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Does regular walnut consumption lead to weight gain?
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Studies consistently show the beneficial effects of eating nuts, but as high-energy foods, their regular consumption may lead to weight gain. We tested if
daily consumption of walnuts (approximately 12 % energy intake) for 6 months would modify body weight and body composition in free-living subjects.
Ninety participants in a 12-month randomized cross-over trial were instructed to eat an allotted amount of walnuts (28—56 g) during the walnut-sup-
plemented diet and not to eat them during the control diet, with no further instruction. Subjects were unaware that body weight was the main outcome.
Dietary compliance was about 95 % and mean daily walnut consumption was 35 g during the walnut-supplemented diet. The walnut-supplemented diet
resulted in greater daily energy intake (557kJ (133 kcal)), which should theoretically have led to a weight gain of 3-1kg over the 6-month period. For
all participants, walnut supplementation increased weight (0-4 (SE 0-1) kg), BMI (0-2 (s 0-1) kg/mz), fat mass (0-2 (SE 0-1) kg) and lean mass (0-2 (SE
0-1) kg). But, after adjusting for energy differences between the control and walnut-supplemented diets, no significant differences were observed in
body weight or body composition parameters, except for BMI (0-1 (SE 0-1) kg/m?). The weight gain from incorporating walnuts into the diet (control —
walnut sequence) was less than the weight loss from withdrawing walnuts from the diet (walnut — control sequence). Our findings show that regular walnut

intake resulted in weight gain much lower than expected and which became non-significant after controlling for differences in energy intake.

Walnuts: Body weight: Body mass index: Body composition: Weight change: Cross-over design

Studies have consistently shown that nut consumption is associ-
ated with reduced risk of CVD (Sabaté & Fraser, 1994; Hu &
Stampfer, 1999; Sabaté, 1999) and improved serum lipid and lipo-
protein profiles (Sabaté & Fraser, 1994; Kris-Etherton et al.
1999b; Sabaté et al. 2001), which are important biomarkers of
disease risk. Because of its cardio-protective effects, incorporat-
ing nuts into the daily diet is now recommended by the American
Heart Association (Krauss et al. 2000). Nuts are fat-rich foods but
most of the fats are unsaturated (US Department of Agriculture,
2001), which could partly explain their beneficial effects. How-
ever, as an energy-dense food, nut consumption without regard
to other factors that affect energy balance, e.g. reduction in
energy intake from certain other foods or physical activity, may
potentially lead to weight gain. Nevertheless, preliminary evi-
dence suggests otherwise (Sabaté, 2003).

All large epidemiological studies show that nut consumption is
either inversely or not associated with BMI (Fraser et al. 1992;
Hu et al. 1998; Albert et al. 2002). Feeding trials where nuts iso-
energetically replaced other foods in the diet indicate that short-
term intake of moderate to large amounts of nuts results in
either a non-significant weight loss or an absence of weight
change (Sabaté et al. 1993; Abbey et al. 1994; Colquhoun et al.
1996; Spiller er al. 1998; Kris-Etherton et al. 1999a; Zambon
et al. 2000; Rajaram er al. 2001; Iwamoto et al. 2002; Sabaté
et al. 2003). Conversely, free-feeding studies wherein subjects
consumed nuts in addition to their usual diet show minimal
weight gain that is both statistically and clinically non-significant.
Moreover, the reported increases in weight are much less than the
predicted levels when the accumulated excess energy from nut

intake is considered (Alper & Mattes, 2002; Fraser et al. 2002;
St-Onge, 2005).

While regular nut-eating has a host of health benefits, its sub-
sequent effects on weight may appear to be a deterrent in promot-
ing such dietary advice (Sabaté, 2003). Potential effects on weight
may also be coupled with changes in body composition and as
such have been reported in only two studies of regular nut con-
sumption (Alper & Mattes, 2002; Wien et al. 2003). In the present
study, we aimed to determine the potential changes in body
weight and body composition when free-living subjects who are
not given additional dietary advice incorporate moderate amounts
of walnuts (28—56 g, approximately 12 % of daily energy intake)
into their diet for 6 months.

Subjects and methods
Subjects

Individuals from various Southeast California communities who
responded to recruitment advertisements underwent a selection
process which included two telephone screenings, an informa-
tional meeting and a personal interview. Eligibility criteria
included weight change <1kg during the previous 6 months,
BMI <35kg/m?, and habitual diet including nuts less than once
a week. A diagnosed metabolic disorder that can affect weight,
i.e. diabetes, hypothyroidism, or aversion or known allergy to
nuts, excluded an individual from the study. Of the ninety-four
subjects enrolled in the study, two dropped out due to compliance
difficulty and two were withdrawn when diagnosed with
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a metabolic disorder at the time of the study. Thus, fifty females
and forty males aged 30 to 72 years (mean 54-3 (sp 10-6) years)
made up the analytic study population.

Study design

The study was a randomized cross-over field trial which included
two 6-month diet periods, a control diet and a walnut-sup-
plemented diet. Subjects underwent one diet for six consecutive
months and then switched to the other diet for the next six con-
secutive months. At baseline, we randomly assigned participants
to two treatment groups: the walnut-supplemented-to-control
(walnut — control) and the control-to-walnut-supplemented
(control — walnut). Based on our previous report (Fraser er al.
2002), a sample size of 80 would allow detection of a 0-5kg
weight change significant at « of 0-05 with 80 % power.

Diet

Participants were asked to follow their usual diet. While on the
walnut-supplemented diet, we provided participants with walnuts
that corresponded to approximately 12 % of their daily energy
intake. When on the control diet, we asked them to refrain from
eating walnuts and substantial amounts of any other nuts. We
instructed the participants not to change their physical activity
habits, and not to attempt to lose weight while in the study. To
keep the study as free-living as possible no other guidance was
given. Participants were unaware that body weight and body
composition were the focus of the study.

Initial allotment of walnuts was based on basic energy expen-
diture computed using the WHO equations presented in the Rec-
ommended Dietary Allowances (National Research Council,
1989). In subsequent clinic visits, walnut allotment was adjusted
based on the daily energy intake reported in the 24h dietary
recalls. For subjects with average reported daily energy intake
of up to 7535kJ (1800kcal), the daily supplement of walnuts
was 28g; 37g was allotted for those with intake of
7535-9628kJ  (1800-2300kcal), 46g for 9628-11721kJ
(2300-2800kcal), and 56g for >11721kJ] (2800kcal). The
walnuts were provided free of charge and in individually labelled
packets with amounts in grams, one for each day of the week. An
additional large pack of walnuts was given for the consumption of
family members to make sure they would not consume the sub-
ject’s walnut allocation. Walnuts were distributed at each clinic
visit every 2 months. Subjects were requested to return to the
investigators any unconsumed portion. Because walnuts are a par-
ticularly rich source of a-linolenic acid (9-1 %), its erythrocyte
membrane concentration at the end of each diet period was
measured as a biological marker of adherence to the intervention.

Dietary recalls

To assess dietary compliance as well as measure total energy
intake, research nutritionists collected 24 h dietary recalls through
telephone interviews with the participants. The research nutrition-
ists were Master’s level nutrition students who were trained on the
use of Nutrition Data Systems for Research (Nutrition Coordinat-
ing Center, University of Minnesota, Minneapolis, MN, USA,
1998-2000). Telephone interviews were unannounced and admi-
nistered non-consecutively to reduce the possibility that subjects

would change their intake. To reduce inter-interviewer biases,
the interviewers followed protocols.

We collected seven recalls from each participant during each
diet period (a total of fourteen recalls for both diet periods). To
capture daily variations in intake, all days of the week (two week-
end days and five weekdays) were covered by the seven recalls.

Anthropometric measures

All anthropometric measurements were taken at each clinic visit:
at baseline and every 2 months up to 12 months. Body weight and
body composition were taken using the Tanita® TBF 300A Bio-
electrical Impedance Analysis BIA scale (Tanita Corporation of
America, Arlington Heights, IL, USA). Measurements were
taken early in the morning, without shoes or heavy clothing and
with empty pockets, and recorded to 0-1kg. Subjects were
weighed twice and the mean was used for data analysis
(Lohman et al. 1991).

Height was measured using a wall-mounted stadiometer
(Haltain Ltd, Crymych, Dyfed, UK) with subjects standing in
an upright position without shoes. Two measurements, each to
0-1cm, were taken and the mean was used for data analysis
(Lohman et al. 1991).

Physical activity

An exercise questionnaire (Singh et al. 2001), previously used in
other nut studies conducted by our institution, was completed by
the participants at each clinic visit. Two sections in the question-
naire asked for the frequency of exercise sessions per week and
the amount of time spent per session on the following physical
activities: vigorous walking or hiking, running or jogging,
aerobics or dancing, vigorous bicycling, stationary cycling or
rowing, lap-swimming, tennis and other vigorous sports, moder-
ate/heavy labour at work, vigorous yard work/gardening, resist-
ance training, and other vigorous exercise. We computed the
total exercise time per week by multiplying the frequency of exer-
cise sessions per week with time spent per session. Total exercise
time per week was averaged for each diet period and then
compared.

Statistical analysis

Descriptive statistics (means and their standard errors) were cal-
culated for subject characteristics and outcome variables at base-
line. Tests for significant differences between treatment sequences
were conducted by using two-sample ¢ tests, except for gender
(female %) for which X2 test was used. Outcome variables
included in this analysis were body weight, BMI, fat mass, per-
centage body fat, fat-free mass and total body water. Tests for sig-
nificant differences in outcome variables for each treatment
sequence and for a significant sequence effect were conducted
by using mixed linear models that included a random term for
subjects and fixed terms for diet, period and their interaction.
Paired ¢ tests to compare within-subject differences in walnut
intake, total energy and energy from walnut intakes, percentage
dietary compliance and physical exercise were performed for
both treatment sequence groups and all participants. All analyses
were done using SAS System for Windows version 8.0
(SAS Institute, Cary, NC, USA).
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Results

Table 1 presents selected subject characteristics at baseline
according to treatment sequence. The two treatment sequence
groups were similar (all P>0-05) in mean age, height, body
weight, BMI, body composition parameters and gender
distribution.

As shown in Table 2, walnut intake for all participants averaged
352 ¢ (range 17-7-56-0g) during the walnut-supplemented diet
period and 0-5g (range, 0-0—11-1g) during the control diet
period. We prescribed walnuts to account for approximately 12 %
of total energy intake during the walnut supplementation; this per-
centage is reflected in the subjects’ actual energy intake from wal-
nuts. Across the treatment sequence groups and the diet periods,
degree of dietary compliance was excellent at about 95 %. Compli-
ance is defined as non-intake of walnuts (intake <2 g) during the
control period and intake of the allotted amounts of walnuts
(intake =28 g) during the walnut-supplemented period.

We also assessed walnut intake compliance by measuring
changes of a-linolenic acid concentration in the erythrocyte mem-
brane at the end of each dietary period. Of the eighty-six subjects
for whom we had fatty acid data, seventy-seven (89-5 %) had an
increase of a-linolenic acid on the walnut diet compared with the
control diet. Mean concentration of a-linolenic acid increased sig-
nificantly (P<<0-001) by 38-9 % from 0-185 (s 0-006) mol% on
the control diet to 0-257 (SE 0-006) mol% on the walnut diet.

By incorporating an average of 35g of walnuts daily for
6 months, the theoretical weight gain, i.e. without dietary com-
pensation, was 5-3 kg. Subjects while on the walnut-supplemented
period had a higher total energy consumption, 8171kJ
(1952 kcal), than during the control period, 7614 kJ (1819 kcal).
The mean difference between daily total energy intake during
the two diet periods (557 (SE 142) kJ (133 (SE 34) kcal)) is less
than the actual energy intake from walnuts (967kJ (231 kcal)),
which suggests partial substitution of other foods in the walnut-
supplemented diet. Nevertheless, this greater daily energy intake
(557kJ  (133kcal)) during the walnut-supplemented diet
should theoretically have led to a weight gain of 3-1kg over the
6-month period (National Institutes of Health & National Heart,
Lung and Blood Institute, 1998).

There were no significant changes in the amount of time spent
on physical exercise between the two diet periods for both

Table 1. Subject characteristics at baseline according to dietary
treatment sequence

(Mean values and standard deviations)

Dietary treatment sequence

Control — Walnut —
walnut (n 41) control (n 49)
Mean sD Mean sD
Body weight (kg) 785 15-0 733 131
Height (cm) 170-4 119 167-4 9:0
BMI (kg/m?) 26-9 33 261 35
Fat mass (kg) 241 5-8 22.8 6-5
Body fat (%) 311 71 311 71
Fat-free mass (kg) 54.-4 13-4 50-6 109
Total body water (kg) 398 9-8 37-0 79
Age (years) 531 11.4 555 99
Female (%) 59.2 53.7

Table 2. Daily energy and walnut intakes, dietary compliance and physical activity assessment

(Mean values with their standard error)

All subjects (n 90)

Walnut — control (n 49)

Control — walnut (n 41)

Walnut diet Walnut diet Control diet Control diet Walnut diet

Control diet

SE Mean SE Mean SE Mean SE Mean SE Mean SE

Mean

0-87

35.2
965 [230-5]

0-5 02
15.1 [3-6]

03

0-6
15.9 [3-8]

36-3

1.4

34.0
930.5 [222.3]

0-2

0-5

Walnut intake (g)

71[1-7] 4.6 [1-1] 23.9 [5-7]

28.9 [6-9]

993.3 [237-3]

38.5 [9-2]

5.0 [1-2]

13-8[3-3]

Energy from walnuts

(kJ) [keal]
Total energy intake

427 [102] 8288 [1980] 481 [115] 8071 [1928] 318 [76] 7493 [1790] 360 [86] 7614 [1819] 276 [66] 8171 [1952] 280 [67]

7757 [1853]

(kJ) [keal]
% energy from walnuts

0-3

12:4

0-1

0-2 0-11 0-2
956
237-3

956
2160

0-1 11.8 0-4 129 0-5

0-2

95.2
236-3

95-3
227-4

95.2
2472

95-6
2621

Dietary compliance* (%)

Physical exercise

20-8

20-5

241

26-8

328

342

(min/week)

*Dietary compliance is calculated as follows: for the control diet, number of recall days with walnut intake < 2-5 g/total number of recalls during control diet; for the walnut diet, number of recall days with walnut intake =28 g/total number of recalls during

walnut diet.
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treatment sequence groups and the whole group (Table 2). More-
over, the treatment sequence groups did not differ in the amount
of time spent on exercise. We also compared the amount of exer-
cise time between the two diet periods according to categories of
weight change (weight lost, no change or weight gained) and
found no significant differences (data not shown). Thus, all sub-
jects maintained their exercise levels throughout the study as
directed.

Table 3 summarizes the results for each outcome variable by
treatment sequence and for the whole group. Data are presented
segregated by sequence because of our a priori hypothesis that
body weight change would be different according to sequence.
A formal test of the time—diet interaction (sequence effect)
showed a difference of effect in body weight of 0-15kg
(P=0-09). No significant sequence effect was found for the rest
of the outcome variables, thus the presentation also of results
combining both sequences.

When the control — walnut sequence group incorporated
walnuts in their usual diet for 6 months, there was a modest
non-significant increase in body weight (0-4 (sE 0-2) kg) and
BMI (0-1 (se 0-1) kg/mz). However, fat mass and percentage
body fat decreased significantly by 0-4 (SE 0-2) kg (P=0-04)
and 0-6 (SE 0-2) % (P<<0-0001), respectively. Fat-free mass and
total body water increased significantly (P<<0-0001) by 0-8 (SE
0-1) kg and 0:6 (SE 0-1) kg, respectively. Energy adjustment
(i.e. taking into account differences in energy intake between
and within subjects) halved the non-significant difference in
body weight between the diet periods (0-2 (SE 0-2) kg) and did
not considerably change the results for body composition
parameters.

When the walnut — control sequence group stopped consum-
ing walnuts after 6 months, body weight, BMI, fat mass and per-
centage body fat decreased significantly by 0-5 (SE 0-2) kg
(P=0-004), 02 (SE 0-1) kg/m* (P<0-001), 0-8 (SE 02) kg
(P<0:001) and 1 (SE 0-2) % (P<<0001), respectively. Fat-free
mass and total body water increased significantly by 0-4 (SE 0-1)
kg and 03 (se 0:-1) kg, respectively (both P<<0-001). No

significant difference in body weight was observed after adjusting
for energy while differences in body composition parameters did
not materially change with energy adjustment.

Results for analysis of the combined data showed that except
for BMI, energy-adjusted changes in body weight, fat mass, per-
centage body fat, fat-free mass and total body water were minimal
and not significant. Since participants did not spontaneously fully
displace the extra energy provided by walnuts during the walnut-
supplemented diet (control — walnut sequence), nor did they
fully replace the walnut energy during the control diet (walnut —
control sequence), energy-adjusted results are the best possible
estimate of the outcome if walnuts were isoenergetically incorpor-
ated in the diet.

Discussion

We determined the effects of regular incorporation or removal of
moderate amounts of walnuts in the diet on body weight and body
composition and found a minimal body weight change that is
much less than predicted. The differences in energy intake
brought about by the addition or taking away of walnuts in the
diet accounted for this body weight change. When energy
intake differences are controlled for, this body weight effect
disappears.

We found that the weight increase due to the addition of wal-
nuts in the diet and the weight loss attributed to the withdrawal of
walnuts from the diet are much lower than theoretical values. On
the basis of the difference in daily energy intake, a theoretical
weight change of 3-1kg would have been expected over the
6-month period (National Institutes of Health & National Heart,
Lung and Blood Institute, 1998). For all participants, daily
walnut intake ranged between 17 and 56 g (mean 35-2 g) during
the walnut diet period. If they had not partially compensated for
the energy provided by walnuts, a weight gain of 5-3kg would
have been expected. Our results show an average body weight
gain of only about one-tenth (0-4kg) and a statistically non-sig-
nificant body fat gain of 0-2kg.

Table 3. Body weight and body composition changes by dietary treatment sequence and for all subjects

(Mean values with their standard error)

Fat-free mass Total body
Body weight (kg) BMI (kg/m?) Fat mass (kg) Body fat (%) (kg) water (kg)
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Sequence control — walnut (n 41)
Control diet 78-3 2:2 26-8 0-5 24.5 10 31.7 11 53-9 1.9 39-5 1-4
Walnut diet 78-7 2:2 26-9 0-5 241 1-0 31-0 11 54-6 1.9 40 1-4
Raw differencet 04 0-2 0-1 0-1 -0-4* 0-2 —0-6* 0-2 0-8** 0-1 0-6** 0-1
Energy-adjusted difference 0-2 0-2 01 01 -0-5* 0-2 —-0.7* 0-2 0-7** 01 0.5 01
Sequence walnut — control (n 49)
Control diet 737 2.0 26-2 0-5 23.7 09 32:2 1.0 50-1 1.8 36-7 1.3
Walnut diet 73-2 2.0 26-0 0-49 22.8 0-89 31.2 1.0 50-5 1.8 36-9 1.3
Raw difference -0-5* 0-2 —0.2** 0-1 -0-8** 0-2 —1.0** 0-2 0-4** 0-1 0-3** 0-1
Energy-adjusted difference -03 -0-2 -0-2* 01 —0-8** 0-2 —-0-9* 0-2 0-4** 0-1 0-3** 01
All subjects (n 90)
Control diet 756 1.5 264 04 236 07 314 0-8 52.0 1.3 381 1.0
Walnut diet 76-0 1.5 26-5 0-4 23-8 07 31-6 0-8 52.2 1.3 38:2 1.0
Raw difference 0-4** 0-1 0-2** 0-1 0-2* 0-1 0-2 0-1 0-2* 0-1 0-1* 0-1
Energy-adjusted difference 0-2 0-1 0-1* 0-1 0-1 0-1 0-1 0-1 0-2 0-1 0-1 0-1

Mean values were significantly different: *P<0.05, **P<0.01.

1The calculation of differences was done as follows: for the control — walnut sequence, the difference between walnut diet and control diet values; for the walnut — control sequence, the
difference between control diet and walnut diet values; for all subjects combined, the difference between walnut diet and control diet values.
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The effect on weight was greater when walnuts were with-
drawn from the diet (—0-52kg) than when they were added
(+0-37kg). While a training effect due to increased awareness
of one’s diet might have contributed to this difference, the possi-
bility that subjects partially displaced certain other foods when
they were on the walnut diet cannot be discounted (Fraser ef al.
2002). The different effects on weight between the two diet
sequences illustrate the potential limitations of cross-over designs
on behavioural treatments such as diet modification in free-living
conditions.

Results of the present study on body weight are in agreement
with other reports on previous work that involved adding nuts
into the diet of free-living subjects. Fraser et al. (2002) reported
that daily consumption of 54-3 g of almonds for 6 months mod-
estly increased weight by 0-40kg. Alper & Mattes (2002) found
a 1kg body weight increase among free-living subjects who con-
sumed 90 g of peanuts daily for 8 weeks. As in our study, reported
actual weight changes for both these studies are lower than the
expected values.

Several mechanisms, such as increased satiety levels, increased
resting energy expenditure or energy malabsorption, can poten-
tially explain the lower-than-expected weight gain due to
walnut consumption among our subjects (Sabaté, 2003;
St-Onge, 2005). Walnuts have a high ratio of polyunsaturated to
saturated fatty acids, and in the human diet a similarly high
ratio can increase diet-induced thermogenesis (Jones & Schoeller,
1988). Resting energy expenditure was greater among subjects
after a 19-week peanut-supplemented diet (Alper & Mattes,
2002). Decreased fat absorption may be another explanation for
the minimal, and much less than expected, weight gain.
Decreased fat absorption from nuts may be due to the fibre con-
tent of nuts or to the structure of lipid-storing granules in the nuts
(Ellis er al. 2004). It has been reported that consuming whole nuts
may lead to a certain degree of poor fat absorption due to incom-
plete mastication. As such, some of the fat contained in the nuts
becomes unavailable, decreasing the total energy value of what is
consumed. Levine & Silvis (1980) reported that, regardless of the
fibre content in a diet, subjects consuming whole peanuts excreted
a higher amount of fat in their faeces than when the same subjects
consumed peanut butter or peanut oil. A controlled feeding study
with pecans conducted in our laboratory showed that subjects who
consumed a pecan-rich diet (20 % of energy from pecans) for 4
weeks had significantly higher amounts of fat excreted in the
faeces than the pecan-free diet (control) group (Haddad &
Sabaté, 2000). In a feeding study on almonds, subjects consuming
almond-containing diets had significantly higher faecal fat than on
the free-nut (control) diet (Zemaitis & Sabaté, 2001).

Removing walnuts from the diet of the walnut — control
sequence group resulted in a weight loss that paralleled a decrease
in fat mass and percentage body fat, but increases in fat-free mass
and total body water were almost half those values for the
control — walnut sequence group. Total body water is affected
by hydration status, which may change from day to day in
most individuals. We checked if there had been differences in
water intake between the two diet periods and found that the
walnut — control treatment sequence group had a significantly
lower water intake during the walnut-supplemented diet (4-7
(SE 0:4) v. 53 (SE 0:3) cups, P=0-01). Water intake of the
control — walnut treatment sequence group remained the same
during both diet periods. Body composition could also be affected
by physical activity, but we ascertained that physical exercise did

not change between the two diet periods. Since our subjects had
been instructed to fast for 10—12h the night before body measure-
ments were taken except for water, between-subject differences in
water intake before the clinics may have affected the bioelectrical
impedance analysis readings for body composition. Thus, the
increments in total body water and fat-free mass during the
walnut-supplemented diet could be artifactual.

The limited number of nut studies that specifically looked at the
impact of nut consumption on body weight and body composition
changes all point out the fact that daily nut supplementation poses
no risk of significant weight gain. Our findings indicate that
although eating moderate amounts of walnuts daily for 6 months
could lead to very minimal weight gain, such increase is much
less than what is expected from the increment in energy intake
due to walnuts. Further research is needed on potential mechan-
isms to explain the lower-than-expected weight gain due to nuts
consumption found in this and other studies. In consideration of
the present obesity epidemic situation (Mokdad er al. 2003) and
the health benefits of walnut consumption, any recommendations
for their regular intake should be coupled with suggestions to
maintain energy intake, i.e. substituting walnuts for other foods,
and energy expenditure through physical exercise.
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