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Abstract: Background: The frequency of visits to restaurants has been suggested to contribute to the
pandemic of obesity. However, few studies have examined how individual use of these restaurants is
related to Body Mass Index (BMI). Aim: To investigate the association between the usage of different
types of food outlets and BMI among adults in Scotland. Method: The study was cross-sectional.
Participants completed an online survey for seven consecutive days where all food purchased at
food outlets was reported each day. We explored the relationship between BMI and usage of these
food outlets. Results: The total number of participants that completed the survey was 681. The BMI
of both males and females was not related to frequency of use of Full-Service Restaurants (FSRs),
Fast-Food Restaurants (FFRs), delivery or takeaways, when assessed individually or combined (TFOs
= total food outlets). Conclusion: These cross-sectional data do not support the widespread belief
that consumption of food out of the home at fast-food and full-service restaurants, combined with
that derived from deliveries and takeaways, is a major driver of obesity in Scotland.

Keywords: food outlet usage; obesity; energy intake; energy contents

1. Introduction

Obesity is a major driver of morbidity and chronic illnesses such as type 2 diabetes, cardiovascular
and musculoskeletal diseases, certain cancers and adverse psychological well-being [1]. In developed
countries, the combined prevalence of overweight and obesity among adults ranges from 40% to 60%
in the last ten years [2]. The U.K. health survey in 2018 indicated 63% of adults aged over 18 were
overweight or had obesity [3]. In Scotland, the frequency of body mass index (BMI) over 25 increased
in men from 65% to 68%, and in women from 60% to 63% between 2008 and 2018 [4].

The substantial health and financial burdens that result from overweight and obesity are expected
to escalate in the future [5]. Overweight and obesity result from a positive energy balance where
intake exceeds expenditure [6]. Unhealthy eating behaviors and/or low levels of exercise are thought
to both contribute to the pandemic of obesity [7], although the impact of diet is generally presumed
to be greater [8]. In terms of dietary factors, frequent intake of foods that are high in fat, processed
carbohydrates and energy dense foods are hypothesized to lead to excess weight gain [9,10].

The frequency of visits to fast-food restaurants has been suggested to contribute to obesity due
to the high energy density, low micronutrient density and large portion sizes in meals from such
establishments [11,12]. It has been estimated that in the USA, adults obtain 11.3% of their daily energy
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intake from fast-food meals [13,14], while in the U.K. adults may obtain approximately 10% of their
daily energy intake from this source [15]. These studies suggest that fast-food restaurants could be
risk factors contributing to increasing obesity in the population. However, this relationship could
also be influenced by factors such as socioeconomic status, which may distort the association [16-18].
Moreover, access to healthy options in some types of restaurants could be beneficial for consumers’
health [19]. A study in the U.S. showed the prevalence of obesity had no association with the density
of fast-food or full-service restaurants after adjusting for various socioeconomic factors [16]. Moreover,
our previous work showed that obesity among U.K. adults, based on the U.K. Biobank data, was
not associated with the local density of fast-food or full-service restaurants, apart from fish and chip
shops [20].

Relatively few studies have considered the frequency of usage of diverse aspects of the retail
food environment including takeaway outlets, delivery services and full-service restaurants and how
such usage may be a driver of adiposity. In the present study, we aimed to investigate the association
between the usage of different types of food outlets and BMI among adults living in Scotland.

2. Methodology

2.1. Study Design

This was a cross-sectional study. Ethical approval was obtained from the Ethics Review Board
of the College of Life Sciences and Medicine from the University of Aberdeen (CERB/2018/08/1601).
Volunteers were invited to participate in the study through social media, by encountering individuals in
the main street of Aberdeen city and by distributing flyers to postal addresses in Aberdeen. Once verbal
consent was obtained, they were sent a link to the initial sociodemographic survey: (Table S1).
This survey included an electronic consent statement prior to commencing the questions. There was
a further statement of agreed participation before each daily food outlet use questionnaire. In this
study, we included males and females who were 18 years old or above. We excluded females who
were pregnant.

In the sociodemographic survey, BMI was estimated based on participants’ self-reported weight
in kilograms divided by their self-reported height in meters, squared. Data on potential confounding
variables were also collected. This included the participants” postcode district, which allows an
estimate of their deprivation level based on the Carstairs index. The Carstairs index is based on four
factors from the U.K. census: poor social class, lack of vehicle ownership, overcrowding and male
unemployment, and the general index represents the material deprivation of a region compared to the
remainder of Scotland. Indices may be positive or negative, with negative results indicating a greater
affluence in the region and positive scores suggesting a comparatively greater level of deprivation.
Participants were asked to disclose additional demographic information including sex, age, ethnicity
(White, Asian, Black or mixed), number of people living at their household, workplace and employment
status (employed, unemployed or student). In this survey, we also asked the participants about their
dietary habits with 6 options and one open choice (regular diet, vegetarian, vegetarian but avoid eggs,
vegetarian but avoid eggs and milk, fruitarian, pescatarian and other). We asked whether there were
any food allergies, as this might affect their use of food outlets, and one final question asked about
their physical activity with four options: inactive, slightly active, moderately active and highly active.
One question regarding pregnancy was included.

Once they submitted their responses to survey 1, which collected basic demographic data,
they were sent a link to survey 2 each day over 7 consecutive days (the food outlet usage survey,
Table S2). In this survey, we asked the participants whether they used any of food outlets or services
over the previous 24 h with five options of fast-food restaurant (FFR), full-service restaurant (FSR),
delivery, takeaways or none. To stimulate participants’ adherence with survey 2, an auto-reminder
using the TextMagic website (https://www.textmagic.com) with a link to survey 2 was automatically
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generated at 8.30 p.m. for 7 consecutive days. Those who wished to stop their participation, were able
to send the word “NO” and they then stopped receiving further reminders.

If the participant indicated that they had visited a food outlet in the previous 24 h, they were
provided with a table that included the types of the four restaurants and services and beside each type
there were options of whether they were visited for breakfast, lunch, dinner or a snack.

2.2. Statistical Analysis

All the participant responses were anonymized and coded using Microsoft Excel in preparation for
data analysis. Sociodemographic descriptive data were collected and translated into mean, standard
deviation and total percentage. The sociodemographic variables are shown in Table 1. We corrected
the BMI for potential confounding factors (age, sex, ethnicity, household size, employment, workplace,
dietary habits, place of living, physical activity and deprivation level). The correction of the BMI was
by deriving the residuals from the general linear model (GLM) and adding them back to the mean BMIL

We counted the number of meals consumed at different types of food outlets or services (FSRs, FFRs,
delivery services and takeaways) and we combined the total number of meals consumed at these
premises (total food outlet usage, TFOs). We explored the relationship between the unadjusted and
adjusted mean BMI and the food outlet usage using analysis of variance (ANOVA). In addition, we
reanalyzed our data after excluding the participants who reported that they were students to investigate
whether this changed the pattern of the relationship.

Table 1. Descriptive statistics: sociodemographic characteristics of the study participants.

Age: Mean (Standard Deviation) 25.6 (9.8)
Sex: number (%)

Females 391 (57.3)

Males 291 (42.7)
BMI: Mean (Standard Deviation)

Females 254 (4.14)

Males 27.1 (3.99)
Household size: Mean (Standard Deviation) 2.9 (1.7)
Peopleunder 17 in a household: Mean (Standard Deviation) 0.25 (0.65)
Employment: Number (%)

Employed 438 (64.2%)

Unemployed 35 (5.1%)

Student 209 (30.6%)
Workplace: Number (%)

Work in Aberdeen 606 (88.9%)

Work in Aberdeenshire 11 (1.6%)

Work from home in Aberdeen 23 (3.4%)

Work from home in Aberdeenshire 7 (1.0%)

Flexible premises (working places change daily) 35 (5.1%)
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Table 1. Cont.

Deprivation level (Carstairs Index): Mean (Decile Scale) -1.3 (6)
Race: Number (%)
White 497 (72.9%)
Asian 60 (8.8%)
Black 18 (2.6%)
Mixed 107(15.7%)

Dietary habits: Number (%)

Regular diet 557 (81.7%)
Vegetarian 89 (13%)
Vegetarian but avoid eggs 1(0.1%)
Vegetarian but avoid eggs and milk 10 (1.5%)
Fruitarian 1 (0.1%)
Pescatarian 24 (3.5%)
Allergy
Yes (%) 81 (11.9%)
No (%) 599 (88%)
Physical activity: Number (%)
Highly active 85 (12.5%)
Moderately active 330 (48.4%)
Slightly active 232 (34%)
Inactive 35 (5.1%)

BMI: body mass index.

We segregated the data based on sex to investigate the association between the frequent usage of
food outlets and BMI within males and females. To reduce the familywise error rate due to multiple
testing for ANOVA, we used the Bonferroni correction for the p-value. The familywise error rate was
o =1- (0.95)° x 100 = 22.6% and the corrected p-value was 0.01 to maintain the confidence in our set
of analyses. SPSS version 24 (IBM Corp, Armonk, New York, NY, U.S.) was used for analysis.

3. Results

3.1. Characteristics of the Participants

One hundred and ninety-nine participants were removed due to incomplete 7 day surveys.
The total number of participants who dropped out with no reason was 42, and one participant
withdrew due to pregnancy. The final number of participants who completed all seven days of the
survey was 681 (Figure 1).
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Figure 1. Flow chart of inclusion and exclusion of participants.

3.2. Food Outlet Usage versus Sex

The descriptive data of the participants are presented in Table 1. The mean age was 25.6 + 9.8
standard deviation (SD) years. Females represented 57.3% (391) of the study population. The mean
household size was 2.9 and the proportion of houses that included people under 17 years old was 0.25.
Regarding employment status, 64.2% of the participants reported that they were employed, 5.1% were
unemployed and 30.6% were students (Table 1). With respect to workplace, 88.9% reported that they
worked in Aberdeen, those who reported that they worked in Aberdeenshire represented 1.6% and
those in flexible premises constituted 5.1% (Table 1). The percent of participants who worked from
home was 4.4%. The deprivation level in the study area averaged—1.3. This equaled six out of ten
on the decile scale (Carstairs index). Ethnicities in our data were divided into four categories, Asian,
Black, White and mixed, where the White was dominant (72%), followed by Asian (8.8%) and mixed
(15.7%), and Black was the lowest 2.2% (Table 1).

Regarding dietary habits, 81.7% reported that they followed a regular diet with no specific
restrictions, while 13% were vegetarians (Table 1). Eighty-eight percent of participants had no food
allergy and 11.9% indicated they had an allergy. Out of 681, 48.3% reported that they were moderately
active, those who reported that they were slightly active represented 34% and 12% said they were
highly active. Inactive participants only represented 5%. The mean unadjusted BMI in our study was
26.2 + 4.16 kg/m?.

We explored the difference between males and females in their usage of food outlets. We found
that males used FSRs significantly more than females (mean difference per week =0.21 times, T = 2.49,
p < 0.01). Moreover, males used FFRs significantly more frequently than females (mean difference per
week =0.33, T = 3.40, p < 0.001).

However, no significant difference between the sexes in the use of delivery and takeaways was
observed (delivery: difference = 0.11, T = 1.78, p = 0.07; takeaways: difference = 0.01, T = 0.24, p = 0.80).
The total food outlet usage was significantly higher among males than that among females (difference
=0.67, T = 3.67, p < 0.0001) (Figure 2).
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Figure 2. Comparison between the usage of different types of food outlets among males and females,
FSRs = full-service restaurants, FFRs = fast-food restaurants, TFOs = total food outlets.

3.3. Food Outlet Usage and Unadjusted BMI Based on Sex

Males frequency of usage of FRSs, FFRs, delivery and takeaways was not associated with
unadjusted BMI (FSR: F(6,284) = 1.67, p = 0.12, R? = 3.41%; FFR:; F(7,283) = 1.61, p = 0.13, R? = 3.84%;
delivery: F(4,286) = 0.15, p = 0.96, R? = 0.21%; or takeaways: F(4,286) = 1.01, p = 0.40, R? = 1.39%)
(Figure 3A-D). When the frequency of usage was combined across all outlets, there was also no
association (TFOs; F (8282) = 0.75, p = 0.64, R? = 2.08%) (Figure 3E) (Table S3).

Among females, the usage of FSRs, FFRs, delivery and takeaways was also not significantly
associated with unadjusted BMI (FSR: F(5,384) = 2.34, p = 0.04, R? = 2.9%; FFR: F(6,383) = 2.48, p=0.02,
R? = 3.7%; delivery: F(4,385) = 1.98, p = 0.09, R? = 2.01%; takeaways: F(5,384) = 1.17, p = 0.32,
R? = 1.50% (Figure 4A-D) or TFOs: F(9,380) = 1.03, p = 0.41, R? = 2.2% (Figure 4F)) (Table S3).
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Figure 3. Male unadjusted BMI vs. the frequency of food outlet usage for 7-consecutive days. (A) FSR = full-service restaurant, (B) FFR = fast-food restaurant,
(C) delivery, (D) take-away and (E) TFOs = total food outlets, N = number of participants in each group. Results of the ANOVA are shown. Significance is where
p < 0.01 (after Bonferroni correction).
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Figure 4. Female unadjusted BMI vs. the frequency of food outlet usage for 7-consecutive days. (A) FSR = full-service restaurant, (B) FFR = fast-food restaurant,
(C) delivery, (D) take-away and (E) TFOs = total food outlets, N = number of participants in each group. Results of the ANOVA are shown. Significance is where

p < 0.01 (after Bonferroni correction).
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3.4. BMI versus Socioeconomic Variables (Possible Confounding Factors)

We explored several possible confounding factors that may influence the BMI of the participants
(Table 2). The variables were included individually in a GLM model, and the BMI was adjusted
for those that were significant. There was a significant positive association between BMI and age
(B =0.08, p <0.0001, R% = 4.2%); the older the subject the higher the BMI. Sex was also significantly
associated with BMI; with males having higher BMI than females did (8 = 0.84, p < 0.0001, R? = 4.01%).
No association was noticed between ethnicity and BMI (p = 0.17, R? = 0.73%). There was no significant
relation between the number of people per household and BMI (p = 0.33, R? = 0.14%). However,
we found the mean BMI was significantly associated with employment status, where unemployed
participants showed a positive association (3 = 0.96, p < 0.04) while students were negatively related
(p =-1.1,p < 0.0001) and those who were employed had no association (3 = 0.15, p = 0.5). The whole
model for employment explained 2.3% of the variation in BML

Regarding place of work, there was no association between the mean BMI and the workplace
whether working in Aberdeen city, rurally in Aberdeenshire, or in flexible premises that changed from
day to day, or whether they traveled to work or worked from home (online) (Table 2). The mean BMI
was slightly but significantly higher among participants who reported that they do not follow any
specific diet regime ( = 1.09, p < 0.01), whilst those who reported that they are vegetarians had a
lower mean BMI (3 = —0.05 (p < 0.02). The explained variation in BMI by dietary habits was 1.4%.

Regarding place of living, we did not find a difference in the mean BMI between those who lived
in Aberdeen city or the surrounding area (Table 2). Moreover, no significant difference in mean BMI
was found among self-reported physical activity groups (inactive, slightly active, moderately active
and highly active (Table 2). The mean BMI was negatively associated with the level of deprivation
based on the Carstairs index (f = —0.15, p < 0.005, R? = 1.5%).

We adjusted the BMI using stepwise regression to include all the factors mentioned previously in
the model. The variation explained by the GLM model was 8.1%. The most significant factors that the
BMI was adjusted for were age, sex, dietary habits and deprivation level.

3.5. Food Outlet Usage and Adjusted BMI Based on Sex

In males, the frequency of use of FSRs, FFRs, delivery or takeaways when assessed individually,
or combined (TFOs) was not associated with increases in the adjusted BMI (FSR: F(6,284) = 1.65,
p = 0.13, R? = 3.36%; FFR: F(7,283) = 1.65, p = 0.16, R? = 3.59%; delivery: F(4,286) = 0.24, p = 0.90,
R? = 0.19%; takeaways: F(4,286) = 0.65, p = 0.62, R?> = 0.91%; TFOs: F(8,282) = 0.85, p = 0.56, R? = 2.2%)
(Figure 5A-E) (Table S4). The same was observed in females. There was no significant association
between greater frequencies of use of FSRs, FFRs, delivery, takeaways or TFOs and the mean adjusted
BMI (FSR: F(5,384) = 1.75, p = 0.12, R? = 2.2%; FFR: F(6,383) = 2.28, p = 0.03, R? = 3.4%; delivery: F(4,385)
=0.21, p = 0.90, R? = 3.07%; takeaways: F(5,384) = 1.24, p = 0.28, R? = 1.59%; TFOs: F(9,380) = 1.02,
p =0.42, R? = 2.3%) (Figure 6A-E) (Table S4).
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Table 2. General linear model analysis: BMI versus socioeconomic factors.

Factors B BMI (SD) p-Value  R? (%)
Age 0.08 26.2 (4.1) 0.0001 426
Sex 4.01
Females —0.84 25.4 (4.1) 0.0001
Males 0.84 27.1 (3.9) 0.0001
Ethnicity 0.73
White —-0.18 26.1 (4.2) 0.17
Asian -1.047 25.3 (4.2) 0.03
Black 1.050 27.4 (4.3) 0.16
Mixed 0.179 26.5 (3.7) 0.66
Household size —0.0905 26.2 (4.1) 0.33 0.14
Employment 2.34
Employed 0.151 26.5 (4.1) 0.594
Unemployed 0.964 27.3 (4.7) 0.044
Students -1.11 25.2 (3.8) 0.0001
Workplace 0.71
Work in Aberdeen City —-0.386 26.1 (4.09) 0.421
Work in Aberdeenshire 1.18 27.7 (5.2) 0.271
Flexible premises -1.215 25.3 (3.3) 0.089
Work from home in Aberdeen City 0.819 27.3 (5.3) 0.316
Work from home in Aberdeenshire -0.40 26.1 (6.5) 0.30
Dietary habits 143
Avoid milk and eggs -1.60 23.1(2.8) 0.114
Pescatarian 0.561 25.8 (3.7) 0.438
Regular diet (no restrictions) 1.093 264 (4.1) 0.010
Vegetarian -0.05 25.3 (4.08) 0.02
Physical activity 0.18
Inactive 0.155 26.3 (4.1) 0.777
Slightly active 0.10 26.2 (4.5) 0.74
Moderately Active 0.149 26.2 (4.01) 0.595
Highly active —0.405 25.7 (3.7) 0.302
Place of living 0.03
Aberdeen City -0.07 26.1 (4.2) 0.673
Aberdeenshire 0.07 26.3 (4.08) 0.673
Deprivation level -0.15 26.2 (4.1) 0.005 1.15

f = coefficient, BMI = body mass index, SD = standard deviation.

12 of 21
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Figure 5. Male adjusted BMI vs. the frequency of food outlet usage for 7-consecutive days. (A) FSR = full-service restaurant, (B) FFR = fast-food restaurant,
(C) delivery, (D) take-away and (E) TFOs = total food outlets, N = number of participants in each group. Results of the ANOVA are shown. Significance is where
p < 0.01 (after Bonferroni correction).
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Figure 6. Female adjusted BMI vs. the frequency of food outlet usage for 7-consecutive days. (A) FSR = full-service restaurant, (B) FFR = fast-food restaurant,
(C) delivery (D) take-away and (E) TFOs = total food outlets, N = number of participants in each group. Results of the ANOVA are shown. Significance is where
p < 0.01 (after Bonferroni correction).
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3.6. Food Outlet Usage vs. Unadjusted and Adjusted BMI Based on Sex, Excluding Students

We reanalyzed the data after excluding the students to investigate whether this changed the
pattern of the relationship between the frequency of usage of different types of food outlets and the
unadjusted and adjusted BMI. We found no significant association between the frequent usage of the
included food outlets and the unadjusted or adjusted BMI after excluding the students from the dataset.

4. Discussion

Our analysis shows that male and female usage of FSRs, FFRs, delivery, takeaways and TFOs
was not associated with unadjusted BMI. After adjusting the BMI for several possible confounding
socioeconomic factors, there was still no significant association. Furthermore, we reanalyzed the
data after excluding students, and no associations were noticed. This reanalysis was implemented as
students may have unusual consumption behaviors [21].

Our work is consistent with several previous studies. A study in the U.S. found there was no
association between fast food consumed out of the home and obesity. This latter study estimated the
average energy content in the top five meals purchased from FFRs and FSRs in the USA combined
with the number of meals consumed by individuals during a year [16]. This showed the contribution
of the energy intake at these restaurants covered 15.9% of energy requirements [16]. Another study in
Brazilian urban areas showed 18% of the total energy requirements came from food purchased out
of the home [22], and consistent with our study, there was no difference in body weight among the
participants whether they ate more frequently inside their homes or outside [22]. Moreover, in the
USA, a study of 2156 adults showed that out-of-home food consumption was not associated with
BMI [23]. Additionally, living closer to restaurants was not related to body weight among 10,199
Canadian participants and did not necessarily increase their consumption at these outlets [24]. In the
U.K. there was no significant association between living near fast-food restaurants and BMI among
four hundred thousand participants, using Biobank data [25].

The absence of such a relationship between BMI and fast-food restaurant usage may occur for
several reasons. First, since the above studies [19,24] suggest that less than 1/5th of energy intake is
consumed in these establishments, the main dietary habits that drive overweight and obesity may in
fact reside in what people consume for the remaining 80% of their requirements [15]. Second, one of
these possible reasons is that customers who visit food outlets, may choose more healthy options than
what they eat at home [19,26]. Some behavioral studies that have focused on restaurant customers
have indicated that patrons often tend to select healthier menu items and enjoy visiting restaurants
offering healthy options such as brown rice, vegetarian or vegan meals [19,26,27]. The absence of
an association does not support the suggestion that consumption of poor food out of the home is
amplified by at-home food habits [12,24,28,29].

The finding that individuals who visit these establishments more frequently do not have greater
overweight or obesity is also consistent with studies that indicate the population levels of obesity are
not greater in areas where there is a higher density of such establishments. This has been demonstrated
by analysis at the county level across the USA [16] as well as using U.K. Biobank data at the level of
postcode district in the U.K. [20].

However, other studies have suggested such associations do exist. In Cambridgeshire,
an investigation found that people who live nearer to takeaways have higher intake of food by
5.3 g per day in comparison with the ones who are less exposed [30]. Although a 5.3 g increase in the
total food weight might be statistically significant in a large sample, it represents only about 50 k]
of additional energy (assuming a water content of 50% and an energy density of the remainder of
20 kJ/g) which is less than 1% of daily energy requirements and unlikely to be responsible for an
increase in BMI. Moreover, the 5.3 g value itself was based on an extrapolation from food-frequency
questionnaires, which are extremely inaccurate [31-33]. It was also noted in a U.K.-based study that
food consumption at restaurants, cafes and takeaways may increase daily energy intake by between
3.2% and 4.4% in adults [34]. However, this research depended on four-day food records selected from
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the U.K. National Diet and Nutrition Survey without reporting whether these percentages were also
related to increased BML

Previous studies have suggested that the association between the frequency of food outlet use
and obesity could be different in males and females [30,31,34,35]. Some of these studies concluded
that the association between food outlets and BMI was only significant for women [36], whilst other
investigations noted that the associations between fast-food restaurants and diet [37] and BMI were
more observable in men [38]. Our study is consistent with a previous U.K.-based investigation that
concluded that there is no indication for sex differences in the association between BMI in males and
females and their use of restaurants [39].

Finally, contributing to the contradictory results in the literature are factors that influence the
relationship such as age, ethnicity, household size, employment, workplace, dietary habits, place of
living, physical activity and deprivation level and how these are accounted for in the analysis. It was
noted in a systematic review in 2009 that, when considering the relationship between eating out and
weight gain, it is important to investigate whether food intake at restaurants is causal to overweight
or merely a proxy for other unhealthy lifestyle factors that may cluster, such as physical activity and
neighborhood sociodemographic status [40]. In our study, the lack of an association was evident when
we used unadjusted data and data adjusted for these potential confounders.

Strengths and Limitations

A strength of our study was that we used the TextMagic website to generate automated text-survey
messaging. The benefit of using such a technique is to reduce the risk of memory-dependent error.
By reminding individuals every day to complete the survey, the possibility of forgetting an event
(eating at a restaurant or ordering takeaway and delivery over the previous 24 h) was likely reduced
compared to asking people to recall visits to restaurants over the previous week—requiring recall of
events up to seven days previously.

We counted the number of meals consumed from several different types of restaurants and food
services, which strengthens the investigation of the association between BMI and frequency of usage of
food outlets. However, this study also has some limitations that need to be recognized. First, the weight
and height were self-reported and are subject to potential bias and error [41]. However, a study
conducted in Scotland to assess the validity of self-report weights and heights in the Scottish population
that included 865 men and 971 women reported that the Scottish population have a low error and
unbiased reporting of their weight and height, which would be satisfactory for monitoring the
prevalence of overweight and obesity [42]. Second, we did not ask people exactly what they ordered
or ate to make a better evaluation of their actual energy consumption. Third, because this was
an observational study that depended on the natural behavior of the participants, the number of
participants with extremely high restaurant usage was relatively small. Finally, we emphasize that not
finding associations does not necessarily mean individuals could eat a high quantity of meals from
these outlets without health consequences.

5. Conclusions

In this study, we evaluated the association between the frequency of use of different types of food
outlets and BMIin males and females in the U.K. No association was found between FSRs, FFRs, delivery,
takeaways and TFOs and BMI in both males and females. These data do not support the widespread
belief that consumption of food out of the home at fast-food and full-service restaurants, combined
with that derived from deliveries and takeaways, is a major driver of obesity. Our study was however
cross-sectional and did not include measures of actual food consumption. Further experimental
studies are needed to confirm the importance (or not) of food intake from these sources for the risk of
developing obesity.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/9/2501/s1.
Table S1: Sociodemographic survey, Table S2: food outlet usage survey, Table S3: ANOVA analysis: unadjusted
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BMI vs the frequency of food outlet usage for 7-consecutive days segregated by sex, Table S4: ANOVA analysis:
Adjusted mean BMI vs the frequency of food outlet usage for 7-consecutive days.

Author Contributions: A.A., C.H. and J.R.S. conceptualization; A.A. and J.R.S. data curation; A.A. and J.R.S.
formal analysis; A.A., J.R.S. and C.H. investigation; A.A., C.H. and J.R.S. methodology; A.A. software; A.A.
validation; A.A. visualization; A.A. writing—original draft; C.H. and J.R.S. project administration; C.H. and J.R.S.
supervision; C.H. and J.R.S. writing—review & editing. All authors have read and agreed to the published version
of the manuscript.

Funding: A.A. was supported by a studentship from the University of Tabuk, Saudi Arabia (KSA). J.R.S. was
supported by a Wolfson merit award from the Royal Society.

Acknowledgments: We thank Vasileios Kyparissis and Florina Birkert for their help in distributing and collecting
surveys with us.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Dixon, J.B. The effect of obesity on health outcomes. Mol. Cell. Endocrinol. 2010, 316, 104-108. [CrossRef]
Agha, M.; Agha, R. The rising prevalence of obesity: Part A: Impact on public health. Int. J. Surg. Oncol.
2017, 2, el17. [CrossRef] [PubMed]

3. Health Surveys for England [NHS]. Available online: https://digital.nhs.uk/data-and-information/
publications/statistical/health-survey-for-england (accessed on 20 December 2018).

4. Main Report 2020 [SHS]. Available online: https://www.gov.scot/publications/scottish-health-survey
(accessed on 21 February 2020).

5. Lehnert, T.; Sonntag, D.; Konnopka, A.; Riedel-Heller, S.; Konig, H.H. Economic costs of overweight and
obesity. Best Pract. Res. Clin. Endocrinol. Metab. 2013, 27, 105-115. [CrossRef] [PubMed]

6.  Giskes, K.; van Lenthe, F.; Avendano-Pabon, M.; Brug, ]. A systematic review of environmental factors and
obesogenic dietary intakes among adults: Are we getting closer to understanding obesogenic environments?
Obes. Rev. 2011, 12, €95-e106. [CrossRef] [PubMed]

7. Mu, M,; Xu, L.E; Hu, D.; Wu, J.; Bai, M.J. Dietary Patterns and Overweight/Obesity: A Review Article. Iran. J.
Public. Health 2017, 46, 869-876. [PubMed]

8. Hall, K.D.; Sacks, G.; Chandramohan, D.; Chow, C.C.; Wang, Y.C.; Gortmaker, S.L.; Swinburn, B.A.
Quantification of the effect of energy imbalance on bodyweight. Lancet 2011, 378, 826-837. [CrossRef]

9.  Todd, ]J.E.; Mancino, L.; Lin, B. The Impact of Food Away from Home on Adult Diet Quality; USDA-ERS Economic
Research Report Paper; USDA: Washington, DC, USA, 2010.

10. Hall, K.D.; Ayuketah, A.; Brychta, R.; Cai, H.; Cassimatis, T.; Chen, K.Y.; Chung, S.T.; Costa, E.; Courville, A.;
Darcey, V.; et al. Ultra-processed diets cause excess calorie intake and weight gain: An inpatient randomized
controlled trial of ad libitum food intake. Cell Metab. 2019, 30, 67-77.e3. [CrossRef]

11.  French, S.A.; Story, M.; Jeffery, R.W. Environmental influences on eating and physical activity. Annu. Rev.
Public Health 2001, 22, 309-335. [CrossRef]

12. Nago, E.S,; Lachat, C.K.; Dossa, R.A.; Kolsteren, PW. Association of out-of-home eating with anthropometric
changes: A systematic review of prospective studies. Crit. Rev. Food Sci. Nutr. 2014, 54,1103-1116. [CrossRef]

13.  Fryar, C.D.; Ervin, R.B. Caloric Intake from Fast Food among Adults: United States, 2007-2010; US Department of
Health and Human Services, Centers for Disease Control and Prevention: Atlanta, GA, USA, 2013.

14. An, R. Fast-food and full-service restaurant consumption and daily energy and nutrient intakes in US adults.
Eur. J. Clin. Nutr. 2016, 70, 97-103. [CrossRef]

15. Adams, ].; Goffe, L.; Brown, T.; Lake, A.A.; Summerbell, C.; White, M.; Wrieden, W.; Adamson, A.J. Frequency
and socio-demographic correlates of eating meals out and take-away meals at home: Cross-sectional analysis
of the UK national diet and nutrition survey, waves 1-4 (2008-2012). Int. J. Behav. Nutr. Phys. Act. 2015, 12,
51. [CrossRef] [PubMed]

16. Mazidi, M.; Speakman, J.R. Higher densities of fast-food and full-service restaurants are not associated with
obesity prevalence. Am. J. Clin. Nutr. 2017, 106, 603-613. [CrossRef] [PubMed]

17.  Stafford, M.; Brunner, E.J.; Head, J.; Ross, N.A. Deprivation and the development of obesity: A multilevel,
longitudinal study in England. Am. J. Prev. Med. 2010, 39, 130-139. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.mce.2009.07.008
http://dx.doi.org/10.1097/IJ9.0000000000000017
http://www.ncbi.nlm.nih.gov/pubmed/29177227
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england
https://www.gov.scot/publications/scottish-health-survey
http://dx.doi.org/10.1016/j.beem.2013.01.002
http://www.ncbi.nlm.nih.gov/pubmed/23731873
http://dx.doi.org/10.1111/j.1467-789X.2010.00769.x
http://www.ncbi.nlm.nih.gov/pubmed/20604870
http://www.ncbi.nlm.nih.gov/pubmed/28845396
http://dx.doi.org/10.1016/S0140-6736(11)60812-X
http://dx.doi.org/10.1016/j.cmet.2019.05.008
http://dx.doi.org/10.1146/annurev.publhealth.22.1.309
http://dx.doi.org/10.1080/10408398.2011.627095
http://dx.doi.org/10.1038/ejcn.2015.104
http://dx.doi.org/10.1186/s12966-015-0210-8
http://www.ncbi.nlm.nih.gov/pubmed/25889159
http://dx.doi.org/10.3945/ajcn.116.151407
http://www.ncbi.nlm.nih.gov/pubmed/28566310
http://dx.doi.org/10.1016/j.amepre.2010.03.021
http://www.ncbi.nlm.nih.gov/pubmed/20621260

Nutrients 2020, 12, 2501 20 of 21

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Wong, M.S,; Chan, K.S.; Jones-Smith, J.C.; Colantuoni, E.; Thorpe, R.J., Jr.; Bleich, S.N. The neighborhood
environment and obesity: Understanding variation by race/ethnicity. Prev. Med. 2018, 111, 371-377.
[CrossRef] [PubMed]

Jones, C.S. Taking up space? How customers react to health information and health icons on restaurant
menus. J. Foodserv. Bus. Res. 2009, 12, 344-363. [CrossRef]

Albalawi, A.; Hambly, C.; Speakman, J. Associations of Food Outlet Densities with Obesity Measures Identify
Fish and Chip Shops as a Uniquely Important Problem. Nutrients 2020, 12, 890. [CrossRef]

Tanton, ].; Dodd, L.J.; Woodfield, L.; Mabhala, M. Eating behaviours of British university students: A cluster
analysis on a neglected issue. Adv. Prev. Med. 2015, 2015, 9. [CrossRef]

Bezerra, LN.; de Moura Souza, A.; Pereira, R.A.; Sichieri, R. Contribution of foods consumed away from
home to energy intake in Brazilian urban areas: The 2008-9 Nationwide Dietary Survey. Br. |. Nutr. 2013,
109, 1276-1283. [CrossRef]

Adachi-Mejia, A.M.; Lee, C.; Lee, C.; Carlos, H.A_; Saelens, B.E.; Berke, E.M.; Doescher, M.P. Geographic
variation in the relationship between body mass index and the built environment. Prev. Med. 2017, 100,
33-40. [CrossRef]

Polsky, J.Y.; Moineddin, R.; Dunn, J.R.; Glazier, R.H.; Booth, G.L. Absolute and relative densities of fast-food
versus other restaurants in relation to weight status: Does restaurant mix matter? Prev. Med. 2016, 82, 28-34.
[CrossRef]

Mason, K.E.; Pearce, N.; Cummins, S. Associations between fast food and physical activity environments
and adiposity in mid-life: Cross-sectional, observational evidence from UK Biobank. Lancet Public Health
2018, 3, e24-e33. [CrossRef]

Kim, H.J.; Park, J.; Kim, M.].; Ryu, K. Does perceived restaurant food healthiness matter? Its influence on
value, satisfaction and revisit intentions in restaurant operations in South Korea. Int. J. Hosp. Manag. 2013,
33, 397-405. [CrossRef]

Kang, J.; Jun, J.; Arendt, S.W. Understanding customers” healthy food choices at casual dining restaurants:
Using the Value-Attitude-Behavior model. Int. ]. Hosp. Manag. 2015, 48, 12-21. [CrossRef]

Popkin, B.M.; Adair, L.S.; Ng, S.W. Global nutrition transition and the pandemic of obesity in developing
countries. Nutr. Rev. 2012, 70, 3-21. [CrossRef] [PubMed]

Garcia, G.; Sunil, T.S.; Hinojosa, P. The fast food and obesity link: Consumption patterns and severity of
obesity. Obes. Surg. 2012, 22, 810-818. [CrossRef] [PubMed]

Burgoine, T.; Forouhi, N.G.; Griffin, S.J.; Wareham, N.J.; Monsivais, P. Associations between exposure to
takeaway food outlets, takeaway food consumption, and body weight in Cambridgeshire, UK: Population
based, cross sectional study. BM] 2014, 348, g1464. [CrossRef]

Cade, J.E.; Warthon-Medina, M.; Albar, S.; Alwan, N.A.; Ness, A.; Roe, M.; Wark, P.A.; Greathead, K.;
Burley, V.J.; Finglas, P; et al. P DIET@ NET: Best Practice Guidelines for dietary assessment in health research.
BMC Med. 2017, 15, 202. [CrossRef]

De la Hunty, A. The COMA report on nutritional aspects of cardiovascular disease. Br. Food J. 1995, 97, 30-32.
[CrossRef]

Scientific Advisory Committee on Nutrition. Dietary Reference Values for Energy; The Stationery Office:
London, UK, 2012.

Goffe, L.; Rushton, S.; White, M.; Adamson, A.; Adams, J. Relationship between mean daily energy intake
and frequency of consumption of out-of-home meals in the UK National Diet and Nutrition Survey. Int. J.
Behav. Nutr. Phys. Act. 2017, 14, 131. [CrossRef]

Richardson, A.S.; Boone-Heinonen, J.; Popkin, B.M.; Gordon-Larsen, P. Neighborhood fast food restaurants
and fast food consumption: A national study. BMC Public Health 2011, 11, 543. [CrossRef]
Boone-Heinonen, J.; Gordon-Larsen, P.; Kiefe, C.I.; Shikany, ].M.; Lewis, C.E.; Popkin, B.M. Fast food
restaurants and food stores: Longitudinal associations with diet in young to middle-aged adults: The CARDIA
study. Arch. Intern. Med. 2011, 171, 1162-1170. [CrossRef] [PubMed]

Volek, J.S.; Sharman, M.].; Gémez, A.L.; DiPasquale, C.; Roti, M.; Pumerantz, A.; Kraemer, W.]. Comparison
of a very low-carbohydrate and low-fat diet on fasting lipids, LDL subclasses, insulin resistance, and
postprandial lipemic responses in overweight women. J. Am. Coll. Nutr. 2004, 23, 177-184. [CrossRef]
[PubMed]


http://dx.doi.org/10.1016/j.ypmed.2017.11.029
http://www.ncbi.nlm.nih.gov/pubmed/29197530
http://dx.doi.org/10.1080/15378020903344299
http://dx.doi.org/10.3390/nu12040890
http://dx.doi.org/10.1155/2015/639239
http://dx.doi.org/10.1017/S0007114512003169
http://dx.doi.org/10.1016/j.ypmed.2017.03.018
http://dx.doi.org/10.1016/j.ypmed.2015.11.008
http://dx.doi.org/10.1016/S2468-2667(17)30212-8
http://dx.doi.org/10.1016/j.ijhm.2012.10.010
http://dx.doi.org/10.1016/j.ijhm.2015.04.005
http://dx.doi.org/10.1111/j.1753-4887.2011.00456.x
http://www.ncbi.nlm.nih.gov/pubmed/22221213
http://dx.doi.org/10.1007/s11695-012-0601-8
http://www.ncbi.nlm.nih.gov/pubmed/22271359
http://dx.doi.org/10.1136/bmj.g1464
http://dx.doi.org/10.1186/s12916-017-0962-x
http://dx.doi.org/10.1108/00070709510100145
http://dx.doi.org/10.1186/s12966-017-0589-5
http://dx.doi.org/10.1186/1471-2458-11-543
http://dx.doi.org/10.1001/archinternmed.2011.283
http://www.ncbi.nlm.nih.gov/pubmed/21747011
http://dx.doi.org/10.1080/07315724.2004.10719359
http://www.ncbi.nlm.nih.gov/pubmed/15047685

Nutrients 2020, 12, 2501 21 of 21

38.

39.

40.

41.

42.

Pieroni, L.; Salmasi, L. Fast-food consumption and body weight. Evidence from the UK. Food Policy 2014, 46,
94-105. [CrossRef]

Jeffery, RW.; Baxter, J.; McGuire, M.; Linde, J. Are fast food restaurants an environmental risk factor for
obesity? Int. ]. Behav. Nutr. Phys. Act. 2006, 3, 2. [CrossRef] [PubMed]

Holsten, ].E. Obesity and the community food environment: A systematic review. Public Health Nutr. 2009,
12, 397-405. [CrossRef] [PubMed]

Powell-Young, Y.M. The validity of self-report weight and height as a surrogate method for direct
measurement. Appl. Nurs. Res. 2012, 25, 25-30. [CrossRef]

Bolton-Smith, C.; Woodward, M.; Tunstall-Pedoe, H.; Morrison, C. Accuracy of the estimated prevalence of
obesity from self reported height and weight in an adult Scottish population. . Epidemiol. Community Health
2000, 54, 143-148. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.foodpol.2014.02.004
http://dx.doi.org/10.1186/1479-5868-3-2
http://www.ncbi.nlm.nih.gov/pubmed/16436207
http://dx.doi.org/10.1017/S1368980008002267
http://www.ncbi.nlm.nih.gov/pubmed/18477414
http://dx.doi.org/10.1016/j.apnr.2010.06.001
http://dx.doi.org/10.1136/jech.54.2.143
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methodology 
	Study Design 
	Statistical Analysis 

	Results 
	Characteristics of the Participants 
	Food Outlet Usage versus Sex 
	Food Outlet Usage and Unadjusted BMI Based on Sex 
	BMI versus Socioeconomic Variables (Possible Confounding Factors) 
	Food Outlet Usage and Adjusted BMI Based on Sex 
	Food Outlet Usage vs. Unadjusted and Adjusted BMI Based on Sex, Excluding Students 

	Discussion 
	Conclusions 
	References

