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Abstract

Background: While global momentum supporting mobile health (mHealth) research and development is increasing,
it is imperative to assess the potential fit of mHealth programs in local settings. We describe the penetration of
mobile technologies among Bolivian patients with noncommunicable diseases (NCDs) to inform research on
mHealth interventions for the Andean region as well as low- and middle-income countries more generally.

Methods: Five-hundred and fifty-nine NCD patients were identified from outpatient clinics affiliated with four hospitals
in the cities of La Paz and El Alto. Respondents completed surveys about their use of standard mobile phones and
smartphones. Respondents also provided information about their sociodemographic characteristics, health status, and
access to care. We used descriptive statistics and logistic regression to understand the variation in mobile phone use
across groups defined by patient characteristics associated with health service access and socioeconomic vulnerability.

Results: Respondents were on average 52 years of age, 33 % had at most a sixth grade education, and 30 %
spoke an indigenous language in their home. Eighty-six percent owned a mobile phone and 13 % owned a
smartphone. Fifty-eight percent of mobile phone users sent or received a text message at least once a week.
Some mobile phone owners reported connectivity problems, such as lacking mobile signal (9 %) or credit to
make a call (17 %). Younger age, male gender, high health literacy, more years of education, and having fewer
previously diagnosed NCDs were positively related to mobile phone ownership. Among mobile phone users,
respondents with lower education and other indicators of vulnerability were less likely than their counterparts to
report frequent usage of texting services.

Conclusions: Mobile phones have high penetration among NCD patients in La Paz, Bolivia, including among those
who are older, less educated, and who have other socioeconomic risk factors. Smartphone use is still relatively
uncommon, even among patients who are younger and more educated. While certain patient characteristics such
as age or education impact patients’ use of text messaging, mobile phone-based mHealth interventions are feasible
strategies for increasing NCD patients’ access to self-management support between face-to-face clinical encounters.
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Introduction
Approximately 75 % of adults worldwide have access to a
mobile phone [1]. The number of mobile phone subscrip-
tions is increasing rapidly, and wireless communication
tools are diffusing faster than any other communication
technology [1, 2]. Three-quarters of the world’s seven
billion mobile phone subscribers live in low- and
middle- income countries (LMICs), making the develop-
ing world more mobile than the developed world [1, 3].
Some experts believe that the mobile phone provides
more opportunities for development than any other inven-
tion in history [4].
One of the key economic and social sectors in which

mobile phones are playing an increasingly important role
is in healthcare service delivery and self-care support for
patients, a field known as mobile health (mHealth) [5].
mHealth technologies encompass a variety of communi-
cation channels, including text messaging, video messa-
ging, “live” voice calling, interactive voice response calls,
and Internet-enabled smartphone apps [6]. mHealth ser-
vice delivery models are attractive because they can
serve a variety of functions critical for care management,
including identifying patients at risk for developing acute
health problems, providing frequent and tailored health
education, and assisting patients with administrative
tasks such as accessing health records and scheduling
appointments [6–9]. Importantly, mHealth services can
provide these functions when and where patients need
them, extending the reach of health systems between
face-to-face encounters [10].
mHealth strategies offer developing countries oppor-

tunities to combat a variety of high priority health prob-
lems such as HIV/AIDS and tuberculosis [11], and the
United Nations, the World Bank, and the International
Telecommunication Union agree that mHealth can be a
vital tool for development [12]. Prior research studies
suggest that mHealth services are feasible and acceptable
in many low-resource areas including communities in
Latin America [8, 13–18], and a number of studies have
examined the impact of mHealth technologies on com-
municable diseases and maternal and child health in
these settings [11, 19]. Still, most of the data on the use
of mobile technology in the area of noncommunicable
disease (NCD) and risk factor management have origi-
nated from developed countries, highlighting the need
for more rigorous research in LMICs [11].
Greater research on the potential of mHealth in LMIC is

particularly important given the large and rapidly increas-
ing burden of NCDs globally. NCDs are a leading contribu-
tor to morbidity and mortality worldwide, and these
conditions disproportionately affect less industrialized
countries [11]. NCDs cause twice as many deaths as infec-
tious diseases (including HIV/AIDS, tuberculosis, and mal-
aria), maternal and perinatal conditions, and nutritional
deficiencies combined [20]. Almost 80 % of deaths caused
by NCDs occur in LMICs [20, 21]. In Latin America, more
than 100 million adults are hypertensive, representing
some of the highest rates of hypertension in the world [22].
In addition to physical health conditions such as diabetes,
depression is a major contributor to NCD burden world-
wide [23–25], and health systems in LMICs often lack the
infrastructure and resources to address this burden. Given
this epidemic, feasible and effective strategies for using
mHealth could play a critical role in addressing the burden
of NCDs in resource-constrained settings [11].
To that end, it is important to understand mobile phone

distribution and use patterns among people living with
NCDs so that mHealth strategies can be effectively
designed to match local contexts [1, 26]. Unanswered
questions remain about the extent to which mHealth ser-
vices are feasible across locations and sociodemographic
groups [27]. The current study addresses these issues for
one important population in an understudied region, i.e.,
NCD patients seeking primary care in one of the poorest
areas of the Andean region in Latin America – La Paz,
Bolivia and its sister city, El Alto.
Specifically, we used survey data from NCD patients

identified in ambulatory care clinics affiliated with four
hospitals to examine factors influencing mobile phone
ownership, use of phones with Internet connectivity
(smartphones), patients’ ability to send and receive text
messages, and barriers to mobile phone use. We focus
only on mHealth technologies that could be imple-
mented through patients’ own standard mobile phone or
smartphone. By describing how demographic factors,
health status, and health care access affect ownership
and usage of mobile technologies in the Bolivian context,
this study informs future mHealth research that includes
NCD patients in that region as well as in similarly-
challenged regions of Latin America.

Methods
Patient identification and recruitment
The study was approved by Human Subjects Committees
at both the University of Michigan and the Universidad
Católica Boliviana (UCB or Bolivian Catholic University).
Between May and August 2013, as part of an ongoing
series of projects aimed at establishing and testing a
mHealth platform for NCD self-management support in
Bolivia [28]. We administered face-to-face surveys at the
time of primary care visits at three hospitals in La Paz,
Bolivia and one hospital in the nearby city of El Alto.
Potential participants were identified and approached
in waiting rooms after they arrived for a non-urgent
medical visit. To be eligible, respondents had to be at
least 18 years of age and Spanish-speaking.
The sample of patients participating in the initial survey

included 1144 adults; however, analyses presented here
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were limited to the subset of 620 who completed a more
extensive survey module including questions about
chronic illness management and cell phone use. This sam-
ple includes individuals with previously diagnosed NCDs
in addition to those with probable and/or unmanaged de-
pression and hypertension. Specifically, patients in this
sample: (1) reported being told by a physician that they
had one or more diagnosed chronic diseases including dia-
betes, hypertension, CVD (heart attack, blocked arteries,
and/or stroke), depression, cancer, stroke, arthritis, re-
spiratory disease (chronic obstructive pulmonary disease,
asthma, and/or emphysema), and chronic back pain; or (2)
had systolic blood pressures > 140 mmHg at the time of
the visit, indicating potential hypertension; or (3) screened
positive for depression on the Patient Health Question-
naire (PHQ) two-item depression screener [29]. Survey
respondents received incentives in the form of personal
hygiene materials (e.g. shampoo, toothpaste) and all
completed written informed consent.

Survey design and data collection
Surveys were administered by trained research assistants
fluent in Spanish. Surveys used previously-validated
translations of scales whenever possible (e.g., for measur-
ing depressive symptoms) and the entire survey was
reviewed and modified by native Spanish speakers in
Bolivia prior to participant recruitment. The survey cap-
tured information about respondents’ sociodemographic
characteristics, use of health services, and chronic disease
diagnoses. Additional details of the survey methodology
are presented elsewhere [28].

Outcomes
Analyses focused on indicators of mobile phone access,
use, and connectivity barriers. First, we examined the
proportion of patients who reported owning a mobile
phone, as well as the subset of phone users who owned
a smartphone. Second, we examined patients’ use of text
messaging within the subset of patients reporting mobile
phone ownership. Specifically, we examined the odds of
patients reporting whether they typically sent or received
a text message at least once a week. Finally, we exam-
ined whether respondents with a mobile phone reported
each of two common barriers to mobile phone use: fre-
quently or always being unable to access a mobile phone
signal, and frequently or always lacking mobile phone
credit or “minutes” on their device.

Predictors
Patients’ sociodemographic characteristics were self-
reported and included: age, gender, indigenous ethnicity,
and educational attainment. As a proxy for indigenous
ethnicity (e.g. Aymara or Quechua), we identified pa-
tients who reported speaking one or more indigenous
languages in their home at least some of the time (yes
versus no). Patients were classified as having low health
literacy if they reported that they were unable to read or
had health literacy deficits as defined by two items from
a commonly-used functional health literacy screener
[30], i.e., frequently or always needing someone to help
read papers from health center, or frequently or always
having problems understanding written medical instruc-
tions. Health status indicators included: the widely used
indicator of self-rated health (poor or fair vs. good, very
good, or excellent) [31–33], the number of self-reported
physician-diagnosed chronic conditions (0, 1, or ≥ 2),
and a positive screen for depression using the Patient
Health Questionnaire (PHQ-2) depression scale [29]. Pa-
tients were identified as having cost-related barriers to
health care access if they responded yes to the question,
“In the past year, did cost keep you from going to the
clinic or hospital?” Patients’ geographic access to care
was defined according to the time it typically took them
to travel to clinic (0–29 min, 30–59 min, and ≥ 60 min).

Analysis
Data were analyzed using SAS/STAT® software. All stat-
istical tests were conducted using a 5 % significance level
(α = 0.05). First, we examined the bivariate associations
between (a) patients’ sociodemographic characteristics,
health status, and access to care; and (b) owning any
mobile phone and owning a smartphone. Among re-
spondents with a mobile phone, we also examined bi-
variate associations between patient characteristics and
frequency of text messaging usage and connectivity bar-
riers. Multivariate logistic regression was used to assess
variation in phone ownership and text messaging across
patient groups controlling for covariates.

Results
Patient characteristics
The comprehensive survey was administered to a total
of 620 individuals. After listwise deletion of cases with
missing data on key variables, the final analytic sample
size was 559 for models predicting phone ownership and
452 for those predicting text messaging. The majority of
cases were excluded because of missing data on texting
frequency (5.4 % missing) and years of education (3.5 %
missing). All other variables had fewer than 5 % missing
cases. Those excluded from this analysis were older,
and significantly (p < 0.05) smaller proportions of those
excluded were of high health-literacy (55 % of those
excluded versus 69 % of the included sample) or
owned a mobile phone (75 % of those excluded versus
86 % of those included). Texting ability was more common
among mobile phone owners included in theses ana-
lyses than those excluded (76 % in the sample vs. 61 %
excluded).
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The majority of the 559 respondents were female
(64 %), 10 % were less than 30 years of age, and 22 %
were age 65 or older (Table 1). The mean age was 52
years (SD = 15.2). Almost one-third (30 %) of the partici-
pants spoke an indigenous language at home, 33 % had
no more than 6 years of education, and 31 % were classi-
fied as having low health literacy. Most respondents
(67 %) reported fair or poor health, and almost 42 % re-
ported having two or more previously diagnosed NCDs.
Many respondents (45 %) were identified as potentially
having depression, according to their PHQ-2 score. Bar-
riers to health care access were common, with 47 %
reporting a cost-related access barrier and 26 % traveling
at least an hour to their source of primary care.

Access and use of mobile phone technology
Most participants (86 %) owned a mobile phone, and
13 % of all respondents owned a smartphone (Table 1).
58 % sent or received a text at least once a week
(Table 2). Few respondents reported connectivity bar-
riers; only 9 % reported frequently or always having
difficulty obtaining a mobile signal, and 17 % reported
frequently or always being without mobile phone
credit to make a call (Table 2).
In bivariate analyses (Table 1), there were significant

(p < 0.05) positive associations between mobile phone
ownership and: younger age (e.g. 96 % among respon-
dents aged 18–29 versus 71% among respondents 65
and older); male sex (92 % versus 83 % of women); hav-
ing high health literacy (93 % versus 72 % of individuals
with low health literacy); more years of education (95 %
of those individuals with more than 12 years of educa-
tion versus 77 % among those individuals with no more
than 6 years of education); and reporting no diagnosed
NCDs (94 % among those without a diagnosed NCD,
87 % of individuals with 1 previously diagnosed NCD,
and 81 % with at least two diagnosed NCDs). In multi-
variate analyses, younger age, male gender, and low
health literacy remained significant, independent predic-
tors (Table 3) of mobile phone ownership. Specifically,
women had 0.41 times the odds of owning a mobile
phone compared to men (95 % CI: 0.22–0.77) and re-
spondents with low health literacy had 0.36 times the
odds of owning a mobile phone as patients without these
barriers (95 % CI: 0.20–0.64), after adjusting for covari-
ates. Individuals aged 30–49 and individuals aged 50–64
had 2.4 and 2.5 times the adjusted odds, respectively, of
owning a mobile phone (95 % CI: 1.10–5.21; 1.32–4.68,
respectively) than those 65 and older (results not
shown).
In bivariate analyses (Table 1), smartphone ownership

was markedly more common among individuals <30
years of age (32 %) than among those who were ages
50–64 (8 %) or ≥ 65 (6 %). Smartphone ownership was
also more common among respondents who reported
that they did not speak an indigenous language at home
(15 % versus 8 % among indigenous language speakers),
and among respondents with >12 years of education
(26 %) versus <6 years (6 %). A larger proportion of re-
spondents classified as having high health literacy owned
a smartphone (16 %) than those classified as having low
health literacy (5 %). In the multivariate model (Table 3),
younger age, more years of education, and a high level
of health literacy remained significant and positive inde-
pendent predictors of owning a smartphone versus not
owning a smartphone or mobile phone at all. The ad-
justed odds of owning a smartphone for individuals aged
65 and older were 0.31 times that of individuals aged
18–29 (95 % CI: 0.11–0.90). Those classified as having
low health literacy had 0.40 times the adjusted odds of
owning a smartphone when compared to those classified
as being of high health literacy (95 % CI: 0.17–0.94).
Compared to individuals with no more than 6 years of
education, the adjusted odds of owning a smartphone
were approximately 3 times greater (95 % CI: 1.25–6.71)
among respondents with >12 years of education.

Text messaging among respondents with a mobile phone
Text messaging was reported by the majority of all mo-
bile phone owners, including among subgroups of re-
spondents who had limited education, older age, and
other indicators of socioeconomic vulnerability (Table 2).
Fifty-four percent of the sample reported sending a text
message at least once a week while 57 % received a text
message once a week. When combined, sending or re-
ceiving text messages at least once a week was more
common among younger respondents (94 % of those
aged 18–29) than among older adults (31 % of those
aged ≥ 65). Regularly sending and receiving text mes-
sages was also less common among respondents who re-
ported speaking an indigenous language in their home
(44 % versus 64 % among non-indigenous language
speakers); those with low health literacy (38 % versus
65 % among patients without low health literacy); and
those with fewer years of education (30 % among those
with no more than 6 years of education versus 57 % and
82 % for those with 7–12 and > 12 years of education, re-
spectively). Additionally in bivariate analyses, regular
texting was less common among those who reported
poor or fair perceived health, those with at least one
NCD, and those with longer travel times to the clinic
(Table 2).
Younger age, more years of education, fewer NCDs,

and shorter travel time to the health clinic all remained
significant positive predictors of texting at least once per
week, after adjusting for covariates (Table 4). For ex-
ample, when compared to individuals with no more than
6 years of education, those with more than 12 years of



Table 1 Sample Characteristics

Total sample Owns Mobile Phone* Owns Smartphone

% (n) % p-value§ % p-value§

Total 100 (559) 86.2 12.7

Demographics

Age <0.01 <0.01

18–29 9.5 (53) 96.2 32.1

30–49 32.0 (179) 91.1 16.2

50–64 36.1 (202) 88.6 8.4

65+ 22.4 (125) 71.2 6.4

Gender <0.01 0.64

Male 36.3 (203) 91.6 11.8

Female 63.7 (356) 83.1 13.2

Indigenous language used at home 0.07 0.02

Yes 30.2 (169) 82.3 7.7

No 69.8 (390) 88.0 14.9

Health Literacya <0.01 <0.01

Low 30.9 (173) 72.3 4.6

High 69.1 (386) 92.5 16.3

Education in years <0.01 <0.01

≤6 32.6 (182) 76.9 5.5

7–12 38.1 (213) 87.3 8.9

>12 29.3 (164) 95.1 25.6

Health Status

Self-Reported Health 0.81 0.02

G./V.G./Exc.b 32.6 (182) 85.7 17.6

Poor or fair 67.4 (377) 86.5 10.3

Number of Self-Reported Chronic Conditions <0.01 0.03

0 23.3 (130) 93.9 16.9

1 34.5 (193) 87.1 14.0

≥2 42.2 (236) 81.4 9.3

Depressedc 0.94 0.54

Yes 44.5 (249) 86.4 13.6

No 55.5 (310) 86.1 11.9

Health Care Access

Cost-related access barrierd 0.43 0.01

Yes 46.5 (260) 85.0 8.9

No 53.5 (299) 87.3 16.1

Travel time to clinic in minutes 0.18 0.03

0–29 39.4 (220) 85.9 15.9

30–59 34.5 (193) 87.6 12.4

≥60 26.1 (146) 84.9 8.2

All percentages are row-percentages. §Result of Pearson Chi-squared Test for binary predictors, result of Cochran-Armitage test of trend for variables with more
than two levels. *Shared mobile phone: n = 30 (6.3 %); aDefined as not being able to read, frequently or always needing someone to help read papers from health
center, frequently or always having problems understanding written medical instructions; bGood/Very Good/Excellent; cAs measured by a score of 3 or more on
the PHQ-2 questionnaire; d“In the past year, did cost keep you from going to a clinic or hospital?”
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Table 2 Text Message Usage and Barriers to Mobile Phone Use Among Mobile Phone Owners

Text Message Usage Barriers to Mobile Phone Use

Total Sends or Receives at least
once a week

Frequently or Always Lacks
Mobile Signal

Frequently or Always Lacks
Mobile Phone Credit

% (n) % p-value§ % p-value§ % p-value§

Total 100 (452) 58.0 9.1* 16.5**

Demographics

Age <0.01° 0.10° <0.01

18–29 11.1 (50) 94.0 10.0 32.7

30–49 35.2 (159) 74.2 11.3 18.9

50–64 36.1 (163) 44.2 9.9 14.2

65+ 17.7 (80) 31.3 2.5 6.3

Gender 0.06 0.76 0.12

Male 39.2 (177) 52.5 9.6 13.1

Female 60.8 (275) 61.5 8.8 18.7

Indigenous language used at home <0.01 0.18 0.38

Yes 28.5 (129) 44.2 6.2 14.1

No 71.5 (323) 63.5 10.3 17.5

Health Literacya <0.01 0.65 0.46

Low 25.0 (113) 38.1 8.0 18.8

High 75.0 (339) 64.6 9.4 15.7

Education in years <0.01 0.01 0.29

≤6 26.8 (121) 29.8 6.7 18.3

7–12 39.2 (177) 56.5 5.7 17.6

>12 34.1 (154) 81.8 14.9 13.7

Health Status

Self-Reported Health 0.01 0.19 0.84

G./V.G./Exc.b 32.5 (147) 67.4 11.6 16.0

Poor or fair 67.5 (305) 53.4 7.9 16.7

Number of Self-Reported Chronic Conditions <0.01 0.61 0.20

0 26.1 (118) 78.8 10.2 13.7

1 34.3 (155) 54.8 9.0 15.5

≥2 39.6 (179) 46.9 8.4 19.2

Depressedc 0.19 0.26 0.09

Yes 45.4 (205) 54.6 10.8 19.8

No 54.7 (247) 60.7 7.7 13.8

Health Care Access

Cost-related access barrierd 0.81 0.86 0.03

Yes 45.1 (204) 57.4 9.4 20.7

No 54.9 (248) 58.5 8.9 13.0

Travel time to clinic in minutes <0.01 0.69 0.01

0–29 39.6 (179) 69.8 8.9 12.4

30–59 35.0 (158) 52.5 8.2 15.4

≥60 25.4 (115) 47.0 10.5 24.4

All percentages are row-percentages. §Result of Pearson Chi-squared Test for binary predictors, result of Cochran-Armitage test of trend for variables with more
than two levels;*One missing record; **Two missing records; °Result of Fisher’s Exact test for small cell sizes; aDefined as not being able to read, frequently or always
needing someone to help read papers from health center, frequently or always having problems understanding written medical instructions; bGood/Very Good/Excellent;
cAs measured by a score of 3 or more on the PHQ-2 questionnaire; d“In the past year, did cost keep you from going to a clinic or hospital?”

Kamis et al. Globalization and Health  (2015) 11:30 Page 6 of 10



Table 3 Phone Ownership: Results of Multivariate Analysis (N = 559)

Owns Mobile Phone Owns Smartphone*

OR (95 % CI) p-value OR (95 % CI) p-value

Demographics

Age 0.02 0.03

18–29 Ref Ref

30–49 0.57 (0.12, 2.72) 0.64 (0.30, 1.37)

50–64 0.60 (0.12, 2.85) 0.30 (0.13, 0.72)

65+ 0.24 (0.05, 1.18) 0.31 (0.11, 0.90)

Gender 0.01 0.40

Male Ref Ref

Female 0.41 (0.22, 0.77) 1.29 (0.71, 2.34)

Indigenous language used at home 0.64 0.64

Yes 0.87 (0.50, 1.54) 0.85 (0.42, 1.70)

No Ref Ref

Health Literacya <0.01 0.04

Low 0.36 (0.20, 0.64) 0.40 (0.17, 0.94)

High Ref Ref

Education in years 0.28 <0.01

≤6 Ref Ref

7–12 1.18 (0.64, 2.17) 1.00 (0.43, 2.35)

>12 2.10 (0.85, 5.21) 2.90 (1.25, 6.71)

Health Status

Self-Reported Health 0.63 0.09

G./V.G./Exc.b Ref Ref

Poor or fair 1.15 (0.65, 2.05) 0.62 (0.35, 1.09)

Number of Self-Reported Chronic Conditions 0.21 0.61

0 Ref Ref

1 0.47 (0.19, 1.17) 1.28 (0.64, 2.54)

≥2 0.46 (0.19, 1.12) 1.47 (0.68, 3.19)

Depressedc 0.71 0.10

Yes 1.11 (0.64, 1.93) 1.60 (0.92, 2.80)

No Ref Ref

Health Care Access

Cost-related access barrierd 0.84 0.10

Yes 0.94 (0.55, 1.63) 0.61 (0.34, 1.10)

No Ref Ref

Travel time to clinic in minutes 0.57 0.29

0–29 Ref Ref

30–59 1.41 (0.74, 2.66) 0.75 (0.40, 1.39)

≥60 1.14 (0.58, 2.21) 0.56 (0.26, 1.19)

*Reference group included those that did not have a smart phone or had no mobile phone at all. aDefined as not being able to read, frequently or always needing
someone to help read papers from health center, frequently or always having problems understanding written medical instructions; bGood/Very Good/Excellent;
cAs measured by a score of 3 or more on the PHQ-2 questionnaire; d“In the past year, did cost keep you from going to a clinic or hospital?”
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education had almost 6 times the adjusted odds of sending
or receiving a text message at least once a week (95 % CI:
2.84, 10.99). Conversely, those traveling at least 60 min to
the health clinic had 0.50 times the odds of sending or
receiving text messages at least once per week as those
traveling less than 30 min (95 % CI: 0.27, 0.90).



Table 4 Texting Among Mobile Phone Owners: Results of
Multivariate Analysis (N = 452)

Sends or receives at least
once a week

OR (95 % CI) p-value

Demographics

Age <0.01

18–29 Ref

30–49 0.30 (0.08, 1.07)

50–64 0.09 (0.03, 0.31)

65+ 0.07 (0.02, 0.25)

Gender 0.37

Male Ref

Female 1.25 (0.77, 2.01)

Indigenous language used at home 0.71

Yes 0.91 (0.54, 1.52)

No Ref

Health Literacya 0.14

Low 0.65 (0.37, 1.15)

High Ref

Education in years <0.01

≤6 Ref

7–12 1.94 (1.09, 3.45)

>12 5.59 (2.84, 10.99)

Health Status

Self-Reported Health 0.08

G./V.G./Exc.b Ref

Poor or fair 0.63 (0.38, 1.06)

Number of Self-Reported Chronic Conditions 0.03

0 Ref

1 0.41 (0.21, 0.79)

≥2 0.59 (0.30, 1.14)

Depressedc 0.24

Yes 0.75 (0.47, 1.21)

No Ref

Health Care Access

Cost-related access barrierd 0.29

Yes 1.30 (0.80, 2.12)

No Ref

Travel time to clinic in minutes 0.04

0–29 Ref

30–59 0.58 (0.34, 0.99)

≥60 0.50 (0.27, 0.90)
aDefined as not being able to read, frequently or always needing someone
to help read papers from health center, frequently or always having problems
understanding written medical instructions; bGood/Very Good/Excellent;
cAs measured by a score of 3 or more on the PHQ-2 questionnaire; d“In the
past year, did cost keep you from going to a clinic or hospital?”
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Barriers to mobile phone use
In bivariate analyses (Table 2), reporting frequent prob-
lems accessing a mobile signal was significantly more
common among those with more education (e.g. 15 %
among respondents with more than 12 years of educa-
tion versus 7 % among those no more than 6 years).
Lacking credit to make a call was significantly more
common younger respondents (e.g. 33 % among those
younger than 30 vs. 6 % among those at least 65 years
old). Lacking phone credit also was more common
among respondents reporting a cost-related access bar-
rier (21 % versus 13 % among those not reporting this
barrier) and among those with longer travel times to the
clinic (e.g. 24 % among those traveling at least one hour
versus 12 % among those traveling less than 30 min).

Discussion
In this large survey of NCD patients recruited from out-
patient clinics at four hospitals in Bolivia, we found that
despite many patients’ socioeconomic risk factors, most
owned a mobile phone and many used text messaging.
While phone ownership was less common in certain
sub-groups of the population, such as older adults or in-
dividuals with little or no formal education, even in
these groups the majority of respondents were active
mobile phone users. For instance, more than 70 % of re-
spondents aged 65 years or older and 77 % of those with
no more than 6 years of education owned a mobile
phone. These findings suggest that even among some of
the most vulnerable patients in one of the poorest coun-
tries of Latin America, mobile phone-based health inter-
ventions may be feasible.
The current study also highlights the potential reach

of text messaging interventions in resource-constrained
environments. More than half (58 %) of mobile phone
owners reported that they send or receive text messages
at least once a week. This is encouraging, because a large
number of studies have shown that text messaging in-
terventions can improve self-care behaviors and
physiologic outcomes of NCD care – including in LMICs
[6, 15, 34–37]. Texting was less common among older
adults. However, given the rapid increase of text message
utilization in the developing world [38] coupled with the
positive results of studies using mHealth as a tool for be-
havior change across all age groups [6, 39], the feasibility
of mHealth interventions will likely continue to increase
across the age span.
Despite these positive messages, the current study

does provide a cautionary note about focusing research
and development of mHealth tools exclusively on smart-
phones and other Internet-enabled devices. Even in the
youngest age group (ages 18–29) where smartphone use
was most common, only one-third of respondents
owned smartphones. While smartphone use likely will
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become more common in the future [40], interventions
utilizing such phones will continue to have limited reach
in the next decade at least. Nonetheless, since a quarter
of respondents who had education beyond high school
owned a smartphone, it may be possible to use these de-
vices in mHealth interventions to offer training and sup-
port to health workers. More research will be needed to
understand the extent to which smartphone owners in
these settings are able and willing to use them to access
health information through the Internet.
Overall, we found that relatively few mobile phone

owners faced barriers to mobile phone use, with only 9 %
reporting frequently or always lacking a mobile signal and
17 % frequently or always lacking mobile phone credit.
Fortunately, in many areas of Bolivia, and Latin America
in general, a person can receive a mobile phone call free of
charge without a monthly subscription to a mobile phone
plan or without having any phone credit [8], minimizing
this cost-related barrier to one-way mobile phone-
delivered interventions. Nevertheless, some of the same
barriers to accessing traditional health care services also
may serve as barriers to effective use of mHealth interven-
tions. For example, older adults, females, and those with
low health literacy were less likely to own a mobile phone,
and older age, speaking an indigenous language at home,
and lack of formal education were negatively associated
with text messaging among mobile phone owners. These
data also indicate that details such as access to “minutes”
for making outbound calls are important and may vary in
important ways across groups defined by socioeconomic
risk factors. This pattern of effects is similar to the well-
studied gap in access to health information in high-
income countries such as the United States [41].
Strengths of the current study include the large sample

size, the detailed questions about use of mobile phones, the
fact that patients were recruited in four hospitals, and that
it provides some of the most detailed information currently
available on mobile phone access among NCD patients in
the Andean region. However, the study also has certain lim-
itations. Due to the cross-sectional design, the study pro-
vides limited insight into trends in this rapidly-changing
field. For example, smartphone use was more common
among younger patients, but it is unknown how rapidly
smartphone penetration will increase across the different
age groups of this population. Repeated cross-sectional
studies will be needed to determine the rate at which this
and other aspects of the mHealth landscape are changing
in Bolivia and other similar LMICs. Our sample is also sub-
ject to selection bias since those individuals recruited at the
hospitals may be different than individuals who do not seek
formal medical care. Community-wide sampling, particu-
larly in rural areas, may provide different estimates. Lastly,
Bolivia is a culturally, linguistically, and geographically
diverse country. Future mHealth research should target
other regions of the country where patterns of owner-
ship and utilization of mobile phones may be different.

Conclusion
These data indicate that mobile phone ownership is
common among NCD patients in the primary care set-
ting in Bolivia, including among patients with limited
education and other socioeconomic risk factors for
poor health outcomes. Patients reported few problems
with connectivity and most with a mobile phone re-
ported frequent use of text messaging. These findings
suggest that mHealth interventions that depend on
NCD patients’ mobile phone ownership, including text
messaging interventions, are feasible in this region and
may reach the majority of patients in key subgroups,
such as those who are older, those who from racial/
ethnic minority groups, and those who have limited
education.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
KK, NM, RJ, HV, JDP contributed to the study design and administration of
the survey. HV served as the in-country supervisor of all research activities.
KK, MJ, and JDP conceptualized the paper and interpreted data. KK and JDP
analyzed the data. KK produced the first draft of the manuscript. All authors
critically reviewed and edited the paper before approving the final version.

Authors’ information
KK is a Project Manager at the Colorado Prevention Center and was a member
of the University of Michigan 2013 Bolivian m-health Summer Internship Team.
MJ is an Assistant Research Scientist in the Department of Health Behavior and
Health Education at the University of Michigan School of Public Health, and a
research associate at the University of Michigan Center for Managing Chronic
Disease. NM was Project Manager for the study described in this paper. RJ is a
CDC/CSTE Applied Epidemiology Fellow at the Oklahoma State Department of
Health and a member of the University of Michigan 2013 Bolivian m-health
Summer Internship Team. HV is on staff with the NCD epidemiology unit in the
Servicio Departamental de Salud (SEDES or Departmental Health Services) in La
Paz, Bolivia. JDP is a professor of Health Behavior and Health Education and of
Internal Medicine, the Director of the UM Center for Managing Chronic Disease,
and a VA Senior Career Scientist.

Acknowledgements
In addition to the listed authors, the University of Michigan 2013 Bolivian
m-health Summer Internship Team includes (in alphabetical order): Hunter
Davis, Zahra Dawson, Elizabeth Feenstra, Funmi Giwa, Mirelle Mann, Gregory
Powell, Cody Shultz, and Jonathan Waldman. We thank the following people
in Bolivia for their support: Dr. Bismarck Pinto; Dr. Nenndy Vazquez; Dr. José
Marecelo Huayta Soto; Dr. Saúl Calderón Campero; and Ms. Paola Zapata.
Additional support for the study came from: grant number P30DK092926
from the US National Institutes of Health; the UM School of Public Health;
the UM International Institute; the UM School of Information; the Servicio
Departamental de Salud in La Paz, Bolivia; the Universidad Católica Boliviana;
the Universidad Mayor de San Andrés, and the Universidad Pública El Alto.
We also thank the staff and patients of the following hospitals that participated
in this study: Hospital La Paz, Hospital Holandés, Hospital de Clínicas, and
Hospital San Gabriel.

Author details
1University of Michigan School of Public Health, 1415 Washington Heights,
Ann Arbor, MI 48104, USA. 2El Servicio Departamental de Salud (SEDES) La
Paz, Calle Capitán Ravelo #2180, La Paz, Bolivia. 3Center for Managing
Chronic Disease, University of Michigan School of Public Health, 1415
Washington Heights, Ann Arbor, MI 48109, USA.



Kamis et al. Globalization and Health  (2015) 11:30 Page 10 of 10
Received: 13 November 2014 Accepted: 17 June 2015

References
1. The World Bank. Information and Communication for Development 2012:

Maximizing Mobile. Washing, DC; 2012
2. Castells M, Fernandez-Ardevol M, Qiu JL, Sey A. The Mobile Communication

Society: A Cross-Cultural Analysis of Available Evidence on the Social Uses
of Wireless Communication Technology. Los Angeles; 2004.

3. International Telecommunication Union. The World in 2014: ICT Facts and
Figures. 2014. in 2008.

4. Anta R, El-Wahab S, Giuffrida A. Mobile Health : The Potential of Mobile
Telephony to Bring Health Care to the Majority. 2009.

5. World Health Organization. mHealth: New Horizons for Health through
Mobile Technologies, vol. 3. 2011.

6. Cole-Lewis H, Kershaw T. Text messaging as a tool for behavior change in
disease prevention and management. Epidemiol Rev. 2010;32:56–69.

7. Akter S, Ray P. mHealth - an ultimate platform to serve the unserved 3 why
health services. IMIA Yearb Med Inform. 2010;2010:94–100.

8. Piette JD, Mendoza-Avelares MO, Milton EC, Lange I, Fajardo R. Access to
mobile communication technology and willingness to participate in automated
telemedicine calls among chronically ill patients in Honduras. Telemed e-Health.
2010;16:1030–41.

9. Chan CV, Kaufman DR. Mobile phones as mediators of health behavior
change in cardiovascular disease in developing countries. Adv Inf Technol
Commun Heal. 2009;143:453–8.

10. Estrin D, Sim I. Open mHealth architecture: an engine for health care
innovation. Science (80-). 2010;330:759–60.

11. Beratarrechea A, Lee AG, Willner JM, Jahangir E, Ciapponi A, Rubinstein A.
The impact of mobile health interventions on chronic disease outcomes in
developing countries: a systematic review. Telemed e-Health. 2014;20:75–82.

12. Cabieses B, Faba G, Espinoza M, Santorelli G. The link between information
and communication technologies and global public health: pushing
forward. Telemed e-Health. 2013;19:879–87.

13. Piette JD, Datwani H, Gaudioso S, Foster SM, Westphal J, Perry W, et al.
Hypertension management using mobile technology and home blood
pressure monitoring: results of a randomized trial in two low/middle-
income countries. Telemed e-Health. 2012;18:1–3.

14. Piette JD, Marinec N, Gallegos-Cabriales EC, Gutierrez-Valverde JM,
Rodriguez-Saldaña J, Mendoz-Alevares M, et al. Spanish-speaking patients’
engagement in interactive voice response (IVR) support calls for chronic
disease self-management: data from three countries. J Telemed Telecare.
2013;19:89–94.

15. Mbuagbaw L, van der Kop ML, Lester RT, Thirumurthy H, Pop-Eleches C, Ye C,
et al. Mobile phone text messages for improving adherence to antiretroviral
therapy (ART): an individual patient data meta-analysis of randomised trials.
BMJ Open. 2013;3:e003950.

16. Piette JD, Lange I, Issel M, Campos S, Bustamante C, Sapag J, et al. Use of
telephone care in a cardiovascular disease management programme for
type 2 diabetes patients in Santiago, Chile. Chronic Illn. 2006;2:87–96.

17. Zurovac D, Larson BA, Sudoi RK, Snow RW. Costs and cost-effectiveness of
a mobile phone text-message reminder programmes to improve health
workers’ adherence to malaria guidelines in Kenya. PLoS One.
2012;7:e52045.

18. Zurovac D, Sudoi RK, Akhwale WS, Ndiritu M, Hamer DH, Rowe AK, et al.
The effect of mobile phone text-message reminders on Kenyan health
workers’ adherence to malaria treatment guidelines: a cluster randomised
trial. Lancet. 2011;378:795–803.

19. Tamrat T, Kachnowski S. Special delivery: an analysis of mhealth in maternal
and newborn health programs and their outcomes around the world.
Matern Child Heal J. 2012;16:1092–101.

20. Daar AS, Singer PA, Persad DL, Pramming SK, Matthews DR, Beaglehole R,
et al. Grand challenges in chronic non-communicable diseases. Nature.
2007;450:494–6.

21. World Health Organization. Global Atlas on Cardiovascular Disease
Prevention and Control. Mendis S, Puska P, Norrving B, editors. 2011.

22. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.
Global burden of hypertension: analysis of worldwide data. Lancet.
2005;365:217–23.

23. Murray CJL, Lopez AD. Global mortality, disability, and the contribution of
risk factors: global burden of disease study. Lancet. 1997;349:1436–42.
24. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression,
chronic diseases, and decrements in health: results from the World Health
Surveys. Lancet. 2007;370:29–32.

25. Ferrari AJ, Charlson FJ, Norman RE, Patten SB, Freedman G, Murray CJL, et al.
Burden of depressive disorders by country, sex, age, and year: findings from
the global burden of disease study 2010. PLoS Med. 2013;10:e1001547.

26. Wesolowski A, Eagle N, Noor AM, Snow RW, Buckee CO. Heterogeneous
mobile phone ownership and usage patterns in Kenya. PLoS One.
2012;7:e35319.

27. Hersh W, Margolis A, Quirós F, Otero P. Building a health informatics
workforce in developing countries. Health Aff. 2010;29:274–7.

28. Piette JD, Valverde H, Marinec N, Jantz R, Kamis K, de la Vega CL, et al.
Establishing an independent mobile health program for chronic disease
self-management support in Bolivia. Front Public Heal. 2014;2(August):1–10.

29. Kroenke K, Spitzer RL, Williams JBW. The patient health questionnaire-2:
validity of a two-item depression screener. Med Care. 2003;41:1284–92.

30. Chew LD, Griffin JM, Partin MR, Noorbaloochi S, Grill JP, Snyder A, et al.
Validation of screening questions for limited health literacy in a large VA
outpatient population. J Gen Intern Med. 2008;23:561–6.

31. Idler EL, Benyamini Y. Self-rated health and mortality : a review of twenty-seven
community studies. J Health Soc Behav. 1997;38:21–37.

32. Miilunpalo S, Vuori I, Oja P, Pasanen M, Urponen H. Self-rated health status
as a health measure: the predictive value of self-reported health status on
the use of physician services and on mortality in the working-age population.
J Clin Epidemiol. 1997;50:517–28.

33. Mossey JM, Shapiro E. Self-rated health: a predictor of mortality among the
elderly. Am J Public Health. 1982;72:800–8.

34. Déglise C, Suggs LS, Odermatt P. SMS for disease control in developing
countries: a systematic review of mobile health applications. J Telemed
Telecare. 2012;18:273–81.

35. Fjeldsoe BS, Marshall AL, Miller YD. Behavior change interventions delivered
by mobile telephone short-message service. Am J Prev Med. 2009;36:165–73.

36. Franklin V, Waller A, Pagliari C, Greene S. “Sweet Talk”: text messaging
support for intensive insulin therapy for young people with diabetes.
Diabetes Technol Ther. 2003;5:991–6.

37. Wei J, Hollin I, Kachnowski S. A review of the use of mobile phone text
messaging in clinical and healthy behaviour interventions. J Telemed
Telecare. 2011;17:41–8.

38. Déglise C, Suggs LS, Odermatt P. Short message service (SMS) applications
for disease prevention in developing countries. J Med Internet Res.
2012;14:e3.

39. Parker SJ, Jessel S, Richardson JE, Reid MC. Older adults are mobile too!
Identifying the barriers and facilitators to older adults’ use of mHealth for
pain management. BMC Geriatr. 2013;13:43.

40. Boulos MNK, Wheeler S, Tavares C, Jones R. How smartphones are changing
the face of mobile and participatory healthcare: an overview, with example
from eCAALYX. Biomed Eng Online. 2011;10:24.

41. Hall AK, Bernhardt JM, Dodd V, Vollrath MW. The digital health divide:
evaluating online health information access and use among older adults.
Heal Educ Behav. 2014;42(2):202–9.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patient identification and recruitment
	Survey design and data collection
	Outcomes
	Predictors
	Analysis

	Results
	Patient characteristics
	Access and use of mobile phone technology
	Text messaging among respondents with a mobile phone
	Barriers to mobile phone use

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References



