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AbstrAct
Objective Since 2014 Senegal has benefited 
from regular awareness-raising Short Message 
Service (SMS) campaigns (Be He@lthy, Be Mobile 
initiative) directed at people who have signed 
up, for free, to the ‘mDiabète’ programme. We 
report on an evaluation of its impact on diabetes 
control.
Design The clinical trial was designed to send 
daily SMS during 3 months to people with type 
2 diabetes. Due to centre randomisation, SMS 
were sent from inclusion (M0) to month 3 (M3) 
to people in centre S and from M3 to month 6 
(M6) to people in centre P.
Setting Medical centre S in the northwestern 
suburbs of Dakar; centre P in Popenguine, 70 km 
south of Dakar.
Participants In February 2017, people with type 
2 diabetes were consecutively recruited in the 
two centres. Complete data were available from 
186 of these people.
Main outcome measures HbA1c was measured 
in the two centres with the same assay 
throughout the study. The primary end point was 
the difference between centres for the change 
in HbA1c from M0 to M3. Secondary end points 
were the evolution of HbA1c in centres S and P 
between M3 and M6.
Results The HbA1c change from M0 to M3 
in centre S was better than in centre P, with a 
median difference of −0.4%, quartiles (−1.0; 
0.3) versus 0.2% (-0.5; 0.8), respectively 
(p=0.0038). HbA1c decreased over the 3 months 
after having stopped SMS in centre S and was 
confirmed in centre P. The campaign cost was 
€2.5 (US$3.1) per person.
Conclusions In Senegal, SMS sending was 
associated with an improved glycaemic control 
in people with type 2 diabetes. As SMS has a 
high penetration in low-income, middle-income 
countries where medical resources are scarce, 
health interventions using mobile telephones 
should be developed to facilitate exchanges 
between people with diabetes and medical teams; 
this may reduce diabetes-related complications.

IntroductIon
From the beginning of the 21 st century, 
the prevalence of diabetes has grown 
rapidly around the world, including in 
low-income, middle-income countries 
where diabetes was a rare disease in 
the 1980s.1 According to the Interna-
tional Diabetes Federation estimates, in 
2017, 425 million adults have diabetes 
around the world and >90% of them, 
type 2 diabetes; in Africa >15.5 million 
adults have diabetes, including 135 600 
in Senegal.2 Further, 4 million deaths 
were due to diabetes, mainly because of 
cardiovascular and renal complications, 
while diabetic retinopathy was the leading 
cause of vision loss in working-age adults 
(20–65 years). Global diabetes-related 
healthcare expenditure in adults aged 
20–79 years reached US$700 billion.2 

Several studies, most notably the 
UKPDS (United Kingdom Prospective 
Diabetes Study),3 showed that optimal 
glycaemic control is effective in delaying 
the onset of diabetes-related complica-
tions, including cardiovascular disease, 
kidney disease, blindness and limb ampu-
tation. To improve glycaemic control 
in people with diabetes, a multifaceted 
diabetes management is needed. Diabetes 
educational programmes are proposed by 
care providers in many countries, most 
often in hospitals. They provide an educa-
tion about diet, the use of glucose-low-
ering drugs, glucose monitoring and the 
risk factors associated with diabetes-re-
lated complications, and they encourage 
physical activity.4 Unfortunately, these 
education programmes are time-con-
suming and expensive, and health systems 
in low-income, middle-income countries 
are short of health professionals and 
resources. Mobile technology, particu-
larly text messaging via the Short Message 
Service (SMS), has a high penetration in 
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these countries. Thus, mobile Health (mHealth) inter-
ventions could provide a support to facilitate commu-
nication between people with diabetes and medical 
teams.

Indeed, 45 years ago in the USA, regular phone contacts 
between people with type 1 diabetes and care providers 
were shown to reduce emergency hospitalisations and 
keto-acidosis episodes,5 but whether mobile phone 
applications improve glycaemic control in diabetes has 
been poorly investigated up to now,6 with question-
able results, particularly in resource-poor settings.7 The 
single study from Africa8 included only 40 people with 
type 2 diabetes and showed an unexpectedly large 1.7% 
reduction in HbA1c in the intervention group. However, 
because of several flawed methodological aspects, this 
African study was considered to be of poor quality, 
providing unreliable data, in the meta-analysis.6

The dramatic increase in mobile phone use worldwide, 
from 1 billion subscribers in 2002 to 6 billion in 2012 
(86% of the world’s population), made mHealth one of 
the most attractive areas of public health intervention 
for WHO, even though evidence of effectiveness has not 
yet been proven.9 One-way push mobile text messaging, 
where the receiver cannot respond, could be consid-
ered as the least advanced but the most widely used tool 
for mHealth.10 In 2012, the Be He@lthy, Be Mobile 
initiative was founded as a joint partnership between 
WHO and the International Telecommunications 
Union (ITU).11 It aims to design, deploy and scale-up 
non-communicable disease prevention and management 
services that can be promoted using mobile phones. It 
is currently working with governments in 10 countries 
across a range of income groups and disease areas. As 
of early 2017, programmes have been fully launched in 
India, Senegal, Zambia, Egypt and the Philippines, and 
are under preparation in Tunisia. Since 2014, Senegal 
has promoted Be He@lthy, Be Mobile, with regular 
awareness-raising SMS campaigns directed at people 
who have signed up for free access to the ‘mDiabète’ 
programme. They receive during 3 months a series of 
SMS that are different according to whether they say 
they are ‘interested in diabetes’, ‘have diabetes’ or ‘work 
as healthcare professionals’. The voluntary registrations 
increased from 1000 in 2014 to 12 000 in 2015, 51 000 
in 2016 and 1 17 000 in 2017. Indeed, to evaluate the 
programme’s capacity to improve diabetes management, 
any quantitative improvement in glycaemic control 
requires documentation.

Thus, in 2017, WHO and ITU initiated in Senegal the 
study reported here, which assessed the SMS campaign’s 
efficacity, comparing HbA1c changes for people in one 
centre who received SMS with those in a second centre 
who did not receive such messages.

Methods
study design
A controlled open, two-centre, clinical trial with a 
randomised time allocation of the intervention was 

designed. Two medical centres, the ‘Centre Philippe 
Maguilène Senghor’ (S) located in Yoff, in the north-
western suburbs of Dakar, and the ‘Centre Médical de 
Popenguine’ (P), 70 km south of Dakar, were involved. 
They included consecutively, from 13 February 2017, 
all adults (≥18 years) with type 2 diabetes who had a 
mobile-cellular telephone that was able to receive SMS 
every day, and who gave informed consent to partic-
ipate. Patients suffering from sickle-cell disease were 
not included. By time randomisation at the centre 
level, the S centre participants received SMS during 
the first three months (M

0
 to M

3
) then no SMS during 

the three following months (M
3
 to M

6
), while it was 

the reverse for P centre participants (no SMS from M
0
 

to M
3
 then SMS from M

3
 to M

6
). The same SMS series 

(50 SMS overall) were sent to participants in each 
centre, with a daily SMS on weeks 1, 2, 4, 5, 7, 9 and 
11 and no SMS in weeks 3, 6, 8, 10 and 12 (see online 
supplementary file 1 for the content of the SMS in 
French). Usual diabetes care was provided throughout 
the study, and one diabetologist in each centre was in 
charge of the participants. The type of glucose-low-
ering treatments was not modified, but doses could 
be changed if needed. Informed consent was obtained 
from all included patients.

outcomes
The primary study outcome was the difference between 
the S and the P centres for the change of HbA1c level 
between M

0
 and M

3
, to assess the impact of the SMS 

programme on glycaemic control.
The secondary outcomes were (1) the evolution of 

HbA1c between M
3
 and M

6
 in the S centre in order 

to check whether there was a residual effect of SMS 
on glycaemic control and (2) the evolution of HbA1c 
between M

3
 and M

6
 in the P centre in order to confirm 

the benefit, if any, of the SMS programme on glycaemic 
control.

HbA1c was measured locally in each medical centre, 
and the same HbA1c assay (Siemens DCA Vintage 
HbA1c) was used in both centres during the entire 
study period.

statistical analysis
We compared baseline (first day of follow-up), M

3
 

and M
6
 characteristics between centres S and P. The 

differences in participants’ characteristics between the 
centres were analysed using Fisher’s exact tests for 
categorical variables, and Student’s t-tests or Wilcoxon 
rank-sum tests for continuous variables, according 
to their distribution. After-before comparisons were 
performed using Wilcoxon signed-rank tests.

Study size was originally calculated according to the 
main outcome. Assuming a 0.25% difference between 
the centres S and P for the evolution of HbA1c 
between inclusion and M

3
, and a common SD of 0.5%, 

we had a power of 90% to reject the null hypothesis 
(H

0
: S=P) with a bilateral α risk of 0.05 if we included 
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85 participants per centre. Thus, the inclusion of a 
total of 180 participants was planned to anticipate a 
possible loss of follow-up for 10 patients. However, 
as the distribution of HbA1c and its 3-month changes 
were not Gaussian (see online supplementary file 2), 
we used a non-parametric approach for the analyses.

All statistical analyses were performed using R 
software.12

results
enrolment
As shown in the flow diagram (figure 1), 191 consec-
utive people fulfilled the inclusion criteria and were 
enrolled in February 2017. Final data were not 

available for five individuals: three in the S centre (one 
death, one hospitalisation, one failure of the mobile 
device) and two in the P centre (one death, one hospi-
talisation). Complete data were thus obtained for 186 
people, 92 in the S centre who received SMS from M

0
 

to M
3
, and 94 in the P centre who received SMS from 

M
3
 to M

6
.

baseline characteristics
At baseline, participants in the two centres did not 
differ in age, sex, weight and body mass index, diabetes 
duration, frequency of insulin treatment or HbA1c 
level (table 1).

Figure 1 Flow diagram of the Dakar study. P, Centre Médical de Popenguine; S, Centre Philippe Maguilène Senghor; SMS, Short 
Message Service.

table 1 Baseline characteristics of the population, by study centre

Senghor (n=92) Popenguine (n=94) P values 

Women 78 (85%) 70 (75%) 0.10
Age (years) 55±10 54±12 0.42
Weight (kg) 72 (63; 81) 70 (62; 80) 0.51
Body mass index (kg/m²) 25.5 (22.5; 28.6) 25.4 (23.3; 29.3) 0.96
HbA1c (%) 8.1 (6.8; 10.8) 8.4 (6.3; 11.2) 0.91
Treated with insulin 26 (28 %) 23 (25 %) 0.62
Diabetes duration (years) n=92 n=92 (2 values missing) 0.21
  <1 19 (21%) 15 (16%)
  1–5 28 (30%) 42 (46%)
  5–10 24 (26%) 19 (21%)
  >10 21 (23%) 16 (17%)
For categorical variables, figures and percentages are given by n (%).
For quantitative parameters, m±SD are given when the distribution was considered as Gaussian, or median (quartile 1; quartile 3) in case of skewed 
distribution.
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outcomes
For the primary outcome, the decrease in HbA1c from 
M

0
 to M

3
 was significantly higher in the S than in the 

P centre (median difference: −0.4%, quartiles (−1.0; 
0.3) vs 0.2% (-0.5; 0.8), respectively, p=0.0038) 
(table 2).

The improvement in glycaemic control in the S 
centre persisted 3 months after the end of the SMS 
sending period, with a slight but statistically significant 
lower HbA1c between M

3
 versus M

6
 (7.5% (6.3; 10.1) 

vs 7.4% (6.3; 9.7), p=0.036) (table 3). In addition, the 
favourable impact of SMS on glycaemic control was 
confirmed in the P centre with a significantly lower 
HbA1c at the end of the intervention period, that is, 
between M

3
 and M

6
 (8.4% (6.4; 10.9) vs 8.3% (6.6; 

9.8), p=0.015) (table 3). Overall, in a post-hoc anal-
ysis, when pooling the S and P centres to compare 
HbA1c just before versus at the end of the SMS inter-
vention, a positive effect was observed with a signifi-
cantly lower HbA1c: 8.3% (6.7; 10.9) versus 8.0% 
(6.4; 9.9), respectively, p<0.001 (table 2).

dIscussIon
This randomised clinical trial shows that SMS were 
associated with an improvement in glycaemic control 
in people with type 2 diabetes. Furthermore, this 
favourable effect was observed in both centres, and 
persisted and even increased during the 3 months after 
the SMS were stopped.

limitations of the study
The positive effect of SMS on the primary outcome can 
be challenged as our hypothesis on difference of HbA1c 

change between groups was not confirmed in parametric 
analysis (p=0.18) although the differences between S 
and P groups after the first 3 months was larger than 
expected (0.4% for the mean value) but with a much 
broader dispersion (SD 1.8%). Indeed, as the difference 
in HbA1c change did not have a Gaussian distribution 
(see online supplementary file 2), it was necessary to use 
a non-parametric approach.

The population in Senegal is predominantly Muslim. 
Ramadan occurred during the second period (between 
M

3
 and M

6
) and may have interfered with glycaemic 

control because of modifications in nutritional habits.13 
However, the period between inclusion and M

3
 was 

chosen so that there was no interference with the 
primary end point.

strengths of the study
One diabetologist in each centre followed the patients 
and recorded the HbA1c data; this was probably a key 
factor, as very few patients were lost to follow-up, all of 
them for serious medical reasons (death or hospitalisa-
tion). The same HbA1c assay method was used at each 
visit, so the data are reliable.

The choice of the two centres, 70 km apart but also 
far from the local reference centre, the Abass Ndao 
hospital, was crucial to eliminate the risk of ‘pollution’ 
of the SMS intervention. It is unlikely that the people 
in the P centre would be aware of the content of the 
SMS received by those in the S centre during the first 
three months of the study. Also, it should be noted 
that these centres had similar resources and cared for 
similar populations in terms of socioeconomic status. 

table 2 Change in HbA1c (%), between study centres and between visits

Hba1c change (raw %) over time between 
groups Senghor (n=92) Popenguine (n=94) P values

M
0
 and M

3
−0.4 (-1.0; 0.3) 0.2 (-0.5; 0.8) 0.0038

M
0
 and M

6
−0.6 (-1.4; 0.2) 0.0 (-1.1; 0.5) 0.061

M
3
 and M

6
−0.2 (-0.7; 0.2) −0.1 (-0.8; 0.2) 0.91

Hba1c before vs after intervention (pooled 
analysis)

Before intervention
M

0
 Senghor

and M
3
 Popenguine

after intervention
M

3
 Senghor

and M
6
 Popenguine

HbA1c (%) 8.3 (6.7; 10.9) 8.0 (6.4; 9.9) 0.00014
Results are shown as median (quartile 1; quartile 3) of the values of interest. P values are given using Wilcoxon rank-test for non-paired series, or 
Wilcoxon rank-sum test for paired series.  P-value < 0.05 are marked in bold. 

table 3 Changes in HbA1c within study centres

Hba1c (%)

P valuesM
0

M
3

M
6

Senghor 8.1 (6.8; 10.8) 7.5 (6.3; 10.1) 7.4 (6.3; 9.7) (M
3
/M

0
), p=0.0025

(M
6
/M

0
), p=0.0003

(M
6
/M

3
), p=0.036

Popenguine 8.4 (6.3; 11.2) 8.4 (6.4; 10.9) 8.3 (6.6; 9.8) (M
3
/M

0
), p=0.25

(M
6
/M

0
), p=0.25

(M
6
/M

3
), p=0.015

Results are shown as median (quartile 1; quartile 3) of HbA1c at visit. P values are given using Wilcoxon rank-sum test for paired series.
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The local physician’s practices may have differed 
slightly.

Generalisability
The results observed in Senegal can probably be 
extrapolated to other countries, but the SMS approach 
may be more valuable in low-income, middle-income 
countries where it is difficult to organise educa-
tional groups to improve knowledge and motivation 
of people with diabetes for a better empowerment 
of daily care.4 The worldwide diffusion of mobile 
phone use makes it very convenient for low-resource 
countries. In addition, the financial aspect is a major 
argument to develop mHealth: the mean cost of 
sending one SMS was €0.05 (US$0.061) in Senegal. 
Thus, the campaign reported here cost €2.5 (US$3.1) 
per person.

Illiteracy can probably be considered as the main 
limitation to generalise mHealth procedures in some 
low-income, middle-income countries as 5.4% of the 
patients assessed for eligibility were not included because 
of illiteracy. However, some illiterate patients were able 
to be included in the study thanks to the support of 
family or friends who explained to them the content of 
the SMSs.

Interpretation
The positive results obtained in this controlled study lead 
us to conclude that mHealth is both a cheap and effec-
tive tool for the therapeutic education of people with 
diabetes. Its use should be extended to the other fields of 
chronic diseases, to reduce complications in people with 
diagnosed diseases as well as to prevent the occurrence 
of diseases, for instance, by promoting a healthy lifestyle 
in populations that are less and less physically active and 
are exposed to ‘coca-colonisation’.14

conclusIons
In Senegal, sending diabetes education messages 
via SMS was associated with an improvement in 
glycaemic control in people with type 2 diabetes. 
As text messaging has a high penetration in low-in-
come, middle-income countries where medical 
resources are scarce, this kind of mHealth inter-
vention should be developed to facilitate exchanges 
between people with diabetes and medical teams, and 
so reduce the risk of diabetes-related complications.

acknowledgements The authors thank the Association Sénégalaise 
de Soutien et d’Aide aux Diabétiques (ASSAD) for their efficient 
support in the preparation of the SMSes and for having highly 
contributed to have the SMSes campaign warmly welcomed by the 
diabetic patients. They thank also the mDiabetes team in Senegal 
for their support.

Contributors SND and MN-M brought their field experience and 
chose the two study centres. MN-M and LK wrote the original 
protocol and submitted it to the ethics committee, with the support 
of MB from WHO local office. SND and LK supervised the local 
investigators’ training and the progress of the study. BB, DS and 

MW performed the statistical analysis. DS and MW wrote the 
original draft. All authors participated in the correction of the draft 
and the final writing of the manuscript. 

Funding This study was funded by the World Health Organization. 

Competing interests MW and DS received personal fees from the 
WHO for the analysis and writing of the submitted manuscript. 
MB is a current employee of WHO. SND received fees from ITU 
as a temporary consultant in the m.Diabète project Sénégal, and 
from SANOFI Afrique as a member of the African advisory board. 
MN-M received consultant fees from ITU. 

Patient consent Informed consent was obtained from all included 
patients.

ethics approval Senegal National Ethics Committee for Scientific 
Research.

Provenance and peer review Not commissioned; externally peer 
reviewed.

© Article author(s) (or their employer(s) unless otherwise stated in 
the text of the article) 2018. All rights reserved. No commercial use 
is permitted unless otherwise expressly granted.

reFerences
 1 WHO. Diabetes mellitus.Report of a WHO Study Group. 

Technical report series 727. Geneva: World Health 
Organization, 1985:113.

 2 IDF. IDF diabetes atlas 8th edition. 2017:150 www. 
diabetesatlas. org (accessed 27 Dec 2017).

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

 4 Assal JP, Golay A. Patient education in Switzerland: from 
diabetes to chronic diseases. Patient Educ Couns 2001;44:65–
9.

 5 Miller LV, Goldstein J. More efficient care of diabetic patients 
in a county-hospital setting. N Engl J Med 1972;286:1388–91.

 6 Hou C, Carter B, Hewitt J, et al. Do Mobile Phone 
Applications Improve Glycemic Control (HbA1c) in the 
Self-management of Diabetes? A Systematic Review, Meta-
analysis, and GRADE of 14 Randomized Trials. Diabetes Care 
2016;39:2089–95.

 7 Beratarrechea A, Moyano D, Irazola V, et al. mHealth 
interventions to counter noncommunicable diseases in 
developing countries: still an uncertain promise. Cardiol Clin 
2017;35:13–30.

 8 Takenga C, Berndt RD, Musongya O, et al. An ICT-Based 
Diabetes Management System Tested for Health Care Delivery 
in the African Context. Int J Telemed Appl 2014;2014:1–10.

 9 Chavez S, Fedele D, Guo Y, et al. Mobile Apps for the 
Management of Diabetes. Diabetes Care 2017;40:e145–6.

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

 11 WHO/ITU. Be Healthy Be Mobile 2016 annual report. Geneva, 
Switzerland: World Health Organization, 2017.

 12 R Core Team. R: A language and environment for statistical 
computing. Vienna, Austria: R Core Team, 2017.

 13 Ali S, Davies MJ, Brady EM, et al. Guidelines for managing 
diabetes in Ramadan. Diabet Med 2016;33:1315–29.

 14 Zimmet P. Globalization, coca-colonization and the chronic 
disease epidemic: can the Doomsday scenario be averted? J 
Intern Med 2000;247:301–10.

 on 13 June 2018 by guest. P
rotected by copyright.

http://innovations.bm
j.com

/
B

M
J Innov: first published as 10.1136/bm

jinnov-2018-000278 on 8 June 2018. D
ow

nloaded from
 

www.diabetesatlas.org
www.diabetesatlas.org
http://dx.doi.org/10.1136/bmj.321.7258.405
http://dx.doi.org/10.1016/S0738-3991(01)00105-7
http://dx.doi.org/10.1056/NEJM197206292862605
http://dx.doi.org/10.2337/dc16-0346
http://dx.doi.org/10.1016/j.ccl.2016.08.009
http://dx.doi.org/10.1155/2014/437307
http://dx.doi.org/10.2337/dc17-0853
http://dx.doi.org/10.1093/epirev/mxq004
http://dx.doi.org/10.1111/dme.13080
http://dx.doi.org/10.1046/j.1365-2796.2000.00625.x
http://dx.doi.org/10.1046/j.1365-2796.2000.00625.x
http://innovations.bmj.com/

	SMS-based intervention in type 2 diabetes: clinical trial in Senegal
	Abstract
	Introduction
	Methods
	Study design
	Outcomes
	Statistical analysis

	Results
	Enrolment
	Baseline characteristics
	Outcomes

	Discussion
	Limitations of the study
	Strengths of the study
	Generalisability
	Interpretation

	Conclusions
	References


