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obesity over different
intervention periods: A
systematic review and network
meta-analysis
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1Department of Biofunctional Medicine & Diagnostics of Clinical Korean Medicine, Graduate
School, Kyung Hee University, Seoul, South Korea, 2Department of Transdisciplinary Security,
Dongguk University, Seoul, South Korea, 3Department of Biofunctional Medicine & Diagnostics,
College of Korean Medicine, Kyung Hee University, Seoul, South Korea, 4Department of Diagnosis
and Biofunctional Medicine, College of Korean Medicine Kyung Hee University, Kyung Hee
University Hospital at Gangdong, Seoul, South Korea
Objective: The aim of this study was to evaluate the comparative effectiveness

of a low-calorie diet (LCD) combined with acupuncture, cognitive behavioral

therapy (CBT), meal replacements (MR), and exercise on weight loss.

Methods: The electronic databases MEDLINE, EMBASE, CENTRAL, CNKI, RISS,

and KISS were searched systematically. Randomized controlled trials (RCTs)

that directly compared the effect of a low-calorie diet (LCD)-combined

acupuncture, CBT, and exercise and an MR-based diet on weight loss with

LCD-alone for adults with simple obesity (body mass index [BMI] > 25)

published before August 2021 were included in the study. Two investigators

extracted and coded the data using a template. Any disagreements between

investigators were resolved through discussion. Changes in BMI or weight were

transformed to Hedges’ g values with a 95% CI, and network meta-analyses

using a Bayesian random-effects model were conducted.

Results: A total of thirty-two trials involving 3,364 patients were finally included

in the study. The effect sizes of four interventions were medium, in the order of

acupuncture (Hedges’ g = 0.48, 95% CI = 0.25 - 0.71), CBT (Hedges’ g = 0.42,

95% CI = 0.20 - 0.63), MR (Hedges’ g = 0.32, 95% CI = 0.19 - 0.45), and exercise

(Hedges’ g = 0.27, 95% CI = 0.06 - 0.46).In terms of intervention period,
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acupuncture was effective in the short period (≤ 12 weeks, Hedges’ g = 0.39, 95%

CI = 0.12 - 0.67) and the long period (>12 weeks, Hedges’ g = 0.89, 95%CI = 0.37

- 1.40), whereas CBT (Hedges’ g = 0.51, 95% CI = 0.26 - 0.76) and exercise

(Hedges’ g = 0.37, 95%CI = 0.12 - 0.59) were effective only in the long period. MR

was effective only in the short period (Hedges’ g = 0.35, 95% CI = 0.18 - 0.53).

Conclusions: This study suggests that acupuncture, CBT, MR, and exercise for

simple obesity show a medium effect size, and their effectiveness differs

according to the intervention period.
KEYWORDS
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Introduction

Overweight and obesity manifest as abnormal or excessive

fat accumulation, which presents a health risk (1). An elevated

body mass index (BMI) is a major risk factor for several chronic

diseases such as type 2 diabetes, cardiovascular disease,

osteoarthritis, and many cancers, including breast cancer in

postmenopausal women; colon and rectal cancer; and

adenocarcinoma of the esophagus, kidney, and pancreas (2–4).

Reduction in total caloric intake may be a prerequisite for weight

loss, and pharmacotherapy and bariatric surgery are used as

adjuvant treatments to achieve this goal (5, 6). These techniques

are used in combination with a calorie-restricted diet to achieve

weight loss.

A previous meta-analysis reported that phentermine-

topiramate and liraglutide had the highest chances of achieving

at least 5% weight loss after 52 weeks (7). However, to date, there

is little clinical evidence to show that obesity medication prevents

cardiovascular disease or is safe in patients with obesity who are at

a high risk of such diseases. Obesity medications, particularly

sympathetic agents, should be carefully considered for such

patients (8, 9). Bariatric surgery may be an option to improve

morbid obesity-related conditions in patients who fail to respond

to behavioral treatment (6, 10). However, mortality during or after

bariatric surgery ranges from 0.1% to 1.1%, depending on the

surgical method used (11), and the incidence of surgical

complications such as hernia, intestinal stenosis, enterobrosia,

and bleeding is 20% (12). Therefore, there is a need for non-

pharmacological and non-surgical interventions, such as

acupuncture, exercise, behavioral therapy, and meal replacement

(MR), which are safe and effective for obesity (13–15).

Although some meta-analyses have reported the

effectiveness of non-pharmacological and non-surgical

interventions on obesity, the review did not strictly limit

the control group and attributed diverse interventions to the
02
control group, including diet, sham acupuncture, life

modification (LM), or no treatment (16–21). For example,

Zhang et al. reported that LM combined with acupuncture

was more effective than LM alone (16). Kim et al. suggested

that acupuncture combined with diet was more effective than

sham acupuncture or LM (17). Curioni et al. reported that

diet combined with exercise resulted in 20% greater initial

weight loss than diet alone (18). Jacob et al. suggested that

cognitive behavioral therapy (CBT)combined with a low-

calorie diet (LCD) was more efficacious than CBT alone in

increasing cognitive restraint, reducing emotional eating, and

conferring weight loss (19). Astbury et al. and Heymsfield

et al. reported that MR was more effective than diet alone for

treating weight loss (20, 21).

When examining the effectiveness of interventions for

obesity, researchers may encounter two drawbacks. First, if

the intervention applied to the control group was not applied

to the treatment group, it would be difficult to obtain a pure

treatment effect. Furthermore, if the control groups differ

among the different types of interventions, it is difficult to

compare the comparative effectiveness of different

interventions on obesity. If the control group is unified as

an LCD group and the intervention group is defined as an

LCD-combined intervention using network meta-analysis,

the comparative effectiveness of each intervention on

obesity may be evaluated (22). Together with differences in

the effects of different interventions on obesity, previous

studies have reported differences in the intervention period

according to intervention type. This finding suggests that the

intervention period may be associated with an intervention

effect. Therefore, it is meaningful to investigate how the

comparative effectiveness of each intervention is associated

with the intervention period.

In summary, we aimed to analyze the comparative effects of

acupuncture, CBT, MR, and exercise on simple obesity using
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network meta-analysis and to examine whether the intervention

period affects the comparative effect of each intervention on

simple obesity.
Methods

Data sources and search

We followed a standard systematic review protocol

according to the PRISMA guidelines, which were recently

adapted for network meta-analyses (Figure 1) (23). The

following sources were searched for studies carried out in or

before August 2021: MEDLINE, EMBASE, the Cochrane Central

Register of Controlled Trials (CENTRAL), the China National

Knowledge Infrastructure (CNKI), the Research Information

Sharing Service, and the Korea Studies Information Service.

Reviewers independently searched the articles using the

following search terms: (“acupuncture” OR “acupressure OR

“acupoint” OR “catgut” OR “embedding” OR “Cognitive

Behavior* Therapy” OR “Cognitive Behavior* Treatment” OR

“Cognitive Behavior* intervention” OR “meal replacement” OR

“meal supplement” OR ((diet* OR “caloric restriction”) AND

“exercise”)) AND (“weight loss” OR “simple obesity”). Any

disagreements were resolved through discussion.
Frontiers in Endocrinology 03
Eligibility criteria and study selection

Randomized controlled trials (RCTs) that directly compared

the effect of LCD alone with LCD-combined acupuncture, CBT,

and exercise and an MR-based diet on weight loss in adults aged

18–65 years with simple obesity (BMI > 25) were included in the

study. Further, RCTs that compared the effect of LCD-combined

interventions such as LCD-combined CBT and LCD-combined

exercise with other LCD-combined interventions were also

included. However, RCTs in which a placebo, no treatment,

and LCD combined with other interventions were assigned to

the control group were excluded from the study. To synthesize

the direct and indirect effects of the interventions, we conducted

a lumping process in which treatment nodes were categorized to

form single comparators. In our study, five interventions were

combined: acupuncture plus LCD, CBT plus LCD, exercise plus

LCD, MR-based LCD, and LCD alone. Among these

interventions, acupuncture included laser acupuncture, manual

acupuncture, and acupoint catgut embedding. CBT included

psychoeducation, cognitive restructuring, and cognitive skills

training on eating, weight, and emotions. Exercise training

included any specific exercise prescription that included the

mode of activity, frequency, intensity, and duration of the

exercise. LCD was defined as a diet in which an energy deficit

> 500 kcal/day was achieved with a dietary intake of 1,200 to
FIGURE 1

Study identification and selection. “Compared with other types of acupuncture” indicates the randomized controlled trials which compared the
efficacy of low-calrorie diet (LCD)-combined catgut embedding and LCD-combined electroacupuncture, or the efficacy of LCD-combined
acupuncture and LCD-combined catgut embedding.
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1,500 kcal/day in female participants and 1,500 to 1,800 kcal/day

in male participants. An MR-based diet included calorie-

restricted MR, in which a packaged food portion replaced one

or more meals per day. However, MR-based diets combined with

drugs were excluded from the study.
Data extraction and quality assessment

A predefined data template was prepared after

determination of the articles for inclusion. Two investigators

(Kim SY and Shin YS) extracted and coded the data using a

template. Included in the data template were the characteristics

of the study (author name, publication year, journal, study

design), participants demographic information (sample size,

age, sex, body weight, and BMI), interventions (duration,

frequency, types of therapy, and control group), and weight-

related outcomes (mean changes and standard deviation in

weight or BMI). Any disagreements between investigators were

resolved through discussion. The methodological quality of the

included studies was assessed using the Cochrane risk of bias

tool (24), in which random sequence generation, allocation

concealment, blinding of participants and personnel, blinding

of outcome assessment, incomplete outcome data, selective

reporting, and other biases were examined. In random

sequence generation, using a random number table, computer

random number generator, coin tossing, throwing dice, or

shuffling cards was considered to satisfy low risk, whereas

using odd or even date of birth, some rules based on date of

admission, or clinical record number were considered as high

risk. In allocation concealment, low risk was accepted when

participants and investigators enrolling participants could not

foresee assignment, because equivalent methods, including

sequentially numbered or sealed envelopes or drug containers

of identical appearance, were used to conceal allocation. A high

risk of allocation concealment was determined when

participants or investigators could foresee assignments because

of an open random allocation schedule, date of birth, or case

record number. In blinding of participants and personnel, a low

risk was accepted when the outcome was not likely to be

influenced by lack of blinding or not likely that the blinding

was broken for participants and personnel, despite no blinding

or incomplete blinding. A high risk of participant blinding was

considered when the outcome was likely to be influenced by a

lack of blinding. In outcome assessment blinding, low risk was

accepted when the outcome was not likely to be influenced by

lack of blinding or not likely that the blinding was broken for

outcome assessors, whereas high risk was determined when the

outcome was likely to be influenced by lack of blinding for

outcome assessors. In incomplete outcome data, low risk was

accepted when no missing outcome data or reported reasons for

missing outcome data were unlikely to be related to the true
Frontiers in Endocrinology 04
outcome, such as survival data. A high risk was determined when

dichotomous outcome data or reasons for missing outcome data

likely to be related to true outcomes were reported. In selective

reporting, low risk was accepted when the study protocol was

available and prespecified (primary and secondary) outcomes

were reported, whereas high risk was determined when

prespecified outcomes were not reported or the study report

failed to include a key outcome. Regarding other biases, low risk

was accepted when the study appeared to be free of other sources

of bias, whereas high risk was determined when the study had a

potential source of bias related to the specific study design used.

Among the seven risks of bias, unclear risk was determined when

there was no reporting related to low or high risk for each

assessment item.
Statistical analyses

In our study, the primary outcome was a change in BMI (kg/

m2) or weight (kg). Since all study outcomes were documented

on a continuous scale, the concept of effect sizes was based on the

standardized weighted mean differences with a 95% CI between

the post-test and pre-test outcomes in the treatment and control

groups. As the BMI scale differs from the weight scale, all study

outcomes were transformed to Hedges’ g (24). Moreover, the

effect sizes of small-sample studies tended to be overestimated,

and Hedges’ g was used to adjust for sample size-related bias

(25). Hedges’ g > 0.8 was considered “large,” that of 0.2–0.8 was

considered “medium,” and Hedges’ g < 0.2 was considered

“small” (25). Heterogeneity in the BMI or weight between

studies was assessed using the Q-test and I2 statistics. I2 <40%

was considered “non-important heterogeneity” and 30%-60%

was considered “moderate heterogeneity” (24). Comprehensive

meta-analysis software (version 3; Biostat Inc) was utilized to

conduct a pairwise meta-analysis of the interventions in a direct,

head-to-head manner using a random-effects model. The

geMTC package (version 3.6.1) in R was used to conduct a

network meta-analysis for the indirect effects of the

interventions using an arm-based, Bayesian random-

effects model.

Ranking of the intervention classes was presented using a

league table, ranking probabilities, and rankograms (23).

Network geometry was used to assess loop inconsistency

assumptions according to closed intervention loops (26). The

plausibility of the transitivity assumption was blindly evaluated

by two investigators based on the design characteristics and

methodologies of the included studies. Two investigators also

evaluated clinical (patient, treatment) and methodological

heterogeneity (study design and outcome measures). The

consistency between the direct and indirect comparisons of all

closed loops was evaluated using the ode-splitting method

(23, 24).
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Results

Study selection and characteristics

The initial search strategy identified 4,014 potential studies.

Ultimately, 32 RCTs met the inclusion criteria and they were

included in the final systematic review and meta-analysis

(Figure 1). A total of 3,364 patients were included, with a

mean age of 41.7 years. The proportion of females among the

subjects was 78.1%, and the mean BMI was 33.0 kg/m2. The

characteristics of the studies included in the network meta-

analysis are summarized in Table 1. Thirty-five intervention

arms were included, consisting of six types of direct pairwise

comparisons: acupuncture plus LCD vs. LCD alone (27–30),

CBT plus LCD vs. LCD alone (31, 35), exercise plus LCD vs.

LCD alone (38–41), MR-based LCD vs. LCD alone (42–57), CBT

plus LCD vs. exercise plus LCD (32–34, 36, 37), and MR-based

LCD vs. exercise plus LCD (58). Figures 2A-C show the network

geometry of all study arms, the short-term (≤ 12 weeks) study

arms, and the long-term (>12 weeks) study arms. The network

geometry formed two closed loops consisting of pairwise

comparisons between interventions and a common

comparator (LCD alone), as well as pairwise comparisons

between interventions without a common comparator, and the

possibility of loop inconsistency was excluded.
Pairwise meta-analysis findings

The results of the direct pairwise meta-analysis are

summarized in Table 2. Forest plots of the five lumped

interventions are shown in Figure 3. All LCD-combined

interventions were more effective than LCDs alone. The

effect sizes on weight loss of LCD-combined acupuncture

(Hedges’ g = 0.48, 95% CI = 0.24-0.71), LCD-combined CBT

(Hedges’ g = 0.49, 95% CI = 0.14-0.85), LCD-combined

exercise (Hedges’ g = 0.27, 95% CI = 0.03-0.51), and MR-

based LCD (Hedges’ g = 0.31, 95% CI = 0.18-0.45) were higher

than those of LCD alone. The direct effects on weight loss of

LCD-combined CBT (Hedges’ g = 0.14, 95% CI = -0.04-0.45)

and MR-based LCD (Hedges’ g = 0.22, 95% CI = -0.42-0.85)

were not significantly different from those of LCD-

combined exercise.
Network meta-analysis findings

Indirect comparisons are built on an assumption

of transitivity, which refers to the similarity of one set of RCTs

to another sets of RCTs in all important factors except the

intervention comparison being made (26). Two investigators

(Kim SY and Shin YS) independently assessed the transitivity of
Frontiers in Endocrinology 05
all RCTs, and the transitivity assumption was accepted. Figure 4

shows the forest plots of each intervention compared with the

LCD alone via a network meta-analysis. LCD combined

acupuncture was found to be the most effective (Hedges’ g =

0.48, 95% CI = 0.25-0.71), followed by LCD-combined CBT

(Hedges’ g = 0.42, 95% CI = 0.20-0.63), MR-based LCD (Hedges’

g = 0.32, 95% CI = 0.19-0.45), and LCD-combined exercise

(Hedges’ g = 0.27, 95% CI =0.06-0.46). The league table showing

the relative rankings of the interventions is listed in

Supplementary Table 1 in the supplement. The rankograms

for each intervention are shown in Supplementary Figure 1 in

the supplement. The league table and rankograms indicated that

LCD-combined acupuncture was the most effective for weight

loss, followed by LCD-combined CBT, MR-based diet, and

LCD-combined exercise. The numerical ranking probability is

summarized in Supplementary Table 2 in the supplement. LCD-

combined acupuncture showed the highest probability of being

ranked first in the first rank (63.70%), and LCD-combined CBT

showed the highest probability of being ranked first in the

second rank (48.98%). MR-based LCD (44.05%), LCD-

combined exercise (61.22%), and LCD only (99.19%) showed

the highest probability of being ranked first in the third, fourth,

and fifth ranks, respectively.
Heterogeneity test

The heterogeneity test results are presented in Table 3. There

was no significant within-intervention heterogeneity. However,

the Q (df = 34) value of the 35 study arms was 51.03 (p = 0.03),

indicating significant inter-intervention heterogeneity. The I2

value of all interventions was 33.37%, indicating a boundary

between the low and moderate levels.
Effectiveness on weight loss by
intervention period

We examined whether the intervention period affected the

effect size of each intervention, using intervention periods of 12

weeks or less (short-term) and over 12 weeks (long-term).

Figures 2B, C show the network geometry in the short and

long terms. Table 4 summarizes the network meta-analysis

results based on the intervention period. LCD-combined

acupuncture was moderately effective in the short term

(Hedges’ g = 0.39, 95% CI = 0.12-0.67), while LCD-combined

acupuncture was highly effective in the long-term when

compared with LCD alone (Hedges’ g = 0.89, 95% CI = 0.37-

1.40). LCD-combined CBT in the long-term was moderately

effective when compared with LCD alone (Hedges’ g = 0.51, 95%

CI = 0.26-0.76), while LCD-combined CBT was not significantly

effective in the short term (Hedges’ g = 0.23, 95% CI = -0.30-

0.75). LCD-combined exercise was moderately effective in the
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TABLE 1 Characteristics of the included randomized controlled trials.

Author Intervention class of Intervention class of Period Number of patients Number of patients Age Female
(%)

Initial
BMI

Outcome Adverse events

55.05 100 33.7 BMI Undocumented

30.5 80 28.44 BMI None

50.05 100 30.61 BMI Undocumented

32.5 88.33 NR BW Undocumented

32.5 91.67 NR BW Undocumented

32 91.67 NR BW Undocumented

48.39 100 34.73 BW Undocumented

45.4 100 36.39 BMI Undocumented

45.4 100 35.79 BMI Undocumented

42.5 82.6 41.7 BW Undocumented

43.4 80.6 40.3 BMI Undocumented

40.05 72.7 32.4 BMI Undocumented

35.63 100 42.24 BW Undocumented

42.36 100 34.23 BMI Undocumented

NR NR NR BW Undocumented

31.7 47.72 25.35 BW Undocumented

NR NR 33.47 BMI Undocumented

35 61.12 30.93 BW Undocumented

45.2 60 33.6 BW Undocumented
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(year) treatment group control group (weeks) randomized analyzed

Wozniak
(2003) (27)

Acupuncture plus LCD LCD alone 24 74 74

Jin (2009) (28) Acupuncture plus LCD LCD alone 8.5 80 80

Du (2011) (29) Acupuncture plus LCD LCD alone 12 64 64

Deng (2014a)
(30)

Acupuncture plus LCD LCD alone 10 60 60

Deng (2014b)
(30)

Acupuncture plus LCD LCD alone 10 60 60

Deng (2014c)
(30)

Acupuncture plus LCD LCD alone 10 60 60

Stahre (2007)
(31)

CBT plus LCD LCD alone 10 54 29

Rodriguez
(2009a) (32)

CBT plus LCD Exercise plus LCD 24 47 45

Rodriguez
(2009b) (32)

CBT plus LCD Exercise plus LCD 24 58 57

Annesi (2012)
(33)

CBT plus LCD Exercise plus LCD 26 430 430

Annesi (2013)
(34)

CBT plus LCD Exercise plus LCD 26 340 324

Jamal (2016)
(35)

CBT plus LCD LCD alone 24 194 151

Manzoni
(2016) (36)

CBT plus LCD Exercise plus LCD 6 106 102

Palmeira
(2017) (37)

CBT plus LCD Exercise plus LCD 14 73 59

Skender (1996)
(38)

Exercise plus LCD LCD alone 48 84 36

McCrory
(1999) (39)

Exercise plus LCD LCD alone 1.5 44 44

Nieman (2002)
(40)

Exercise plus LCD LCD alone 12 48 48

Philippou
(2012) (41)

Exercise plus LCD LCD alone 18 337 337

Flechtner
(2000) (42)

MR-based LCD LCD alone 12 100 100
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TABLE 1 Continued

Author
(year)

Intervention class of
treatment group

Intervention class of
control group

Period
(weeks)

Number of patients
randomized

Number of patients
analyzed

Age Female
(%)

Initial
BMI

Outcome Adverse events

36.86 100 28.92 BW None

47.71 87.37 29.26 BW None

50.2 80 34.3 BW Gas/indigestion (1.59 ±
NR,

p<0.05), taste: abnormal/
metallic

(0.3 ± NR, p<0.05),
lethargy/no

movement (0.19 ± NR,
p<0.05)

36.02 93.59 NR BW Transitory elimination of
flatus
(n=1)

48.14 NR 32.54 BW None

38.25 100 29.3 BMI Undocumented

47.25 80 36.27 BW None

43.15 85.83 32.35 BW Diarrhea (0.59 ± 0.01,
p<0.05),

gas/indigestion (1.27 ±
0.16,

p<0.05), sleep loss
32.7424(1.57 ± 0.73,

p<121000.05)

28.21 32.74 33.1 BMI None120

49.7 100 31.2 BMI Diarrhe24a(n=1)

40.5 0 32.66 BMI Undocum6ented

49 57.14 32.7 BMI None12

42.25 53.95 30.35 BW Gastroi8ntestinal distress
and6
constipation or bloating
(n=2)

(Continued)
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Rothacker
(2001) (43)

MR-based LCD LCD alone 52 75 61

Ahrens (2003)
(44)

MR-based LCD LCD alone 12 95 88

Allison (2003)
(45)

MR-based LCD LCD alone 12 100 74

Fisberg (2004)
(46)

MR-based LCD LCD alone 12 78 67

Noakes (2004)
(47)

MR-based LCD LCD alone 24 66 42

Ashley (2007)
(48)

MR-based LCD LCD alone 52 96 70

Rohrer (2008)
(49)

MR-based LCD LCD alone 4 63 55

Tsai (2009)
(50)

MR-based LCD LCD alone 12 120 120

Smith (2010)
(51)

MR-based LCD LCD alone 24 113 113

Metzner (2011)
(52)

MR-based LCD LCD alone 12 105 87

Khoo (2013)
(53)

MR-based LCD LCD alone 12 48 46

König (2015)
(54)

MR-based LCD LCD alone 24 50 42

Fuller (2016)
(55)

MR-based LCD LCD alone 6 76 76
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long term (Hedges’ g = 0.37, 95% CI = 0.12- 0.59), while it was

not significantly effective in the short-term (Hedges’ g = 0.11,

95% CI = -0.27-0.48). The MR-based diet was moderately

effective in the short term (Hedges’ g = 0.35, 95% CI = 0.18-

0.53), while it was not significantly effective in the long term

(Hedges’ g = 0.22, 95% CI = -0.01-0.47). Non-standardized mean

differences in BMI between LCD-combined interventions and

LCD alone are summarized in Supplementary Table 3 in

the supplement.
Risk of bias and publication bias

The risk of bias in the 32 studies is summarized in Table 5.

Twelve studies used adequate methods of sequence generation,

such as a computerized random number generator (34, 37, 39,

45, 52, 55, 57), the blocked random method (30, 44, 56), website

randomization (36), or coin flip (49). The remaining 20 studies

failed to report a precise randomization method. Allocation

concealment was conducted in seven studies using opaque

sealed envelopes (53), computer-based allocations (34, 37, 39,

45, 55), or website randomization (36). The remaining 25 studies

failed to specifically mention the concealment methods used

therein. Regarding the patient blinding process, the risk of bias

was high in six studies. The risk of bias was also high in five

studies with regard to outcome assessor blinding. As the

included studies were not placebo-controlled, it was difficult

for them to be designed as double-blind trials. There was no

evidence of a high risk of bias in the other studies. Publication

bias was examined using a funnel plot with trim and fill. The

funnel plot had a symmetrical distribution, indicating no

publication bias (Figure 5) (59).
Adverse events

Of the 32 studies, seven reported that there were no adverse

events (28, 43, 44, 47, 49, 51, 54), and five reported adverse

events (45, 46, 50, 54, 55). The remaining 20 studies did not

report any results regarding adverse events. The five studies that

reported adverse events were related to an MR-based diet, and

the adverse events reported were not serious. Allison et al.

reported abdominal inflation, indigestion, abnormal taste, and

lethargy (45). Fisberg et al. reported one case of a transitory

elimination of flatus, which discontinued after 2 weeks of drug

usage (46). Tsai et al. reported adverse effects of a green tea MR,

including diarrhea, indigestion, and sleep loss (50). Metzner

et al. reported that one patient was withdrawn from the study

due to diarrhea (54). Fuller et al. reported two cases of

gastrointestinal distress, constipation, and bloating (55).
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Discussion

To our knowledge, this study is the first to evaluate the

comparative effectiveness of an LCD combined with

acupuncture, CBT, MR, and exercise on weight loss. Our study

revealed that LCD-combined acupuncture, CBT, exercise, and

MR-based LCD were more effective in simple obesity than LCD

alone. The effect sizes of LCD-combined acupuncture, CBT,

MR-based LCD, and exercise were 0.48, 0.42, 0.32, and 0.27,

respectively. Therefore, our study results suggest that these four

LCD-combined interventions have an effect size of medium for

weight loss. Another finding of this study was that the efficacy of

these four interventions for obesity was associated with the

intervention period. Therefore, the results of this study suggest
Frontiers in Endocrinology 09
that the intervention period should be considered together with

the means of intervention when establishing a weight loss plan.

Acupuncture increases a number of molecules related to

appetite, such as nesfatin-1 and cocaine- and amphetamine-

regulated transcript peptides distributed in the appetite-

associated hypothalamic nuclei and it decreases the secretion

of digestive enzymes such as salivary amylase, serum

pepsinogen, and gastric acid, thus inhibiting the function of

gastrointestinal digestion and absorption (60). As a result,

acupuncture suppresses appetite and reduces food intake, thus

contributing to reduced emotional eating due to depression and

anxiety. CBT has been reported to be efficacious for eating

disorders by improving the conscious restriction of food intake

and reducing depression and anxiety (19). CBT is beneficial for
TABLE 2 Results of direct, indirect comparison and network meta-analysis.

Intervention Comparison Effect size and 95% confidence interval
Direct estimates Indirect estimates Network estimates

Point
estimate

Lower
limit

Upper
limit

Point
estimate

Lower
limit

Upper
limit

Point
estimate

Lower
limit

Upper
limit

Acupuncture
plus LCD

LCD alone 0.48 0.24 0.71 None None None 0.48 0.25 0.71

CBT plus LCD LCD alone 0.49 0.14 0.85 0.38 0.07 0.67 0.42 0.20 0.63

Exercise plus
LCD

LCD alone 0.27 0.03 0.51 0.29 -0.06 0.63 0.27 0.07 0.47

MR-based LCD LCD alone 0.31 0.18 0.45 0.50 -0.20 1.20 0.31 0.19 0.44

CBT plus LCD Exercise plus LCD 0.14 -0.04 0.33 0.22 -0.19 0.70 0.15 0.01 0.32

MR-based LCD Exercise plus LCD 0.22 -0.42 0.85 -0.02 -0.21 0.27 0.04 -0.17 0.28

Acupuncture
plus LCD

CBT plus LCD None None None 0.06 -0.24 0.38 0.06 -0.24 0.38

Acupuncture
plus LCD

Exercise plus LCD None None None 0.20 -0.08 0.51 0.21 -0.08 0.51

Acupuncture
plus LCD

MR-based LCD None None None 0.17 -0.10 0.42 0.17 -0.10 0.42

CBT plus LCD MR-based LCD None None None 0.11 -0.14 0.34 0.11 -0.14 0.34
fron
LCD, low-calorie diet; CBT, cognitive behavioral therapy; MR, meal replacement.
A B C

FIGURE 2

Network geometry of the five lumped interventions. Network geometry of the all study arms (A), short-term (≤ 12 weeks) study arms (B), and
long- term (>12 weeks) study arms (C). LCD, low-calorie diet; CBT, cognitive behavioral therapy; MR, meal replacement. The nodes correspond
to the intervention type, and the edges correspond to the intervention arm between the two interventions. The size of the nodes indicates the
number of patients, whereas the thickness of the edges indicates the number of intervention arms.
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reducing general stress, distress due to medical conditions,

chronic pain and fatigue, postnatal depression, and quality of

life (61, 62). This complex mechanism of acupuncture and CBT

may have resulted in a stronger effect on weight loss than LCD

alone, when combined with LCD.

However, it was noticeable that not only effect sizes of

acupuncture and CBT but also effect sizes of MR and exercise

were all categorized into “medium” level (25). One possibility

for this to occur is that efficacy of MR and exercise on simple

obesity also increases significantly when combined with LCD.

MR can be delivered within the community and purchased

without a prescription (20), and exercise contributes to body

weight and fat loss by increasing energy expenditure through
Frontiers in Endocrinology 10
physiological processes and cellular mechanisms that speed

up glycogenolysis, glycolysis, fatty acid oxidation in muscle,

and lipolysis in adipose tissue (63). Therefore, it appears that

although the mechanisms of the four interventions were

different, when combined with LCD, the therapeutic effect

may have moderately increased compared to LCD alone.

Nevertheless, the question remains as to why the synergistic

effect of the four interventions did not show a “large” effect

size when combined with LCD. One possibility for this is that

since LCD itself has an effect on simple obesity, even if

acupuncture, CBT, MR, or exercise intervention is

combined with LCD, the synergistic effect will be limited to

“medium” level (64).
FIGURE 3

Forest plots of the five lumped interventions. LCD, low-calorie diet; CBT, cognitive behavioral therapy; MR, meal replacement.
FIGURE 4

Forest plots of each intervention compared with LCD alone. LCD, low-calorie diet; CBT, cognitive behavioral therapy; MR, meal replacement.
frontiersin.org

https://doi.org/10.3389/fendo.2022.772478
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Kim et al. 10.3389/fendo.2022.772478
Our study also revealed that the efficacy of the four LCD-

combined interventions for simple obesity differed depending on

the intervention period. LCD-combined acupuncture was effective

both in the short- and long-term intervention periods; however,

the effect size of intervention in the long-term period was

approximately two-fold that in the short-term. LCD-combined

CBT and exercise were effective in the long-term; however, they

were not significantly effective in the short term. MR-based LCD

was effective only in the short term, while it was not significantly

effective in the long term. Therefore, considering the association

between the effect size of each intervention and intervention

period, a differentiated plan for each intervention for simple

obesity may be established. For example, LCD-combined

acupuncture is effective for simple obesity in the short term;

however, its efficacy may increase in the long-term. Therefore,

acupuncture may be recommended primarily for patients with

simple obesity, in whom the duration of treatment cannot be
Frontiers in Endocrinology 11
definitively determined. In contrast, LCD-combined CBT and

exercise are effective for simple obesity only in the long term.

Therefore, with regard to these two interventions, patients with

simple obesity should be given sufficient information about the

intervention period. To understand the reason why MR-based

LCD was not effective in long-term treatment, one possibility

could be that the compliance of patients to an MR-based LCD

may have been reduced for the long-term. Therefore, it would be

undesirable to exceed 12 weeks for MR-based LCD. Some adverse

events, including abdominal inflation, indigestion, abnormal taste,

and sleep loss, have been reported only for an MR-based LCD.

Therefore, together with the intervention period, gastrointestinal

and neurological adverse events should be monitored or relieved

when applying MR-based LCD to patients with simple obesity.

The heterogeneity test revealed significant differences in total

between-intervention heterogeneity. In particular, the I2 levels of

LCD-combined acupuncture, exercise, and MR-based LCD were
TABLE 3 Test of heterogeneity in the BMI or weight of pairwise meta-analysis assessed by Q-test and I2 statistics.

Intervention
type

Comparison Numbersof
studyarms

Hedges’
gvalue

Standard
error

95% CI, lower
limit

95% CI, upper
limit

Q-
value

df
(Q)

P-
value

I2

(%)

Acupuncture
plus LCD

LCD alone 6 0.48 0.10 0.29 0.68 6.88 5 0.23 27.34

CBT plus LCD LCD alone 2 0.47 0.15 0.17 0.76 0.15 1 0.70 0.00

Exercise plus
LCD

LCD alone 4 0.31 0.09 0.13 0.50 3.99 3 0.26 24.72

MR based LCD LCD alone 16 0.30 0.06 0.19 0.42 23.28 15 0.08 35.57

CBT plus LCD Exercise plus
LCD

6 0.11 0.06 -0.01 0.24 3.89 5 0.57 0.00

MR based LCD Exercise plus
LCD

1 0.22 0.32 -0.41 0.85 0.00 0 1.00 0.00

Total within intervention 38.19 29 0.12

Total between interventions 12.85 5 0.03

Overall 35 0.28 0.04 0.21 0.34 51.03 34 0.03 33.37
f
rontiers
LCD, low-calorie diet; CBT, cognitive behavioral therapy; MR, meal replacement; BMI, body mass index.
TABLE 4 Network meta-analysis of the effect size on weight loss by intervention period.

Intervention Comparison Short-term period (≤ 12weeks) Long-term period (> 12weeks)

Numbers of

study arms

Hedges’

g value

Standard

error

95%

CIlower

limit

95%

CIupper

limit

Numbers of

study arms

Hedges’g

value

Standard

error

95%

CIlower

limit

95%

CIupper

limit

Acupuncture

pus LCD

LCD alone 5 (28–30, 30) 0.39 0.14 0.12 0.67 1 (27) 0.89 0.26 0.37 1.40

CBT plus

LCD

LCD alone 2 (31, 36) 0.23 0.27 -0.30 0.75 6 (32–35, 37) 0.51 0.13 0.26 0.76

MR based

LCD

LCD alone 12 (42, 44–46, 49, 50,

52, 53, 55–58)

0.35 0.09 0.18 0.53 5 (43, 46, 48, 51,

56)

0.22 0.12 -0.01 0.47

Exercise plus

LCD

LCD alone 4 (36, 39, 40, 58) 0.11 0.19 -0.27 0.48 7 (32–34, 37, 38,

41)

0.37 0.12 0.12 0.59
wks, weeks; LCD, low-calorie diet; SE, standard error; CBT, cognitive behavioral therapy; MR, meal replacement.
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higher than those of LCD-combined CBT with LCD alone or

LCD-combined exercise, and differences in I2 levels between the

higher and lower heterogeneity groups may have resulted in

significant heterogeneity of the overall interventions. Large

sample sizes have been reported to lower the I2 level (65).

However, there were 6 and 4 study arms for LCD-combined

acupuncture and exercise versus 16 for MR-based LCD.

Therefore, the number of study arms mainly contributed to

the increase in overall intervention heterogeneities in this study.

One possibility is that the study process itself differed within the

acupuncture, exercise, or MR trials and between small or large

numbers of study arms.

This systematic review and network meta-analysis have

several limitations. The methodological quality of the

included RCTs was low on account of insufficient number

of patients and outcome assessors for double-blinding. The

comparative efficacy of the four diet-combined interventions

was examined only for people with simple obesity, and it is

hence necessary to examine whether this result may be

consistent with those of patients with severe obesity or

secondary obesity. This study did not consider participants

with no treatment as a control group, and it is challenging to

examine the pure effect of acupuncture, CBT, MR, and

exercise on simple obesity with no treatment as a control

group. This study did not include other non-pharmacological

and non-surgical interventions, such as massage, cupping,

and bloodletting interventions for obesity. Therefore, further

studies are needed to examine the comparative effectiveness

of LCD combined with other intervention types than

acupuncture, CBT, MR, and exercise for simple obesity.

In conclusion, this network meta-analyses, including

3,364 patients with simple obesity, suggest that acupuncture,
Frontiers in Endocrinology 13
CBT, MR, and exercise combined with LCD had the effect

sizes of medium level (Hedges’ g ranging from 0.21 to 0.48) for

weight loss, compared with LCD alone. Moreover, the efficacy

of the four LCD-combined interventions was associated with

the intervention period. Further studies are needed to

overcome the limitations of simple obesity, control groups,

and other interventions such as massage, cupping, and

bloodletting interventions.
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46. Fisberg M, de Oliveira CL, de Pádua CI, Sagrado MG, Conde R. Impact of
the hypocaloric diet using food substitutes on the body weight and biochemical
profile. Arch Latinoam Nutr (2004) 54(4):402–7.

47. Noakes M, Foster PR, Keogh JB, Clifton PM. Meal replacements are as
effective as structured weight-loss diets for treating obesity in adults with
features of metabolic syndrome. J Nutr (2004) 134(8):1894–9. doi: 10.1093/jn/
134.8.1894

48. Ashley JM, Herzog H, Clodfelter S, Bovee V, Schrage J, Pritsos C. Nutrient
adequacy during weight loss interventions: a randomized study in women
comparing the dietary intake in a meal replacement group with a traditional
food group. Nutr J (2007) 6:12. doi: 10.1186/1475-2891-6-12
Frontiers in Endocrinology 15
49. Rohrer JE, Takahashi P. Should overweight and obese primary care patients
be offered a meal replacement diet? Obes Res Clin Pract (2008) 2:263–8. doi:
10.1016/j.orcp.2008.08.002

50. Tsai CHH, Chiu WC, Yang NC, Ouyang CM, Yen YH. A novel green tea
meal replacement formula for weight loss among obese individuals: a randomized
controlled clinical trial. Int J Food Sci Nutr (2009) 60(6):151–9. doi: 10.1080/
09637480903136667

51. Smith TJ, Sigrist LD, Bathalon GP, McGraw S, Karl JP, Young AJ. Efficacy of
a meal-replacement program for promoting blood lipid changes and weight and
body fat loss in US army soldiers. J Am Diet Assoc (2010) 110(2):268–73. doi:
10.1016/j.jada.2009.10.039

52. Metzner CE, Folberth-Vögele A, Bitterlich N, Lemperle M, Schäfer S, Alteheld B,
et al. Effect of a conventional energy-restricted modified diet with or without meal
replacement on weight loss and cardiometabolic risk profile in overweight women.Nutr
Metab (Lond) (2011) 8(1):64. doi: 10.1186/1743-7075-8-64

53. Khoo J, Ling PS, Tan J, Teo A, Ng HL, Chen RYT, et al. Comparing the
effects of meal replacements with reduced-fat diet on weight, sexual and endothelial
function, testosterone and quality of life in obese Asian men. Int J Impot Res (2013)
26(2):61–6. doi: 10.1038/ijir.2013.36

54. König D, Zdzieblik D, Deibert P, Berg A, Gollhofer A, Büchert M, et al.
Internal fat and cardiometabolic risk factors following a meal-replacement regimen
vs. comprehensive lifestyle changes in obese subjects. Nutrients (2015) 7(12):9825–
33. doi: 10.3390/nu7125500

55. Fuller NR, Fong M, Gerofi J, Leung L, Leung C, Denyer G, et al. A
randomized controlled trial to determine the efficacy of a high carbohydrate and
high protein ready-to-eat food product for weight loss. Clin Obes (2016) 6(2):108–
16. doi: 10.1111/cob.12137

56. Gulati S, Misra A, Tiwari R, Sharma M, Pandey RM, Yadav CP. Effect of
high-protein meal replacement on weight and cardiometabolic profile in
overweight/obese Asian indians in north India. Br J Nutr (2017) 117(11):1531–
40. doi: 10.1017/S0007114517001295

57. Shih CK, Chen CM, Hsiao TJ, Liu CW, Li SC. White sweet potato as meal
replacement for overweight white-collar workers: A randomized controlled trial.
Nutrients (2019) 11(1):165. doi: 10.3390/nu11010165

58. König D, Kookhan S, Schaffner D, Deibert P, Berg A. A meal replacement
regimen improves blood glucose levels in prediabetic healthy individuals with
impaired fasting glucose. Nutrition (2014) 30(11-12):1306–9. doi: 10.1016/
j.nut.2014.03.014

59. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to
meta-analysis. London: Wiley (2009).

60. Wang LH, Huang W, Wei D, Ding DG, Liu YR, Wang JJ, et al. Mechanisms
of acupuncture therapy for simple obesity: an evidence-based review of clinical and
animal studies on simple obesity. Evid Based Complement Altern Med (2019) 12.
doi: 10.1155/2019/5796381

61. Hofmann SG, Asnaani A, Vonk IJ, Sawyer AT, Fang A. The efficacy of
cognitive behavioral therapy: a review of meta-analyses. Cognit Ther Res (2012)
36):427–40. doi: 10.1007/s10608-012-9476-1

62. Cooper Z, Fairburn CG, Hawker DM. Cognitive behavioral treatment of
obesity: a clinician’s guide. New York, NY: Guilford Press (2003).

63. Petridou A, Siopi A, Mougios V. Exercise in the management of obesity.
Metabolism (2019) 92:163–9. doi: 10.1016/j.metabol.2018.10.009

64. Strychar I. Diet in the management for weight loss. Can Med (2006) 174
(1):56–63. doi: 10.1503/cmaj.045037

65. Von Hippel PT. The heterogeneity statistic I2 can be biased in small meta-
analyses. BMC Med Res Method (2015) 15:35. doi: 10.1186/s12874-015-0024-z
frontiersin.org

https://doi.org/10.1080/13548506.2013.766354
https://doi.org/10.1080/13548506.2013.766354
https://doi.org/10.1371/journal.pone.0160343
https://doi.org/10.1371/journal.pone.0160343
https://doi.org/10.1089/cyber.2015.0208
https://doi.org/10.1016/j.appet.2017.01.027
https://doi.org/10.1016/S0002-8223(96)00096-X
https://doi.org/10.1093/ajcn/69.5.959
https://doi.org/10.1080/07315724.2002.10719233
https://doi.org/10.1080/07315724.2002.10719233
https://doi.org/10.1038/oby.2000.48
https://doi.org/10.1016/S0002-8223(01)00089-X
https://doi.org/10.1016/S0002-8223(01)00089-X
https://doi.org/10.1331/154434503322452210
https://doi.org/10.1331/154434503322452210
https://doi.org/10.1038/sj.ejcn.1601587
https://doi.org/10.1093/jn/134.8.1894
https://doi.org/10.1093/jn/134.8.1894
https://doi.org/10.1186/1475-2891-6-12
https://doi.org/10.1016/j.orcp.2008.08.002
https://doi.org/10.1080/09637480903136667
https://doi.org/10.1080/09637480903136667
https://doi.org/10.1016/j.jada.2009.10.039
https://doi.org/10.1186/1743-7075-8-64
https://doi.org/10.1038/ijir.2013.36
https://doi.org/10.3390/nu7125500
https://doi.org/10.1111/cob.12137
https://doi.org/10.1017/S0007114517001295
https://doi.org/10.3390/nu11010165
https://doi.org/10.1016/j.nut.2014.03.014
https://doi.org/10.1016/j.nut.2014.03.014
https://doi.org/10.1155/2019/5796381
https://doi.org/10.1007/s10608-012-9476-1
https://doi.org/10.1016/j.metabol.2018.10.009
https://doi.org/10.1503/cmaj.045037
https://doi.org/10.1186/s12874-015-0024-z
https://doi.org/10.3389/fendo.2022.772478
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Comparative effectiveness of a low-calorie diet combined with acupuncture, cognitive behavioral therapy, meal replacements, or exercise for obesity over different intervention periods: A systematic review and network meta-analysis
	Introduction
	Methods
	Data sources and search
	Eligibility criteria and study selection
	Data extraction and quality assessment
	Statistical analyses

	Results
	Study selection and characteristics
	Pairwise meta-analysis findings
	Network meta-analysis findings
	Heterogeneity test
	Effectiveness on weight loss by intervention period
	Risk of bias and publication bias
	Adverse events

	Discussion
	Data availability statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


