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Evaluation of the clinical outcomes of telehealth
for managing diabetes
A PRISMA-compliant meta-analysis
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Qian Zhu, MDa, Xiaoying Chen, MDa, Yongmiao Pan, MDa,∗

Abstract
Introduction: The objective of this study was to systematically review the literature and perform a meta-analysis comparing the
clinical outcomes of telehealth and usual care in the management of diabetes.

Methods:Multiple strategies, including database searches (MEDLINE, PsycINFO, PubMed, EMBASE, and CINAHL), searches of
related journals and reference tracking, were employed to widely search publications from January 2005 to December 2017. The
change in hemoglobin A1c (HbA1c) levels was assessed as the primary outcome, and changes in blood pressure, blood lipids, body
mass index (BMI), and quality of life were examined as secondary outcomes.

Results:Nineteen randomized controlled trials (n=6294 participants) were selected. Telehealth was more effective than usual care
in controlling the glycemic index in diabetes patients (weighted mean difference=�0.22%; 95% confidence intervals, �0.28 to
�0.15; P< .001). This intervention showed promise in reducing systolic blood pressure levels (P< .001) and diastolic blood pressure
levels (P< .001), while no benefits were observed in the control of BMI (P= .79). For total cholesterol and quality of life, telehealth was
similar or superior to usual care.

Conclusion: Telehealth holds promise for improving the clinical effectiveness of diabetes management. Targeting patients with
higher HbA1c (≥9%) levels and delivering more frequent intervention (at least 6 times 1 year) may achieve greater improvement.

Abbreviations: BMI = body mass index, CI = confidence interval, HbA1c = hemoglobin A1c, RCTs = randomized controlled
trials.
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1. Introduction

The World Health Organization (2016) stated that 422 million
adults were estimated to suffer from diabetes worldwide in 2014,
and the prevalence of this disease has almost doubled since 1980,
growing from 4.7% to 8.5%. In 2012, 1.5 million deaths were
directly caused by diabetes globally, and an additional 2.2 million
patients who died of cardiovascular and other diseases were
associated with higher than optimal blood glucose levels.[1] Due
to the direct medical costs of diabetes and being unemployed, this
disease leads to substantial economic losses for diabetes patients
and their families, for health organizations, and for nations.[1]

Thus, with a high incidence, highmortality, long-term impacts on
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health and large diabetes-related expenditures, this disease has
become a great concern for human beings.
Romanow[2] demonstrated that well-designed management of

diabetes and modifiable risk factors can potentially prevent
disease progression, complications, and premature death from
diabetes. However, because of limited health resources, the
absence of self-management education and insufficient recom-
mendations from professionals concerning medication adjust-
ments and lifestyle changes in many remote areas; it is difficult for
diabetes patients to achieve effective management. Telehealth is
an innovation that allows medical professionals to diagnose
patients in a distant area through the exchange of monitoring
results and the delivery of healthcare services via electronic
communication (fax, Internet, modem, telephone, or mobile
phone).[3–6] This innovation aims to overcome the barriers of
health service access for people in rural areas and to assist
patients in better understanding their health conditions, encour-
age self-management of health problems, and alert professionals
to provide support when needed.[7]

Despite the obvious promise of telehealth, the clinical and cost
effectiveness of this innovation remain poorly documented.[8] In
the few reported studies, the results of telehealth were variable;
some studies showed that telehealth could generate statistically
significant improvements in clinical outcomes, diabetes-related
expenditures, hospital admissions and hospitalizations,[9–11] and
other studies have claimed that telehealth is similar to usual care
for diabetes control.[12,13] Thus, the objective of this systematic
review was to compare the clinical outcomes of telehealth and
usual care in the management of diabetes. This study focused
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mainly on trials with a large sample size (n>100) and a long-term
intervention (duration>6 months) to provide rigorous evidence
for policy makers.
2. Methods

2.1. Literature search strategy

Multiple strategies, including database searches, searches of
related journals, and reference tracking, were employed to widely
search publications from January 2005 to December 2017. This
study was reviewed and approved by the Ethics Committee of the
Women’s Hospital of Zhejiang University. The electronic
databases of MEDLINE, PsycINFO, PubMed, EMBASE, and
CINAHL were initially searched for combinations of the
following Key words: tele∗/e-health/m-health/web-based/inter-
net-based/online/phone/mobile application/remote care/comput-
er, diabetes/diabetes mellitus and treatment outcom∗/clinical
eff∗/clinical outcom∗/treatment effect∗. Then, the reference lists
of the relevant literatures and key journals were manually
searched to identify additional publications.
2.2. Criteria for study inclusion and exclusion

Randomized controlled trials (RCTs) that examined the clinical
outcomes of telehealth interventions in adults with type 1 or type
2 diabetes compared with those of conventional care were
included. The telehealth intervention was required to include one
or more of the following categories: tele-education, telemonitor-
ing, teleconsultation, telecase management, and telementoring.[3]

Trials that were reported in non-English publications, involved
<100 participants in the initial recruitment, reported <6 months
of follow-up, or investigated gestational diabetes were excluded.
Research protocols and substudies of the included studies were
also excluded.
2.3. Methods of study selection

Duplications automatically detected by document manager
(NoteExpress) were removed first. The titles and abstracts that
were obtained through a literature search were scanned
independently by 2 reviewers, and potential studies were
identified through comparison with the selection criteria. Then,
the full texts of these articles were reviewed, and those that were
not consistent with the objectives were excluded. The results of 2
reviewers were compared, and any differences were discussed and
resolved by consensus.
2.4. Data extraction and quality assessment

Data from the selected studies were independently extracted
by 2 reviewers by using a data extraction form. A risk-of-bias
assessment tool, summarized in the Cochrane Handbook for
Systematic Reviews of Interventions (version 5.1.0), was
applied to assess the quality of each study.[14] The studies
were evaluated separately based on 7 domains: random
sequence generation; allocation concealment; blinding of
participants and personnel; blinding of outcome assessment;
incomplete outcome data; selective reporting; and other bias.
Two reviewers subjectively reviewed all the selected studies
and assigned a value of “Low risk,” “Unclear risk,” or “High
risk” to these 7 domains in the Review Manager software
(version 5.3).
2

2.5. Outcome measures

The primary outcome was the change hemoglobin A1c (HbA1c),
pre- and postintervention because this parameter has been
regarded as a gold standard indicator of clinical outcomes in
diabetes. This parameter reflects the mean glycemia level in the
past 2 to 3 months and is strongly associated with complications
of diabetes.[15] Changes in blood pressure, blood lipids, body
mass index (BMI), and quality of life, which are important
clinical outcomes representing the ultimate goal of treatment,[16]

were the secondary outcomes in this study.
2.6. Data analysis methods

The statistical analyses in this systematic review were all
performed in Review Manager software (version 5.3). Differ-
ences in means, with 95% confidence intervals (CIs), were
measured to compare the telehealth group with the usual care
group to determine the changes in HbA1c, blood pressure, blood
lipids, BMI, and quality of life. All data expressed in terms of the
median and range were converted to means and standard
deviations by applying the Hozo approach.[17] Study heteroge-
neity was measured by the I2 statistic, which presented the
percentage of the total variability among the studies that was
caused by heterogeneity rather than chance.[18] When heteroge-
neity was substantial (I2>50%), a sensitivity analysis was
performed to identify studies with significant differences; only if
the sensitivity analysis was ineffective, a random-effects model
was applied rather than a fixed-effects model. P values were
calculated by comparing the resulting statistic with a chi-squared
distribution, and statistically significant differences were identi-
fied when P values< .05.
3. Results

3.1. Study characteristics

As shown in the flowchart (Fig. 1), 19 publications were finally
selected for inclusion. The characteristics of these 19 studies were
summarized in Table 1. Most of them were single-center studies
that occurred in the United States[8,19–27] or Europe.[28–34] The
sample size ranged from 100[22,28] to 1665 participants.[8]

Among the 6294 participants, 3269 were randomized to the
telehealth group, while 3025 were chosen as members of the
usual care group. The length of the intervention varied from 6 to
12months. All the studies were conducted in adults: the mean age
ranged from 45.5 to 68.4 years in the telehealth group and 50.9 to
67.9 years in the usual care group. The participants selected in
most studies were those who were able to self-monitor blood
glucose and could use technology (e.g., computer or telephone) to
interact with their healthcare providers. Volunteers with
cognitive dysfunction; reading and listening barriers; severe
life-threatening illness were excluded.
The telehealth intervention in most of the selected trials

involved self-monitoring of blood glucose and data transmission,
either manually or electronically, with feedback (n=14)[8,22–
26,28,30–36]; in the remaining studies, the procedures were not
specifically mentioned. Mobile phone, telephone, Internet,
modem, or Bluetooth communication was employed to transmit
monitoring data in these 14 studies. Most studies required the
participants to monitor and transmit the data weekly or less than
a week and provided feedback through text messages, standard-
ized messages, phone calls, Internet-based communications, a
website or email. Generally, the feedback included advice on



Figure 1. The flow of study selection.
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medication adjustments, a healthy diet and physical activity.
The approaches used to deliver education included
telephone calls,[19,20,22,27,29,32] web-based educational mod-
ules,[21,23,24,26,31,35] Internet-based communication,[25,35] video-
conferencing,[8,36] and short message service.[30] Education was
mostly administered by a multidisciplinary team that consisted of
nurses, physicians, clinical health psychologists, diabetologists,
or exercise experts (n=7),[8,20,24,26,28,29,35] while others were
simply by nurses,[27,34,36] clinicians,[8,31] or endocrinologists.[22]

All of these educational strategies aimed to enhance patient
motivation, self-efficacy, and self-management ability.
3.2. Quality assessment

Figure 2A summarizes the quality of entire included trials in this
study, while Fig. 2B presents the quality of the individual trials
included. As shown in Fig. 2A, the allocation sequence was
randomly generated in all trials. Every study had reported the
concealment of the allocation and addressed incomplete outcome
data adequately. Due to the nature of telehealth, it was impossible
for the patients to be blinded to their allocation. However, some
trails were designed such that the patient allocation remained
unknown to the outcome assessors.

3.3. Diabetic control outcomes
3.3.1. HbA1c. The data from 16 RCTs were pooled to find the
effects of diverse telehealth approaches on HbA1c. As shown in
Fig. 3A, the HbA1c levels in the telehealth group were
significantly lower than those in the usual care group (weighted
mean difference=�0.22%; 95% CI, �0.28 to �0.15; P< .001).
The statistical heterogeneity was low (I2=46%), and a fixed-
effects model was used in this analysis. As in the studies by Lorig
et al[23] and Wakefield et al,[26] data for the mean or standard
deviation at the final visit were not given, these 2 studies were not
pooledwith the other studies. Both studies found that HbA1cwas
3

improved in the telehealth group compared with the usual care
group, while no significant between-group differences were
observed in the study by Leichter et al,[22] which was not pooled
with other studies because of heterogeneity. In addition, Table 1
shows that the average change in HbA1c in the telehealth group
was approximately �1.22% when the baseline level of the
participants was 9.0% or above, and the average change in
HbA1c was approximately �0.35% when the baseline level was
lower than 9.0%.

3.3.2. Blood pressure. Blood pressure was reported in 9 studies,
and the results are presented in Table 2. Eight of these studies
were pooled and examined both systolic blood pressure (Fig. 3B)
and diastolic blood pressure (Fig. 3C). Figure 3B and C shows a
statistically significant decrease in systolic blood pressure
(weighted mean difference=�1.92; 95% CI, �2.49 to �1.34;
P< .001) and diastolic blood pressure (weighted mean difference
=�1.31; 95% CI, �2.39 to �0.23; P< .001) in the telehealth
group compared to the usual care group. As the statistical
heterogeneity was higher than 50%, a random-effects model was
applied in the meta-analysis of diastolic blood pressure.

3.3.3. BMI, total cholesterol, and quality of life. BMI was
reported in 10 studies (Table 3) and Fig. 3D shows that there was
no significant difference between the telehealth group and the
usual care group in controlling BMI (weighted mean difference
=�0.14; 95% CI, �1.13 to 0.68; P= .79). Six included trials
reported the total cholesterol outcomes, as shown in Table 3.
Only 2 trials[8,30] reported that the total cholesterol was
significantly lower in the telehealth group than that in the usual
care group; 4 studies[28,32,35,36] showed a nonsignificant differ-
ence between this 2 groups over the duration of follow-up. The
outcomes of quality of life were not pooled because the
measurement instruments used in these trials varied significantly.
Two studies[21,28] stated that quality of life improved in the
telehealth group while no statistically significant difference was
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[32]

Figure 2. (A) A risk-of-bias assessment of all included studies; (B) a risk-of-bias assessment of individual included study.
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found; 1 study showed that the impairment of quality of life
decreased (P< .001) in the telehealth group versus the usual care
group.
4. Discussion

The results of this meta-analysis indicated that compared with
usual care, telehealth had a positive effect on glycemic and blood
pressure control, while no significant difference was found in the
control of BMI. For total cholesterol and quality of life, telehealth
was similar or superior to usual care.
The results of this review related to HbA1c control are

generally consistent with some previous reviews. Liang et al[37]

demonstrated that telehealth intervention reduced HbA1c by a
mean of 0.5% (P< .001); Zhai et al[11] found a lower HbA1c
level in the telehealth group (P< .001) than that in the usual care
group; and Lee et al[3] showed that telehealth improved HbA1c
by �0.18% (P= .01). DelliFraine and Dansky[38] failed to
support a link between telehealth and diabetes outcomes (the
effect size was 0.13; Z=1.3). In this study, the sample size ranged
5

from 31 to 141, and the evidence base for HbA1c was limited
(only 5 included studies studied HbA1c). Moreover, participants
with other serious diseases were not excluded in the original
studies, which could potentially affect the accuracy of the results.
Verhoeven et al[13] also found no significant difference between
the teleconsultation and usual care groups after conducting a
meta-analysis of 6 RCTs (P= .82). In this meta-analysis, the
duration of follow-up was 3 to 4 months in the original trails,
which was not long enough to capture valid data. As Lee et al[3]

illustrated, a longer duration (>6 months) could result in larger
effects. In our meta-analysis, the sample size ranged from 100 to
1665, and the duration of follow-up was at least 6 months, which
may provide more effective evidence.
Participants with higher baseline HbA1c levels (≥9%) may be

associated with greater effects when receiving a telehealth
intervention. The results of this study showed that the average
HbA1c change in the recruited patients with higher baseline
HbA1c levels (≥9%) was larger than that in patients with lower
baseline HbA1c levels (<9.0%) (�1.22% vs �0.35%). This
difference may have occurred because participants with higher

http://www.md-journal.com


Figure 3. Effect of telehealth on clinical outcomes of diabetes. (A) Forest plot showing the results of the meta-analysis of glycemic control; (B) forest plot showing
the results of the meta-analysis of systolic blood pressure change; (C) forest plot showing the results of the meta-analysis of diastolic blood pressure change; (D)
forest plot showing the results of the meta-analysis of body mass index change. CI = confidence interval.
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baseline levels had poorer self-care management, relating to
healthy eating, exercise adherence as well as medication
administration.[39] Telehealth offered a mechanism to improve
medication administration, such as regular reminders and
6

adjustments of the medication dose for patients when needed.
Benefiting from information and communication technologies,
telehealth introduced high-quality diabetes self-management
education to individuals who lived in remote areas, which can



Table 2

Summary of the systolic blood pressure and diastolic blood pressure in studies.

Systolic blood pressure, mm Hg Diastolic blood pressure, mm Hg

Authors (year) Comparison Baseline Final visit Baseline Final visit

Bujnowska-Fedak (2011)[28] Intervention
Usual care

132.2 (25.3)
136.1 (24.0)

127.2 (23.1)
129.1 (24.5)

84.4 (15.7)
82.6 (13.1)

81.4 (12.7)
82.1 (11.1)

Chamany (2015)[20] Intervention
Usual care

NA
NA

NA
NA

NA
NA

NA
NA

Cho (2016)[35] Intervention
Usual care

125.0 (15.2)
123.1 (12.6)

122.1 (13.4)
122.4 (12.8)

79.0 (10.3)
78.2 (9.2)

75.2 (9.2)
75.5 (9.9)

Glasgow (2012)[21] CASM
CASM+
Usual care

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Harno (2006)[30] Intervention
Usual care

134.0 (1.8)
136.0 (1.8)

135.0 (2.2)
137.0 (2.3)

81 (1.0)
84 (1.1)

79 (1.1)
82 (1.5)

Kempf (2017)[32] Intervention
Usual care

139.0 (16.0)
134.0 (13.0)

136.0 (17.0)
133.0 (12.0)

93 (10.0)
81 (9.0)

80 (10.0)
79 (9.0)

Leichter (2013)[22] Telemedicine
Usual care

133.2 (14.1)
132.4 (17.3)

134.7 (2.8)
133.0 (2.6)

79.3 (6.1)
76.9 (9.7)

78.5 (1.2)
76.9 (1.1)

Shea (2006)[8] Telemedicine
Usual care

142.13 (23.1)
141.75 (23.5)

137.4 (21.2)
140.6 (22.9)

71.6 (11.35)
71.0 (10.42)

68.4 (9.9)
70.1 (11.1)

Tang (2013)[25] Intervention
Usual care

127.0 (14.4)
126.1 (12.5)

119.9 (11.4)
120.8 (11.5)

72.6 (9.4)
72.7 (9.5)

71.7 (8.9)
72.5 (8.3)

Warren (2017)[26] Intervention
Usual care

130.0 (16.3)
126.0 (14.8)

126.0 (17.0)
134.0 (19.3)

82.0 (9.6)
80.0 (11.85)

83.0 (10.4)
84.0 (10.4)

Wild (2016)[24] Telemonitoring
Usual care

133.7 (11.3)
133.8 (10.5)

131.0 (11.9)
133.8 (11.3)

78.5 (8.4)
77.9 (8.5)

76.2 (8.8)
77.7 (8.5)

Data were presented in mean (standard deviation).
CASM= computer-assisted diabetes self-management, NA = not available.
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facilitate patients’ healthy eating, exercise adherence and self-
monitoring of blood glucose. Thus, telehealth could potentially
enhance self-care management for participants and result in
lower HbA1c levels. Lee et al[3] also illustrated, higher baseline
Table 3

Summary of the body mass index and total cholesterol in studies.

B

Authors (year) Comparison Baseline

Bujnowska-Fedak (2011)[28] Intervention
Usual care

25.4 (7.20)
26.2 (6.60)

Chamany (2015)[20] Intervention
Usual care

32.3 (7.80)
32.0 (7.50)

Cho (2016)[35] Intervention
Usual care

25.6 (3.40)
25.5 (3.20)

Glasgow (2012)[21] CASM
CASM+
Usual care

34.4 (0.50)
35.3 (0.50)
34.8 (0.60)

Harno (2006)[30] Intervention
Usual care

28.5 (0.60)
27.8 (0.60)

Kempf (2017)[32] Intervention
Usual care

35.3 (5.90)
37.0 (6.70)

Leichter (2013)[22] Telemedicine
Usual care

33.0 (7.10)
33.4 (7.90)

Shea (2006)[8] Telemedicine
Usual care

32.1 (6.87)
31.7 (6.85)

Tang (2013)[25] Intervention
Usual care

NA
NA

Warren (2017)[26] Intervention
Usual care

34.2 (7.56)
34.1 (7.63)

Wild (2016)[24] Telemonitoring
Usual care

33.8 (7.00)
31.9 (6.90)

Data were presented in mean (standard deviation).
BMI=body mass index, CASM=computer-assisted diabetes self-management, NA = not available.
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HbA1c (≥9%) levels were related to larger effects after the
telehealth intervention. Therefore, it can be speculated that
targeting patients with higher HbA1c (≥9%) levels with
telehealth interventions could achieve greater effects. Different
MI, kg/m2 Total cholesterol, mg/dL

Final visit Baseline Final visit

24.8 (6.90)
26.4 (6.10)

195.3 (35.7)
201.4 (40.7)

192.3 (40.0)
208.2 (38.4)

32.2 (6.70)
31.9 (7.10)

NA
NA

NA
NA

25.2 (3.40)
25.4 (3.40)

157.6 (33.7)
159.6 (35.1)

155.4 (32.9)
155.7 (33.5)

34.2 (0.50)
35.1 (0.60)
34.8 (0.60)

NA
NA
NA

NA
NA
NA

29.2 (0.91)
27.6 (0.69)

191.4 (0.39)
189.9 (3.87)

183.3 (4.25)
194.5 (4.64)

33.2 (6.10)
36.5 (6.50)

195.0 (45.0)
194.0 (48.0)

192.0 (41.0)
189.0 (45.0)

31.3 (0.30)
32.0 (0.30)

NA
NA

NA
NA

NA
NA

182.9 (38.6)
184.9 (38.7)

170.7 (35.5)
182.6 (41.7)

NA
NA

NA
NA

NA
NA

34.5 (6.89)
33.6 (6.59)

154.7 (46.0)
154.7 (37.1)

166.3 (37.1)
150.8 (38.7)

NA
NA

NA
NA

NA
NA
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intervention frequencies may influence the effect of telehealth. In
the study conducted by Leichter et al,[22] the endocrinologist
analyzed the transmitted data and provided feedback regarding
treatment changes via the Internet and telephone only during the
3rd and 9th months of the study period. The remaining
intervention was the same as usual care. Eventually, no superior
effect was found in the telehealth group over the usual care group
in this study. However, in most of rest studies, the intervention
frequency ranged from weekly to monthly. For instance, in the
study of Wild et al[34] participants received suggestions on
lifestyle modifications and treatment adjustments weekly from
the primary care nurses based on the participants’ results. This
study found that telehealth intervention reduced HbA1c by a
mean of 0.51% (P< .001) compared with that in the usual care
group. Additionally, Walker et al[27] demonstrated that 6 times
interventions in 12 months were the minimum frequency
associated with a significant decrease in HbA1c. Therefore, we
speculated that frequent intervention (at least 6 times 1 year) may
result in better outcomes, or the usefulness of telehealth could be
weakened. Further prospective and randomized studies are
needed to identify the telehealth strategies and protocols that
would be most beneficial for patients.
The results of this study demonstrated that blood pressure

significantly decreased in the telehealth group (P< .001), while
no significant difference in BMI (P= .79) was found. Among the
pooled studies, most of the mean baseline systolic blood pressures
were above 130 mmHg but under 140 mmHg, which cannot be
diagnosed with hypertension. Because all the included studies
mainly targeted the participants with diabetes, whose HbA1c
levels were abnormal, their blood pressure, BMI, and blood lipid
levels were not sure to be under control. Thus, the difference in
effects on systolic blood pressure between the telehealth and usual
care groups was probably larger when targeting the participants
with hypertension. The results obtained for diastolic blood
pressure and BMI should be interpreted with caution due to the
high level of heterogeneity (diastolic blood pressure, I2=74%;
BMI, I2=97%). Other outcomes, including total cholesterol and
quality of life, were limited and reported in only 6 and 3 studies,
respectively. More studies should measure these important
outcomes to draw an explicit conclusion regarding the utilization
of telehealth interventions.
The findings of this study held promise in supporting telehealth

practice and policy. Stratton et al[40] demonstrated that for type 2
diabetes patients, reducing the 1% mean HbA1c level would be
related to a 21% reduction in diabetes-related death and a 37%
reduction in microvascular complications, such as neuropathy,
retinopathy, and blindness. As mentioned above, compared with
usual care, telehealth could achieve a 0.22% mean HbA1c
reduction, and it could be speculated that approximately 170,940
diabetes-related deaths could have been avoided, if this
intervention was implemented in 2012; because a total of 3.7
million deaths were associated with blood glucose levels.[1]

Therefore, it is worth promoting the adoption and sustainability
of this innovation by policy makers.
There are several limitations to this systematic review. First,

only 25% of the included studies showed successful blinding of
the outcome assessment, which may lead to performance and
detection bias. Second, only limited guidance about the outcomes
of telehealth in managing diabetes could be provided by this
meta-analysis. Several areas need further clarification. For
instance, it would be helpful to identify whether the effects of
telehealth are influenced by the frequency and pattern of data
delivery, the strength and mode of intervention, the baseline level
8

of the indicator and the target participants. Further research
should be conducted to provide more valid evidence for the
effects and sustainable implementation of telehealth.
5. Conclusion

The findings showed evidence that telehealth holds promise in
improving the clinical effectiveness of diabetes management.
Targeting patients with higher HbA1c (≥9%) levels and
delivering more frequent intervention (at least 6 times 1 year)
may achieve greater improvement.
Author contributions

Conceptualization: Cong Wu, Zixiang Wu, Lingfei Yang, Meng
Zhang, Xiaoying Chen, Yongmiao Pan.
Data curation: Cong Wu, Zixiang Wu, Lingfei Yang, Xiaoying

Chen, Yongmiao Pan.
Formal analysis: Cong Wu, Zixiang Wu, Qian Zhu.
Investigation: Wenjun Zhu.
Methodology: Cong Wu, Zixiang Wu, Yongmiao Pan.
Project administration: Yongmiao Pan.
Resources: Cong Wu.
Supervision: Cong Wu, Meng Zhang, Yongmiao Pan.
Writing – original draft: Cong Wu, Zixiang Wu, Lingfei Yang,

Wenjun Zhu, Meng Zhang, Qian Zhu, Xiaoying Chen,
Yongmiao Pan.

Writing – review & editing: Cong Wu, Zixiang Wu, Lingfei
Yang, Wenjun Zhu, Meng Zhang, Qian Zhu, Xiaoying Chen,
Yongmiao Pan.
References

[1] World Health Organization. Global Report on Diabetes. World Health
Organization, Geneva, Switzerland:2016.

[2] Romanow R. Final report: Building on values: the future of health care in
Canada: commission on the future of health care in Canada 2002.

[3] Lee SWH, Ooi L, Lai YK. Telemedicine for the management of glycemic
control and clinical outcomes of type 1 diabetes mellitus: a systematic
review and meta-analysis of randomized controlled studies. Front
Pharmacol 2017;8:330.

[4] McLean S, Protti D, Sheikh A. Telehealthcare for long term conditions.
BMJ 2011;342:D120.

[5] Sanders C, Rogers A, BowenR, et al. Exploring barriers to participation and
adoption of telehealth and telecare within the whole system demonstrator
trial: a qualitative study. BMC Health Serv Res 2012;12:220.

[6] Sood S, Mbarika V, Jugoo S, et al. What is telemedicine? A collection of
104 peer-reviewed perspectives and theoretical underpinnings. Telemed J
E Health 2007;13:573–90.

[7] Davis RM, Hitch AD, Salaam MM, et al. TeleHealth improves diabetes
self-management in an underserved community: diabetes TeleCare.
Diabetes Care 2010;33:1712–7.

[8] Shea S, Weinstock RS, Starren J, et al. A randomized trial comparing
telemedicine case management with usual care in older, ethnically
diverse, medically underserved patients with diabetes mellitus. J AmMed
Inform Assoc 2006;13:40–51.

[9] Polisena J, Tran K, Cimon K, et al. Home telehealth for diabetes
management: a systematic review and meta-analysis. Diabetes Obes
Metab 2009;11:913–30.

[10] Steventon A, Bardsley M, Billings J, et al. Effect of telehealth on use of
secondary care and mortality: findings from the whole system
demonstrator cluster randomised trial. BMJ 2012;344:e3874.

[11] Zhai Y, Zhu W, Cai Y, et al. Clinical- and cost-effectiveness of
telemedicine in type 2 diabetes mellitus. Medicine 2014;93:e312.

[12] Sood A, Watts SA, Johnson JK, et al. Telemedicine consultation for
patients with diabetes mellitus: a cluster randomised controlled trial. J
Telemed Telecare 2018;24:385–91.

[13] Verhoeven F, van Gemert-Pijnen L, Dijkstra K, et al. The contribution of
teleconsultation and videoconferencing to diabetes care: a systematic
literature review. J Med Internet Res 2007;9:e37.



[14] Shuster JJ. Julian PT. Review: Cochrane handbook for systematic reviews [28] Bujnowska-Fedak MM, Puchała E, Steciwko A. The impact of

Wu et al Medicine (2018) 97:43 www.md-journal.com
for interventions, Version 5.1.0, published 3/2011. Higgins and Sally
Green John Wiley & Sons, Ltd, Chichester, UK:2011;126–30. Vol 2.

[15] Marcolino MS, Maia JX, AlkmimMB, et al. Telemedicine application in
the care of diabetes patients: systematic review and meta-analysis. PLoS
ONE 2013;8:e79246.

[16] Brod M, Skovlund SE, Wittrup-Jensen KU. Measuring the impact of
diabetes through patient report of treatment satisfaction, productivity
and symptom experience. Qual Life Res 2006;15:481–91.

[17] Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from
the median, range, and the size of a sample. BMC Med Res Methodol
2005;5:13.

[18] Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557–60.

[19] Arora S, Peters AL, Burner E, et al. Trial to examine text message-based
mHealth in emergency department patients with diabetes (TExT-MED):
a randomized controlled trial. Ann Emerg Med 2014;63:745–54.

[20] Chamany S, Walker EA, Schechter CB, et al. Telephone intervention to
improve diabetes control. Am J Prev Med 2015;49:832–41.

[21] Glasgow RE, Kurz D, King D, et al. Twelve-month outcomes of an
Internet-based diabetes self-management support program. Patient Educ
Couns 2012;87:81–92.

[22] Leichter SB, Bowman K, Adkins RA, et al. Impact of remote management
of diabetes via computer: the 360 study—a proof-of-concept randomized
trial. Diabetes Technol Ther 2013;15:434–8.

[23] Lorig K, Ritter PL, Laurent DD, et al. Online diabetes self-management
program: a randomized study. Diabetes Care 2010;33:1275–81.

[24] McMahon GT, Gomes HE, Hickson HS, et al. Web-based care
management in patients with poorly controlled diabetes. Diabetes Care
2005;28:1624–9.

[25] Tang PC, Overhage JM, Chan AS, et al. Online disease management of
diabetes: engaging and motivating patients online with enhanced
resources-diabetes (EMPOWER-D), a randomized controlled trial. J
Am Med Inform Assoc 2013;20:526–34.

[26] Wakefield BJ, Holman JE, Ray A, et al. Effectiveness of home telehealth
in comorbid diabetes and hypertension: a randomized, controlled trial.
Telemed J E Health 2011;17:254–61.

[27] Walker EA, Shmukler C, Ullman R, et al. Results of a successful
telephonic intervention to improve diabetes control in urban adults: a
randomized trial. Diabetes Care 2010;34:2–7.
9

telehome care on health status and quality of life among patients with
diabetes in a primary care setting in Poland. Telemed J E Health
2011;17:153–63.

[29] Dale J, Caramlau I, Sturt J, et al. Telephone peer-delivered intervention
for diabetes motivation and support: the telecare exploratory RCT.
Patient Educ Couns 2009;75:91–8.

[30] Harno K, Kauppinen-Makelin R, Syrjalainen J. Managing diabetes care
using an integrated regional e-health approach. J Telemed Telecare
2006;12(suppl 1):13–5.

[31] Istepanian RS, Zitouni K, Harry D, et al. Evaluation of a mobile phone
telemonitoring system for glycaemic control in patients with diabetes. J
Telemed Telecare 2009;15:125–8.

[32] Kempf K, Altpeter B, Berger J, et al. Efficacy of the telemedical lifestyle
intervention program TeLiPro in advanced stages of type 2 diabetes: a
randomized controlled trial. Diabetes Care 2017;40:863–71.

[33] Rodriguez-Idigoras MI, Sepulveda-Munoz J, Sanchez-Garrido-Escudero
R, et al. Telemedicine influence on the follow-up of type 2 diabetes
patients. Diabetes Technol Ther 2009;11:431–7.

[34] Wild SH, Hanley J, Lewis SC, et al. Supported telemonitoring and
glycemic control in people with type 2 diabetes: the telescot diabetes
pragmatic multicenter randomized controlled trial. PLoS Med 2016;13:
e1002098.

[35] Cho JH, Kim H, Yoo SH, et al. An Internet-based health gateway device
for interactive communication and automatic data uploading: clinical
efficacy for type 2 diabetes in a multi-centre trial. J Telemed Telecare
2016;23:595–604.

[36] Warren R, Carlisle K, Mihala G, et al. Effects of telemonitoring on
glycaemic control and healthcare costs in type 2 diabetes: a randomised
controlled trial. J Telemed Telecare 2018;24:586–95.

[37] Liang X, Wang Q, Yang X, et al. Effect of mobile phone intervention for
diabetes on glycaemic control: a meta-analysis. Diabetic Med 2011;28:
455–63.

[38] DelliFraine JL, Dansky KH. Home-based telehealth: a review and meta-
analysis. J Telemed Telecare 2008;14:62–6.

[39] Sousa VD, Zauszniewski JA. Toward a theory of diabetes self-care
management. J Theory Constr Test 2005;9:61.

[40] Stratton IM, Adler AI, Neil HA, et al. Association of glycaemia with
macrovascular and microvascular complications of type 2 diabetes
(UKPDS 35): prospective observational study. BMJ 2000;321:405–12.

http://www.md-journal.com

	Evaluation of the clinical outcomes of telehealth for managing diabetes
	Outline placeholder
	1 Introduction
	3 Results
	3.1 Study characteristics
	3.3 Diabetic control outcomes
	3.3.3 BMI, total cholesterol, and quality of life


	4 Discussion
	Author contributions

	References


