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Abstract

Background: New approaches on outpatient control are required and need testing to motivate and give feedback to the patients
at home. Telemedicine has the capacity to achieve this, optimizing care through motivation and direct feedback adapted to milieu
of the patient and at the same time to keep the total cost at a reasonable level.
Objectives: We evaluated the economic and short-time health effect of two different ways of outpatient treatment in patients with
type 2 diabetes (T2DM). A health economist calculated the total cost of replacing the standard care with telemedicine.
Methods: Forty patients with T2DM in the outpatient department were prospectively randomized to either treatment at home by
telemedicine with video conferences or the standard treatment with regular visits at the clinic over six months. The trial lasted for
six months. HbA1c, blood glucose, 24-h blood pressure, cholesterol levels and albuminuria were measured. The telephone company,
TDC, Denmark delivered and serviced a TandBerg E20 video telephone to the patients in the telemedicine group. The economic
analysis was performed with a Danish hospital payer’s cost perspective. Cost data were based on the measured time consumption
per home-based video telephone, consultations at out-patient clinic, telemedicine set-up equipment, and hospital operating cost.
Sample size calculation concluded that 11 patients were needed in each group.
Results: The reductions in the two treatments resulted in differences between telemedicine vs. standard, in HbA1c (9.1 to 7.7 % vs. 8.1
to 7.2 %), mean blood glucose (12 to 9.9 mmol/L vs.10 to 8.7 mmol/L), and cholesterol (3.8 to 3.4 vs. 4.3 to 3.9 mmol/L). Total cholesterol
was different at three and at six months between the two groups (P < 0.05). Similar values were found at all time points in the
two groups in LDL, body weight, and diurnal blood pressure. At a six months follow-up, the standard care proved more costly (53.9
vs. 41.3€ per 1 % HbA1c reduction, standard care vs. telemedicine). The calculation of a basis case from any starting point showed
a potential extra cost €33.6 per reduction of 1 % HbA1c. An alternative scenario analysis was made to capture costs of using the
physician consultant wage instead of the nurse at the out patient clinic and showed that savings were still possible even with change
of person (49.4 instead of 41.3€ per reduction per % HbA1c, physician vs. nurse).
Conclusions: We demonstrated that telemedicine is a cost-effective option in the treatment of T2DM with a better outcome in blood
glucose and lower cost after six months of treatment. The setting of this trial warrants further projects in this field.
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1. Background

Telemedicine is the use of medical information ex-
changed from one site to another via electronic commu-
nications to improve a patient’s clinical health status,
stated by the American Telemedicine Association in 2012.
It ranges from telephone calls and text messages to apps
on smartphones or internet-based solutions; a number of
studies are available evaluating the feasibility (1, 2). In line
with the technological development and with the easier
access to technological solutions, the use of telemedicine
is rapidly increasing. When applying these solutions,
telemedicine should preferably replace the standard care

and not be added on with concomitant use of the patient’s
own equipment to reduce the need for instruction and the
purchase of extra electronics.

Chronic diseases impose huge costs on the health care
systems responsible for managing them as well as for
those affected. Chronic illnesses, such as diabetes, asthma,
chronic obstructive pulmonary disease (COPD), heart fail-
ure, and hypertension represent a significant burden of
disease when measured in disability-adjusted life years
(DALYs). DALYs reflect years of life lost from premature
death and years of life lived in less than full health. In high-
income countries, asthma, COPD and diabetes represent
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11.1 million DALYs or 7% of the total DALYs (3).
Secondary failure to reach treatment goals is often

seen in diabetes despite an extensive national rehabil-
itation program in Denmark (4). Outpatient control
shows positive effects on outpatient rehabilitation reduc-
ing HbA1c, weight, and blood pressure (5). However, some
patients never accomplish good diabetes regulation and,
in others, regulation deteriorates over time. New ap-
proaches are required and need testing to motivate the pa-
tients and give them feedback at home. Telemedicine has
the capacity to achieve this when diabetes care may opti-
mize motivation, treatment, and diet through direct feed-
back adapted to milieu of the patient. Telemedicine may
reach the patient more directly and, even better, if acted
upon in concordance with the spouse who may be present
more often at home sessions. A frequently raised objection
against a wider deployment of telemedicine is a lack of
evidence on the clinical and organizational effects. Meta-
analyses of telemedicine studies also reveal a large degree
of heterogeneity in study design and the conclusions have
sometimes been contradictory (4-6).

Good metabolic control is important as T2DM is an
inevitable factor for increased risk of cardiovascular dis-
ease, neuropathy, and nephropathy (6). The largest
telemedicine study, whole systems demonstrator (WSD),
randomized 3 320 patients with COPD, heart failure, and
diabetes to telemedicine care (1). WSD showed that the
telemedicine intervention as add-on therapy reduced mor-
tality and reduced the number of inpatients and bed days.
However, the additional cost of using telemedicine as add-
on therapy was 15 % more per patient.

Examples of clinically proven technologies in educa-
tion include various types of Internet portals or web-based
systems (7), mobile phones (5), computer game for teach-
ing children with diabetes, small text-based patient termi-
nals (2), and various telemedicine initiatives to ensure and
improve communication between patient and therapist or
between different therapists (Figure 1). Whether the focus
is on telemedicine or not, medical informatics, IT-based ed-
ucation or telemedicine treatment of complications; the
majority of experimental studies conclude that technolog-
ical interventions are feasible and accepted by patients and
clinical staff (2, 8). Despite any technical problems, pa-
tients are happy for the technology (7). The only exception
to this is in the field of decision support systems. A few
randomized trials are available evaluating the immediate
health effects with this technology in quantitative terms
and our aim was to implement a telemedicine and replace
the standard treatment in our setting. The trial evaluated
the quality of treatment as well as technical issues.

We performed a randomized trial and compared clin-
ical data from a telemedicine group with a standard care

group treated by the same medical algorithm. We added a
health economist to our group to calculate the total cost
by replacing one way of care with another. We wanted
to reduce the barriers in the use of a home monitoring-
treatment among the elderly T2DM patients. Our hypoth-
esis was that treatment results in similar HbA1c, lipids,
blood pressure and clinical variables by telemedicine or
standard care in T2DM patients.

2. Methods

At the first visit at the outpatient clinic of the en-
docrinology department, the patients had their individ-
ual goals outlined as well as medical treatment planned
to fulfill the objectives. Later, the patients were informed
of the randomized trial and received information of the
study, signed an approval of participation, and the ran-
domization was performed. The regional scientific ethical
committees for southern Denmark (ref.no: S-20110044) ap-
proved the study. There were no patient-related actions be-
fore the participants signed an informed consent. All pa-
tients were anonymously assigned to consecutive patient
numbers. A computer randomized the patient at enroll-
ment, which was done by a person with no connection to
the outpatient endocrinology department. The trial is reg-
istered at ClinicalTrials.Gov (NCT02214017).

In the telemedicine group, only video consultations
took place in the initial three weeks in the treatment of
blood glucose, blood pressure, lipids, as well as educa-
tion on diet, weight, care of eyes, feet, and sores whereas
patients in the control group attended in the outpatient
clinic with regular visits. The video telephone was a model
TandBerg E20 delivered and serviced by the Danish tele-
phone company, TDC. The program for communication
was ‘Skype’.

Summary of recommendations for glycemic, blood
pressure, and lipid control for the participants were HbA1c
48 - 58 mmol/mol, fasting blood glucose 6.5 - 7.5 mmol/L,
diurnal blood pressure < 130/80 mmHg, LDL-cholesterol <
100 mg/dL (< 2.5 mmol/L), and start of Angiotension-
Converting-Enzyme-inhibitor/Angiotension-Renin-
Blokade with elevated urinary albumin/creatinine ex-
cretion rate (≥ 30 µg/g). The treatment algorithm was
lifestyle adjustment plus metformin and in combination
with one or more of the following drugs: Insulin, sul-
fonylurea, DPPIV inhibitors, and GLP-1 analogues. After
treatment, the patients were encouraged to continue
glycemic control at their general practitioner’s.

The trial included 40 T2DM patients allocated to people
who referred, from October 2011 until July 2012, to the out-
patient clinic from their general practitioners (Table 1). A
standard set-up of albumin / creatinine excretion rate plus
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Figure 1. The Layout of Our Outpatient Internet, Web-Based System, Which Provides Telemedicine Connection for Patients by Skype in a Safe System

GFR, diurnal blood pressure, electrocardiogram, lipid pro-
file, diabetic food control, and arteriosclerotic symptoms
screened all. Monitors (Space Lab Inc. 90207) measured di-
urnal blood pressure. The trial lasted for 6 months for all
patients.

Inclusion criteria were that the participants had to live
at home, be able to communicate by video telephone, have
no psychiatric disorders, be between 40 and 85 years old,
and be able to administer medication. Exclusion criteria
were type 1 diabetes, speech disabilities, non-Danish lan-
guage, severe chronic diseases like renal failure (GFR < 30
mL/min), liver insufficiency, or cancer treatment.

The study effectiveness outcome was based on HbA1c
reduction in percent. The economic analysis was per-
formed with a spreadsheet decision tree model with a
Danish hospital payer’s cost perspective. The cost data
were based on the measured time consumption per home-
based video telephone, consultations at out-patient clinic,
telemedicine set-up equipment, and hospital operating

cost. Medicine costs were not included in the model. The
output included the cost of a 1 % reduction of HbA1c. An
alternative scenario analysis captured costs of using the
physician consultant’s wage instead of the nurse’s wage
when performing the outpatient consultations.

2.1. Statistical Considerations

The power calculation was based on the results by Vad-
strup et al. assuming non-inferiority (5). From HbA1c and
mean glucose values of 7.9±0.8 % and 9.1± 2.3 mmol/L, re-
spectively, we calculated that a difference of 0.3 % and 0.8
mmol/L with α = 0.05 and a power of 80 needed just 9 (if
HbA1c was chosen as measurement) and 11 (if mean glucose
was chosen) patients in both randomization arms. Thus,
we aimed to include 20 in each group and 40 patients in
total.

The primary outcome variables were changes of HbA1c
and mean glucose, and secondary outcomes were diur-
nal blood pressure, lipids, and body weight. Intention-
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Table 1. Clinical Data of the 40 Included Patientsa

Standard Care Telemedicine Care

Number No. 22 18

Age, y 65 ± 12 61 ± 10

Duration of diabetes, y 8 ± 7 11 ± 6

Gender (male/female) 14/8 13/5

Insulin treatment, No. 7 8

BMI, kg/m2 b 30 ± 5c 30 ± 5 35 ± 9b 35 ± 9b

median (range) 30 (23 - 43)c 30 (22 - 41) 33 (26 - 67) 32 (26 - 66)

aValues are expressed as mean ± SD.
bOne patient’s weight of 231 kg was included; Standard vs. telemedicine group.
cP > 0.05.

to-treat principle was applied in the evaluation of the
study. Data are mean ± SD if not stated otherwise. Dif-
ferences among variables were tested by the Student’s t-
test or Mann-Whitney U- test, depending on the presence
of a Gaussian distribution. Data were log-transformed if
non-Gaussian distribution was present in order to achieve
normal distribution. Repeated measurements were tested
with two-way ANOVA, with telemedicine and standard set-
ting as group variable and adjusted for BMI, smoking, age,
duration of diabetes, gender, and insulin treatment by
adding the variables as covariates. IBM SPSS Statistics 20
was used as the statistical software, with a p-value of less
than 0.05 considered as significant.

3. Results

All 40 included patients completed the study and in
the telemedicine group, no consultations were missed
compared with 13 % of visits in the standard care group.
The video telephone in the telemedicine group was estab-
lished within 48 hours after the randomization. The treat-
ment algorithm proved effective as all patients reached the
goals for HbA1c and diurnal blood pressure according to
the set criteria for the treatment of diabetes (Figures 2 and
3). At the end of the trial, the medical treatment was (no.
vs. no.) metformin (16 vs. 18), sulphonylurea (5 vs. 1), DPPIV
inhibitors (3 vs. 1), GLP-1 analogue (4 vs. 7), and insulin (7 vs.
8), control vs. telemedicine group, respectively.

Cholesterol was different at three and at six months of
trial in the two groups (P < 0.05, Figure 3). All other com-
parisons were similar between the two treatment groups
at the end of the study. The differences from entry to
the end of the trial, tested with repeated measurements,
showed that the telemedicine group improved signifi-
cantly in mean glucose and HbA1c (both P < 0.05, two-way

ANOVA, Figure 3). The standard care group improved bet-
ter in the cholesterol levels (P < 0.05). All patients in both
groups reached the individually set goal.

At the six months follow-up, the standard care had de-
creased to a slightly lower level of HbA1c (Figure 3), but the
results were more costly (53.9 vs. 41.3€ per 1 % HbA1c reduc-
tion, standard care vs. telemedicine). The calculation of a
basis case from any starting point showed a potential extra
cost of 33.6€ per reduction of 1 % HbA1c. A scenario analysis
was made to capture costs of using the physician consul-
tant wage instead of the nurse wage at the outpatient clinic
and showed that savings were still possible even with the
change of person (49.4 instead of 41.3€ per reduction per %
HbA1c, physician vs. nurse).

4. Discussion

In the present study, T2DM patients achieve the in-
dividually planned goals irrespective of whether treated
by telemedicine or standard outpatient treatment. A
significant outcome in glycemic regulation favors the
telemedicine solution compared with the usual standard
care; further, it reduces the patient’s transportation costs
and the time spent per consultation. The result has fa-
vored a rapid implementation of telemedicine in our clinic
by Skype which provides worldwide communication on a
low-cost platform. The reduction in HbA1c of 1.2% for both
groups combined after six months may increase over time,
which is clinically meaningful; a 1% reduction in HbA1c re-
duces the risk of microvascular complication by 10 % and
reduces death rate by 13 % after 10 years according to Hol-
man et al. (9).

The limitation of the study is its relatively modest size
despite a sample size calculation that was matched by our
results. The randomized design should compensate for
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Figure 2. Changes in Blood Pressure and Body Weight During the Six Months of Trial
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the overestimation of effects. Further, some random vari-
ation was expected in the clinical parameters which was
observed as we included a grossly obese patient who, how-
ever, clearly benefitted from the general improvement of
glycemic regulation. Slight differences in treatment by
oral drugs and insulin may have increased the variation
but not the direction of effects. The influence of time that
the trial lasted may have improved the telemedicine group
more as we and the patients still have to learn to master
the communication platform. The mix of different treat-
ments and patient’s basal characteristics added to the ex-
ternal validity so that others may be encouraged to use it in
their outpatient regimens. The exact cost calculation can-
not be transferred to settings in other countries due to the
unique Danish state-run general health system; the effects
shown will strictly only apply to settings that replace stan-
dard care. The suitable type of patients would have to be
reviewed before such intervention.

Health education shows reduction in cardiovascular
risk factors, however, the effect often disappears after the
end of the intervention in standard outpatient settings
(10-12). Good self-care and compliance improve the out-
come and reduce diabetes complications and new tools
may achieve higher attendance to the national diabetes

program (13). Telemedicine represents a novel tool of
educating and monitoring the care in chronic diseases.
The high incidence of the serious co-morbidity in our
study groups strengthens the potential applicability of
telemedicine to treatment in T2DM. In telemedicine trials,
video-conferencing, web-based education materials, mon-
itored chat groups, and clinical data entry, and review re-
duced HbA1c up to five years afterwards (14). Similar effects
were shown with home telemonitors compared with tele-
phone calls in the reduction of HbA1c in T2DM (15). The use
of this technology reduced HbA1c by 0.5% when applied as
add-on to standard treatment when used adjunctively to a
broader telemedicine initiative for adults with T2DM.

Only a few of 1 300 telemedicine studies have investi-
gated clinical important effects as pointed out in a recent
review; more so, few studies were randomized (16, 17). Most
trials of telemedicine in general do not follow recognized
standards for trials and are difficult to compare and eval-
uate (18). In the present study, we applied the same treat-
ment algorithm in both treatment arms with the same
staff and a specialist planning all medical treatment ac-
cording to individual goals before randomization.

In a review from 2013, Wotton identified 141 random-
ized trials with telemedicine solutions of various kinds
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Figure 3. Changes in cholesterols and glycemia during the six months of trial
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with a positive effect in 109 (8). Further, 22 systematic re-
views were on the use of telemedicine in the five chronic
diseases of interest. In approximately half of these re-
views, the authors provided a qualitative summary of the
value of telemedicine usually in the form of a narrative re-
view; none of these concluded negatively ie, telemedicine
alone was not proven helpful in chronic disease manage-
ment. A systematic review from 2013 of 13 randomized
studies on chronic illness demonstrated a better impact of
telemedicine compared with usual care; the blood glucose
improved but not blood pressure or LDL-cholesterol (19).
The rapid technical development is an important factor for
success with the use of consultations by means of tablets,
smartphones, and personal computers.

Quality of life during previous telemedicine studies
are poorly elucidated (8, 20, 21). The largest study of
telemedicine to date, the WSD study, demonstrated posi-
tive effects on clinical outcomes but no effect on health-
related quality of life (18). This may be due to the follow-
up time but is worrying as the number of participants was
sufficiently large. The cost of WSD was high; however, when
patients use their own computers, smartphone or tablets,
these expenses are further minimized with programs like
Skype or Face time.

In the decision making process with diabetes patients,

programs which seek to promote greater participation
with interventions result in measurable improvements
such as patient coaching to empower asking questions and
participating in decisions. The benefits are in quality of life
as well as disease control (22-25). The potential negative
sides of telemedicine are with regard to perceptions of po-
tential disruption of services and interventions’s due cost
savings, concern about privacy and dislike of technology.
These insights have implications for health and social care-
takers indicating that detailed information and sufficient
time when introducing of new techniques. It seems espe-
cially important for potential recipients to have the oppor-
tunity to discuss their expectations.

By applying telemedicine lifelong for patients with a
chronic disease like diabetes, we may achieve the delay
of diabetic complications and improvement of work life
(1). In particular, two hypotheses about telemedicine’s
beneficial effect on organizational issues seem to oc-
cur frequently: Telemedicine supports better and more
consistent treatment across different care-takers and im-
proves the patient’s potential for self-care. To assess
how telemedicine affects the organization and economy,
telemedicine initiatives need to be followed over a longer
period. This may prove to be in conflict with the desire to
expand the evidence with the traditional evidence-based
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approach because a long-term study will make it exceed-
ingly difficult to control the ’controlled’ study completely.
The consequence of the introduction of new technology
is precisely that the organization is changing during the
process. Therefore, a more pragmatic approach to study
design and evidence may be necessary (8). In the present
study, we used either telemedicine or standard outpatient
care and not telemedicine as add-on to the usual care as
in WSD. This improved the cost without affecting the qual-
ity of health gains. Thus, by allowing quick feedback by
telemedicine systems, more patients with chronic diseases
may improve outcome and reduce the time spent on trav-
elling and waiting in the outpatient department. We rec-
ommend these results to be reproduced in a randomized
trial in other settings and preferably not as add-on.

In conclusion, we found telemedicine was cost-
effective compared to standard care in a T2DM outpatient
setting. Improvement on blood glucose and lower cost
was found after six months. Further, patients noted the
advantages of less time spent and saving travel expenses,
which may help facilitate the distribution of telemedicine
in the coming years.
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