
Introduction

Ageing is a natural biological process that leads to gradual
physical, social and psychological changes in the body.
Secondary ageing is defined as the deterioration in tissue
structure and biological function as a consequence of disease
processes and harmful environmental factors (8). Psychological
ageing refers to behavioral changes that are correlated to
maturity and the capacity to withstand pressures of life (25).
Physical well being and mental health in the elderly may be
greatly influenced by the challenges imposed by the ageing
process and potentially affect mood quality (13).  In both
industrialized nations of the West and developing countries of
Asia, Africa and Latin America, the problem of mental illness
including depression among elderly has grown significantly (2)
and has been shown to affect up to 35%  of the Malaysian
elderly depending on whether the elders were community or
clinic based. With a rapidly increase ageing population,
depression among the elderly has become a critical issue for the
mental health and medical communities (10). 

Secondary ailments in old age can be prevented or
influenced by diet (25).  One of the health models associated
with delaying biological aging is the calorie restricted diet (CR)
(20). CR  is a dietary regime that aims to reduce the
individual’s current calorie intake, while retaining protein,
vitamin, mineral and water intake, thereby averting
malnutrition (12). A daily CR regime would typically reduce 8
to 25% of the individual’s average caloric intake. Another
method of CR is through alternate day fasting (ADF). ADF has
been proven to be a more sustainable regime than CR (7) and
participants report being able to reduce food intake on some

days rather than reducing food intake everyday (29).
The question of whether CR has a positive or negative effect

on psychological states remains unclear (9). The early studies
examining CR effects such as “The Minnesota Semi-Starvation
Study” by Keys et al. (11) showed that 45% CR for duration of
six months produced negative effects on moods, increased
depression, tiredness and sleepiness. Excessive CR can result in
negative mood states, impair cognitive skills and thereby, lower
one’s quality of life (29). However, more recent studies have
shown the positive effects of CR on moods. Redman et al. (20)
reported that sustained caloric reduction by 25% for a period of
six months can reduce depression while producing no
significant negative effects on mood. A study from our own
group examined the effects of a combination of a calorie
restricted diet (CR) and intermittent Sunnah fasting (Muslim
fast) on Mondays and Thursdays on ageing Malay men for 3
months on body weight and depression had showed no change
in depression scores and significant reductions in body weight,
BMI, body fat percentage and some improvement in the quality
of life. (27). However, the effect of this regime of fasting and
CR (FCR) on mood states was not examined in this phase of
the study.

A second phase of the 3 month FCR study with newly
enrolled participants allowed us the opportunity to examine
FCR effects on mood changes in addition to changes in
depression. The intervention was identical to the first phase
with a combination of both a calorie restricted diet (CR) and
intermittent Muslim Sunnah fasting on Mondays and Thursdays
and the effect of a 3 month FCR regime on depression and
mood among ageing Malay men was examined. We
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hypothesized that practicing the FCR dietary regime for 3
months would improve mood and decrease depression scores.

Method

Study Design
Healthy Malay men (free from any uncontrolled chronic

diseases), 50 to 70 years of age, BMI 23.0 to 29.9 kg/m², with
no history of mental or physical disabilities were eligible to
participate in this study. Please note: It has been shown that by
the age of 50 men start to experience tiredness, decrease in
muscle strength, decreased testosterone, low libido, lack of
memory, etc, what is collectively termed as PEDAM (partial
endocrine deficiency syndrome of aging men) (3). Therefore,
we recruited Males aged 50-70 years because we felt that it was
necessary to begin any intervention for ageing adults starting at
the age of 50. Participants were also required to be able to
function independently, have some family support to be able to
help with their food intake (for the older males) and to be able
to read and write. Participants from the Klang Valley were
recruited following a health and eligibility screening which was
conducted in the community. Klang Valley is an area in
Malaysia comprising Kuala Lumpur and its suburbs, and
adjoining cities and towns in the state of Selangor. The protocol
was reviewed by UKM Medical Centre Research Board and
informed consent was obtained for all participants.

Individuals who regularly practiced Muslim Sunnah fasting
for the past three months prior to recruitment were excluded
from the study. The written informed consent was obtained
from all participants. The FCR regime consisted of reduction of
300 to 500 kcal/day from participants baseline energy intake
combined with two days of Muslim Sunnah fasting per week
and was prescribed for a three month period. Energy intake at
baseline and at weeks 6 and 12 were calculated using Diet
History Questionnaire (DHQ) (22) and further analyzed for
macronutrient distribution using Nutritionist Pro Software and
Malaysian Food Composition. The DHQ was administered by a
nutritionist and analyzed by a dietitian. From their calculated
baseline energy intake, a 300 to 500 kcal/day restriction was
prescribed based on energy requirement of each participant.
The FCR group was instructed to adhere to the FCR regime
delivered through individual and group counseling. The control
group was asked to maintain their current lifestyle and came in
only for outcome assessments.

All outcomes were measured at baseline and at, weeks 6 and
12 of the study. Height was measured using Seca–213 portable
stadiometer (SECA, Hamburg, Germany). Body weight and
body composition was assessed using the bioelectrical
impedance analysis scale (Tanita BC – 418; Tanita Corp.,
Tokyo, Japan) (18). Participants were asked to complete self
administered questionnaires on mood and depression as
detailed below.

Profile of Mood States (POMS). Since 1971, POMS has
been proven as the best tool for assessing the mood level of an

individual. The POMS scale consists of 65 mood states and was
developed by McNair et al, (15). Recently, POMS was
documented by McNair, Heucher & Shilony (14) for its usage
in more than 5000 multi-disciplinary studies. Moods are
divided into positive states such as vigor and negative states
such as tension, depression, anger, fatigue and confusion. Total
Mood Disturbance (TMD) is the number of positive moods
subtracted from negative moods (14). The questionnaire was
back translated to the Malay language, with a Cronbach’s alpha
value of 0.821 indicating a high level of internal consistency 

Beck Depression Inventory II (BD-II).  The BDI-II contains
21 questions and is a reliable and valid measure of depression
(1) that has been used in many studies of weight loss, dieting
and quality of life (32) including our own previous FCR study
(27).

Geriatric Depression Scale (GDS-15). The GDS-30 Scale
was summarized into GDS-15 by Sheikh & Yesavage (24). It
has been used extensively in the assessment of depression
among the older persons, including in Malaysia (23). A shorter
version of the GDS in the Malay language which contains 15
items has been validated for use among Malaysians and is
comparable with the original 30-item version (26).

Food Intake Measures for Assessment of Compliance. A
food diary (three day diet record) and fasting log was given to
participants at study week 6 and week 12. Participants were
given detailed explanation on how to complete the diary before
the commencement of the study. Compliance to the FCR
regime was assessed using fasting logs, food diaries, from
weekly phone check in logs and verification of the information
obtained using surrogate information obtained from
participants’ family members.

Participants 
This study was approved by the Research Ethical Committee

of Universiti Kebangsaan Malaysia Medical Centre. Sample
size calculations were based on our previous study [26], with
10% probability of dropout factored in. A total of 32 eligible
participants were recruited into the study. Participants were
randomly divided into 2 groups, namely the FCR group (n=16)
and the control group (n=16). During the three-month
intervention period, one of the participants from the control
group dropped out of the study and did not participate in the
follow-up appointment at week 6. Thus, a total of 31
participants, FCR (n=16) and control group (n=15) successfully
completed the study (Figure 1). 

Statistical Analyses
Comparison of baseline characteristics between the FCR and

control group was made using independent sample t-tests for
continuous variables and chi-square tests for categorical
variables. We used repeated measure ANOVA with baseline
values included as covariates. The effect of FCR on mood
states, depression and nutritional status was examined using a
repeated measures model (ANOVA) to test for time effect,

EFFICACY OF FCR ON MOOD AND DEPRESSION 

J Nutr Health Aging

2



group effect and time by group interactions. Changes from
baseline in the measures of mood states and nutritional status
were the dependent variables with baseline measures included
as covariates. Effect sizes were reported as generalized eta
squared. Statistical significance was set at a 2-sided P value of
<0.05 and all analyses were performed using SPSS version 19.0
(Licensed materials – Property of SPSS. Incorporation an IBM
Company Copyright 1989 and 2010 SPSS). 

Figure 1
Illustration of the number of participants from recruitment to

the end of the study

Results

Sample Characteristics
As shown in Table 1 no significant difference was observed

between the FCR and control group in baseline body weight,
BMI, percent fat or other baseline parameters except for
participant smoking status (p<0.05) (Table 1).

Table 1 
Characteristics of the Study Sample (n=31) at Baseline

Characteristics FCR (n=16) Control (n=15) P value

Age (year)a 59.7 ± 6.6 59.7 ± 6.2a 0.994
Weight (kg)a 74.2 ± 7.8 69.6 ± 7.6a 0.107
Height (cm) 166.7 ± 6.9 161.1 ± 8.2 0.054
BMI (kg/m²)a 26.7 ± 1.8 26.8 ± 2.6a 0.866
Body fat (%)a 26.4 ± 2.4 26.5 ± 2.7a 0.912
Smoking habitb

Not smoking, n (%) 13 (81.3)* 7 (46.7) 0.044
Smoking, n(%) 3 (18.8) 8 (53.3)

Health statusb

No disease, n(%) 10(62.5) 12 (80) 0.283
Hypertension, n(%) 6 (37.5) 3 (20)

Mood states
Tension 6.7 ± 3.9 9.2 ± 4.5 0.121
Depression 7.5 ± 7.3 10.5 ± 7.8 0.287
Anger 7.4 ± 4.4 9.7 ± 6.6 0.264
Vigor 14.7 ± 3.9 14.8 ± 3.3 0.970
Fatigue 6.6 ± 1.9 7.1 ± 3.0 0.533
Confusion 6.7 ± 2.9 7.4 ± 2.5 0.468
Total mood disturbance 20.1 ± 18.0 29.1 ± 23.7 0.245

Values are presented as mean (SD); a. Analyses using Independent Sample T Test; b.
Analyses using Chi Square Test. *p<0.05 using chi-square test

Profile of Mood States
There was a significant change in tension, anger, vigor,

confusion and total mood disturbance (TMD) of participants in
the intervention group compared to the participants in the
control group (Table 2).

Tension Mood
There was a significant difference (p<0.05) in tension

mood scores between FCR and control groups with a partial eta
square (η²) value of 0.194 with a difference of t(29) = –2.96,
p<0.01 at week 6 and t(29) = –2.58, p<0.05 at week 12. A
significant reduction in tension mood scores was observed
within the intervention group, with the decrease being –23.9%
at week 6 and –14.9% at week 12 (figure 2). On the other hand,
tension mood scores were increased in the control group at
weeks 6 and 12 of the intervention period. 

Figure 2 
Percent change in tension mood in 3 months intervention

*p<0.05 using independent sample t-test (week 6, t(29)= –2.96, p<0.01 and week 12,
t(29)= –2.58, p<0.05); 95% CI: 6.247 to 9.207

Anger Mood
A significant difference in mean anger mood scores was

observed between the FCR and control groups (p<0.05) with η²
=0.046. A significant difference in mean anger mood scores
was seen between the FCR and control groups at week 6, t(29)
= –2.42, p<0.05 and week 12, t(29) = –2.32, p<0.05. There was
a decrease in anger mood within the intervention group with
the decrease being –20.3% at week 6 and –25.7% at week 12
(Figure 3). In contrast, the control group exhibited an increase
in anger mood at weeks 6 and 12 of the intervention period.   

Vigor Mood
A significant difference (p<0.05) in vigor mood scores was

noted in FCR and control groups over time, with a η² value of
0.106. The increase in vigor mood scores persisted throughout
the three month intervention period (Figure 4). No significant
difference was seen in mean vigor mood scores between the
FCR and control groups over the three-month intervention
period.

THE JOURNAL OF NUTRITION, HEALTH & AGING©

J Nutr Health Aging

3



4

J Nutr Health Aging

EFFICACY OF FCR ON MOOD AND DEPRESSION 

Figure 3 
Percent change in anger mood during 3 months intervention

*p<0.05 using independent sample t-test (week 6, t(29)= –2.42, p<0.05 and week 12,
t(29)= –2.32, p<0.05); 95% CI: 6.310 to 10.319

Confusion Mood
A significant difference was observed in confusion mood

scores (p<0.05) between the FCR and control groups with a η²
score of 0.169 respectively. In addition there was a significant
difference in confusion mood score between the FCR and
control groups (week 6, t(29) = –3.02, p<0.01  and week 12,
t(29) = –2.55, p<0.05). There was a decrease in confusion
mood score   in the FCR group which was -23.9% at week 6
and –29.8% at week 12. In the control group confusion mood
scores were increased by 5.4% at week 6 followed by a slight
decrease (–1.3%) at week 12 (Figure 5).

Total Mood Disturbance (TMD)
A significant decrease (p<0.05 between the FCR and control

group was found in the TMD score, with a η² value 0.158
respectively. A significant difference in mean TMD scores was
noted between the FCR and control groups at week 6, t(29) = -
2.66, p<0.05 and week 12, t(29) = -2.62, p<0.05. A significant
decrease in TMD was observed within the FCR group (P<0.05,
η² value = 0.119) both at week 6 and 12, –45.8% and –51.7%
respectively. Meanwhile, in the control group, there was

increase in TMD of 3.4% at week 6 and 7.6% at week 12
(Figure 6). 

Figure 4 
Percent change in vigor mood during 3 months intervention

Figure 5 
Percent change in confusion mood during 3 months

intervention
*p<0.05 using independent sample t-test (week 6, t(29)=–3.02, p<0.01  and week 12,

t(29)= –2.55, p<0.05); 95% CI: 5.641 to 7.348

Table 2 
Changes in Mood

Profile of Mood ) FCR group  (n=16) Control group (n=15) P (η²)
States (POMS Baseline Week 6 Week 12 Baseline Week 6 Week 12 Time effect Time *group Group effect

(mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) effect

Tension 6.7 ± 3.9 5.1 ± 3.1 5.7 ± 4.3 9.2 ± 4.5 9.6 ± 5.2 10.0 ± 4.9 0.826 (0.007) 0.155 (0.064) 0.015* (0.194)
Depression 7.5 ± 7.3 5.2 ± 4.8 5.3 ± 5.6 10.5 ± 7.8 11.0 ± 9.6 12.3 ± 10.3 0.393 (0.033) 0.120 (0.073) 0.054 (0.126)
Anger 7.4 ± 4.4 5.9 ± 3.7 5.5 ± 3.9 9.7 ± 6.6 10.6 ± 6.7 10.3 ± 7.2 0.284 (0.044) 0.112 (0.075) 0.046* (0.135)
Vigor 14.7 ± 3.9 15.8 ± 2.2 16.3 ± 2.0 14.8 ± 3.3 16.1 ± 2.8 16.3 ± 3.3 0.043* (0.106) 0.932 (0.003) 0.900 (0.001)
Fatigue 6.6 ± 1.9 5.4 ± 2.7 4.7 ± 4.3 7.1 ± 3.0 7.3 ± 3.5 7.7 ± 3.3 0.500 (0.023) 0.070 (0.091) 0.084 (0.103)
Confusion 6.7 ± 2.9 5.1 ± 2.3 4.7 ± 2.5 7.4 ± 2.5 7.8 ± 2.6 7.3 ± 3.1 0.537 (0.022) 0.039*(0.109) 0.024* (0.169)
Total Mood 20.1 ± 18.0 10.9 ± 14.5 9.7 ± 19.0 29.1 ± 23.7 30.1 ± 24.7 31.3 ± 26.5 0.836 (0.006) 0.029* (0.119) 0.030* (0.158)
Disturbance

*p<0.05 using two-way repeated measures ANOVA test, adjusted for age.



Figure 6 
Percent change in Total Mood Disturbance in 3 months

intervention

*p<0.05 using independent sample t-test (week 6, t(29)=–2.66, p<0.05 and week 12, t(29)=
–2.62, p<0.05); 95% CI: 14.443 to 29.275

Depression 

Beck Depression Inventory-II (BDI-II) and Geriatric
Depression Scale (GDS-15)

Results of the ANOVA test showed no significant changes in
mean depression scores (BDI-II) at the end of the three-month
intervention period (Table 3). A similar trend was observed in
GDS scores where no significant differences were noted during
the three-month intervention period (Table 3). 

Nutritional Status
A significant difference in energy intake was observed

between the FCR and control groups   (p<0.05, η² score of
0.452) as shown in Table 4. There was a significant decrease in
energy intake in the FCR group as a result of the intervention
(baseline energy intake 1666 ± 254 kcal/day, energy intake at 3
months 1494 ± 299 kcal/day; p<0.05; η² score of 0.113). The
fasting log book, food diaries and weekly phone monitoring
systems showed that all subjects in the FCR group were in
compliance with the FCR regimen. At the same time, there was

an increase in energy intake in the control group (baseline
energy intake 1788 ± 374 kcal/day, energy intake at 3 months
1955 ± 205 kcal/day). Also, there was a significant difference
(p<0.05) in intake of carbohydrate, protein and fat in the FCR
group compared to the control group with a η² score of 0.392,
0.345 and 0.316 respectively. Carbohydrate intake over the
course of the intervention was significantly reduced (p<0.05) in
the FCR group and increased in the control group.

With respect to body composition, there was a significant
reduction (p<0.05) in body weight, BMI and percent body fat
within the intervention group over time with a η² score of
0.279, 0.113 and 0.222 respectively (Table 4). Percentage of
weight change from baseline to week 12 was –3.8% in FCR
group compared to –0.9% in control group. Percent body fat
was reduced by –5.7% in FCR group compared to a +1.1%
increase in the control group.

Discussion

Our study is the first to show that a FCR dietary regime can
significantly reduce negative moods including tension, anger,
confusion and total mood disturbance as well as improve
positive mood among ageing men. These findings are
particularly important since reduction in negative moods and
enhancements in positive mood will result in improvements in
overall well-being of ageing men. Improvements in mood may
also have the potential to improve patient adjustment to
illnesses (5, 21) an added benefit in the elderly.

Our study also showed that participants in the FCR group
had higher vigor mood scores at the end of the intervention. A
study by Michalsen et al. (17) also showed a fasting-induced
increase in vigor, emotional balance, global quality of sleep and
daytime concentration.  Fasting has been reported to be
associated with increased brain availability of neurotrophic
factors including serotonin, endogenous opioids, and
endocannabinoids that may  also contribute to mood
enhancement (16). It is also possible that religious fasting such
as FCR resulted in some beneficial effects on mood due to non
food related factors including the spiritual, social  and mind-
body effects and also by group-related effects of this fasting
ritual (28). However, we believe that in this study the
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Table 3 
Changes in Depression (BDI-II and GDS-15)

Parameter Baseline Week 6 Week 12 P (η²)
(mean ± SD) (mean ± SD) (mean ± SD) Time effect Time *group Group effect

effect

BDI-II 
FCR group (n=16) 8.7 ± 6.3 7.1 ± 5.2 4.6 ± 4.8 0.194 (0.057) 0.681 (0.014) 0.284 (0.041)
Control group (n=15) 10.4 ± 7.7 8.7 ± 6.4 7.8 ± 8.0
GDS-15 
FCR group (n=16) 2.5 ± 2.5 1.8 ± 1.4 1.9 ± 1.8 0.316 (0.040) 0.491 (0.025) 0.354 (0.031)
Control group (n=15) 3.1 ± 2.2 2.7 ± 1.5 1.9 ± 1.3

NS – Non significant using two-way repeated measures ANOVA test, adjusted for age.



contribution from these non-food related factors are somewhat
minimal since we recruited individuals who were not regular
practitioners of the Muslim Sunnah fast and the intervention
and emphasis was on the FCR regimen and no religious rituals
were recommended. Of remark however is the increase in vigor
mood scores which was also observed in the control group and
this may have been due to the feeling of importance that they
were participants in a study and albeit at minimum, some social
interaction with the researchers during outcome assessments.  

Our study also showed that a 3 month FCR intervention
resulted in no changes in depression scores. Our finding is
consistent with a previous study on FCR from our group (27)
and  similar results were obtained in Phase 1 of the CALERIE
study, which reported that there were no changes in
participants’ depressive moods after undergoing 6 months of
CR,  as assessed using the BDI-II (31) suggesting that while
CR does not induce depression atleast in the short-term (3-
6months), it may not produce benefical changes either.
However, Keys et al. (11) reported that a CR dietary regime
could increase depression among participants.  The Keys study
(11) subjects underwent an extreme semi-starvation 45% CR
dietary intervention for 6 months, while the present study
employed an 18 to 25% CR for 3 months and this may have
potentially contibuted to the observed difference in depression
scores.

With regards to tools used in the measurement of depression
the present study found no intervention effects on depression
over the 3 months using three measures, the BDI, GDS and  the
POMS. Decrease in depression moods in the CR group was
reported in Phase 1 of the multi-site CALERIE study (31) using
the MAEDS although the results from the BDI-II showed no
change in depression scores at this study site. The disparity in
results obtained may be potentially attributed to the different
tools used for depression measurement, gender and age of
subjects, the study duration  and type of intervention. Phase 1

of the CALERIE study involved both men and women
participants with an average age of 39 years undergoing an
intervention of 25% CR for 6 months while the present study
was conducted in  male participants aged 50 to 70 years who
underwent 18% CR combined with fasting for 3 months.
Despite the small sample size and short duration, the FCR
regime as investigated in our study was able to improve mood
states and nutritional status.

Consistent with previous findings on CR and fasting our
study  showed that CR regime can reduce body weight, BMI,
body fat mass and, fat-free mass in humans (4, 6, 7, 19, 20, 27,
30).

In summary, our study showed that FCR dietary regime
resulted in reduction of body weight and percent body fat with
decreases in tension, anger, confusion and total mood
disturbance and improvements in vigor. The FCR dietary
regime appears to be promising for lifestyle modification and
improvements in quality of life and well being in the elderly. 

Conclusion

In conclusion, this study showed that the FCR dietary regime
is effective in improving mood states and nutritional status
among aging men. There is a need to conduct a larger scale
study with longer duration to validate both the present findings
and to inform future research. Healthy lifestyle practices
including the FCR regime that show promise for improving the
health and wellbeing of the aging population should be
thoroughly explored. 
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Table 4 
Changes in food intake and body composition

Parameter FCR group (n=16) Control group (n=15) p (η²) 95% 
Interval Baseline Week 6 Week 12 Baseline Week 6 Week 12 Time effect Time *group Group effect Confidence 

(mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) effect

Food Intake
Energy (Kcal/d) 1666  ± 254 1357 ± 304 1494 ± 299 1788 ± 374 1723 ± 280 1955 ± 205 0.836 (0.007) 0.039* (0.113) 0.000* (0.410) 1585 to 1743

CHO (g/d) 222.3 ± 34.4 201.9 ± 50.8 181.7 ± 21.9 238.0 ± 50.4 240.1 ± 32.5 243.9 ± 37.0 0.590 (0.019) 0.063 (0.098) 0.000* (0.392) 211.4 to 231.1

Protein (g/d) 57.7 ± 11.4 53.6 ± 12.3 56.9 ± 9.2 63.4 ± 12.5 65.2 ± 12.3 75.5 ± 14.6 0.262 (0.048) 0.083 (0.088) 0.001* (0.345) 58.9 to 65.2

Fat (g/d) 60.7 ± 12.7 37.3 ± 11.4 59.9 ± 32.9 64.7 ± 18.7 55.8 ± 19.0 75.2 ± 10.0 0.136 (0.074) 0.284 (0.045) 0.002* (0.316) 54.8 to 63.2
Body Composition
Body weight (kg) 74.2 ± 7.8 72.1 ± 7.4 71.4 ± 7.2 69.6 ± 7.6 69.4 ± 7.6 69.0 ± 7.6 0.509 (0.024) 0.000a (0.279) 0.167 (0.067) 68.3 to 73.7
BMI (kg/m²) 26.7 ± 1.8 26.2 ± 2.3 25.7 ± 1.8 26.8 ± 2.6 26.7 ± 2.6 26.5 ± 2.5 0.455 (0.026) 0.043a (0.113) 0.588 (0.011) 25.6 to 27.3
% Body fat 26.4 ± 2.4 25.9 ± 2.5 24.9 ± 2.5 26.5 ± 2.7 26.9 ± 3.1 26.8 ± 3.2 0.995 (0.000) 0.001a (0.222) 0.307 (0.037) 25.3 to 27.3

Food intake was obtained from Diet History Questionnaire (DHQ) at baseline, week 6 and 12. The reduction of energy intake at week 6 and 12 was parallel with the aim to reduce 300-
500 kcal of energy intake/day; *p<0.05 using two-way repeated measures ANOVA test, adjusted for age and body weight; a. p<0.05 using two-way repeated measures ANOVA test,
adjusted for energy intake
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