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Abstract

Objective: To determine the effectiveness of implementation of a prevention

programme via mobile phone text messaging in enhancing knowledge, attitudes

and practice concerning iodine deficiency and iodized salt consumption.

Design: In a randomized controlled trial, participants were subjected to a brief

tele-educational support regarding iodine deficiency and the importance of

iodized salt consumption. The intervention group received daily text messages via

mobile phone for 6 weeks. Knowledge, attitude and practice scores, urinary

iodine concentration and salt iodine content were assessed at baseline and

8 weeks after the intervention.

Setting: Participants were recruited from health-care centres in Tehran, the capital

city of Iran.

Subjects: For the present study 205 females aged =18 years were randomly

assigned to the intervention (7 95) and control (7 110) groups.

Results: A significant difference was found in median knowledge scores between

the intervention and control groups at follow-up (P= 0-004). There was also a

significant difference in median attitude scores between the intervention and

control groups (P=0-02). The intervention group did not differ significantly in Keywords
median practice score, urinary iodine concentration and salt iodine content from Mobile phone
the control group. lodine
Conclusions: Text messaging interventions are effective in improving individuals’ Interventions
knowledge and attitudes regarding preventive health-care topics. Knowledge, atfitudes and practice

Iodine deficiency, due to its effects on the developing
brain, especially at critical stages during pregnancy and
early childhood, imposes a high financial and social
burden on the governments of countries affected by
iodine-deficiency disorders™?. Over the last two dec-
ades, many countries have implemented salt iodization
programmes as the best preventive strategy and achieved
great progress in controlling iodine deficiency®. Mon-
itoring the sustainability of the programme is of utmost
importance(4’5).

Although Iran was declared to be free of iodine-
deficiency disorders in the year 2000°”, results of the last
national survey in 2007 and another study by Nazeri et al.
in Tehran were indicative of decreases in median urinary
iodine concentrations and salt iodine levels in compar-
ison to previous reports'”’. The public health education
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campaign regarding iodized salt consumption was con-
ducted through the earlier years of implementation of the
universal salt iodization programme from 1989 to 1994;
after that there has been little or no public knowledge
dissemination regarding iodized salt consumption via
various mass media, measures which are essential to raise
levels of public awareness and need to be prioritized in
health policies.

Recent studies have focused on the effectiveness
of health behaviour modification programmes via tele-
communication®'” and the Internet"’. Nowadays
mobile phones and text messaging have been integrated
into all aspects of communities in both developed and
developing countries. Short message services (SMS) allow
for instant delivery of messages whenever or wherever
the person is located; it is also an inexpensive means of
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intervention for health programmes. The usage of mobile
phones and SMS has spread through all age groups
with different cultural and socio-economic backgrounds;
contrary to commonly held belief, the use of mobile
phones is more prevalent in younger adults with lower
socio-economic, educational and poorer health status'? .
In Iran mobile phone usage is extremely common and
occurs in all classes of society; in particular housewives
use mobile phones. Iran, with a population of 75 million,
has about 68 million mobile phone subscribers and
mobile phone networks offer coverage to all cities and to
approximately 93% of the population. Iranians send
about 80 million SMS per day?.

These new technologies have great potential for pro-
moting public health by delivering interventions and
interactive communication and assisting people in disease
self-management and prevention**®. SMS interventions
have found to be effective in improving patients’ atten-
dance in clinics and primary care”’”, the coordination of
medical staff™® and increasing adherence to medical
therapy'**”. Most studies on informational interventions
delivered by mobile phones via SMS or voice features have
achieved positive results in preventive health behavioural
change concerning physical activity®”, weight loss con-
trol*® and smoking cessation®>** and in clinical care,
especially for self-management of chronic diseases such as
diabetes(zs’%), asthma®®” and CHD®®.

It is an ongoing challenge to find more effective and
convenient approaches for providing care and preventive
management support that lead to behavioural change and
better health outcomes. To our knowledge no random-
ized trial has evaluated the effect of mobile texting in
promoting health behaviour regarding the prevention of
iodine deficiency. The present study was designed to
evaluate the role of an intervention implemented using
mobile phone text messaging in enhancing the knowl-
edge, attitudes and practice of individuals concerning the
importance of iodized salt consumption.

Experimental methods

Participants and study design

In the present randomized, controlled trial, 205 females
were recruited from health-care centres in Tehran,
the capital city of Iran. Inclusion criteria were age over
18 years, housewives responsible for cooking, having a
mobile phone with text message feature and the ability
and willingness to read and retrieve text messages;
the exclusion criteria were pregnancy and lactation. All
participants received brief information regarding the
importance of iodized salt consumption via fixed-line
telephone at baseline. Participants were then randomly
assigned into the intervention (7 95) or control (7 110)
group. Personal information, including personal history
of thyroid diseases and hypertension, consumption of
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medications and iodine-containing supplements, were
obtained and documented using an interviewer-administered
questionnaire.

Participants in the intervention group received daily text
messages via their mobile phone for 6 weeks. The text
messages consisted of information regarding the definition
and consequences of iodine deficiency in individuals and
the importance of consumption and proper storage of
iodized salt as the best preventive approach. Follow-up
evaluation was conducted 2 weeks after the end of the
intervention. At baseline and follow-up, salt and urine
samples were obtained from each of the participants in
the control and intervention groups and questionnaires
on knowledge, attitudes and practice regarding iodine
deficiency and iodized salt were also completed. Salt
samples (2 tablespoons) were collected from the partici-
pants’ households, kept in lightproof and closed plastic
cans and labelled with the code of participants in each
group. Urine samples were collected and transferred in
screw-topped labelled plastic vials to the iodine laboratory
of the Endocrine Research Center at Shahid Beheshti
University of Medical Sciences, the Reference Laboratory
for the Eastern Mediterranean Region. The aliquots were
kept frozen until iodine measurement.

Scores for knowledge, attitudes and practice were
assessed by questionnaires and face-to-face interviews.
Knowledge questions included yes/no/don’t know and
true/false/don’t know questions (ten questions, each
scored as yes/true = 3 points, don’t know = 2 points and
no/false =1 point). Attitudes (eight questions) were
assessed based on Likert criteria from 1 point as the
weakest to 5 points as a desirable score. Questions related
to practices included iodized salt consumption, condi-
tions of iodized salt storage (e.g. exposure to light,
humidity and uncovered containers) and time of salt
addition during the cooking process (six questions, each
scoring 1 point).

For face validity, ten women completed a questionnaire
which assessed their awareness levels on the importance
of iodine consumption in their daily lives. For content
validity, an expert panel of ten specialists in health edu-
cation, endocrinology, nutrition and sociology examined
the initial questionnaire. The panel was asked to comment
on individual items in relation to the accuracy and style;
items were modified slightly based on their expert reviews.
In addition, Cronbach’s @ was determined for internal
consistency of the questionnaire (Cronbach’s a = 0-83).
Informed consent was obtained from the participants of
each group.

Laboratory measurements

Iodine content of salt samples was determined using the
iodometric titration method with a sensitivity of 1ppm
and CV of 1%. The values obtained are reported in ppm.
lodine concentrations in urine samples were analysed
using the Sandell-Kolthoff (acid digestion) reaction and
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results are expressed as pg iodine/l urine. The intra- and
inter-assay CV were 9-6% and 10-4 %, respectively, and
the sensitivity was 2 pg/l.

Statistical analyses

Statistical analyses were done using the SPSS for Windows
statistical software package version 15-0 (2006; SPSS Inc.,
Chicago, IL, USA), P<0-05 being considered significant.
Qualitative variables in baseline characteristics are pre-
sented as frequency distribution (%), while mean and
standard deviation are used for age as a continuous
numerical variable. Normality of the variables was
assessed by the Kolmogorov—Smirnov test. Depending on
normality of variables, categorical variables were com-
pared by Mann-Whitney or x* tests. The Wilcoxon test
was used to compare baseline and follow-up variables
within each group, whereas the changes in each variable
between the two groups at follow-up were compared
using the Mann—Whitney test. Spearman correlation was
applied to show the correlation between education levels
and any of the outcome variables at baseline.

Results

The basic characteristics of intervention and control
groups are given in Table 1. There was no difference in

Table 1 Baseline characteristics of participants according to control
and intervention status, females aged =18 years, Tehran, Iran

Intervention Control
group group
Characteristic (n 95) (n 110) P value
Education (%) 0-730
=Diploma 89-5 90-9
>Diploma 10-5 91
Goitre (%) 5-3 36 0-571
Hypothyroidism (%) 7-4 5-5 0-575
Hyperthyroidism (%) 0-0 0-9 0-352
Hypertension (%) 9-5 14-5 0-268
Use of iodine-containing 6-3 4-5 0-575

supplement (%)

L Mehran et al.

mean age between the intervention and control groups
(44'5 (sp 9:9) years v. 44-4 (sp 10-9) years; P= 0-922).
Educational status in both the intervention and control
groups did not differ significantly. No significant differ-
ence was found in the history of any thyroid disorders,
hypertension and the use of iodine-containing supple-
ments, factors which may interfere with participants’ iodine
status (Table 1). In addition, knowledge (P= 0-8206), atti-
tude (P=0-933) and practice scores (P=0-072), urinary
iodine concentrations (P= 0-959) and salt iodine contents
(P=0-793) not differ significantly between the two groups
at baseline.

The baseline and follow-up values for of salt iodine
content, urinary iodine concentration and knowledge,
attitude and practice scores in the intervention and control
groups are shown in Table 2. At follow-up the intervention
group had significant increases in all variables; 25-3% in
median urinary iodine concentration (from 79 to 99 ng/l;
P=0001), 49-5% in salt iodine content (from 21-2 to
31-7 ppm; P<0-001), 30:0% in knowledge score (from
20 to 26 points out of a total of 30 points; P<0-001), 5-8%
in attitude score (from 34 to 36 points out of a total of
40 points; P<0-001) and 20-0% in practice score (from
5 to 6 points out of a total of 6 points; P<0-001).

In the control group, there was 12:5% improvement
in median urinary iodine concentration (from 77-5 to
87-2ng/D, 57-7% improvement in salt iodine content
(from 20-1 to 31-7 ppm), 15-0% improvement in knowl-
edge (from 20 to 23 points out of a total of 30 points) and
25-0% improvement in practice scores (from 4 to 5 points
out of a total of 6 points). The differences between base-
line and follow-up in the control group were significant
only for salt iodine content (P<0-001), knowledge
(P=0-035) and practice scores (P<0-001). There was no
change in the attitude score (P=0-705) and median
urinary iodine concentration (P=0-137) in the control
group before and after the intervention.

A significant difference was found in knowledge scores
between the intervention (median=26; interquartile
range (IQR) 21, 28) and control (median = 23; IQR 16, 27)

Table 2 Salt iodine content, urinary iodine concentration and knowledge, attitude and practice scores in the control and intervention groups
at baseline and follow-up

Intervention group Control group

Baseline Follow-up Baseline Follow-up
P for
Median IQR Median IQR Median IQR Median IQR SMS effect*

Salt iodine content (ppm) 21-2 32,317 317t 21-2,38-1 201 21,317 317t 20-1, 381 0-576
Urinary iodine concentration (g/l) 79-0 46-0, 127-1 99-0t 54-0,215-0 77-5 36-5,132:1 872 51-7,152-:0 0-144
Knowledge score 20 16, 23 2611 21, 28 20 15, 24 23t 16, 27 0-004
Attitude score 34 32, 36 3611 33, 39 34 32, 37 34 31, 37 0.027
Practice score 5 4,5 6t 5,6 4 4,5 5t 4,6 0-395

IQR, interquartile range; SMS, short message services.

*P for the difference in variables between the intervention and control groups.
tMedian value was significantly different from that at baseline (P < 0-05).
tMedian value was significantly different from that of the control group (P < 0-05).
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groups at follow-up (P = 0-004). There was also significant
difference in attitude scores between the intervention
(median = 36; IQR 33, 39) and control (median = 34; IQR
31, 37) groups (P=0-027). Compared with the baseline
values, at follow-up, text messaging was associated with a
twofold higher increase in median urinary iodine con-
centration in the intervention group (20-0wg/l increase,
from 79 to 99 pg/D compared with the controls (97 pg/1
increase, from 77-5 to 87-2 ng/D; however, the difference
was not statistically significant (P= 0-144).

Discussion

The present trial evaluated for the first time the effect of
a text messaging educational programme in enhancing
iodine deficiency-related knowledge, attitude, practice
and outcome measures including salt iodine content
and urinary iodine concentration. We found that the text
messaging intervention had a significant positive impact,
especially on knowledge and attitudes; however, no sig-
nificant positive changes were observed in behaviour as
reflected by practice score, salt iodine content and urinary
iodine concentrations.

At follow-up, significant positive trends were demon-
strated in knowledge, attitude and practice scores and
related outcome measures (urinary and salt iodine levels)
within the intervention group; however, the intervention
group did not differ significantly from controls in behav-
iour as reflected by practice scores and outcome mea-
sures (salt and urinary iodine levels), indicating that the
isolated impact of text messaging on practice was not
significant. This was due to significant increases in prac-
tice score and salt iodine content and the non-significant,
but remarkable, improvement found in median urinary
iodine concentration in the control group at follow-up,
which may have been due to the baseline tele-
communication intervention (via landline telephone) or
the possibility of other educational modalities; however,
we did not specifically track any possible confounders.
In addition some news regarding the production and
distribution of non-iodized or less adequately iodized
salt before the trial might have prompted salt factories
to produce more standardized iodized salt and improve-
ment of salt iodine content in the market during follow-
up period could act as a confounder”.

Health-care education via mobile phone offers a
great opportunity for designing and developing health-
care interventions in order to help individuals in disease
prevention and self-management; this educational mod-
ality, which may improve health outcomes, is relatively
inexpensive, flexible, individually tailored and easily
deliverable across extensive geographical regions, reaching a
wide population, especially those with lower socio-economic
status"'?. A few systematic reviews have reported positive
behavioural trends through SMS-based interventions ¢,
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however, the evidence documented is inconclusive due
to methodological limitations and variations in study
designs, settings, populations, length of intervention, SMS
delivery intensity, sample size and outcome measures.
Text messaging demonstrated only early efficacy in most
studies and its long-term efficacy remains to be deter-
mined. In addition, it is difficult to determine the relative
impact of text messaging strategies in some studies as
SMS is used as an adjunct to other delivery means of
intervention, e.g. Internet or face-to-face communication,
voice calls, etc., rather than a comprehensive strat-
egy(l4’1i). Two systematic reviews on randomized con-
trolled trials provide positive results in applying text
messaging alone as a primary medium for behavioural
change in disease prevention and management, to isolate
the effectiveness of text messaging"'**”. Most studies
have focused on clinical care interventions via SMS to
increase disease self-management and adherence to a
treatment programme in sick individuals with chronic
diseases such as diabetes(15’25'26), asthma®”, CHD“® and
immune deficiency'”. A few studies have been con-
ducted on preventive interventions to promote health
behaviour in healthy individuals via SMS, including
studies on smoking cessation*>>”, physical activity*"3"|
weight control?#%#3% sexual health®” and sunscreen
use®®”; most of these showed positive results regarding
the mobile phone text messing intervention.

The main shortcomings of the present trial lie in the
small sample size, low validity of the questionnaire
especially on the practice scale, lack of generalizability
due to recruiting only females, the possibility of other
interfering confounders during the follow-up period and
not evaluating the long-term efficacy of the intervention.
The trial’s strengths are its randomized controlled design,
carefully designed content of text messaging, relying on
both subjective and objective measures to assess inter-
vention effects on targeted behaviour (a major bias in
many similar studies), and the presenting of a novel issue
of high concern and with international applicability for
designing future strategies.

The present study revealed the efficacy of an inter-
vention delivered by text messaging in improving
knowledge and attitudes, but not behaviour, of the study
population. There is still much to be learned about opti-
mizing and integrating this new intervention method into
clinical practice and health-care systems. Monitoring the
maintenance of the behavioural effect after the interven-

)

tion should be also considered in future research. In order
to gain greater insight into the effectiveness of mobile
phone-based interventions in improving health care,
further trials are warranted in different geographical and
cultural settings, on larger sample sizes and more repre-
sentative populations, using more valid questionnaires on
various types of health care, medical or nutritional topics,
especially on preventive strategies like behavioural
modifications regarding consumption of iodized salt.
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Iodine deficiency is the major cause of preventable
mental retardation and salt iodization is the best strategy
to combat it. Mobile phone text messaging is a con-
venient, low-cost and practical method of education
which increases public knowledge regarding iodized salt
consumption and has the added flexibility that it can be
used in all locations, in particular in low-income countries
with insufficient iodine nutrition.
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