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Abstract
The study objective was to evaluate the effect of prescribing a low-carbohydrate diet (LCD) and a
low-fat diet (LFD) on food cravings, food preferences, and appetite. Obese adults were randomly
assigned to a LCD (n=134) or a LFD (n=136) for two years. Cravings for specific types of foods
(sweets, high-fats, fast-food fats, carbohydrates/starches); preferences for high-sugar, high-
carbohydrate, and low-carbohydrate/high-protein foods; and appetite were measured during the
trial and evaluated during this secondary analysis of trial data. Differences between the LCD and
LFD on change in outcome variables were examined with mixed linear models. Compared to the
LFD, the LCD had significantly larger decreases in cravings for carbohydrates/starches and
preferences for high-carbohydrate and high-sugar foods. The LCD group reported being less
bothered by hunger compared to the LFD group. Compared to the LCD group, the LFD group had
significantly larger decreases in cravings for high-fat foods and preference for low-carbohydrate/
high-protein foods. Men had larger decreases in appetite ratings compared to women. Prescription
of diets that promoted restriction of specific types of foods resulted in decreased cravings and
preferences for the foods that were targeted for restriction. The results also indicate that the LCD
group was less bothered by hunger compared to the LFD group and that men had larger reductions
in appetite compared to women.
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Introduction
Food craving can be defined as “an intense desire to consume a particular food (or type of
food) that is difficult to resist” (1). Consumption of specific foods satisfy food cravings,
while consumption of any number of foods can satisfy hunger (2). Food cravings are a
common phenomenon, occurring in 58% to 97% of adults in samples from North America
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and New Zealand (3,4). People who experience food cravings report 2 to 4 craving episodes
per week (5,6), which usually precipitate eating behavior (7) and consumption of the craved
food or a similar food (4,5). Food cravings can also precipitate binge eating episodes among
females diagnosed with bulimia nervosa (8). Cravings are also associated with body mass
among participants with type 2 diabetes (9), and cravings for high-fat foods are associated
with obesity (1).

Food cravings and desire for restricted foods can contribute to the failure to comply with
weight loss diets (10), and food cravings were the most frequently cited reason for not
adhering to a diet during controlled feeding studies (11). Although food restriction was
believed to contribute to food cravings (7), several studies have found that dieting or calorie
restriction results in decreased food cravings, particularly among dieters participating in
very-low-calorie (e.g., 200 kcal/day to 800 kcal/day) or monotonous diets (12–14). Some
studies, however, found that food cravings either increase (2), or do not change during
dieting (15). The use of different methods to measure food cravings likely contributes to the
discrepant findings, and validated food craving instruments were only recently developed
(1,16–18).

Food cravings have also been viewed as a conditioned expression of hunger, where food
cravings arise from pairing consumption of certain foods with hunger (19). Hunger is
associated with food cravings among females (20), and it is hypothesized that the decrease
in food cravings observed during dieting is mediated by decreased hunger (14). Dietary
macronutrient composition could also affect hunger, and it has been reported that low-
carbohydrate/high-protein diets have satiating properties (21–24) and promote greater short-
term weight loss than low-fat diets (25–27). Nonetheless, the long-term effect of prescribing
weight loss diets that vary in macronutrient composition on hunger, food cravings, and food
preferences is unclear, as is the relation between changes in hunger and changes in food
cravings.

Similar to food cravings, food preferences could contribute to the failure to comply with a
weight loss diet. Exposure to food cues increases appetitive behavior (28), and children’s
preference for foods high in fat is correlated with dietary fat intake (29), and similar findings
have been found with adults (30). In addition, the food preferences of obese men include
foods such as pizza and French fries and obese women prefer foods such as cake and
doughnuts (31,32). Hence, both genders prefer foods that have high energy content and that
could impede weight loss efforts. The etiology of food preferences also might be similar to
food cravings since conditioning is involved in the development of children’s food
preferences (33). These findings suggest that changes in food cravings and food preferences
might mirror each other during dieting.

The purpose of this study was to determine the long-term effects of prescribing a low-
carbohydrate diet (LCD) and a low-calorie/low-fat diet (LFD) on changes in food cravings,
food preferences, and appetite ratings during a two-year randomized controlled trial (RCT).
Specifically, the aim was to examine the effects of prescription of the LCD and LFD on the
outcome variables over the long-term rather than conducting a short-term inpatient study
where macronutrient intake could be directly assessed. Hence, the conclusions from this
study apply to obese participants who attempt to follow similar low-carbohydrate and low-
fat diets and restrict certain macronutrients in their home environment. We hypothesized
that: 1) promoting the restriction of specific food groups (macronutrients) during the LCD
and LFD would result in larger decreases in cravings and preferences for those specific
foods, 2) the LCD group would report less hunger compared with the LFD group, and 3)
changes in hunger would be associated with changes in food cravings.
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Methods
Ethics

Data for this study were collected as part of the multi-site randomized trial that was
conducted at Temple University, Washington University-St. Louis (WU-St. Louis), and the
University of Colorado Health Science Center (UCHSC) (34). The study protocol was
approved by the Institutional Review Boards (IRB) of these three sites. In addition, the
Pennington Biomedical Research Center’s IRB approved collection of data reported herein.
All participants provided written informed consent.

Participants
The main trial recruited 307 participants over a 2.5 year period, with 106 participants at
Temple University, 108 at UCHSC and 93 at WU-St. Louis. Of these 307 participants, 270
participants’ data were included in the secondary analysis of trial data reported in this study.
A conservative modified intent-to-treat approach was utilized (participants’ data were
included in the analyses if they had baseline food craving data and data from at least one
subsequent time-point). Hence, only 12% of participants’ were not included in this analysis.
Adult participants (age 18 to 65 years) with BMI ≥ 30 kg/m2 and ≤ 40 kg/m2 from all racial
and ethnic groups were recruited. A detailed description of the study sample is provided
elsewhere (34). In brief, the exclusion criteria included: the presence or history of a chronic
disease that is known to affect appetite, food intake, or metabolism (e.g., diabetes); use of
prescription or over the counter medication known to affect appetite, food intake or energy
expenditure (e.g., psychiatric medications, appetite suppressants); smoking; vegetarian diet;
dyslipidemia medication; substance abuse; history of cardiovascular or protein wasting
disease (e.g., Cushing’s syndrome); and for females, pregnancy, lactating or planning on
becoming pregnant over the next two years. Hormone replacement therapy was allowed if
the participant agreed to remain on the therapy throughout the study, though participants
were excluded who used selective estrogen receptor modulators (tamoxifine).

Weight Loss Diets
Participants were randomly assigned to either a low-carbohydrate diet (LCD, n=134) or low-
calorie/lowfat diet (LFD, n=136) in a one-to-one ratio. The CONSORT diagram depicting
participant randomization is included in Figure 1.

Low-Carbohydrate Diet (LCD)—Participants assigned to the LCD were instructed to
consume a low-carbohydrate diet, with unlimited consumption of fat and protein. During the
first three months of the diet, participants were instructed to limit carbohydrate intake to 20
g/d in the form of low-glycemic index (GI) vegetables. Thereafter, participants were
instructed to gradually increased carbohydrate intake (5g/d/wk) by consuming more
vegetables, a limited amount of fruits, and eventually small quantities of whole grains and
dairy products until a stable and desired weight was achieved. Participants were also
encouraged to follow guidelines described in the Atkins’ New Diet Revolution book (35).
Participants were instructed to focus on limiting carbohydrate intake and to eat foods rich in
fat and protein until they were satisfied. The primary behavioral target was to limit
carbohydrate intake.

Low-Fat Diet (LFD)—Participants in the LFD were instructed to limit calorie intake and
decrease fat intake, though energy intake was the primary behavioral target. Women and
men were initially prescribed 1200–1500 and 1500–1800 kcal/day diets, respectively.
Participants were encouraged to consume approximately 30% kcal from fat, 15% from
protein and 55% from carbohydrate.
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Comprehensive Behavioral Treatment—Participants in both groups received a
comprehensive treatment program to foster dietary adherence (36,37). Participants attended
weekly group sessions during weeks 1–20, biweekly sessions during weeks 22–40, and
bimonthly sessions during weeks 48–104. Treatment included strategies to promote
adherence, including stimulus control, self-monitoring, and relapse prevention. During
group meetings, participants’ were coached on skills to help them adhere to the diet. The
comprehensive behavioral treatment program was empirically based (36,37) and is described
in detail in an Appendix for the primary outcomes paper (34).

As noted earlier, the purpose of this study was to determine the long-term effects of
prescribing a LCD and a LFD on changes in food cravings, food preferences, and appetite
ratings during a two-year randomized controlled trial (RCT). Specifically, the aim was to
examine the effects of prescription of the LCD and LFD on the endpoints of interests over
the long-term, recognizing that macronutrient intake likely deviated from the prescriptions
during the course of the two-year RCT even though the comprehensive behavioral treatment
program was implemented to promote adherence. Hence, unlike a tightly controlled
inpatient study where macronutrient intake is directly manipulated over the short-term, the
conclusions from this study reflect the effect of obese participants being instructed to follow
macronutrient restricted diets in their natural environment over two years. The strengths and
limitations of this approach are discussed in the Discussion section.

Materials
Food-Craving Inventory (FCI)—The FCI is a reliable and valid measure of cravings for
specific types of foods (1). Respondents rate the frequency of cravings over the past month
for individual food items using a 5-point Likert scale (Never, scored as 1; Rarely, 2;
Sometimes, 3; Often, 4; Always/almost every day, 5). The FCI consists of four scales
(sweets, high-fats, carbohydrates/starches, and fast-food fats) (1). The sweets scale includes
foods such as brownies and ice cream, and the high-fats scale includes foods such as bacon
and fried fish. The carbohydrates/starches scale contains foods such as baked potatoes and
pasta. The fast-food fats scale is composed of pizza, French fries, hamburgers and chips.

The FCI was used to measure food cravings at baseline (month 0) and months 3, 6, 12, 18,
and 24. It was chosen because dieting has been found to decrease FCI scores (14) and FCI-
identified cravings for specific foods are associated with consumption of corresponding
types of food (38). Additionally, the FCI is a validated instrument to measure cravings for
specific types of foods that are allowed or restricted on the LCD and LFD diets. Specifically,
the LCD diet restricts or prohibits consumption of foods on the carbohydrates/starches,
sweets, and fast-food fats scales. Alternatively, the LFD diet limits, but does not prohibit,
consumption of foods on the high-fats, fast-food fats, and sweets scale.

Food Preference Questionnaire (FPQ)—The FPQ (30) assesses preferences for 72
foods in a 2 (High-Fat, Low-Fat) by 3 (High-Simple Sugar, High-Complex Carbohydrate,
Low-Carbohydrate/High-Protein) matrix. Participants rate each food hedonically on a 9-
point Likert scale by rating how much they like each food, with 1 = dislike extremely, 5 =
neither like nor dislike, and 9 = like extremely. The FPQ has established reliability and
validity (30).

The FPQ was used to measure preference for foods that participants were instructed to
restrict on the LCD or LFD. Specifically, high-sugar foods that were high and low in fat
(jelly, pudding) were restricted on the LCD diet. Similarly, high–carbohydrate foods that
were high and low in fat (bagels, potato sticks) were restricted on the LCD diet. Low-
carbohydrate/high-protein foods that were high- and low-fat (cheese, pot roast, ground
turkey) were restricted on the LFD diet. Hence, the high-sugar, high-carbohydrate, and low-
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carbohydrate/high-protein factors of the FPQ were evaluated since these factors most
accurately reflected the types of foods that participants were asked to restrict on each diet.
The FPQ was administered at months 0, 3, 6, 12, 18, and 24.

Appetite Ratings—Visual analogue scales (VAS) were used to measure subjective ratings
of appetite at months 0, 3, 6, 12, 18, and 24. The VAS items asked: “How hungry did you
feel this week?”, “How much were you bothered or distracted by hunger this week?”, “How
often did you want to eat in response to seeing or smelling food this week?”, and “How
much did you think about food this week?”. The VAS consisted of a 100 mm line anchored
from “not at all” to “extremely,” and participants placed a hash mark on the line that
represented their level of appetite. The VAS were scored by measuring the distance from the
left end of the line to the participant’s hash mark. VAS (39) and the “weekly” VAS used in
this study (40) have been found to have satisfactory reliability and validity.

Design and procedures
A detailed description of this randomized trial is provided elsewhere (34). In brief,
participants were instructed to follow their prescribed diet for two years (24 months) and
they received extensive support to foster adherence to the diets, as detailed in the
Comprehensive Behavioral Treatment section.

Data Analysis
Unless otherwise specified, alpha was set at .05. Mixed linear models were used to test if
change from baseline on the outcome variables (food cravings, food preferences, and
appetite ratings) differed significantly by group (LCD and LFD). Group and gender were
fixed effects, and time was a repeated factor. The analyses controlled for site (Temple, WU-
St. Louis, and UCHSC) and baseline values of the outcome variable were entered as
covariates. The model included main effects for group, gender, and time, and tested if
changes in the outcome variables were influenced by site. Time by group and time by
gender interactions were also evaluated. Change scores at each time point (e.g., month 3
minus month 0) were examined and outlying values (values > 3 SDs from the mean) were
eliminated from the analysis (the analyses were repeated without exclusion of outliers and
the results did not meaningfully differ). Because the outcome variables were change scores,
group main effects indicated that change over time differed by group and these were the
primary comparisons of interest. As noted earlier, a conservative modified intent-to-treat
approach was utilized, which relied on all participants’ data assuming that they completed a
questionnaire at baseline and at least one other time point. PROC MIXED models were used
that relied on likelihood-based methods for missing values when data were missing at
random.1 These models accommodate correlations among repeated observations and thus
allow inclusion of all available data.

At each follow-up time point, correlation analysis was used to examine the association of
change in food cravings, food preferences, and appetite ratings with change in body weight.
Alpha was set at .01 for these analyses to control alpha inflation. A mediation analysis was
planned to determine if change in food cravings was mediated by change in hunger.

1A secondary analysis that only included participants who provided data at months 0 and 24 (i.e., completers) was also conducted.
The proportion of participants who completed questionnaires at months 0 and 24 (completers) did not differ by sex or diet assignment,
and completers did not differ from non-completers in height, body weight, or BMI. Further, the results differed little between the
completers analysis and the modified intent-to-treat approach; therefore, only results from the latter analysis are reported.
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Results
Participant Characteristics

The sample was predominantly white (76%) and female (68%) (Table 1). Mean ± SD
baseline levels of food cravings were: sweets 2.6 ± 0.8, high-fats 1.9 ± 0.7, carbohydrates/
starches 2.1 ± 0.7, and fast-food fats, 2.6 ± 0.8. These levels of food cravings are very
similar to other samples (14) and also among the LCD and LFD groups. Baseline food
preference scores were: high-sugar 5.9 ± 1.2, high-complex carbohydrate 5.5 ± 1.2, and low-
carbohydrate/high-protein 5.8 ± 1.1, and were also very similar among the LCD and LFD
groups. Site did not significantly influence change in any outcome variable.

Food Craving (FCI) Change
Compared to the LFD group, the LCD group had significantly larger decreases in
carbohydrate/starches cravings (Figure 2A), F(1, 264) = 5.07, p = .025. Time by group
interactions were found for sweet, F(4, 603) = 3.23, p = .012 (Figure 2B), and fast-food fat
cravings, F(4, 615) = 2.45, p = .045 (Figure 2C), indicating that the LCD group had larger
decreases in cravings for sweets and fast-food fats at many, but not all, time points.
Compared to the LCD group, the LFD group had larger decreases in cravings for high-fat
foods (Figure 2D), F(1, 276) = 34.43, p < .0001. Males had larger decreases in high-fat
cravings (mean ± SEM; −0.05 ± 0.04) compared to females (0.04 ± 0.03), F(1, 282) = 4.10,
p = .044.

Food Preference (FPQ) Change
The LCD compared to the LFD group experienced significantly larger decreases in
preference for high-carbohydrate, F(1, 268) = 8.55, p = .004 (Figure 3A), and high-sugar
foods, F(1, 272) = 4.13, p = .043 (Figure 3B). A time by gender interaction also indicated
that change in preference for high-sugar foods differed over time by gender, F(4, 609) =
2.52, p = .040, with women having larger decreases in sugar preference at month 6 and men
at month 18. The LFD compared to the LCD group experienced larger decreases in
preference for low-carbohydrate/high-protein foods (Figure 3C), F(1, 275) = 4.74, p = .03.

Appetite Rating Change
Significant time main effects were detected for three of the four appetite rating scales. Two
scales decreased (wanting to eat in response to food cues and thoughts about foods) and one
scale increased (being bother by hunger), but a significant time by group interaction,
F(4,700) = 2.54, p = .039, qualified this increase. The interaction indicated that the LCD
group was bothered less by hunger compared to the LFD group, except at one time point
(month 18). No other time by group interactions were significant (p-values > .07).
Decreased appetite ratings returned to baseline by month 12. Compared to women, men
reported larger decreases in hunger, F(1,327) = 7.59, p = .006, being bothered by hunger,
F(1, 325) = 5.39, p = .021, wanting to eat in response to seeing or smelling food, F(1, 320) =
17.74, p < .0001, and thoughts about food, F(1,313) = 5.90, p = .016.

Correlation Analyses
Similar to the findings of the main paper (34), weight loss in this sample was approximately
7.8%, 11.3%, 10.6%, 9.0% and 7.2% at 3, 6, 12, 18, and 24 months, respectively, and there
were no differences in weight loss between the LCD and LFD groups at any time point.
Greater weight loss was associated with larger reductions in cravings for sweets at month 3
(r = .22, p < .01) and high-fats at month 24 (r = .32, p < .01). Change in FPQ scale scores
did not correlate significantly with weight loss at any time-point.
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Mediation Analysis
A mediation analysis was planned to determine if change in hunger mediated the diet-
induced decrease in food cravings. Nevertheless, the correlations between change in food
cravings and change in hunger were small to modest (r-values = −.05 to .21, p-values = .01
to .96) and non-significant with alpha = .01, limiting the ability to perform the mediation
analysis.

Discussion
The long-term effects of the prescribed macronutrient composition of weight loss diets on
food cravings, food preferences, and hunger have important clinical implications in diet
therapy for obesity. The results of the present study demonstrate that promoting the
restriction of specific types of foods while dieting causes decreased cravings and preferences
for the foods that are targeted for restriction. Promoting the restriction of carbohydrates
resulted in decreased craving and preference for high-carbohydrate and sweet/high-sugar
foods, whereas promoting the restriction of high-fat and high-protein foods decreased
craving for high-fat foods and preference for high-protein foods. In addition, our data
suggest that marked dietary monotony, such as liquid-only diets, is not necessary for a diet
to result in food craving (or food preference) reduction. Neither the LFD or LCD were
severely monotonous.

The belief that attempting to restrict food intake causes food cravings (7) can contribute to
patients’ ambivalence toward dieting. The data reported herein suggests that these fears are
unfounded, at least among obese adults who plan to follow either a low-fat or low-
carbohydrate diet. The finding that food preferences and, to a lesser extent, food cravings
remained suppressed during a two-year period indicates that the results are not spurious and
that patients can expect these effects over the long-term. This information can be useful
when counseling patients about diet/weight loss expectancies and when assessing patients’
readiness for dietary change.

It has been hypothesized that food cravings are a conditioned expression of hunger that
result from pairing consumption of specific foods with hunger (19). This hypothesis is
consistent with a biopsychosocial theory of food cravings, which suggests that food cravings
can arise from pairing food intake with other conditions, such as emotional states or physical
locations (41). If this hypothesis is true, there is less likelihood of pairing consumption of
foods with stimuli that precipitate eating during a diet, which would limit the development
of food cravings. Similarly, following the principles of conditioning, existing food cravings
can be “extinguished”. This phenomenon could explain the decrease in food cravings
observed during dieting. Because stimuli that were once associated with craving and eating
foods are no longer paired with food intake, cravings will diminish. It is also appears that
food preferences likely arise from similar conditioning phenomenon and are also susceptible
to the same effects of extinction. These observations are not surprising, because food
preferences vary among cultures and conditioning plays a central role in the development of
children’s food preferences (33).

The VAS results provide important data on participants’ subjective experience during these
two very different popular diets. Compared to the LFD group, the LCD group was bothered
less by hunger during the majority of the two-year trial, though change on other appetite
ratings did not differ significantly by group. These findings partially support our hypothesis
and the assumption that low-carbohydrate/high-protein diets promote satiety (21–24) and are
consistent with the conclusions of McClernon et al. (42) who found larger decreases in
hunger during a low-carbohydrate, ketogenic diet compared to a low-fat diet.
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This two year trial also demonstrated that decreases in appetite ratings during dieting (43)
are transient and return to baseline by approximately one year, with some ratings exceeding
baseline levels by month 18. It is possible that decreased adherence to the diets over time
was associated with a rebound in appetite ratings and body weight did increase from its
nadir during the second year of the trial. Our data also document robust gender effects,
however, with men reporting larger decreases than women on all four appetite ratings that
persist through year two. For men, three of the four appetite ratings remain below baseline
for the duration of the two-year trial, while women’s ratings return or exceed baseline levels
by month 6. These novel results warrant further investigation into the effects of dieting on
men and women’s subjective ratings of appetite, and demonstrate the need to enroll males in
randomized controlled weight loss trials, as this group is typically underrepresented.

The correlation analyses found that weight loss was not associated with change in food
preferences, but was associated with reductions in cravings for sweets at month 3 and high-
fats at month 24. Although additional correlations would be considered significant if a less
conservative alpha level was adopted, the results indicate that the relation between weight
loss and reductions in food cravings is not robust, which is consistent with the results from
other studies (14).

The small to modest correlations between change in food cravings and change in hunger
limited our ability to perform a mediation analysis to determine if change in cravings were
mediated by change in hunger. Nevertheless, the pattern of correlations observed in this
study suggests that change in hunger is not a likely mediator of change in food cravings
during dieting.

This study had many strengths. First, validated instruments were used to measure food
cravings, food preferences, and subjective ratings of appetite. Second, the Food Craving
Inventory was used in a previous study that found dieting to reduce food cravings (14), and
the present study contributes to the literature by examining the effect two different types of
diets on food cravings. Finally, weight loss was very similar between the LCD and LFD
groups (34); therefore, differential weight loss between the groups did not confound the
results. The study was also associated with limitations that warrant consideration when
interpreting the results. First, knowledge of participants’ macronutrient intake during the
two-year study would be very beneficial, yet dietary intake data are not available. Therefore,
it is not known how closely participants adhered to the specific macronutrient composition
of the diets, though participants were provided with a comprehensive behavioral treatment
program to foster adherence. Hence, the results of this study can be generalized to people
who attempt to follow similar weight loss diets in their natural environment. Inpatient
feeding studies are needed to determine the precise effect of macronutrient restriction on
food cravings in controlled conditions, and future research is warranted to determine the
relation between macronutrient intake in free-living conditions and food cravings. Second,
the macronutrient composition of the LCD changed over time, though these changes reflect
popular low-carbohydrate diets that gradually increase carbohydrate intake after a period of
more severe carbohydrate (e.g., (35)).

In summary, promoting the restriction of certain types of foods while dieting results in
decreased cravings and preferences for the foods that are targeted for restriction. These
results provide empirical data to address dieters’ concerns that food restriction/dieting will
increase cravings. Further, the results demonstrate that food or calorie restriction is an
effective strategy to reduce food cravings. Lastly, the low-carbohydrate group was bothered
less by hunger during the majority of the two-year trial, and men experienced larger
reductions in appetite compared to women.
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Figure 1.
CONSORT Diagram.
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Figure 2.
Change (delta or Δ) in cravings are illustrated for carbohydrates (Panel A), sweets (Panel B),
fast-food fats (Panel C), and high-fats (Panel D) by group (LCD and LFD). Asterisks denote
the time-points at which significant differences were found between groups with post-hoc
tests (*p < .05, **p < .01, p < .001).
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Figure 3.
Changes (delta or Δ) in preference for high-carbohydrate (Panel A), high-sugar (Panel B),
and low-carbohydrate/high-protein foods (Panel C) by group (LCD and LFD). Asterisks
denote the time-points at which significant differences were found between groups with
post-hoc tests (*p < .05, **p < .01).
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Figure 4.
Change (delta or Δ) in ratings of hunger (Panel A), being bothered by hunger (Panel B),
wanting to eat in response to seeing or smelling food (Panel C), and thinking about food
(Panel D) by group. The time by group interaction for being bothered by hunger (Panel B)
was significant (p < .039). Asterisks denote the time-points at which significant differences
were found between groups with post-hoc tests (*p < .05).
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