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A B S T R A C T

Apart from the established association between liking for fat and fat intake, little is known about the as-
sociation between liking for fat and intake of specific nutrients or food groups. We investigated the as-
sociation between dietary intake and liking for fat, fat-and-sweet and fat-and-salt. Liking scores were
constructed using a validated preference questionnaire administered to 41,595 French adults participat-
ing in the Nutrinet-Santé study. Dietary data were collected using web-based 24 h records. Relation-
ships between liking and dietary intake were assessed using linear regression adjusted for age and energy
intake. Results are expressed in percentage difference of intake between individuals with low liking and
those with high liking. Compared with participants with low liking for fat, individuals with a strong liking
for fat had higher intakes of total energy (+10.1% in women (W); +8.4% in men (M)), fats (W: +7.3%; M:
+10.0%), saturated fats (W: +10.8%; M+15.4%), meat (W: +13.0%; M: +12.6%), butter (W: +34.0%; M: +48.1%),
sweetened cream desserts (W: +14.8%; M: +21.1%) and croissant-like pastries (W: +27.2%; M: +36.9). They
also consumed lower quantities of omega-3 fatty acids (W: −6.2%;M: −6.0%), fiber (W: −16.4%; M: −18.9%),
fruits (W: −28.8%; M: −29.5%), vegetables (W: −16.4%; M: −19.7%) and yogurt (W: −12.1%; M: −14.8%). Par-
ticipants with high liking for fat-and-salt had higher intakes of total energy, sodium and alcoholic bev-
erages and lower consumption of total and simple carbohydrates and fruit and vegetables than persons
with high liking for fat-and-sweet. Our study contributes to the understanding of liking as a determi-
nant of dietary intake. It highlighted that increased liking for fat, especially fat-and-salt liking, was as-
sociated with a lower intake of healthy foods, such as fruit and vegetables.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

A large body of literature suggests the possible role of exces-
sive fat consumption in the etiology of major chronic diseases, in-
cluding cardiovascular diseases, colorectal cancer and obesity

(American Institute for Cancer Research/World Cancer Research Fund,
2007; Getz & Reardon, 2007; World Health Organization, 2003). Re-
striction of total fat and saturated fat intake to reduce energy intake
is therefore a key objective of most nutritional public health poli-
cies worldwide (Lachat et al., 2005; World Health Organization,
2003). However, fat content in food is linked to its sensory prop-
erties and strongly contributes to eating pleasure, which may
promote its overconsumption (Drewnowski, 1997b; Mela & Sacchetti,
1991). Previous works using laboratory-based methods or
population-based questionnaires, mostly in women and children,
showed that liking for fat was associated with increased intake of
total fat and high-fat foods (Cooling & Blundell, 1998; Drewnowski
& Hann, 1999; Drewnowski, Hann, Henderson, & Gorenflo, 2000;
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Duffy, Hayes, Sullivan, & Faghri, 2009; Duffy et al., 2007; Fisher &
Birch, 1995; Geiselman et al., 1998; Lanfer et al., 2012; Ledikwe et al.,
2007; Pangborn, Bos, & Stern, 1985; Raynor, Polley, Wing, & Jeffery,
2004; Ricketts, 1997).

Apart from the focus on the association of liking for fat with fat
intake, only three studies explored the relationship between a liking
for fat and consumption of other nutrients and food groups, espe-
cially healthy food groups (Drewnowski & Hann, 1999; Drewnowski
et al., 2000; Nagata, Sugiyama, & Shimizu, 1998). Moreover, those
studies presented limitations such as the poor reliability in the as-
sessment of liking, the small sample sizes and the lack of demo-
graphic heterogeneity of the study populations that may have
restricted variability in terms of liking and dietary intake. Indeed,
the two studies of Drewnowski & Hann (1999) and Drewnowski et al.
(2000) were conducted in small samples of selected women (n = 87
and 339) and focused on the relationship of liking for fat with intake
of vitamin C, fiber and fat only. The study by Nagata et al. was con-
ducted in a more diversified sample (n = 3170), but measurement
of liking was not reliable, since simple questions were asked of in-
dividuals concerning their preferences for salty, greasy and sweet
foods (Nagata et al., 1998). Consideration of intake of all food groups
is nevertheless essential to understand the role of individual liking
in eating behaviors and to outline feasible public health actions, such
as sensory education interventions advocating the substitution of
high-fat foods, particularly rich in saturated fats by less fatty ones.

Lipid content notwithstanding, combining salt or sugar with fat
may further promote fat consumption by increasing palatability
(Emmett & Heaton, 1995; Kanarek, Ryu, & Przypek, 1995), thus cre-
ating an additional risk factor for obesity and health-related prob-
lems (Yeomans, Blundell, & Leshem, 2004). Hence, study of the
individual effects of a liking for fat-and-salt or fat-and-sweet upon
dietary intake could affect public health decisions, by determining
priorities for improving either fatty salted or fatty sweetened prod-
ucts. However, no study has separately investigated the specific issue
of liking for fat-and-salt and liking for fat-and-sweet.

In this context, the aim of the present study was to investigate
the association of liking for fat with intake of nutrients and food
groups in a large heterogeneous sample of participants residing in
France. Furthermore, we compared dietary profiles of participants
with a high liking score for either the fat-and-sweet sensation or
the fat-and-salt sensation.

Subjects and methods

Study population

We used data from the Nutrinet-Santé Study (Hercberg et al.,
2010), a large web-based observational cohort launched in France
in May 2009, through a recruitment planned over a 5-year period
and with a scheduled follow-up of 10 years. The study was de-
signed to investigate the relationship between nutrition and health
(incidence of ischemic heart disease, cancer, all-cause mortality),
as well as determinants of dietary behavior and nutritional status.
The design, methods and rationale have been described elsewhere
(Hercberg et al., 2010). Briefly, adults 18 years or older with access
to the Internet were targeted to be volunteers. Eligible partici-
pants were recruited by different means. At launching, a vast mul-
timedia campaign (television, radio, national and regional
newspapers, posters, and Internet) called for volunteers for partic-
ipation to a national study regarding nutrition and provided details
on the study’s specific website (http://www.etude-nutrinet-sante.fr).
Then, multimedia campaigns were repeated every 6 months. Further
information is being disseminated on a large number of websites
(national institutions, city councils, private firms, web organiza-
tions). A billboard advertising campaign is regularly updated via pro-
fessional channels (doctors, pharmacists, dentists, business partners,

municipalities, etc.). In order to be included in the cohort, partici-
pants had to complete an initial set of questionnaires assessing
dietary intake, physical activity, anthropometry, lifestyle, socioeco-
nomic conditions and health status. As part of their follow-up, par-
ticipants complete the same set of questionnaires every year.
Moreover, each month they are invited to fill out complementary
questionnaires related to determinants of food behavior, nutri-
tional and health status. This study was conducted according to
guidelines laid down in the Declaration of Helsinki and all proce-
dures were approved by the International Review Board of the French
Institute for Health and Medical Research (International Review Board
Inserm n°0000388FWA00005831) and the French Data Protection
Authority (Commission Nationale Informatique et Libertés n°908450
and n°909216). Electronic informed consents were obtained from
all participants.

Data collection

Assessment of liking for fat, fat-and-salt and fat-and-sweet
sensations

Overall liking for sensations of fat, fat-and-salt, and fat-and-
sweet was assessed using a web-based questionnaire referred to as
PrefQuest which was internally validated using factor analyses
(Deglaire et al., 2012). This questionnaire also permitted evalua-
tion of liking for salt and sweet sensations. In May 2010, 65,286
persons were invited by e-mail to complete this questionnaire on
the “Nutrinet-Santé” website (https://www.etude-nutrinet-sante.fr/
). The e-mail briefly explained that the questionnaire focused on their
food preferences, that it had no commercial purpose and it was part
of a public health research program that aimed to better under-
stand the dietary behaviors by studying the relationship between
diet and preferences. The development and validation of the ques-
tionnaire has been described elsewhere (Deglaire et al., 2012). Briefly,
83 relevant items were divided into liking for salt (11 items), sweet
(21 items), fat-and-salt (31 items) and fat-and-sweet (20 items) sen-
sations. The questionnaire included items in the following four
domains: (i) liking for sweets, fatty sweetened or fatty salted foods,
rated on a 9-point hedonic scale; (ii) liking for the intensity of salt,
sweets, fat-and-salt or fat-and-sweet seasoning, measured on a
5- or 6-point scale; (iii) preferred drinks (sweet/sweetened or
unsweetened) on a restaurant menu; and (iv) eating behavior re-
garding sweet, salty and fatty food, measured on a 5- or 9-point scale
(Fig. 1). For most items, participants also had the option of check-
ing a nonapplicable answer, such as “I have never tasted [this food]”
or “I do not like [this food].”

Dietary intake assessment

Dietary data were collected using web-based 24 h dietary records.
At enrollment and after 1 year, participants were invited to provide
three 24 h records (1 weekend day and 2 weekdays) (Hercberg et al.,
2010). These records were randomly assigned over a 2-week period.
The dietary record is completed via an interactive interface and is
designed for self-administration on the Internet (Touvier et al., 2011).
The web-based dietary assessment method relies on a meal-based
approach, recording all foods and beverages (type and quantity) con-
sumed at breakfast, lunch, dinner and all other eating occasions. First,
the participant fills in the names of all food items eaten. Next, he/
she estimates portion sizes for each reported food and beverage item
according to standard measurements (e.g. home containers, grams
indicated on the package) or using images available via the inter-
active interface. These photographs, taken from a validated picture
booklet (Le Moullec et al., 1996), represent more than 250 foods (cor-
responding to 1000 generic foods) served in seven different portion
sizes. The values for energy, macronutrients and main micronutri-
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