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Abstract
Background: The Telehealth Network of Minas Gerais (TNMG) is a

public telehealth service that provides support to primary health-

care in Minas Gerais, Brazil, performing teleconsultation and

tele-electrocardiography. The aim of this study was to assess tele-

consultation requests received by the TNMG and to investigate the

factors associated with low teleconsultation utilization in most

municipalities. Materials and Methods: A cross-sectional study was

carried out including 214 municipalities. Indicators were defined to

analyze teleconsultation requests. A structured questionnaire was

used to investigate factors associated with teleconsultation utiliza-

tion, which were analyzed by multivariate analysis through a deci-

sion tree algorithm (chi-squared automatic interaction detector) to

the entire population of the study and logistic regression for mu-

nicipalities that had used the system during the analyzed period.

Results: From May to September 2009, 1,954 teleconsultations were

performed. The average number ( – standard deviation) of tele-

consultations per municipality was 1.71 ( – 1.50) per month. The

majority of the users were located in remote regions with a low

Human Development Index. The decision tree showed ‘‘conduction of

sufficient training’’ (p = 0.0015) as the factor with the greatest

positive impact on teleconsultation utilization, followed by ‘‘ability

to discuss clinical cases outside the teleconsultation system’’

(p = 0.0192). Logistic regression analysis revealed two factors asso-

ciated with increased use of the system: ‘‘complexity of the system’’

(odds ratio = 3.35; 95% confidence interval [CI], 1.58–7.09) and

whether they considered that the ‘‘service helps to solve everyday

problems’’ (odds ratio = 4.37; 95% CI, 1.14–16.69). Conclusions:

The study of factors associated with the low use of the tele-

consultation system of the TNMG may help policy makers define

strategies to improve the use of teleconsultation services.
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Introduction

T
he term ‘‘e-health’’ is defined by the World Health Organi-

zation as the use of information and communication tech-

nologies in health,1 which encompasses telehealth, defined

as the delivery of health services using information and

communication technologies, specifically where distance is a barrier

to healthcare.2 Since the 1990s, telehealth has been growing world-

wide, drawing important attention and receiving large amounts of

investment from public and private sectors. Currently, it is impossi-

ble to quantify the number of projects and related services around

the world.3

For developing countries, the most important telehealth appli-

cation is tele-assistance, which includes teleconsultation and tele-

diagnostic tools to support health professionals and to extend

specialized services to remote and isolated areas.4,5 Teleconsultation

can be described as a second opinion system that allows an infor-

mation exchange between health professionals in order to discuss a

clinical case when a specialist is not locally available.6 It can be real

time (with simultaneous interaction) or store and forward (in a time-

independent basis). Low-cost technology and low bandwidth make

store-and-forward teleconsultation the most frequent form of tele-

health used in developing countries.6

With a territorial size of 586,278 km2 and a population of 19

million inhabitants living in 853 cities (60% with less than 10,000

inhabitants), Minas Gerais is a Brazilian state with large social,

economic, cultural, geographical, and infrastructural contrasts. Within

this context, telehealth could improve the public healthcare system,

bringing better medical care to the population living in remote

municipalities. Since 2005, in Brazil and in particular in the state

of Minas Gerais, the government has considered telehealth as an

important tool to support primary care in remote areas.7,8 There-

fore, the state government sponsored the creation of the Tele-

health Network of Minas Gerais (TNMG), a partnership of six public

universities with the objective to support primary healthcare of

remote municipalities in the state using teleconsultation and tele-

electrocardiography. However, when compared with the high uti-

lization of tele-electrocardiography, the use of teleconsultation has

always been relatively low. This situation of underutilization of the

teleconsultation services has been reported in other telehealth ser-

vices around the world.4,9–11

Therefore, a full understanding of local factors affecting the use

of telehealth has an important role for a successful implementation of

DOI: 10.1089/tmj.2014.0112 ª M A R Y A N N L I E B E R T , I N C . � VOL. 21 NO. 6 � JUNE 2015 TELEMEDICINE and e-HEALTH 1



the technology as well as its maintenance and sustainability.

There is a lack of evidence about the specific factors that affect

teleconsultation utilization rates in Brazil. As such, the objective

of this study is to analyze factors associated with the utilization

of the teleconsultation system of the TNMG, in order to learn how

to overcome the barriers and introduce new practices to im-

prove the utilization rates and then to fully achieve the benefits

of telehealth.

Materials and Methods
A cross-sectional study was carried out, including all 229 mu-

nicipalities connected to the TNMG teleconsultation system, from

May to September 2009, when the number of municipalities using

the system was constant and without any new municipal expan-

sions. A new implementation process started in October 2009. The

municipalities were distributed throughout the state, but 63% were

located in low Human Development Index (HDI) regions, which was

one of the criteria for implementation. The HDI was published by

the United Nations Development Program as a composite statistic of

life expectancy index, education index, and income index used to

rank countries or cities. Other criteria were populations smaller than

10,000 inhabitants, availability of Internet connection, an active

Family Health Program, and commitment of the municipal health

management.

In this study, the 229 municipalities were classified in two groups

(‘‘users’’ and ‘‘nonusers’’) according to the number of teleconsulta-

tions performed in the defined period. Municipalities with an average

number of teleconsultations of one or more per month (average in the

period) were classified as ‘‘users’’ and those with less than one tele-

consultation per month as ‘‘nonusers,’’ using the definition adopted

by the Brazilian Ministry of Health.

This study was divided into several stages.

ANALYSIS OF THE TELECONSULTATIONS PERFORMED
We analyzed the teleconsultation requests by the municipali-

ties during this period. In order to allow a better comparison be-

tween services with different numbers of sites, three indicators were

established:

. the utilization percentage, defined as the percentage of the

municipalities using the system, to evaluate the use distribution

among the municipalities
. the average number of teleconsultations per municipality per

month, defined as the number of teleconsultations divided by

the total number of municipalities with the system imple-

mented, to evaluate the global average use
. the average number of teleconsultations per user municipality

per month, defined as number of teleconsultations divided by

the number of municipalities using the system, to evaluate the

average use among the effective users.

We also analyzed the responses of a survey with three questions

generated automatically by the system when users received the tele-

consultation response:

1. Did the teleconsultation avoid patient’s referral?

2. Did the teleconsultation answer your question?

3. What is your level of satisfaction with the teleconsultation

system?

These questions continuously monitor the efficiency of the activity,

the quality of specialist responses and the user’s general satisfaction

with the system.

THE QUESTIONNAIRE

Structure of the questionnaire. We designed a questionnaire with

questions divided in four groups: (1) characteristics of the munici-

pality (related to work environment), (2) characteristics of the health

professional (related to individuals), (3) factors related to the use of

the teleconsultation system (related to the study object), and (4)

satisfaction with the system (complementary information). Infor-

mation was collected in October and November 2009. The questions

in each group were as follows:

. Characteristics of the municipality: population,12 HDI,13 geo-

graphical location, presence and number of primary care phy-

sicians, personal evaluation about difficulties to refer patients,

referral distance (primary data), and using time of the telecon-

sultation system (database of the system).
. Characteristics of the health professional: sex, age, marital

status, profession, amount of time since graduation, specialty,

primary care experience (years), and time interval that he or she

had worked at the municipality.
. Factors related to use of the teleconsultation system: Although

these factors can be related to the telehealth center, to the

operational system, or to the remote sites, in this study the

questionnaire was applied only to professionals in remote sites,

even though it included questions about their evaluation

of factors related to the center and system. The questionnaire

consisted of 27 questions about factors grouped into seven

categories: institutional,14 organizational,15–17 infrastruc-

ture,6,14,18 technical,6,19,20 socioeconomic,19–22 human,17,23,24 and

educational.25

Answers were given in a 4- or 5-point scale. Details relative

to the factors researched in the study, such as categories, de-

scription, reference site, and questions presented in the ques-

tionnaire, are shown in Table 1.

Although the questionnaire consisted of 51 factors, eight

factors could not be analyzed because they depended on prior

use of the system, and 21 municipalities with no use were in-

cluded in the study population. The alternative to this particular

situation was to use two methods to analyze all the munici-

palities and factors: decision tree chi-squared automatic inter-

action detector (CHAID) and logistic regression.
. Satisfaction with the system: The questionnaire included six

questions: (1) What is your satisfaction degree relative to the

telehealth service? (2) Do you consider the telehealth service

specialists to have enough knowledge to attend your needs or
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Table 1. Structure of the Questionnaire, Including Factors, Categories, and Reference Sites

CATEGORY
REFERENCE

SITE FACTOR DESCRIPTION NUMBER QUESTIONNAIRE QUESTIONS

Institutional Telehealth Center Institutionalization of telehealth

and marketing

1 Have you ever heard about the teleconsultation system available

in your workplace?

Municipality Incorporation of telehealth in

the health system

2 Have you ever received any instructions to use the teleconsultation system

in your daily practice?

Organizational Telehealth Center Organizational structure of the

center to develop, implement,

and maintain a telehealth service

3 Have you ever been trained to use the teleconsultation system?

4 If yes, was the training sufficient?

5 If you have any technical doubts, do you have access to some kind

of explanation?

6 How do you evaluate the time spent by the system to respond your

teleconsultation?

7 How do you evaluate the quality of the answers of teleconsultations

according to clarification of your doubts?

Municipality Organizational structure of the

remote point to work with

telehealth

8 Do you use the teleconsultation system out of your workplace?

9 How much time available do you have in your daily practice

to use the teleconsultation system?

10 Is the time spent preparing the teleconsultation an important factor

in your decision to use the system?

11 In your daily practice, can you discuss clinical cases with other professionals,

out of the teleconsultation system?

Infrastructure Municipality Infrastructure of the remote

point to work with telehealth

12 How do you consider the quality of the Internet connection in your

municipality when using the teleconsultation system?

13 How do you consider the computer availability in your municipality

to use the teleconsultation system?

14 If you have a specific computer in your municipality to use the telehealth

system, how do you evaluate it?

Technical System Usage of the system 15 How difficult is it to use the teleconsultation system?

Municipality Experience and confidence in

technology in daily practice

16 Do you use the computer/Internet in your daily work practice or

in your private activities?

17 Do you trust in the security and confidentiality of clinical data using

telehealth?

Socioeconomic Municipality Perception of benefits and

usefulness of telehealth for

patients and professionals

18 Do you believe that the teleconsultation system can benefit patients?

19 Do you believe that the teleconsultation system can reduce the referral

of patients to specialized centers?

20 How do you assess the usefulness of the teleconsultation system

in your work daily practice?

21 Considering the work conditions in your municipality, do you have

the sense of professional isolation?

22 Do you believe that the use of the teleconsultation system could

decrease the sense of professional isolation?

continued /
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questions? (3) Do you believe that the teleconsultation ser-

vice has helped you solve your daily problems? (4) How do

you evaluate your relationship with the telehealth service spe-

cialist? (5) Would you recommend the telehealth service to a

friend or colleague? (6) Would you use this telehealth service

again for other needs? Answers were possible in a 3- or 5-point

scale.

Application of the questionnaire. A first version of the ques-

tionnaire was applied to three municipalities just to verify the

feasibility of its application. After that, minor semantic mistakes

were corrected without any modifications to the questionnaire’s

structure. The questionnaire was then applied to the 229 mu-

nicipalities, classified into two groups: ‘‘users’’ and ‘‘nonusers.’’

Fifteen municipalities out of the 229 initially selected for the

study were excluded because of the following reasons: refused to

participate (n = 5); absence of user professional in a municipality

classified as user due to professional rotation (n = 7); population

much higher than the average in the study (n = 2); and lack of

secondary data (n = 1). Consequently, of the remaining 214 mu-

nicipalities, 137 were classified as users (64%) versus 77 as

nonusers (36%), as shown in Figure 1.

Questionnaires were conducted via telephone interviews with

one health professional in each municipality. Special attention

was given to apply the questionnaire to those professionals who

had used or had not used the system according to the municipality

grouping of users/nonusers. The questionnaire had to be applied

to physicians as the system had been conceived to be used mainly

by physicians; nurses were chosen only when physicians were not

available. Considering that the median number of physicians in

primary care was two, one was defined as the criterion for the

number of professionals to be interviewed. For situations when

there were two or more professionals, one was randomly chosen

among those registered in the system, which had all the contact

details.

First, a telephone call was made to the municipal health authority

to ask for authorization to conduct the research. Five professionals

refused to participate without further explanation, but almost all

others answered the full questionnaire: only five missing answers

were observed in the study. All participants signed the statement of

informed consent.

STATISTICAL ANALYSIS
The normality of selected variables was evaluated using the

Shapiro–Wilk test. The variables were described by mean and stan-

dard deviation, median and 25th–75th quartiles, or counts and per-

centages, as appropriate. The chi-squared test and Fisher’s exact test

were used to compare the proportions between the groups. In addi-

tion, the Mann–Whitney test was used to provide comparison be-

tween the means of the variables analyzed in the groups. A value of

p < 0.05 was considered significant.

Statistical analysis of the factors. Logistic regression was used to

predict use of the teleconsultation system. Because logistic re-

gression did not provide a stable and well-fitted model to study the

factors associated with use of the teleconsultation system, a mul-

tivariable analysis using the Classification and Regression Tree

algorithm with CHAID was used to analyze 214 municipalities and

43 factors. The variables to enter the tree were selected from uni-

variate logistic regression models built with each of the variables of

the study ( p value £ 0.25). Another group was selected by its

clinical importance: ‘‘period of time working in primary care,’’

‘‘usefulness of the system,’’ ‘‘connection to Internet,’’ and ‘‘negative

interference in the professional role toward patients.’’14,16,19–21,23,24,26

The criterion adopted to stop the decision tree was a p value of < 0.05

(chi-squared analysis), and the predictive accuracy was evaluated by

Table 1. Structure of the Questionnaire, Including Factors, Categories, and Reference Sites continued

CATEGORY
REFERENCE

SITE FACTOR DESCRIPTION NUMBER QUESTIONNAIRE QUESTIONS

Human Municipality Influence of technology in the

human relationships and in the

professional role in the society

23 Do you believe that asking for a second opinion through the teleconsultation

system could negatively interfere in your professional role towards patients?

24 Do you believe that asking for a second opinion through the teleconsultation

system could negatively interfere in your professional role towards the

community?

25 Do you believe that asking for a second opinion through the teleconsultation

system could negatively interfere in your professional role towards your

colleagues?

Educational Municipality Perception of telehealth as an

educational tool

26 In your opinion, could the teleconsultation system be considered

an educational tool?

27 In your opinion, how efficient is the teleconsultation system as a tool

to keep you updated?
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risk summary. The risk estimative gives the proportion of cases

classified incorrectly (AnswerTree version 3.0 User’s Guide; SPSS

Inc., Chicago, IL).

In order to perform the logistic regression for 193 municipalities

and 51 factors, we created a new classification of the municipalities

according to the number of teleconsultations performed in the de-

fined period: ‘‘nonusers’’ were the excluded municipalities with no

use of the system (21 municipalities with zero teleconsultation); the

new ‘‘user’’ group included ‘‘minor users’’ (56 municipalities with

one to four teleconsultations in the period) and ‘‘major users’’ (137

municipalities with five or more teleconsultations in the period).

The whole classification of municipalities in the study is shown in

Figure 1.

The same criteria described above were used to choose the vari-

ables to test in the model: p value of £ 0.25 and clinical importance

(‘‘period of time working in primary care,’’ ‘‘usefulness of the system,’’

‘‘connection to Internet,’’ and ‘‘municipal administrative orienta-

tion’’).27 The model fit was checked by the Hosmer Lemeshow test.

We also used a descriptive analysis of the excluded 21 nonuser

municipalities and a comparative analysis of these 21 municipalities

and the remaining 193 municipalities.

SPSS version 17 (SPSS Inc., IBM, Armonk, NY), Answer

Tree version 3.0 (STATCON, Witzenhausen, Germany), R version

2.10.1 (R Foundation for Statistical Computing, Vienna, Austria),

and Excel� (Microsoft, Redmond, WA) software were used for

data analyses.

The project was approved by the Institutional Review Board of the

Universidade Federal de Minas Gerais.

Results
ANALYSIS OF TELECONSULTATIONS PERFORMED

From May to September 2009, 1,954 teleconsultations were per-

formed by healthcare practitioners of the 229 municipalities. The

utilization percentage was 51%; the mean number

of teleconsultations per municipality per month

and the mean number of teleconsultation per user

municipality per month were, respectively, 1.71–
1.5 and 3.32 – 2.2. In the same period, the analysis

of the distribution of the municipalities according

to the total number of teleconsultations per-

formed showed that 93% of the municipalities had

performed less than 20 teleconsultations (or less

than four teleconsultations per municipality per

month), as can be seen in Table 2.

The analysis of the survey showed that 78% of

patient referral to specialists in other cities was

avoided by the use of the system and that 74% of

the users considered the questions totally an-

swered by the TNMG professional. Fifty-six per-

cent of the users reported being very satisfied and

39% reported being satisfied with the system

(Table 3).

QUESTIONNAIRE ANALYSIS

Characteristics of the municipality. The features of the 214 mu-

nicipalities are described using the median, showing a population of

6,521 inhabitants, HDI of 0.680, time of system implementation of 18

months, presence of two physicians at primary care, and a referral

distance of 80 km (Table 4). Most of the professionals interviewed

(68%) said it was difficult to refer patients to specialized centers. Six

municipalities (2.8%) did not have any physicians at primary care at

the time of the interview.

The study of the municipalities’ location in the state regions

showed that the majority of the ‘‘users’’ were located in the north

(37.9%) and northeast (25.6%) of the state, regions with low HDI.

There was no correlation between ‘‘number of teleconsultations’’

versus ‘‘population of the municipality’’ and between ‘‘number of

teleconsultations’’ versus ‘‘how long the teleconsultation system was

in operation.’’

Table 2. Distribution of the Number of Municipalities
According to the Number of Teleconsultations Performed
from May to September 2009

NUMBER OF
TELECONSULTATIONS MUNICIPALITITY

%
VALID

%
ACCUMULATED

0–5 83 36.24 36.24

5–10 62 27.07 63.32

10–20 68 29.69 93.01

20–30 13 5.68 98.69

30–40 0 0.00 98.69

40–50 3 1.31 100.00

Total 229 100.00 —

Fig. 1. Classification of the study population.

FACTORS ASSOCIATED WITH TELECONSULTATION SYSTEM USE
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Characteristics of the health professionals. Of the 214 interviewed

health professionals, 55.6% were female, 55.1% were single, and

48.1% were physicians, 50.0% were nurses, and 1.9% were dentists;

51.4% reported previous specializations in specific health specialties.

They were generally young professionals (median age, 30 years old),

at a median of 4 years after graduation, 54.2% with less than 3 years

of work experience at primary care (10.3% with more than 10 years),

and 66.3% with less than 3 years of working in the municipality (only

6.1% with more than 10 years) (Table 5). The majority of respondents

(99%) reported being aware of the system, demonstrating that lack of

knowledge was not a cause of nonuse.

Analysis of the factors related to use of the teleconsultation system.

. Analysis of the factors associated with the use of the system by

decision tree CHAID. The multivariable analysis using the de-

cision tree algorithm (CHAID) showed that the variable that best

separated the first group (‘‘users’’ and ‘‘nonusers’’) was ‘‘suffi-

cient training’’ ( p = 0.0015). The group of municipalities that

had received enough training had the highest proportion of

‘‘users’’ (74.5%). This second group was separated by the vari-

able ‘‘possibility of discussing clinical cases with other profes-

sionals out of teleconsultation system’’ ( p = 0.0192). The group

of municipalities that did not have (or rarely had) the possibility

to discuss clinical cases had the highest proportion of ‘‘users.’’

The model had a probability of 64% of correct classification

(risk statistic = 0.36). With this method there was a 64% chance

of correct classification; therefore the users of the tele-

consultation system should be those who received sufficient

training and who rarely (if at all) had the possibility of dis-

cussing clinical cases out of the teleconsultation system (Fig. 2).
. Analysis of the factors associated with major use of the system

by logistic regression. The multivariable logistic regression

showed in the final model that ‘‘complexity of the system’’

( p = 0.002) and ‘‘teleconsultation service helps to solve better the

daily problems’’ ( p = 0.031) were associated with major use of the

system. A municipality that evaluated the system as ‘‘simple/very

simple’’ had higher odds of being a ‘‘user’’ (odds ratio [OR] = 3.35;

95% confidence interval [CI], 1.59–7.09) than a municipality that

evaluated the system as ‘‘complex/very complex.’’ As well, a

Table 3. Questions, Answers, and Results of the Survey
Performed from December 2008 to September 2009

QUESTIONS, ANSWERS N %

Did the teleconsultation avoid the patient‘s referral?

Yes. 163 78

No. It was inevitable. 33 16

No. It did not solve the question. 14 7

Total 210 100

Did the teleconsultation answer your question?

Yes, completely 165 74

Only partially 40 18

No 18 8

Total 223 100

How is your satisfaction with the teleconsultation system?

Very satisfied 116 56

Satisfied 82 39

Somewhat satisfied 11 5

Total 209 100

Table 4. Analysis of Features of Professionals
and Municipalities by Median and Interquartile Range

VARIABLE MEDIAN (Q25–Q75)

Age (years) 30 (27–35)

Years after graduation 4 (2–8)

Population (inhabitants) 6,521 (4,603–10,810)

Human Development Index 0.680 (0.637–0.736)

Time of system implementation (months) 18 (2–29)

Number of primary care physicians 2 (2–3)

Referral distance (km) 80 (50–150)

Q25–Q75, interquartile range.

Table 5. Descriptive Analysis of the Characteristics
of Healthcare Professional Participants in the Study

WORK EXPERIENCE VARIABLE N %

At primary care

Up to 1 year 69 32.2

1–3 years 47 22.0

3–5 years 35 16.4

5–10 years 41 19.2

> 10 years 22 10.3

Total 214 100.0

In the municipality

Up to 1 year 89 41.6

1–3 years 53 24.7

3–5 years 37 17.3

5–10 years 22 10.3

> 10 years 13 6.1

Total 214 100.00

ALKMIM ET AL.

6 TELEMEDICINE and e-HEALTH JUNE 2015



municipality that evaluated that the teleconsultation service had

helped a little/a lot to solve daily problems had higher odds

(OR = 4.37; 95% CI, 1.14–16.69) than a municipality that evalu-

ated that the service had worsened/had not helped to solve daily

problems.
. Descriptive analysis of the 21 municipalities with no use of the

system. As we excluded 21 municipalities that had never used the

system in order to accomplish the study by logistic regression, a

descriptive analysis of these municipalities was performed. Re-

garding the professionals, they were mainly men (71.4%), mar-

ried (61.9%), and physicians (95.2%). The analysis by median

showed an age of 33 years (with 38.1% being older than 40 years

of age), at 4 years after graduation, 33.4% with less than 3 years of

work experience at primary care (23.8% with more than 10 years),

and 61.9% with less than 3 years of working in the municipality.

The features of the municipalities were also de-

scribed using the median, showing a population

of 5,361 inhabitants, HDI of 0.713, time of system

implementation of 3 months, presence of two

physicians at primary care, and a referral distance

of 70 km.
. Comparative analysis between these 21 and the

remaining 193 municipalities. This comparative

analysis is shown in Tables 6 and 7. Tests for

median comparison were not precise owing to

the groups’ great difference in size. The compara-

tive analysis showed ‘‘sex’’ (p = 0.009), ‘‘work ex-

perience at primary care’’ (p = 0.010), and ‘‘training

performed’’ (p=0.011) as significant variables.

. Analysis of user satisfaction

with the system. The user satis-

faction questionnaire analysis

showed excellent results (Table

8). The descriptive analysis

showed more than 90% satisfac-

tion in both groups (major and

minor users), and 100% of the

people interviewed affirmed that

they would use again the service.

The variable ‘‘Do you consider that

the teleconsultation service helped

you to better solve your daily prob-

lems?’’ was the only one in six vari-

ables analyzed with a significant

value by Fisher’s test ( p = 0.036,

OR = 3.99).

The questionnaire had five missing

responses. From the group ‘‘major us-

ers,’’ two were related to the question

‘‘Doyouconsider the telehealth service

specialists to have enough knowledge

to attend your needs or questions?,’’

and two were related to the question

‘‘Would you use this telehealth service again for other needs?’’ From the

group ‘‘minor user,’’ one missing response was related to the question

‘‘How do you evaluate your relationship with the telehealth service

specialist?’’

Discussion
The indicators defined in this study to analyze the teleconsulta-

tions performed demonstrated that the use of the teleconsultation

system was lower than its potential, in agreement with findings from

other authors.3,4,9,11,28 Mars and Scott11 found an average of 1.8 – 3.5

(median, 0.7) consultations per site per week (C/S/W) in a review of

77 telehealth services, which included the TNMG service with an

average of 3.4 C/S/W (where consultation includes all telehealth

activities [teleconsultation + tele-electrocardiography]). The result

Fig. 2. Multivariable analysis using the decision tree algorithm.

Table 6. Comparative Analysis of the Features of the 21 Municipalities
with No Utilization of the Teleconsultation System and the 193
Municipalities with Some Utilization in the Period of May–September 2009

VARIABLE
NONUSERS

(N = 21)
USERS

(N = 193) P VALUE

Population (inhabitants) 5.631 (3.628–11.586) 6.525 (4.651–10.783) 0.289

HDI 0.713 (0.662–0.753) 0.679 (0.635–0.735) 0.060

Time since system implemented (months) 3 (2–32.5) 18 (2–29) 0.646

Data are median values (interquartile range).

HDI, Human Development Index.
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from the teleconsultation service of TNMG in this studied period

shows an average of 0.38 C/S/W. The systematic use of the indica-

tors of utilization, mean number of teleconsultations per munici-

pality per month, and mean number of teleconsultation per user

municipality per month could allow the comparison among dif-

ferent services.

The analysis of the characteristics of municipalities according to

number of teleconsultations performed shows an important simi-

larity, with almost all of them with low use of the system. According

to Ohinmaa et al.,14 a teleconsultation system has to be incorporated

into daily practice of health professionals to cause an impact on

the local health system. In order to reach this difficult target, it is

important to initially demonstrate the potential benefits of tele-

consultations. In this sense, the analysis of the survey has yielded

important conclusions: its use has an important potential to re-

duce patients’ referral (78%); the telehealth clinical staff seemed to be

adequate to the user’s need, as only 8% of users related that the

teleconsultation did not answer their question; and 95% of users

were satisfied or very satisfied with the system. Therefore, the factors

associated with the use of the system must be known in order to break

the barriers, to improve its utilization, and to help incorporate it in

the routine practice of primary care.

Teleconsultation, like other forms of e-health, has several problems

related to its adoption by users and incorporation in daily practice of

health practitioners. Several published studies have described the

barriers and factors associated with e-health acceptance and adop-

tion. The main factors can be summarized as follows: (1) lack of ev-

idence of the impact of e-health in health indicators,15,19,29 (2) need

for changes in health management and work process,15–17,26,30,31 (3)

users’ perception of usefulness, benefits, and limitations,19–21,26 (4)

lack of evidence of cost-effectiveness and sustainability,14,15,22,29,32

(5) low acceptance of technology,19–21,26,31,33,34 (6) deficiency in local

infrastructure,6,14,18 (7) ethical and legal aspects,3,19,26,28,35 (8) human

factors, related to users’ perceptions about e-health,17,23,24,26 (9) lack

of adequate specialist clinical staff,4,6,36 and (10) lack of large-scale

studies to evaluate the adoption of e-health.4,17,35 Some models,

theories, and concepts from different areas have been used to study

the adoption of telemedicine by users, such as the Technology Ac-

ceptance Model,19,21 Theory of Planned Behavior,21,24 Theory of In-

terpersonal Behavior,24 Unified Theory of Acceptance and Use of

Technology,18,26,33,37 Readiness,16,20 and Diffusion of Innovations

Theory.38,39

In this study, the characteristics of healthcare professionals

(physicians and nurses) demonstrate the high turnover of these ca-

tegories in Minas Gerais, as 66.3% had been working in the munic-

ipality for less than 3 years and only 6.1% for more than 10 years. In

addition, they suggest the usefulness of a teleconsultation system in

their routine practice, considering that the potential users were not

able to solve all the clinical problems of the patients because of their

youth, short interval after graduation, and working time experience

at primary care. These features and the result of the comparative

analysis between the 21 municipalities with no use of the system

and the 193 municipalities with some utilization, which showed in

the descriptive analysis more experienced professionals as nonusers

and the variable ‘‘work experience at primary care’’ as significant

( p = 0.010), suggest that use of the teleconsultation system is asso-

ciated with a health professional’s necessity.16,19,20,26,40–42 These

studies suggest that the social factor ‘‘utility of the system’’ will

have a strong association with the use of telehealth systems. This

Table 7. Comparative Analysis of the Features
of Professionals Interviewed in the 21 Municipalities
with No Utilization of the Teleconsultation System
and in the 193 Municipalities with Some Utilization
in the Period of May–September 2009

VARIABLE, CATEGORY
NONUSERS

(N = 21)
USERS

(N = 193) P VALUE

Sex 0.009

Male 71 41

Female 29 59

Marital status 0.098

Single 38 57

Married/divorce/other 62 43

Age (years) 0.075

Up to 30 43 58

31–35 14 20

36–40 5 8

> 40 38 14

Work experience at primary

care (years)

0.010

< 1 5 35

1–3 29 21

3–5 24 15

5–10 19 19

> 10 24 9

Work experience in the

municipality (years)

0.836

< 1 38 42

1–3 24 25

3–5 14 18

5–10 14 10

> 10 9 6

Training performed 0.011

No 67 38

Yes 33 62

Data are percentages.
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correlation between use and utility is supported by the fact that the

majority of users are located in remote regions with low HDI, where

the public health system is deficient owing to the difficulties in re-

taining experienced specialists. Furthermore, it is almost the only

alternative for medical assistance.

Organizational factors are also cited as relevant to the adoption

and incorporation of telehealth.14–17,19,20,30,31,35 Considered as a new

manner of working, telehealth requires detailed planning, new pro-

tocols, and monitoring. ‘‘Sufficient training,’’ an organizational

factor, was the most relevant factor in this study. Telehealth training

must include motivation, discussion about its benefits, barriers, risks,

ethical and legal aspects, and necessity of changes in daily practice,

according to the Readiness model.16,20 Adequate training was also a

relevant factor in other studies.21,27,31,42,43 According to the Tech-

nology Acceptance Model theory studied by Hu and Chau,42 user

training is important to solidify users’ perception of usefulness of the

system. As the main objective of a teleconsultation system is to offer

the possibility of clinical case discussion, it could be expected that

when it naturally occurs, the system would not be useful.

The perceived ease of use has been studied by several authors with

different results,21,27,31,33,34 but the simplicity and adequacy of the

system with local Internet conditions should be considered as success

factors. In this study, 93% of the interviewed professionals affirmed

using computers and the Internet in their private life and work. This

fact likely facilitates the adoption of the system. The perceived use-

fulness is the strongest factor described in the literature as associated

with the use of telehealth.16,19–21,33,40,41 In this study, the question-

naire had two questions related to this factor: ‘‘How would you as-

sess the usefulness of the system in your work daily practice?’’

applied to all the 214 municipalities, and ‘‘Do you consider that the

teleconsultation service has helped you to better solve your daily

problems?’’ applied to 193 municipalities. The descriptive analysis

showed that, on average, 90% of the interviewers, independent of

being users or nonusers, considered the system useful or very use-

ful, demonstrating a lack of association of this factor with system

utilization. Additionally, the second question (‘‘Do you consider

that the teleconsultation service has helped you to better solve your

daily problems?’’) remained in the logistic regression final model

( p = 0.038, OR = 3.99). The perception of the utility of the system is

related with the users’ necessities fulfillment,14,44 showing the im-

portance of planning a telehealth service according to users’ ex-

pectations. These results are according to the Technology Acceptance

Model and other theories, where perceived usefulness and perceived

ease of use are the most important variables.

In this study, human factors, considered as a negative interference

of using a second opinion system in the professional role facing

patients, community, and colleagues, were not associated with use of

the system, as were also infrastructure factors (connection to Internet,

equipment availability). The great majority of the interviewers de-

clared they knew of and agreed with the benefits of telehealth. The

lack of defined features of both groups (‘‘users’’ and ‘‘nonusers’’)

suggests that the system would not still be incorporated in daily

practice.

LIMITATIONS OF THE STUDY
The main limitation was the similarity of the majority munici-

palities studied regarding the system’s usage pattern, causing dif-

ficulties for their classification into groups. This situation was due

to two factors: a change in the usage pattern of the system during

the study period, with an increased number of monthly tele-

consultations requested, and the short period of time defined for the

analysis.

In 2009 the Telehealth Network implemented several corrective

actions to improve the use of the system. Several municipalities

changed their status from real nonusers (with no utilization of the

system) to users with irregular use, without defined characteristics

of a condition or other. It was also not possible to amplify the period

of the study to some months before May 2009, as it was an im-

plementation period of the system and owing to the high turnover of

the remote professionals that occurred by the end of 2008 after

municipal elections.

Conclusions
Teleconsultation systems are constantly described with enor-

mous benefits, but the numbers are usually lower than expected.

The present study intended to demonstrate the factors associated

with the low use of the teleconsultation system of the TNMG to

collaborate in achieving the success of telehealth. As a conclusion,

the main factors in the state of Minas Gerais needed to improve

the use of a teleconsultation service are to attend remote mu-

nicipalities, to support young professionals, to offer efficient

training, to use a simple system, and to meet the real needs of the

users. The results also showed the potential of teleconsultation to

reduce referrals and to help solving routine problems of health

professionals in primary care. Considering this potential, solutions

to increase the utilization must be sought from scientific obser-

vations to collaborate in the adoption and diffusion of this new

work practice.
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