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Influence of synchronous primary care R

telemedicine versus in-person visits on diabetes,
hypertension, and hyperlipidemia outcomes:
a systematic review

Russyan Mark S. Mabeza' ®, Kahtrel Maynard? and Derjung M. Tarn?

Abstract

Background: Telemedicine can be used to manage various health conditions, but there is a need to investigate its
effectiveness for chronic disease management in the primary care setting. This study compares the effect of synchro-
nous telemedicine versus in-person primary care visits on patient clinical outcomes.

Methods: A systematic review of studies published in PubMed and Web of Science between 1996 and January 2021
was performed using keywords related to telemedicine, diabetes, hypertension, and hyperlipidemia. Included studies
compared synchronous telemedicine versus in-person visits with a primary care clinician, and examined outcomes of
hemoglobin Alc (HbATc), blood pressure, and/or lipid levels.

Results: Of 1724 citations screened, 7 publications met our inclusion criteria. Included studies were published
between 2000 and 2018. Three studies were conducted in the United States, 2 in Spain, T in Sweden, and 1 in the
United Kingdom. The telemedicine interventions investigated were multifaceted. All included synchronous visits with
a primary care provider through videoconferencing and/or telephone, combined with other components such as
asynchronous patient data transmission. Five studies reported on HbA1c changes, 5 on blood pressure changes, and
3 on changes in lipid levels. Compared to usual care with in-person visits, telemedicine was associated with greater
reductions in HbA1c at 6 months and similar HbA1c outcomes at 12 months. Telemedicine conferred no significant
differences in blood pressure and lipid levels compared to in-person clinic visits.

Conclusions: A systematic review of the literature found few studies comparing clinical outcomes resulting from
synchronous telemedicine versus in-person office visits, but the existing literature showed that in the primary care
setting, telemedicine was not inferior to in-person visits for the management of diabetes, hypertension, or hypercho-
lesterolemia. These results hold promise for continued use of telemedicine for chronic disease management.

Keywords: Telemedicine, Primary care, Diabetes, Hypertension, Hyperlipidemia

Background

Telemedicine is defined as the use of telecommunica-

tion and information technologies to provide clinical

health care at a distance [1-3]. It includes a diverse
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of clinical data (e.g., blood pressure readings, daily
weights) [1, 4].

Due to the COVID-19 pandemic, telemedicine use
increased dramatically [5], with a 154% increase in tele-
medicine encounters during the last week of March 2020
compared to the same surveillance period in 2019 [6].
Virtual visits reduced concerns regarding disease trans-
mission and preserved personal protective equipment
during the pandemic. Yet they also benefited patients with
limited mobility [7] and difficulties with transportation
or with taking time off work for appointments [8, 9]. In
the United States, temporary federal and state regulatory
changes during the pandemic allowed for greater patient
access to telemedicine [5]. Evidence of the effectiveness of
these telemedicine encounters on clinical outcomes would
support the utility of continued use of telemedicine.

Studies have shown that telemedicine results in good
clinical outcomes across various healthcare settings,
including psychiatry [10, 11], ophthalmology [12, 13],
post-surgical rehabilitation [14, 15], and malnutrition
management [16]. Telemedicine may also be particu-
larly beneficial for chronic disease management, but
there is a need to understand the effect of telemedicine
encounters in the primary care setting on clinical out-
comes for patients with chronic diseases. Telemedi-
cine interventions for chronic disease management
have mostly investigated team-based care with inten-
sive counseling, many using remote monitoring devices
[17-21]. Systematic reviews are lacking on the influ-
ence of synchronous telemedicine encounters with a
primary care provider on clinical outcomes. The objec-
tive of this study is to perform a systematic review of
literature to examine the effect of synchronous telemed-
icine versus in-person primary care visits on clinical
outcomes in patients with diabetes, hypertension, and
hyperlipidemia.

Methods

Literature search strategy

PubMed and Web of Science were electronically
searched to find relevant studies published between
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1996 and January 19, 2021. We searched PubMed
for Medical Subject Headings (MeSH terms) and key
words in titles and abstracts. We searched Web of Sci-
ence for Web of Science Keywords Plus function terms.
Searches included terms related to telemedicine, tel-
ehealth, telecare, virtual visit, videoconferencing, pri-
mary care, diabetes, hypertension, and hyperlipidemia.
Reviews, perspectives, commentaries, and case reports
were excluded in the initial search. The complete search
strategy can be seen in Additional file 1.

Study selection

We combined PubMed and Web of Science search-
ers and removed duplicate articles. Two independent
reviewers (RMM and KM) screened and assessed the
titles and abstracts that were captured in the initial
search for relevance, and selected studies for further
review. Non-English manuscripts were excluded from
full-text review. The criteria for inclusion are out-
lined in Table 1. Studies selected for full-text review
were those that compared synchronous telemedicine
encounters to in-person office visits, occurred in the
primary care setting, and reported clinical outcomes
related to diabetes, hypertension, or hyperlipidemia.
Studies were excluded if virtual visits were not con-
ducted in the primary care setting, there was no syn-
chronous interactive component between the patient
and provider, or if the telemedicine intervention was
not provided by a primary care provider. Primary care
providers included family medicine and internal medi-
cine physicians and nurse practitioners, while excluded
healthcare professionals were nurses, pharmacists,
dietitians, endocrinologists, and case managers. Stud-
ies that focused on pediatric and obstetric popula-
tions were excluded. Results from the two reviewers
were compared, and differences in their assessment of
6 studies were resolved by consensus and input from
a third reviewer (DMT). These studies were ultimately
excluded from the analysis because they did not meet
complete inclusion criteria.

Table 1 Description of the PICOS criteria used in the present systematic review

Criteria Description

Participants
Intervention
Comparison  In-person primary care visits

Outcomes
ures: Changes in LDL-C and triglyceride levels.

Study design

Non-pregnant persons aged 18years and above with diabetes, hypertension, or hyperlipidemia
Synchronous telemedicine encounters provided by a primary care provider (family/internal medicine physicians and nurse practitioners)

Primary outcome measures: Changes in HoA1¢, blood pressure (systolic/diastolic), and total cholesterol levels. Secondary outcome meas-

Randomized controlled trials, non-randomized controlled trials, retrospective, prospective, and matched cohort studies
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Data extraction

For each study, we extracted information regard-
ing healthcare setting, country, study design, control
group characteristics, and sample size. Additionally, we
searched each study for patient age and sex composition,
provider characteristics, patient inclusion criteria, and
clinical outcomes assessed. Telemedicine interventions
were examined for mode of contact (e.g., by videocon-
ferencing or telephone) and option for asynchronous
communication between the patient and primary care
provider. The primary outcomes of interest were changes
in hemoglobin Alc (HbAlc), systolic and diastolic blood
pressures, and total cholesterol levels. Secondary end-
points included low-density lipoprotein-cholesterol
(LDL-C) and triglyceride levels. Outcome measures were
collated over the intervention period along with the time-
frame of assessment.

Results

Study characteristics

Our search yielded 1043 articles from PubMed and 681
from Web of Science (Fig. 1). After removal of duplicate
articles and abstract screening, 165 full-text articles
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were reviewed, of which 7 met criteria for inclusion in
this review [22-28]. Table 2 summarizes major study
characteristics using the PICO designations described
in Table 1. Relatively few studies were identified in
the 1990s; the majority of the manuscripts were pub-
lished between 2000 and 2018. Four were conducted in
Europe [23-26] and 3 in the United States [22, 27, 28].
Four studies were conducted across multiple health
care clinics or facilities [23, 24, 26, 28] while 3 were sin-
gle-center studies [22, 25, 28]. Four studies were con-
ducted in urban settings [22, 24, 26, 28], 2 in rural [ 23,
27], and one across multiple cities with varied access to
physicians [25]. Six studies were prospective [22-27]
and all but one were randomized [27]. One study was
a retrospective cohort study [28]. Sample sizes ranged
from 28 to 1786 patients. Two studies investigated dia-
betes [22, 25], 2 studied hypertension [23, 28], and 3
examined diabetes, hypertension, and hyperlipidemia
[24, 26, 27].

Participant characteristics
All studies included adults at least 18years of age.
Eligibility criteria for studies focusing on diabetes

Records removed before screening:
Duplicate records removed (n = 90)

a Records marked as ineligible by

g automation tools (n = 0)

Records removed for other reasons
(n=0)

.| Records excluded

™ (n=1469)

Full-text articles excluded:
Care not provided by a primary care

'
c
2
‘gf Records identified from:
= PubMed (n = 1043)
= Web of Science (n = 681)
s
—
'
v
Records screened
(n=1634)
o
=
=
[
o
= \4
@ Full-text articles assessed for
eligibility
(n=165)
—
' A
3
'g Studies included in review
= (n=7)
=
—
Fig. 1 PRISMA flow diagram

A 4

provider (n = 51)

No synchronous encounter between
provider and patient (n = 48)

Does not provide changes in
HbA1c, blood pressure, blood lipids
(n=59)




Page 4 of 10

(2022) 23:52

Mabeza et al. BMC Primary Care

SYIUOW 9—f
plLFIL9 K19A3 ueisAyd
SOPLISA|DLL 1spewleyd [ed ;01U0D) aled Aiewid Sl ua1edino
‘J-1@7ainssaud -lul|> pue lsuon 1’01 }lonuod oV L F 09 YUM SLISIA [eNPIA Apnis paseg-Auunw [£21(9100)
poo|q D1 YaH %/ < JLVqH -noeld asinN 0 :Apnis :Apnig 00l -Ipul lejnbay 9A1129ds0id -wod 3|buls ‘|e 12 epnyoL
%G58 <2LVIH
uonenp Jeak | < SOCTLFE6S
|0J215910Y>  Sa1aqeIp ¢ 9dAl  Swes) s919Gelp ;jonuod)
103 ‘aunssaid plo  1siepads pue 70t :|oliuoD SETLFS09 Apnis seon [97] (S102)
poo|q DlyYqH  sieakg| < aby aled Alewlid 7Sy Apnis Apnig 80¢ 2/ [ensn 9A1Dadsold  Wopbuly panun -deid [esauan ‘|e 13 A9pnseg
awioy 1e ssadde
19UI33U| SeH
Kep
/S9Wil € 15| 18
swoy 1e 3s0on|b6
poo|q bunsal
Kep 1ad
S9SOP UlNsul
o|diynw buisn
%08 <2LVIH
uon
-einp 1eakg < S06FGLE
sa1aqelp | odAL 101U0D uepIsAyd yum
s1eakGG-g| Jspinoid 976 :|ouo) SL0LFTTE sjuswiujodde BI[VI[BRIVEIN [s7] w102)
J1VaH paby a1ed Arewllld 9/G Apnig Apnis G 90PJ-01-9084 § 104 -edino a|bulsg ‘|e 19 safiews3
sa12qelp 10} q(1'99-0€9)

D-107°10493s3|0Y>  BULIONUOW-4|3S G179 :101u0D [¥¢] (6007)
[e101 ‘ainssald  sa1aqeIp ¢ 9dAL |G :|0lu0D 4(069-9'19) sadoeld ‘|e 12 setobip|
poo|q D | YaH sleakpg <aby  uepisAyd Ajiuieq of :Apnis €'€9 :Apnig 87¢ 2Jed |ensn 104 auPIpaW Ajiue4 -zanbupoy

191U9D a4ed
o(€9-£9) -yijeay Jejiwis
GO :[013U0D 1nQ a1esedas
06<ddd uepisAyd G :|01u0D o(€9-£9) e je uepisAyd Apnis (€21 (6002)
ainssaid poojg Ovl<dds a1ed Alewd G Apnis 9 :Apms €/7  Yumaled |ensn  10Yyod paydlepy SEMVERRUAI[=ETH ‘|e 18 UOSS|IN
o(G/-T€)
65 :]01u0D
uepisAyd ¢9:|0UoD o(€-1P) Sl eJed [¢Z] (0002)
JIVAH  %0'8<DLVYIH a1ed Arewid 09 :Apnis §'19:Apnig 8C aled fensn 10 Arewnd sbuls e 39 3D0[IUM
passassy eudD azig
sawodInQ uoisnpu| sJnisUddRIRYD (s]ewa4 (s4edp) 9|dwes suonipuod Bumas
es1uip juaned I9pINOId %) X3S JudNed 96y juaned juaned dnouo josuod) ubisaqg Apnis 21edy3jeaH Apnis

soispaloRIRYD ApNis Jofely Z ajqel



Page 5 of 10

(2022) 23:52

Mabeza et al. BMC Primary Care

p 10119 pIepUR]S Y1IM UBSW JO ,'UOIRIASP PJEPUELS UM URSW 4|BAISIUI SDUSPYUOD 9656 YUM URDW ,'oBuel 3|1ienbiaiul yum uelpaw se paiodai st aby

(dnoib
|0J3UOD) UOISUD)
-19dAy |enuassa
Jo sisoubelp |ed
-pupd Jo (dnoib

uonuSAIRILI) 4(19-69)
uolsuspadAy 09 :|0)U0D
10J UISIA [endiin e uepisAyd ¥ 01u0) q(19-09) Apnis 11040d ][V} (871 (8102)
ainssald poojg  uluswabebug 2Jed Alewllid ¥ :Apnis 19 :Apnms 98/ 1 aled [ensn 9A1102dS0119Y S91e1S paun aled Alewid ‘e 19 SUIAT
passassy eua3D azIs
sawodn0 uoisnpu] soisiRdeIRYD (o1ewa4 (saeap) 9)dweg suonipuod fumeg
|eauid juaned 19pINOAd %) X3S Judlled aby juaned wsned dnouo josuod) ubisaqg Apmis Anuno> aiedyjjesa Apnis

(panunuod) g ajqey



Mabeza et al. BMC Primary Care (2022) 23:52

required patients to have HbAlc levels of at least
7% [27], 8.0% [22, 25], and 8.5% [26]. Two required
patients to be self-monitoring for diabetes [24, 25].
One study examining blood pressure as the outcome
measure required participants to have blood pressures
greater than 140/90 [23], while another study on blood
pressure required an ICD-9 diagnosis of hypertension
[28]. Only 2 studies provided information on the num-
ber of primary care providers involved in the study,
with one reporting involvement of 2 providers [22] and
the other 35 [24].

Intervention characteristics

Multiple modalities were described under the umbrella
of telemedicine, including face-to-face videoconfer-
encing, telephone consultations, and self-monitoring
devices, but all examined interventions included a
synchronous encounter with a primary care provider.
Table 3 summarizes the intervention components uti-
lized by each study.

Six of the 7 studies used a videoconferencing sys-
tem (involving a computer-based video communication
platform) to conduct telemedicine encounters [22, 23,
25-28]. One utilized a tele-assistance system involving
patient and physician mobile phones [24]. Three stud-
ies utilized only video [23, 25, 26], 3 used both video
and telephone [22, 27, 28], and 1 used only telephone
encounters [24]. All studies originating in the United
States employed both videoconferencing and telephone
encounters [22, 27, 28], while those from other countries
included only videoconferencing [23, 25, 26] or telephone
consultations [24]. Only the two studies from Spain used
real-time transmission of patient data [24, 25].

In addition to the synchronous interventions, 1 study
utilized a messaging system wherein patients could com-
municate with their provider via a text message in less
than 500 words [25], while another 2 studies offered
patients the ability to message providers through a
patient portal [24, 28]. In one study, structured digi-
tal exchanges between patient and primary care pro-
vider prompted telemedicine visits. Patients in this
study entered blood pressure readings, binary responses
regarding medication adherence, free text responses
regarding medication side effects, and questions for the
ordering clinician [28].

Study interventions often included utilization of
remote monitoring devices [22, 24, 25, 27, 28]. Three
studies used remote monitoring to guide patient coun-
seling and treatment [22, 24, 25]. Patients in 3 studies
[22, 24, 25] were provided with glucometers for home
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self-monitoring while patients in 2 other studies [27,
28] self-monitored using their own blood pressure cufts.
One study required intervention group subjects to use a
sphygmomanometer attached to the telemedicine device
provided by the investigators [22].

Four studies included interactions with members of a
multidisciplinary healthcare team [23, 24, 26, 27]. In one
study, participants worked with diabetes-trained clinical
pharmacists in addition to their primary care providers
[27]. In another, patients received supplemental educa-
tion from specialized diabetes nurses [24]. Another study
coupled telemedicine visits with in-depth primary care-
specialist provider meetings to review the care of partici-
pating patients [26].

Diabetes outcomes

Table 4 summarizes the clinical outcomes assessed in
each study. The 5 studies assessing diabetes outcomes
examined HbA1c levels at 4 different time points, rang-
ing from 3 to 12months [22, 24—27]. Only 3 of the 5
studies compared the intervention and control groups
for changes in HbAlc levels [24, 26, 27]. These stud-
ies showed that compared to usual care with in-person
visits, telemedicine was associated with significantly
greater HbAlc improvements at 5 and 6 months [24,
27] and similar HbAlc outcomes at 12months [24,
26]. Two other studies reported significantly decreased
HbAlc levels within the intervention and control
groups but did not compare the intervention and con-
trol groups [22, 25].

Hypertension outcomes

Three studies examined hypertension control at 5
or 12months [24, 26, 27], while 2 did not specify the
period for outcome assessment [23, 28]. Three studies
compared outcomes among intervention and control
groups [23, 26, 27]. In these studies, the systolic and
diastolic blood pressures in the telemedicine inter-
vention groups did not differ significantly from those
of the control groups at the end of the measurement
period.

Hyperlipidemia outcomes

Of the 3 studies that examined hyperlipidemia [24, 26,
27] 2 assessed LDL-C [24, 27], 2 assessed total cholesterol
[ 24, 26], and 1 assessed triglyceride levels [27] as the out-
come. Of the 2 studies comparing intervention and con-
trol groups, 1 demonstrated no statistically significant
differences in LDL-C and triglycerides at 5months [27]
while another found no significant differences in total
cholesterol changes at 12 months [26].
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Table 3 Study intervention components

Intervention components Whitlock Nilsson Rodriguez- Esmatjes Basudev Tokuda Levine
etal. (2000) etal.(2009) Idigoras et al. etal. (2014) etal.(2015) etal.(2016) etal.(2018)
[22] [23] (2009) [24] [25] [26] [27] [28]

Videoconferencing v v v v v v

Telephone visit v v v v

Asynchronous messaging v v v

Remote self-monitoring devices v v v v v

Real-time transmission of patient data v v

Discussion

In this systematic review of the literature, we found
that synchronous telemedicine encounters resulted
in either improved or non-inferior diabetes, hyper-
tension, and hyperlipidemia control compared to
in-person primary care office visits. None of the stud-
ies examined showed inferior outcomes in patients
receiving telemedicine encounters at any time point
assessed. These results suggest that telemedicine is a
viable option for chronic disease management in the
primary care setting.

This study adds to the literature by systematically
reviewing the evidence supporting the use of syn-
chronous telemedicine encounters in the primary care
setting for chronic disease management. Previous sys-
tematic reviews and meta-analyses have investigated
the effect of telemedicine on chronic disease man-
agement, but many of these included studies focused
solely on wearable devices or remote monitoring [29,
30]. Other reviews have examined outcomes such as
medication adherence and health equity but did not
focus on clinical outcomes [31, 32]. To our knowl-
edge, no prior systematic review has investigated
the impact of synchronous telemedicine encounters
on clinical outcomes of diabetes, hypertension, and
hyperlipidemia.

All studies examined in this review included a syn-
chronous provider-patient telemedicine encounter,
but there was notable heterogeneity in the interven-
tions used. Most of the interventions included com-
ponents in addition to the synchronous telemedicine
encounter. Some included remote self-monitoring
devices and real-time transmission of patient data,
while others included asynchronous patient messag-
ing. While most studies compared the intervention
group to usual care, a few scheduled regular in-per-
son visits or mandated a certain number of visits for
patients in the control group.

Our findings hold promise for increased use of tel-
emedicine for chronic disease management in the pri-
mary care setting, but further work is needed to better
compare ‘real world’ telemedicine encounters to in-
person office visits. Some of the studies provided inter-
vention group patients with remote self-monitoring
devices that were not given to control group patients.
It is unknown how much these telemedicine compo-
nents contributed to intervention effects, and whether
the interventions would have achieved the same clinical
outcomes without these additional components. Knowl-
edge is also needed about whether provision of visits
by video or telephone differentially influences patient
outcomes. Furthermore, more work assessing the role
of interdisciplinary teams, including specialists, social
workers, and other healthcare professionals, on deliver-
ing telemedicine interventions for chronic disease man-
agement is warranted.

This study has several limitations. There was a pau-
city of literature regarding synchronous telemedicine’s
use for chronic disease management by primary care
providers, and most studies included components other
than synchronous video or telephone interventions. Fur-
thermore, studies focusing on elderly or fragile patients
were lacking. Details on videoconferencing software
platforms and blood pressure measurement devices used
in the studies were limited. Not all studies directly com-
pared clinical outcomes among intervention and control
groups. Data regarding HDL and HDL/LDL ratios were
not reported in the reviewed studies. Information was
generally lacking about the racial/ethnic composition of
participants.

Conclusions

A systematic review of the literature found few studies
comparing clinical outcomes resulting from synchronous
telemedicine encounters versus in-person office visits.
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However, existing literature revealed that in the primary
care setting, telemedicine was not inferior to in-person
visits for diabetes, hypertension, and hyperlipidemia con-
trol. These results hold promise for increased use of tel-
emedicine for chronic disease management.

Abbreviations

HbA1c: Hemoglobin A1c; LDL-C: Low-density lipoprotein-cholesterol; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; RCT: Randomized
controlled trial.
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