10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

The nutritional challenge and health implications of takeaway and fast food

Agnieszka Jaworowska, Toni Blackham, lan G. Davies, and Leonard Stevenson

Faculty of Education, Community and Leisure, Centre for Tourism, Events & Food Studies,
Liverpool John Moores University, Liverpool, United Kingdom

Corresponding author

Agnieszka Jaworowska, Msc, Phd

Faculty of Education, Community and Leisure, Centre for Tourism, Events & Food Studies,
Liverpool John Moores University, I.M. Marsh Campus, Barkhill Road, L17 6BD Liverpool,
United Kingdom

Phone: 0044 151 231 4639 Email: agnieszkajaworowska@o2.pl

Abstract

Consumption of takeaway and fast food is growing in popularity among Western
societies, and is particularly widespread among adolescents. As it is well known that food
plays an important role in the development and prevention of many diseases there is no doubt
that observed changes in dietary patterns affect the quality of the diet as well as public health.
This review examines the nutritional characteristics of takeaway and fast food including
energy density, total fat, saturated and trans fatty acid content. It also reports the association
between the consumption of such foods and health outcomes. Findings on the effect of
takeaway and fast food consumption on health complications are limited. Therefore, more
studies should be directed at better understanding of the nutrition and health consequences of
eating takeaway and fast food and to find the best strategy to reduce the negative impact of

their consumption on public health.
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Introduction

Lifestyle changes which have taken place in many countries worldwide over the last
few decades have been shown to impact food consumption patterns.1* One of the most
prominent trends is a growing prevalence of meals eaten away from home.*® In addition,
even meals consumed at home are often purchased from catering outlets which offer
takeaway or home delivery service.>’ The traditional regular family dinner has been replaced
by eating ‘on the run’ at various locations throughout the day.* An average US woman and
man spend 0.79 h and 0.32 h per day carrying out food preparation and cleaning up,
respectively. Moreover, 59% of men and 32% of women spend no time on daily food
preparation.®

Food eaten out of the home is becoming an important and a regular component of the
Western diet. %1% A number of studies have shown an increased frequency of takeaway and
fast food consumption worldwide, especially in Europe, the USA and Australia®*> About
22% of Britons were found to purchase foods from takeaway outlets at least once a week and
58% a few times a month.!* A similar frequency of consumption of takeaway or fast food is
observed in other countries as well, about 27% of Australians'? ate takeaway meals at least
twice a week and 37% of Americans® reported eating fast food at least once over two non-
consecutive days. Fast food is particularly popular among adolescents, with 75% of USA
teenagers between the age of 11 and 18 years eat at fast food outlets at least once a week'*
and 70% of Brazilian students (9 — 18 years old) consumed fast food four times or more per
week.™® Guthrie et al.2° reported that consumption of fast food among children has increased
from 2% of total energy in 1970s to 10% of energy in the 1990s.%°

It is well known that food plays an important role in the development and prevention
of many diseases. 1® There is also no doubt that observed changes in dietary patterns affect the

quality of the diet as well as public health. Eating of takeaway and fast food has been shown
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to have adverse health effects, and the majority of studies on this subject have focused on the
relationship between fast food consumption and weight gain. ¥ However, an increased risk
of insulin resistance, type 2 diabetes, elevated total cholesterol and low density lipoprotein
cholesterol (LDL-C) levels and decreased high density lipoprotein cholesterol (HDL-C)
concentrations has also been observed with increasing frequency of eating away from home.
17.20.21 Takeaway or fast food consumers are characterised by higher intakes of energy, fat,
saturated fatty acids, trans fatty acids, added sugar and sodium, and lower intakes of fibre,
macronutrients and vitamins in comparison to those who do not eat food prepared outside the
home. 13182223 Aqdditionally, takeaway and fast food consumption has been linked to poor
dietary patterns including higher intakes of carbonated soft drinks and sweets and lower
consumption of fruits, vegetables, wholegrain and dairy products, 2131823

This review focus on energy and fat content in takeaway and fast food and their health
implications. However, it should be pointed out that other components of takeaway and fast
foods (for example salt) are also important.
Method of a search strategy

Searches were performed in the following electronic databases: Medline (PubMed),
ScienceDirect and ISI Web of Science. Key words included fast food, takeaway food,
nutrient content, lifestyle, health, obesity, cardiovascular disease, blood lipids, fat, saturated
fatty acids, trans fatty acids, energy density, food consumption patterns, diet quality. In
addition, the reference list in each the identified original and review articles where searched
for additional references. Searches were restricted to English language manuscripts and
included all available data until March 2011. Articles were limited to human participants
only.

Energy and energy density
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Humans possess a weak initial ability to recognize the energy density of consumed
food and to appropriately regulate the bulk of food eaten to maintain energy balance, thus
generally people tend to consume a similar amount of food every day regardless of the
variations in energy density.?*? The tendency to consume a constant amount of food was
confirmed by Seagle et al.?” who analysed four day food records of normal weight adults.
Daily variations in the weight of consumed food were significantly smaller than either
variations in the intake of energy or fat.2’” Similarly, a retrospective investigation of three
community studies (the Cambridge Family Food Survey (N=195), the MRC National Survey
of Health and Development (NSHD (N=343)) and the Leeds Nutritional Survey (N=2086))
based in the UK showed that the weight of food remained relatively constant over a seven
day period.?® When eating food with a low energy density, a greater amount of food needs to
be consumed for a given level of energy intake in comparison to food with a high energy
density. Therefore, increasing the energy density of the diet may result in a passive increase
in energy intake because people are generally habituated to eat a relatively constant weight of
food.

Bell et al.?® conducted a study of normal weight women (n = 18) who consumed all of
their meals in the laboratory over three 2-day periods. During lunch, dinner and an evening
snack, participants consumed ad libitum main entrees, which were similar in macronutrient
composition, but varying in energy density. The women consumed a similar amount of food
independent of energy density of the served diets. Thus, the energy intake was about 25%
less in the low energy dense diet in comparison with the diet of the high energy density.
Moreover, no differences in hunger or fullness before meals, after meals, or over the day
across the conditions were observed.?® These findings were confirmed by several other
studies which have tested the effect of variations in the fat content of the diet while

maintaining a constant energy density. >3 Stubbs et al.*° in a 14 day interventions study
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reported that men who were offered a diet varying in fat content (20, 40 and 60% of total
energy) but maintained a constant energy density, ate a constant weight of food; therefore,
showing similar energy intakes despite different proportions of fat content in the diet.
Similarly, a randomised crossover study carried out by Saltzman et al.®! among 7 pairs of
male twins who were provided ad libitum with a low or a high fat diet matched for energy
density (20% or 40% of total energy) during an 11 day period had similar daily energy
intakes (10.3 and 10.7 MJ/d, respectively) regardless of the condition of the diet. These
findings support the hypothesis that energy density of consumed food is a crucial determinant
of energy intake. Therefore the weight or volume of food consumed, and thus the energy
density, may increase or decrease energy intake independently of macronutrient content of
the diet.
Takeaway and fast foods and obesity

The relationship between fast food or takeaway consumption and increased body
mass index (BMI) and obesity has been reported in many epidemiological studies. 171932
Schroder et al. In a study among Spanish (N=3054) population found that the consumption of
fast food more than once a week increased the risk of being obese by 129%. These results are
consistent with findings of Kjgllesdal et al.3*who reported in a group of 8943 working Oslo
citizens that the likelihood of being obese increased significantly with frequent eating in staff
canteens, after taking into account demographic and socioeconomic variables. Furthermore,
consumption of fast foods twice a week or more was independently associated with a 31%
higher prevalence of moderate abdominal obesity in men and a 25% higher prevalence in
women.'®According to a theoretical model, an energy increase of 17 kcal/day for men and 19
kcal/day for women would lead to a weight increase of 1 kg per year independent of baseline
body weight.®> On average, regular consumption of fast food meals was related to an

increased energy intake of 56 kcal/day®® and 187 kcal/day*® among adults and children,
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respectively. Thus, a higher frequency of fast food consumption was associated with a weight
gain of 0.72 kg over 3 years® and of 4.5 kg over a 15 year period®’ above the average weight
gain. Moreover, women who reported eating takeaway food once a week were 15% less
likely to be weight maintainers than those who rarely (once a month or less) or never ate
takeaway food .’
Takeaway and fast foods — energy content and intake

It has been shown that a typical meal purchased from fast food chains tends to be
energy dense and contains ~ 236 kcal/100 g, which is twice as high as the recommended
energy density of a healthy diet.*® Considering the large portion sizes of food eaten out of the
home, one meal can provide even more than 1400 kcal.*® Mancino et al.** based on the
dietary recall (two non-consecutive days) data from the 2003-2004 National Health and
Nutrition Examination Survey (NHANES) and the 1994-1996 Continuing Survey of Food
Intakes by Individuals (CSFII) and with the use of a first-difference estimator found that each
meal eaten away from home added on average 130 kcal to total daily energy intake, with
lunch and dinner having the greatest effect on total daily energy. French et al.** in a study
conducted among 4746 American teenagers (11 — 18 years old) reported that energy intake
was 40% higher among males and 37% higher among female adolescents who reported
eating fast food three times or more during the studied week in comparison with those who
had not eaten fast foods. Additionally, a dose-response pattern was observed with energy
intake directly increasing with increased frequency of fast food consumption.!* Similarly, a
follow-up study including 44072 African American women aged 30 — 69 years indicated that
compared to women who have never eaten Chinese food, women who reported eating such
kinds of food at least once a week had daily energy intakes of 26% higher.?° Furthermore, a
study by Bowman at al.*® including 9872 adults aged 20 years and older has shown a positive

relationship between the energy density of the diet and fast food consumption. An evaluation
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of the quality of the diet of American adults showed the increase of the energy density of the
diet from 89 and 98 kcal/100 g among men and women who did not eat fast food to 95 and
102 kcal/100 g among those who reported eating fast food, respectively.'8

Total Fat and Saturated Fatty Acids

High fat intake associated with takeaway or fast food consumption may be a factor
leading to obesity development independently of total energy intake. Findings of a study
carried out among 150 British adults by Alfieri et al.** found a strong positive correlation
between BMI and total fat consumption but no association with energy intake. These results
were in line with findings of a cross-sectional study of 15,266 men (5579 years) by Satia-
Abouta et al.*? who reported that fat intake has a higher adipogenic effect than total energy
intake. In a multivariate linear regression model after adjustment for demographic and health
related characteristic, BMI increased by 0.14 and 0.53 kg/m? for every 500 kcal of total
energy intake and 500 kcal energy derived from fat, respectively. Moreover, only energy
provided from fat, but not energy from other macronutrients (carbohydrate and protein),
increased linearly with increasing BMI. Contrary, Larson et al.*® suggested that dietary fat
plays a very minor role in increasing adiposity, and explained only 2% of variation in body
fat after controlling for other obesity risk factors.

There are several possible explanations why dietary fat intake may be associated with
body weight gain. A number of studies have shown that fat possess a less satiating effect than
either carbohydrate or protein. Cotton et al.* found that a carbohydrate supplemented
breakfast (173.4 g of carbohydrate, 11.2 g of fat, 12.7 g of protein and 803 kcal of total
energy) suppressed intake of food with the next meal, in contrast to the breakfast
supplemented by fat (77.8 g of carbohydrate, 50.9 g of fat, 12.7 g of protein and 803 kcal
total energy) which produced no detectable effect on the expression of the appetite.

Furthermore, fat is utilized with very high energy efficiency, thus the diet induced
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thermogenesis following fat consumption is much lower than after protein or carbohydrate
intakes. Also, a high fat meal does not enhance lipid oxidation, thus may promote dietary fat
accumulation in adipose tissue. In a study by Bennett et al.** the addition of 50 g of fat to a
standard breakfast (55% energy from carbohydrate, 30% from fat and 15% from protein) did
not increase fat oxidation or energy expenditure either during the immediate 6 hours
postprandial period or over the following 18 hours. Similarly, Horton et al.* found in a group
of 16 men, who were offered for 14 days isoenergetic overfeeding (50% above energy
recruitment) of fat and carbohydrate, that fat overfeeding did not produce an increase in fat
oxidation and total energy expenditure leading to storage of 90-95% of excess energy. In
contrast carbohydrate overfeeding was associated with increased carbohydrate oxidation and
total energy expenditure and resulted in 75-85% of excess energy being stored.*®
Furthermore, Raben et al.*” in a study among 19 healthy participants who were provided with
meals with similar energy density but rich in protein, fat, carbohydrate or alcohol observed
that postprandial lipid oxidation was suppressed after protein, carbohydrate and alcohol rich
meals and was almost unchanged after the fat rich meal. Griffiths et al.*® reported that lipid
oxidation was higher after a high fat meal (80 g of carbohydrate, 80 g of fat and 18 g of
protein) than after a low fat meal (80 g of carbohydrate, 0.8 g of fat and 18 g of protein), but
the difference in oxidation level reached 10 g only (20.7 vs 10.6 g, p < 0.01) despite that the
high fat meal provided 79.2 g more fat than the low fat meal. It should also be mentioned that
fat is more effectively absorbed from the gastrointestinal tract in comparison to carbohydrate.
Lammet et al.*° showed that a high fat diet produced significantly lower faecal loss of energy
than a high carbohydrate diet. In addition, fat improves the taste and texture of many food
products which may also promote active overconsumption associated with an enhanced
appetite due to sensory stimulation.>® The increased food intake with increased food

palatability has been observed in many previous studies.>>* However, other studies which
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investigated sensory properties of food involved in sensory specific satiety found that
increased sensory stimulation may reduce food consumption.®

A diet high in fat, particularly rich in saturated fatty acids (SFAs), may not only lead
to a higher risk of obesity development but may also have other adverse health effects.
Generally, SFAs increase total and HDL-C levels, although not all SFAs affect plasma lipid
and lipoprotein concentrations in the same manner.>® Stearic acid in comparison with other
saturated fatty acids has little effect on plasma lipids, which has been proposed to be a result
of the rapid conversion of stearic acid in the body to oleic acid.>’ On the other hand, SFAs
with 12—-16 carbon atoms are considered to be hypercholesterolaemic, and lauric acid (C12:0)
appears to be more potent than myristic acid (C14:0) or palmitic acid (C16:0).>” However, it
has been found that despite C12:0, C14:0 and C16:0 acids increasing serum total and LDL-C
levels they also increase the concentration of HDL-C, as a results they do not increase the
ratio of total to HDL-C.%® Whether a diet high in SFAs is associated with the increased risk of
coronary heart disease is still controversial.>®>® Numbers of epidemiological and dietary
intervention studies have found that a diet rich in SFAs is associated with a higher risk of
impaired glucose tolerance, insulin resistance and type 2 diabetes®®-*?but there is no evidence
of a direct causal relationship with CVD.”? Thanopoulou et al.®! in a multinational survey
found that participants with recently diagnosed and undiagnosed type 2 diabetes had a higher
intakes of SFAs compared with healthy controls. These findings were similar to those of
Wang et al.? who in a 9 year follow up study of 2909 American participants (45 — 64 years of
age) showed the positive association between diabetes incidence and the proportion of total
SFAs in plasma cholesterol esters and phospholipids, which reflects dietary intake of fatty
acids. In addition, higher intake of SFAs may increase the risk of several cancers. Kurahashi
et al.®* in a 7.5 years follow up study among 43435 Japanese men aged 45 — 74 years found

that myristic and palmitic acids increased the risk of prostate cancer in a dose dependent
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manner. Multivariable relative risk on comparison of the highest with the lowest quartiles of
myristic acid and palmitic acid intake were 1.62 (1.15-2.29) and 1.53 (1.07-2.20),
respectively. There is also evidence suggesting a possible relationship between SFAs intake
and a modest increase in breast cancer risk.%®

The main source of SFAs in takeaway or fast food is palm oil which is widely use as a
frying medium due to excellent frying performance together with production of a highly
desirable fried food flavour.>” Palm oil is suggested as an acceptable alternative to partially
hydrogenated vegetable oil in the deep fat frying process, but unhydrogenated vegetable oils
are recommended as they produce a much more favourable plasma/serum lipid profile than
either palm oil or partially hydrogenated oils.>"%® In a dietary intervention study by Vega-
Lopez et al.®® 15 participants were provided for 5 weeks with food varying in the type of fat
(partially hydrogenated soybean oil, soybean oil, palm oil, or canola oil; at two-thirds of total
fat, or 20% of energy). It was found that both partially hydrogenated soybean and palm oil
resulted in higher LDL-C concentrations than other investigated fats. No significant
differences in total to HDL-C ratio were observed between the diets enriched with palm,
canola, and soybean oils. Vesshy et al.®’ in the KANWU study included 162 healthy
participants who received an isoenergetic diet for 3 months containing either a high
proportion of saturated or monounsaturated fatty acids, and found that replacement of SFAs
with monounsaturated was associated with improvement of insulin sensitivity.

On average, food eaten out of the home is characterised by high total fat and SFAs
content. Stender et al.®® after analysing meals containing chips and fried chicken (nuggets or
hot wings) bought from McDonald’s and KFC outlets in 35 countries worldwide, found that
total fat content varied from 41 to 74 g depending on country of origin. These results were in

agreement with findings of Dunford et al.%° who reported that food (burgers, chicken
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products, sides or pizzas) purchased from fast food chains contained between 10 and 13 g of
total fat and between 3.9 and 4.9 g of SFAs per 100 g.

The intake of fat and SFAs increases with higher frequency of out of home
eating.>182% A study involving a large sample (N=44072) of adult African American women
showed that total fat intake was significantly higher among women who reported eating out
of the home at least once a week, regardless of the type of meals they consumed (burgers,
fried chicken, fried fish, Chinese food, pizzas or Mexican food) when compared to those who
had never eaten food prepared outside the home.?° This is consistent with previous findings
of Paeratakul et al.®® who reported among 9063 adults and 8307 children and adolescents that
on the day when fast food was eaten the intake of total fat, SFAs and percentage of energy
provided by fat was higher compared to the day without fast food consumption.

Trans fatty acids

Trans fatty acids (TFAs) are formed during the commercial partial hydrogenation of
unsaturated fats. Small amounts of TFAs are also produced by ruminants during the
biohydrogenation of unsaturated fatty acids from feed by hydrogen produced during
oxidation of substrates with bacterial enzymes in the rumen. These two sources of TFAs
contain similar species of TFAs isomers, but in different amounts and proportions, thus their
consumption may have different biological effects.’® The concentration of TFAs in partially
hydrogenated oils (PHVO) may be as high as 30 - 50%, compared with only around 5% in
dairy and ruminant meat products.”” Ruminant and industrially produced TFAs have been
shown to have detrimental effect on blood lipids when consumed in high doses. However,
moderate intake of ruminant TFAs, such as those seen with normal dietary consumption, have
neutral effects on plasma lipids and other risk factors for cardiovascular disease.’* Hulshof et

al.” reported that TFAs intake from ruminant products was under 2 g/day (<1% of total
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energy intake) in all Western Europe countries investigated in the TRANSFAIR study, and
the main source of TFAs in the diet was PHVO.

TFAs due to their physiological effects are undesirable components of the diet. A
growing body of evidence has demonstrated numerous adverse effects associated with TFAs
consumption, including systemic inflammation, diabetes, insulin resistance, endothelial
dysfunction, obesity, decreased LDL particle size, decreased HDL-C and apolipoprotein Al
(ApoAl) concentrations and increased total cholesterol, lipoprotein (a) and apolipoprotein B
(ApoB) levels.”™* Recent meta-analysis of the effects of TFAs consumption on blood lipids
and lipoproteins showed that each 1% energy replacement of TFAs with SFAs,
monounsaturated fatty acids or polyunsaturated fatty acids, respectively, decreased total
cholesterol/HDL-C ratio by 0.31, 0.54 and 0.67; ApoB/ApoALl ratio by 0.007, 0.010 and
0.011; and Lp(a) concentration by 3.76, 1.39 and 1.11 mg/l.” Esmaillzadeh et al.” in a cross-
sectional study among 486 apparently healthy women aged 40 — 60 years found that greater
consumption of PHVO was associated with increased circulating concentrations of several
markers of endothelial dysfunction and systematic inflammation. CRP, IL-6 and STNFR-2
levels were, respectively, 73, 17 and 5% higher among women in the highest quintile of TFAs
intake, compared with the lowest quintile.”” Nearly all studies conducted in different
countries which investigated an association between habitual intakes of TFAs or TFAs
exposure, assessed using tissue biomarkers (for example: erythrocyte membrane TFAs
concentrations, serum phospholipids and adipose tissue fatty acid composition) have
demonstrated a significantly increased risk of coronary heart disease (CHD) among
individuals with greater TFAs consumption or exposure. Contrarily, no other studies have
reported a positive association between ruminant TFAs consumption and CHD."®
Furthermore, TFAs consumption may be associated with weight gain and visceral fat

accumulation. A large prospective study conducted among 16587 men after controlling for
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potential confounders found that substitution of each 2% of energy intake from TFAs by
energy from PUFA was independently associated with a 2.7 cm increase in waist
circumference over 9 years.” It should also be mentioned that TFAs are transferred from the
mother to the foetus across the placenta and are presented in breast milk.”* As humans do not
synthesize TFAs isomers their concentration in human milk is directly related to the type of
maternal diet. The content of TFAs in human milk varies between countries, from 0.5% in
Africa, through 1.40 — 2.80% in Poland to 6 — 7% of total fatty acids in Canada.®® A recent
cross-sectional study found that infants of mothers who consumed 4.5 g or more of TFAs
daily while breastfeeding were over two times more likely to have body fat higher than 24%
in comparison to those consuming less.8!

Takeaway and fast food, particularly chips and deep fried meats may contain a large
amount of TFAs from PHVO which are used for deep frying. It has been reported that the
single meal of chips (171 g) and fried chicken (160 g) purchased from fast food outlets
provided from 0.3 to 24 g of TFAs.%8 Similarly, Wagner et al.®2 found that TFAs content may
vary in burgers from 0.1 to 1.05 g per 100 g and in chips from 0.1 to 1.6 g per 100 g. It has
been assessed that individuals who frequently consume fast food meals could intake between 6
and 12 % of dietary energy from TFAs®® and a single meal of fried chicken with chips may
deliver four times more TFAs than daily recommended allowance in the UK (no more than
2% of total recommended daily energy intake).3* However, it should be pointed out that none
of accessible studies regarding TFAs level in fast foods or other takeaway fried meal options
distinguish between naturally occurred TFAs in food products and TFAs from PHVO or
evaluated the level of specific species of TFAs isomers.

Conclusion
In summary, a growing body of evidence suggests that the nutrient profile of

takeaway and fast foods may contribute to a variety of negative health outcomes, including
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cardiovascular disease, insulin resistance, type 2 diabetes and obesity.1%1"2! Simultaneously,
food prepared out of the home is making up an increasing component of the Western diet and
there is no expectation that this will stop expanding. However, most of the previous studies
have only investigated the nutritional quality of fast foods and there is still a lack of data
regarding the nutrient content in takeaway meals from small independent outlets (e.g. ethnic
cuisines, fish & chips shops, pizza shops and others). Furthermore, there is a lack of good
quality data on the consumption of different takeaway food options. To the best of our
knowledge, there are no studies which differentiate between the frequency of consumption of
fast foods and other type of takeaway meals, the majority of previous studies have
concentrated on fast food from big chains (e.g. McDonald’s, KFC) or have investigated
altogether the different kinds of foods that were eaten out of the home. However, results from
our recent study indicate that there are significant differences in the nutrient composition
between different types of takeaway meals (Indian, Chinese, English, Pizzas, Kebabs)® as
well as between takeaway meals and similar style ready meal options.®® There is only one
study which has examined the differences between the frequency of consumption of specific
types of meals eaten out of the home (burgers, pizzas, fried chicken, fried fish, Chinese food
and Mexican food) and incidence of type 2 diabetes, but this was limited to restaurant food
only.?% Furthermore, most studies have investigated only frequency of eating out of the home
but have not taken into account the amount of food consumed, the overall diet quality and
lifestyle factors. Therefore, more studies should be directed at better understanding of the
nutrition and health consequences of eating takeaway and fast food and to find the best
strategy to reduce the negative impact of their consumption on public health. The co-
operation between food technologists, nutritionists and chefs from takeaway outlets is needed
to alter the food preparation process in order to improve the nutritional quality of prepared

meals. However, this may not be an easy approach as chefs may be reluctant to change their
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recipes, especially due to concerns about adverse effects on palatability, which can
potentially affect their profits. Also, voluntary guidelines do not always result in adequate
changes of nutritional quality of takeaway foods thus some government regulations may be
considered as a powerful method. In Finland, legislation on food labelling, such as the
mandatory warning “high salt product” if the salt concentration exceeds set limits has been
shown to be a useful tool to reduce salt intake in the population.®” Similarly, in Denmark the
restriction of industrially produced TFAs levels of all food products to a maximum of 2% of
the total fat content showed that it is possible to reduce or remove TFAs content from food

products.®

Acknowledgments
Declaration of interest. The authors have no relevant interests to declare.

References

1. Jabs JT, Devine CM. Time scarcity and food choices: an overview. Appetite
2006;47:196-204.

2. Naska A, Fouskakis D, Oikonomou E, Almeida MD, et al. Dietary patterns and
their socio-demographic determinants in 10 European countries: data from the
DAFNE databank. Eur J Clin Nutr. 2006;60:181-190.

3. Uauy R, Monteiro CA. The challenge of improving food and nutrition in Latin
America Food Nutr Bull. 2004;25:175-182.

4. Kearney J. Food consumption trends and drivers. Philos Trans R Soc Lond B Biol
Sci. 2010;365:2793-2807.

5. Bowers DE. Cooking trends echo changing roles of women. Food Review

2000;23:23-29.

15


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kearney%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=365%5Bvolume%5D+AND+2793%5Bpage%5D+AND+2010+%5Bpdat%5D&cmd=detailssearch
http://www.ncbi.nlm.nih.gov/pubmed?term=365%5Bvolume%5D+AND+2793%5Bpage%5D+AND+2010+%5Bpdat%5D&cmd=detailssearch

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

10.

11.

12.

13.

Hawkes C. Marketing activities of global soft drink and fast food companies in
emerging markets: a review. In: Globalization, Diets and Noncommunicable
Diseases. Geneva: World Health Organization. 2002. Available at
http://whqglibdoc.who.int/publications/9241590416.pdf. Accessed 27 November
2011.

Jekanowski MD. Causes and consequences of fast food sales growth. Food
Review 1999;22:11-16.

Bureau of Labor Statistics. American time use survey — 2010 results. Bureau of
Labor Statistics. 2011. Available at: http://www.bls.gov/news.release/pdf/atus.pdf.
Accessed 27 November 2011.

Orfanos P, Naska A, Trichopoulos D, et al. Eating out of home and its correlates
in 10 European countries. The European Prospective Investigation into Cancer
and Nutrition (EPIC) study. Public Health Nutr. 2007;10:1515-1525.

Guthrie JF, Lin BH, Frazao E. Role of food prepared away from home in the
American diet, 1977-78 versus 1994-96: changes and consequences. J Nutr Educ
Behav. 2002;34:140-150.

Food Standard Agency. Consumer attitudes to food standards. 2007;Wave 7:
Available at: http://www.food.gov.uk/science/socsci/surveys/foodsafety-nutrition-
diet/eighthcas 2007. Accessed 27 March 2011.

Smith KJ, McNaughton SA, Gall SL, Blizzard L, Dwyer T, Venn AJ. Takeaway
food consumption and its associations with diet quality and abdominal obesity: a
cross-sectional study of young adults. Int J Behav Nutr Phys Act. 2009;6:29.
Paeratakul S, Ferdinand DP, Champagne CM, Ryan DH, Bray GA. Fast-food
consumption among US adults and children: dietary and nutrient intake profile. J

Am Diet Assoc. 2003;103:1332-1338.

16


http://www.bls.gov/news.release/pdf/atus.pdf

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

14.

15.

16.

17.

18.

19.

20.

21.

French SA, Story M, Neumark-Sztainer D, Hannan P. Fast food restaurant use
among adolescents: associations with nutrient intake, food choices and behavioural
and psychosocial variables. Int J Obes. 2001;25:1823-1833.

Cimadon HM, Geremia R, Pellanda LC. Dietary habits and risk factors for
atherosclerosis in students from Bento Gongalves (state of Rio Grande do Sul).
Arq Bras Cardiol. 2010;95:166-172.

World Health Organization. Diet, nutrition, and the prevention of chronic
diseases. Geneva; 2003. Technical Report Series 916.

Pereira MA, Kartashov Al, Ebbeling CB, et al. Fast-food habits, weight gain, and
insulin resistance (the CARDIA study): 15-year prospective analysis. Lancet.
2005;365:36-42.

Bowman SA, Vinyard BT. Fast food consumption of U.S. adults: impact on
energy and nutrient intakes and overweight status. J Am Coll Nutr. 2004;23:163-
168.

Duffey KJ, Gordon-Larsen P, Jacobs DR Jr, Williams OD, Popkin BM.
Differential Associations of Fast Food and Restaurant Food Consumption with 3-y
Change in Body Mass Index. The Coronary Artery Risk Development in Young
Adults Study. Am J Clin Nutr. 2007;85:201-208.

Krishnan S, Coogan PF, Boggs DA, Rosenberg L, Palmer JR. Consumption of
restaurant foods and incidence of type 2 diabetes in African American women.
Am J Clin Nutr. 2010;91:465-471.

Duffey KJ, Gordon-Larsen P, Steffen LM, Jacobs DR Jr, Popkin BM. Regular
consumption from fast food establishments relative to other restaurants is
differentially associated with metabolic outcomes in young adults. J Nutr.

2009;139: 2113-2118.

17



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

22.

23.

24,

25.

26.

27.

28.

29.

30.

Clemens LH, Slawson DL, Klesges RC. The effect of eating out on quality of diet
in premenopausal women. J Am Diet Assoc. 1999;99:442-444.

Bowman SA, Gortmaker SL, Ebbeling CB, Pereira MA, Ludwig DS. Effects of
fast-food consumption on energy intake and diet quality among children in a
national household survey. Pediatrics. 2004;113:112-118.

Rolls BJ, Bell EA, Castellanos VH, Chow M, Pelkman CL, Thorwart ML. Energy
density but not fat content of foods affected energy intake in lean and obese
women. Am J Clin Nutr.1999;69:863-871.

Bell EA, Castellanos VH, Pelkman CL, Thorwart ML, Rolls BJ: Energy density of
foods affects energy intake in normal-weight women. Am J Clin Nutr.
1998:67:412-420.

Rolls BJ. The role of energy density in the overconsumption of fat. J Nutr
2000;130(2S Suppl): 268S-271S.

Seagle H, Davy B, Grunwald G, Hill J. Energy density of self-reported food
intake: Variation and relationship to other food components [Abstract]. Obes Res.
1997,5:78S.

Poppitt SD, Prentice AM. Energy density and its role in the control of food intake:
evidence from metabolic and community studies. Appetite. 1996;26:153-174.

Bell EA, Castellanos V, Pelkman CL, Thorwart ML, Rolls BJ. Energy density of
foods affected energy intake in normal-weight women. Am J Clin Nutr. 1998;
67:412-420.

Stubbs RJ, Harbron CG, Prentice AM. Covert manipulation of the dietary fat to
carbohydrate ratio of isoenergetically dense diets: effect on food intake in feeding

men ad libitum. Int J Obes. 1996;20:651-660.

18



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

31.

32.

33.

34.

35.

36.

37.

38.

39.

Saltzman E, Dallal GE, Roberts SB. Effect of high-fat and low-fat diets on
voluntary energy intake and substrate oxidation: studies in identical twins
consuming diets matched for energy density, fiber and palatability. Am J Clin
Nutr. 1997;66:1332-1339.

Burns C, Jackson M, Gibbons C, Stoney RM. Foods prepared outside the home:
association with selected nutrients and body mass index in adult Australians.
Public Health Nutr. 2002;5:441-448.

Schroder H, Fito M, Covas MI. Association of fast food consumption with energy
intake, diet quality, body mass index and the risk of obesity in a representative
Mediterranean population. Br J Nutr. 2007;98:1274-1280.

Kjellesdal MR, Holmboe-Ottesen G, Wandel M. Frequent use of staff canteens is
associated with unhealthy dietary habits and obesity in a Norwegian adult
population. Public Health Nutr. 2010;14:133-141.

Christiansen E, Garby L, Sorensen TI. Quantitative analysis of the energy
requirements for development of obesity. J Theor Biol. 2005;234:99-106.

French SA, Harnack L, Jeffery RW. Fast food restaurant use among women in the
Pound of Prevention study: dietary, behavioral and demographic correlates. Int J
Obes. 2000;24: 1353-1359.

Ball K, Brown W, Crawford D. Who does not gain weight? Prevalence and
predictors of weight maintenance in young women. Int J Obes. 2002;26:1570-
1578.

Prentice AM, Jebb SA. Fast foods, energy density and obesity: a possible
mechanistic link. Obes Rev. 2003;4:187-194.

Isganaitis E, Lustig RH. Fast food, central nervous system insulin resistance, and

obesity. Arterioscler Thromb Vasc Biol. 2005;25:2451-2462.

19



10

11

12

13

14

15

16

17

18

19

20

21

22

23

40.

41.

42.

43.

44,

45.

46.

47.

Mancino L, Todd J, Lin BH. Separating what we eat from where: Measuring the
effect of food away from home on diet quality. Food Policy. 2009; 34:557-562.
Alfieri M, Pomerleau J, Grace DM: A comparison of fat intake of normal weight,
moderately obese and severely obese subjects. Obes Surg. 1997;7:9-15.
Satia-Abouta J, Patterson RE, Schiller RN, Kristal AR: Energy from fat is
associated with obesity in U.S. men: results from the Prostate Cancer Prevention
Trial. Prev Med 2002; 34: 493-501.

Larson DE, Hunter GR, Williams MJ, Kekes-Szabo T, Nyikos I, Goran MI:
Dietary fat in relation to body fat and intraabdominal adipose tissue: a cross-
sectional analysis. Am J Clin Nutr 1996;64: 677-684.

Cotton JR, Burley VJ, Weststrate JA, Blundell JE. Dietary fat and appetite:
similarities and differences in the satiating effect of meals supplemented with
either fat or carbohydrate. J Hum Nutr Diet. 2007;20:186-199.

Bennett C, Reed GW, Peters JC, Abumrad NN, Sun M, Hill JO. Short-term effects
of dietary-fat ingestion on energy expenditure and nutrient balance. Am J Clin
Nutr. 1992;55:1071-1077.

Horton TJ, Drougas H, Brachey A, Reed GW, Peters JC, Hill JO: Fat and
carbohydrate overfeeding in humans: different effects on energy storage. Am J
Clin Nutr. 1995;62:19-29.

Raben A, Agerholm-Larsen L, Flint A, Holst JJ, Astrup A. Meals with similar
energy densities but rich in protein, fat, carbohydrate, or alcohol have different
effects on energy expenditure and substrate metabolism but not on appetite and

energy intake. Am J Clin Nutr. 2003;77:91-100.

20



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

48.

49,

50.

51.

52.

53.

54.

55.

56.

Griffiths AJ, Humphreys SM, Clark ML, Fielding BA, Frayn KN. Immediate
metabolic availability of dietary fat in combination with carbohydrate. Am J Clin
Nutr. 1994,;59:53-59.

Lammert O, Grunnet N, Faber P, et al. Effects of isoenergetic overfeeding of
either carbohydrate or fat in young men. Br J Nutr. 2000;84:233-245.

Warwick ZS, Schiffman SS. Role of dietary fat in calorie intake and weight gain.
Neurosci Biobehav Rev. 1992;16:585-596.

Zandstra EH, De Graaf C, Meal DJ, Van Staveren WA. Short- and long-term
effects of changes in pleasantness on food intake. Appetite 2000; 34:253-260.

De Castro JM, Bellisle F, Dalix A, Pearcey SM. Palatability and intake
relationship in free-living humans: characterization and independence of influence
in North Americans. Physiol Behav. 2000; 70:343-350.

De Castro JM, Bellisle F, Dalix A. Palatability and intake relationships in free-
living humans: measurement and characterization in the French. Physiol Behav
2000; 68:271-277.

Yeomans MR, Gray RW, Mitchell CJ, True S. Independent effects of palatability
and within-meal pauses on intake and appetite ratings in human volunteers.
Appetite. 1997;29:61-76.

Sgrensen LB, Mgller P, Flint A, Martens M, Raben A. Effect of sensory
perception of foods on appetite and food intake: a review of studies on humans.
Int J Obes. 2003;27:1152-1166.

Hunter JE, Zhang J, Kris-Etherton PM. Cardiovascular disease risk of dietary
stearic acid compared with trans, other saturated, and unsaturated fatty acids: a

systematic review. Am J Clin Nutr. 2010;91:46-63.

21


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yeomans%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gray%20RW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mitchell%20CJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22True%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/9268426

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

S57.

58.

59.

60.

61.

62.

63.

64.

Mensink RP, Zock PL, Kester AD, Katan MB. Effects of dietary fatty acids and
carbohydrates on the ratio of serum total to HDL cholesterol and on serum lipids
and apolipoproteins: a meta-analysis of 60 controlled trials. Am J Clin Nutr.
2003;77:1146-1155.

Parodi PW. Has the association between saturated fatty acids, serum cholesterol
and coronary heart disease been over emphasized? Int Dairy J. 2009;19:345-361.
Astrup A, Dyerberg J, Elwood P, et al. The role of reducing intakes of saturated
fat in the prevention of cardiovascular disease: where does the evidence stand in
2010? Am J Clin Nutr. 2011;93:684-688.

Risérus U, Willett WC, Hu FB. Dietary fats and prevention of type 2 diabetes.
Prog Lipid Res. 2009;48:44-51.

Thanopoulou AC, Karamanos BG, Angelico FV, et al. Dietary fat intake as risk
factor for the development of diabetes: multinational, multicenter study of the
Mediterranean Group for the Study of Diabetes (MGSD). Diabetes Care.
2003;26:302-307.

Wang L, Folsom AR, Zheng ZJ, Pankow JS, Eckfeldt JH. Plasma fatty acid
composition and incidence of diabetes in middle-aged adults: the Atherosclerosis
Risk in Communities (ARIC) Study, Am J Clin Nutr. 2003;78:91-98.

Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Meta-analysis of prospective cohort
studies evaluating the association of saturated fat with cardiovascular disease. Am
J Clin Nutr. 2010;91:535-546.

Kurahashi N, Inoue M, Iwasaki M, Sasazuki S, Tsugane AS. Dairy product,
saturated fatty acid, and calcium intake and prostate cancer in a prospective cohort

of Japanese men. Cancer Epidemiol Biomarkers Prev. 2008;17:930-937.

22



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

65.

66.

67.

68.

69.

70.

71.

72.

73.

Gerber M. Background review paper on total fat, fatty acid intake and cancers.
Ann Nutr Metab. 2009;55:140-161.

Vega-Lbpez S, Ausman LM, Jalbert SM, Erkkila AT, Lichtenstein AH. Palm and
partially hydrogenated soybean oils adversely alter lipoprotein profiles compared
with soybean and canola oils in moderately hyperlipidemic subjects. Am J Clin
Nutr. 2006;84:54-62.

Vessby B, Uusitupa M, Hermansen K, et al. Substituting dietary saturated for
monounsaturated fat impairs insulin sensitivity in healthy men and women: The
KANWU Study. Diabetologia. 2001;44:312-319.

Stender S, Dyerberg J, Astrup A. Fast food: unfriendly and unhealthy. Int J Obes.
2007;31:887-890.

Dunford E, Webster J, Barzi F, Neal B. Nutrient content of products served by
leading Australian fast food chains. Appetite. 2010;55:484-4809.

Mendis S, Cruz-Hernandez C, Ratnayake WM. Fatty acid profile of Canadian
dairy products with special attention to the trans-octadecenoic acid and conjugated
linoleic acid isomers. J AOAC Int. 2008;91: 811-819.

Motard-Bélanger A, Charest A, Grenier G, Paquin P, Chouinard Y, Lemieux S,
Couture P, Lamarche B. Study of the effect of trans fatty acids from ruminants on
blood lipids and other risk factors for cardiovascular disease. Am J Clin Nutr.
2008;87: 593-599.

Hulshof KF, van Erp-Baart MA, Anttolainen M, et al. Intake of fatty acids in
Western Europe with emphasis on trans fatty acids: the TRANSFAIR Study. Eur J
Clin Nutr. 1999;53:143-157.

Teegala SM, Willett WC, Mozaffarian D. Consumption and health effects of trans

fatty acids: a review. J AOAC Int. 2009;92:1250-1257.

23



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

74.

75.

76.

77,

78.

79.

80.

81.

Mozaffarian D, Aro A, Willett WC. Health effects of trans-fatty acids:
experimental and observational evidence. Eur J Clin Nutr. 2009;63(Suppl 2):S5-
S21.

Mozaffarian D, Clarke R. Quantitative effects on cardiovascular risk factors and
coronary heart disease risk of replacing partially hydrogenated vegetable oils with
other fats and oils. Eur J Clin Nutr. 2009;63(Suppl 2):S22-S33.

Esmaillzadeh A, Azadbakht L. Home use of vegetable oils, markers of systemic
inflammation, and endothelial dysfunction among women. Am J Clin Nutr.
2008;88:913-921.

Lopez-Garcia E, Schulze MB, Meigs JB, Manson JE, Rifai N, Stampfer MJ,
Willett WC, Hu FB. Consumption of trans fatty acids is related to plasma
biomarkers of inflammation and endothelial dysfunction. J Nut. 2005;135:562-
566.

Micha R, Mozaffarian D. Trans fatty acids: effects on cardiometabolic health and
implications for policy. Prostag. Leukotr Essent. Fatty Acids 2008;79:147-152.
Koh-Banerjee P, Chu NF, Spiegelman D, et al. Prospective study of the
association of changes in dietary intake, physical activity, alcohol consumption,
and smoking with 9-y gain in waist circumference among 16 587 US men. Am J
Clin Nutr. 2003;78:719-727.

Mojska H, Socha P, Socha J, Soplinska E, Jaroszewska-Balicka W, Szponar L.
Trans fatty acids in human milk in Poland and their association with breastfeeding
mothers' diets. Acta Paediatr. 2003;92:1381-1387.

Anderson AK, McDougald DM, Steiner-Asiedu M. Dietary trans fatty acid intake

and maternal and infant adiposity. Eur J Clin Nutr. 2010;64:1308-1315.

24



10

11

12

13

14

15

16

17

18

19

20

21

22

82.

83.

84.

85.

86.

87.

88.

Wagner KH, Plasser E, Proell C, Kanzler C. Comprehensive studies on the trans
fatty acid content of Austrian foods: Convenience products, fast food and fats.
Food Chemistry. 2008;108:1054-1060.

Department of Health. Dietary reference values for food energy and nutrients for
the United Kingdom. Report of the Panel on DRVs of the Committee on Medical
Aspects of Food Policy (COMA), Report of Health and Social Subjects No 41,
The Stationary Office. London; 1991.

National Institute for Health and Clinical Excellence. The prevention of
cardiovascular disease at a population level. 2010; Awvailable at:
www.nice.org.uk/nicemedia/pdf /CVD EP9TransFats.pdf. Accessed 27 March
2011.

Jaworowska A, Blackham T, Stevenson L. Nutritional composition of takeaway
meals served by independent small outlets. [Abstract] Proc Nutr Soc.
2011;70(OCE4):E166

Stevenson L, Jaworowska A, Blackham T. Comparison of the nutritional quality
of takeaway and ready to eat meals. [Abstract] Proc Nutr Soc.
2011;70(OCE4):E160

Pietinen P, Valsta LM, Hirvonen T, Sinkko H. Labelling the salt content in
foods: a useful tool in reducing sodium intake in Finland. Public Health Nutr.
2007;11:335-340.

Leth T, Jensen HG, Mikkelsen AA, Bysted A. The effect of the regulation on

trans fatty acid content in Danish food. Atheroscler Suppl. 2006;7:53-56.

25



