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ABSTRACT

Objective We aimed to examine whether eHealth
interventions can effectively improve anthropometric and
biochemical indicators of patients with metabolic syndrome
(MetS).

Design Systematic review and meta-analysis.

Methods PubMed, the Web of Science, Embase, Medline,
CINAHL, PsycINFO, the Cochrane Library, the Chinese
National Knowledge Infrastructure, the Wanfang and Weipu
databases were comprehensively searched for papers

that were published from database inception to May 2019.
Articles were included if the participants were metabolic
syndrome (MetS) patients, the participants received eHealth
interventions, the participants in the control group received
usual care or were wait listed, the outcomes included
anthropometric and biochemical indicators of MetS, and

the study was a randomised controlled trial (RCT) or a
controlled clinical trial (CCT). The Quality Assessment Tool for
Quantitative Studies was used to assess the methodological
quality of the included articles. The meta-analysis was
conducted using Review Manager V.5.3 software.

Results In our review, seven RCTs and two CCTs comprising
935 MetS participants met the inclusion criteria. The results
of the meta-analysis revealed that eHealth interventions
resulted in significant improvements in body mass index
(standardised mean difference (SMD)=-0.36, 95% Cl (—0.61
t0 —0.10), p<0.01), waist circumference (SMD=-0.47,
95% Cl (—0.84 to —0.09), p=0.01) and systolic blood
pressure(SMD=-0.35, 95% Cl (—0.66 to —0.04), p=0.03)
compared with the respective outcomes associated

with the usual care or wait-listed groups. Based on the
included studies, we found significant effects of the eHealth
interventions on body weight. However, we did not find
significant positive effects of the eHealth interventions on
other metabolic parameters.

Conclusions The results indicated that eHealth interventions
were beneficial for improving specific anthropometric
outcomes, but did not affect biochemical indicators of MetS.
Therefore, whether researchers adopt eHealth interventions
should be based on the purpose of the study. More rigorous
studies are needed to confirm these findings.

INTRODUCTION

Metabolic syndrome (MetS) represents an
important public health problem. MetS has
different diagnostic criteria, but it is char-
acterised by at least three of five metabolic
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Strengths and limitations of this study

» To the best of the researchers’ knowledge, this is the
first systematic review and meta-analysis on eHealth
interventions for metabolic syndrome patients.

» The strengths of this review included its adherence
to the Preferred Reporting ltems for Systematic
Reviews and Meta-analyses guidelines, the com-
prehensive literature search and the inclusion of
eHealth interventions in a predefined patient sample.

» Another strength of this meta-analysis was that
randomised controlled trials (RCTs) and controlled
clinical trials (CCTs) were included, which are good
standards for evidence-based clinical research.

» The number of RCTs and CCTs and the overall sam-
ple size included in the meta-analysis were small.

» We only searched the Chinese and English databas-
es. More high-quality articles should be included.

risk factors: abdominal obesity, elevated
triglycerides (TG), reduced high-density lipo-
protein cholesterol (HDL-C), hypertension
and impaired glucose tolerance. The preva-
lence of MetS is increasing and is even likely
to reach epidemic proportions, which will
result in substantial medical costs' and impose
a heavy burden on the healthcare system. A
previous study indicated that over 20% of the
world’s population met the criteria for MetS,
and individuals with MetS were three times
more likely to develop cardiovascular disease
and five times more likely to develop type 2
diabetes mellitus.” Moreover, patients with
MetS experienced higher cancer risks’ and
worse health-related quality of life* than indi-
viduals without MetS. In view of the negative
outcomes of MetS, it is necessary to identify
and control risk factors for MetS. Factors such
as older age, female sex,5 stress,6 low physical
activity,’ overweight or obesity,® high waist
circumference (WCQC), elevated TG, elevated
fasting blood glucose (FBG) and high average
diastolic blood pressure (DBP)? exhibited
a close relationship with the progression of
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Pubmed (2 =477), CENTRAL (n =64)
Embase (n =198), Web of Science (n =800)
Medline (o=606), CINAHL (o=22)

PsycINFO (a =8), CNKI (o =4)
Weipu (o =3), Wangfang (o =3)

Addstional records dentified through Google, Basdu
Library sources (o=0)

Records after duplicates removed
(n=192)

[ Screening ] | IdentifimtionJ

Records d

(a=1993)

Records excluded after reviewing the title

and abstract (n = 1929)
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Figure 1 Flow chart of article selection process. CNKI, Chinese National Knowledge Infrastructure.

MetS. Therefore, healthcare professionals should take
measures to effectively manage and treat MetS.

Pharmacological therapy and lifestyle interventions are
commonly employed to prevent and treat MetS.'” However,
drugs sometimes have adverse effects and are accompanied
by limited efficacy.'' Therefore, researchers pay more atten-
tion to lifestyle interventions, which focus on increasing
physical activity and improving the diet, and these interven-
tions could reduce MetS risks.'* '* In the healthcare system,
interest in the application of eHealth devices to conduct
lifestyle interventions for patients is growing. eHealth refers
to ‘health services and information delivered or enhanced
through the internet and related technologies’," which
includes internet and computer, mobile phone (the use of
text messaging and applications on mobile phones), tele-
health, electronic monitors and wireless and Bluetooth
enabled devices."” eHealth interventions have become
increasingly popular due to making treatments more acces-
sible and affordable.'® !’ They provide benefits for patients
with an inconvenient location or commute and unavailable
or inflexible times, and patients may receive the required
information in a cost-effective way.

The increased use of eHealth devices may create
new opportunities to manage MetS in the coming
years. A study by Jahangiry et al'® found that eHealth

interventions, such as web-based interventions, could
significantly improve physical activity, dietary intake
and several dimensions of quality of life among MetS
patients. Furthermore, eHealth interventions were prom-
ising approaches to reduce health-related stress in MetS
patients'’ and could also provide patients with real-time
feedback and with tailored interventions according to
their needs.” Therefore, eHealth interventions may be
more convenient, more flexibly fitted to patients’ needs
and promote greater treatment adherence.

While the growing benefits of eHealth are evident,
researchers have found that the effects of eHealth inter-
ventions on anthropometric and biochemical indicators
of MetS were not consistent. Although two systematic
reviews have reported the positive effects of eHealth inter-
ventions on blood pressure”’ and blood glucose,”* the
two studies did not target patients with MetS. Given that a
single study cannot disprove the effects of eHealth inter-
ventions among MetS patients and none of the systematic
reviews based on randomised controlled trials (RCTs) and
controlled clinical trials (CCTs), which are associated with
rigorous study design, have been conducted to explore
the efficacy of eHealth interventions on anthropometric
and biochemical indicators of MetS patients, the primary
objective of this review is to determine whether eHealth
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interventions are effective at improving anthropometric
and biochemical indicators of MetS among patients
with MetS. This finding would not only answer whether
eHealth interventions are effective for MetS patients, but
also provide a reference point in healthcare communica-
tion and promotion using new information technology.

METHODS

The review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
guidelines.”

Literature search

PubMed, the Web of Science, Embase, the Cochrane
Library, Medline, CINAHL, PsycINFO, the Chinese
National Knowledge Infrastructure, the Wanfang and
Weipu databases were systematically searched for papers
that were published through May 2019. The search terms
were conjunctions of the following terms: “mobile appli-
cations” OR “mobile application” OR “mobile apps” OR
“mobile app” OR “cell phones” OR “cell phone” OR
“smartphone” OR “text messaging” OR “text message”
OR “mobile phones” OR “mHealth” OR “mobile health”
OR “internet” OR “web” OR “eHealth” OR “online inter-
ventions” OR “telehealth” OR “telephone” OR “SMS”
OR “short message” OR “mobile technology” AND
“metabolic syndrome” OR “Metabolic Syndromes” OR
“syndrome, metabolic” OR “syndromes, metabolic” OR
“MetS”. In addition, manual searches of cited references
in relevant papers were conducted if appropriate. Missing
relevant articles were obtained by contacting authors. An
example of the PubMed search terms can be found in
online supplemental file 1.

Study selection

The inclusion criteria of this review were as follows: (1)
participants: patients with a clinical diagnosis of MetS.
The diagnosis of MetS was performed using the Interna-
tional Diabetes Federation (IDF) and National Choles-
terol Education Programme Adult Treatment Panel III
(NCEP ATP III) or criteria closely aligned to these defi-
nitions prior to publication of these definitions in 2001;
(2) interventions: patients with MetS received eHealth
interventions; (3) comparisons: the participants in the
control group received usual care or were wait listed; (4)
outcomes: anthropometric and biochemical indicators,
including body weight, body mass index (BMI), WC,
systolic blood pressure (SBP), DBP, FBG, total cholesterol
(TC), HDL-C, low-density lipoprotein cholesterol (LDL-
C), TG or fasting insulin and (5) study designs: RCTs or
CCTs. The exclusion criteria were as follows: (1) studies
that were literature reviews, qualitative studies or proto-
cols; (2) studies in which participants were not patients
with MetS; (3) studies in which the intervention methods
were not eHealth interventions; (4) studies that did not
report anthropometric or biochemical indicators and (5)
publications that were not in English or Chinese.
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Table 2 Assessment for the methodological quality of the included studies

Selection  Study Data Global

Author, Year bias design  Confounders Blinding collection  Withdrawals rating
Methods And drop-out

Oh et al, 2015% Moderate  Strong Weak Moderate  Strong Moderate Moderate
Farhangi et al, 2017°® Moderate  Strong Weak Moderate  Strong Moderate Moderate
Radhakrishnan et al, Moderate Strong Weak Moderate  Strong Strong Moderate
2014*
Bosak et al, 2010*' Moderate  Strong Strong Moderate  Strong Strong Strong
Fappa et al, 2012% Strong Strong Strong Moderate  Strong Weak Moderate
Kim et al, 2013% Strong Strong Strong Moderate  Strong Strong Strong
Zhang and Wu 2011% Moderate  Strong Strong Moderate  Strong Moderate Strong
Kim et al, 2015'° Strong Strong Strong Moderate  Strong Strong Strong
Kang et al, 2014%" Strong Strong Strong Moderate  Strong Strong Strong

Two authors (DC and JS) independently screened
the titles and abstracts of all potentially relevant studies.
We ultimately identified the papers that met the above
described eligibility criteria and obtained the full text of
these articles for this systematic review and meta-analysis.
Discussion was used to resolve differences.

Data extraction

The data were extracted from the included articles
using standardised extraction forms. Data included age,
country, diagnostic criteria, the number of participants
in the experimental and control groups, intervention
methods and details, control details, duration of interven-
tions, follow-ups and outcomes. Two authors (DC and JS)
independently extracted data from each study, and incon-
sistencies were resolved through discussion with a third
author (ZY). Authors of these studies were contacted if
more data were needed. Data extraction form could be
found in online supplemental file 2.

Quality assessment

The methodological quality of all studies was measured
using the Quality Assessment Tool for Quantitative
Studies, developed by the Effective Public Health Prac-
tice Project, Canada. This tool could be used for RCTs,
quasi-experimental studies and uncontrolled studies. The
content and construct validity have been established.**
Two authors (DC and HZ) independently assessed the

Experimental Control

ean a gh
-1 476 33 13.7%

dy or Subgroup ean
Kim et al 2013 03 35 33

Radhakrishnan 2014 -0.1 415 33 02 43 28 131%
Farhangi et al 2017 -1.07 443 64 -038 319 53 17.5%
Oh et al 2015 -0.83 131 196 -0.28 1.03 181 23.3%
Zhang 2011 -1.86 228 100 -0.64 226 100 20.5%
Fappa et al 2012 -14 15 29 -041 1 29 11.9%
Total (95% CI) 455 424 100.0%

Heterogeneity: Tau? = 0.06; Chi? = 14.31, df = 5 (P = 0.01); I’ = 65%
Test for overall effect: Z=2.76 (P = 0.006)

Std. Mean Difference

-0.46 [-0.67, -0.26]
-0.54 [-0.82, -0.25)
-1.01 [-1.55, -0.46)

-0.36 [-0.61, -0.10]

quality of the included studies. Studies were assessed based
on six criteria: selection bias, study design, confounders,
blinding, data collection methods and withdrawals and
drop-out. The quality rating for the included studies
was ‘strong’, ‘moderate’ or ‘weak’. If the two reviewers
disagreed, a third author was available for discussion.

Statistical analysis

Rev Man V.5.3 software (The Nordic Cochrane Center,
The Cochrane Collaboration) was used to quantify the
outcomes of the eHealth interventions. Mean net change
was used to generate results for this meta-analysis for
continuous variables. Mean net changes were calculated
as the differences in the changes (mean value postin-
tervention minus mean value at baseline) for both the
experimental group and the control group. Intervention
effects were measured by the standardised mean differ-
ence (SMD) or weighted mean difference with 95% CIs
of standardised mean net changes between the interven-
tion and control groups.” SMD was interpreted based on
Cohen’s definitions: 0.2-0.5 is defined as a small effect,
0.5-0.8 is a moderate effect and >0.8 is a large effect.”
The I? statistic was performed to analyse heterogeneity.
An ¥ of 25%-50% indicated moderate heterogeneity,
and >50% indicated high heterogeneity.27 Tests of hetero-
geneity were used to decide which method would be
used to obtain the pooled results. When I? was >50%, a

Std. Mean Difference
Random. 95% ClI IV, Random, 95% CI
0.17 [-0.32, 0.65]
-0.07 [-0.57, 0.43])

-0.17 [-0.54, 0.19]

—_—
—
-

—_—

>

-2 -1 0 1 2
Favours [experimental] Favours [control]

Figure 2 Forest plot for effect of eHealth interventions on standardised mean net changes of BMI. BMI, body mass index; IV,

inverse variance.
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Experimental Control Std. Mean Difference Std. Mean Difference

—Study or Subgroup _Mean _ SD Total Mean  SD Total Weight IV, Random.95% Cl 1V, Random. 95% CI

Fappa et al 2012 -4.1 5 29 -05 44 29 13.4% -0.75[-1.29, -0.22] O

Farhangi et al 2017 -3.72 7.99 64 -229 7.87 53 15.7% -0.18 [-0.54, 0.19] cv kb

Kang 2014 -1.59 8.12 29 16 6.66 27 13.5% -0.42 [-0.95, 0.11] e

Kim et al 2013 -2 765 33 15 7.3 33 14.2% -0.07 [-0.55, 0.42] o

Kim, Chun Ja 2015 -3.25 6.16 24 0.97 6.38 24  12.8% -0.66 [-1.24, -0.08] S g

Radhakrishnan 2014 -0.1 743 33 -03 10.75 28 13.9% 0.02 [-0.48, 0.53] —

Zhang 2011 -13.14 741 100 -428 796 100 16.5% -1.15[-1.45,-0.85] S

Total (95% Cl) 312 294 100.0% -0.47 [-0.84, -0.09] e

Heterogeneity: Tau = 0.20; Chi* = 29.01, df = 6 (P < 0.0001); I* = 79% * g . t 1

Test for overall effect: Z = 2.44 (P = 0.01)

Favours [experimental] Favours [control]

Figure 3 Forest plot for effect of eHealth interventions on standardised mean net changes of WC. WC, waist circumference.

random-effect model was used; otherwise, a fixed-effect
model was employed. Significance was defined as p<0.05.
Where statistical heterogeneity was detected, possible
contributing factors were investigated in sensitivity
analyses.

Patient and public involvement
Patients and the public were not involved in this review.

RESULTS

Figure 1 illustrates the selection process. The authors
retrieved 2185 articles from the databases at the begin-
ning of the study. A total of 1993 records were screened
for inclusion after removing 192 repeated documents.
Eleven studies matched the above eligibility criteria for
the systematic review. For two trials,28 ¥ the original data
for meta-analysis could not be obtained. Therefore, seven
RCTs™ and two CCTs'* ¥ fulfilled all inclusion criteria
for the meta-analysis.

Study characteristics

Table 1 summarises the information about the charac-
teristics of the included studies. A total of 935 patients
with MetS were included in this study. Nine articles
were published from 2010 to 2017. Sample sizes ranged
from 22 to 200. Most of the studies were performed in
developing countries, such as Korea, Tehran, India and
China, and two studies were conducted in developed
countries, such as the USA and Greece. Moreover, only
Oh et al reported more than one follow-up time point.
The anthropometric and biochemical indicators were
measured using a measuring tape, bioelectrical imped-
ance analysis device, mercury sphygmomanometer and
automatic blood analysers. Most studies used the diag-
nostic criteria of NCEP ATP III,19 30-3% 35padhakrishnan

et al,34 Zhang and Wu,35 and Kang et al’” based on the
criteria of the IDF, Chinese Diabetes Society and Amer-
ican Heart Association/National Heart, Lung and Blood
Institute/International Atherosclerosis Society/Interna-
tional Association for the Study of Obesity/World Heart
Federation.

Characteristics of eHealth interventions

The intervention durations ranged from 6 weeks to 6
months. The types of eHealth interventions were mobile
phone-based care interventions (n=2) 0% web-based inter-
active lifestyle modification programmes (n=5)"?"' 50-57
and telephone-delivered interventions (n=2). ¥ In
terms of mobile phone-based care interventions, partic-
ipants in the intervention groups could inquire about
health information and immediately receive feedback
that provided MetS information via mobile phone.” ** In
addition, five studies'® *' ¥%7 conducted web-based inter-
ventions, and the intervention groups could download
educational materials about diet and exercise, send
personal questions and receive answers on their personal
internet homepage. Moreover, Kim et al,”> and Fappa et
al,” tested the feasibility of telephone counselling. Partic-
ipants received telephone counselling sessions and were
encouraged to maintain dietary changes according to the
dietary guide and individual personal risk factors.

Study quality

Quality assessments are shown in table 2. In terms of study
design and data collection methods, the included studies
had high methodologic quality. However, blinding of the
participants and assessors who delivered the treatment
interventions was not feasible because they could easily
identify the treatment. In particular, three studies did
not report whether there were differences between the

Experimental Control Std. Mean Difference Std. Mean Difference
—Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed. 95% Cl 1V, Fixed, 95% CI
Fappa et al 2012 -4.1 5 29 -05 44 29 13.6% -0.75[-1.29, -0.22]
Farhangi et al 2017 -3.72 7.99 64 -2.29 7.87 53 29.2% -0.18 [-0.54, 0.19] i
Kang 2014 -1.59 8.12 29 16 6.66 27 13.8% -0.42 [-0.95, 0.11] R
Kim et al 2013 -2 7.65 33 -15 7.31 33 16.7% -0.07 [-0.55, 0.42] 5o
Kim, Chun Ja 2015 -3.25 6.16 24 097 6.38 24 11.4% -0.66 [-1.24, -0.08] e —
Radhakrishnan 2014 -01 743 33 -03 1075 28 15.3% 0.02 [-0.48, 0.53] i
Total (95% CI) 212 194 100.0% -0.30 [-0.49, -0.10] &>
Heterogeneity: Chi = 7.36, df = 5 (P = 0.20); |2 = 32% ;i g 5 ! :

Test for overall effect: Z = 2.95 (P = 0.003)

Favours [experimental] Favours [control]

Figure 4 Forest plot for effect of eHealth interventions except from Zhang and Wu study on WC. WC, waist circumference.
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Figure 5 Forest plot for effect of eHealth interventions on standardised mean net changes of TG. TG, triglycerides.

groups at baseline.” ** ** These factors influenced the
quality of the included studies. Overall, over half of the
studies were of high methodological quality.

Effectiveness of eHealth Interventions among patients with
MetS

Body weight

In our study, three included studies chose body weight as
an outcome.'? "3 Due to the limited number of studies,
we chose to describe the results for body weight and did
not perform a quantitative summary. Kim et al” found
that there were significant group by time interactions in
regard to body weight (p=0.022). In a study by Oh et al,*
participants in the intervention group showed significant
improvements in body weight compared with the body
weight in the control group (p<0.001). Similarly, Kim et
al® reported that at the end of the trial, the intervention
group showed a significantly greater reduction in weight
than the other group (p<0.05). Therefore, eHealth inter-
ventions may be effective in improving body weight in
patients with MetS.

Body mass index

A meta-analysis of six studies with 879 participants found
a significant effect on BMI in the experimental group
versus the control group (SMD=-0.36, 95% CI (-0.61 to
-0.10), p<0.01), with a small effect size pooled across
studies. There was substantial evidence of high heteroge-
neity (p=0.01, I’=65%) (figure 2).

Waist circumference

WC was mentioned as an outcome measurement in
seven studies comprising 606 participants. Signif-
icant improvements were observed in the experi-
mental groups in comparison with the control groups
(SMD=-0.47, 95% CI (-0.84 to -0.09), p=0.01), with

Experimental Control
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Kim et al 2013 -13 334 33 -16.4 3408 33 19.8%
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Zhang 2011 026 061 100 -0.1 056 100 26.4%
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Test for overall effect: Z = 0.85 (P = 0.39)
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a small effect size pooled across studies. There was
substantial evidence of high heterogeneity (p<0.0001,
1°=79%) (figure 3). Zhang and Wu’s” study showed the
highest effect sizes for WC in the included studies. To
explore the source of this considerable heterogeneity,
we excluded the Zhang and Wu” study and found that
the heterogeneity decreased (I’=32%), which indicated
that the study contributed to the considerable hetero-
geneity (figure 4).

Triglycerides

The impact of eHealth interventions on TG among
patients with MetS has been explored in eight studies. As
shown in figure 5, compared with the control groups, the
participants who received mHealth and eHealth inter-
ventions did not experience significant changes in TG
(SMD=-0.22, 95% CI (-0.53 to 0.10), p=0.18). There was
substantial evidence of high heterogeneity (p=0.0008,
1’=72%) (figure 5).

Total cholesterol

In the five reviewed studies, the results suggested that
there were no significant differences between the inter-
vention groups and the control groups in regard to TC
(SMD=0.15, 95%CI (-0.20 to 0.50), p=0.39). There
was evidence of high heterogeneity (p=0.02, 1’=66%)
(figure 6).

High-density lipoprotein cholesterol

In our review, seven studies found that eHealth interven-
tions did not cause significant effects on HDL-C compared
with the effects in the control groups (SMD=-0.17, 95% CI
(-0.36 to 0.02), p=0.09). There was no evidence of high
heterogeneity (p=0.68, I’=0%) (figure 7).
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Figure 6 Forest plot for effect of eHealth interventions on standardised mean net changes of TC. TC, total cholesterol.
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Figure 7 Forest plot for effect of eHealth interventions on standardised mean net changes of HDL-C. HDL-C, high-density

lipoprotein cholesterol.

Low-density lipoprotein cholesterol

In our study, four reviewed studies reported the LDL-C
outcome.” ****%% Farhangi et af’ found that there were no
significant differences in LDL-C between the intervention
and control groups. Bosak et al’' reported no significant
effect of an internet intervention on LDL-C compared
with the effect observed in the control group. In the study
by Kim et al,” the authors did not find statistically signif-
icant effects of the intervention on LDL-C. Moreover,
Radhakrishnan et al,** did not find a significantly positive
effect of the intervention on LDL-C compared with of the
effect observed in the usual care group.

Systolic blood pressure

In terms of SBP, six studies found that eHealth interven-
tions had significant effects on SBP (SMD=-0.35, 95% CI
(=0.66 to —0.04), p=0.03), with a small effect size pooled
across studies. High heterogeneity was detected in the
analysis (p=0.01, I°=66%) (figure 8).

Diastolic blood pressure

DBP was only evaluated in six studies. Compared with the
control groups, improvements in DBP were not observed
in the experimental groups (SMD=-0.35, 95% CI (-0.82
to 0.13), p=0.15). High heterogeneity was found in the
meta-analysis of DBP (p<0.001, 1*=86%) (figure 9).
After excluding Zhang and Wu® study, the heteroge-
neity decreased (I’=71%), which indicated that the study
contributed to the high heterogeneity (figure 10).

Fasting blood glucose

As shown in figure 11, in the seven reviewed studies,
there were no significant differences in FBG in
the control groups and the intervention groups

(SMD=-0.27,95% CI (-0.72 t0 0.19), p=0.25). There was
no evidence of high heterogeneity (p<0.001, I’=86%)
(figure 11). After excluding the Zhang and Wu® study,
the heterogeneity decreased (I°=0%), which indicated
that the study was the origin of the high heterogeneity
(figure 12).

Fasting insulin

In the two reviewed studies, Farhangi et al” found
a significant positive effect of the intervention on
fasting insulin compared with the effect observed in
the usual care group. However, in the study of Kim
et al,” the results showed no significant differences
in fasting insulin between the control groups and the
intervention groups.

l3 6

Summary of results

As shown in table 3, this systematic review and meta-
analysis demonstrated that eHealth interventions
resulted in significant improvements in BMI, WC and
SBP. However, we did not find significantly positive
effects of the eHealth interventions on TG, TC, HDL-C,
DBP or FBG compared with the effects observed in
the usual care groups or wait listed groups. More-
over, due to the limited number of studies, we could
not quantify body weight, LDL-C or fasting insulin.
Through the descriptions of the included studies, we
found significant effects of the eHealth interventions
on body weight. The effects of the eHealth interven-
tions on fasting insulin were mixed, and the effects
on LDL-C were negative in the experimental groups
compared with the effects in the control groups.
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Figure 8 Forest plot for effect of eHealth interventions on standardised mean net changes of SBP. SBP, systolic blood
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Figure 9 Forest plot for effect of eHealth interventions on standardised mean net changes of DBP. DBP, diastolic blood

pressure.

DISCUSSION
This review is the first to describe and evaluate nine RCTs
and CCTs that used eHealth interventions to improve
metabolic risk factors among patients with MetS. The
current study showed that eHealth interventions resulted
in significant improvements in body weight, BMI, WC
and SBP compared with the effects of usual care but did
not affect TG, TC, HDL-C, LDL-C, FBG or fasting insulin
levels. Our results indicated that eHealth interventions
were effective as interventions in improving specific
anthropometric parameters among individuals with MetS.
Our results showed significant reductions in body
weight, BMI and WC, which was in line with the suggested
significant benefits of eHealth interventions in regard to
body weight, BMI and WC in the two studies.”* Weight
loss is the cornerstone of MetS management.*"Weight
loss has beneficial impacts on MetS.* The magnitude of
weight loss was associated with dose-effect improvements
in high blood pressure, hyperglycaemia and hyperlipi-
daemia.”” In contrast, obesity is a risk factor for MetS.*
The positive effect on weight loss and BMI might be due
not only to the intervention contents focusing on healthy
diet and regular physical activity in the included studies,
which were the most effective methods for managing
MetS,* but also to the fact that the exchange of diet
and exercise information through eHealth devices,
such as the Internet, was found to be more effective in
weight loss and maintenance than traditional methods
of selfmanagement.** Kim et af® found that counsel-
ling by telephone could be effective in providing advice
and education for MetS patients who need continuous
improvement in health behaviours. Moreover, for health-
care professionals, maintaining frequent contact with
participants was critical for participant engagement in
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Test for overall effect: Z = 0.92 (P = 0.36)

Std. Mean Difference

interventions and to ensure that participants received an
adequate intervention.” Additionally, the greatest adher-
ence to lifestyle goals was observed in the eHealth inter-
vention group, which could explain the weight reduction
result.*? For the WC outcome, a 1cm increase in WC
increases the risk of cardiovascular events by 2%.* There-
fore, WC control is vital for MetS patients. The significant
reduction in WC may be attributed to the usefulness of
continuous counselling through eHealth devices in the
treatment of MetS.” The eHealth devices provided oppor-
tunities for patients and medical personnel to communi-
cate, which helped MetS patients have access to health
information and improve compliance with interventions.
Therefore, a positive effect was observed for WC.

Moreover, in this study, the greater pooled improve-
ments reached significance for SBP. Our result was consis-
tent with those of the studies by Zha,46 Haas et al’’ and
Nolan et al,48 which illustrated that eHealth interventions
effectively improved the level of SBP. This effect might
be because eHealth interventions could be more flex-
ibly fitted to MetS patients’ lives and promote greater
adherence to the lifestyle programme.32 In addition, the
advantages of eHealth interventions, such as widespread
appeal, accessibility, ability to reach large and geograph-
ically diverse populations and great compliance at a low
cost,*? contributed to the beneficial change.

However, it is also important to note that the eHealth
interventions do little to nothing to significantly improve
TG, TC, DBP, FBG, HDL-C, LDL-C and fasting insulin.
The results from this systematic review were similar to
those reported in previous systematic reviews.”' ** The
reason behind this phenomenon may be the differences
in study designs, characteristics of study populations,
different technologies used in eHealth interventions and
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Figure 10 Forest plot for effect of eHealth interventions except from Zhang and Wu study on DBP. DBP, diastolic blood
pressure.
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Figure 11
glucose.

duration of the interventions. For instance, the duration
of the intervention (6weeks or 8weeks) in some studies
might not be enough to improve many metabolic param-
eters.”” In addition, MetS is characterised by the presence
of at least three of five indices. However, these indicators
are not homogeneous in patients, as any three of these
five indicators are acceptable for the diagnostic criteria
of MetS. Therefore, when participants met the inclu-
sion criteria, their normal and abnormal data could be
included in the analysis. As a result, the intervention
effects may be affected. Additionally, a limited number
of studies could explain the nonsignificant changes.
We included a total of seven RCTs and two CCTs. More
studies should be included to further verify the results.

Limitations

Several limitations should be acknowledged. First, the
number of RCTs and CCTs and the overall sample size
included in the meta-analysis were small. Therefore, the
findings of our review should be interpreted with caution.
Second, because of the limited number of papers, we
could not reliably assess publication bias of the included
studies and have not explored which eHealth type is more
effective. Third, we only searched Chinese and English
databases. More high-quality articles should be included.
Another limitation of the review was that the results of the
meta-analysis had high heterogeneity. Possible sources of
heterogeneity included differences in diagnostic criteria
for MetS and eHealth types. Finally, most studies were
conducted in developing countries, and the majority
were performed in Asia. Only two studies were conducted
in developed countries. In the future, we should include
more target populations from different cultural contexts
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Forest plot for effect of eHealth interventions on standardised mean net changes of FBG. FBG, fasting blood

to increase the representativeness and stability of the
results.

Implications for Practice and Future Research eHealth
is developing as technology advances and has the poten-
tial to provide health communication and promotion.
Our study adds value to the current literature as the first
systematic review and meta-analysis to provide eHealth
interventions for MetS patients. The results indicated
that eHealth interventions could be used to improve
specific anthropometric and biochemical outcomes
among MetS patients, such as body weight, BMI, WC and
SBP. However, eHealth interventions could not reduce
overall health risks. Due to the limited number of studies,
more studies are needed to confirm these results. The
eHealth interventions employed a broad range of tech-
nologies; however, user satisfaction and adherence to
long-term interventions (>6months) are still unclear.
Future studies should focus on user satisfaction with
eHealth devices and compliance with long-term inter-
ventions, which are important factors affecting the effec-
tiveness of interventions. Additionally, MetS is composed
of different components and diverse combination types.
However, precise interventions for patients with different
metabolic components have not been developed. There-
fore, in the future, the optimisation of existing interven-
tions is needed to achieve precise treatment for patients
with MetS. This optimisation could be beneficial to
healthcare providers trying to recommend an interven-
tion therapy for patients with different characteristics.
Moreover, the results of this current study were derived
from a small number of RCTs and CCTs, and we believe
that more regions and larger sample studies are needed
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Table 3 Estimations of the SMD or MD of related indictors with 95% CI between the intervention and control groups

No of SMD (random effect) or P

Variables included MD (fixed effect) 95% ClI 1?(%) value
Body mass index Six -0.36 -0.61t0-0.10 65 0.006*
Waist circumference Seven -0.47 -0.84t0-0.09 79 0.01*
Triglycerides Eight -0.22 —-0.53t0 0.10 72 0.18
Total cholesterol Five 0.15 —-0.25 t0 0.50 66 0.39
High-density lipoprotein cholesterol Seven -0.17 —0.36 to 0.02 0 0.09
Systolic blood pressure Six -0.35 -0.66to -0.04 66 0.03*
Diastolic blood pressure Six -0.35 -0.82t0 0.13 86 0.15
Fasting blood glucose Seven -0.27 -0.72t0 0.19 86 0.25

*P<0.05.
MD, mean difference; SMD, standardised mean difference.

before eHealth interventions could be recommended in
future guidelines.

CONCLUSION

Our study provides preliminary data for the future devel-
opment and application of eHealth interventions for
patients with MetS. The results from this systematic review
and meta-analysis indicated that eHealth interventions
have significant effects on body weight, BMI, WC and SBP
for individuals with MetS. However, their effectiveness
on TG, TC, HDL-C, LDL-C, FBG and fasting insulin is
insufficient. Therefore, eHealth interventions are bene-
ficial for improving specific anthropometric outcomes.
Researchers should decide whether to use eHealth inter-
ventions according to their research objectives. Addi-
tional eHealth interventions with rigorous study designs
are needed to provide robust evidence in a diverse popu-
lation in the future.
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