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ABSTRACT
Introduction To assess the feasibility of computer- 
generated educational messaging system in healthcare 
workers of a tertiary care hospital. The secondary 
objectives were glycemic control, patient satisfaction and 
adherence to lifestyle modifications.
Research design and methods Single- center parallel- 
group open- labeled randomized controlled trial with 
computer generated block randomization.
Setting Healthcare workers with diabetes working in 
Christian Medical College Vellore, Tamil Nadu.
Participants 431 assessed, 341 met the selection criteria, 
320 participants were randomized and 161 were taken 
into intervention arm and 159 in the control arm.
Intervention Computer- generated short message service 
(SMS) based on transtheoretical model of behavioral 
change, 2 messages per week for 3 months, along with 
standard of care diabetic care. Messages had educational 
material regarding healthy eating habits and exercise and 
these messages were sent twice weekly. The messages 
were scheduled via an automatic calendar in a way 
that each subject in the intervention arm received 15 
educational messages per month.
Control group received only standard of care diabetic 
care which included dietary advice, exercise regimen and 
diabetic medications under supervision of their physician 
every 3 months.
Follow-up 6 months.
Results 95.65% of people in the intervention arm (n=154) 
received regular messages, out of which 93.17% read 
the messages regularly. 80.12% acted on the messages. 
93.17% felt more satisfied with their healthcare.
While both groups showed improvement in body mass 
index (BMI) and hemoglobin A1c (HbA1c), the difference 
was greater in the intervention with regard to both 
decrease in BMI (−0.6, p<0.001) and HBA1c (−0.48, 
p<0.001).
Conclusions SMS- based education system is feasible 
in improving healthcare among healthcare workers with 
diabetes. It improves patient satisfaction, adherence and 
improves healthcare among individuals with diabetes by 
decreasing their BMI and decreasing HbA1c.

InTRoduCTIon
The burden of diabetes in India is estimated 
at 7.3% with lower socioeconomic strata 

impacted more.1 There are some studies 
which suggest that in low- income and middle- 
income countries people with higher educa-
tion have higher risk.2 The benefits of tight 
blood sugar control among diabetics are 
well described. However, changing patient 
behavior with respect to lifestyle modification 
is not so easy. Healthcare workers, defined by 
WHO as all people engaged in actions whose 
primary intent is to enhance health,3 are 
particularly lax when it comes to their own 
health.4

Significance of this study

What is already known about this subject?
 ► Telephonic messages have been shown to reduce 
hemoglobin A1c (HbA1c) in subjects with diabetes.

 ► An umbrella systematic review suggests that most 
studies included were of poor methodological quality.

What are the new findings?
 ► Healthcare workers with diabetes have a high level 
of acceptance of educational telephonic messages 
on diabetes and these lead to reduction in body 
mass index (BMI) and HbA1c.

 ► Educational telephonic messages on diabetes have 
a high level of acceptance among healthcare work-
ers with diabetes.

 ► They improve healthcare workers’ knowledge about 
diet, exercise and healthy lifestyle.

 ► These messages given for 3 months reduce BMI as 
well as HbA1c at 6 months.

How might these results change the focus of 
research or clinical practice?

 ► In clinical practice, healthcare workers with diabe-
tes may benefit from well- planned telephonic mes-
sages designed to increase knowledge and change 
behavior.

 ► Future research should look at reductions in diabetic 
complications as well as measures of compliance to 
these messages.
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BaCkgRound and RaTIonale
Previous trials have used telephonic messages to change 
patients’ behavior using the transtheoretical model.5 6 
This has been tried in treatment of hypertension7 as well 
as prevention of diabetes.8–12

Three systematic reviews have looked at the effect on 
diabetes. A network meta- analysis13 and an umbrella 
review14 both suggested reduction in hemoglobin A1c 
(HbA1c), while another also found reduction in HbA1c 
but no change in clinical outcomes.15 Overall, they found 
the studies of low methodological quality at best.14

Thus, there is a need for well- conducted randomized 
controlled trials (RCTS) on the use of telemedicine 
among healthcare workers with diabetes. In Changing 
Lifestyle in Diabetics (CLIDS) via short message service 
(SMS) trial, our hypothesis was that SMS messages might 
be helpful in improving diabetic control status, quality 
of life and sense of well- being among the healthcare 
workers as well. Changing behavior has been described 
as being in the following stages in the transtheoretical 
model precontemplation, contemplation, preparation, 
action and maintenance. If the SMS messages could help 
in sustained behavior change that could lead to better 
sugar control and ultimately better clinical outcomes. 
Our aim was to assess the feasibility of this computer- 
based messaging among healthcare workers with diabetes 
of a tertiary care hospital.

oBjeCTIveS
Primary objective
To assess the feasibility of computer- generated educa-
tional messaging system among healthcare workers of 
tertiary care hospital. The primary outcome of assess-
ment was the percentage of users who received, read and 
acted on the SMS at 6 months.

Secondary objectives
Glycemic control: HbA1c at the end of 6 months.

Patient satisfaction and adherence to lifestyle modifications: 
to assess the patient satisfaction and adherence to life-
style behavioral changes.

STudy deSIgn
CLIDS was a single- center, two- arm, parallel- group, open- 
labeled randomized controlled trial to determine the 
feasibility of use of telephonic messages in the treatment 
of diabetes among healthcare workers.

MaTeRIalS and MeTHodology
The study was conducted in our university medical 
college hospital in South India. The hospital has over 
9000 employees among whom are doctors, nurses, allied 
health professional, administrative and technical support 
staff.

The randomization code was developed by the depart-
ment of biostatistics using SAS software. The block 

randomization was done with the blocks of 2 (30%), 
blocks of 4 (30%) and blocks of 6 (60%). The codes were 
given to the principal investigator in sequentially labeled 
sealed opaque envelopes to randomly allocate patients 
(1:1) to individually tailored mobile phone messaging 
in addition to standard care or to a control group that 
received standard care alone.

The list of existing healthcare workers with type 2 
diabetes was obtained from the staff health service. Some 
participants were newly diagnosed during the course of 
the study and were also recruited. The study protocol was 
clearly explained, following which a written informed 
consent was taken to participate in the study trial. The 
mobile phone numbers of the participants was obtained 
and saved. The trial recruitment started in 2015 January 
and ended in 2015 August and follow- up continued 
until 2016 March. Trial was funded by hospitals’ internal 
research fund; they had no role in trial execution, data 
collection or analysis.

Participants
Patients aged 18 years or older working as staff in the 
hospital, diagnosed with type 2 diabetes mellitus. Those 
who were pregnant had other endocrine disorders associ-
ated with diabetes, steroid- induced diabetes (on steroids 
currently) or who refused consent were excluded.

Baseline demographic details, habits, comorbidities, 
physical examination including body mass index, waist 
circumference, diet, exercise and HbA1c were recorded. 
Waist circumference was measured by trained, certi-
fied staff using an anthropometric measuring tape at a 
horizontal plane that is 1 cm above the navel. Dietary 
intake was assessed by the primary investigator. Details 
regarding the amount in kilocalories of food intake were 
assessed at each visit. Calculation of energy intake for 
individual food items was done by the National Institute 
of Nutrition guidelines for India. The participant was 
asked to self- categorize the knowledge of their diabetic 
diet as good, fair, poor and not sure. Physical activity was 
measured using the Paffenbarger Survey (online supple-
mentary file). The physical activity assessment was done 
by the primary investigator. These questions allow for 
calculation of self- reported leisure time, physical activity 
and kilocalorie expenditure per week.

Intervention
Educational messages on diet control and exercise were 
based on the transtheoretical model of human behavior, 
which has five stages—precontemplation, contempla-
tion, preparation, action and maintenance.

Messages had educational material regarding healthy 
eating habits and exercise and these messages were sent 
twice weekly. The messages were scheduled via an auto-
matic calendar in a way that each subject in the inter-
vention arm received 15 educational messages per month 
(online supplementary file panel 1).

The messages were delivered by a commercial service 
provider (Unicel Technologies, India). Messages were 
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Figure 1 Overview of Consolidated Standards of Reporting 
Trials.

provided only in English language. Each message 
contained fewer than 160 characters and 60–80 messages 
were created for transtheoretical model stage and were 
sent cyclically, such that participants did not receive 
the same message in a 3- month period (on the basis of 
them receiving 15 messages per month). The assump-
tion being that the participants moved from a pre- action 
stage to an action stage. The timing (05:00–08:00 hours 
or 17:00–20:00 hours) of mobile phone messaging were 
tailored to the participant’s preferences. Participants 
were informed of the mechanisms for delivery of mobile 
phone messages. The subjects in the intervention arm 
received these messages for the first 3 months of the study, 
following which they also got only the standard care.

In addition to this intervention all patients received 
standard of care treatment for diabetes.

Control arm
Those in the control arm received standard of care treat-
ment for diabetes. This included dietary advice initially 
by a dietician and thereafter by the treating physician 
at every visit. Exercise advice and medication advice are 
given at scheduled visits, which are usually at every 3–6 
months. Usually HbA1c is tested every 3 months.

outcome
The primary objective of the study was assessed at 6 
months. This was the feasibility of this computer- generated 
SMS- based follow- up system for healthcare workers with 
diabetes, hence the primary outcome was assessed by a 
questionnaire which included questions regarding the 
SMS- based system. The secondary outcome included the 
glycemic control (HbA1c level), patient satisfaction and 
adherence to lifestyle modifications, assessed with the 
help of a questionnaire (online supplementary file panel 
3).

Sample size calculation and statistical analysis
As per the study by Ramachandran et al, there was 8% 
decreased in the incidence of diabetes in a 2- year 
follow- up using similar SMS messages. We hypothesized a 
10% reduction in HbA1c in 6 months. The SD of HbA1c 
was assessed as 1.5, and with alpha and beta errors of 
5% and 20%, respectively; with two- sided test, we need 
to study nearly 140 subjects in each arm. Assuming 10% 
drop out, we had decided to study 160 subjects in each 
arm.

Data were collected in a Clinical Research Form (CRF) 
designed for the study; data were then entered in EpiData 
V.3.1 and exported to SPSS V.22 for analysis. All analyses 
were done using intention- to- treat principle.

ReSulTS
overview of trial conduct
A total of 431 people were assessed for eligibility from 
January 2015 to September 2015. One hundred thirty- 
five subjects were picked from staff health service, 215 
from the individual departments who were already 

diagnosed to have diabetes mellitus. Eighty- one subjects 
were newly screened from individual departments, out of 
which 19 were found to have diabetes mellitus; they were 
also assessed. Among all the above- mentioned subjects, 
341 met the selection criteria, out of which 11 were 
excluded since they did not give consent. Three hundred 
twenty were recruited into the trial, out of which 161 
were randomized into the intervention arm and 159 were 
randomized into the control arm. A total of 18 people 
failed to follow- up, 9 people in the intervention arm and 
9 in the standard arm for which some of them gave lack 
of time as the reason, few of them mentioned having 
well- controlled sugars the previous time hence no need 
of frequently checking sugars and 2 of them retired from 
the job. Out of these 18, 5 people did follow- up later 
after the completion of trial. All of them were accounted 
for the analysis for primary and secondary outcomes 
(figure 1).

BaSelIne CHaRaCTeRISTICS
The baseline characteristics in both the intervention and 
standard arm were well matched including the demo-
graphic profile, baseline sugar control and associated 
comorbidities (table 1).

PRIMaRy ouTCoMeS
Among the 161 subjects assigned to intervention 
arm, 95.65% (n=154) received the SMS via computer- 
generated software, 4% (n=7) did not receive the SMS 
due to technical issues (table 2). Certain telephonic 
companies had activated ‘DND’—do not disturb services 
due to which there was a difficulty in sending messages to 
those subjects.

As seen most read the messages regularly, found 
the messages useful in improving their knowledge of 
diabetes and lifestyle changes in diabetes and felt better 
after receiving the messages. However, only 80% acted 
on the messages and followed the lifestyle interventions. 
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Table 1 Baseline characteristics

Variable

Intervention Standard

N % N %

Age: mean (SD) 48.7 (7.4) 47.9 (8.0)

Years of diabetes: mean (SD) 5.3 (5.0) 5.0 (5.4)

Sex Female 68 42.2 76 47.8

Male 93 57.8 83 52.2

Occupation Attendants helpers 49 31.2 66 42.9

Technicians 10 6.4 10 6.5

Nursing staff 35 22.3 36 23.4

Doctors 0 0.0 1 0.6

Clerical 18 11.5 11 7.1

Administration 14 8.9 7 4.5

Others 31 19.7 23 14.9

Hypertension Yes 56 35.0 60 37.7

No 104 65.0 99 62.3

Dyslipidemia Yes 99 63.1 108 69.7

No 58 36.9 47 30.3

Coronary artery disease Yes 10 6.3 18 11.3

No 148 93.7 141 88.7

Previous stroke Yes 1 0.6 2 1.3

No 158 99.4 157 98.7

Chronic kidney disease Yes – – – –

No 158 100.0 158 100.0

Peripheral vascular disease Yes 1 0.6 0 0.0

No 158 99.4 159 100.0

Have you ever visited a dietician Yes 98 61.3 102 64.6

No 62 38.8 56 35.4

Your knowledge of diet Good 66 42.0 51 32.5

Fair 47 29.9 54 34.4

Poor 41 26.1 46 29.3

Not sure 3 1.9 6 3.8

Do you exercise regularly Yes 82 51.6 76 48.7

No 77 48.4 80 51.3

Frequently do you get your sugars 
checked

Every month 4 2.5 2 1.3

Once in 2 months 5 3.2 5 3.1

Once in 3 months 85 53.8 86 54.1

Once in 6 months 23 14.6 31 19.5

Once a year 7 4.4 9 5.7

Not regularly whenever I feel like 28 17.7 25 15.7

Never 6 3.8 1 0.6

None of the subjects expressed any dislike to any part of 
the intervention. At the end of the study, many expressed 
happiness at the concern for their care.

With regard to change in HbA1c, weight and body 
mass index (BMI) after 6 months (table 3), we found was 
there was improvement in both the groups; however, the 
intervention arm noticed significant change in outcome 
as compared with the standard arm. There was a small 

difference in the percentage of patients who had HbA1c 
of 7 or less (53.6% vs 49.37%), respectively that was not 
statistically significant (p=0.52).

additional analysis
As baseline, the mean HbA1c was slightly higher to start 
with as compared with the standard arm multiple- linear 
regression analysis was done to see the independent 
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Table 2 Assessment of feasibility, adherence and 
compliance

Frequency %

SMS received

Yes 154 48.13

No 166 51.88

Did you receive sms regularly

Yes 154 95.65

No 7 4.35

Did you read the message

Yes 150 93.17

No 11 6.83

Did you act on the message

Yes 129 80.12

No 32 19.88

Did you find the messages useful

Yes 145 90.06

No 16 9.94

Did you feel better after reading messages

Yes 151 93.79

No 10 6.21

SMS improved the knowledge of diet and exercise in 
diabetes

Yes 150 93.17

No 11 6.83

Are you more satisfied with Healthcare After the SMS 
messages

Yes 151 93.79

No 10 6.21

Table 3 Secondary outcomes of change in weight, BMI and HbA1c

Mean at baseline 
(SD)

Mean at 6 
month (SD)

Mean difference (SD) 
(6 months−baseline)

Comparison of mean 
change (SE) (95% CI) P value

Weight Intervention 69.05 (10.26) 67.28 (9.82) −1.84 (2.11) −1.66 (0.21) (−2.08 to −1.25) <0.001

Standard 66.52 (9.74) 66.35 (9.66) −0.17 (1.50)

BMI Intervention 26.53 (3.49) 25.90 (3.40) −0.70 (0.80) −0.63 (0.08) (−0.79 to −0.48) <0.001

Standard 25.82 (3.15) 25.76 (3.09) −0.07 (0.58)

HbA1c Intervention 7.86 (1.48) 7.28 (1.14) −0.54 (1.09) −0.48 (0.12) (−0.71 to −0.25) <0.001

Standard 7.37 (1.23) 7.31 (1.28) −0.06 (0.96)

BMI, body mass index; HbA1c, hemoglobin A1c.

predictors of HbA1c at 6 months (table 4). After adjusting 
for the baseline HbA1c and BMI, the intervention was 
still significantly associated with a decrease in HbA1c at 
6 months.

Similar adjusted analysis done for independent predic-
tors of BMI at 6 months revealed that BMI at 6 months 
associated significantly with the intervention (online 
supplementary file table 5).

dISCuSSIon
In ‘CLIDS’ via SMS trial, with regard to the primary 
outcome of feasibility, we found that this SMS- based 
education system was feasible in delivering healthcare 
messages to diabetic healthcare workers of a tertiary level 
hospital and it improved overall knowledge of diabetic 
lifestyle and also improved patient satisfaction rates. 
Literature review on healthcare workers’ attitude to ill- 
health health4 and overall health- seeking behavior16 
may suggest non- compliance, but we found overall high 
levels of participation and satisfaction with this simple 
intervention.

We found that both the intervention and the control 
arm had improvement in their glycemic status in terms of 
improvement in their weight, BMI and HbA1c; however, 
the change was more significant in the intervention arm. 
The magnitude of this reduction is similar to previous 
systematic reviews.13–15 While we did not follow- up patients 
in the long- term to see changes in clinical outcomes, the 
enthusiasm for the messages and the intervention on 
whole give reason to be optimistic.

While many other similar studies have been done 
worldwide to assess the role of telephonic call or SMS 
in the care of patients suffering from diabetes mellitus, 
our study evaluated the feasibility and benefit to health-
care workers. While we did complete sample size of the 
required healthcare workers, we did have few doctors. 
This issue of having fewer doctors and patients has been 
reviewed.16 Many felt that they could self- treat them-
selves, while others felt embarrassed to seek care from 
peers or had no time. We did not collect data on reasons 
for refusal to consent.

unexPeCTed ouTCoMeS
There were no adverse events or unexpected outcomes of 
the intervention. There was one death in the intervention 
arm, which was because subject developed community- 
acquired pneumonia and septic shock, which had no 
direct or indirect relationship with the intervention.

lIMITaTIonS
DND services by telephone services led to 4% not 
receiving the messages. Some hospital employees were 
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Table 4 Linear regression analysis for predictors of HbA1c at 6 months

Unstandardized
coefficients

Standardized 
coefficients

T P value

95% CI

Beta SE Beta
Lower 
bound

Upper 
bound

(Constant) 1.67 0.51 0.00 3.28 0.001 0.67 2.67

HbA1c baseline 0.60 0.04 0.69 16.02 0.000 0.53 0.68

BMI baseline 0.02 0.02 0.06 1.39 0.165 −0.01 0.05

Intervention vs 
standard

0.32 0.10 0.13 3.06 0.002 0.11 0.52

BMI, body mass index; HbA1c, hemoglobin A1c.

not well versed with reading English and suggested SMS 
be sent in the local language. There is no objective way 
to determine whether subjects who received the SMS 
have read the messages. We did not collect data on the 
diabetic medication and changes in regimen or medica-
tion compliance and only relied on the randomization to 
ensure this was similar in both groups.

geneRalIzaBIlITy
Healthcare workers world over are likely to be similar in 
behavior characteristics. However, the acceptability of 
regular SMS messages and motivation to change may vary 
based on sociocultural differences. In India and Asia, 
mobile phone usage is high and SMS is a commonly used 
cheap and acceptable method of communication. This 
SMS would be culturally acceptable and very feasible. 
The ease of use as it requires simple information tech-
nology support and low cost are added advantages.

ConCluSIon
SMS- based education system has been found to be 
feasible in improving healthcare among healthcare 
workers with diabetes. It improves patient’s knowledge 
about diet, exercise and healthy lifestyle in diabetes. It 
improves patient satisfaction about their healthcare. It 
also improves healthcare among individuals with diabetes 
by decreasing their BMI and thereby improving their 
glycemic status.
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