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Abstract

The adopting healthy life styles are greatly influenced by individual's perceived risk of developing non-
communicable diseases (NCDs). This study aimed to develop and validate a questionnaire that can assess
the individual's perceived risk of developing four major NCDs. Exploratory sequential mixed methods
design was used. Qualitative part developed the question items pool by conducting two expert panels
while quantitative part validated the questionnaire using both exploratory (EFA) and confirmatory factor
analysis (CFA). Separate samples were used for EFA (n=150) and CFA (n=210). The participants were
aged between 25-60 years of both sexes with no known history of NCDs. Face to face interview was
conducted. Parallel analysis was done to decide the number of factors to be extracted. EFA was done
using maximum likelihood method with Promax rotation to extract the underlying factors of perceived
risk while CFA was done to assess the goodness of fit of proposed EFA Model using model fit indices.
Based on literature search, 86-item questionnaire was firstly generated. During two expert panels, some
overlapped items and items that did not represent the specific construct were removed. Experts made sure
the content validity of developed S51-item questionnaire which was used to collect data from 360
participants. EFA revealed the five factors model with 22 high loading items which extracted 54% of total
variance. CFA proved that hypothesized five factors model of 21-item questionnaire (one item was
removed due to low loading) was satisfied with adequate psychometric properties and model fit indices
(RMSEA=0.056, CFI=0.921, TLI=0.908, SRMR=0.063 & ?/df=1.66). Developed 21-item questionnaire
was shown to be valid and reliable to assess the perceived risk of developing NCDs among Myanmar
population. Further research should be conducted to assess on the utility of the questionnaire in mismatch
between risk perception and current risk and individualized counseling for behaviour change

communication.

Keywords: Perceived risk, non-communicable diseases, exploratory factor analysis, confirmatory factor

analysis, Myanmar
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Introduction

The World Health Organization (WHO) estimates that non-communicable diseases (NCDs) was
responsible for 41 million people death in each year and accounts 71% of all deaths globally [1]. NCDs
become the major public health problems for developing countries such as Myanmar and it has been
recognized as a major challenge to achieve sustainable development goals. The WHO also states that 8.5
millions of lives are estimated to be lost due to NCDs in the South East Asia Region [2]. Myanmar, as
one of 23 high burden countries with respect to NCDs [3] encountered a significant burden of NCDs and
high potential to increase in exposure to risk factors associated with key NCDs in future [4]. The WHO
2 Global Status report on NCDs estimated that more than 50% of total deaths in Myanmar are accounted
to NCDs and the probability of dying from one of the 4 major NCDs (Cardiovascular diseases (CVDs),
Diabetes, Cancer and Chronic respiratory diseases) was about 24% in people aged 30 to 70 years. The
report highlights a growing concern of several risk factors for NCDs including hypertension and
overweight/obesity. It also pointed out that Myanmar had an increase in premature death from causes
attributable to NCDs over the period between 1990 and 2010 [5]. According to the STEP survey in
Myanmar (2014), among the people aged 40-64 years, 12% had already had one kind of CVDs or a high
level (i.e., >30%) of 10-year CVDs risk. Nine out of 10 respondents had at least one NCDs risk factor and
one out of five respondents had 3-5 risk factors in combination. These findings supported the national
concern of growing several risk factors for NCDs in Myanmar [6].

NCDs are diseases that related to individual's behavior. Most of the risk factors were modifiable.
The potential to take necessary preventive measures for a particular disease was greatly influenced by
individual's perceived risk of developing these diseases [7]. Hence individual’s perception of developing
disease or the belief of getting an adverse event among them is more important to adopt healthy lifestyle
regardless of actual risk of developing these diseases [8]. For those at high risk, an accurate understanding
of risk can realize patients to identify and adopt relevant lifestyle changes and follow the required

preventive interventions that can lead to a better health-related quality of life [9-11]. For those at low or
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average risk, accurate risk perception can reduce anxiety and do not need to follow unnecessary
sophisticated intervention [12].

Hence exploring the individual's perception on developing NCDs using a standardized and
validated tool specific to country context is necessary to combat the current increasing trend of NCDs risk
factors in Myanmar. The best way to measure individual's perception on developing NCDs is using a
questionnaire since it is widely used by many researchers due to easy, cheap and its significant role in
epidemiological data collection. Moreover, it is widely used as a research tool in public health surveys,
especially in studies with large sample size, enabling statistical analysis that will give more power
compared to other methods [13]. However, there are no standardized and validated questionnaires that can
measure the perceived risk of developing NCDs in Myanmar. Hence, this study aims to develop and
validate a questionnaire that can assess the individual's perceived risk of developing four major NCDs

within country specific socio-economic context.

Materials and methods

The study used exploratory sequential mixed methods design and was conducted by 6 phases — 3 phases

in qualitative approach and 3 phases in quantitative approach.

Qualitative approach (Questionnaire development)

Phase 1. Conceptualization of constructs

This phase was started with reviewing the literature concerning with perceived risk based on health
behavioral models. The study used the constructs of Health Belief Model (HBM) [14] — perceived
susceptibility, perceived severity, perceived benefits, perceived barriers, perceived self-efficacy and
perceived cues to action (behavioural change intention) to develop the questionnaire items pool for
assessing the perceived risk of major NCDs since it was simple, effective and most popular behavior

model.
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96 Phase 2. Item generation (draft questions) and modification of questions by

97 expert panel (Delphi method) to obtain satisfactory content validity

98  Initial item pool was generated from previous national and international researches, articles, conference
99  papers by searching online, libraries and other available sources. Then two expert panels were conducted
100  using Delphi method to ensure content validity of selected item pool. The experts were invited to take part
101  voluntarily in this research project. The experts checked the items whether these items should be included
102  or not in item pool and they also added item that should be included in item pool. Four point Likert scale

103  was used for each selected item in the questionnaire to collect data from respondents.

104 Phase 3. Pilot testing to modify questionnaires to obtain satisfactory face

105  validity

106  To ensure its comprehensibility and readability, pretest was done among 15 people aged 25 to 60 years of
107  both sexes who had no known NCDs and were able to read and understand Burmese (Myanmar language)
108 very well. Moreover, participants had been asked to respond to questions about clarity, content,
109  appropriateness, and format of questionnaire items. Before final data collection, the questions were edited

110  according to the participants' suggestions to make sure translational validity (face validity).

111

112 Quantitative approach (Questionnaire Validation)

113 Phase 4. Data collection and item purification by exploratory factor analysis

114  (Questionnaire development)

115 A total of 360 participants, aged 25 to 60 years of both sexes without known NCDs were selected by
116  consecutive sampling from outpatient department of Yangon General Hospital, North Okkalapa General
117  Hospital and other teaching hospitals from Yangon region from September to December, 2019. The

118  participants were patient's attendants, workers and office staff who met with inclusion criteria. After


https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.116202; this version posted May 26, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

119  getting informed consent, data was collected using pretested questionnaires at room or place where
120  privacy was ensured. After data collection, the study provided health education pamphlets (Standardized
121  Health Messages book, MOHS, Page no. 139, 140, 141) regarding to NCDs prevention to all participants
122 [15]. These participants were randomly split into two groups — 150 participants for exploratory factor
123 analysis (EFA) and 210 participants for confirmatory factor analysis (CFA).

124 The major objective of this phase was to reduce the number of items and evaluate the robustness
125  of the intended items. Univariate analysis was done among 150 participants to assess item facility and
126  item discrimination to ensure the selected items were appropriate for EFA. Items with reverse scoring
127  were recoded to get conceptual direction of the construct. Whether items were answered in the same
128  direction was examined using the facility index—approached extreme scores or had a low SD. To assess
129  whether the sample size was adequate and the collected items were appropriate for EFA, Kaiser-Meyer-
130  Olkin (KMO) measure of sampling adequacy and a Bartlett’s test of sphericity (Observed correlation
131  matrix was not identical matrix) were assessed [16].

132 To determine the factorial structure of the questionnaire and which items together constituted a
133  particular construct, an EFA—a widely used technique in exploring theoretical construct was used [17].
134  EFA was done using maximum likelihood factor extraction method with Promax rotation. Parallel
135  analysis — the method compares the Eigenvalue obtained from the data matrix to the eigenvalues
136  generated from a Monte-Carlo simulated matrix created from random data of the same size was done to
137  determine the optimum number of factors to be extracted [18]. Parallel analysis scree plot was used to
138  visualize the number of factors needed to be extracted. A number of iterations of EFA were carried out to
139  constitute core items in each factor. [tems were assessed in discriminating between participants’ responses
140  to the questionnaire’s constructs i.e. latent factors (perceived susceptibility, perceived severity, perceived
141  benefits, perceived barriers, perceived self-efficacy and perceived behavioural change intention).
142  Discrimination of items was measured by inter-factors correlation and if the study found some factors
143 were strongly correlated i.e. >0.7, EFA was rerun only with items of these factors to identify the item that
144  correlated with both factors. The item correlated with both factors was removed to increase discriminant
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145  wvalidity. The items were extracted based on not only factor loading but also interpretability of the factors.
146  Items with low factor loading <0.40 and cross-loading with the difference below 0.2 were removed at

147  each step of iteration [19].

148 Phase 5. Reliability of the questionnaire

149  Internal consistency (reliability) of each latent factor was tested for developed questionnaires by
150  Cronbach's alpha (o) coefficient and a >0.70 indicates good reliability [20]. The items that affect the
151  reliability of latent factors were removed to get reliable factor. EFA was rerun excluding every item

152 deleted for reliability reasons to get final EFA model.

153  Phase 6. Confirmatory factor analysis to check constructs validity

154  (Questionnaire development)

155  To statistically confirm the EFA proposed perceived risk constructs on developing the NCDs, CFA was
156  done using the remaining 210 participants' data by assessing the convergent and discriminant validity of
157  the constructs [21] and model fit measures using Structural Equation Modeling (SEM) technique. Model
158 fit statistics such as root mean square error of approximation (RMSEA <0.08), comparative fit index (CFI
159  >0.9), Tucker Lewis index (TLI>0.9), relative chi-square (x> /df <3), coefficient of determination
160 (CD>0.95) and standardized root mean square residual (SRMR <0.08) were used to assess the model
161  fitness [22]. Construct reliability was also assessed and reliability >0.7 indicates good reliability. All

162  analyses were done using STATA (Version 15.1).

163

164 Results

165 Development of question items pool (Qualitative Phase)

166  Figure 1 shows the sequential development of final 21-item questionnaire from 86-item questions pool

167  (Both questionnaire development and validation phase). Thorough literature review was done on PubMed,
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168  Google scholar to identify the items that can assess perceptions of non-communicable diseases. A total of
169  86-item questionnaire (S1 Table) was developed based on validated questionnaires that found in literature
170  [13,23] and formulation of new items based on behavioral theory and Myanmar culture. These
171  questionnaires were adapted appropriately to address Myanmar's culture and tradition since the original
172 items were not intended for assessing perceived risk on developing major NCDs among Myanmar
173 population. Moreover, some items were formulated not only to accordance with the constructs of HBM
174  but also to reflect country's traditional beliefs and customs. Among 86-item questionnaire, 25 items were
175  related to perceived susceptibility of disease, 9 items for perceived severity, 9 items for perceived benefit,
176 12 items for perceived barrier, 11 items for self-efficacy and 20 items for behavioral change intention.

177 To check the content validity, two expert panels were conducted with 10 experts including
178  Clinician, Public Health specialists, Epidemiologists, Health policy expert, Social scientist, Demographer,
179  Public health administrator, experienced researcher on NCDs. During 1%t expert panel, experts assessed
180 the 86-item questionnaire using predefined 3 responses i.e. not at all representative, somewhat
181  representative, or clearly representative. Among 86 items, 10 items (Item number 8, 9, 11, 13, 16, 20, 29,
182 32, 48 and 84) were removed for not getting consensus as clearly representative by more than 60% of
183  experts. (S1 Table)

184 During 2" Delphi round, the experts noticed that some items group had similar meaning;
185 therefore, these issues were resolved by taking consensus among experts to choose items that definitely
186  reflect the perceived risk on developing major NCDs for specific construct. Among items of perceived
187 susceptibility construct, five item groups (1, 4, 6, 7), (2, 21, 22, 23, 24, 25), (3, 17), (10, 14, 15, 16) and
188 (18, 19) had similar meanings. Hence, experts agreed to select items (4, 6) from 1% group, (22, 23, 24)
189  from 2™ group, (3) from 3™ group, (10, 15) from 4™ group and (18) from last group. An expert also
190 pointed out to remove item-15 since it was not concerned with susceptibility. Regarding to perceived
191  severity items, two items (26, 33) had similar meaning so experts selected only item 26 to include in the
192  final questionnaire. In perceived benefit items, experts agreed to select items 35 and 39 from two item
193  groups (35, 38) and (36, 39). No similar issue was found in perceived barrier domain. Among self-
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194  efficacy items, item numbers (56, 60, 61) were similar. After taking consensus among experts, they
195  agreed to retain only two items 60 and 61. They removed item 58 since this item was intended only to
196  assess general preventive measures of NCDs and many items that assess specific preventive measures
197  were already included in questionnaire. Regarding to behavioural change intention items, six item groups
198 (67, 73, 76, 80), (68, 70), (69, 71, 79), (74, 78), (72, 75, 77, 81), (82, 83) had similar meanings, hence,
199  they selected only items 67, 68, 71, 74, 75 and 82 from these groups. The experts also removed item 85
200  due to item itself was not related to perceived risk of NCDs. The items which are specific and not similar
201  with other items in respective constructs were remained in the questionnaire. After 2" expert panel, 51-
202  item questionnaire — 10 items in perceived susceptibility, 6 items in perceived severity, 7 items in
203  perceived benefit, 11 items in perceived barrier, 9 items in self-efficacy and 8 items in behavioural change
204  intention constructs, was developed and assured content validity by experts. Experts also revised and
205  edited the wording of the items and sequencing of items to make sure understandability. Pretest was also
206  done among 15 people aged 25-60 years, of both sexes and middle to graduate education level to assess
207  the clarity and readability of developed 51-item questionnaire (S2 Table). Further modifications of
208  wording of the items were done according to pilot testing results and suggestions not only from the
209  participants but also from the interviewers to assure face validity.

210  Figure 1. Questionnaire development and validation process

211
212 Questionnaire validation (Quantitative part)

213 To validate the developed questionnaire, the collected sample of 360 participants was randomly split into
214 two separate samples. A sample of 150 participants was used for exploratory factor analysis and another
215  sample of 210 participants was used for confirmatory factor analysis. Univariate analysis of the items was
216  done and it was found that all the items' means were ranged from 1.9 to 3.5 and their standard deviations
217  were ranged from 0.5 to 1. The study also assesses the normality measure of the items and the results

218  proved that there was no problem with skewness but kurtosis was existed among the items (S3 Table).
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219 Before doing EFA, the study tested the two important assumptions of EFA i.e. Sampling
220  Adequacy (KMO) to assess the adequacy of sample size and Bartlett's test of sphericity to make sure the
221  items were adequately correlated each other for EFA. KMO measure indicated the sampling adequacy
222 since KMO value was greater than 0.7 (KMO=0.783). Bartlett's test of sphericity test rejected the null
223 hypothesis that correlation matrix was identical (P<0.001). Hence all assumptions were met and EFA
224 analysis was done.

225 The study was based on health belief model to assess the perceived risk on developing non-
226  communicable diseases, hence; questionnaire items were developed based on 6 constructs (latent factors)
227  —perceived susceptibility, perceived severity, perceived benefit, perceived barrier, perceived self-efficacy
228  and behavioural change intention. To decide the number of factor to be extracted from the EFA sample,
229  parallel analysis which compares the Eigenvalue generated from the data matrix to the eigenvalues
230  generated from a Monte-Carlo simulated matrix created from random data of the same size was done and
231  the results were presented in Scree Plot (Figure 2). Parallel analysis proved that 5 factors (constructs)
232 solution was the best for the EFA analysis since the simulated results cross the actual results between
233 factor 5 and 6.

234 Figure 2. Parallel analysis Scree plot for decision on numbers of factors to be extracted

235
236  Exploratory factor analysis

237  EFA was done using maximum likelihood factor extraction method with Promax rotation with Kaiser
238  Normalization. The first EFA output revealed that among 51 items, 10 items loaded in factor 1, nine items
239  loaded in factor 2, nine items in factor 3, eight items in factor 4 and seven items in factor 5. Among these
240  items, item sus_1 and sus_2 cross loaded in factor 3 and 5; and item intent_6 cross loaded in factor 1 and
241 4 (S4 Table — Pattern matrix 1). To get clean and theoretical meaningful results, the cross loading items
242  were removed from EFA one after another and repeated EFA again. First, sus 2 was removed since the

243 difference between two cross loadings was lowest and reanalyzed EFA again. Then sus_1 was removed

10
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244  and EFA was run again. During this analysis, previously unloaded item sus 4 was cross loaded between
245  factor 2 and 5 with the difference loading 0.075 so this item was removed and reanalyzed again. After
246  removal of intent 6, there was no more cross loading but two barrier items (bar_1, bar 2) were loaded
247  together with behavioural change items and one behavioural change item (intent_8) was also loaded with
248  barrier items. To get reasonable and theoretically interpretable constructs, these items were removed and
249  rerun EFA again. After these item purification steps, eight self-efficacy items were loaded in factor 1, six
250  benefit items and two severity items were loaded together in factor 2, eight barrier items loaded in factor
251 3, five behavioural change items loaded in factor 4 and; five susceptibility items loaded in factor 5.
252 Factors were named according to loading items i.e. perceived self-efficacy (PerEffi) for factor 1,
253  perceived benefit (PerBene) for factor 2, behavioural change intention (PerIntent) for factor 3, perceived
254  susceptibility (PerSus) for factor 4 and perceived barrier (PerBar) for factor 5 (S4 Table — Pattern matrix
255 2).

256 To get reliable construct, reliability analysis was done for each factor using Cronbach's alpha and
257  some items that affected the reliability of factors were removed to increase the reliability. For PerSus
258  factor, alpha value for five items was 0.774 and removing item sus 3 increased alpha to 0.792. For
259  PerBene factor, alpha for eight items was only 0.670 and removal of item bene 1, seve 3 and seve 4
260 increased alpha to 0.831. Alpha value of PerBar was 0.757 using eight barrier items and that of PerEffi
261  was 0.837 for eight efficacy items. PerIntent factor's reliability was found to be 0.846 with five
262  behavioural change intention items. Removing items to increase the reliability of factors affects the
263  loading of factors so EFA was done again and again for removal of every item for reliability reason and
264  the final EFA results were presented in Table 1. The main objective of this study was not only to develop
265  the questionnaire but also to validate the questionnaire using confirmatory factor analysis (Structural
266  Equation Modeling technique), hence, only the items with loading above >0.5 were included in the final
267  model. The reliabilities of each latent factor were recalculated for the final model and the results were
268  presented with factor loadings and percentage of variance extracted by each factor (Table 1).

269

11
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270  Table 1. Factor loading results from exploratory factor analysis (22 items) and internal reliability of

271 the factors

Factor

Item PerEffi PerBene Perlntent PerSus PerBar  Communalities
effi 7 .809 -.124 .055 -.067 .020 .624
effi 8 742 170 -.118 -.105 .039 578
effi 9 .686 -.069 141 -.041 -.050 535
effi 2 .664 -.072 .055 .074 -111 500
effi 3 558 -.020 .098 122 -.022 371
effi 6 535 250 -.137 .069 .054 363
bene 3 .024 724 116 -.051 .140 .669
bene 2 .051 720 .026 -.081 208 617
bene 7 107 709 -177 210 -.176 488
bene 5 -.088 646 114 -.014 -.135 500
bene 4 -.053 .626 180 -.069 -.081 554
intent 3 109 -.085 .862 .042 .026 11
intent 2 163 .021 750 .009 .063 .664
intent 4 -.132 142 .689 .079 -.143 .589
intent 1 -.046 143 .658 -.053 .048 550
sus 5 .023 -.053 018 .745 .047 570
sus 6 -.096 -.060 .004 .736 .056 .569
sus 8 105 .038 -.093 691 .036 523
sus 10 -.017 .074 153 .640 -.027 413
bar 4 .028 -.070 .001 -.015 .768 577
bar 7 -.141 .089 .140 .072 619 458
bar 5 .024 -.029 -.166 .081 553 383
Cronbach's a .834 831 .854 792 .683
% of variance 23.405 11.004 9.994 5.258 4.005
Cumulative % 23.405 34.409 44.403 49.662 53.667

272 PerEffi= Perceive self-efficacy, PerBene=Perceived benefit, Perlntent= Perceived behavioural change intention, PerSus=

273 Perceived susceptibility, PerBar= Perceived barrier, CR= Construct reliability

274 Table 1 describes the factor loading results of final exploratory factor analysis and it was shown
275  that 22 items loaded strongly to 5 factors. Six efficacy items significantly loaded to PerEffi factor which
276  accounted for 23.4% of total variance with reliability alpha 0.834. Five benefit items highly loaded to
277  PerBene factor and accounted 11% of total variance with alpha 0.831. Four behavioural change intention
278  items were loaded to PerIntent factor with reliability alpha 0.854 and accounted for 9.9% of total

279  variance. Four susceptibility items loaded strongly to PerSus factor which accounted 5.3% of variance of

12
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280  data with reliability alpha 0.792. Only 3 barrier items loaded to Factor PerBar with 0.683 and this factor
281  accounted 4% of total variance. More than 50% of total variance was extracted by 5 factor solution of
282  EFA. Average factor loading of each factor was greater than or equal to 0.65 and this finding point out
283  that convergent validity of each factor was satisfactory. Regarding to reliability, all the factors' reliability
284  exceed 0.7 except PerBar factor which has reliability nearly 0.7. These findings revealed that reliability of
285  all factors were satisfied to conduct CFA for validation process of 22 items questionnaire developed by
286  EFA.

287 Table 2. Factor correlation matrix of EFA

Factor PerEffi PerBene PerIntent PerSus PerBar
PerEffi 1.000

PerBene 280 1.000

PerIntent .290 577 1.000

PerSus .064 -.053 -.140 1.000

PerBar -.249 .025 -.159 136 1.000

288  Factor correlation matrix of final exploratory factor analysis was described in Table 2. It was found that
289  Dboth negative and positive correlation among 5 factors. The Highest negative correlation was found
290  between PerEffi and PerBar (-0.249) and the lowest between PerSus and PerBene (-0.053). Highest
291  positive correlation was found between PerBene and PerIntent (0.577) and lowest positive correlation
292  between PerBene and PerBar (0.025). All these correlation coefficients were less than 0.7 which was the
293  upper limit that determine the discriminant validity issue; hence, the factors derived from EFA revealed
294  the adequate discriminant validity among the extracted factors.

295 Before CFA, Harman's single factor test was done to assess the common method bias which is a
296  systematic response bias and can occur when a single data collection method was used and that will either
297  inflate or deflate response. This test uses the maximum likelihood method and forced to extract only one
298  factor whether to assess a single factor contributes more than 50% of total variance. It was found that only
299  25.5% was accounted by one factor and this means that there was no problem with common method bias
300 in this study (S5 Table).

301
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302 Confirmatory Factor Analysis

303 EFA provided 22 items questionnaire for underlying five factors that influenced the perceived risk on
304  developing non-communicable diseases among adults. These 5 factors have sufficient convergent validity
305 and discriminant validity to conduct the CFA. Moreover, all the factors satisfied with adequate reliability.
306  Whether EFA proposed 5 factors with 22 items questionnaire model can be used to assess the perceived
307 risk on developing non-communicable diseases at population level, CFA was done using different sample
308  of 210 participants.

309 CFA initial model was run with 22 items that hypothesized by EFA and it was found that effi 6
310  item was loaded to PerEffi factor with low loading (0.35). Hence CFA final model was run with only 21
311  items (dropping effi 6 item). The results of CFA final model (NCD-PR5-21) were presented with SEM
312  diagram in Figure 3. Now all the loadings were ranged from minimum 0.5 to maximum 0.8 and all
313  correlation between the latent factors were less than 0.7.

314  Figure 3. CFA final model (NCD-PR5-21) for perceived risk on developing non-communicable
315  diseases

316

317  Table 3. Convergent validity, discriminant validity, reliability and model fit indices of CFA final

318 model with 5 latent factors

Squared correlations (SC) among latent variables

CR AVE PerSus PerBene  PerBar PerEffi PerIntent

PerSus 0.773 0.459 (0.459)

PerBene 0.829 0.502 0.048 (0.502)

PerBar 0.662 0.401 0.009 0.000 (0.401)

PerEffi 0.832 0.504 0.018 0.112 0.109 (0.504)

PerIntent 0.820 0.539 0.011 0.32 0.000 0.163 (0.539)

Model Fit indices RMSEA  PCLOSE ydf CFI TLI SRMR CD

0.056 0.0179 1.66 0.921 0.908 0.063 1.0

319 Note: when AVE values >= SC values there is no problem with discriminant validity, when AVE values >= 0.5
320 there is no problem with convergent validity, CR = Construct reliability (>=0.7 is good reliability)
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321  Tables 3 describes the convergent validity, discriminant validity and construct reliability of CFA final
322  model after removing low loading item i.e. effi_6. Regarding to construct reliability, all factors' reliability
323  were above the 0.7 except for PerBar factor whose reliability was 0.662. Average variance extracted
324  (AVE) value of PerBene, PerEffi and PerIntent factors were above 0.5 while that of PerSus and PerBar
325  were below 0.5. Although two factors i.e. PerSus and PerBar had AVE value less than 0.5, factors
326  specific items loadings were acceptable for convergent validity since there was not items with loading
327  Dbelow 0.5 (See in Figure 3). All square correlation values were lower than AVE values of their respective
328  factors; hence, there was no issue for discriminant validity for CFA final model. Regarding to model fit
329 indices of CFA final model, the findings illustrated good model-data-fit i.e. RMSEA <0.08,
330 PCLOSE>0.05, relative chi-square <3, CFI and TLI >0.9, SRMR<(0.08 and CD>0.95. Hence, CFA
331  proved that perceived risk on developing NCDs had underlying 5 latent factors and can be assessed using

332 2l-item questionnaire (NCD-PR5-21) at population level (See final questionnaire in S6 Table).

333

334 Discussion

335  This study started with qualitative approach to identify 86 items that reflect the underlying dimensions of
336  popular health behavioural model — HBM regarding to the perception on NCDs. Then 51-item
337  questionnaire was developed and satisfied content validity by conducting two rounds of expert panels. In
338  quantitative approach, both EFA and CFA were done using the separate samples. Among predefined
339 HBM constructs — perceived susceptibility, severity, benefit, barrier, efficacy, behavioural change
340 intention, items of perceived severity factor were dropped during EFA and provided the hypothesis of the
341  five factors solution with 22-item questionnaire. CFA also confirmed the hypothesis of five factors model
342  of perceived risk on developing NCDs with 21 items (NCD-PR5-21) (one efficacy item was removed to
343  increase convergent validity) with satisfactory level of psychometric properties i.e. acceptable convergent

344  validity, discriminant validity and reliability; and model fit indices.
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345 Factor analysis was a statistical method which can measure latent factors — measures that cannot
346  be measure directly such as satisfaction, perception and burnout. Three main purposes of using it were:
347 (1) to conceptualize the underlying components of a set of variables; (2) to develop psychometric tool
348  based on theory; (3) to reduce the a set of variables to one or manageable numbers while minimizing the
349  loss of information as in multicollinearity situation. The use of factor analysis in this study was to develop
350 and validate the questionnaire assessing the perceived risk on developing NCDs. Factor analysis includes
351  two different components — EFA and CFA. EFA was usually assumed as data driven approach since there
352  was no a priori theory and it determines the underlying constructs based on correlation among the
353  observed variables while CFA was theory based approach in which hypothesized model was tested with
354  the collected data to prove that there was acceptable model fitness [24]. In our study, EFA first explore
355 the relationship of the items to provide the hypothesized underlying latent constructs of perceived risk on
356  NCDs using minimal number of items and then CFA confirmed the hypothesized model was good fit to
357  assess the individual's perceived risk using two different samples. Conducting both EFA and CFA in one
358 sample was unacceptable since no new information could be obtained. Our study used standard
359  psychometric tool development methodology conducting both EFA and CFA with different samples.

360 The widely used factor extraction techniques for EFA were Principal component analysis
361 (PCA) and Principal axis factoring analysis (PAF), Maximum likelihood method, unweighted least
362  squares and generalized least squares. All these methods except PCA extract factors based on
363  communalities i.e. shared/common variance excluding unique variance while PCA used total variance
364  without decomposing common or unique variance [17]. Moreover, PCA is mainly used for data
365  reduction; in contrast, other methods intend to extract the underlying latent factors and parameter
366  estimation. Hence, we used the maximum likelihood method instead of using PCA and PAF in order to
367  maximize the likelihood of reproducing the population correlation matrix [25,26] since the study aimed to
368 confirm EFA proposed model using CFA in which maximum likelihood method was used for parameter
369  estimation. Decisions on how many factors should be extracted was also a major concern in factor
370  analysis since both underfactoring and overfactoring cause problems i.e. difficult to interpret due to
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371  substantial error in underfactoring while developing unrealistic and complex theories in overfactoring. To
372 avoid these problems, we used the parallel analysis method instead of using Kaiser Criterion and scree
373  plot. It compares the eigenvalues produced be the real data with the eigenvalues estimated from Monte-
374  Carlo simulated matrix created from random data [22,25,26] and the number of factors above the
375  intersection point should be extracted. In our study, the simulated results cross the actual results between
376 factor 5 and 6, hence, we extracted 5 factors from the data. Moreover, to prevent underfactoring or
377  overfactoring, the study assessed not only 5 factors solution but also 4 and 6 factors solution. The findings
378  of 4 and 6 factors solutions were not good enough for theoretical interpretation and some items were cross
379  loaded with more than one factor (See detail in S7 Table). The study also used Promax rotation one of the
380 oblique rotation method which allowed to correlate the extracted factors each other instead of using
381  orthogonal rotation which does not allow to correlate among the factors since we belief the underlying
382  factors of perceived risk were somewhat correlated each other and EFA results also described the
383  significant correlation between some factors.

384 During EFA, the items that assessed the perceived severity of NCDs were dropped for many
385  reasons. First, the parallel analysis provided the evidence to extract 5 factors solution; hence, we forced to
386 5 factors model and some severity items were loaded together with the benefit items and some items were
387  low loading i.e. <0.4. Second, when we ran step by step EFA for item purification, these items were cross
388 loading with other items, that's why some of them were remove. Third, to get reliable construct, we
389  assessed the internal consistency of constructs and some of these items needed to remove to increase the
390 reliability of underlying constructs. These severity items were not able to strongly correlate with each
391  other to form a factor like other items (S4 Table & S7 Table). This might be due to the fact that the
392  participants were the one who had no known NCDs; hence they failed to perceive the severity of NCDs or
393  the developed items had lack of intrinsic ability to capture their perception regarding to severity of
394  diseases due to bias wording or ambiguous wording.

395 Regarding to model fit of CFA, there are many model fit indices in structural equation modeling
396 methods i.e. absolute fit indices (y?, relative x>, GFI, SRMR), parsimonious fit indices (RMSEA, AIC,
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397  AGF]) and incremental fit indices (CFI, TLI) [27,28]. All these indices have some limitations depending
398  on assumptions, sample size and model complexity. For example, chi-square value greatly influenced on
399  sample size i.e. the theoretically plausible model can be rejected in case of sample size increases with
400  constant number of degree of freedom. Hence some of the articles report relative chi-square which is
401  calculated by dividing chi-square value by degree of freedom. The results of less than 3 indicate the good
402  or acceptable model fit. Goodness of fit index (GFI) and adjusted goodness of fit index (AGFI) were used
403  as model comparison but these indices depend on sample size and more likely to underestimate model
404  fitness [29]. Many studies [27-29] recommended to use RMSEA, CFI and TLI since these indices are
405  sensitive to model misspecification and less depend on sample size. In our study, we used relative chi-
406 square, RMSEA, CFI, TFI, SRMR and CD. All these indices were at acceptable level of model fit and
407  indicate the observed covariance matrix in CFA was identical with the proposed covariance matrix in
408 EFA. Among five latent factors, only one factor has reliability less than minimum acceptable level but its
409  reliability was nearly 0.7 i.e. 0.662 and it was acceptable. Moreover there were also convergent validity
410  issues for PerSus and PerBar factors since their respective AVEs were below 0.5. However, all factors'
411  loading ranged from 0.5 to 0.8 and no item loadings were below 0.5 which indicates the convergent

412 wvalidities of these two factors were also acceptable [30].

413

414  Strengths and limitation of the study

415  To the best of our knowledge, this study was the first study that developed and validated the questionnaire
416  assessing the individual's perceived risk on developing NCDs in Myanmar. The study used the standard
417  psychometric tool development methodology i.e. designing, developing and testing measures of
418  psychological constructs using mixed methods design and two separate samples for factor analysis.
419  However, some items had low loading (<0.65) in CFA and perceived barrier factor had low reliability
420  (0.662) pointed out that NCD-PR5-21 had limitation and should also be tested in other population with

421  larger sample size to make sure the generalizability of the findings.
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222 Conclusion

423  Developed 21-item questionnaire (NCD-PRS5-21) for 5 underlying factors — perceived susceptibility,
424  benefit, barrier, efficacy, behavioural change intention was satisfied with acceptable level of validity and
425  reliability, hence, it can be used to assess individual's perceived risk on major NCDs among Myanmar
426  population. Further research should be conducted not only to confirm reliability and validity but also to
427  reproduce the factors determined the perceived risk on NCDs with an independent, larger sample to
428  generalize the study's findings. The questionnaire should also be tested on the utility of the questionnaire
429  in mismatch between risk perception and current risk and individualized counseling for behaviour change

430 communication.
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