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Abstract
Intervention mapping provides an explicit theory and data driven 
guide for intervention development. The intervention program 
evaluated through a randomized controlled trial design, on 116 
women aged 40-65, based on Intervention Map to increase 
consumption of calcium rich foods to prevent osteoporosis. 
Osteoporosis knowledge and stages of change of calcium intake 
were as the effect variables and frequency of calcium rich foods 
consumption was as the outcome variable of the intervention.  
The findings revealed that intervention was effective in increasing 
the participants’ knowledge of osteoporosis and calcium intake in 
trial group. Perhaps the Intervention mapping can be used as a 
theoretical framework to design efficient and effective tailored 
health interventions.
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Introduction
Osteoporosis is a major public health 
problem, primarily due to its relationship with 
fractures of the vertebrae, wrist, and hip [1]. 
Results obtained from the national program 
for prevention, diagnosis and treatment of 
osteoporosis in Iran, have revealed that more 
than 70% of women and 50% of women over 
the age of 50 suffer from osteoporosis or 
osteopenia [2]. Several modifiable risk factors 
for osteoporotic fractures have been suggested 
[3]. One conceivable factor is the diet. The 
influence and importance of dietary calcium 
intake, in the initial prevention of osteoporotic 
fractures have been highly debated [4,5]. 
Despite the fact that documented evidence 
addresses the positive effects of calcium on 
health and that calcium is easily found in milk 

and dairy products, calcium intake is still low, 
particularly among females [6,7]. 
Little attention has been paid by the social 
sciences health promotion to the health needs 
and issues of middle-aged women compared 
with older age groups in the population [8]. 
Given the high rates of osteoporosis and 
also low calcium intake in women in Iran, 
the purpose of this study was to design 
and assess a 12-week nutrition education 
intervention program based on a systematic 
process, intervention mapping (IM) [9,10], 
to improve adherence to calcium rich food 
consumption in 40-65 year old Iranian 
women. This paper gives an overview of the 
current theoretical and empirical knowledge 
based in the field of nutrition education 
interventions and this is the first randomized 
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controlled trial applying intervention mapping 
in a study of calcium consumption promotion 
to prevent osteoporosis. Intervention mapping 
is an additional tool for the planning and 
development of health education and promotion 
programs. It  has six fundamental steps in the 
development of the intervention: (a) conducting 
a needs assessment (b) creating matrices of 
proximal objectives (c) selecting theory based 
intervention methods and practical strategies 
(d) designing and organizing a program (e) 
specifying adoption and implementation plans 
and (f) generating program evaluation plans. 
Each step requires performance of several 
specific tasks leading to a product that provides 
the basis for the subsequent steps. The result is 
an intervention map, which consists of matrices 
and plans to guide the design, implementation, 
and evaluation of an intervention [9,10]. IM can 
contribute to more effective health promotion 
programs and better explication of these 
programs The followings are some examples 
of using IM in different interventions and 
programs: HIV prevention programs[11,12], 
diabetes prevention life style[13], and nutrition 
interventions[14]. 

Method
The study was a randomized controlled trial 
with pre-post intervention measurements of 
stage of change, osteoporosis knowledge, and 
calcium consumption level. In this  study the 
required sample size, in order to achieve 80% 
power at a 5% level of significance on the 
main variable of interest between the case and 
control groups was calculated to be 52 [15]. 
Two hundred women were invited to participate 
in the study considering attribution and non-
suitability. This part of the study found a mean 
(SD) difference of 7.6 (3.9), and retrospective 
sample size calculation achieved a power of 
99%. There were 39 urban District Health 
Centers (DHC) in Shiraz, Iran. In the first stage 
of randomization we randomly selected two 
centers, one as a training center and the other a 
control center. In each center 100 women whom 
we expected to meet the study inclusion criteria 
(40-65 years of age, education ≥ 5th grade) were 

randomly selected to take part. Their contact 
details were obtained from the records in the 
centers. We excluded women with pregnancy, 
a previous diagnosis of osteoporosis, or renal 
stone disease, which would limit calcium 
consumption. After initial screening, 61 
women in the training center and 55 women 
in the control group were ready for the study. 
The centers were far enough from each other 
to minimize the likelihood of contact between 
women (contamination). The women in the 
control group were placed on a waiting list 
for the intervention. 
This section provides a brief review of the 
six steps of the IM process used to produce 
a nutrition education program to prevent 
osteoporosis.
Step 1: Needs Assessment
Needs assessment is the process of identifying 
health problems and their causes. Data can 
be obtained through literature, surveys, 
interviews, and focus groups related to the 
target population [16]. Our needs assessment 
included an evaluation of reviews of scientific 
literature, and data from relevant national and 
international reports on osteoporosis and its 
preventive dietary behavior. Subsequently, 
qualitative in-dept interviews were conducted 
for 9 40-65 year old women, comprising 
the target population. Each interview was 
tape-recorded and transcribed. Interview 
findings indicated that these women felt 
high susceptibility to get osteoporosis and 
most of them expressed feelings of fear 
about this disease, but they did not have any 
adequate knowledge about osteoporosis and 
its preventive precautions. They thought that 
their daily calcium intake was adequate. In the 
interviews, self-efficacy seemed important 
for increasing calcium intake. Findings 
indicated that perceptions of advantages and 
disadvantages of behavioral change had a 
significant and prominent role for women. The 
in-depth interviews provide information about 
salient factors influencing calcium intake 
such as osteoporosis knowledge, perceived 
pros and cons, and severity and susceptibility 
of osteoporosis disease.  Literature review 
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provides considerable support for the stage 
based models and suggests that these models 
can be usefully applied in osteoporosis 
prevention areas [17,18]. Moreover, one of the 
most prominent models for explaining dietary 
change which, has received the most empirical 
investigation and support, is TTM, the Trans-
theoretical Model [19,20]. According to these 
considerations we concluded that the TTM 
was an appropriate conceptual framework and 
that osteoporosis prevention program could be 
subsumed within it. When using intervention 
mapping, it is necessary to subdivide the priority 
population in case the behavior or its determinants 
vary in the population [21]. Hence, we decided 
to differentiate the participants, implying the 
stage of change of Trans theoretical model. Five 
statements were presented (one based on each 
stage of change) and the participants were asked 
to mark a statement that best describes their 
current situation of dietary calcium intake (e.g. 
“I am not seriously thinking about eating 3 or 
more daily serving of dairy products in the next 6 
months” - precontemplation). This questionnaire 
was based on a four-question algorithm which 
was previously validated and used for staging 
of calcium intake [6]. Women who were in 
precontemplation showed no tendency to begin 
calcium intake. On the other hand women in 
contemplation or preparation showed some 
tendency to start preventive behavior, and 
those in action or maintenance were already 
performing the preventive behavior [22].    
Step 2: proximal program objectives

This step in intervention mapping provides the 
basis for intervention development by defining 
who and what will change due to the health 
education program. The product, proximal 
program objectives, are statements about 
what the person ought to learn or changed 
in the environment  in order to influence the 
determinates of behavior that were recognized 
in the needs assessment [10]. On the basis 
of the trans-theoretical model (TTM), there 
is actually one performance objective for 
each stage of calcium intake. For instance, 
the performance objective for women in the 
preparation stage is “move to the action stage 
for increasing calcium intake”.
The next task was to specify important 
personal or external determinants influential 
in helping the individual to carry out the 
desired behavior based on the core constructs 
of the TTM, literature review and in-depth 
interviews. For example, table 1 includes the 
knowledge, threat, and decisional balance 
as important determinants for moving from 
precontemplation to contemplation. After 
specifying performance objectives of the 
priority population and the important and 
changeable determinants, we merged them 
into a matrix of program objectives. Each 
matrix had only one performance objective 
and several determinants were hypothesized 
to influence the performance objective. Table 
1 is a sample matrix. 

Step 3: methods and strategies for behavioral 

 Performance
objectives

Determinants
Knowledge Threat Decisional balance skills

 Participant will
 move to the
 contemplator
  stage of
calcium intake

 Explains the facts
about osteoporosis

 Identifies that the
 consequence of
 osteoporosis can be
serious

 Notices negative
 consequences of
osteoporosis disease

 Estimates personal
 risk factor for
 osteoporosis
correctly

 Identifies inactivity
 and low calcium
 consumption as
 risk factors for
osteoporosis

 Identifies herself
 at risk of getting
osteoporosis

 Expresses benefits
 to knowing about
osteoporosis

 Writes calcium rich
foods list

 Identifies increase
 calcium intake as
preventive behavior

 Expresses greater
 number of benefits
 for osteoporosis
 prevention than
barriers

Table 1 Matrix for osteoporosis prevention in precontemplation stage of calcium intake
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change 
One method can lead to several strategies; the trans 
theoretical model; can be used to describe, explain 
and predict behaviors. Therefore, it is a model 
for behavioral determinants and also behavioral 
change. An important contribution of this model 
is the specific application of educational effort so 
that it includes different methods for individuals 
in different phases of change. The processes of 
change are mechanisms that people use to move 
themselves from one stage of change to another. 
These processes are methods which influence 
stage shifts. For example, to enable movement 
from contemplation to action, the experiential 
processes continue to tip the decisional balance 
with self re-evaluation focused on crucial benefits 
and positive outcomes. In order to develop 
movement between these stages processes to 
enhance Self-efficacy, such as skill development 
and testing the new behavior must also be 
incorporated. Social and / or family support is 
deemed important at this stage [22,23]. 
Step4: program plan development: 
The intervention program is designed in step 
4: the methods and strategies are translated 
into intervention material. In this phase, the 
prevention officers play the main role by 
designing materials in consistence with the 
target groups [10]. The osteoporosis prevention 
project used completely mediated intervention 
components, such as pamphlet, poster and 
reminder cards. Since participants had to 
have a minimum education level of 5 years, 
the information provided in these materials 
was designed to simplify complex issues. 
Each pamphlet or reminder card included 
one process of change. It is suggested that 
experiential processes are used more in the 
early stages of change, while behavioral 
processes are generally higher in the action 
stages [24]. The participants’ stages in calcium 
intake were determined every two weeks and 
each woman received reminder cards and 
pamphlets based on her recent stages. She was 
asked to attach the cards in a suitable place at 
home. The materials were pretested on a group 
of women (n=12 mean age=57) to make sure 
they understood all the messages.

Step 5: Implementation
The next step in the intervention mapping 
process puts intervention in field. Intervention 
mapping suggests the development of an 
implementation plan, including adoption and 
implementation objectives; methods; strategy 
and training program; and implementation 
[10]. Health workers were elected to determine 
women`s stages and deliver the pamphlets and 
reminder cards to participants every two weeks. 
A training course was developed for health 
workers which focused on the content of the 
protocol, identification of the women`s stage 
of change for calcium intake, and matching the 
pamphlets and reminder cards to each stage. 
Step 6: evaluation plan
The final step in IM is the development of 
an evaluation plan. The evaluation plan 
determines whether decisions made about 
learning and changing objectives, methods, 
strategies, and implementation are correct 
at each mapping step through program 
monitoring and evaluation. This intervention 
program was evaluated through a randomized 
controlled trial design, with measurements 
obtained at the beginning and end of 
intervention (after 12 wks).
The main effect variables were osteoporosis 
knowledge, and calcium stage of change, and 
the main outcome variable was frequency 
of calcium intake. They were all assessed 
by self administered questionnaires. Two 
native Iranian health professionals graduated 
from British Universities translated the 
questionnaires to Persian. The questionnaires 
were backward translated to English by a 
native English speaker living in Iran. The 
questionnaires were completed in one session 
before and after the intervention.
The process evaluation included monitoring 
of the intervention delivery, participation, 
comprehension, satisfaction level of use, 
fidelity, and institutionalization.  In the process 
evaluation, we looked at the implementation 
of the project via telephone interviews and 
health workers. The participants were asked 
whether they received the pamphlet and 
reminder cards, and whether they had read all 
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the pamphlets and whether they had attached 
the reminder cards in a suitable place at home. 
Health workers determined the stage of change 
of each woman and modified intervention to 
fit within each specific stage. Calcium Food 
Frequency Questionnaire: Iran lacks reliable 
and valid calcium composition in Iranian 
food, so collected data concentrated on the 
frequency of consumption of dairy products 
and calcium rich food. Sixteen food items were 
listed and respondents were asked to record 
how often they ate these food, responding on 
a 6- point scale of: ‘never’, ‘less than once a 
week’, ‘1-3 times a week’, ‘4-6 times a week’, 
once a day’ and ‘more than once a day’.  The 
developed Food Frequency Questionnaire 
(FFQ) was thus defined as ‘qualitative’ in that 
it did not investigate portion size, e.g. [25, 26]. 
Osteoporosis knowledge Questionnaire (OPQ):
A 20-item scale, previously designed for 
Osteoporosis knowledge (OPQ), assessed 
participant’s knowledge [27,28]. The OPQ is 
a reliable and validated questionnaire to assess 
patient’s knowledge in four areas comprising i) 
General knowledge (5 questions), ii) risk  factors 
(7 questions), iii) treatment (4 questions), and 
iv) consequences of osteoporosis (4 questions 
). There are four responses for each question of 
which only one is correct. One of these is a ‘don’t 
know’ option, which has been included to improve 
patient compliance and scored 0 points. Each 
correct response scored 1 point and an incorrect 
response scored -1. The maximum and minimum 
score on the OPQ is 20 and -20 respectively. 
Calcium Stage of Change Questionnaire (CSCQ):
 Five statements were presented (one based 
on each stage of change) and the participant 
was asked to mark the statement that best 
describes their current situation of dietary 
calcium consumption (e.g. “I am not seriously 
thinking about eating 3 or more daily serving 
of dairy products in the next 6 months” - 
precontemplation). This questionnaire was 
based on a four-question algorithm previously 
validated for college female students [6].
To examine differences in demographic 
variables (age, years of education), independent 
t-tests were used. A χ2 analysis was used to 

compare groups’ stages of change and to assess 
movement through the stages at baseline and 
12 weeks. Comparisons of the variable means 
of the study (knowledge, and calcium intake), 
at baseline between the training and control 
groups were performed using a two-tailed, 
independent student t-test.

Results
The majority (78%) of the participants were 
between the ages of 40 and 60 years. The 
results indicated that at base line the two 
groups were homogeneous with respect to 
age, educational level (Table2), frequency of 
diary and calcium rich foods consumption, 
and knowledge of osteoporosis (Table4).

At baseline, there was no significant 
difference between the experimental and 
control group in the proportion of participants 
in each of the five stages. After instruction (12 
weeks), the experimental group had a smaller 
proportion of subjects in pre-action stages 
than the control group (χ2=14.96, P=.0005). 
Percentages of participants in each stage are 
summarized in Table 3. 
Table3 Participants’ stages of change before and after 
the intervention

Stage N (%) Before N (%) After
Precontemplation
Trained
Control

15 (24.6)
8 (14.5)

1 (1.6)
3 (5.5)

Contemplation
Trained
Control

6 (9.8)
12 (21.8)

7 (11.5)
21 (38.2)

Preparation
Trained
Control

15 (24.6)
15 (27.3)

9 (14.8)
11 (20)

Action
Trained
Control

15 (24.6)
7 (12.3)

 31 (50.8)
8 (14.5)

Maintenance
Trained
Control

10 (16.4)
13 (23.6)

13 (21.3)
12 (21.8)

The findings revealed that intervention was 
effective in increasing the participant’s 

Table2 Baseline characteristics of participants
 Training

group (n=61)
Mean (SD)

 Control group
(n=55)

Mean (SD)
Age (years)
Education (years)

53.5 (7.9)
9.8 (3.6)

52.8 (8.83)
9.7 (3.3)
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knowledge of osteoporosis and calcium intake 
in the trial group. As shown in table 4 the mean 
post-intervention scores were significantly 
higher than mean pre-intervention scores 
in the trial group. The results also showed 
no significant change in the knowledge and 

calcium intake scores of the control group 
(Table4). When compared to the post-
intervention control group, the trial group’s 
knowledge and calcium intake scores differed 
significantly (Table 4). 

Table 4 Change in calcium consumption and osteoporosis knowledge after exposure to intervention

calcium frequency consumption
Trial group (n=61)

  Mean(SD) Before Mean (SD) After P-value

30.31 (10.76) 34.55 (10.89) 0.0001

Control group(n=55) 30.40 (9.79) 30.61(9.74) 0.34

P value 0.96 0.05

osteoporosis knowledge

Trial group (n=61) 0.60 (5.20) 11.37 (5.94) 0.0001

Control group (n=55) 1.78 (6.33) 2.34 (4.85) 0.20

P value 0.27 0.0001

Discussion
The present study is a good example of 
theory application for defining the behavior 
of interest for osteoporosis education and 
promotion program and to tailor interventions 
for effective change in behavior. A systematical 
incorporation of new and empirical data and 
TTM was used to guide the intervention design 
in order to develop osteoporosis education 
program. In this study the TTM was an 
appropriate conceptual framework that was 
used in many steps of intervention mapping, 
such as differentiation of target group (stage 
of change), creating matrices of proximal 
objectives and specifying determinants (self 
efficacy, decisional balance, …), methods 
(processes of change), and effect evaluation.
Based on the results of the staging algorithm, 
the experimental group showed a progression 
in stage compared to the control group. 
Progression in stages was used as one of the 
criteria for intervention success, thus providing 
encouraging results for stage-matched 
intervention. Individualized, or tailored 
nutrition education interventions have proven 
to be effective in inducing dietary change 
[29, 30]. An interesting aspect of the stages of 
change is that interventions can be tailored to 
an individual’s readiness to change. Studies 
indicate that relative to generic interventions, 
some tailored interventions are more effective 
[31] and have been associated with more rapid 

behavior change [32,6].
Alongside increasing osteoporosis 
knowledge, the significant change that was 
found in the trial group regarding calcium 
consumption, may have been affected by 
the instructional strategies of the program. 
Whereas IM is a valuable checklist and guide 
for steps and determinants, in developing 
an intervention [33,34], we could consider 
all influencing factors and link performance 
objectives to each specific determinant. For 
instance, according to the needs assessment 
(step 1), cost was important to most women, 
so one of the skills that participants must 
learn is the health value of foods so that they 
can save money to buy dairy products instead 
of useless and harmful food ,such as coca.
Studies that have explored dietary change in 
elderly people, indicated that some people 
often make dietary changes due to health 
reasons [35,36]. They showed a willingness 
to make dietary changes if it would improve 
their health. Women might be concerned 
about the risk of future complications from 
osteoporosis. Information about the severity 
of and susceptibility to such complications, 
and the potential advantages of pursuing 
dietary recommendations, might be a suitable 
determinants found in our framework for 
increasing compliance to calcium intake.  
In the present study, external determinant of 
behavioral change were not used completely. 
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This is due to time, budget limitations and 
using self-reported scales. However, according 
to the qualitative study that was done in 
needs assessment, the paramount external 
determinant of osteoporosis prevention among 
participants was family support which was 
considered as one of the determinants. There 
is the possibility that other studies find more 
external determinants in this area. Future studies 
are needed to better understand family support 
needs and to develop sustainable strategies to 
deliver such support beyond the life of study. 
Also, a national review of access to calcium 
rich foods for women living in different socio 
economic class may be better conducted before 
designing any investigation.
This study is a specific example of how 
intervention mapping can be applied to design 
and describe a health promotion program. 
The study also highlights the importance of 
careful, TTM based intervention planning 
and individualization and personalization 
of education programs. This study will 
provide information about an effective and 
comprehensive approach that can be used 
in other health areas. Although details and 
specific procedures were designed for and with 
women aged 40-60 years, living in urban areas 
of Shiraz and may not be generalizable to other 
settings, our experience and strategies may be 
helpful for others developing interventions in 
different communities.
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