
Articles
The placebo response rate and nocebo events in
obesity pharmacological trials. A systematic review
and meta-analysis
Yip Han Chin,a,1 Cheng Han Ng,a,1* Nicholas WS Chew,b,1 Gwyneth Kong,a Wen Hui Lim,a Darren Jun Hao Tan,a Kai En Chan,a

Ansel Tang,a Daniel Q Huang,a,c,d Mark Y Chan,a,b Gemma Figtree,e,f Jiong-Wei Wang,a,g Asim Shabbir,h Chin Meng Khoo,a,i

Vincent Wai-Sun Wong,j Dan Yock Young,a Mohammad Shadab Siddiqui,k Mazen Noureddin,l Arun Sanyal,k

David E. Cummings,m Nicholas Syn,a,2 and Mark Dhinesh Muthiah a,c,d,2**

aYong Loo Lin School of Medicine, National University of Singapore, Singapore
bDepartment of Cardiology, National University Heart Centre, Singapore
cDivision of Gastroenterology and Hepatology, Department of Medicine, National University Hospital, Singapore
dNational University Centre for Organ Transplantation, National University Health System, Singapore
eNorthern Clinical School, Kolling Institute of Medical Research, University of Sydney, Sydney, NSW, Australia
fDepartment of Cardiology, Royal North Shore Hospital, Sydney, NSW, Australia
gDepartment of Medicine, National University Hospital, Singapore
hDivision of General Surgery (Upper Gastrointestinal Surgery), Department of Surgery, National University Hospital
iDepartment of Endocrinology, National University Hospital, Singapore
jDepartment of Medicine and Therapeutics, Chinese University of Hong Kong, China
kDivision of Gastroenterology, Hepatology and Nutrition, Department of Internal Medicine, Virginia Commonwealth Univer-
sity, Richmond, VA, USA
lCedars-Sinai Fatty Liver Program, Division of Digestive and Liver Diseases, Department of Medicine, Comprehensive Trans-
plant Centre, Cedars-Sinai Medical Centre, Los Angeles, CA, USA
mUW Medicine Diabetes Institute, VA Puget Sound Health Care System, University of Washington, Seattle, WA, USA
eClinicalMedicine
2022;54: 101685
Published online xxx
https://doi.org/10.1016/j.
eclinm.2022.101685
Summary
Background There is a growing number of trials examining the effectiveness of pharmacotherapies for obesity, how-
ever, little is known about placebo and nocebo effect in these trials. Hence, we sought to examine the effect of pla-
cebo in obesity trials, to better understand the potential factors affecting clinical endpoints in them.

Methods Medline, Embase, and Cochrane CENTRAL were searched for articles examining weight-loss RCTs exam-
ining patients with overweight or obesity in placebo-controlled arms from inception till 25 June 2022. This paper
was registered online with PROSPERO (CRD42022302482). A single arm meta-analysis of proportions was used to
estimate the primary outcomes, ≥5%, ≥10%, and ≥15% total weight loss − and the adverse effects that patients expe-
rienced during the trial. A meta-analysis of means was used to estimate the pooled mean differences of the second-
ary outcomes including, body weight measurements, lipid levels, glycemic indices, and blood pressure over time.

Findings A total of 63 papers involving 20,454 patients and 69 trials were included. The proportion of patients that
had ≥5%, ≥10%, and ≥15% weight loss was 20¢4% (CI:16¢1% to 25¢0%), 8¢3% (CI:6¢1% to 10¢9%), and 6¢2% (CI:3¢
8% to 9¢7%), respectively. Analysis by duration of trials showed stepwise increase in proportion of patients with
≥5% and ≥10% weight loss with increasing duration of study. Analysis of secondary outcomes found modest
improvement in all analyses. The pooled average rate of overall AEs, serious AEs, and discontinuation was 73¢7%
(CI:68¢0% to 79¢0%), 3¢4% (CI:2¢4% to 4¢5%), and 5¢2% (CI:4¢0% to 6¢5%), respectively. In psychiatric complica-
tions, the pooled rates of anxiety and depression were 2¢7% (CI:1¢8% to 3¢7%) and 2¢5 (CI:1¢7% to 3¢3%).

Interpretation Our meta-analysis of placebo-treated participants in weight-loss RCTs indicate a significant placebo
and nocebo effect. These findings are important to quantify their effect and may inform the design of future RCTs.
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Research in context

Evidence before study

Placebo and nocebo effects of placebo arm of placebo-
controlled trials is not well understood. Previous studies
examining its effect on lipid lowering therapies and
other metabolic diseases have been done, however, lit-
tle to none have been done for weight-loss trials. We
searched Medline, Embase and Cochrane for systematic
reviews and meta-analyses examining the placebo and
nocebo effects of weight-loss trials on 26 December
2021. We identified no previous meta-analyses examin-
ing the placebo and nocebo effects of patients with
overweight or obesity.

Added value of this study

Our study is the first systematic review and meta-analy-
sis examining the placebo and nocebo effects of
weight-loss randomized controlled trials (RCTs). We
found that 20¢4% (CI:16¢1% to 25¢0%) and 8¢3% (CI:6¢
1% to 10¢9%) of patients with overweight or obesity in
the placebo arms were recorded experiencing the pri-
mary outcome of ≥5% and of ≥10% weight loss, respec-
tively. Trials conducted in populations without diabetes
had a higher proportion of participants that had ≥5%
and ≥10% total weight loss as compared to patients
with diabetes. Modest improvement in lipid levels, gly-
cemic indices and blood pressure readings were also
noted in our review. However, a significant proportion
of patients also experienced adverse events (73¢7%),
with a smaller proportion of patients experiencing sys-
temic adverse events such as, upper respiratory tract
infections, neoplasm and psychiatric complications.

Implications of all the available evidence

Our study shows that the placebo effect in weight loss
RCTs is significant, and clinicians should be reassured
that patients undergoing these trials would experience
substantial improvements in weight. Additionally, clini-
cians and researchers should be cognizant that not all
adverse effects may be due to the drug itself, and
appropriate counselling of patients should be per-
formed to reduce the dropout rates of these trials.
Future research can look to examine the potential
impact the placebo effect has on their behaviour
change towards weight loss and clinical improvement
of psychiatric issues of patients in weight loss RCTs.
Introduction
Obesity is a major global pandemic. In 2016, the World
Health Organization estimated that up to 39% and 13%
of the world’s adult population were overweight or with
obesity respectively.1 Global estimates suggest that
upwards of 2¢8 million human deaths annually are
attributed to overweight or obesity.2 The cost of obesity
is large, estimated to be approximately US$149¢4 billion
in annual medical spending in the United States (US)
alone.3 Visceral adiposity has epidemiological links to
major preventable causes of death and disability, includ-
ing type 2 diabetes, cardiovascular diseases, stroke, non-
alcoholic fatty liver disease, malignancy, and many
other metabolic diseases.4−6

Current US Food and Drug Administration
approved medical treatments for obesity include orlistat,
phentermine-topiramate, naltrexone-bupropion, liraglu-
tide, and semaglutide.7,8 With substantial investments
into anti-obesity therapeutics, it is imperative to better
characterize the placebo effect in randomized clinical
trials of pharmacotherapies for obesity. Importantly, the
placebo effect and the “Hawthorne” effect describe a
phenomenon where patients manifest a positive behav-
ioral change from the awareness of being observed,9

while the nocebo effect encompasses the phenomenon
where patients experience ‘side effects’ despite being on
placebo, due to the expectation or anticipation of these
side effects arising.10 Placebo and nocebo effects have
been found to significantly affected randomized trials in
other metabolic diseases such as hyperlipidaemia, non-
alcoholic fatty liver disease and inflammatory bowel dis-
ease.11−14 Notably, the SAMSON trial showed that
adverse events associated with statin use could not be
differentiated from those experienced by patients taking
placebo, which complicates the planning of future tri-
als.11 However, not much is known about how the pla-
cebo and nocebo effect weighs in for weight loss trials.

Participants in the control arms of placebo-controlled
randomized trials represent a subset of patients
recruited based on well-defined eligibility criteria, with
accurately captured information on subsequent inter-
ventions and protocol deviations, and detailed follow-up
by trial researchers. Hence in theory, placebo-controlled
trials provide valuable opportunities to understand the
www.thelancet.com Vol 54 December, 2022
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natural history of diseases, which may enable better
appraisal of the true treatment effect of candidate obe-
sity drugs.15 We therefore endeavoured to critically
appraise the outcomes of placebo-treated participants in
randomized studies of pharmacotherapies for obesity.
Methods

Search strategy
We conducted a systematic review and meta-analysis
with reference to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA),16 Med-
line, Embase, and Cochrane CENTRAL databases were
accessed, and relevant papers were identified from
inception to 25 June 2022. Keywords and MeSH terms
synonymous with “obesity”, “overweight”, “weight loss”,
“placebo-controlled arms”, and “clinical trials” were uti-
lised. The search terms were compiled based upon the
analysis of previous similar reviews conducted on pla-
cebo studies,13 previous reviews on obesity drugs,17 and
with consideration of the current literature. The com-
plete search strategy can be found in the Supplementary
Material 1. Citations were imported into EndNote X9 for
the initial sieve with the removal of duplicates. Referen-
ces of related reviews and included articles were also
hand-screened to ensure a comprehensive search.18,19

The protocol of this paper was registered online with
PROSPERO (Registration ID: CRD42022302482).

Study selection and extraction
Four authors in pairs (YHC and NWSC, and CHN and
GK) independently screened articles located with the
initial search, and articles meeting the inclusion criteria
were selected for analysis. A third independent author
was involved in the resolution of disputes (MM), where
authors discussed their reasons for inclusion or exclu-
sion until a general consensus was met. The following
criteria were used for the inclusion of studies: (1) clinical
trials that were randomized, double-blinded, parallel
studies, because these are considered the gold standard
for judging benefits and costs of treatments20; (2) stud-
ies evaluating adults (aged 18 and above) with over-
weight or obesity (with or without diabetes mellitus)
randomised into placebo treatment for weight loss; (3)
no use of any weight loss or weight gain medications in
the placebo arms (4) reported weight change of partici-
pants. Only randomized controlled trials written in or
translated into English by the journals were considered.
All observational studies, case-control studies, reviews,
meta-analyses, editorials, commentaries, conference
abstracts, and non-English language articles were
excluded. Background diabetes mellitus treatment med-
ications such as metformin, sulfonylureas, insulin, and
other medications deemed not to affect weight gain or
loss were allowed. Duplicated studies that obtained
results from the same databases were removed, where
www.thelancet.com Vol 54 December, 2022
the latest or the most comprehensive publication was
retained.

Overweight was defined as a body mass index (BMI)
of 23-24¢9 kg/m2 for Asians,21 and a BMI of 25-29¢9
kg/m2 for Europeans,1 while obesity was defined as a
BMI value of ≥25kg/m2 for Asians and ≥30kg/m2 for
Europeans.1,21 Data were extracted independently by
four authors (YHC, NWSC, CHN and GK) into a prede-
termined datasheet. This includes information on study
characteristics (country, region, clinical trial registration
number/code, year of study, phase, funding, multi/sin-
gle centre trials and duration of follow-up), baseline
information (total sample size, mean age, gender, BMI,
waist circumference, weight, glycated haemoglobin
[HbA1c], fasting blood glucose[FBG], and presence of
other comorbidities), outcomes (5%, 10%, and 15% total
weight loss, change in BMI, weight, waist circumfer-
ence, lipids profile, glucose profile) and adverse events
(AEs). When they were not provided, estimated values
of the mean and standard deviation were derived using
formulas devised by Wan et al.22 The units for choles-
terol, triglycerides and glucose were millimoles per litre
(mmol/l). The primary study outcome was the propor-
tion of patients with overweight or obesity who experi-
enced ≥5%, ≥10%, and ≥15% total weight loss at the
end of each trial. The three weight loss goal targets were
chosen as, (1) it was the most commonly studied end
points of weight loss RCTs, and (2) it has been proven
to be realistic initial weight loss goals that are associated
with health benefits of participants with overweight or
obesity.23,24 Secondary outcomes included the change
in BMI, body weight, waist circumference, lipid profile
(including total cholesterol [TC], high-density lipopro-
teins [HDL], low-density lipoproteins [LDL] and trigly-
cerides [TG]), glucose profile (HbA1c and FBG) and
blood pressure (systolic and diastolic). Additionally, we
examined the possible AEs that people experienced
through the course of the trial.

Statistical analysis
All analyses were performed in RStudio (version 4.0.3).
A generalized linear mixed model (GLMM) with Clop-
per-Pearson intervals to stabilise the variance was used
for the analysis of pooled proportions and mean differ-
ences of the primary and secondary study outcomes of
participants in the trials.25,26 Statistical heterogeneity
was measured using I2, tau, Cochran Q test. An I2 value
of 25%, 50%, and 75% equated to small moderate
and large amounts of heterogeneity respectively,27

while a Cochran Q test value of ≤0¢10 was deemed sta-
tistically significant. Hartung-Knapp adjustments were
employed to adjust for confidence intervals by control-
ling for heterogeneity arising from between-study esti-
mations.28 The random effects model was used
regardless of heterogeneity scores.29 Analyses were only
conducted when sufficient data could be extracted for
the outcome of interest and publication bias was not
3
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conducted due to lack of a suitable assessment tool for
single-arm meta-analyses.30 Where possible, a sensitiv-
ity analysis was conducted for articles that only included
patients with obesity, and for articles with low-moderate
risk-of-bias. Additional analyses were performed on
both primary and secondary outcomes according to the
duration of intervention and follow up (<6 months, 6-
12 months, 12-24 months, >24 months), diabetes status
of included patients (studies only with patients who
either had or did not have diabetes), single-centre versus
multicentre studies, differing geographical regions (i.e.
North America, Europe, Asia, and multinational), route
of administration, and government/institutional funded
trials versus pharmaceutical company funded trials.
Associated risk factors (age, BMI, weight, waist circum-
ference, baseline HbA1c and FBG, gender, race, history
of dyslipidaemia or hypertension) for primary outcomes
were analysed using a mixed-model meta-regression to
account for study level predictors with the Hartung-
Knapp estimator to stabilize the variance.31 In brief, a
negative coefficient describes the inverse relationship
between the outcome variable and the unit increase of
the independent variable. A p-value of <0¢05 was con-
sidered as statistically significant.
Quality and risk-of-bias assessment
Four authors (YHC, CHN, NWSC, and GK) indepen-
dently assessed the risk-of-bias of the included trials
using the Cochrane Risk-of-Bias 2 tool for randomized
trials (RoB2) in pairs.32 All disagreements were resolved
through consensus with discussion with a third inde-
pendent author (MM). The RoB2 tool evaluates bias of
included trials across five dimensions, namely the ran-
domization process, deviations from intended interven-
tions, missing outcome data, measurement of the
outcome, and selection of the reported result. The final
assessment of the included trials was presented using
the Robvis visualisation tool.

Role of the funding source
This research did not receive additional support from
organizations beyond the authors’ academic institu-
tions.
Results
A total of 6,249 publications were identified in the ini-
tial search strategy, among which 3,799 were excluded
as duplicates. Another 2,235 papers were then excluded
after the initial sieve, with a full-text review being con-
ducted for 215 papers. The overall Cohen’s Kappa statis-
tic was 0.80, and the most common reasons for
disputes that required an independent author for con-
sensus was for the confirmation on whether back-
ground medications in both arms could affect weight
loss or gain (n = 15), and whether the participants met
the overweight or obesity criteria (n = 3). Finally, 65
articles involving 20,555 patients and 70 trials were
included in this meta-analysis (Figure 1). Of the trials
included, 30 were international, 26 were conducted in
the USA, four in Germany, three in Denmark, two in
Sweden, one each in Australia, China, France, Japan,
and the Netherlands. Most of the studies were multi-
centre trials (n = 57), and 41 trials examined patients
without diabetes mellitus. A total of 59 trials elaborated
on the diet and exercise regime provided to their partic-
ipants. In most studies, a general advice of 500 kcal
deficit a day and increase in moderate exercise (brisk
walking or cycling) of up to 150mins/day was given,
and only 2 trials had some form of enforcement of
these recommendations(reporting to an exercise venue
or daily reporting of diet and exercise). Most partici-
pants were female (66¢1%), and 62¢8% and 65¢7% of
patients had a history of hypertension and hyperlipi-
daemia, respectively.

At baseline, the mean age, BMI, weight, and waist
circumference of included patients were 49¢1 (CI:47¢5
to 50¢6) years old, 35¢6 (CI:34¢9 to 36¢2) kg/m2, 100¢0
(CI:98¢1 to 101¢9) kg, and 110¢6 (CI:108¢3 to 112¢8) cm.
The baseline mean lipid profiles for TC, LDL, HDL, and
TG were 4¢8 (CI:4¢7 to 5¢0) mmol/L, 2¢9 (CI:2¢8 to 3¢0)
mmol/L, 1¢3 (CI:1¢2 to 1¢4) mmol/L, and 1¢6 (CI:1¢5 to
1¢7) mmol/L, respectively. Baseline mean HbA1c was
6¢8% (CI:6¢3% to 7¢2%), and serum blood glucose was
6¢9 (CI:6¢3 to 7¢5) mmol/L. A summary of the included
publications and baseline characteristics of participants
can be found in Supplementary Material 2, and a sum-
mary of the dietary and exercise recommendations can
be found in Supplementary Material 3. Most of the
included studies were assessed to have low to moderate
risk of bias, and the detailed RoB2 assessment can be
seen in Supplementary Material 4.
Primary outcomes
A total of 18,886 and 18,495 participants in placebo
groups were examined for ≥5% and ≥10% weight loss,
respectively. Among them, 20¢4% (CI:16¢1% to 25¢0%,
I2 = 94¢0%) had the primary outcome of ≥5% weight
loss. A subgroup analysis by the duration of studies
found a stepwise increase in proportion of placebo par-
ticipants experiencing ≥5% weight loss with increasing
duration of study (Figure 2). Trials conducted in popula-
tions without diabetes had a significantly higher propor-
tion of ≥5% weight loss compared to those with
diabetes (23¢7%, CI:17¢8% to 30¢1%, I2 = 93¢6% vs
14¢6%, CI:9¢3% to 20¢9%, I2 = 93¢0%, p = 0¢036). Next,
8¢3% (CI:6¢1% to 10¢9%, I2 = 92¢0%) of the 18,495 pla-
cebo participants had ≥10% weight loss during their
trial. Similarly, a subgroup analysis by the duration of
studies found a stepwise increase in proportion of
patients with ≥10% weight loss with an increasing dura-
tion of study, albeit without significant differences
(Figure 3). There was also a larger proportion of placebo
www.thelancet.com Vol 54 December, 2022



Figure 1. PRISMA diagram.
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groups experiencing ≥10% weight loss among those
without diabetes compared to those with diabetes
(11¢4%, CI:8¢2% to 15¢1%, I2 = 89¢2% vs 3¢9% CI:2¢1%
to 6¢2%, I2 = 82¢7%, p<0¢0001). Subgroup analysis of
study-level factors for the analysis of ≥5% and ≥10%
weight loss, including but not limiting to the location of
study, funding, route of administration, single vs multi-
centre can be found in Table 1. Meta-regression for fac-
tors including weight, BMI, age, and gender, was
conducted and can be found in Supplementary Material
5. For both ≥5% and ≥10% total weight loss, increased
age (b = �0¢06; CI:�0¢12 to �0¢00; p = 0¢020 and b
www.thelancet.com Vol 54 December, 2022
= �0¢086; CI:�0¢13 to �0¢01; p = 0¢015, respectively),
and presence of diabetes (b = �0¢85; CI:-1¢54 to �0¢16;
p = 0¢016 and b = -1¢14; CI:-1¢81 to �0¢48; p = 0¢
00073, respectively) were associated with reduced pro-
portions of patients experiencing those weight loss
thresholds. There were 3,343 patients with reported
data on ≥15% weight loss, among whom 6¢2% (CI:3¢
8% to 9¢7%, I2 = 86¢6%) experienced that outcome.
There were insufficient studies for a comprehensive
subgroup analysis, but the effect was similarly larger
in people without diabetes (Supplementary Material
6).
5



Figure 2. Proportion of patients with ≥5% and ≥10% weight loss by duration of trial.
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Secondary outcomes
Full results of subgroup analyses conducted for waist
circumference, BMI, weight reduction, LDL, TG, HDL,
TC, blood pressure, and glycaemic indices can be found
in Supplementary Material 7 and Table 2. Mean change
in BMI was reported among 6,671 placebo participants,
with an average -1¢0 (CI:-1¢5 to �0¢4, I2 = 96¢2%) kg/
m2. Average weight reduction in a pooled analysis of
19,048 patients was -1¢4 (CI:-2¢0 to �0¢9, I2 = 94¢6%)
kg. The average reduction in waist circumference was
-2¢7 (CI:-3¢4 to -2¢1, I2 = 95¢0%) cm in a pooled analysis
of 17,176 patients. There were small changes with pla-
cebo in LDL, TG, HDL, TC. The magnitude of change
in glycaemic indices including HbA1c and FBG was sig-
nificantly larger in placebo groups with diabetes com-
pared to those without diabetes (Supplementary
Material 8). Placebo patients experienced an average
reduction in systolic and diastolic blood pressure of �1¢
7 (CI:-2¢8 to �0¢6, I2 = 91¢1%) mmHg and -1¢0 (CI:-1¢6
to �0¢5, I2 = 88¢7%) mmHg in a pooled analysis of
11,477 individuals. Meta-regression analyses were con-
ducted and can be found in Supplementary Material 9.
For change in body weight, a higher baseline BMI (b =
�0¢22; CI:�0¢43 to �0¢01; p = 0¢039), weight (b =
�0¢08; CI:�0¢15 to �0¢02; p = 0¢017), and waist cir-
cumference (b = �0¢14; CI:�0¢25 to �0¢03; p = 0¢011)
was associated with a greater decrease in body weight.
Lastly, for change in waist circumference, a higher base-
line BMI (b = �0¢43; CI:�0¢63 to �0¢24; p <0¢0001),
weight (b = �0¢13; CI:�0¢19 to �0¢07; p <0¢0001),
waist circumference (b = �0¢18; CI:�0¢28 to �0¢09;
p<0¢0001), and the female gender (b = -4¢59; CI:-8¢09
to -1¢10; p = 0¢011) were associated with a greater
decrease in waist circumference. Additionally, the pres-
ence of hyperlipidaemia (b = 3¢03; CI:0¢53 to
5¢53; p = 0¢021) and hypertension (b = 2¢89; CI:0¢28 to
5¢50; p = 0¢032) were associated with smaller decrease
in waist circumference.
Adverse events
A detailed summary of overall AEs can be found in Sup-
plementary Material 10 and Table 3. The overall rate of
reported AEs among 9,408 placebo participants was
73¢7% (CI:68¢0% to 79¢0%, I2 = 95¢4%). The reported
rates of serious AEs and discontinuations were 3¢4%
(CI:2¢4% to 4¢5%, I2 = 91¢8%) and 5¢2% (CI:4¢0% to
6¢5%, I2 = 84¢2%) in a pooled analysis of 12,230 and
www.thelancet.com Vol 54 December, 2022



Figure 3. Adverse events reported by participants in placebo-arms in the weight-loss placebo-controlled trials.
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18,648 patients, respectively. Meta-regression analyses
were conducted and can be found in Supplementary
Material 11. The detailed summary of systemic AEs can
be found in Supplementary Material 12 and Table 3.
Among reported systemic AEs, the most common was
upper respiratory tract infection, which occurred in
13¢3% (CI:11¢1% to 15¢6%, I2 = 87¢5%) of placebo partici-
pants. Neoplasm occurred in 1¢4% (CI:0¢5% to 2¢6%,
I2 = 84¢5%) of this group. Interestingly, 10¢3% (CI:6¢3%
to 15¢0%, I2 = 86¢4%) reported symptoms of injection-
site reaction, despite receiving placebo. Regarding psy-
chiatric complications, the pooled rates of anxiety and
depression were 2¢7% (CI:1¢8% to 3¢7%, I2 = 71¢5%) and
2¢5% (CI:1¢7% to 3¢3%, I2 = 75¢4%) among 5,244 and
8,758 participants, respectively, and 1¢3% (CI:0¢5% to
2¢6%, I2 = 75¢4%) had suicidal events.

Sensitivity analysis

Individuals with obesity only. A sensitivity analysis
was conducted for studies including patients with obe-
sity only (Supplementary Material 13). A total of 2,940
and 2,772 such placebo participants were examined for
≥5% and ≥10% weight loss, respectively. A total of
www.thelancet.com Vol 54 December, 2022
22¢3% (CI:13¢5% to 32¢4%, I2 = 93¢1%) and 8¢6% (CI:4¢
5% to 13¢9%, I2 = 85¢8%) had ≥5% and ≥10% reduction
in weight, respectively. In the secondary endpoints, the
mean change in weight was -1¢15 (CI:-2¢4 to 0¢0, I2 =
92¢3%) kg, and average reduction in waist circumfer-
ence was -3¢0 (CI:-4¢6 to -1¢4, I2 = 90¢3%) cm. There
was a small magnitude of change in lipids, glycaemic
indices, and blood pressure with placebo. In a pooled
analysis of adverse events, the overall pooled rate of
reported AEs was 80¢3% (CI:74¢4% to 85¢6%, I2 =
83¢5%) among 2,428 people. The pooled rates of
reported serious AEs and discontinuations were 4¢0%
(CI:2¢5% to 5¢8%, I2 = 76¢4%) and 5¢5% (CI:4¢5% to
6¢5%, I2 = 16¢5%) in analyses of 3,116 and 2,456 partici-
pants, respectively.
Excluding studies with high risk of bias
A sensitivity analysis was conducted removing studies
with high risk-of-bias (Supplementary Material 14). A
total of 18,783 and 18,392 such placebo participants
were examined for ≥5% and ≥10% weight loss, respec-
tively. A total of 20¢5% (CI:16¢1% to 25¢2%, I2 = 94¢2%)
and 8¢4% (CI:6¢0% to 11¢0%, I2 = 85¢8%) had ≥5% and
7



Studies, n Sample
Size, n

Pooled effect
size (95% CI)

I2 Subgroup
differences

Studies, n Sample
Size, n

Pooled effect
size (95% CI)

I2 Subgroup
differences

≥5% Weight Loss ≥10%Weight Loss

Overall 45 18886 20¢38 (16¢09 to 25¢00) 94¢0% 39 18495 8¢32 (6¢05 to 10¢91) 92¢0%
DM status 0¢036 <0¢0001

DM 12 8050 14¢63 (9¢33 to 20¢85) 93¢6% 11 7925 3¢90 (2¢12 to 6¢18) 82¢7%
No DM 29 9592 23¢66 (17¢77 to 30¢08) 93¢0% 25 9393 11¢41 (8¢15 to 15¢12) 89¢2%

Setting 0¢258 0¢049
Multicentre 40 18690 19¢05 (15¢60 to 22¢76) 93¢5% 35 18359 7¢39 (5¢57 to 9¢44) 91¢6%
Single Centre 5 197 35¢61 (8¢80 to 68¢27) 96¢3% 4 137 23¢75 (6¢63 to 46¢55) 88¢8%

Funding 0¢204 0¢470
Pharmaceutical

Company-Funded

38 17366 21¢71 (17¢15 to 26¢62) 93¢2% 33 17039 8¢85 (6¢54 to 11¢46) 91¢9%

Government-Funded 7 1520 13¢52 (4¢74 to 25¢54) 96¢7% 6 1456 5¢62 (0¢45 to 14¢88) 93¢9%
Phase 0¢002 0¢001

2 16 1152 12¢73 (8¢33 to 17¢83) 81¢2% 10 743 3¢20 (1¢1 to 6¢1) 72¢0%
3 24 11521 21¢79 (17¢17 to 26¢79) 94¢8% 24 11539 9¢04 (6¢77 to 11¢59) 90¢8%
4 4 6113 50¢58 (24¢87 to 76¢13) 97¢7% 4 6113 24¢88 (9¢24 to 44¢73) 96¢5%

Route 0¢034 0¢079
Oral 26 15102 16¢91 (13¢08 to 21¢12) 93¢0% 21 14737 6¢91 (4¢87 to 9¢27) 91¢6%
Subcutaneous 17 3660 27¢81 (18¢47 to 38¢2) 93¢3% 16 3634 11¢69 (6¢67 to 17¢8) 90¢3%

Duration of study 0¢015 0¢324
<6 months 11 738 11¢26 (5¢12 to 19¢20) 87¢8% 4 269 4¢27 (0 to 18¢99) 92¢1%
6-12 months 5 328 15¢46 (11¢63 to 19¢69) 15¢0% 5 328 5¢58 (3¢18 to 8¢52) 1¢3%
12-24 months 27 11577 25¢14 (19¢19 to 31¢61) 95¢6% 27 11555 9¢63 (6¢84 to 12¢54) 93¢3%
>24 months 2 6243 26¢38 (13¢76 to 41¢37) 15¢0% 2 6243 11¢58 (2¢48 to 26¢00) 1¢3%

Region 0¢016 <0¢0001
North America 17 5349 21¢00 (15¢14 to 27¢52) 92¢7% 16 5323 10¢07 (6¢58 to 14¢17) 89¢2%
Europe 5 223 31¢97 (6¢62 to 64¢73) 96¢6% 4 163 15¢90 (2¢25 to 37¢15) 91¢2%
Multinational 22 13286 19¢16 (15¢06 to 23¢64) 95¢1% 19 13009 6¢19 (4¢09 to 8¢67) 93¢0%

Table 1: Summary of findings of patients that achieved ≥5% and ≥10% weight loss.
Legend: N, Number of Studies; CI, Confidence Interval; DM, Diabetes Mellitus.

*bolded p-value<0¢05 denotes statistical significance.
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Studies, n Sample Size, n Pooled effect size (95% CI) I2

Body weight indicators

Change in BMI 20 6671 MD �0¢96 (-1¢51 to �0¢41) kg/m2 96¢2%
Change in Weight 60 19048 MD �1¢42 (�1¢99 to �0¢85) kg 94¢6%
Change in Waist Circumference 46 17176 MD �2¢71 (-3¢36 to �2¢07) cm 95¢0%

Lipid Profile

Change in Total Cholesterol 46 17176 MD �2¢71 (-3¢36 to �2¢07) cm 95¢0%
Change in LDL 41 10677 MD 0¢08 (�0¢00 to 0¢17) mmol/L 98¢4%
Change in HDL 41 10686 MD 0¢03 (0¢01 to 0¢05) mmol/L 94¢0%
Change in TG 39 10557 MD �0¢01 (�0¢09 to 0¢07) mmol/L 98¢3%

Glycaemic indices

Change in HbA1c 35 15017 MD �0¢13 (�0¢20 to �0¢06)% 95¢6%
Change in FBG 40 15688 MD �0¢10 (�0¢20 to 0¢00) mmol/L 87¢7%

Blood Pressure

Change in SBP 43 11718 MD �1¢71 (�2¢82 to �0¢59) mmHg 91¢1%
Change in DBP 42 11477 MD �1¢03 (�1¢61 to �0¢46) mmHg 88¢7%

Table 2: Summary of secondary outcomes findings.
Legend: n, Number of Studies; CI, Confidence Interval; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; HDL, High-Density Lipoprotein; HbA1c,

Glycated hemoglobin; LDL, Low-Density Lipoprotein; SBP, Systolic Blood Pressure.

Articles
≥10% reduction in weight, respectively. In the second-
ary endpoints, the mean change in weight was -1¢3 (CI:-
1¢8 to �0¢8, I2 = 94¢8%) kg, and average reduction in
waist circumference was -2¢6 (CI:-3¢3 to -2¢0, I2 = 95¢
3%) cm. The summary of the change in lipids, glycae-
mic indices, and blood pressure with placebo, and
the adverse events can be found in Supplementary
Material 14.
Discussion
A randomized, double-blinded trial with reference to
placebo remains the fundamental building block in the
assessment for clinical investigations. Despite an esti-
mated $1¢28 billion invested for pharmaceutical studies
of obesity in 2022 in the US,33 a comprehensive analysis
of placebo effects among such clinical trials has yet to be
systematically examined. These effects should not be
underestimated, as approximately one fifth and one
tenth of participants receiving placebo had ≥5% and
≥10% weight loss, respectively, with associated reduc-
tions in weight, BMI, and waist circumferences, despite
receiving no active medication. In a pooled analysis of
≥5% weight loss, 11¢3%, 15¢5%, 25¢1%, and 26¢4%
reached that primary endpoint at <6 months, 6-12
months, 12-24 months, and >24 months of follow-up,
respectively. Similar effects were seen in a pooled analy-
sis of ≥10% weight loss. These findings are of particular
interest because volitional weight loss through lifestyle
interventions is typically unsustainable with increasing
duration of follow-up.34,35

The observed findings in primary weight-loss out-
comes, and improvements in the secondary ancillary
weight-loss and metabolic markers show that placebo
effects can lead to improvements in the overall
www.thelancet.com Vol 54 December, 2022
metabolic milieu of participants with overweight or obe-
sity in these placebo-controlled trials. These findings
could be attributed to the lifestyle programs advocated
by the trials or the Hawthorne and placebo effects that
result from desirable changes in behaviour, with
increased attention by physicians.36 Patients enrolled in
clinical trials have been shown to be more regularly fol-
lowed-up by physicians, which may potentially lead to
implicit bias due to the increased quality time spent rel-
ative to conventional care.37,38 Famously, McCarney et
al demonstrated that patients who received more inten-
sive and regular follow-up experienced greater improve-
ment in dementia compared to individuals with
minimal follow-up, despite receiving the same pharma-
ceutical treatment.9 In the context of obesity studies,
where calorie restriction and physical activity are often
emphasised as cornerstones of treatment,4 the unmea-
sured Hawthorne effect can significantly influence out-
comes in both treated and untreated groups.
Participants in the included long-term trials
(>12months) generally had mandated follow-up of vary-
ing durations from once a week to once a month, more
frequent than the recommendations of follow-ups by
the American Diabetes Association of at least once a
month to once every three months.39 These could
explain why patients had sustainable volitional weight
loss despite the longer duration of follow-up. Impor-
tantly, double-blinded trials also potentially expose
patients to the placebo effect, which describes a psycho-
biological phenomenon attributed to learning mecha-
nisms in the mind, where pharmacologically inert
treatment exposure results in clinical improvement.40

However, the use of placebo is not without its own
set of problems. Undesirable nocebo events can arise
among study participants not receiving active
9



Studies, n Sample Size, n Pooled effect size (95% CI) I2

General Adverse Events

Overall Adverse Events 46 9408 73¢66 (67¢99 to 78¢96) 95¢4%
Serious Adverse Events 51 18648 3¢39 (2¢45 to 4¢46) 91¢8%
Discontinuation 45 12230 5¢22 (4¢02 to 6¢54) 84¢2%

Other Generalised Adverse Events

Fatigue 24 9473 4¢20 (3¢54 to 4¢91) 54¢6%
Dizziness 30 10374 3¢64 (2¢64 to 4¢78) 70¢2%

Systemic Adverse Events

Allergy Adverse Events

Injection site reactions 17 2370 10¢32 (6¢35 to 15¢04) 86¢4%
Allergies 12 3743 3¢83 (1¢79 to 6¢49) 94¢7%

Gastrointestinal Adverse Events

Abdominal Pain 22 4674 5¢60 (3¢49 to 6¢86) 69¢4%
Nausea 55 13852 9¢58 (7¢58 to 11¢77) 89¢7%
Vomiting 32 7666 3¢60 (2¢70 to 4¢62) 66¢6%
Constipation 37 10723 7¢79 (6¢14 to 9¢59) 83¢9%
Diarrhea 51 13402 8¢81 (7¢15 to 10¢61) 85¢4%
Dyspepsia 16 3020 2¢73 (2¢11 to 3¢41) 2¢5%
Dry Mouth 18 6958 1¢95 (1¢61 to 2¢32) 36¢1%

Hepatobiliary Adverse Events

Gallbladder Disorder 10 3255 0¢76 (0¢43 to 1¢15) 0¢9%
Hepatic Disorder 8 3268 2¢61 (1¢25 to 4¢39) 89¢3%
Cholelithiasis 8 2882 0¢32 (0¢10 to 0¢63) 0¢0%

Cardiovascular and Kidney Adverse Events

Cardiovascular disorders 15 5339 4¢60 (2¢08 to 7¢93) 96¢0%
Acute Kidney Injury 4 1346 0¢23 (0¢01 to 0¢64) 0¢0%

Infections

Upper Respiratory Tract Infection 34 12064 13¢3 (11¢15 to 15¢61) 87¢5%
Nasopharyngitis 36 12533 11¢39 (9¢29 to 13¢67) 89¢2%
Sinusitis 20 9669 6¢74 (5¢85 to 7¢69) 59¢2%
Bronchitis 11 5963 3¢21 (1¢98 to 4¢73) 90¢9%
Urinary Tract Infections 18 6218 5¢11 (3¢21 to 7¢40) 81¢1%

Psychiatric Adverse Events

Overall Psychiatric Adverse Events 17 5677 5¢55 (3¢52 to 7¢99) 93¢3%
Insomnia 20 6894 4¢99 (4¢19 to 5¢85) 45¢7%
Sleep Disorder 18 3758 4¢18 (2¢89 to 5¢67) 75¢3%
Anxiety 15 5244 2¢69 (1¢85 to 3¢66) 71¢5%
Depression 19 8758 2¢46 (1¢70 to 3¢34) 75¢4%
Suicidal 4 3196 1¢35 (0¢47 to 2¢62) 75¢4%

Pain/Sensory Adverse Events

Headache 45 12684 10¢67 (8¢85 to 12¢62) 80¢0%
Back Pain 25 9691 5¢39 (4¢17 to 6¢75) 74¢9%
Arthralgia 16 5432 4¢66 (2¢81 to 6¢92) 82¢1%
Paraesthesia 6 895 1¢76 (1¢15 to 2¢46) 24¢6%

Cancer

Neoplasm 11 5061 1¢42 (0¢55 to 2¢62) 84¢5%

Table 3: Summary of overall adverse events.
Legend: n, Number of Studies; CI, Confidence Interval; *bolded p-value denotes statistical significance.

Articles

10
medication, due to those individuals’ perceived expect-
ations of adverse effects. Approximately three-quarters
of patients experienced any AEs and 3¢4% experienced
serious adverse effects, with another 5% of patients dis-
continuing placebo medications due to adverse events.
The SAMSON trial famously showed that the onset,
severity, and duration of adverse events associated with
statin use could not be differentiated from those expe-
rienced by patients taking placebo.11 However, these
symptoms could also be by-products from the natural
www.thelancet.com Vol 54 December, 2022
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course of the disease. Additionally, though these pla-
cebo arms were assumed to be inert, they potentially
could be irritative and lead to adverse events experi-
enced by participants of these trials. Nevertheless,
although it might prove difficult to ascertain and attri-
bute subjective events to the course of disease versus
nocebo effects, pooled analysis of AEs can provide
detailed references for future clinical trials. Current
evidence about the natural history of obesity has been
derived from longitudinal population cohorts that have
dissimilar baseline characteristics, and hence pooled
analyses may offer insights to more accurately gauge
expected rates of complications from obesity. An addi-
tional observation of interest made in the current anal-
ysis relates to the lower-than-expected incidence of
psychological complications. Current estimates sug-
gest that the global prevalence of depression and anxi-
ety are 12¢9% and 7¢3%, respectively.41,42 However,
only 2¢5% and 2¢7% developed depression and anxiety,
respectively, in our meta-analysis. These lower rates of
depression and anxiety might relate to the following
reasons. First, there could be a lack of probing during
clinical consultations, potentially exposing an underes-
timation of reported psychological complications. Sec-
ond, it could be due to the potential placebo effect of
undergoing these trials, where patients undergoing
these trials experience weight loss, which alleviates
their source of stress and poor mental health, thus
experiencing improvement in their mental health.43

Last, clinical trials usually exclude patients with severe
psychiatric disorders for safety concerns,44 and studies
have also shown that patients with depression and
other psychiatric disorders are less likely to join clinical
trials.45 Importantly, there was a lack of information
regarding the participants mental health in included
trials, and future trials should take into consideration
these complications as they are important for adher-
ence and compliance to weight loss therapies.

This is the first and most comprehensive study
examining the impact of placebo and nocebo effects in
obesity RCTs on weight loss, metabolic markers
(weight, BMI, waist circumference, glucose and lipid
markers), and adverse events among participants. How-
ever, we note some limitations to our study. First, we
were unable to quantify or account for potential effects
that exercise and diet interventions could have exerted
on participants in the placebo arms of the included trials
due to lack of reporting of these regimes. Similar
improvements in weight, glycemic indices and lipid
markers have been observed in open-label trials with
moderate-intensity lifestyle programs, and the improve-
ments we reported could be also due to these lifestyle
programs. However, many trials did not track or report
the exercise or diet regimes suggested to participants of
the trials. Thus, we were unable to analyse whether
patients who adhered to the behavioural change require-
ments lost more weight compared to those who did not.
www.thelancet.com Vol 54 December, 2022
This limits the generalisability of our findings. Second,
we were unable to analyse possible dose-dependent pla-
cebo effects because there were no available data on the
dose-related outcomes. Third, adverse events could be
confounded by the concomitant medications or co-mor-
bidities of the study population, and such studies are
often unable to differentiate the impact of the placebo
compared with these confounders. Fourth, there is sig-
nificant heterogeneity among trials and patients,
although we attempted to control for these differences
through subgroup and meta-regression analyses. This
limits the generalisability of our findings, however, we
do note that the I2 can be influenced by sample sizes
and thus can be misleading, 46,47 this can be seen where
many single-arm meta-analyses of large sample sizes
depicting substantial heterogeneity of more than
90%.48,49 Last, most studies came from North America
and Europe, which may have affected the generalisabil-
ity of our findings, However, we suspect that these
effects may be substantially different due to genetic dif-
ferences, varying socio-demographic index scores, as
well as availability of trials by region. Future studies can
be done to quantify these differences to help improve
the generalisability of our findings.

Our meta-analyses showed that there is substantial
placebo effect in weight-loss RCTs. Up to 26% of partic-
ipants in placebo groups experience at least 5% weight
loss at >24 months of follow-up, with modest improve-
ments in all lipid levels, glycemic indices, and blood
pressure readings. We also showed and quantified the
presence of significant nocebo effects, with up to 74%
of study subjects experiencing adverse events while tak-
ing pharmacologically inert pills. These findings may
inform the design of future RCTs examining weight-
loss medications.
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