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ABSTRACT

Introduction. Osteoporosis remains a major public health issue, particularly affecting the elderly, and is characterized
by decreased bone mass and deterioration of bone structure, increasing the risk of severe fractures. The development of
specific and precise tools that allow for the identification and estimation of the influence of modifiable factors on the de-
velopment of osteoporosis is an important step in early intervention for at-risk individuals.

Material and methods. The initial version of the questionnaire was created to identify modifiable factors contributing to
the development of osteoporosis, including the type and frequency of drinking water consumption, water quality, knowl-
edge about its mineral composition, dietary preferences, alcohol and tobacco use, physical activities, and stressful situations.
The questionnaire initially contained 65 questions, organized into three sections. Five experts reviewed the content validity,
evaluating the clarity, cultural and linguistic relevance, structure, and coherence of the questions. The feedback led to adjust-
ments, reducing the questionnaire to 52 questions. A pre-test was conducted with 30 adults from the Republic of Moldova,
confirming the validity and internal consistency of the questionnaire, with a Cronbach’s Alpha coefficient of 0.768.

Results. To ensure content validity, experts evaluated the questionnaire, and based on their comments and suggestions, se-
mantic and syntactic reformulations and modifications were made. As a result, 13 questions were eliminated, reducing the
second version of the questionnaire to 52 questions. During the pre-testing stage, the order and content of the questions
were deemed appropriate by the respondents. The average time required to complete the questionnaire was 14.19 min-
utes (SD * 1.567), with a minimum of 11.90 minutes and a maximum of 17.33 minutes. The sample used in the pre-testing
stage included 30 respondents, the majority of whom (93.3%) were women. The respondents’ ages ranged from 25 to 72
years, with a mean age of 50.37 2.6 years. The distribution of respondents was balanced between urban (53.3%) and
rural (46.7%) areas. Regarding education level, 56.6% had higher education, 26.7% had secondary vocational education,
and 16.7% had no higher education.

Conclusions. The study demonstrated that the new questionnaire is a valid and reliable instrument for assessing the
impact of modifiable risk factors on morbidity due to osteoporosis. Ongoing research is necessary to refine and further
validate the questionnaire within the broader population.
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Introduction

Education-based interventions should be evaluated with
a focus on promoting behaviors related to the identification,
prevention, and management of risk factors, leading to an
effective reduction in the incidence of osteoporosis.

Osteoporosis represents a major public health issue
globally, particularly affecting the elderly population. It is
characterized by a reduction in bone mass and the deteri-
oration of bone tissue structure, which increases the risk
of fractures. According to the World Health Organization,
osteoporosis affects millions of people worldwide, and its
incidence is rising due to the aging population [1]. The risk
factors for osteoporosis are numerous and include age, sex,
genetic factors, lifestyle, diet, and exposure to certain toxic
substances or environmental conditions [2, 3].

Preventing osteoporosis involves a comprehensive ap-
proach to managing risk factors. Identifying and managing
these risk factors are essential for the prevention and con-
trol of the disease. They can include genetic elements as well
as environmental and lifestyle factors. Adequate intake of
calcium and vitamin D, a healthy diet, and consuming drink-
ing water with an appropriate mineral salt composition are
essential for maintaining bone health. Adopting a healthy
lifestyle, avoiding smoking, and limiting alcohol consump-
tion are important for preventing osteoporosis.

In the context of osteoporosis prevention and manage-
ment, the hygienic evaluation of the impact of risk factors
plays a crucial role. Developing specific tools that allow for
the identification and estimation of the influence of mod-
ifiable factors on the development of osteoporosis is an
important step in early intervention for at-risk individuals.
The importance of such a tool is supported by the need for
precise data to guide preventive interventions and to op-
timize public health strategies aimed at reducing the inci-
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morbidity and its determinants, with a focus on mineralization in-
dices of drinking water.

The research hypothesis

The research hypothesis is that the mineral composition of drink-
ing water has a significant impact on the development of osteopo-
rosis among the population of the Republic of Moldova, compared
to other modifiable factors.

The novelty added by manuscript to the already published
scientific literature

The study makes an innovative contribution to the existing scien-
tific literature by establishing a research concept on population
health in relation to environmental factors, using the question-
naire method. The novelty of the study lies in the validation of an
original questionnaire, designed to assess the quality and nature
of drinking water consumption among individuals affected by os-
teoporosis. This research instrument, through its specific items,
offers a new perspective on the interaction between environmen-
tal factors, particularly the composition of drinking water, and
bone health, thus contributing to a better understanding of the
determinants of osteoporosis.

dence of osteoporosis. Previous studies have demonstrated
that using questionnaires to assess osteoporosis risk can
significantly contribute to early risk identification, improve
clinical outcomes, and reduce the disease burden [4-7].

The present study focuses on the development and val-
idation of a questionnaire designed for the hygienic assess-
ment of the impact of risk factors, especially modifiable
ones, on morbidity due to osteoporosis. This research aims
to provide a useful tool for public health professionals and
researchers, thereby facilitating the more effective identifi-
cation and management of risks associated with osteopo-
rosis.

Material and methods

To achieve the proposed aim, both secondary and prima-
ry studies were conducted as part of this research.

Secondary research. The narrative synthesis involved
collecting information from international open-access data-
bases - PubMed and Google Scholar - using the following
keywords: “osteoporosis”, “drinking water”, “mineral com-
position of drinking water”, “risk factors”, “modifiable fac-
tors”, “non-modifiable factors”, “prevention”, and “calcium”.
Boolean operators - AND and OR - were used to refine the
search domain. To enhance the efficiency of database query-
ing, the metacharacters .ti and .ab were employed. The me-
tacharacter $ was used to search for plural forms of terms.
A total of 67 bibliographic sources were analyzed, with 26
sources retained based on relevance and completeness of
information. The languages of the studied bibliographic
sources included English, French, Russian, and Romanian.

Primary research. A primary study was planned, which
involved the development and validation of a questionnaire
for the hygienic estimation of the impact of risk factors on
morbidity due to osteoporosis. This study was conducted in
five stages: (i) development of the questionnaire, (ii) con-
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Fig. 1 Design of the pre-testing and validation study.

tent validity, (iii) pre-testing, (iv) validity, and (v) internal
consistency (Fig. 1).

This study was conducted in accordance with the guide-
lines established in the Declaration of Helsinki, and all pro-
cedures involving participants in the research study were
approved by the Research Ethics Committee of the Nicolae
Testemitanu State University of Medicine and Pharmacy in
the Republic of Moldova, minutes No.01, dated June 28, 2023.
The questionnaire process was conducted face-to-face. Par-
ticipants were informed about the purpose and outcomes of
the study, as well as the potential benefits and risks. Written
consent to participate in the study and agreement to answer
questions were obtained from each participant.

Stage 1. Development of the questionnaire.

To achieve the research goal, a new working tool was
developed titled “Hygienic Estimation of the Impact of Risk
Factors on Morbidity Due to Osteoporosis.” The criteria fol-
lowed for developing the first version of the questionnaire
were: (i) Identification of modifiable factors responsible for
the development of osteoporosis, including the frequency of
drinking water consumption and type of water, the volume
and quality of consumed drinking water, knowledge about
the mineral composition of drinking water, dietary prefer-
ences, alcohol consumption, intake of foods rich in mineral
compounds and vitamins, smoking, frequency and intensity
of physical activities, and presence of stressful situations;
(ii) Identification of specific characteristics in individuals
diagnosed with osteoporosis, including knowledge about
osteoporosis, diagnosis established and confirmed by a doc-
tor, history of fractures, fracture locations, hereditary histo-
ry, adherence to prescribed treatment, and data on meno-
pause; (iii) General data: age, biological sex, living environ-
ment, body weight, and height. The questionnaire consisted
of 3 sections: (i) Modifiable Risk Factors - 44 questions; (ii)
Specific Questions for Individuals with Osteoporosis - 14
questions; (iii) General Data - 7 questions. At this stage, the
questionnaire included 65 questions.

To minimize measurement errors, the short closed-for-
mat questions were designed to be concise and clearly un-
derstandable. Additionally, definitions and examples were
provided to better clarify the purpose of the questionnaire.

Stage 2. Content validity

This stage involved reviewing the item bank to ensure it
measured exactly what was intended. The initial version of
the questionnaire was based on the opinions of five medical
experts (a rheumatologist, a laboratory physician, a hygiene
specialist, a social medicine and management specialist,
and a medical imaging specialist) and on a literature search
focused on other behavior-based questionnaires and the
relationships between risk factors and their impact on the
development of osteoporosis. Each expert received a copy
of the initial version of the questionnaire via email and was
asked to evaluate the tool according to the following crite-
ria: content validity, clarity and comprehensibility, cultural
and linguistic relevance, structure and order of questions,
and coherence and consistency of the questions. Experts
also provided additional comments and suggestions for
each item in the questionnaire. As a result, thirteen ques-
tions were removed, and eight questions were reformu-
lated, but no new questions were added. At the end of the
second stage, the second version of the questionnaire was
produced, which included 52 questions, structured as fol-
lows: (i) Main Risk Factors in Osteoporosis - 44 questions;
(ii) General Data - 6 questions.

Stage 3. Pre-testing

At this stage, both quantitative and qualitative analyses
of the questions were conducted to assess their suitability
for inclusion in the questionnaire, focusing on validity and
internal consistency. A sample of 30 adults from the Repub-
lic of Moldova was recruited, who presented themselves at
the medical center for the Dual Energy X-ray Absorptiome-
try (DEXA) investigation, at the doctor’s recommendation.
Of these participants, 93.3% were female and covered a
wide age range. Notably, 21 individuals (70%) had a diagno-



Bologan V. et al.

sis of osteoporosis. The sample was significantly skewed by
gender, with an overrepresentation of female participants.
The number of subjects included for pre-testing was based
on similar studies [8-11]. Data collection occurred from Oc-
tober 2023 to February 2024.

Stage 4. Validity

Participants answered questions from the second ver-
sion of the questionnaire and a brief ad-hoc questionnaire
with three open-ended questions to provide additional
feedback on the new questionnaire regarding the ease of
understanding and clarity of the questions on fundamen-
tal aspects. At this stage, all questionnaires were analyzed
based on the degree of completion for each question. All
questionnaires met the completion criteria, and none were
excluded from the study. For validity, frequencies were cal-
culated, and open-ended responses provided by partici-
pants were analyzed to improve the instrument.

Stage 5. Internal consistency

To determine the internal consistency and reliability of
the questionnaire, the Cronbach’s Alpha coefficient was cal-
culated based on the linear correlation model. The value of
Cronbach’s Alpha ranges between 0 and 1. To be considered
consistent, an instrument should achieve a value as close to
1 as possible, with 0.70 generally accepted as a threshold
by most researchers. The interpretation of the Cronbach'’s
Alpha coefficient is provided in Table 1 [12]:

Table 1. Interpretation of Cronbach’s Alpha coefficient values (Lee J.
Cronbach, 1951).

Values of the coefficient Consistency
Greater than 0.9 Excellent
Between 0.7 and 0.9 Good
Between 0.6 and 0.7 Acceptable
Between 0.5 and 0.6 Poor
Less than 0.6 Unacceptable

Note: Cronbach’s alpha (Cronbach’sa), also known as tau-equivalent
reliability or coefficient alpha, is a reliability coefficient and a measure
of the internal consistency of tests and measures. It assesses how closely
related a group of items is as a whole; a higher value indicates greater
reliability. Generally, a Cronbach’s alpha of 0.70 or above is considered
acceptable, while values above 0.90 may indicate excellent reliability. It
was named after the American psychologist Lee Cronbach.

Since the questionnaire was designed to identify risk
factors for osteoporosis and the questions were not seg-
mented into distinct domains, a consistency analysis of the
entire instrument was performed. The reliability test result
was 0.768. As a result of this stage, the final version of the
questionnaire did not undergo any changes, and no ques-
tions were excluded, as all questions were deemed relevant
to the research. The Cronbach’s Alpha value indicated an
acceptable range of internal reliability for the instrument.

Statistical processing

Statistical processing of the data and determination of
the Cronbach’s Alpha coefficient were performed using the
licensed IBM SPSS Statistics 27 software. In the statistical
analysis, various methods were employed to describe and
summarize the data. Descriptive measures such as the mean
and standard deviation were calculated to assess central ten-
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dency and data dispersion. Additionally, minimum and max-
imum values, as well as percentages and percentiles, were
determined to provide a detailed view of the data distribu-
tion. Absolute values were used to illustrate the frequencies
or magnitudes of measurements within the analyzed sample.

Results

Development of the questionnaire

The first version of the questionnaire contained 65
questions organized into three sections: (i) Identification of
Modifiable Factors Responsible for the Development of Os-
teoporosis; (ii) Identification of Specific Characteristics in
Individuals Diagnosed with Osteoporosis; and (iii) General
Data.

The elements of the first section, “Identification of Mod-
ifiable Factors Responsible for the Development of Oste-
oporosis”, included 44 questions: open-ended questions,
dichotomous questions, and closed-ended questions with
predetermined answers, ranging from 2 to 11 response
options. The section “Identification of Specific Characteris-
tics in Individuals Diagnosed with Osteoporosis” included
14 questions: open-ended questions, dichotomous ques-
tions, and closed-ended questions with predetermined an-
swers, ranging from 2 to 6 response options. The elements
of the “General Data” section included 7 open-ended and
closed-ended questions. Respondents had the option to
choose multiple answers, but all questions were mandatory.

Content validity

Based on the evaluations and comments from experts,
syntactic and semantic reformulations and modifications
were made to the three sections of the questionnaire, in-
cluding the removal of 13 irrelevant or repetitive questions.
Specifically, 11 questions were removed from the section
“Identification of Modifiable Factors Responsible for the
Development of Osteoporosis,” one question was removed
from the section “Identification of Specific Characteristics
in Individuals Diagnosed with Osteoporosis,” and one ques-
tion was removed from the section “General Data.” As a re-
sult, the second version of the questionnaire had a total of
52 questions, restructured into two sections: (i) Major Risk
Factors for Osteoporosis and (ii) General Data.

Pre-testing and validity

At the pre-testing stage, according to the respondents’
opinions, the order and content of the questions were found
to be good. In face-to-face questioning, all respondents
(100%) stated that the questions were clear and easy to un-
derstand. However, in 4 (7.7%) questions, respondents sug-
gested replacing some specialized terms with synonyms. As
a result, minimal changes were made, specifically related to
the terms used to denote certain symptoms. These terms
were corrected before the final administration of the ques-
tionnaire. The average time for face-to-face questioning was
14.19 minutes. The time range, from a minimum of 11.90
minutes to a maximum of 17.33 minutes, suggests that there
is relatively little variation in the duration of the interviews,
all falling within a margin of approximately 5.43 + 1.567
minutes (M # SD), indicating that most of the interview du-
rations are relatively close to the average of 14.19 minutes.
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The questionnaire was revised several times regarding
syntax and semantics to avoid ambiguity and errors, after
considering the respondents’ reviewed results, pre-testing
comments, and experts’ suggestions and opinions. These
measures were taken to ensure that the questions in the fi-
nal questionnaire could competently evaluate each subject
and address the study’s objectives.

Characteristics of the sample

The socio-demographic characteristics of the individu-
als who participated in the pre-testing phase of the ques-
tionnaire are presented in Table 2 and Table 3.

Table 2. The demographic and anthropometric characteristics of the
respondents: pre-testing stage.

Mean +SD Min Max
Age, years 50.37 2.6 25 72
Body weight, kg 70.75 2.03 43.5 94.0
Height, cm 165.03 1.25 152.0 182.0

Note: SD - Standard Deviation; Min - minimum; Max - maximum; kg -
kilograms; cm - centimeters.

The respondents’ ages ranged from 25 to 72 years, with
a mean age of 50.37 £ 2.6 years. The average body weight
of the participants was 70.75 kg, with a standard deviation
of + 2.03 kg, indicating moderate variation in body weight
among individuals. The lowest recorded weight was 43.5 kg,
and the highest was 94.0 kg. This variability may reflect dif-
ferent levels of physical activity, types of body constitution,
and possibly different dietary habits among participants.
The average height of the participants was 165.03 cm, with
a standard deviation of + 1.25 cm. The minimum recorded
height was 152.0 cm, and the maximum was 182.0 cm.

Table 3. Demographic and educational profile of respondents:
pre-testing stage.

No %

Gender

- Male 2 6.7

- Female 28 93.3
Total Gender 30 100
Living Environment

- Urban 16 53.3

- Rural 14 46.7
Total Living Environment 30 100
Education

- No education 5 16.7

- Secondary vocational education 8 26.7

- Higher education 17 56.6
Total Education 30 100

Note: No - the absolute number; % - percent

As shown in Table 3, the gender distribution of a sample
of 30 respondents was analyzed. Of these, 28 (93.3%) were
female and 2 (6.7%) were male. To better understand the data
distribution, the median, 25th percentile (Pr25), and 75th
percentile (Pr75) were calculated. The gender distribution
analysis indicates a clear predominance of the female gender.
Most central and dispersion values (median, Pr25, and Pr75)
are “Female,” reflecting the imbalanced gender distribution in
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this sample. It is noteworthy that respondents were similarly
sampled from both urban (53.3%) and rural (46.7%) envi-
ronments. Most respondents (56.6%) reported having higher
education, followed by those with secondary vocational edu-
cation (26.7%) and those with no education (16.7%).

Internal consistency

Out of the 52 questions subjected to the consistency
analysis, 5 open-ended questions and 6 questions from the
“General Data” section, which could not be coded, were ex-
cluded. The Cronbach’s Alpha coefficient was 0.768, demon-
strating good consistency.

Table 4. Statistical analysis of questionnaire items.

Mean Scale Scale Corrected Cronbach’s Decision
ifltemis  Variance Item-Total  Alphaif
Excluded ifltemis Correlation Item is
Excluded Excluded

Q1 106.43 116.286 0.575 0.757
Q2 106.57 121.619 0.097 0.767
Q3 106.71 122.571 0.000 0.768
Q4 106.71 122.571 0.000 0.768
Q5 106.57 121.619 0.097 0.767
Q6 106.57 121.619 0.097 0.767
Q7 106.43 116.286 0.575 0.757
Q8 106.57 123.619 -0.142 0.771 Item retained
Q9 106.71 122.571 0.000 0.768
Q10 106.57 123.619 -0.142 0.771 Item retained
Q11 106.71 122.571 0.000 0.768
Q12 106.71 122.571 0.000 0.768
Q13 106.43 119.286 0.286 0.763
Q14 106.43 121.619 0.066 0.768
Q15 105.57 123.619 -0.092 0.780 Item retained
Q16 105.57 104.286 0.677 0.739
Q17 105.71 116.571 0.111 0.776 Item retained
Q18 106.57 115.286 0.880 0.754
Q19 103.43 115.619 0.393 0.758
Q20 103.14 116.143 0.533 0.757
Q21 103.57 114.619 0.506 0.755
Q22 106.00 118.000 0.409 0.761
Q23 106.14 115.143 0.623 0.755
Q24 106.43 116.286 0.575 0.757
Q25 106.43 121.619 0.066 0.768
Q26 106.71 122.571 0.000 0.768
Q27 106.00 118.000 0.409 0.761
Q28 106.00 117.333 0.285 0.762
Q29 106.29 108.238 0.838 0.741
Q30 106.00 119.000 0.313 0.763
Q31 105.57 106.619 0.577 0.745
Q32 105.57 118.286 0.135 0.769 Item retained
Q33 106.71 122.571 0.000 0.768
Q34 106.00 117.333 0.285 0.762
Q35 106.57 115.286 0.880 0.754
Q36 106.00 122.000 0.031 0.769 Item retained
Q37 106.71 122.571 0.000 0.768
Q38 106.71 122.571 0.000 0.768
Q39 105.57 121.619 0.097 0.767
Q40 105.71 117.905 0.226 0.764
Q41 106.43 115.286 0.673 0.755

Note: Q - question
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It should be noted that excluding certain questions may
increase the Cronbach’s Alpha coefficient (Table 4). If ques-
tions Q8 and Q10 are excluded, the coefficient could poten-
tially rise to 0.771. For question Q15, it could increase to
0.780; if question Q17 is excluded, it could rise to 0.776; and
if questions Q32 and Q36 are excluded, it could be 0.769.
Given that these questions are relevant to the research and
will provide unique and qualitative information, the deci-
sion was made to retain them in the current version of the
questionnaire without any modifications.

Discussions

This study aimed to develop and test a new questionnaire
designed for the hygienic assessment of the impact of risk
factors, particularly modifiable ones, on morbidity due to os-
teoporosis. Our results indicate that the new instrument was
considered by experts to have good clarity and relevance.
Respondents found the questionnaire acceptable and easy to
understand, demonstrating its validity. Additionally, the Cron-
bach’s Alpha coefficient was 0.768, which further confirms
that the responses across the questions are well correlated.

In the context of recent literature [13, 14], new question-
naires have been developed and validated to assess people’s
knowledge and perceptions about osteoporosis. Generally,
these questionnaires have focused on studying knowledge,
attitudes, and practices regarding osteoporosis from various
perspectives [15-20]. However, few studies focus on develop-
ing questionnaires aimed at highlighting modifiable risk fac-
tors, such as the mineral composition of drinking water. Most
frequently, studies provide information about both modifia-
ble and non-modifiable risk factors for osteoporosis, contrib-
uting to its development. They also highlight common risk
factors such as age, sex, family history, dietary habits, physi-
cal activity level, smoking, and alcohol consumption [20].

In the study that evaluated the knowledge, attitudes, and
practices of adult patients at Bashair Hospital, Sudan, regard-
ing osteoporosis [21], it was revealed that factors such as age,
education level, and sex had a notable influence on the levels
of knowledge and practices concerning some modifiable risk
factors responsible for the development of osteoporosis. Our
results are consistent with these findings, highlighting the ac-
ceptability and clarity of the questionnaire among respond-
ents from various living environments and education levels.

Another study conducted by Barik S. et al. (2022) focused
on the translation and adaptation of the OKAT (Osteoporosis
Knowledge Assessment Tool), which consisted of 20 ques-
tions designed to assess knowledge about osteoporosis, risk
factors, prevention, and treatment options. The Cronbach’s
Alpha coefficient was calculated to measure internal consist-
ency, obtaining a value of 0.892. The results showed good
readability and consistency of the OKAT instrument. The av-
erage score obtained by participants was 11.3 + 2.1, indicat-
ing a low level of knowledge about osteoporosis. Significant
differences in scores were observed based on education level
and family history of osteoporosis or fractures [22]. In com-
parison, the Cronbach’s Alpha coefficient of 0.768 indicates
good internal consistency, suggesting that our questionnaire
is a reliable tool for measuring modifiable risk factors.
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These findings highlight the importance of developing
reliable and valid assessment tools for measuring knowl-
edge and practices related to osteoporosis, considering
modifiable risk factors. The implementation of such ques-
tionnaires can help improve educational programs and pre-
ventive strategies, thereby contributing to the reduction of
morbidity due to osteoporosis [23].

The development of the questionnaire included several
stages, such as pre-testing and content validation, which led
to the elimination and reformulation of some questions to
improve their clarity and relevance. The socio-demograph-
ic characteristics of the individuals who participated in the
pre-testing phase showed a diversity of age, gender, and liv-
ing environment, contributing to the overall validity of the
instrument.

These findings are consistent with those reported in
specialized literature. Previous studies have emphasized
the importance of developing reliable and valid assessment
tools for measuring knowledge and practices related to os-
teoporosis. Moreover, research has shown that modifiable
risk factors, such as diet and physical activity, play a signif-
icant role in the prevention of osteoporosis [24-26]. Our
study results support these conclusions and suggest that
the new questionnaire can be an effective tool for evaluating
and improving osteoporosis prevention strategies.

Conclusions

The study demonstrated that the new questionnaire is a
valid and reliable tool for assessing the impact of modifiable
risk factors on morbidity due to osteoporosis. It can be used
in various contexts to enhance preventive knowledge and
practices, thereby contributing to a reduction in osteoporo-
sis incidence. Further research is needed to refine and vali-
date this questionnaire in broader populations to ensure its
applicability and utility on a larger scale.
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construct that serves as a benchmark or gold standard. This
limitation arises because no standardized analogous ques-
tionnaire was identified in the specialized literature. Most
available questionnaires in the field are of the KAP (Knowl-
edge, Attitudes, and Practices) type, which prevented the
use of a recognized benchmark for criterion validation of
the new questionnaire. In this research, the pilot testing
phase of the questionnaire was not conducted because the
overall sample size calculated for the main study was 296
individuals diagnosed with osteoporosis. Recruiting the
required number of individuals with osteoporosis proved
challenging due to time constraints and additional costs.
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