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Abstract

Background Concerning ascending trend in the prevalence of chronic type Il diabetes, prevention and the devel-
opment of an effective approach after the recognition of at-risk individuals is crucial. This study aims to investigate
comparing the influence of lifestyle modification and metformin interventions in the prevention of type Il diabetes
developments.

Method The search was conducted using PubMed, Google Scholar, Scopus and Web of Science databases. The
inclusion criteria include randomized controlled trials (RCT) which studied both lifestyle modification and metformin
interventions in the population above 18 years old without a history of any type of diabetes. After excluding studies
with intervention time of fewer than 6 months, a systematic review and meta-analysis were performed to evaluate
relative risk (RR) with a confidence interval (Cl) of 95% of type Il diabetes development.

Results Data from 5 studies were included in the meta-analysis. The population also consists of individuals

with a mean age of 50 years old with BMI and FBS of 35.5 and 104.7 mg/dI respectively. Participants range of pre-
vention years was between 2-3 years with a mean of 2.8 years. Lifestyle modification decreases the probability

of the incidence of type Il diabetes by 25.3% (RR: 0.747, 95% Cl, 0.6—0.92) compared to the metformin intervention
(p-value=0.007). Our results indicate that long-term lifestyle modifications can prevent diabetes type Il and decrease
diabetes mellitus incidence down to one-quarter in comparison to metformin.

Conclusion Lifestyle modification can be more efficacious than metformin in diminishing the incidence of type
Il diabetes. Therefore, lifestyle modification can be a therapeutic strategy for controlling type Il diabetes incidence,
especially in high-risk individuals.

Key messages

This meta-analysis includes randomized clinical trials that directly evaluated two lifestyle modification and metformin
treatment interventions. Our results indicate that long-term lifestyle modifications can prevent diabetes type Il
and decrease diabetes mellitus incidence down to one-quarter in comparison to metformin.
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Introduction

The world health organization (WHO) warning about
the worldwide ascending trend of diabetes prevalence
took place for the first time in 1980 with the report of
108 million of affected people [1]. It is predicted that 463
million people which equals to 9.3% of the adult popu-
lation (20-79 years old) would develop diabetes by 2019
[2]. It is expected that this number reaches 578 million
people by 2030 and to700 million affected people by 2045
which equals to 10.9% of the population [2]. The number
of affected people in Iran are estimated to be about 5 mil-
lion people (3.9-6.6) and the number will be doubled by
2040 [2]. Approximately 90% of all diabetics are affected
by the type II diabetes [2]. Even after four decades, dia-
betes is still among the 10 main leading reasons of mor-
tality while half of these deaths happen in people under
60 years old [3]. The growing increase in incidence of the
diabetes in adolescents to type II diabetes in recent years
along with their increased survival rate resulted in the
rise in the total prevalence of the disease [4]. Given that
the incidence is a merit for the estimation of risk and is
independent of time and people’s survival, therefore, is a
precious merit for evaluating the preventative actions in
the population [5]. A complicated collection of genetic,
demographical, and environmental factors have led to an
increase in the number of people with type II diabetes
including weight gain and a decrease in exercise, prob-
ably due to the civilization and ageing of the population
[3]. It is obvious that the incidence and prevalence of dia-
betes continue to grow in both developing and developed
countries, but a decrease in the age of incidence doubles
the importance of the matter [6]. Moreover, the chronic
nature of diabetes and its consequences intensify the pain
for the patient and his/her family which is costly for the
health system and society as well [2].

Pre-diabetic individuals are more likely to develop
diabetes in future which makes it possible to predict
new diabetic cases [7]. Therefore, seeking the primary
prevention, diagnosis and management of pre-diabetic
cases would be a health priority and more efficacious
in controlling diabetes incidence [7]. Therefore, in line
with the diabetes prevention and control program, iden-
tifying people at risk and preventative interventions are
necessary and cost-effective. Therefore, we aims to find
the best approach to prevent type II diabetes by review-
ing randomized clinical trial (RCT) studies. After iden-
tifying people at risk, purposeful planning is needed to
intervene and select which one of the two approaches
of metformin prescription and lifestyle modification. In

addition, the investigation of these interventions in the
long term makes this study different from other studies.
The most effective and efficient intervention can greatly
help advanceour goals and lead to fundamental and com-
prehensive decisions in the country’s health care system.

Methods

Protocol registration

We registered the protocol for this systematic review
with PROSPERO (CRD42021237135). The protocol arti-
cle was published in the CCB journal [8].

Data sources and searches

This study is a systematic review and meta-analysis of
RCT studies. The aim of this study is to answer the ques-
tion that which intervention (metformin administra-
tion or lifestyle modification) is more effective in the
prevention of type II diabetes. First, a searching strat-
egy specifically in each of the PubMed, Google Scholar,
Scopus, Cochran Library, and Web of Science data bases
to find relevant papers with a combination of keywords
including diabetes, primary prevention, lifestyle, and
metformin was designed and performed without any
language or time restrictions. Structured search terms
are words related to the subject and topics of the medi-
cal subject (MESH). The search strategy and selection
criteria for studies are based on population, intervention,
comparison and outcome (PICO) [9]. The population is
all individuals over 18 years old. Intervention groups
include two lifestyle modification interventions based
on lifestyle change therapy (TLC) or diabetes prevention
program (DPP), and metformin drug intervention.

Study selection

Then we directly compared the participants in these two
groups. The primary outcome of this study is the inci-
dence of type II diabetes. After trying different strategies,
finally, the search strategy with the least filter was used
and the least restriction was selected. The search was
performed separately by two project partners in the men-
tioned databases with the specified search strategy.

After preparing the initial list of articles, the titles get
observed and duplicates were removed. Then, the titles
and abstracts of the remaining articles were carefully
studied. Inclusion criteria include RCT studies that eval-
uated two lifestyle modifications and metformin inter-
ventions on a population over 18 years old for primary
prevention of type II diabetes. The full texts of the arti-
cles get reviewed and finally, the qualified articles were
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selected. Any disagreement in this regard was resolved
through discussion with the third researcher. EndNote
software version X8.0.1 was also used for systematic
reviewing.

Data extraction and quality assessment

The quality of RCT studies was evaluated according to
Jadad criteria (Table 1). Then the eligible articles and
information about the author’s name, year of publication,
source, age and sex of participants, place of study, type of
study, sample size, duration of follow-up of participants,
more detailed information on lifestyle modification and
metformin interventions, as well as information on the
outcome of type II diabetes, were included in the Excel
file, which is summarized in Table 2.

Statistical analysis

Data were extracted to compare the effect of these two
intervention methods. studies with proper quality and
follow-up time of more than 6 months were selected and
numbers related to the effect size of type II diabetes mel-
litus (SD, RR) were extracted with a confidence interval of
95%. Finally, a stochastic effects model was used to evalu-
ate pooled effect size. To calculate, the incidence rate was
considered as one when the incidence rate was zero for
both intervention groups. Chi-square and I*-Index tests
were used to investigate the statistical heterogeneity
among the studies presented in the meta-analysis. The I*
above 25 and P-value greater than 0.1 means heteroge-
neity [16]. Emission bias was evaluated visually using a
funnel diagram and egger test, and trim and fill method.
Data analysis was performed using Comprehensive meta-
analysis software version 2.2064.

Results

Characterization of studies

The total number of articles searched in the three data-
bases PubMed, Scopus and Web of science were 14,119
articles. Also, ensuring a comprehensive search of arti-
cles, the first 300 articles searched in Google Scholar was

Table 1 Quality scoring of studies based on the Jadad scale
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read. Then 2789 duplicates were removed using End-
Note software and another 631 articles were added and
deleted to these duplicates during reading the titles of the
articles. Given that the selection criteria for the article
included in our study include RCT comparing lifestyle
modification intervention with metformin in the popula-
tion over 18 years of age to evaluate the outcome of type
II diabetes. 10,059 articles were excluded via reading the
title and the abstract of 640 articles was reviewed. Of
these, 41 abstracts were not available and 498 articles did
not meet the inclusion criteria. 101 articles were selected
to read in full text. After discarding studies that examined
only one of two lifestyle modification interventions, or
metformin, 50 articles were finally included in the meta-
analysis. Of these, 23 articles were subsets of the US Dia-
betes Prevention Program (DPP) pilot study project, all
of which were considered as one article. Three articles
did not report the incidence of diabetes, but despite cor-
respondence to obtain the number of cases of diabetes in
the intervention groups, no response was received, and
also the initial outcome reviewed in 5 articles was non-
type II diabetes and were excluded. Three articles were
deleted due to the low quality of the trial (score based on
jaded <2) and three articles were deleted due to the short
follow-up time (<6 months) finally data from 5 articles
were entered into a meta-analysis to investigate the out-
come of type II diabetes (Fig. 1).

The total population of the five trials included in the
meta-analysis with the outcome of diabetes was 3143
people. 42% of the participants were men. The baseline
population profile with a mean age of 50 years, and BMI,
and FBS were 35.2 and 104.7 mg/dl, respectively. Also,
the range of follow-up years of participants is 2 to 3 with
an average of 2.8 years. Table 3 shows the demographic
characteristics of these five trials.

Comparison of the efficacy of two lifestyle modification
and metformin interventions

The incidence of type II diabetes was estimated to
be 8.5 cases per 100 person-years in the lifestyle

Study Randomization Blinding An account of all patients  Total
Jadad
score

DPP [10] (2002) 1 0 1 2

IDPP-1[11] (2006) 1 0 1 2

Lu, Y. H.etal.[12] (2011) 1 0 1 2

D-CLIP [13] (2016) 2 0 1 3

PREVENT-DM [14] (2017) 2 2 1 5

Andreadis, E. A. et al. [15] (2009) 0 0 0 0
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Records excluded by title
(n=10059)

Full-text articles excluded, with reasons:

n =37 articles with intervention arm lifestyle + any
intervention arm except metformin

n = 14 articles with intervention arm metformin + any
intervention arm except lifestyle
n = 8 articles are duplicate

n = 8 articles not reported incidence diabetes type Il

n = 23 articles are Subcategories of the project DPP trial

Excluded by reasons:
n = 3 articles with low quality

n = 3 articles with low follow up

Fig. 1 Flow diagram of the study screening and selection process by PRISMA guidelines 2009. DPP: diabetes prevention program

modification intervention group and 9.9 cases per
100 person-years in the metformin intervention
group. Also, the relative risk assessment of RCT
studies showed that lifestyle modification inter-
vention 25.3 times (RR 0.747: 95% CI: 0.6 — 0.92)
reduced the risk of type II diabetes compared to
metformin (p-value=0.007). The heterogeneity rate
was 39% I and Cochran test was estimated to be 6.5
(p-value=0.16) (Fig. 2).

Two trials, PREVENT-DM and Lu et al., had a much
lower weight average than the other studies due to
their small sample size, and there was little change in
relative risk when excluded from analysis (RR =0.754);
But the degree of inconsistency increased slightly
(53.1%=12). Therefore, our meta-analysis is not
affected by these two trials (Fig. 3).

Publication bias

A funnel diagram is for investigation of the diffusion
bias. In this diagram, each point represents a study
entered into the meta-analysis, drawn according to
their effect (x-axis) and standard error (y-axis). In the
evaluation of diffusion bias for studies with the out-
come of type II diabetes, the funnel diagram visually
showed symmetry (Fig. 4) and the non-significance of
the Egger test also indicates the absence of diffusion
bias (p-value=0.80017). Also, no studies were hypo-
thetically added to the chart by performing the trim
and fill test; this means that small or ineffective studies
may have been included in our meta-analysis.
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Diabetes Forest Plot

Study name Statistics for each study Events / Total

rR;tSi:; L(;i\:\]/jenr Uﬁ,?.,?tr Z-Value p-Value lifestyle metformin
D-CLIP (2016) 0.729 0.561 0.946 -2.373 0.018 69/283 98/293
PREVENT-DM (2016) 0.900 0.059 13.698 -0.076 0.940 1/30 1/27
Luetal (2011) 0.081 0.005 1.426 -1.717 0.086 0/46 5/41
IDPP-1 (2006) 0.964 0.710 1.309 -0.234 0.815 471/120 52/128
DPP (2002) 0.662 0.550 0.796 -4.384 0.000 155/1079 23371073
Overall 0.747 0.604 0.924 -2.691 0.007
Heterogeneity:
12=38.879
Q-value = 6.544
P-value = 0.162

Risk ratio and 95% Cl

0.01 0.1

5}

100

Favours Lifestyle Favours Metformin

Random Effects Model Meta Analysis

Fig. 2 Forest plot comparing the effect of lifestyle modification interventions with metformin on the incidence of type Il diabetes. Relative risk
estimation (RR) with confidence interval (Cl) 95%. Each square shows the relative effect size and the horizontal line of the 95% confidence interval
in each study. The area of each square is proportional to the relative weight of the study. The diamond shows the estimated size of the overall
effect. The Diabetes Community Lifestyle Improvement Program (D-CLIP), The Promotora Effectiveness Versus Metformin Trial (PREVENT-DM), Indian

diabetes prevention program (IDDP), Diabetes prevention program (DPP)

Discuss

In this systematic review and meta-analysis, we investi-
gated two lifestyle modification interventions and the
prescription of metformin to prevent type II diabetes
and the effect of these interventions on the incidence of
diabetes. This meta-analysis includes RCT studies that
directly evaluated two lifestyle modification and met-
formin treatment interventions. The results indicate
the effectiveness of lifestyle modification compared to
metformin for the prevention of diabetes. According to
the relative risk of 0.75 (95% CI: 0.60—-0.92) obtained in
the time range of 6 months to 3 years, the incidence of
diabetes has decreased by 25% in the lifestyle modifica-
tion intervention compared to metformin. Both lifestyle
modification and drug therapy are effective in prevent-
ing diabetes compared to the control group. It is esti-
mated that the combination of dietary methods and
physical activity in lifestyle modification intervention is
more effective in reducing the risk of diabetes and has a
synergistic effect. Also, in the discussion of drug inter-
ventions, weight-reducing drugs such as glitazone and
metformin reduce the risk of diabetes in high-risk peo-
ple more than other drugs through insulin sensitizers
[17]. For example, lifestyle modification intervention
with a relative risk of 0.72 (95% CI: 0.86—0.60) compared
to drug treatment with a relative risk of 0.95 (1.14-0.79:
95% CI) in the follow-up after stopping the intervention
for a long time in the prevention of diabetes. has been
more effective and shows that the protective effect of life-
style modification is greater in the long term, which can

be the reason for its superiority compared to metformin
[17, 18]. The effects of drug interventions are limited to
the time of their use and do not permanently change the
basic pathophysiology of insulin resistance or B-cell dys-
function [17]. When we compare the results of the DPP
clinical trial with a follow-up of 15 years with the results
of the same trial in the initial interventions with a follow-
up of 2.8 years, we find that both lifestyle change inter-
ventions and metformin were more effective in reducing
the risk of diabetes than the control group [10, 19]. How-
ever, by conducting a meta-analysis on trial studies, they
found that among the participants who received the drug
intervention and who received the placebo, when com-
paring the follow-up period of active intervention and
follow-up after cessation of intervention, the relative risk
of diabetes after cessation of intervention was not sig-
nificant. While this trend shows a reduction in the risk
of diabetes for lifestyle intervention in both follow-up
periods, the lifestyle modification approach seems more
useful in preventing diabetes in the long run. While this
trend shows a reduction in the risk of diabetes for life-
style intervention in both follow-up periods, the lifestyle
modification approach seems more useful in preventing
diabetes in the long run [17]. However, in general, any
intervention for people at risk can be effective and reduce
the risk of type 2 diabetes. The study of two risk factors
related to diabetes such as obesity and reduced physi-
cal activity has shown that lifestyle interventions aimed
at improving these two factors have been more effective
in reducing the incidence of diabetes. It also seems that
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Diabetes Forest Plot
Study name Statistics for each study Events / Total Risk ratio
and 95% CI

Risk Lower Upper

ratio limit limit Z-Value p-Value lifestyle metformin
D-CLIP (2016) 0.729 0.561 0.946 -2.373 0.018 69 /283 98 /293 ——
IDPP-1 (2006) 0.964 0.710 1.309 -0.234 0.815 47 /120 52/128 ——
DPP (2002) 0.662 0.550 0.796 -4.384 0.000 155/1079 233/1073 —.—
Overall 0.754 0.612 0.928 -2.665 0.008

0.5 1 2

Heterogeneity:
1?=53.131
Q-value = 4.267
P-value = 0.118

Favours Lifestyle Favours Metformin

Random Effects Model Meta Analysis

Fig. 3 Forest plot comparing the effect of lifestyle modification interventions with metformin on the incidence of type Il diabetes. Relative risk
estimation (RR) with confidence interval (Cl) 95% and eliminate relatively low-weight trials
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Funnel Plot of Standard Error by Diabetes Log risk ratio

1
(]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
-

0

Log risk ratio

Pseudo 95% CI
Estimated line

Studies
o

Fig. 4 Type Il diabetes. The funnel diagram is symmetric. Number of studies=5, egger regression interpretations: t-value =0.27642, df =3,

p-value=0.80017

the higher the BMI of individuals, the more effective the
lifestyle intervention. Although drug interventions also
played a role in reducing the incidence of diabetes, the
effects were not stable after stopping the treatment, so

the incidence of diabetes increased after stopping the use
of two drugs, troglitazone and metformin [20]. Although
this study did not directly evaluate the two lifestyle modi-
fication and metformin interventions, the final results
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of our meta-analysis confirm and agree with these find-
ings. On the other hand, a network meta-analysis (NMA)
study shows that lifestyle modification intervention
has performed better compared to 12 other therapeutic
interventions for the prevention of type II diabetes in
high-risk populations. However, in an indirect compari-
son between lifestyle modification and metformin, the
odds ratio of diabetes showed a 14% reduction, but it was
not statistically significant (95% CI: 1.25-0.6, OR: 86%)
[21]. This inconsistency with our study is probably due to
the smaller number of included studies.

Advantages and limitations

Despite that our meta-analysis directly compared the
two lifestyle modification and metformin interventions
with a timeless and linguistic search strategy, the sever-
ity of heterogeneity between RCT studies was low and
the meta-analysis of diabetes incidence was not affected
by diffusion bias. However, we only analyzed randomized
trials with a follow-up period of more than 6 months.
Meanwhile, we only analyzed randomized trials with
a follow-up period of more than 6 months. The lack of
follow-up of participants, in the long run, is another limi-
tation of the study that can change our results because
people’s acceptance of lifestyle changes or long-term
drug intervention has not been measured. Furthermore,
this meta-analysis did not evaluate surgical interventions
or other drugs.

Conclusion

Due to the increasing trend of diabetes and the chronic
nature of the disease, primary prevention or prevention
of the first type is necessary and cost-effective. There-
fore, we decided to answer the research question of
whether lifestyle changes are more beneficial in reduc-
ing long-term diabetes or whether treatment with met-
formin might be a better solution. Our results revealed
that after diagnosing a person as pre-diabetic, a lifestyle
modification approach for more than 6 months can be
effective in reducing the incidence of type II diabetes and
reducing the incidence of diabetes by 25% compared to
metformin. Depending on the individual’s condition and
level of acceptance, each of these two interventions can
be applied together or alone. Though, concerning the cul-
tural resources and contexts, we suggest that preventative
diabetes incidence plans be based on lifestyle changes at
the community level.
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