
RESEARCH Open Access

Prediction of body fat loss in relation to
change in nutrient intake among
housewives participating in the
MyBFF@home study
Fatimah Othman1*, Noor Safiza Mohamad Nor1, Geeta Appannah2, Nor Azian Mohd Zaki1, Rashidah Ambak1,
Azahadi Omar1, Mansor Fazliana3, Ruhaya Salleh1, Barakatun Nisak Mohd Yusof2, Norliza Muksan4 and Tahir Aris1

Abstract

Background: Diet compositions are likely to be one of the influential factors for body fat deposition. The aim of
this paper was to determine the nutrient changes and its association to body fat loss among the overweight and
obese housewives in the MyBFF@home study.

Methods: Data of participants in the MyBFF@home study (intervention and control groups) were analysed.
Participants in the intervention group received personalised dietary counselling consisted of reduced calorie diet
1200–1500 kcal/day, while the control group was assigned to receive women’s health seminars. The dietary assessment
was done during the intervention phase at baseline, 1 month (m), 2 m, 3 m and 6 m using a 3-day food diary. Body fat
was measured using a bioelectrical impedance analyser (In-body 720) at baseline and at the end of the intervention
phase. The mean differences of nutrient intake and body compositions during the intervention phase were measured
with paired t-test. The changes in body fat and nutrients intake were calculated by subtracting baseline measurements
from those taken at 6 months. Multiple linear regression analysis was conducted to determine the extent to which the
changes in each gram of nutrients per 1000 kcal were predictive of changes in body fat mass.

Results: There were significant reductions in energy, all macronutrients, dietary fibre, calcium and iron intake in both
study groups after the intervention phase (p < 0.05). In the intervention group, body fat loss increased with the
reduction of each gram of carbohydrate, protein and fat per 1000 kcal, (p < 0.05), and decreased with the
reduction of each gram of calcium and fibre intake per 1000 kcal (p < 0.05). In the control group, body fat loss
increased with the reduction of each gram fat per 1000 kcal (p < 0.05) and decreased with the reduction of each
gram iron per 1000 kcal.

Conclusion: Changes in the intake of various nutrients have different effects on body fat loss between the intervention
and control group.
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Background
The obesity epidemic is one of the most significant
health challenges in the world. In Malaysia, over-
weight and obesity have affected 30.0 and 36.2% of
Malaysian adults respectively. A recent survey showed
that women had a higher prevalence of obesity com-
pared to men in Malaysia [1]. Obesity increases and
aggravates the risk of cardiovascular disease, diabetes
and other conditions. Furthermore, a higher number
of women compared to men were reported to have
known hypertension and diabetes as reported in the
Malaysia National Health Morbidity Survey, 2015 [1].
Accordingly, women are more susceptible to develop
weight-related non-communicable diseases such as
diabetes and hypertension [2, 3].
It is clearly known that the positive balance between

energy intake and energy expenditure is a cause for
weight gain. Lifestyle modifications including weight loss
diet and physical activity are among the therapeutic
interventions that bring health benefits although such
approaches bring down modest weight [4]. Weight can
be stored as lean mass or fat mass and understanding
causes that favour fat mass deposition could help in the
prevention of obesity.
Diet compositions may be influential factors on body

fat deposition. Previous studies assessing the correlation
of obesity with particular nutrients such as carbohydrate
and fat have shown various findings. Observational stud-
ies exploring diet composition and obesity were incon-
clusive [5]. While some studies presented an association
between higher dietary fat and lower carbohydrate diet
with body fat mass [6–8] others have not [9, 10]. It is
also difficult to link whether the effect of dietary com-
position independent of total calorie intake is associated
with adiposity [11], as the diet manipulations were regu-
larly confounded by metabolic, physiological and envir-
onmental differences [12].
The effects of the macronutrients and other nutrients

within the usual diet composition in free living-subjects
remain unclear. Therefore, the present study aimed to
predict the body fat loss in relation to change in nutrient
intake among obese women both in the intervention and
the control groups. To control the influence of energy
intake as the nutrient intake increases when the food in-
take is increased, a standard measure of change in nutri-
ents intake per 1000 kcal was used in the analysis. By
identifying the relevant nutrient intake that influences
changes in body fat, this study adds to the existing
evidence and can contribute towards obesity manage-
ment and prevention.

Methods
The methodology of this quasi-experimental study was
reported by Mohamad Nor et al. [13]. The participants

of the MyBFF@home were obese housewives with lower
socioeconomic status. Physical, anthropometric and
clinical assessments were conducted per study protocol
as described elsewhere [13, 14]. Data collection took
place from 2014 to 2015. In the present study, 328 eli-
gible participants were grouped into an intervention
group (n = 169) and control group (n = 159). The inter-
vention group received a lifestyle intervention consist-
ing of a diet, physical activity and self-monitoring
behaviour packages up to 6 months.
In the diet components, three-day food diaries (week-

end and two weekdays) had to be filled out once a
month throughout the intervention phase. The food
diaries were returned to dietician/ nutritionist at each
visit and it will be reviewed together with the subjects.
The records were checked for discrepancies and omis-
sions including cooking method, added ingredients in
cooking, food brand, and portion size to ensure the
validity of the records. Nutrient intakes were analysed
using Nutritionist Pro TM version 2.4 (First Data Bank,
The Hearst Corp, NY USA).
The 24-h diet recall was obtained at the baseline and

during follow up for the basis of dietary counselling. The
individualised dietary counselling consisted of portion
control to achieve a low calorie-diet of 1200–1500 kcal/
day with 50–55% carbohydrate, 25–30% fat, 15–20%
protein, and 20 – 30 g fibre diet [15, 16]. This was pre-
scribed based on the reported 24-h diet recall and
energy needs that were calculated using quick method
[16]. Other dietary behaviour skills including reading a
food label, cues to eat management, eating outside were
as explained in the study protocol. Apart from the indi-
vidualised dietary approach, a group counselling involv-
ing sharing on weight loss experience, and positive
actions were conducted to enhance diet adherence. The
implementation of dietary counselling was based on the
Trans theoretical Model (TTM) which has been de-
scribed in the previous methodology [13].
Meanwhile, the control group was assigned to attend

women’s health seminars organized as stipulated in the
study protocol. For the dietary assessment, they were
instructed to record a 3-day food diary monthly
throughout the intervention period. However, no specific
dietary interventions were given during the monthly
follow up in the control group.
Participants were excluded from analysis if they did

not have baseline data on nutrient intake, body fat, and
body weight. The analyses were conducted using SPSS
(IBM version 21). Variables were presented as mean and
standard deviations as they were normally distributed.
An independent t -test was used to compare the baseline
nutrient intake and body fat measures. A paired t - test
was used to determine the changes in body fat mass and
dietary intake within study groups over the six-month
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intervention period. The changes in body fat and nutri-
ent per 1000 kcal intake were calculated by subtracting
baseline measurements from those taken at 6 months.
Multiple Regression analysis using stepwise method was
run to determine the extent to which the changes of nu-
trients per 1000 kcal were predictive of changes in body
fat mass during the intervention period. The final model
in the regression analysis included the baseline of body
fat mass, age, household income, and baseline of nutri-
ents intake per 1000 kcal to control the covariates.

Results
Of the 328 housewives who initially participated in this
study, 28 participants from the intervention group and
40 participants from the control group were excluded
from the analysis due to incomplete data either from nu-
trient or body fat measures in the baseline. The final
participants in the intervention group was (n = 137) and
the control group (n = 118). Table 1 showed the partici-
pants nutrient intake and body fat measures at baseline.
Dietary protein and calcium intake found to be signifi-
cantly higher in the control compared to the interven-
tion group (p < 0.05). There was no significant difference
in other nutrient components between study groups.
Body fat mass and body mass index of the interven-
tion group was significantly higher than the control
group (p < 0.05).
Table 2 summarizes the body fat, BMI and nutrient

changes over the six-month intervention period. At the
end of the intervention program, both study groups ex-
perienced the body fat loss significantly (p < 0.05). How-
ever, greater reduction of body fat mass was observed in

the intervention group (1.23 kg) compared to the con-
trol group (1.08 kg) (p = 0. 042).
Overall, both study groups showed a reduction in total

energy intake, and macronutrients of carbohydrate, pro-
tein and fat intake over the six-month intervention
period (p < 0.05). The reductions were significantly
higher in the intervention group compared to the con-
trol group (p < 0.05) in carbohydrate (intervention =
28.50 g; control = 20.03 g), fat (intervention = 10.98 g;
control = 6.66 g), protein (intervention = 9.33 g; control
= 7.98 g) but similar reduction rate of total energy intake
(224.36 g).
Apart from macronutrients, the analyses also showed

significant reductions in dietary fibre, calcium, and iron
over the six-month intervention phase in both study
groups (p < 0.05). The intake of fibre was reduced in
both study groups. However, the reduction was signifi-
cant in the intervention group and not in the control
group. Among all of the investigated micronutrients,
only vitamin C and folate intake did not show a signifi-
cant reduction over the 6 months of intervention phase
in both study groups (p > 0.05).
Table 3 depicts the nutrient intake changes and its

prediction to body fat loss in the intervention group. In
the unadjusted linear regression analysis, the fibre, cal-
cium and folate changes per 1000 kcal from the baseline
were significantly associated with body fat changes. A
decreased of fibre intake and calcium by one gram per
1000 kcal significantly reduced the body fat loss in the
intervention group (p < 0.001). Meanwhile, the reduc-
tion of folate increased the body fat loss in that group
(p < 0.05). No significant findings were observed in

Table 1 Baseline nutrient intakes and body composition status

Variables Intervention group
(n = 137)
Mean (sd)

Control group
(n = 118)
Mean (sd)

p value

Total energy intake (kcal / day) 1476.01
(508.83)

1569.23(517.87) 0.148

Carbohydrate (g/day) % 199.22 (68.63)
(55%)

209.11 (78.29)
(53%)

0.237

Protein (g /day) % 55.84 (20.89), (15%) 61.24 (20.83) (16%) 0.040*

Fat (g / day) % 49.35 (21.23)
(30%)

53.31 (19.84)
(31%)

0.127

Dietary fiber (g / day) 5.58 (3.83) 5.52 (3.17) 0.886

Calcium (mg / day) 415.39 (217.07) 478.03 (270.82) 0.042*

Folate (mg / day) 60.13 (56.37) 80.62 (42.25) 0.941

Iron (mg / day) 12.77 (6.63) 13.35 (6.24) 0.470

Vitamin C (mg / day) 62.53 (59.50) 71.13 (65.97) 0.275

Body fat (g) 34.87 (9.00) 32.79 (7.82) 0.037*

Body fat (%) 45.18 (4.86) 44.59 (4.79) 0.329

Body weight 75.99 (11.25) 72.61 (11.49) 0.018*

*Significant at p value < 0.05
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other nutrient changes. When the other possible con-
founding factors such as age, household income, baseline
body fat and baseline of investigated nutrient per
1000 kcal were added in the regression model, reduction
in fibre and calcium per 1000 kcal from the baseline sig-
nificantly reduced the body fat loss (p < 0.05). The re-
duction of folate was no longer significant but the

reduction in carbohydrate protein and fat per 1000 kcal
intake were significantly associated with body fat loss in-
creased (p < 0.05).
The changes of nutrient intakes and its association

with body fat loss in the control group were displayed in
Table 4. Among all of the investigated nutrient compo-
nents in unadjusted regression analysis, the reduction of

Table 2 Body fat and nutrient changes during 6 months intervention phase

Intervention group (n = 137) Control group (n = 118)

Baseline 6 months Mean Difference p value Baseline 6 months Mean Difference p value

Body fat (g) 34.87 (9.00) 33.64 (8.13) 1.23 < 0.001** 32.79 (7.82) 31.70
(8.12)

1.08 0.001*

Body fat (%) 45.18 (4.86) 44.39 (6.20) 0.80 0.070 44.59 (4.79) 44.04
(5.68)

0.55 0.130

BMI (kg /m2) 31.58 (4.11) 31.10 (4.20) 0.49 < 0.001** 30.92 (4.17) 30.49
(4.13)

0.43 < 0.001**

Total energy (kcal) 1476.00 (506.83) 1212.44 (415.93) 224.36 < 0.001** 1569.23 (517.87) 1344.87
(467.95)

224.36 < 0.001**

Carbohydrate (g/day) 198.21 (68.63) 169.72 (64.41) 28.50 < 0.001** 209.11 (78.29) 189.08
(73.50)

20.03 0.012*

Protein (g /day) 55.84 (20.89) 45.51 (14.11) 9.33 < 0.001** 61.24 (20.84) 53.26
(19.29)

7.98 < 0.001**

Total Fat (g / day) 49.35 (21.23) 38.37 (14.31) 10.98 < 0.001** 53.31 (19.84) 46.64
(16.69)

6.66 < 0.001**

Dietary fiber (g / day) 5.59 (3.83) 4.64 (2.91) 0.94 < 0.001** 5.52 (3.17) 5.02
(3.03)

0.50 0.178

Calcium (mg / day) 415.39 (217.07) 352.55 (206.41) 62.85 0.005* 478.03 (270.82) 372.96
(194.01)

105.06 < 0.001**

Folate (mg / day) 60.13 (56.37) 53.88 (37.70) 6.26 0.131 60.62 (42.25) 60.08
(41.54)

0.53 0.925

Iron (mg / day) 13.35 (6.24) 11.36 (4.31) 3.21 < 0.001** 13.35 (6.24) 11.36
(4.31)

1.99 0.002*

Vitamin C (mg / day) 62.52 (59.60) 57.93 (53.02) 4.59 0.479 71.13 (65.97) 56.53
(53.44)

14.61 0.049*

*Significant at p value < 0.05; ** Significant at p value < 0.001

Table 3 Nutrient intake changes and its prediction to body fat changes during intervention period (0–6 months) in the intervention
group

Nutrient intake changes per 1000 kcal a Body fat loss (kg) b

(0–6 months) SLR p value MLRc p value

b (95% CI) Adjusted b (95% CI)

Carbohydrate (g/day) −0.002 (− 0.005, 0.001) 0.184 0.012 (0.004, 0.019) 0.002*

Protein (g /day) −0.012 (− 0.028,0.003) 0.125 0.039 (0.003, 0.074) 0.031*

Fat (g / day) −0.006 (− 0.016, 0.004) 0.221 0.039 (0.013, 0.066) 0.004*

Dietary fiber (g / day) −0.270 (− 0.407, 0.182) < 0.001** − 0.243 (− 0.470, − 0.017) 0.035*

Calcium (mg / day) −0.003 (− 0.005, − 0.002) < 0.001** −0.004 (− 0.006, − 0.001) 0.006*

Folate (mg / day) 0.013 (0.002, 0.024) 0.024* 0.012 (− 0.002, 0.025) 0.090

Iron (mg / day) −0.036 (− 0.091, 0.019) 0.194 0.094 (− 0.031, 0.219) 0.141

Vitamin C (mg / day) 0.001 (−0.005, 0.011) 0.436 −0.004 (− 0.015, 0.007) 0.471
* Significant at p-value < 0.05; ** Significant at p-value < 0.001
aNutrient intake change: baseline nutrient per 1000 kcal – nutrient at 6 months per 1000 kcal
bBody fat change (body fat loss): baseline body fat mass – body fat mas at 6 months
cThe model was adjusted for age, household income, baseline body fat and baseline investigated nutrient per 1000 kcal intake
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fat and folate per 1000 kcal intake increased the body
fat loss (p < 0.05). In the adjusted regression model,
which included age, household income, baseline body
fat, and baseline investigated nutrient per 1000 kcal,
fat intake per 1000 reduction remained to increase
the body fat loss (p < 0.05) in the control group.
Other nutrient components showed no significant
correlation with body fat loss.

Discussion
The current study showed a significant reduction in
body fat mass after the six- months intervention
period in both study groups. The dietary intake over
the period of 6 months demonstrated a significant re-
duction in total energy, macronutrients, dietary fibre
(in the intervention group) and some of the minerals
such as calcium and iron. Weight loss intervention
characterized by intensive frequent contact in this
study might be the influential factor for dietary intake
reduction. Frequent study contact has been observed
to support the weight loss achievement as observed
in other intervention studies [17, 18]. A general
health seminar, which had been delivered in the con-
trol group might have influenced their awareness of
nutrient intake and be more accountable for the
health behaviour [18]. This is consistent with behav-
ioural theory whereby people who have formed ac-
tions plans were more likely to be successful
compared to those merely considering a goal [19].
It has to be noted that one of the components of the

dietary package received by both the study groups
included self-monitoring of their dietary intake. This
empowerment factors might have supported the partici-
pants to control and comply with the diet they took.
Engagement in routine self-monitoring tasks such as

recording of food intakes could promote weight loss ac-
tion due to the enhancement of self-awareness [20, 21].
Reduction in intakes of calories, macronutrients, fibre

and other nutrients were higher in the intervention
group compared to the control group although both
groups showed a significant reduction at the end of the
intervention. The intervention group received supervised
dietary counselling by the trained dieticians/nutritionists,
while the control group did not have any access to diet-
ary intervention except self-monitoring. The findings
suggested that dietary counselling tailored to the individ-
ualized needs and intakes were proven to cut down the
overall energy and fat intake due to better compliance
with the prescribed diet. Supervised dietary interventions
allow participants to receive advice, knowledge, motiv-
ation, and feedback from health care providers that
ultimately increase their self-efficacy [22].
Despite the reduction of energy and macronutrients

intake, the intervention and control group experienced a
significant reduction of essential nutrients including
fibre, calcium, iron, folate and vitamin C. This unwanted
side effect warranted important precautions that need to
be highlighted when prescribing low-calorie diets. It is
important to emphasize the adequacy of the essential
nutrients when consuming low-calorie diet. Several stud-
ies had shown a micronutrient intake reduction was
accompanied by a low-calorie diet focusing on macronu-
trient intakes [23]. Inadequate mineral might alter nutri-
ent metabolism [24] and increase obesity risk [25].
Our findings demonstrated that a reduction in each

gram of protein, carbohydrate and fat per 1000 kcal
from the baseline increased the body fat loss to 12 g
(carbohydrate per 1000 kcal) and 39 g (protein and fat
per 1000 kcal) after adjusting for the potential confound-
ing factors in the in the intervention group. In the

Table 4 Nutrient intake changes and its prediction to body fat changes during intervention period (0–6 months) in the control
group

Nutrient intake changes per 1000 kcal a Body fat changes (kg) b

(0–6 months) SLR p value MLRc p value

b (95% CI) Adjusted b (95% CI)

Carbohydrate (g/day) 0.010 (−0.005, 0.024) 0.187 0.007 (−0.008,0.021) 0.364

Protein (g /day) −0.012 (− 0.028, 0.003) 0.125 − 0.009 (− 0.057, 0.040) 0.728

Fat (g / day) 0.077 (0.036, 0.118) < 0.001** 0.078 (0.032,0.125) 0.001*

Dietary fiber (g/day) −0.008 (− 0.198, 0.182) 0.937 − 0.055 (− 0.285, 0.175) 0.636

Calcium (mg / day) 0.000 (− 0.004, 0.003) 0.811 0.000 (− 0.005, 0.004) 0.889

Folate (mg / day) 0.070 (−0.006, 0.019) 0.331 −0.013 (− 0.043, 0.016) 0.207

Iron (mg / day) 0.181 (0.058, 0.303) 0.004* −0.074 (− 0.298, 0.150) 0.015*

Vitamin C (mg / day) 0.001 (−0.008,0.011) 0.791 0.001 (−0.010, 0.013) 0.846
*Significant at p-value < 0.05; ** Significant at p-value < 0.001
aNutrient intake change: baseline nutrient per 1000 kcal – nutrient at 6 months per 1000 kcal
bBody fat change (body fat loss): baseline body fat mass – body fat mas at 6 months
cThe model was adjusted for age, household income, baseline body fat and baseline investigated nutrient per 1000 kcal intake
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control group, a reduction in each gram of fat per
1000 kcal significantly increased the body fat loss to
78 g. Restriction of energy intake is the main method to
create negative energy balance that leads to weight loss.
In this study, the nutrient changes were calculated per
1000 kcal intake to limiting the influence of energy
intake as the primary factor in energy balance. The sig-
nificant effects of macronutrient reduction to the body
fat loss had been reported in the other studies [26, 27].
Macronutrients have different metabolic roles in energy
homeostasis including affect metabolism, appetite, and
thermogenesis although the diet contains similar energy
amount [27].
Although there was a calorie reduction in both study

groups, the proportion of carbohydrate, protein, and fat
at the end of intervention were still within the recom-
mended intake in the intervention group. It has been
proposed that the diet quality may have different meta-
bolic effects and energy partitioning unique to calorie
intake [28]. For instance, the intake of carbohydrate with
low glycaemic load and high intake of omega 3 in dietary
fat is suggested to increase post-prandial energy expend-
iture [29–31].
As for the protein intake, although its intake was con-

sidered within the standard range (15–20% of energy), in
contrast to a high protein diet (25–35% of energy) that
has been successfully associated with weight loss [27] its
correlation to body fat reduction suggested the con-
founding effect of food selection and overall diet compo-
sitions. These factors, were not controlled in the analysis
(e.g., low-fat milk versus full-fat milk or red meat versus
white meat) might have a similar protein per serving but
have a different fat content or quality of the diets. This
was supported in the intervention group where there
was a significant reduction in saturated fat content that
might be originated from animal fat (baseline saturated
fat = 10.47 (7.42) g; end intervention saturated fat =8.78
(4.13) g, p < 0.05). Total fat oxidation in saturated fat
was found to be lower compared to monounsaturated
and polyunsaturated fat intake [32], hence, induced
weight loss and body fat loss [33].
Observation in the control group showed the reduction

in dietary fat was associated with body fat loss (p < 0.05).
Given these results, it was confirmed that decreasing total
dietary fat intake was associated with decreases in body
weight measure as presented in the other study [34]. The
reduction of protein and carbohydrate in the control
group, however, was not associated with body fat loss as
observed in the intervention group. As previously
highlighted, the role of macronutrients and the quality of
the diet has a different metabolic effect in energy balance
although the calorie amount is similar.
Apart of those factors, it was acknowledged that the

method for measuring dietary intake to assess the fat,

carbohydrate, and protein intake is inherently inaccurate
and imprecise, as it relies on self-report and might be
biased [35]. In addition, unsupervised dietary interven-
tion in the control group might lead to poor compliance.
The diminished effect of all macronutrients to body fat
loss after confounding factor adjustments suggests a
stronger effect of other factors such as income, and
other socio-demographic factors. In the control group,
income remained a significant confounder for body fat
loss in the adjusted regression analysis.
The reduction of fibre intake significantly reduced the

body fat loss in the intervention group. Each gram
reduction of fibre per 1000 kcal intake reduced 243 g of
body fat loss (p = 0.035). In another study, the dietary
fibre had an independent association with body weight
after multiple factors adjustment [36]. Fibre is suggested
to increase the satiety effect, decreasing energy density
and energy intake that involve in weight management
[37]. It also useful in enhancing compliance to a
energy-restricted diet by reducing hunger [38]. Energy
digestibility has been shown to decrease by 3–4% follow-
ing 20–25 g / d increases of fibre intake [39]. The fibre
intake in both study groups, however, did not meet the
minimum recommendation of 20 g / day or 50% of the
requirements. The previous study has demonstrated an
intake of whole grain as the indigestible fibre had an in-
verse relationship to BMI and reduced abdominal fat
[40]. Compared with intervention group, insoluble fibre in
the control group during the study was lower (Control:
Baseline = 0.38 (0.63) g, 6-month = 0.48 (0.84) g; Interven-
tion: Baseline 0.52 (1.11) g, 6- month =0.56 (0.98) g). This
might explain the discrepancy of the correlation between
the fibre changes and body fat loss in the control group.
Apart from dietary fibre, accumulating evidence sug-

gest that calcium-rich diets play direct roles in the pre-
vention and treatment of obesity due to its property in
Ca2+ in regulating adipocyte metabolism [41, 42]. In the
intervention group, the reduction of calcium per
1000 kcal significantly reduced the body fat loss. Each
gram reduction of calcium intake reduced 4 g of body
fat loss. However, the calcium intake in the intervention
group was lesser than the recommended nutrient intake,
thus, it might suggest the reason of the small change to
body fat loss when calcium intake was reduced. In the
control group, the effect on calcium to body fat changes
was not observed. Melanson et al. [43] had concluded
that increasing dairy/calcium intake increased body fat
oxidation was demonstrated under energy deficit. The
energy intake in the control group was slightly higher
than in the intervention group; in addition, the prescrip-
tion for calorie intake in the control group was not
determined specifically during the intervention.
Adherence to weight loss nutrient requirement was

the challenges to the free-living study participants with
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the economy disadvantage. Although in the changes of
diet in the intervention group showed promising find-
ings, the changes were small. We acknowledged that
self-reported diet intake may likely lead to underreport-
ing of energy and nutrient intake. This study also did
not evaluate the association of physical activity, which
could induce the body fat loss.
Despite these shortcomings, the viability of this study

was boosted by the good retention rate, which was
20.7% of attrition by 6 months of the study period. By
implementing various methods to increase the represen-
tation of the participants during the study period, suc-
cessful engagements with the study contacts we able to
be maintained. However, further consideration must be
given to cost and the additional time that will add to the
study. The other strength of this study was the ability to
investigate the association of discrete nutrients with
body fat loss by reporting the changes of nutrients by
1000 kcal, which, limits the covariate effect of total
energy intake as the primary factor in energy balance.

Conclusions
The results of this study indicate that increasing fibre and
calcium, and reducing carbohydrate, fat and protein as part
of a calorie-controlled diet, helped body fat loss in the inter-
vention group. Nonetheless, the lack of effect of nutrient
changes in the control group except for fat and iron suggests
that the quantity of diet was not the only factor influencing
body fat loss. There were other components such as compli-
ance, and proper nutrition guidance that were missed in the
controlled group. Therefore, emphasizing those factors when
recommending low calorie diets to free-living, economically
disadvantaged community dwellers would be beneficial.

Abbreviations
BIA: Bioelectrical impedance analyser; BMI: Body Mass Index; Ca2+: Calcium;
MyBFF@home: My Body Fit and Fabulous at home

Acknowledgements
The authors would like to thank the Director General of Health Malaysia for
his permission to publish this paper. The authors would also like to thank all
research team members from various institutions and Dr. Wan Nazaimoon
Wan Mohamud (former MyBFF project coordinator) for their technical support.
Special thanks to all the participants in the MyBFF@home study, for their full
cooperation and dedication.

Funding
Publication of this article was sponsored by the Ministry of Health Malaysia.

Availability of data and materials
The dataset that support the findings of this article belong to the MyBFF@home
study. At present, the data are not publicly available but can be obtained from
the authors upon reasonable request and with the permission from the Director
General of Health, Malaysia.

About this supplement
This article has been published as part of BMC Women’s Health Volume 18
Supplement 1, 2018: My Body is Fit and Fabulous at home (MyBFF@home).
The full contents of the supplement are available online at
https://bmcwomenshealth.biomedcentral.com/articles/supplements/volume-
18-supplement-1.

Authors’ contributions
NSMN, RA and TA were responsible for the concept, project development
and supervision. FO, GA and MAO responsible for data analysis. NAMZ, RA,
NSMN, RS, FM was responsible for investigation and project administration.
FO wrote the original draft. NSMN, RA, TA, GA, MAO, NMZ, RS, FM, NM and
BNMY contributed to the writing, review and editing of this paper. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
Ethical approval for the MyBFF@home study was obtained from the Medical
Research Ethic Committee (MREC) Malaysia (Research registration number:
NMRR-13-726-16,391). Informed written consent was taken from all respondents
at the beginning of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Centre for Nutrition Epidemiology Research, Institute for Public Health,
National Institutes of Health, Ministry of Health Malaysia, Jalan Bangsar, 50590
Kuala Lumpur, Malaysia. 2Department of Nutrition and Dietetics, Faculty of
Medicine and Health Sciences, Universiti Putra Malaysia, Serdang, Malaysia.
3Diabetes and Endocrine Unit, Cardiovascular, Diabetes and Nutrition Centre,
Institute for Medical Research, Kuala Lumpur, Malaysia. 4Klinik Kesihatan Rasa,
Hulu Selangor, Malaysia.

Published: 19 July 2018

References
1. Institute for Public Health National Health and Morbidity Survey 2015

(NHMS 2015). Non-Commun. Kuala Lumpur: Institute for Public Health,
Ministry of Health Malaysia; 2015.

2. Zhang Q, Wang Y. Socioeconomic inequality of obesity in the United States:
do gender, age, and ethnicity matter? Soc Sci Med. 2004;58(6):1171–80.

3. Pickett KE, Kelly S, Brunner E, Lobstein T, Wilkinson RG. Wider income gaps,
wider waistbands? An ecological study of obesity and income inequality. J
Epidemiol Community Health. 2005;59(8):670–4.

4. Pi-Sunyer FX. A review of long-term studies evaluating the efficacy of
weight loss in ameliorating disorders associated with obesity. Clin Ther.
1996;18:1006–35.

5. Summerbell CD, Douthwaite W, Whittaker V, Ells LJ, Hillier F, Smith S, et al. 1
introduction. Int J Obes. 2009;33:S1.

6. Miller WC, Lindeman AK, Wallace J, Niederpruem M. Diet composition,
energy intake, and exercise in relation to body fat in men and women. Am
J Clin Nutr. 1990;52:426–30.

7. Larson DE, Hunter GR, Williams MJ, Kekes-Szabo T, Nvikos I, Goran MI.
Dietary fat in relation to body fat and intraabdominal adipose tissue: a
cross-sectional analysis. Am J Clin Nutr. 1996;64:677–84.

8. Tucker LA, Kano MJ. Dietary fat and body fat: a multivariate study of 205
adult females. Am J Clin Nutr. 1992;56:616–22.

9. Atlantis E, Martin SA, Haren MT, Taylor AW, Wittert GA, Florey Adelaide Male
Aging Study. Lifestyle factors associated with age-related differences in
body composition: the Florey Adelaide male aging study. Am J Clin Nutr.
2008;88:95–104.

10. Koppes LLJ, Boon N, Nooyens ACJ, van Mechelen W, Saris WHM.
Macronutrient distribution over a period of 23 years in relation to energy
intake and body fatness. Br J Nutr. 2009;101:108.

11. National Research Council. Diet and Health: Implications For Reducing
Chronic Disease Risk. Washington DC: The National Academic Press; 1989.

12. Galgani J, Ravussin E. Energy metabolism, fuel selection and body weight
regulation. Int J Obes (Lond). 2008;32(Suppl 7):S109–19.

13. Mohamad Nor NS, Ambak R, Omar MA, Shahar S, Abdul Aziz NS.
Methodology of the My Body is Fit and Fabulous at Home (MyBFF@ home):

Othman et al. BMC Women's Health 2018, 18(Suppl 1):102 Page 49 of 98

https://bmcwomenshealth.biomedcentral.com/articles/supplements/volume-18-supplement-1
https://bmcwomenshealth.biomedcentral.com/articles/supplements/volume-18-supplement-1


An Intervention Study to Combat Obesity Among Housewives in Malaysia. J
Womens Health, Issues Care 5. 2016;5:2.

14. MSA K, MRA M, NSM N, Ambak R. Effects of lifestyle intervention towards
obesity and blood pressure among housewives in Klang Valley: a
QuasiExperimental study. Malays J Med Sci. 2017;24:83–91.

15. Ministry of Health Malaysia. Malaysian Clinical Practice Guidelines: Management
of Type 2 Diabetes Mellitus. 5th ed; 2015. Available from: http://www.acadmed.
org.my/view_file.cfm?fileid=763. Accessed 17 Jan 2018.

16. Ministry of Health Malaysia. Malaysian clinical practice guidelines:
management of Obesity 2003; Available from: http://www.acadmed.org.my/
view_file.cfm?fileid=273 Accessed 17 Jan 2018.

17. Turk MW, Yang K, Hravnak M, Sereika SM, Ewing LJ, Burke LE. Randomized
clinical trials of weight loss maintenance. J Cardiovasc Nurs. 2009;24:58–80.

18. Lemstra M, Bird Y, Nwankwo C, Rogers M, Moraros J. Weight loss
intervention adherence and factors promoting adherence: a meta-analysis.
Patient Prefer Adherence. 2016;10:1547–59.

19. Maio GR, Verplanken B, Manstead ASR, Stroebe W, Abraham C, Sheeran P, et
al. Social psychological factors in lifestyle change and their relevance to
policy. Soc Issues Policy Rev. 2007;1:99–137.

20. Bishop SR, Lau M, Shapiro S, Carlson L, Anderson ND, Carmody J, et al.
Mindfulness: a proposed operational definition. Clin Psychol Sci Pract. 2006;
11:230–41.

21. Baker RC, Kirschenbaum DS. Self-monitoring may be necessary for successful
weight control. Behav Ther. 1993;24:377–94.

22. Avers D, Wharton MA. Improving exercise adherence: instructional strategies.
Top Geriatric Rehabil. 1991;6:62–73.

23. Gardner CD, Kim S, Bersamin A, Dopler-Nelson M, Otten J, Oelrich B, et al.
Micronutrient quality of weight-loss diets that focus on macronutrients:
results from the a TO Z study. Am J Clin Nutr. 2010;92:304–12.

24. Kimmons JE, Blanck HM, Tohill BC, Zhang J, Khan LK. Associations between
body mass index and the prevalence of low micronutrient levels among US
adults. MedGenMed. 2006;8:59.

25. Abete I, Astrup A, Martínez JA, Thorsdottir I, Zulet MA. Obesity and the
metabolic syndrome: role of different dietary macronutrient distribution
patterns and specific nutritional components on weight loss and
maintenance. Nutr Rev. 2010;68:214–31.

26. Bowen L, Taylor AE, Sullivan R, Ebrahim S, Kinra S, Krishna KVR, et al.
Associations between diet, physical activity and body fat distribution: a cross
sectional study in an Indian population. BMC Public Health. 2015;15:281.

27. Martinez JA, Navas-Carretero S, Saris WHM, Astrup A. Personalized weight
loss strategies - the role of macronutrient distribution. Nat Rev Endocrinol.
2014;10(12):749–60.

28. Goss AM, Goree LL, Ellis AC, Chandler-Laney PC, Casazza K, Lockhart ME, et
al. Effects of diet macronutrient composition on body composition and fat
distribution during weight maintenance and weight loss. Obesity. 2013;
21(6):1139–42.

29. Agus MS, Swain JF, Larson CL, Eckert EA, Ludwig DS. Dietary composition
and physiologic adaptations to energy restriction. Am J Clin Nutr NIH Public
Access. 2000;71:901–7.

30. Scazzina F, Del Rio D, Benini L, Melegari C, Pellegrini N, Marcazzan E, et al.
The effect of breakfasts varying in glycemic index and glycemic load on
dietary induced thermogenesis and respiratory quotient. Nutr Metab
Cardiovasc Dis. 2011;21:121–5.

31. Baillie RA, Takada R, Nakamura M, Clarke SD. Coordinate induction of
peroxisomal acyl-CoA oxidase and UCP-3 by dietary fish oil: a mechanism
for decreased body fat deposition. Prostaglandins Leukot Essent Fat Acids.
1999;60:351–6.

32. Bellissimo N, Akhavan T. Effect of macronutrient composition on short-term
food intake and weight loss. Adv Nutr. 2015;6:3025–85.

33. Piers LS, Walker KZ, Stoney RM, Soares MJ, K O’dea K. The influence of the
type of dietary fat on postprandial fat oxidation rates: monounsaturated
(olive oil) vs saturated fat (cream). Int J Obes Relat Metab Disord. 2002;26(6):
814–21.

34. Li D. Effects of macronutrient distribution on weight and related
Cardiometabolic profile in healthy non-obese Chinese: a 6-month,
randomized controlled-feeding trial. EBioMedicine. 2017;22:200–7.

35. Winkler JT. The fundamental flaw in obesity research. Obes Rev. 2005;6:
199–202.

36. Ludwig DS, Pereira MA, Kroenke CH, Hilner JE, Van Horn L, Slattery ML, et al.
Dietary fiber, weight gain, and cardiovascular disease risk factors in young
adults. JAMA. 1999;282:1539–46.

37. Rolls BJ, Ello-Martin JA, Tohill BC. What can intervention studies tell us about
the relationship between fruit and vegetable consumption and weight
management? Nutr Rev. 2004;62:1–17.

38. Burton-Freeman B. Dietary Fiber and energy regulation. J Nutr. 2000;130:
272S–5S.

39. Miles CW. The metabolizable energy of diets differing in dietary fat and
fiber measured in humans. J Nutr. 1992;122:306–11.

40. Karl JP, Saltzman E. The role of whole grains in body weight regulation.
Adv. Nutr. 2012;3(5):697–707.

41. Jones BH, Kim JH, Zemel MB, Woychik RP, Michaud EJ, Wilkison WO, et al.
Upregulation of adipocyte metabolism by agouti protein: possible paracrine
actions in yellow mouse obesity. Am J Phys. 1996;270:E192–6.

42. Xue B, Moustaid-N, Wilkison WO, Zemel MB. The agouti gene product
inhibits lipolysis in human adipocytes via a Ca2+−dependent mechanism.
FASEB J. 1998;12:1391–6.

43. Melanson EL, Donahoo WT, Dong F, Ida T, Zemel MB. Effect of low-and
high-calcium dairy-based diets on macronutrient oxidation in humans.
Obesity. 2005;13:2102–12.

Othman et al. BMC Women's Health 2018, 18(Suppl 1):102 Page 50 of 98

http://www.acadmed.org.my/view_file.cfm?fileid=763
http://www.acadmed.org.my/view_file.cfm?fileid=763
http://www.acadmed.org.my/view_file.cfm?fileid=273
http://www.acadmed.org.my/view_file.cfm?fileid=273

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	About this supplement
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

