& lng= es& nrm= iso& tlng= en% 0Ahtt p:// 
www. scielo. cl/ scielo. php? script= sci_ abstr act& pid= S0717- 75182 02000 
03004 43& lng= es& nrm= iso& tlng= en.

 72. Vilme H, Paul CJ, Duke NN, Campbell SD, Sauls D, Muiruri C, et al. Using 
geographic information systems to characterize food environments 
around historically black colleges and universities: Implications for nutri-
tion interventions. J Am Coll Heal. 2020;1–6. Available from: https:// doi. 
org/ 10. 1080/ 07448 481. 2020. 17671 13

 73. Martin Payo R, Sánchez Díaz C, Suarez Colunga M, García García R, Blanco 
Díaz M, Fernández Álvarez M del M. Nutritional composition of vending 
foods of public university and hospital buildings in Asturias. Aten Prima-
ria. 2020;52(1):22–8. https:// doi. org/ 10. 1016/j. aprim. 2018. 04. 010

 74. Ng KW, Sangster J, Priestly J. Assessing the availability, price, nutri-
tional value and consumer views about foods and beverages from 
vending machines across university campuses in regional New South 
Wales, Australia. Heal Promot J Aust Off J Aust Assoc Heal Promot Prof. 
2019;30(1):76–82.

 75. Grech A, Hebden L, Roy R, Allman-Farinelli M. Are products sold in univer-
sity vending machines nutritionally poor? A food environment audit Nutr 
Diet. 2017;74(2):185–90.

 76. Burgoine T, Alvanides S, Lake AA. Creating ‘obesogenic realities’; do our 
methodological choices make a difference when measuring the food 
environment? Int J Health Geogr. 2013;12(1):33. https:// doi. org/ 10. 1186/ 
1476- 072X- 12- 33.

 77. Williams J, Scarborough P, Matthews A, Cowburn G, Foster C, Roberts N, 
et al. A systematic review of the influence of the retail food environment 
around schools on obesity-related outcomes. Obes Rev an Off J Int Assoc 
Study Obes. 2014;15(5):359–74.

 78. Bodor JN, Rice JC, Farley TA, Swalm CM, Rose D. The association between 
obesity and urban food environments. J Urban Health. 2010;87(5):771–81.

 79. Patel O, Shahulhameed S, Shivashankar R, Tayyab M, Rahman A, 
Prabhakaran D, et al. Association between full service and fast food 
restaurant density, dietary intake and overweight/obesity among adults 
in Delhi, India. BMC Public Health. 2017;18(1):36. https:// doi. org/ 10. 1186/ 
s12889- 017- 4598-8.

 80. Zhang T, Huang B. Local retail food environment and consumption of 
fruit and vegetable among adults in Hong Kong. Int J Environ Res Public 
Health. 2018;15(10):2247. Available from: https:// pubmed. ncbi. nlm. nih. 
gov/ 30322 198.

 81. Godin KM, Chaurasia A, Hammond D, Leatherdale ST. Examining associa-
tions between school food environment characteristics and sugar-
sweetened beverage consumption among Canadian secondary-school 
students in the COMPASS study. Public Health Nutr. 2019;22(11):1928–40.

 82. Shareck M, Lewis D, Smith NR, Clary C, Cummins S. Associations between 
home and school neighbourhood food environments and adolescents’ 
fast-food and sugar-sweetened beverage intakes: findings from the 
Olympic Regeneration in East London (ORiEL) Study. Public Health Nutr. 
2018;21(15):2842–51.

 83. Kelly C, Callaghan M, Molcho M, Nic Gabhainn S, Alforque TA. Food envi-
ronments in and around post-primary schools in Ireland: Associations 
with youth dietary habits. Appetite. 2019;132:182–9.

 84. Azeredo CM, de Rezende LFM, Canella DS, Claro RM, Peres MFT, Luiz O do 
C, et al. Food environments in schools and in the immediate vicinity are 
associated with unhealthy food consumption among Brazilian adoles-
cents. Prev Med (Baltim). 2016;88:73–9.

 85. Duran AC, De Almeida SL, Latorre M do RDO, Jaime PC. The role of the 
local retail food environment in fruit, vegetable and sugar-sweetened 
beverage consumption in Brazil. Public Health Nutr. 2016;19(6):1093–102.

 86. Moayyed H, Kelly B, Feng X, Flood V. Is Living near healthier food stores 
associated with better food intake in regional Australia? Int J Environ Res 
Public Health. 2017;14(8):884.

 87. Elizabeth L, Machado P, Zinöcker M, Baker P, Lawrence M. Ultra-
processed foods and health outcomes: a narrative review. Nutrients. 
2020;12(7):1955.

 88. Tapsell LC, Neale EP, Satija A, Hu FB. Foods, nutrients, and dietary patterns: 
interconnections and implications for dietary guidelines. Adv Nutr. 
2016;7(3):445–54.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3148/cjdpr-2017-010
https://doi.org/10.3148/cjdpr-2017-010
https://doi.org/10.1371/journal.pone.0197874
https://pubmed.ncbi.nlm.nih.gov/31963262
https://pubmed.ncbi.nlm.nih.gov/31963262
https://www.cambridge.org/core/article/determinants-of-takeaway-and-fast-food-consumption-a-narrative-review/84FCD3376168AF5B70FBC51B4799ECEF
https://www.cambridge.org/core/article/determinants-of-takeaway-and-fast-food-consumption-a-narrative-review/84FCD3376168AF5B70FBC51B4799ECEF
https://www.cambridge.org/core/article/determinants-of-takeaway-and-fast-food-consumption-a-narrative-review/84FCD3376168AF5B70FBC51B4799ECEF
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-75182020000300443&lng=es&nrm=iso&tlng=en%0Ahttp://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0717-75182020000300443&lng=es&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-75182020000300443&lng=es&nrm=iso&tlng=en%0Ahttp://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0717-75182020000300443&lng=es&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-75182020000300443&lng=es&nrm=iso&tlng=en%0Ahttp://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0717-75182020000300443&lng=es&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-75182020000300443&lng=es&nrm=iso&tlng=en%0Ahttp://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0717-75182020000300443&lng=es&nrm=iso&tlng=en
https://doi.org/10.1080/07448481.2020.1767113
https://doi.org/10.1080/07448481.2020.1767113
https://doi.org/10.1016/j.aprim.2018.04.010
https://doi.org/10.1186/1476-072X-12-33
https://doi.org/10.1186/1476-072X-12-33
https://doi.org/10.1186/s12889-017-4598-8
https://doi.org/10.1186/s12889-017-4598-8
https://pubmed.ncbi.nlm.nih.gov/30322198
https://pubmed.ncbi.nlm.nih.gov/30322198

	Type, density, and healthiness of food-outlets in a university foodscape: a geographical mapping and characterisation of food resources in a Ghanaian university campus
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Objectives
	Methods
	Study area
	Data collection
	Data analysis

	Results
	Food outlet characteristics
	Healthiness of food outlets

	Discussion
	Conclusion
	Acknowledgements
	References


