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Introduction. (e effect of weight loss magnitude on cardiometabolic risk markers has been sparsely studied, particularly among
overweight and obese women from low socioeconomic areas.Objectives. To examine the association of weight loss magnitude with
changes in cardiometabolic risk markers in overweight and obese women from low socioeconomic areas engaged in a lifestyle
intervention.Methods. Analyses were performed on 243 women (mean body mass index 31.27± 4.14 kg/m2) who completed a 12-
month lifestyle intervention in low socioeconomic communities in Klang Valley, Malaysia. Analysis of covariance (ANCOVA)
was used to compare changes of cardiometabolic risk factors across weight change categories (2% gain, ±2% maintain, >2 to <5%
loss, and 5 to 20% loss) within intervention and control group. Results. A graded association for changes in waist circumference,
fasting insulin, and total cholesterol (p � 0.002, for all variables) across the weight change categories were observed within the
intervention group at six months postintervention. Participants who lost 5 to 20% of weight had the greatest improvements in
those risk markers (−5.67 cm CI: −7.98 to −3.36, −4.27 μU/mL CI: −7.35, −1.19, and −0.59mmol/L CI: −.99, −0.19, respectively)
compared to those who did not. (ose who lost >2% to <5% weight reduced more waist circumference (−4.24 cm CI: −5.44 to
−3.04) and fasting insulin (−0.36 μU/mLCI: −1.95 to 1.24) than those whomaintained or gained weight. No significant association
was detected in changes of risk markers across the weight change categories within the control group except for waist cir-
cumference and adiponectin. Conclusion. Weight loss of >2 to <5% obtained through lifestyle intervention may represent a
reasonable initial weight loss target for women in the low socioeconomic community as it led to improvements in selected risk
markers, particularly of diabetes risk.

1. Introduction

Obesity has become a significant public health threat around
the globe. Despite reducing the quality of life [1], obesity is
associated with noncommunicable diseases, including dia-
betes mellitus, coronary heart disease, stroke, and several

types of cancers [2, 3] as well as mortality [4]. Malaysia has
been battling with the problem for more than a decade,
whereby the prevalence of obesity in the adult population
ranked as the highest in South East Asia [5]. (e problem
also disproportionately affected women, particularly those
from a lower socioeconomic status.

Hindawi
Journal of Obesity
Volume 2020, Article ID 3198326, 10 pages
https://doi.org/10.1155/2020/3198326

mailto:geeta@upm.edu.my
https://orcid.org/0000-0003-4636-6529
https://orcid.org/0000-0001-9536-7451
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/3198326


Body weight loss of at least 3% from the baseline level is
considered as clinically relevant as such amount associated
with improvements in multiple cardiometabolic risk
markers [6, 7]. As reported recently, overweight/obese adults
who underwent 8 months of exercise training with at least
3% of weight loss significantly improved their insulin sen-
sitivity, acute insulin response, triglycerides, non-HDL
cholesterol concentration, low-density lipoprotein (LDL)
particle size, and high-density lipoprotein (HDL) particle
size [8]. (e findings were in line with previous studies
[9, 10] which demonstrated improvement in several car-
diometabolic risk markers with modest weight loss of ≥3%.
Additionally, PODOSA (Prevention of Diabetes and Obesity
in South Asians) trial showed that each 1 kg weight re-
duction, an achievable amount of weight loss, was signifi-
cantly associated with reductions in triglycerides, ALT,
GGT, leptin, insulin, fasting glucose, 2-hour glucose, and
HOMA-IR [11].

However, the data regarding weight loss intervention
and its effect on cardiometabolic risk markers among
overweight and obese women in the low socioeconomic
community are scant. Tackling the obesity problem among
low-income women presents unique challenges that warrant
attention if the weight loss interventions are to be effective.
(e most common perceived barriers to healthy eating and
physical activity encountered by these women were related
to cost [12], motivation, and support from spouse and family
[13], time and cultural issues [14] as well as safety concerns
[15]. Examining the data by weight change interval will
determine a proportion of individuals in a lifestyle inter-
vention who achieved a clinically relevant weight loss even
though the average weight loss is small or modest [16].
Additionally, promoting weight loss among obese women of
low-income was proven difficult with some reported small or
nonsignificant weight loss [17, 18].

Hence, the purpose of the present study was to (1)
determine the overall prevalence of participants achieving
weight loss of 5 to 10%, weight loss of >2 to <5%, weight
maintained (±2%) and weight gained (>2%) among over-
weight and obese women following a 6-month lifestyle in-
tervention and a 6-month maintenance period; (2) examine
the correlations between per cent weight loss and change in
cardiometabolic risk markers after 12 months; and (3)
compare the mean changes of those markers in women who
achieved 5 to 20% weight loss to those who did not in both
study groups.

2. Materials and Methods

2.1. Study Design and Population. (is study utilised data
from a lifestyle intervention among overweight and obese
women in low socioeconomic areas in Klang Valley, namely,
the My Body is Fit and Fabulous at home (MyBFF@home)
conducted from the year 2013 to 2015. Information on study
design and recruitment details were published elsewhere
[19]. Briefly, MyBFF@home was a quasiexperimental study
comparing women who received an intervention package to
the control group (N� 243). (e study was divided into two
phases: weight loss intervention phase (first 6 months) and

maintenance phase (6–12 months). During the weight loss
intervention phase, participants attended monthly 1-hour
individual diet counselling and moderate physical activities
(in a group format), separately. (e participants were ad-
vised on a reduced-calorie diet (1200–1500 kcal/day)
through education on food labelling, portion control, and
food substitution (low fat and low sugar choices). (ey were
also encouraged to do moderate physical activities, 7 days/
week. Self-monitoring tools such as pedometer, 3-day food
diary, and 3-day physical activity diary with MET calendar
were given to the participants to monitor their diet and
physical activities. During the maintenance phase, these
activities were not supervised by the study researchers, and
the frequency of contact was reduced to 2 sessions (at
months 9 and 12). (e control group received general
women’s health seminars during the follow-up sessions. (e
participants were recruited based on the following criteria:
(i) body mass index (BMI): 25 to 39.99 kg/m2, (ii) age: 18 to
59 years, (iii) not working/housewives, and (iv) able to speak
Malay/English. (ose who were morbidly obese (≥40 kg/
m2), pregnant, currently on weight management regime, or
had physical disability and comorbidities (i.e., hypertension,
diabetes, renal dysfunction) were excluded from the study.
Anthropometric measurements and cardiometabolic risk
markers were assessed at baseline, 6, and 12 months and
subsequently evaluated by study phases (i.e., weight loss
intervention phase (baseline to 6 months) and weight
maintenance phase (6 to 12 months)). All study participants
provided written informed consent before the study con-
duct. (e research protocol was approved by the Malaysian
Research Ethics Committee (MREC), trial no. NMRR-13-
726-16391.

2.2. Anthropometric Assessment. Weight was measured in
light clothing and without shoes using a digital scale in
kilograms (kg) (Tanita HD319, Japan). Waist circumference
(WC) was measured in centimetres (cm) at the midpoint
between the lower rib and the iliac crest in triplicate.
Measurement details were previously reported [19].

2.3. Cardiometabolic Risk Markers Assessment.
Cardiometabolic risk markers assessed in this study in-
cluding fasting plasma glucose (FPG), fasting insulin,
HOMA-IR as an indicator for insulin resistance, lipid
profiles, and adipokines such as adiponectin, high sensitivity
C-Reactive Protein (hs-CRP), and tumour necrosis factor-
alpha (TNF-α). Venous blood samples were collected after
10 hours of fasting. FPG, TC, HDL-C, LDL-C, and tri-
glycerides were analysed on clinical chemistry analyser (CS-
400 Dirui, China) using appropriate reagents, calibrators,
and controls (Randox Laboratories, UK). Plasma insulin was
measured using TOSOH AIA-360 system analyser (Tosoh
Corporation, Japan). Insulin resistance was assessed using
the homeostasis model assessment of insulin resistance
(HOMA-IR) which is calculated as fasting glucose (mmol/
L)× insulin (μU/mL)/22.5 [20]. (e serum levels of adipo-
nectin and TNF-α were measured by enzyme-linked im-
munosorbent assay (ELISA) (Quantikine ELISA, R&D
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system, Minneapolis, USA) according to the manufacturer’s
instruction. hs-CRP levels were determined by a high sen-
sitivity ELISA (IBL International GMBH, Hamburg,
Germany).

2.4. Statistical Analysis. Descriptive data were tabulated as
means± standard deviation (SD) or 95% confidence inter-
vals (95% CI) as appropriate.(e per cent weight change was
calculated as weight at time 2–weight at time (1)/weight at
time 1× 100%. (e participants in both study groups were
stratified into four weight change categories: (1) >2% gain,
(2) ±2%maintain, (3) >2 to <5% loss, and (4) 5 to 20% loss of
initial body weight [21]. Due to the small number of par-
ticipants who lost >10 to 20% of initial weight (i.e., less than
5 participants in each study phase), the category was
combined with those who had 5 to 10% weight loss in a
single category (5 to 20%).

(e baseline characteristics across the weight change
category were compared using analysis of variance
(ANOVA), and statistically different variables were used as
covariates in the later analysis. (e distribution of partici-
pants in the intervention and control group by weight
change category were compared using the chi-square test.

(e correlations between the magnitude of weight loss and
cardiometabolic risk markers were assessed using Spear-
man’s (nonadjusted) and partial correlation (controlling for
age, baseline weight, and baseline measurement of variable
outcomes) by study groups.

(e mean changes in the outcome variables were
stratified by weight change category, and the differences
were evaluated using analysis of covariance (ANCOVA)
within intervention and control groups. (e covariates
within the statistical model included age, baseline weight,
and baseline measurements of variable outcomes. (e
ANCOVA analyses were verified for the equal group vari-
ance, independence of covariate and treatment effects, and
homogeneity of regression slopes.(e results were presented
in estimated marginal means with 95% CI. All statistical
analyses were conducted using Statistical Package for Social
Science (SPSS) for Windows© version 22.0 (Chicago, IL,
US). (e analyses were tested at two-sided, and the sig-
nificance level was set at p< 0.05.

3. Results

3.1. Baseline Characteristics of Participants byWeight Change
Category. Table 1 presents the baseline characteristics of

Table 1: Baseline characteristics of participants in the control and intervention group stratified by weight change category after 12 months.

Cardiometabolic risk
markers

Control Intervention
>2%
gain

±2%
maintain

>2–<5%
loss

5–20%
loss

p

value
>2%
gain

±2%
maintain

>2–<5%
loss

5–20%
loss p value

N 35 43 19 17 27 58 27 17

Age, year 41.17 42.26 43.74 41.00 0.667 40.74 42.95 42.22 43.29 0.640
(8.09) (7.80) (7.12) (9.31) (8.83) (8.12) (5.85) (8.59)

Weight, kg 71.97 71.54 76.30 70.31 0.337 76.35 77.08 72.94 79.83 0.235
(12.99) (9.25) (12.44) (10.99) (11.54) (9.88) (10.96) (15.31)

BMI, kg/m2 30.83 30.78 32.23 29.20 0.179 31.78 32.04 30.12 32.83 0.133
(4.44) (3.52) (4.59) (3.91) (3.99) (4.12) (3.86) (4.56)

WC, cm 90.53 93.07 95.97 90.66 0.160 96.08 94.64 93.04 98.86 0.289
(10.34) (7.32) (11.64) (6.91) (10.78) (9.47) (9.23) (12.73)

FPG, mmol/L 5.50 5.48 6.16 5.72 0.328 5.55 5.42 5.77 6.21 0.474
(0.64) (0.85) (1.66) (1.11) (0.75) (0.60) (2.20) (2.48)

Insulin, μU/mL 7.92 9.87 10.37 9.77 0.351 10.61 9.17 9.15 15.03 0.043
(1.61) (1.66) (1.78) (1.94) (1.83) (1.90) (1.89) (1.64)

HOMA-IR 1.94 2.37 2.93 2.46 0.229 2.83 2.19 2.26 4.02 0.019
(1.70) (1.75) (2.01) (2.12) (2.03) (2.00) (1.95) (1.92)

TC, mmol/L 5.56 5.72 6.05 5.50 0.338 5.74 5.62 5.33 5.66 0.398§

(1.10) (1.16) (0.82) (1.15) (1.06) (0.86) (0.95) (1.46)

LDL-C, mmol/L 4.47 4.64 4.94 4.35 0.527 4.63 4.50 4.13 4.42 0.394
(1.29) (1.42) (1.28) (1.20) (1.43) (0.88) (1.00) (1.41)

HDL-C, mmol/L 1.36 1.37 1.42 1.43 0.699 1.32 1.33 1.30 1.26 0.674
(0.26) (0.22) (0.21) (0.23) (0.25) (0.21) (0.24) (0.26)

Triglycerides, mmol/L 1.21 1.36 1.70 1.21 0.052 1.47 1.23 1.38 1.52 0.283
(0.71) (0.63) (0.56) (0.62) (0.66) (0.45) (0.86) (0.95)

TNF-α, μg/mL 10.81 11.36 10.65 8.88 0.294 11.59 10.53 10.40 11.41 0.459
(2.52) (3.57) (3.78) (3.68) (3.12) (2.56) (1.84) (3.83)

Adiponectin, μg/mL† 6.27 6.41 7.20 13.74 0.092 10.27 5.81 4.29 4.02 <0.001
(1.54) (2.36) (3.15) (2.48) (1.99) (2.03) (1.95) (1.41)

Hs-CRP, mg/L† 2.37 3.16 4.17 3.99 0.341 5.88 3.64 1.77 3.68 0.002
(2.12) (3.13) (1.81) (2.33) (3.64) (2.29) (3.17) (2.03)

Note. Data were presented as mean± SD. p value indicates the statistical significance of the ANOVA test for comparison between weight change categories.
Values in bold indicate statistical significance at p< 0.05.
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participants in both study groups according to weight
change after 12 months. One-way ANOVA revealed that
there were no statistically significant differences in baseline
mean of outcome variables across the weight change cate-
gory in either the intervention or control group except for
fasting insulin, HOMA-IR, adiponectin, and hs-CRP in the
intervention group. (ose who gained >2% of initial weight
showed higher baseline levels of adiponectin and hs-CRP. In
contrast, individuals who lost 5 to 20% of weight had higher
baseline levels for fasting insulin and HOMA-IR. (e
baseline levels of these variables were considered as cova-
riates in the later analyses.

3.2. Distribution of Participants by Weight Change Category.
(e distribution of participants in each weight loss category
was summarised in Figure 1. More participants in the
control group lost between 5 to 20% weight at 6 months
postintervention and 12 months after the maintenance
period end compared to the participants in the intervention
group (i.e., 16.7% vs. 9.3% and 9.6% vs. 7.8%, respectively).
Nevertheless, the intervention group showed a higher

proportion of those who lost between >2% to <5% and
maintained ±2% of weight (i.e., 34.9% vs. 25.4% and 44.2%
vs. 42.1%, respectively) and less weight gained (11.6% vs.
15.8%) than the control group at 6 months.

However, the proportion of those losing >2 to <5% and 5
to 20% weight dropped by 1.5% and 7.1% in the intervention
and control groups, respectively, during the weight main-
tenance phase. While the proportion of weight gained >2%
increased approximately threefold in both study groups,
only a slight decrease was observed in the proportion of
participants who maintained their weight during this phase.
However, the chi-square test revealed no statistically sig-
nificant differences across weight loss categories between
study groups in both study phases.

3.3. Correlation of Change in Cardiometabolic Risk Markers
withPercentWeightLoss after 12Months. Correlations of the
magnitude of changes between weight in percentage and
cardiometabolic risk markers after 12 months were pre-
sented in Table 2. In the intervention group, change in
weight positively correlated to changes in WC (r� 0.366),
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Figure 1:(e proportion of participants in the intervention (n� 129) and control (n� 114) groups according to the weight change category
during (a) weight loss intervention phase and (b) maintenance phase.Note. p value indicates the statistical significance of the chi-square test
used to examine the between-group difference in the proportions of participants with different weight change categories, significant at
p< 0.05.

4 Journal of Obesity



fasting insulin (r� 0.228), HOMA-IR (r� 0.270), and FPG
(r� 0.228) after adjusting for covariates, whereas weak
correlations were found for changes in other lipid measures
and inflammatory markers. Significant correlations were
also observed in the control group between change in weight
and changes in WC, fasting insulin, and HOMA-IR
(0.218≤ |r|≤ 0.278). However, the magnitude of these cor-
relations was smaller compared to the intervention group.
(e changes in other risk markers showed a weak correlation
to change in weight.

3.4. Association of Weight Change with Improvement in
Cardiometabolic Risk Markers during the Weight Loss In-
tervention Phase. Table 3 demonstrates the mean changes in
cardiometabolic risk markers according to categories of
weight change during the weight loss intervention phase. A
significant association for changes in WC, fasting insulin,
and TC (p � 0.002, for all variables) across the weight
change categories were observed within the intervention
group where participants who lost 5 to 20% weight showed
the most favourable changes compared to other weight
change categories. In direct comparison, improvements in
WC and fasting insulin of participants who lost >2% to <5%
were greater than those who maintained ±2% weight and
gained >2% weight, albeit insignificant difference between
the categories. In contrast, the magnitude of improvements
in other markers did not significantly differ across the weight
change categories.

Similarly, the control group exhibited a graded associ-
ation for changes in WC where more reduction in WC
occurred with higher weight loss. (ose who lost 5 to 20% of
initial weight increased adiponectin levels substantially than
those who gained or maintained weight (p< 0.001). No
significant association was detected in changes of other
markers across the weight change categories.

3.5. Association of Weight Change with Improvement in
Cardiometabolic RiskMarkers during theMaintenance Phase.

(e mean changes in cardiometabolic risk markers across
categories of weight change during the weight loss main-
tenance phase were presented in Table 4. Both study groups
showed a significant graded association between weight
change and improvement in WC (p< 0.01 for both groups).
(ereby participants who lost between >2 and <5% and 5 to
20% weight had more WC reduction than those who
maintained and gained weight, whereas no significant dif-
ferences were found in mean changes of other risk markers
when compared across the weight change categories during
this phase.While in the control group, there was a significant
difference between mean changes in HDL-C (p � 0.018), the
improvement was observed in those who gained weight
compared to the other weight change categories.

4. Discussion

(e present study showed that the majority of participants
either lost >2 to <5% of weight or maintained their weight
(±2% of initial weight) following a 6-month lifestyle in-
tervention, and the proportion was higher than that in the
control group. Although such an amount of weight loss was
trivial, it was observed that the lifestyle intervention assessed
in this study may have prevented further weight gain.
Prevention of weight gain is equally essential in a weight loss
programme which not only may attenuate the obesity rate
but also reduce the risk of chronic diseases including T2DM,
CVD, cancer, and nontraumatic death [22]. However, the
short-term effects of weight loss were not sustained during
the weight maintenance phase.

Of interest, participants in the control group showed
improvement in weight whereby the proportions of those
losing 5 to 20% weight were relatively higher in both study
phases compared to the participants in the intervention
group. Unanticipated improvement in the control group was
common in a controlled intervention study as individuals
who are willing to participate often have a strong desire and
motivation to change their habits [23]. As a matter of fact,
findings from the main paper of this study [19] found that
over 70% of participants in both the groups attempted

Table 2: Correlations between changes in cardiometabolic risk markers and per cent weight change over 12 months.

n
Δweight (in percentage)

Control Intervention
Unadjusted Adjustedb Unadjusted Adjustedb

ΔWC, cm 243 0.341∗∗∗ 0.278∗∗ 0.370∗∗∗ 0.366∗∗∗
ΔFPG, mmol/L 243 −0.033 −0.076 0.144 0.228∗
ΔFasting insulin, μU/La 221 0.254∗ 0.218∗ 0.301∗∗ 0.280∗∗
ΔHOMA-IRa 212 0.174 0.225∗ 0.233∗ 0.270∗∗
ΔTriglycerides, mmol/L 243 0.112 0.083 0.092 0.144
ΔTC, mmol/L 243 0.033 0.021 −0.004 0.040
ΔHDL-C, mmol/L 243 0.173 0.131 −0.011 −0.038
ΔLDL-C, mmol/L 243 0.093 0.066 −0.060 −0.021
ΔAdiponectin, μg/mLa 149 0.103 0.056 0.107 0.145
ΔHs-CRP, mg/La 149 0.313∗∗ 0.134 −0.087 −0.101
ΔTNF-α, pg/mL 149 −0.010 −0.029 −0.096 0.014
Note.Data were presented as correlation coefficient (r). Δ indicates a change in the variables between baseline to 12 months.adata were log-transformed prior
analysis. bSpearman’s partial correlation was adjusted for age and baseline weight. Values in bold indicate statistical significance at ∗p< 0.05, ∗∗p< 0.01,
∗∗∗p< 0.001.
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weight reduction prior to the intervention through multiple
ways including fasting, exercising, taking slimming pills and
herbs, and controlling diet. Hence, the control group could
be contaminated with individuals who are health-conscious
and become motivated with subsequent follow-up by the
study researchers during data collection (i.e., weight, food,
and physical activity diaries). (ese findings also indicate
that health awareness and subsequent weight-monitoring
may be adequate to trigger behavioural changes among
individuals in a socioeconomically disadvantaged
community.

Nonetheless, the proportion of individuals achieving at
least 5% weight loss in the present study was lower compared
to other intervention studies among overweight and obese
women in the low-income community ranging from 19% to
almost 50% [24–26]. (ose studies emphasised on overall

excellence follow-up, adherence to the interventions, ac-
ceptability, and feasibility of the intervention that contrib-
uted to successful weight loss. Unlike previous studies, the
intervention package in this study was less intense as the
participants were mostly homemakers and occupied with
house chores and other family related commitments. Ad-
ditionally, the intervention was lack of behavioural com-
ponent to promote substantial weight loss and this could be
considered in designing future studies [27].

(e magnitude of weight change after one-year was
found significantly correlated to WC, fasting insulin,
HOMA-IR, FPG, and triglycerides in the intervention group.
(e findings suggest that changes in those markers can be
attributed to weight loss induced through lifestyle inter-
vention. Significant correlations were also observed in the
control group between change in weight and improvements

Table 4: Mean changes in cardiometabolic risk factors by category of weight loss in the maintenance phase.

Cardiometabolic risk
markers

Maintenance phase (6 to 12 months)
Control Intervention

>2% gain ±2%
maintain

>2–<5%
loss 5–20% loss p

value
>2% gain ±2%

maintain
>2–<5%
loss 5–20% loss p

valuen� 44 n� 45 n� 16 n� 9 n� 49 n� 57 n� 13 n� 10

WC, cm
1.05 −1.09 −4.67a −1.37 0.001 0.26 −0.69 −4.59a −3.26 0.008

(−0.32,
2.42)

(−2.44,
0.26)

(−7.00,
−2.35)

(−4.59,
1.85)

(−1.13,
1.66)

(−1.98,
0.60)

(−7.31,
−1.88)

(−6.41,
−0.11)

FPG, mmol/L
0.17 −0.21 −0.57 0.40 0.003 −0.07 −0.24 −0.31 −0.30 0.584

(−0.11,
0.46)

(−0.48,
0.07)

(−1.05,
−0.09)

(−0.26,
1.05)

(−0.29,
0.14)

(−0.44,
−0.04)

(−0.74,
0.11)

(−0.78,
0.19)

Fasting insulin, μU/
mL∗

1.20 2.10 −1.33 1.26 0.619 1.30 −0.60 0.22 3.74 0.375
(−1.15,
3.56)

(−0.18,
4.38)

(−6.01,
3.34)

(−4.31,
6.83)

(−0.85,
3.44)

−2.57,
1.38)

(−3.83,
4.26)

(−1.92,
9.40)

HOMA-IR∗
0.23 0.47 0.04 −0.24 0.813 0.36 0.31 0.60 −0.61 0.707

(−0.51,
0.97)

(−0.17,
1.11)

(−1.35,
1.43)

(−1.81,
1.33)

(−0.31,
1.04)

(−0.32,
0.95)

(−0.67,
1.87)

(−2.25,
1.04)

Triglycerides, mmol/
L

0.10 −0.16 0.04 −0.35 0.207 −0.04 −0.18 −0.09 0.13 0.527
(−0.11,
0.31)

(−0.37,
0.05)

(−0.32,
0.40)

(−0.85,
0.15)

(−0.24,
0.15)

(−0.36,
0.00)

(−0.47,
0.29)

(−0.31,
0.57)

TC, mmol/L
0.30 0.22 0.26 −0.26 0.414 −0.07 −0.01 −0.33 0.19 0.493
(0.04,
0.55)

(−0.03,
0.47)

(−0.18,
0.70)

(−0.86,
0.34)

(−0.30,
0.16)

(−0.22,
0.20)

(−0.77,
0.12)

(−0.32,
0.70)

HDL-C, mmol/L
0.06 −0.07 −0.09 −0.14 0.018 −0.03 −0.04 −0.12 −0.07 0.521

(−0.01,
0.12)

(−0.13,
−0.00)

(−0.21,
0.03)

(−0.30,
0.02)

(−0.08,
0.03)

(−0.09,
0.01)

(−0.22,
−0.01)

(−0.20,
0.05)

LDL-C, mmol/L
−0.16 −0.46 −0.45 −0.99 0.051 −0.34 −0.34 −0.89 0.35 0.251
(−0.41,
0.09)

(−0.71,
−0.22)

(−0.88,
0.02)

(−1.58,
0.40)

(−0.56,
−0.12)

(−0.55,
−0.14)

(−1.32,
−0.47)

(−0.14,
0.83)

TNF-α, pg/mL∗
−5.93 −6.57 −11.60 −7.11 0.050 −6.93 −6.72 −5.50 −6.05 0.939
(−7.75,
−4.11)

(−8.13,
−5.00)

(−15.5,
−8.05)

(−12.45,
−1.65)

(−8.98,
−4.87)

(−8.68,
−4.76)

(−9.73,
−1.25)

(−15.00,
−2.91)

Adiponectin, μg/mL∗
−0.41 0.89 0.26 0.75 0.886 0.47 −0.91 0.67 1.10 0.287
(−1.45,
0.62)

(0.00,
1.78)

(−1.76,
2.27)

(−2.33,
3.82)

(−0.68,
.61)

(−1.99,
0.17)

(−1.68,
3.03)

(−3.74,
5.94)

Hs-CRP, μg/mL∗
0.90 −0.30 −1.99 7.27 0.071 −0.08 2.54 2.89 2.59 0.166

(−1.11,
12.90)

(−2.03,
1.42)

(−5.91,
1.93)

(1.31,
13.23)

(−1.86,
1.70)

(0.86,
4.22)

(−0.73,
6.51)

(−4.86,
10.03)

Note. Data were presented as estimated marginal mean (95% CI). aSignificant difference as relative to >2% weight gain. bSignificant difference as relative to
±2% weight maintained. ∗(e number of participants for Insulin, HOMA-IR, and inflammatory markers is as follows: Insulin. CON: >2% gain: 40, ±2%
maintain: 42, >2–<5% loss: 11 and 5–20% loss: 8. INT: >2% gain: 46, ±2% maintain: 52, >2–<5% loss: 13 and 5–20% loss: 8. HOMA-IR. CON: >2% gain: 31,
±2%maintain: 41, >2–<5% loss: 10 and 5–20% loss: 8. INT: >2% gain: 46, ±2%maintain: 52, >2–<5% loss: 13 and 5–20% loss: 8. Inflammatory markers. CON:
>2% gain: 25, ±2% maintain: 34, >2–<5% loss: 7 and 5–20% loss: 3. INT: >2% gain: 33, ±2% maintain: 37, >2–<5% loss: 8 and 5–20% loss: 2.
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in WC, fasting insulin, and HOMA-IR. (e correlations
within the control group were expected due to similar av-
erage weight loss to the intervention group (−0.10 kg vs.
−0.11 kg, respectively) after one year as reported in the main
study [28], whereas no significant correlation was detected
for changes in other lipids and inflammatory markers with
weight loss.

Furthermore, a significant graded association was found
between weight loss and changes in WC, fasting insulin, and
TC following six months of intervention but the association
disappeared during the weight maintenance phase. More
reduction was seen in WC as more weight loss occurred and
this clear association was found in both study groups. In-
terestingly, WC reduced in each weight loss category during
both study phases. Also, those who lost >2 to <5% of weight
reduced WC by more than 3 cm which is likely to alleviate
the aggregation of risk factors that contribute to metabolic
syndrome [29]. (e findings suggest significant health
benefits over the one-year course to women in this cohort as
they had an abdominal obesity problem and by reducing
WC may lower the risk of CVD and T2DM [30],whereas
more reduction in fasting insulin level occurred in those who
lost at least >2% weight compared to those who maintained
or gained weight in the intervention group. Previous studies
among overweight and obese postmenopausal women have
shown a significant dose-response relationship in changes of
FPG, fasting insulin, and HOMA-IR with percentage weight
loss following one-year of reduced-calorie programme and/
or moderate-to-vigorous intensity aerobic activity [31]. (e
study also showed improvements in the risk markers even
within <5% weight loss group. Significant improvements in
HOMA-IR were also reported in overweight and obese
women who lost 3 to 4.9% weight (−0.48) and obtained a
clinically significant weight loss≥ 5% (−0.60) after six
months of aerobic training [32]. (e findings were com-
parable to the present study, although no significant asso-
ciation was found in the changes of HOMA-IR and weight
loss in the intervention group.

For lipid profiles, only TC showed a significant associ-
ation with weight loss during the weight loss intervention
phase within the intervention group. TC was greatly reduced
(−0.59mmol/L 95% CI: −0.99 to −0.19) in individuals who
lost between 5 to 20% compared to other weight change
categories. Conversely, Swift et al. [32] reported no differ-
ences in TC level across the weight change categories among
postmenopausal overweight and obese women participating
in a 6-month exercise training. In a weight loss trial among
overweight and obese women [33], TC level was reduced
regardless of the amount of weight loss achieved where the
participants had elevated baseline levels whereas LDL-C and
triglycerides were improved only in those who lost >10%
weight. A systematic review [34] included lifestyle inter-
ventions among adults with baseline BMI< 35 kg/m2

showed significant beneficial changes in lipid profiles fol-
lowing modest weight loss at 2 to 3 years follow-up.
However, the review concluded that the association di-
minished over the long term suggesting other lifestyle factors
such as dietary fat intake, per se caloric restriction, and
physical activity that also need to be sustained.

(ere are several limitations to the present study worth
mentioning. (e present study utilised data from a qua-
siexperimental study which does not involve randomisation.
Although the study design offers the feasibility to conduct in
the community, it may have introduced a bias in selection
and limits external validity. Nevertheless, no compelling
differences were observed in the baseline characteristics and
most of the variables outcomes between the study groups
[35]. (e baseline differences in some of the markers were
taken into account in the analysis.

Also, although the study locations of the intervention
and control groups were separated geographically (inter-
vention group at north and control group at the south of
Klang Valley), there may be a chance of control contami-
nation as the radius of the study locations were just below 30
kilometres. To limit the contamination between the groups,
participants were followed up at their respective residences
on different days. (e present study included women living
in Projek Perumahan Rakyat/Awam (PPR/PPA), a low so-
cioeconomic community in Klang Valley which were pre-
dominantly Malay and were healthy upon participation in
the intervention. (erefore, the findings were unable to be
generalised to other populations of low-income women
residing in different geographic locations. (is study was
also not powered to detect significant differences between
groups in cardiometabolic risk markers as it was in accor-
dance with the main study (i.e., to detect significant dif-
ferences in body weight). Hence, the insignificant
relationships between weight changes and improvements in
some of the cardiometabolic risk markers should be inter-
preted with caution.

(ough it was clearly shown that the degree of im-
provement in selected risk markers was related to the
magnitude of weight loss, other factors such as changes in
diet and physical activity may also result in positive im-
pacts on those risk markers. However, it is impossible to
discriminate the effects of weight loss per se with other
impacts from the intervention components in the pro-
gramme promoted. (e present study focused on weight
change per se to address the benefits of clinically relevant
weight loss on cardiometabolic risk markers. However,
other indicators of adiposity including body fat mass and
visceral fat mass may have relationships with the mag-
nitude of weight loss and more relevant to changes in
cardiometabolic risk markers.

(e strengths of the present study include the first
weight loss intervention study focusing on low socio-
economic women, a group with increasing rates of obesity
as well as having a challenging environment for a healthy
lifestyle. Furthermore, the findings owing to limited
obesity research among adults in Malaysia whereby most
studies were conducted as cross-sectional, qualitative, and
systematic reviews and only a small number of inter-
vention studies were currently published [36]. Perhaps,
evaluating the association of the magnitude of weight loss
to changes in cardiometabolic risk markers occurring
within a tailored weight loss intervention may suggest the
benefits of modest weight loss to cardiometabolic health
among these women.
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5. Conclusion

(e findings of the present study suggest that weight loss of
>2% to <5% obtained through a short-term lifestyle inter-
vention could improve risk markers including WC and
glucose homeostasis in overweight and obese women of low
socioeconomic level. (e findings also reaffirm the benefits
of a more achievable weight loss target to encourage women
in this group to change their lifestyle to a healthier one.
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