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Abstract Various diets with different macronutrient
compositions have been designed and practiced to achieve
desirable weight loss. However, evidence on the benefits
and risks of these diets over long- term duration on weight
loss and fasting serum lipid is still scarce with different
opinions and perspectives. A systematic literature search
for relevant eligible trials was conducted on randomized
controlled trials (RCTs) with parallel design that examined
the effects of weight loss diet on body weight and fasting
serum lipid, in overweight or obese adults aged 18 to 50
years old; focusing on calorie restriction with specific
macronutrient distribution. Nine trials with a total of 1016
individuals fulfilled inclusion criteria. After 12 months,
low carbohydrate diet (LC) showed significant increment
in body weight (weighted mean difference, 1.22kg: 95%
confidence interval (CI), 0.17 to 2.28, P=0.02) and
triglyceride (TG) value (weighted mean difference,
0.11mmol/L, 95% CI: 0.02, 0.19, P=0.01). Low-density
lipoprotein  cholesterol (LDL-C) and high-density
lipoprotein (HDL-C) did not significantly change after
both diets. In conclusion, the long term use of LC should be
reconsidered due to unfavorable effect of LC on weight
changes and TG. Nevertheless, more long term studies are
warranted to confirm the efficacy and safety of these
weight loss diets.

Keywords Weight-reducing Diet, Obesity, Dietary
Intervention, Macronutrient Distribution

1. Introduction

Obesity prevalence has increased by more than two-fold
since 1980. In 2014, more than 1.9 billion adults aged18
years and older, were overweight. Of these, over 600
million were obese [1]. In Malaysia, between 1996 and

2011, the prevalence of both overweight and obesity
among adults aged >18 years old had increased
tremendously [2]. The prevalence for overweight was
16.6%, 29.1% and 29.4% in 1996, 2006 and 2011
respectively [2]. As for obesity, the increment was from
4.4%, 14% and 15.1% in 1996, 2006 and 2011 respectively
[2]. The major determinants of obesity are complex, but
clearly involved new or altered interactions with the
environment, particularly related to food supply, eating
behaviours, family-work culture and practices,
socio-economic status, urban design and public policy [3,
4]. Obesity has been shown to be associated with a broad
range of health issues ranging from specific diseases such
as type-2 diabetes and hypertension, impaired quality of
life, psychosocial disturbance, and limited access to quality
healthcare [5S]. The link between obesity and
cardiovascular disease (CVD) has been established, in
which obesity predisposes a person to a number of
cardiovascular risk factors such as impaired glucose
tolerance and type 2 diabetes, hypertension, dyslipidemia
and sleep apnea. The possible factors that relate these two
components have been discussed in Dixon, J.B (2010) [5].

Dietary intake is one of the important factors that
involve in the primary prevention of obesity and/or its
associated unfavorable health consequences. Low
carbohydrate diet (LC) has become a popular alternative to
conventional low fat diet (LF) for weight loss. Numerous
studies have been conducted to compare the effectiveness
of both diets on weight loss and lipid profile with
inconclusive results. LC was found to be more effective for
weight loss and cardiovascular risk factor reduction than
LF [6-8] whilst LF showed significant improvement in
total cholesterol (TC) and low- density lipoprotein (LDL)
in other study [9]. In contrast, both LC and LF may be
equally ineffective as the average amount of weight loss on
both diets when practiced beyond one year has been
modest and some also showed negligible results [10].
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Nonetheless, weight loss can be successfully achieved
independent of macronutrient composition when coupled
with behavioral treatment, exercise and long term
adherence to the diet [11, 12].

In order to ensure adequate intake of essential nutrients
and reducing risk of chronic disease, Institute of Medicine
has set the Acceptable Macronutrient Distribution Range
(AMDR) as following; Carbohydrate: 45-65%, Protein:
10-35% and Fat: 20-35% as a reference for healthy
population [6]. Despite this, there were many contradictory
guidelines for weight management, dietary treatment of
obesity, and prevention of CVD and their corresponding
effects on CVD risk factors with respect to macronutrient
distribution alteration. The debate regarding which diet is
superior to the others for obesity treatment has become
intense especially on the effects of diet on weight loss and
lipid profile in long term. Our objective was to examine the
efficacy of weight-loss intervention diets with different
macronutrient composition in promoting weight loss and
improving lipid profile with notable focus on sustained
weight loss at > 12 months.

2. Materials and Methods

Systematic search was done through Medline, Cochrane
Central Register of Controlled Trials and Scopus databases,
using the query ‘weight loss diet OR reducing diet” AND
‘weight reduction OR weight loss’ AND “fasting serum
lipid OR HDL OR LDL OR triglyceride OR total
cholesterol”. The search was conducted to identify
randomized controlled trials that analyzed the effects of
weight loss diets on body weight changes and fasting
serum lipids published between January 2005 and June
2015. Additional articles were selected from reference lists
of included studies, relevant reviews and previous meta-
analyses.

2.1. Inclusion Criteria

The inclusion criteria for studies to be included in this
review were:

1) randomized controlled trials with parallel design.

2) involved overweight or obese adults aged 18 to 50
years old.

3) RCTs that involved intervention on weight
reducing diet only with or without control diet.

4) diet experimented in the studies focusing on calorie

restriction with specific macronutrient distribution.

5) articles published between January 2005 and June
2015.

6) articles in English.

7) studies with intervention duration of >12 months.

8) studies that reported the measures of weight loss in
absolute change of weight loss, percentage of
weight loss, and body mass index changes relative
to baseline with body weight measured using
validated and calibrated tools on fasting serum
lipid with absolute changes in triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), total
cholesterol (TC) pre and post intervention.

2.2. Exclusion Criteria

The studies were excluded from this review if 1) studies
that involved subjects with obesity comorbidities (such as
diabetes mellitus, cancer, epilepsy, hypertension) or altered
endocrinological state (such as pregnancy or menopause);
2) studies that were confounded with factors that may
affect weight loss such as medication/ supplements used
and interventions that combined diet with exercise; 3)
studies that involved children and elder; 4) incomplete
review articles or abstract papers or published articles.

2.3. Data Extraction and Analysis

Data on study characteristics, study population,
demographic and clinical characteristics and use of any
co-interventions (e.g.: exercise, nutritional counselling,
supplement/meal replacement used) were extracted using
standardized form. Nutritional counselling was defined as
any additional, clearly specified individual or group
meeting with registered dietitian, nutritionists or other
healthcare professionals or research staff, with training or
experience in obesity management. Outcome data were
extracted for the longest follow up time available. In
studies where authors used multiple statistical methods, we
extracted the results of their primary analysis. Our primary
end points were sustained body weight loss (mean change
final — baseline) while secondary end points were mean
change in TC, TG, LDL-C and HDL-C over the study
duration.



42 A Systematic Review on Long Term Effects of Weight Loss Diet on Body Weight and Lipid
Profile: Findings from Randomized Controlled Trials

Articles identified
through
MEDLINE
(n=3783)

Articles identified
through Cochrane
(n=677)

Arficles
dentified
through Scopus
(n=1333)

¥ ¥ k4

Tifles/abstract screensd

- Mot in healthy population (n=1433)

- Invelve exercize prescription (n=237)
o Smdy duration < 12 months (n= 363)

L Mot related to calorie restriction (n=470)
Do not measure FSL (n=108)

- Invelve elderly (n=9)

L Usze of meal supplement'medication (n=1447)

Articles excluded
(m=5T35)
- Cross over study (n=212)
- Mot relevant (n=84%)
- Animal studisz (n=216)
-NotRCT (n=T%)
- Involve child (n=064)
- Conference abstract (n=1)

(n=3816)

Articles after removal of
duplicates
(n=4%)
I

Studies included in review

(n=5)

- Mot in healthy population (n=3)

- Invelve exercize prescription (n=12)

L Do not measure FSL (n=2)

L - Mot related fo calorie restriciion (n=3)

- Mo specific macronuirient distribution{n=4)
- Usze of meal supplement'medication (n= 1)
- S tudy duration < 12 months (n=2)

Full- text articles exclud ed
(n=40)
- Mot relevant (n=3)
-NotBCT (n=2)
- Invelve elderly (n=2)
- Sub- study'sub- analyeis (n=2)

Figure 1.
controlled trial; FSL, fasting serum lipid

2.4. Statistical Analysis

A meta-analysis was undertaken for each
dietary-intervention subgroup when appropriate (8 of 9
trials) using Revman 5.3 software (Cochrane Information
Management System). The heterogeneity was calculated
using Cochrane’s Q (Chi2) statistic and the inconsistency
was measured (I2) across trials. The method used in the
meta-analysis (random- or fixed-models) was determined
by the degree of heterogeneity. Sensitivity analyses were
conducted to explore heterogeneity.

3. Results

Initial search yielded 5816 potentially relevant articles
(Figure 1). After screening the titles and abstracts as well as
removal of duplicates between databases, 49 studies were
retrieved for full- text article. Nine studies met eligibility
criteria and included in this review, with data from 1016
trial participants (511 participants from low carbohydrate
diet (LC) and 505 participants from low fat diet (LF)).
Included trials were grouped into LC and LF based on their
macronutrient composition for further analysis. The goal of
carbohydrate composition for LC group was <45% of total
energy intake whilst fat consumption goal for LF group

Study-flow diagram showing the number of studies screened, assessed for eligibility, and included in the review. RCT, randomized

was <30% of energy intake. Majority of the trials in LF
group showed higher completion rate at the end of the
study as compared to LC group except for one trial [13]
which showed the vice versa. Out of nine trials, only five
trials [13—17] fully described the reasons for losses to
follow up.

Studies were excluded from the meta-analysis but
included in the results section (Table 1) if data were not
available [18]. The eight studies included in the meta-
analysis were RCTs with dietary interventions ranged from
12 months [13—17, 19, 20] to 24 months [11]. The studies
included in this review assessed the effects of only weight
reducing diet interventions with specific macronutrient
distribution. Table 1 shows the characteristics of the nine
trials; whilst Table 2 summarizes the participant’s
characteristics in each trial. Healthy overweight or obese
individuals, whose mean age ranged from 27 to 52 years
(Table 2) were included in this review.

All participants in the trials included in this review were
free- living individuals who bought and/or prepared their
own food except for one trial [9] in which the food were
provided for the first 24 weeks of study duration. Changes
in body weight are shown in Table 3 and lipid values in
Table 4, 5, 6 and 7.



Universal Journal of Public Health 6(2): 40-48, 2018

Table 1.
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General Characteristics of Trials

Study

Inclusion criteria

Interventions

J.B Keogh et al (2007)

Age 20-65 years old, BMI 27-40kg/m?,
fasting serum insulin >151U/1

Diet Composition: High monounsaturated fat diet (30:20:50) High protein
diet (30:40:30). Total calorie prescription 6000 kJ (1434 kcal) per day

TP Wycherley et al (2012)

Males, Age 20- 65 years old, BMI
27-40k g/my?

Diet Composition: High protein diet (40:35:25), High carbohydrate diet
(58:17:25)

Ebbeling et al (2007)

Age 18-35 years old, BMI >30kg/ny

Diet Composition: LC (40:25:35), LF (55:25:20)

Das et al(2007)

BMI 25-30kg/my?

Diet Composition : LC (40:30:30), LF (60:20:20) Phase 1: 7 week baseline
period (subject asked to maintain stable weight and continue usual dietary
intake Phase 2: 24- week calorie restriction phase, food provided 70% of
individual baseline EER Phase 3: 24- week calorie restriction phase, same
regime as before but food not provided

Frisch et al (2009)

Age 18-70 years old, BMI >27kg/ny

Diet Composition: High carbohydrate diet (55:15:30), LC (40:25:35). All
participants advised to reduce calorie intake by at least 500 kcal.

Layman et al (2009)

BMI >26kg/m?, body weight <14 kg

Diet composition: LC (40:30:30), high carbohydrate diet (55:15:30). Calorie
prescription were 1700 kcal/day for female and 1900 kcal/day for male

J.B Keogh et al (2007)

Age 20-65 years old, BMI 27-40kg/m?

Diet Composition: LC (33:40:27), High carbohydrate diet (60:20:20).Total
calorie prescription 6000 kJ (1434 kcal) per day

OTHER DIETS

L. Azadbakht et al (2007)

Overweight and obese men and women, not
participated in weight- reduction programs
during previous 6 months and maintained
stable weight (+ kg)

Diet Composition: LF (65:15:20), moderate fat diet (55:15:30) Total calorie
prescription: minus 500 kcal below energy needs based on body weight

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); LC, low carbohydrate diet; LF, low

fat diet

Table 2. Baseline Participants Characteristics

Study Diet N Age, Sex, BMI, Follow-up, mo Completion Rate at The End of
Mean(SD), y | No. (%),M | Mean (SD) Trial, (%)
LC VSLF
J.B Keogh et al (2007) LF 19 48+13 NA 3444 12 53
LC 19 5248 NA 344 51
TP Wycherley et al (2012) LF 58 51.3+9.4 15 57
NA NA
LC 62 50.249.3 56
Ebbeling et al (2007) LF 37 26.9+4.2 8(22) NA 18 78
LC 36 28.2+3.8 7(19) 64
Das et al(2007) LF 17 3445 4(24) 27.5£1.6 12 88
LC 17 3546 4(24) 27.6+1.2 82
Frisch et al (2009) LF 100 47+10.8 24(24) 33.84+4.8 12 80
LC 100 47+10.3 38(38) 33.5£3.9 85
Layman et al (2009) LF 64 45.249.6 28 (44) 32.2+4 12 64
LC 66 46.0+8 31(47) 32.7+4 45
J.B Kogh et al (2007) LF 12 46.9+5.5 NA 33.242.8 12 NA
LC 13 50.1£5.0 32.6+3.6
Foster et al (2010) LF 154 | 44.9 £10.2 49(32) 36.1+£3.5 24 68
LC 153 46.2+9.2 50(33) 36.1£3.6 58
OTHER DIETS
L. Azadbakht et al (2007) LF 44 46+6 11(25) 29.2+11 14 88
Moderate fat diet | 45 45+5 14 (32) 29.0£10 90

All values are mean + SD or mean (95% CI) unless otherwise indicated.

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); LC, low carbohydrate diet; LF, low

fat diet; NA, not available

3.1. Weight Loss

Out of eight trials included, only five trials [11, 13, 16,

17, 19] provided mean changes of body weight from
baseline. Within trials with study duration range of 12- 18
months [11, 13, 16, 17, 19], average weight loss was
greater after LC as compared to LF (range of mean changes

-5.8 to -12.3kg for LC) except for one trial [17] that showed
greater weight loss in LF group. Based on the
meta-analysis, overall, significant increase in body weight
was associated with LC (weighted mean difference, 1.22kg,
95% CI: 0.17, 2.28, P=0.02). There was no significant
heterogeneity in the net changes in body weight (I"=0%,
P=0.72) (Figure 2).
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Table 3. Changes in Body Weight in Individuals Trials Comparing LC vs LF

Body weight, Mean (SD), kg
Trial F/up,mo Baseline Changes
LC LF LC % LF %

J.B Keogh et al (2007)* 12 93+12 99+15 -7.6+8.1* -8.2 -4.8+6.6* -4.8

TP Wycherley et al (2012) 15 106.0+12.9 101.6+14.9 -12.348.0* -11.6 -10.9+8.6* -10.7

Ebbeling et al (2007) 18 103.5+17.3 103.3+15.1 NA NA NA NA
Das et al(2007) 1 12 78.0+9.3* 78.5+12.3* NA -7.8+£5.0% NA -8.0+4.1*

Frisch et al (2009) 12 100.3+15.9 98.8+16.9 -5.846.1 -5.8 -4.345.1 -4.4

Layman et al (2009) 12 91.7+16 93.8+13 -10.4+7.7 -9.0 -8.4+4.9 -11.3

J.B Keogh et al (2007) 12 91.5+14.8 97.6+8.3 NA NA NA NA

Foster et al (2010) 12 103.3+15.5 103.5+14.4 -10.9+7.7 -10.6 —10.849.9 -10.4

Foster et al (2010) 24 103.3+15.5 103.5+14.4 —6.3+10.8 -6.1 ~7.4+11.0 -7.1

Mean change = -7.84 kg (LF) vs -9.4kg (LC). *Mean values significantly different as compared to baseline, 1 Study only reported percentage change
from baseline, Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); LC, low
carbohydrate diet; LF, low fat diet; NA, not available

Favors Low Fat Favors Low CHO Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fosteretal 2010 -108 99 154 -109 7.7 153 285% 0.10[1.88,2.08] —
Frisch et al 2009 -43 51 100 -58 6.1 100 46.2% 1.50 (-0.06, 3.06) —-—
J.B. Keogh et al 2007 -48 6.6 19 -76 8.1 19  51% 2.80[-1.90,7.50] >
Layman et al 2009 -84 49 30 104 7.7 41 13.0% 2.00[-0.94, 4.94] R I —
TP Wycherley etal 2012 -10.9 8.6 35 -123 g 33 7.2% 140255, 5.39)
Total (95% C1) 338 346 100.0% 1.22[0.17,2.28] -
Heterogeneity: Chi*= 2.06,df=4 (P=0.72), F=0% i 52 o % i

Testfor overall effect Z= 2.27 (P =0.02) Favours Low Fat Favours Low Carb

Figure 2. Weighted mean difference in weight loss. CHO indicate carbohydrates; CI, confidence interval

3.2. Changes in Lipids

From the eight trials included in the review, only two trials [13, 16] provided data on mean changes of TC with a greater
reduction in LF (mean change: -0.42mmol/l) compared to LC (mean change: -0.29mmol/l). However, the difference was
not significant. Another trial by Frisch, S. et al (2009) [13] revealed increment in TC values in both diet groups after 12
months duration although the difference between groups was also not significant.

Only four trials provided data on mean changes of LDL-C from baseline. The difference between groups was not
significant (weighted mean difference, -0.01mmol/L, 95% CI: -0.17, -0.15, P=0.87). (Figure 3).

Four trials provided data on mean changes of HDL-C from baseline [11, 13, 16, 20]. Of these, two trials [13, 20] had
decreased HDL-C values from baseline while another two trials [10, 16] showed increment in HDL-C value. The
difference in HDL-C was not significant between groups (weighted mean difference, -0.05mmol/L, 95% CI: -0.11,0.00,
P=0.06).

TG value from four available trials [11, 13, 16, 20] showed a decrease in value following 12-18 months of weight loss
diets with the decrease was slightly higher in LC [7, 14, 16] while one trial [16] showed the same decrement of TG for
both groups. Based on the meta-analysis, significant increase in TG was associated with LC (weighted mean difference,
0.11mmol/L, 95% CI: 0.02, 0.19, P=0.01) (Figure 5).

Table 4. Changes in Total Cholesterol Values in Individuals Trials Comparing LC vs LF

Total Cholesterol, Mean (SD), mmol/L
Trial Follow up, mo Baseline Changes
LC LF LC % LF %
J.B Keogh et al (2007) 12 4.9+1.0 5.6£1.2 NA NA NA NA
TP Wycherley et al (2012) 15 5.1+1.0 5.3£0.8 -0.3+0.5% -5.7 -0.4+0.6* -1.9
Ebbeling et al (2007) 18 NA NA NA NA NA NA
Das et al(2007) 1 12 4.6+0.7 4.4+0.7 NA -5.3+10.5* NA -4.249.3*

Frisch et al (2009) 12 5.5+0.9 3.6+0.9 0.03+0.8 0.5 0.1+0.6 3.7
Layman et al (2009) 12 NA NA NA NA NA NA
J.B Keogh et al (2007) 12 5.3£0.7 5.7£1.0 NA NA NA NA
Foster et al (2010) 12 4.9+0.8 5.0+£0.9 NA NA NA NA
Foster et al (2010) 24 4.9+0.8 5.0£0.9 NA NA NA NA

Mean change = -0.42mmol/l (LF) vs. -0.29mmol/l (LC). *mean values significantly different as compared to baseline, 1 Study only reported percentage
change from baseline, Abbreviations diet; LF, low fat diet; NA, not available: BMI, body mass index (calculated as weight in kilograms divided by the
square of height in meters); LC, low carbohydrate
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Table S. Changes in LDL-C Values in Individuals Trials Comparing LC vs LF
LDL-C, Mean (SD), mmol/L
Trial Follow up, mo Baseline Changes
LC LF LC % LF %
J.B Keogh et al (2007) 12 NA NA NA NA NA NA
TP Wycherley et al (2012) 15 3.2+0.9 3.2+0.6 -0.3+0.6* -8.4 -0.3+0.6* -9.7
Ebbeling et al (2007) 18 2.6+0.9 3.3+0.9 -0.01+0.5 -0.4 -0.3+0.6 -8.3
Das et al(2007) 1 12 2.8+0.6 2.5+0.6 NA -7.0£17.5* NA 7.1+11.3%*

Frisch et al (2009) 12 3.5+0.8 3.6+0.9 0.02+0.7 0.6 0.1+0.6 1.7
Layman et al (2009) 12 NA NA NA NA NA NA
J.B Keogh et al (2007) 12 3.5+0.7 3.8+1.0 NA NA NA NA
Foster et al (2010) 12 3.1+0.7 3.2+0.8 -0.3+0.7 -8.0 -0.2+0.7 -6.9
Foster et al (2010) 24 3.1+0.7 3.2+0.8 -0.1+0.7 -3.9 -0.2+0.6 -6.5

Mean change = -0.18mmol/l (LF) vs. -0.15mmol/l (LC). *mean value significantly different as compared to baseline, 1 Study only reported percentage

change from baseline, Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); LC, low
carbohydrate diet; LF, low fat diet; NA, not available

Table 6. Changes in HDL-C Values in Individuals Trials Comparing LC vs LF

HDL-C, Mean (SD), mmol/L
Trial Follow up, mo Baseline Changes

LC LF LC % LF %

J.B Keogh et al (2007) 12 1.0£0.3 1.1+0.3 NA NA NA NA
TP Wycherley et al (2012 15 1.2+0.4 1.3+0.4 0.1+0.2* 10.6 0.1+0.2* 4.6
Ebbeling et al (2007) 18 1.5£0.5 1.4+0.3 -0.1£0.2 -6.8 -0.2+0.2 -15.0

Das et al(2007)1 12 1.3£0.3 1.4+0.2 NA 11.9+10.2* NA 13.3+16.2*

Frisch et al (2009) 12 1.5+0.4 1.5+0.4 -0.02+0.2 -1.3 -0.03+0.2 2.1
Layman et al (2009) 12 NA NA NA NA NA NA
J.B Keogh et al (2007) 12 1.3£0.4 1.3+0.4 NA NA NA NA
Foster et al (2010) 12 1.2+0.4 1.2+0.3 0.2+0.3** 17.5 0.1+0.2 8.5
Foster et al (2010) 24 1.2+0.4 1.2+0.3 0.2+0.3** 16.7 0.1+0.2 10.2

Mean change =-0.01 mmol/l (LF) vs. 0.05 mmol/l (LC). *mean values significantly different as compared to baseline, ** Significant difference between
groups1, Study only reported percentage change from baseline, Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the
square of height in meters); LC, low carbohydrate diet; LF, low fat diet; NA, not available

Table 7. Changes in TG Values in Individuals Trials Comparing LC vs LF

TG, Mean (SD), mmol/L
Trial Follow up, mo Baseline Changes
LC LF LC % LF %

J.B Keogh et al (2007) 12 2.3£1.0 2.2+1.2 NA NA NA NA

TP Wycherley et al (2012) 15 1.5+0.5 1.9+0.8 -0.4+0.7 -23.5 -0.4+0.6 -23.8

Ebbeling et al (2007) 18 1.3£1.1 1.4+0.9 -0.1+0.4 -7.9 -0.02+0.4 -1.4
Das et al(2007) 1 12 1.1+0.4 1.02+0.5 NA -15.2424.8* NA 16.54£29.9*

Frisch et al (2009) 12 1.3£0.6 1.4+0.7 -0.1+0.5 -7.6 -0.04+0.5 -2.9

Layman et al (2009) 12 NA NA NA NA NA NA

J.B Keogh et al (2007) 12 1.7+0.7 1.4+0.4 NA NA NA NA

Foster et al (2010) 12 1.3£0.6 1.4+0.8 -0.4+0.6 -28.1 -0.2+0.7 -14.2

Foster et al (2010) 24 1.3£0.6 1.4+0.8 -0.14+0.8 -10.9 -0.24+0.8 -11.4

Mean change = -0.17 mmol/l (LF) vs. -0.25 mmol/l (LC). *mean values significantly different as compared to baseline, ** Significant difference
between groups, 1 Study only reported percentage change from baseline, Abbreviations: TG, triglyceride; BMI, body mass index (calculated as weight

in kilograms divided by the square of height in meters); LC, low carbohydrate diet; LF, low fat diet; NA, not available




46 A Systematic Review on Long Term Effects of Weight Loss Diet on Body Weight and Lipid
Profile: Findings from Randomized Controlled Trials

Favors Low Fat Favors Low CHO

Mean Difference Mean Difference

Test for overall effect: Z= 0.16 (P = 0.87)

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% C| IV, Random, 95% CI
Ebbeling et al 2007 -03 08 37 -0.01 0.5 3B 211% -0.29[-0.54,-0.04] —
Fosteretal 2010 -0.22 07 154 -03 07 153 NT7% 0.08 [-0.08, 0.24] =
Frisch et al 2009 01 06 100 002 07 100 288% 0.08 [-0.10, 0.28] T

TP Wycherley etal 2012 -03 086 3\ -03 0.6 33 18.4% 0.00 [-0.29, 0.29] s
Total (95% CI) 326 322 100.0%  -0.01[-0.17,0.15] ?
Heterageneity: Tau?= 0,01, Chi*= 6.74, df= 3 (P = 0.08); F= 56% T 3 o's

3
Favours Low Fat Favours Low CHO

Figure 3. Weighted mean difference in LDL-C. CHO indicate carbohydrates; CI, confidence interval
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4. Discussion

This meta-analysis of randomized controlled trials
comparing LF and LC diets based on their macronutrient
composition found that LC was unfavorable for long term
as it showed an increment in both body weight as well as
TG value. There was no significant difference in the
changes of LDL-C and HDL-C values for both diets. These
findings questioned LC as an alternative approach for
weight reduction for a long term use and should be
reconsidered for practice. The small number of studies
included in this review reflected that limited RCTs have
been conducted regarding this topic, which focusing on
effectiveness of the diet alone, independent of physical
activity and pharmacologic approaches. This called for
more intervention studies on this topic especially large
scale study with longer duration of beyond 12 months.

Despite greater improvement of weight loss seen in LC
in previous meta-analyses [8, 21], several studies were
unable to reach conclusion regarding the effectiveness of
LC on inducing weight loss in long term [22, 23]. Both
studies found that weight loss in LC is greater than of LF in
6 months, but the effect was no longer significant at 12
months [22, 23]. Previous systematic review has noted that
much of the weight loss achieved early during follow up of
less than 6 months will be regained overtime [24],

suggesting an attenuation of treatment effect at longer
follow up. A study suggested that LC did not contribute to
improvement in metabolic markers whilst the weight loss
from LC simply resulted from reduced caloric intake due
to increased satiety effect of protein [25]. There were
differences in estimated magnitude of weight loss between
particular studies and this review. The potential reasons for
these differences were due to different composition of LC
used. Bueno et al (2012) implemented LC with less than
50g of carbohydrate intake per day while LC diet in
Sackner-Bernstein et al (2015) was defined as total
carbohydrate intake of <120g/day [8, 21]. On the other
hand, our review used a relatively less stringent definition
of daily carbohydrate intake of less than 45% from total
energy intake (approximately equivalently to 168.75 g/day
of carbohydrate in 1800 kcal/day).

Use of LC as an alternative weight loss approach should
be reconsidered as this review showed a significant
increment in TG after LC. Elevated TG concentration has
been identified as independent risk factors for
cardiovascular disease [26]. Additionally, LC was not
found to be superior to LF in terms of improvement in
LDL-C and HDL-C. Contrary to this review, previous
literature found a favorable effect of LC on lipid profiles
[27]. However, the effects were only obvious in short term
whilst long term effect was unknown [27]. Improvement in
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lipid profile was found to be closely related to weight loss
[28]. With majority of the studies showed that the weight
outcome declined over time, the changes in these lipid
profile parameters cannot be ruled out. Nonetheless, no
weight loss studies have been conducted with sufficient
duration to study this effect [22].

The safety, efficacy and optimum level of carbohydrate
restriction for LC has been questioned. LC was only found
to be safe for practice over 6 months duration with lack of
studies done to study the efficacy and safety of LC over
long term [22]. Previous review reported a trend towards
increased weight loss for diets with lower carbohydrate
content: -3.6kg for <60g of carbohydrate intake daily
versus -2.1kg for >60g daily [29]. However, the
comparison was not vague as the studies included in the
review were not isocaloric, thus the differences in weight
loss magnitude may be contributed by reduction in energy
intake rather than carbohydrate content. It is highly
recommended that individuals who are trying to lose
weight to practice a reduced calories diet with combination
of physical activity, which has been scientifically approved
for its effectiveness and maintenance of weight in long
term [30].

This review had several limitations. First, losses to
follow up were substantial, where there was an imbalance
in completion rate among the intervention arms of the
studies. Only 33% of the studies included in this review
had completion rate of more than 80%. Forty-four percent
(44%) of the included studies had completion rate of less
than 70% (with minimum of 45% completion rate).
Comparing between two diet groups, the dropout rate was
higher in LC group, suggesting poor adherence to diet
despite its beneficial outcomes. Secondly, the data
available from the component of the studies included did
not consistently disclose the quality of fat in the diets such
as the proportion of saturated, monounsaturated fatty acid
(MUFA) and polyunsaturated fatty acid (PUF A) except for
two studies that stated the intake <10% of saturated fat
from the total fat intake [13] and 6% from PUFA and 13%
from MUFA [14]. Although the diet goals had the same
content of carbohydrate, protein and fat, the contents of
fiber and micronutrients might be differed, which
accounted for varieties of possible outcomes. Thus, the
focus of dietary intervention should be shifted towards the
type of foods in the diets instead of solely concerned on
macronutrient composition [22].

There were also several strengths in this present review.
The studies included were all randomized controlled trials;
a gold standard for evaluating the effect of intervention and
subjected to fewer biases than observational studies.
Moreover, we only included studies with study duration
of >12 months to specifically examine the effects of these
diets on long term basis as little is known about their
effectiveness. However, the longest follow up duration in
this review was 24 months [11], suggesting that there is a
lack of trials being conducted for a longer duration. A

guideline published by American College of Cardiology,
American Heart Association and The Obesity Society [31]
proposed that a trial should ideally have a duration of at
least 24 months for management of overweight and obesity
in adults with the target to improve adherence to dietary
strategies. This review also focused on changes in weight
loss and lipid profile following dietary intervention without
any co-interventions such as physical activity and
pharmacologic approach. This lends additional confidence
to our conclusions when comparing the effectiveness of
both LC and LF diet groups.

5. Conclusions

With the fundamental result from this meta- analysis, LC
diet increased weight and TG in long term whilst the
effects of both LC and LF diets on LDL-C and HDL-C
were not significant. Looking on these outcomes, the use of
LC as an alternative weight loss diet should be
reconsidered due to unfavorable effects on weight changes
and TG in a long term. Recommendation regarding which
diet is better for clinical practice was inconclusive, calling
for more long term clinical trials to further explore the
effectiveness and safety of these diets. In addition, future
studies should explore approaches to limit weight regain
over time and achieve greater weight loss especially
strategies in maintaining better adherence towards the diet.
Nevertheless, weight loss can be successfully achieved
independent of macronutrient composition. Individualized
dietary modification with calorie restriction and healthy
selection of food consumed may bring positive result when
coupled with behavioral treatment, physical activity and
long term adherence to the diet.
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