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Metabolic syndrome index measurement @
tool (MSI): scale development, reliability
and validity study

Zahide Akeren” ® and Emine Apaydin?

Abstract

Aim Identifying the risks of metabolic syndrome (MetS) can lead to early targeted interventions and thus contribute
to improved quality of life by reducing the risk of developing MetS, diabetes or heart disease in the future. We aimed
to develop a valid and reliable measurement tool to measure the MetS risk of the population.

Materials and methods In the methodological study, an item pool was created by reviewing the literature. Pre-
application was performed after the weighting of the items whose content validity was ensured by taking expert
opinions. Data were collected from 43 patients with MetS from a state hospital affiliated to the Ministry of Health and
405 individuals without MetS from the community, from a total of 448 individuals using the Individual Information
Form, Finnish Diabetes Risk Scale (FINDRISC) and Metabolic Syndrome Index (MSI). The data obtained were evaluated
using SPSS 22.0 and MedCalc 19.1 statistical programmes. Scale discrimination was analyzed by independent samples
t-test between the upper and lower 27% groups. The cut-off point of the scale score in predicting the diagnosis of
MetS was tested by ROC analysis. Correlation analysis was performed with the parallel form for criterion validity.

Results As a result of the ROC analysis, a perfectly compatible scale with a sensitivity of 100%, a specificity of 85.43%
and a cut-off score of 48 was obtained. When the correlation analyses between MSI and FINDRISC scores were
examined for criterion validity, a positive moderate (r=0.632, p <0.001) correlation was found between FINDRISC and
MSI. When the discrimination of the scale was analysed, it was found that there was a significant difference between
the lower 27% and upper 27% groups (p < 0.05) and it was revealed that the MSI made sensitive measurements to
discriminate.

Conclusions The MSI scale is a valid and reliable tool for early detection of MetS risk.
Keywords Metabolic syndrome, Diabetes mellitus, Cardiovascular disease, Measurement tool
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Background

MetS, a multiple risk factor for atherosclerotic cardio-
vascular disease, is defined as a clinical condition in
which biochemical and metabolic factors coexist. MetS
is characterized by insulin resistance and is also known
as insulin resistance syndrome [1]. The World Health
Organization (WHO), the National Cholesterol Educa-
tion Programme III (NCEP-ATP III) and the Interna-
tional Diabetes Federation (IDF) have made definitions
focusing on different metabolic changes [2]. The defini-
tions of WHO and IDF are glucose and obesity centred,
the definition of NCPE-ATP III is cardiovascular cen-
tred, and the common point is that it includes at least
three of the risk factors. These risk factors are abdominal
obesity, hypertriglyceridemia, high blood pressure, low
high-density lipoprotein (HDL) and glucose intolerance
[3]. The main cause of the syndrome is the accumulation
of adipose tissue and insulin resistance as a result of tis-
sue dysfunction [4]. Proinflammatory cytokines such as
tumour necrosis factor, leptin, adiponectin, adiponectin,
plasminogen activator inhibitor and resistin are released
from the enlarged adipose tissue and the condition
adversely affects insulin utilization. Insulin resistance and
upper body fat accumulation lead to the development of
MetS as vascular and autonomic damage [5].

The prevalence of MetS varies depending on the region,
urban or rural environment, the composition of the pop-
ulation studied and the definition of the syndrome used
[6]. It is estimated that approximately one quarter of the
world’s population is affected by MetS and its preva-
lence is expected to increase in the coming years [7].
The National Health and Nutrition Examination Survey
reports that the overall prevalence of MetS is 34—35% [8].
Complications related to Diabetes Mellitus (DM), which
is known to be associated with MetS, are known to cause
3.2 million deaths every year in the world. Again, Cardio-
vascular Diseases (CVD) and their complications, which
are among the main components of MetS, are increasing
globally and impose a great burden on health systems. It
is predicted that the incidence of DM will double in 2025
and the incidence of CVD will increase in parallel with
DM [9].

MetS is reported to be associated with an approxi-
mately twofold increase in CVD risk and a fivefold
increase in DM diabetes risk [10]. MetS is important not
only because of its high prevalence rate worldwide, but
also because it can help predict the development of DM
and CVD [11].

The study conducted by Bulut et al. to determine the
MetS risk factor of medical students was carried out with
the questionnaire questions asked with the JAMRISC
(Japanese Metabolic Syndrome Risk Score) scale and
no adaptation study of the related scale to Turkish cul-
ture was found [12]. Metabolic Syndrome Research Form
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(MSAF) was developed by Dr Onur Erdogmus in 2005
and the form consists of 14 questions. The answers to the
questions consist of two options as “yes” and “no” and the
score varies between 0 and 14. As the score increases, the
risk of MetS also increases. The score evaluation shows
that those with a score of 0—4 have “low risk’; those with
a score of 5-8 have “medium risk” and those with a score
of 9-14 have “high risk” The source of the validity and
reliability study of this form is not available. Studies
using this form [13, 14] use the publication of Karadeniz
et al. (2007) in their references [15]. Although an inter-
net extension was added for the source where the MSAF
could be accessed in the study of Karadeniz et al. who
first used the form, this internet extension could not be
accessed either. In addition, in the sample to which the
form was applied, a total of 0 points is obtained in case
of answering no to all questions. Since 0—4 points are low
risk according to the MSAF scale, a total score of 0 is in
the low risk group instead of no risk [15].

Given the increase in chronic diseases in MetS patients
and the fact that MetS is still underdiagnosed in clin-
ics, early detection is very important [16]. Given its high
prevalence and serious complications, early identification
and control of risk factors is valuable in preventing the
development of MetS and its progression to CVD. In the
light of this information, it was aimed to develop the MSI
Measurement Tool as a valid and reliable data collection
tool to eliminate the uncertainty about the MetS risk
level of the population [7] due to the worldwide spread of
overweight and sedentary lifestyle.

Method

Purpose and type of research

The study was conducted to develop a valid and reliable
measurement tool to measure the MetS risk of individu-
als. It was conducted methodologically for the purpose of
developing the MSI measurement tool.

Place and time of the research

This study was carried out between November 2023 and
January 2024 with patients admitted with a diagnosis of
MetS in Bayburt State Hospital affiliated to the Ministry
of Health and individuals without a diagnosis of MetS in
the community in this province.

Population and sample of the study

The population of the study consisted of patients admit-
ted to Bayburt State Hospital in Bayburt province with
a diagnosis of MetS and individuals without a diagnosis
of MetS in the community in this province. In method-
ologically designed studies, it is recommended that the
sample size should be 5-10 times the number of items
in the scale or at least 300 samples should be reached
[17]. In this study, it was aimed to reach 300 samples in
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line with the relevant literature. Individuals who were
over 18 years of age and who volunteered to participate
in the study were included in the sample. In addition,
patients with a diagnosis of MetS (ICD (International
Statistical Classification of Diseases and Related Health
Problems) diagnosis code was taken as basis in the selec-
tion of patients with the diagnosis) were included in the
sample, provided that they were conscious and able to
communicate. A total of 448 individuals who completed
the questionnaire form completely were included in the
study after 34 individuals who did not complete the data
collection form were excluded from the study. Of the 448
individuals included in the study, 43 were individuals
diagnosed with MetS and 405 were individuals without a
diagnosis of MetS.

Data collection tools

Individual Information Form, Finnish Diabetes Risk Scale
(FINRISC) and Metabolic Syndrome Index (MSI) were
used as data collection tools.

Individual information form

The questions in this form, which was created by review-
ing the literature, consisted of 6 questions including age,
gender, height, weight (for BMI calculation), waist cir-
cumference and MetS diagnosis [18].

Fin diabetes risk scale (FINRISC)

It is a population-based scale developed as a result of a
cohort study in Finland in 2003 to investigate the risk
of diabetes in adults, consisting of eight questions and
showing the risk of diabetes in the next ten years. The
score range of the scale is between 0 and 26. A score
below 7 points indicates a low risk of diabetes, 7-11
points indicates a mild risk, 12-14 points indicates a
moderate risk, 15-20 points indicates a high risk and
20 points and above indicates a very high risk [19]. The
questionnaire, which is used in community-based dia-
betes risk screening by the IDF, has been translated into
Turkish by the Turkish Society of Endocrinology and
Metabolism (TEMD) and is recommended for use in dia-
betes screening in adults [20].

Metabolic syndrome index (MSI)

Metabolic Syndrome Index was structured as 21 items in
line with expert opinion and content validity. The items
were scored in line with the weighting of each item in the
MSI and the MSI was made ready for the data collection
process within the scale development stages.

Literature review and creation of the item pool

In the study, a literature review was conducted by consid-
ering all dimensions of MetS risks and an item pool was
created. When the literature is examined, it is thought
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that the increase in body fat distribution and insulin resis-
tance with age contributes to the increase in the preva-
lence of MetS [21-23]. In a study conducted, although
the prevalence of MetS did not show significant gender-
specific differences, it was revealed that men tended to
have a higher prevalence of MetS than women in the
30-49 age group, while women showed a higher preva-
lence than men in the 50-69 age group. Accordingly,
menopause is thought to be one of the factors contribut-
ing to this change in the prevalence of MetS [21, 24]. On
the other hand, increasing Body Mass Index (BMI) and
the resulting obesity and increased waist circumference
are important risk factors that increase the risk of MetS
[25]. These problems lead to other cardiometabolic risk
factors such as hypertension, hyperglycemia and dyslip-
idemia that increase the risk of MetS and are also seen as
a consequence of these factors [26]. Since MetS increases
morbidity and mortality associated with chronic diseases
such as cardiovascular disease (CVD), the presence of
chronic disease was added to the item pool [27]. Consid-
ering the role of genetics in the development of chronic
diseases, an item questioning the presence of chronic dis-
eases in relatives was also added [28]. In addition, items
questioning smoking, alcohol consumption and physical
inactivity, which increase the risk of cardiovascular dis-
ease (CVD) and diabetes and play a key role, were also
added [29, 30]. However, the association between alcohol
and smoking and MetS is not consistent. While excessive
consumption of alcohol is significantly associated with
increased waist circumference, elevated blood pressure,
triglycerides and fasting glucose levels [31], one study
showed a 43% reduction in the risk of MetS in alcohol
users compared to those who never drank alcohol [32].
Studies have shown that regular tobacco use is associ-
ated with MetS and endothelial dysfunction, abnormal
lipoprotein metabolism and insulin resistance [33, 34].
However, in one of these studies, no significant associa-
tion was found between smoking and MetS [33], whereas
in another, current smokers were 2.24 times more likely
to develop MetS than never smokers [34]. Behavioural
factors have an important role in explaining the increas-
ing prevalence of MetS. It has been stated that every
hour of sedentary behaviour increases the risk of MetS
in American adults [35]. Again, in Puerto Rican and
Dominican older adults, every hour of television viewing
was associated with a 19% increased likelihood of MetS
[36]. Dietary factors play an important role in MetS and
less consumption of vegetables, fruits and milk and more
consumption of red meat have been reported to increase
the risk of MetS [29, 37]. In particular, high consump-
tion of red meat, processed foods, saturated animal fats
and sweets has been associated with a higher prevalence
of MetS in Mexican Americans [38]. Water consump-
tion was added to the item pool because it is seen as a
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factor affecting the development of MetS in the literature
[39]. In addition, an item questioning the level of stress
was added because a stressful life is a risk factor for the
development of metabolic syndrome [40]. The fact that
insulin resistance is considered a risk for both DM and
MetS necessitated its addition to the pool [41]. Sleep dis-
ordered breathing, characterized by breathing difficul-
ties such apnea or hypopnea during sleep, is linked to
increased blood pressure, dyslipidemia and insulin resis-
tance, which increase the risk of MetS in all genders [42—
44]. Care was taken to ensure that each item was simple,
clear and understandable, that an item did not contain
more than one thought, had the predicted features, did
not create different meanings, and was directly under-
standable [45]. As a result, an item pool consisting of 32
items was created with the support of the literature.

Ensuring content validity

Since the risk level will be determined within the scope
of the scale, the experts were asked to score each ques-
tion from 1 to 10 (1 being the lowest for the least risky
question and 10 being the highest for the highest risky
question) in order to determine whether the predeter-
mined risk factors were risk factors or not. In addition,
the items that were seen as risk factors but not included
in the list were also requested to be written. The scale
form, which was prepared as 32 items for content valid-
ity, was submitted to the opinions of 20 experts in total,
including 3 specialists in internal medicine, 3 specialists
in cardiology, 6 specialists in family medicine, 2 acade-
micians in internal medicine nursing, 3 academicians in
public health nursing, and 3 academicians in the depart-
ment of nutrition and dietetics. Content validity index is
calculated by dividing the content validity rate of all items
by the number of items. It is recommended that the con-
tent validity ratio and content validity index should be
greater than 0.80 [45]. Using the Davis technique for con-
tent validity, content validity ratios, content validity index
and weighting values and ratios for impact are given in
the Table 1. According to the expert opinion, factors with
a mean score of 3 and below out of 10 points were not
included in the scoring and 11 items in total (4, 10, 19, 20,
21, 22, 24, 27, 28, 29, 30) were removed from the pool. In
the final version of the index, 21 items were decided. The
content validity ratios for the factors ranged between 0.9
and 1 and the Content Validity Index (CVI) was found to
be 0.98 (Table 1).

Preliminary study

After the expert opinions, the scale should be prepared
for the data collection process and a preliminary study
should be carried out by applying it to a small sam-
ple group representing the target group [17]. In this
direction, a preliminary study was conducted with 20
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individuals. This group of individuals were excluded from
the sample. The item pool was organized in line with
the feedback on clarity and comprehensibility and made
ready for application.

Data collection

The data of the study were collected by interview-
ing patients diagnosed with MetS in the outpatient and
inpatient clinics of Bayburt State Hospital affiliated to
the Ministry of Health. After explaining the research to
the individuals who met the inclusion criteria, they were
given questionnaire forms and asked to fill them out.
Similarly, individuals without a diagnosis of MetS in the
community were also given forms and asked to fill them
out. Of the 448 individuals included in the study, 43 were
patients with metabolic syndrome and 405 were healthy
individuals. Waist circumference, one of the question-
naire items, was measured by the researcher using a tape
measure and recorded on the form (Fig. 1).

Data evaluation

The data obtained in the study were analysed using SPSS
22.0 and MedCalc 19.1 statistical programmes. Scale dis-
crimination was analysed by independent samples t-test
between the upper and lower 27% groups. The cut-off
point of the scale score in predicting the diagnosis of
MetS was tested by ROC analysis. As a result of the ROC
analysis, Youden Index value was used to determine the
most appropriate cut-off point. Correlation analysis was
performed with the parallel form for criterion validity.

Results

Characteristics of participants

The content validity of the questions in the item pool
consisting of 32 items with the support of the literature
was ensured by taking expert opinions and the weighting
of the items was completed. Content validity and weight-
ings are shown in Table 1.

The mean age of the individuals participating in the
study was 27.510%+14.534, 60% were normal weight,
90.4% were diagnosed of MetS individuals and 65.6%
were women. The mean BMI of the participants was
24.123+£6.270 and the mean waist circumference was
82.360%20.346 (Table 2).

The cut-off point for predicting MetS according to the
MSI values was found to be 48. The sensitivity of the MSI
reached 100% and the specificity was 85.43%. When ana-
lysed by ROC analysis, the area under the ROC curve
(AUC) was 0.960. The areas under the ROC curves were
statistically significant (p<0.05) (Fig. 2). Youden index
J=0.812 (0<J=0.854<1). The ability of risk scores to dis-
criminate the occurrence of MS was found to be quite
high (Std error: 0.009 and 95% G.I: 0.93-0.976, z statistic:
52.349). (Table 3).
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Table 1 Validity of coverage and weighting for metabolic syndrome index
Item Items *1-CVI Weighting  Weight
No Ratio (%)
MSIT Age 1,000 7,05 5
MSI2  BMI 1,000 945 7
MSI3 Waist circumference 1,000 9,55 7
MSI4  Gender 1,000 1,35 -
MSI5  Chronic disease (lasting 3 months or more) 1,000 745 5
MSI6 Smoking 0,950 7,5 5
MSI7  Alcohol use 1,000 6,8 5
MSI8  Sleep duration 1,000 56 4
MSI9  Sleep quality 1,000 5,65 4
MSIT0  Bedtime at night 1,000 3,12 -
MSITT  Level of fulfilment of activities of daily living 1,000 525 4
MSI12  Daily fluid consumption 1,000 54 4
MSIT13  Stress level 0,900 6,45 5
MSIT14  “Eating more than normal and feeling of not being full, frequent urination, feeling of dryness in the 1,000 8,7 6

mouth and consequently excessive desire to drink water, increased need for frequent urination

at night, unplanned weight loss, feeling of hunger, blurred vision, numbness and tingling in the

hands and feet, feeling extremely tired, late healing of wounds, dry skin, mood changes such as

being irritable, frequent and excessive hunger, intolerance to hunger, blurred vision”
MSIT5  “Headache starting from the nape of the neck and radiating towards the top, chest pain, dizziness, 1,000 7,05 5

difficulty breathing, nausea, vomiting, nosebleeds, weakness, blurred vision or changes in vision,

anxiety”
MSI16  The presence of close relatives with cardiovascular disease, hypertension or diabetes in the family 1,000 772 5
MSI17  Feeling the need to sleep after eating 0,950 6,6 5
MSI18  Bread preference 0,900 5,75 4
MSIT9  Frequently favoured cooking method 1,000 2,96 -
MSI20  Daily salt preference 1,000 2,64 -
MSI21  Frequency of weekly fruit consumption 0,950 2,39 -
MSI22  Frequencyof weekly vegetable consumption 0,950 3,06 -
MSI23  Weekly milk and dairy product consumption frequency 1,000 4,55 3
MSI24  Frequency of fast food or packaged food consumption 1,000 3,21 -
MSI25 At least 100-150 min of physical activity per week 1,000 7.5 5
MSI26 At least 40 min of aerobic activity per week (such as running, swimming, cycling, jumping rope, 1,000 7,1 5

climbing stairs)
MSI27  Eating at night 1,000 2,71 -
MSI28  Meal skipping status 0,900 2,99 -
MSI29  Difficulty in losing weight despite regular exercise 1,000 2,58 -
MSI30  Regular breakfast intake 0,950 242 -
MSI31  Number of meals per day 1,000 4 3
MSI32  Frequency of weekly consumption of legumes and whole grain products 0,900 4 3

**S- Total=%100
CVI=0.980

*-CVI: Item Content Validity Index, ** S-CVI: Scale Content Validity Value, BMI: Body Mass Index

Criterion validity

When the correlation analyses between MSI and FIN-
DRISC scores were examined, a positive moderate
(p<0.001) correlation of r=0.632 was found between
FINDRISC and MSI (Table 4).

Distinctiveness

The t-test results between the upper 27% and lower 27%
groups showed a significant difference between the mean
scores for all items (p<0.05). According to these results,

it was revealed that MSI performed sensitive measure-
ments to discriminate (Table 5).

Discussion
The findings related to the MSI scale development pro-
cess, which aims to develop a valid and reliable measure-
ment tool to measure the MetS risk of individuals, were
discussed in line with the literature.

Content-content validity and construct (predictive)
validity were examined to ensure validity. Firstly, content
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As aresult of the literature review, a 32-item draft scale was created.

¥

In order to determine whether the risk factors determined in line with the literature are risk factors, 20
experts were asked to score each question from 1 to 10 (1 being the lowest for the least risky question
and 10 being the highest for the highest risky question). In addition, the items that were seen as risk
factors but not included in the list were also asked to be written.

L4

In line with the expert opinions, 11 items were removed from the pool and a 21-item draft scale was
created and content validity and weighting were performed.

¥

A pilot study was conducted with 20 individuals who were excluded from the sample.

¥

The final version of the scale with 21 items was created.

¥

Within the scope of criterion validity, the scales (MSI and FINDRISC) were applied to a total of 448
individuals, including 43 patients with MetS and 405 healthy individuals, and data were collected.

¥

Discrimination analysis of the scale was performed using the data obtained.
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Fig. 1 Flow Chart for the implementation of the research design

Table 2 Descriptive characteristics of participants
Descriptive Characteristics

Frequency (n) Percent (%)

Diagnosis of MetS
No 405 90,4
Yes 43 9,6
Gender
Woman 294 65,6
Male 154 344
BMI
Weak 39 8,7
Normal weight 269 60,0
Overweight 82 18,3
Grade | obese 36 8,0
Grade Il obese 12 2,7
Morbidly obese 10 272

X sD
Age 27,510 14,534
BMI 24,123 6,270
Waist circumference 82,360 20,346

BMI: Body Mass Index, X: Arithmetic Mean, SD: Standard Deviation

validity is performed to see whether the scale meets all
the content required according to the variable appropri-
ately. Content validity is defined as the degree to which
the items that make up the scale represent the feature
to be measured and is evaluated in the context of expert
opinions [46]. Although there are no strict criteria in the
selection of experts, it is recommended that the field of
study, duration of experience and education level of the
individual should be taken into consideration and the
number of experts should be five or more [47]. The draft

MSI 20 was submitted to the expert opinion and pre-
qualified and 11 questions were removed as a result of
expert opinions. In the study, Davis technique was used
to evaluate the appropriateness of the items in the scale
according to expert opinions. Since the content validity
ratio of the items in the scale varied between 0.90 and 1
and the content validity index was calculated as 0.98, it is
thought that there is a consensus among the experts and
content validity is ensured.

When developing the MSI, data were first analysed and
risk factors were confirmed by ROC curve analyses. In
our study, the cut-off point of 48 and above had a sensitiv-
ity of 100% and a specificity of 85.43% in predicting MetS
risk. For our parallel form FINDRISC with a cut-off point
of 12 or above, sensitivity and specificity were 60.8% and
62.4%, respectively. These results are not surprising since
FINDRISC was applied in an undiagnosed population,
the number of questions was limited and first-degree
relatives of individuals with type 2 diabetes were selected
for the population. On the other hand, while the mean
age of the population to which FINDRISC was applied
was 42 years, the fact that the mean age was 27.5 years
in our study is considered as a factor that increases sen-
sitivity and specificity [48]. In another scale development
study (JAMRISC) conducted to evaluate the risk of MetS
in the Japanese population, the cut-off point was set as 20
and the sensitivity and specificity were found to be 90%
and 74%, respectively. Although a large population was
included in JAMRISC, no comparison was made between
the diagnosed and undiagnosed population [18]. In this
direction, it is thought that our measurement tool has
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Fig. 2 ROC Analysis for metabolic syndrome index

Table 3 Significance of ROC curve for metabolic syndrome
index

Table 5 Metabolic syndrome Index Upper 27%, Lower 27%
score means and scores Independent groups t-Test results

Significance Items Values Lower 27% (n=121) Upper 27% (n=121) t P

Area under the ROC curve (AUC) 0,960 X SD X SD

Standard Error 0,009 28,099 4,864 55,521 6,348 -37,717 <0,001
95% Confidence interval 0.938t0 0.976 MSI: Metabolic Syndrome Index, X: Arithmetic Mean, SD: Standard Deviation, t:
7 statistic 52349 Independent Groups T-Test

p <0,0001

Youden index) 084 the sensitivity and specificity to distinguish individuals
Cut-off Value >48 . . . .
Sensitivity 10000 with MetS risk. I.n the metabol‘lc syndrome severity score
Specificity 85,43 developed by Wiley and Carrington (2016), blood pres-

Table 4 Correlation analysis for metabolic syndrome index and

FINDRISC

X SD r p
Mmsl 40,748 11,246 - -
FINDRISC 7,902 6,472 0,632** <0,001

FINDRISC: Finnish Diabetes Risk Scale, MSI: Metabolic Syndrome Index, X:
Arithmetic Mean, SD: Standard Deviation, r=Pearson Correlation Analysis

sure, triglyceride, cholesterol and blood glucose assess-
ments require intervention. In this context, our new scale
is a cost-effective screening tool that does not require
painful applications or interventional procedures. On the
other hand, it may contribute to the prevention of dis-
eases since there is no measurement tool that measures
the risk of MetS in the Turkish population [49].

In the study, parallel (equivalent) forms method was
used to ensure criterion validity and FINDRISC was
used as a parallel form. It was found that there was a
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statistically significant, positive and moderate correlation
between FINDRISC, which was used as a parallel form,
and the scores obtained from MSI (r=0.632; p<0.001).
Developed in Finland, FINDRISC was developed to
screen individuals at high risk of developing type 2 dia-
betes and to reduce its incidence through early interven-
tion [19]. In addition, the scale [50, 51], which has been
adapted to different cultures around the world, was first
developed as a diabetes risk test, but is also used to assess
the risk of MetS [52]. It was assumed that a correlation
coefficient between 0.70 and 1.00 showed a high level of
relationship, between 0.70—0.30 showed a medium level
of relationship and between 0.30 and 0 showed a low
level of relationship [53]. It can be said that these results
indicate that the MSI has criterion validity.

Item analysis technique based on the difference
between upper and lower group means (based on inter-
nal consistency criterion) was applied to 32 items in the
trial form of the scale. While selecting the items with this
method, the scale scores of the individuals were ranked
from higher to lower and according to this ranking, 121
people who constituted the first 27% of the group of 448
people were determined as the upper group and 121 peo-
ple who constituted the last 27% were determined as the
lower group. A significant difference between the lower
and upper groups indicates that the discrimination of the
scale is high [53]. According to these results, it was deter-
mined that the scale had internal consistency and made
sensitive measurements to discriminate. In our study, the
measurement of waist circumference, which is objective
data, as well as question items based on the statements of
individuals, increases the sensitivity of our measurement
tool.

The limitation of the study is that it consisted only of
patients diagnosed with MetS in a state hospital. It is
important to apply this study in different sample groups
in future studies. In this way, it will be possible to deter-
mine the risk of MetS in every segment of the society. In
addition, the scale developed will be useful in terms of
enriching the MetS literature.

Conclusion and recommendations

In conclusion, MSI is a measurement tool that can be
used by researchers and clinicians to diagnose MetS
risk more easily without the need for more than height,
weight and waist circumference. It is recommended that
individuals who score above 48 points on the measure-
ment tool should be enrolled in a prevention program.
In addition, it is considered to be of great importance to
develop a measurement tool that will contribute to the
diagnosis of MetS risk, the incidence of which is increas-
ing day by day. In this context, it is thought that if this
measurement tool is used in the assessment of MetS
risk, time and labor can be saved and interventional

Page 8 of 9

procedures can be reduced. MSI can be used in clinical
and epidemiologic studies. For potential future stud-
ies, it can be used to examine the determinants of MetS
risks and to evaluate the effectiveness of educational pro-
grams. MSI is a new scale with high sensitivity. Longitu-
dinal and intervention studies using the MSI to reduce or
prevent incidence, mortality and hospitalization due to
MetS would be useful.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512889-025-21304-7.

[ Supplementary Material 1 J

Acknowledgements
The authors would like to thank all participants who took part in our research.

Author contributions

Testing and data collection were performed by Z. A and E.A. Drafted the
manuscript were performed by Z. A were performed. Data analysis performed
by Z.A and E.A. Critical revisions were performed by Z.A. All authors approved
the fnal version of the manuscript for submission.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data availability
The datasets are available from the corresponding authors on request.

Declarations

Ethics approval and consent

Before starting the study, ethical approval (Date: 8.11.2023, Decision No: 34)
and written permission (E-97634879-799-230547991) were obtained from
Bayburt University Non- Interventional Clinical Research Ethics Committee
and Health Directorate of Bayburt Province. The individuals included in the
study were informed about the research subject and data collection tool and
their written consent was obtained.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 20 March 2024 / Accepted: 3 January 2025
Published online: 06 January 2025

References

1. Lemieux |, Després JP. Metabolic syndrome: past, present and future. Nutri-
ents. 2020;12(11):3501.

2. Lear SA, Gasevic D. Ethnicity and metabolic syndrome: implications for
assessment, management and prevention. Nutrients. 2019;12(1):15.

3. KassiE, Pervanidou P, Kaltsas G, Chrousos G. Metabolic syndrome: definitions
and controversies. BMC Med. 2011;9:1-13.

4. Nadeau KJ, Maahs DM, Daniels SR, Eckel RH. Childhood obesity and
cardiovascular disease: links and prevention strategies. Nat Rev Cardiol.
2011;8(9):513-25.

5. Cozma A, Sitar-Taut A, Ordsan O, Leucuta D, Alexescu T, Stan A, et al. Deter-
mining factors of arterial stiffness in subjects with metabolic syndrome.
Metab Syndr Relat Disord. 2018;16(9):490-6.


https://doi.org/10.1186/s12889-025-21304-7
https://doi.org/10.1186/s12889-025-21304-7

Akeren and Apaydin BMC Public Health

22.

23.

24.

25,

26.

27.

28.

29.

(2025) 25:51

Moore JX, Chaudhary N, Akinyemiju T. Peer reviewed: metabolic syndrome
prevalence by race/ethnicity and sex in the United States, Natl. Health Nutr.
Exam. Surv.1988-2012. Prev Chronic Dis. 2017;14:24.

Saklayen MG. The global epidemic of the metabolic syndrome. Curr Hyper-
tens Rep. 2018;20(2):1-8.

Castro-Barquero S, Ruiz-Leon AM, Sierra-Pérez M, Estruch R, Casas R. Dietary
strategies for metabolic syndrome: a Comprehensive Review. Nutrients.
2020;12(10):2983.

Alberti KG, Zimmet P, Shaw J. IDF Epidemiology Task Force Consensus
Group the metabolic syndrome-a new worldwide definition. Lancet.
2005,366(9491):1059-62.

Coltuc RV, Stoica V. Metabolic syndrome-cardiovascular and metabolic,
complex, difficult to quantify risk factor. Mod Med. 2016;23(1).

Bodhini D, Mohan V. Mediators of insulin resistance & cardiometabolic risk:
newer insights. Int J Geogr Inf Sci. 2018;148(2):127.

Bulut MM, Bozkurt S, Yabaci A, Yucesan E. Investigation of metabolic syn-
drome awareness levels of Medical Faculty Students. Acta Med Nicomedia.
2022,5(2):56-60.

Mollaoglu M, Fertelli TK, Tuncay FO. The risk levels of metabolic syndrome
and related factors among adults admitted at a Village Clinic. Florence Night-
ingale J Nurs. 2010;18(2):72-9.

Arslan SA, Daskapan A, Cakir B. Specification of nutritional and physical activ-
ity habits of university students. TAF Prev Med Bull. 2016;15(3):171-80.
Karadeniz G, Yanikkerem E, Sarican ES, Bulez A, Arikan C, Esen A. The meta-
bolic syndrome Risk In Health workers in Manisa City. Firat Health Serv J.
2007;2:13-24.

Gesteiro E, Megia A, Guadalupe-Grau A, Fernandez-Veledo S, Vendrell J,
Gonzélez- Gross M. Early identification of metabolic syndrome risk: a review
of reviews and proposal for defining pre-metabolic syndrome status. Nutr
Metab Cardiovasc Dis. 2021;31(9):2557-74.

DeVellis RF. Scale Development: theory and applications. Ankara: Nobel
Academic Publishing; 2017.

Tan C, Sasagawa Y, Kamo KI, et al. Evaluation of the Japanese metabolic
syndrome risk score (JAMRISC): a newly developed questionnaire used as a
screening tool for diagnosing metabolic syndrome and insulin resistance in
Japan. Environ Health Prev Med. 2016;21(6):470-9.

Lindstérm J, Tuomilehto J. The diabetes risk score: a practical tool to predict
type 2 diabetes risk. Diabetes Care. 2003;26:725-31.

Endocrinology Metabolism Society of Turkey. Guidelines for the Diagnosis,
Treatment and Monitoring of Diabetes Mellitus and its Complications 2020. h
ttps://temd.org.tr/admin/uploads/tbl_kilavuz/20200625154506-2020tbl_kilav
uz86bf012d90.pdf. Accessed 15 Febr 2024.

Song KH, Yu SG, Kim JY. Prevalence of metabolic syndrome according to
Sasang Constitutional Medicine in Korean subjects. Evid Based Complement
Altern. Med. 2012;2012:646794.

Villegas R, Perry 1J, Creagh D, Hinchion R, et al. Prevalence of the

metabolic syndrome in middle-aged men and women. Diabetes Care.
2003,26(11):3198-9.

Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among
US adults: findings from the third national health and nutrition examination
survey. JAMA. 2002;287(3):356-9.

Kim HM, Park J, Ryu SY, et al. The effect of menopause on the metabolic
syndrome among Korean women: the Korean national health and nutrition
examination survey, 2001. Diabetes Care. 2007;30(3):701-6.

Ler P, Ploner A, Finkel D. Interplay of body mass index and metabolic syn-
drome: Association with physiological age from midlife to late-life. GeroSci-
ence. 2024;46(2):2605-17.

Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome:
a joint interim statement of the International Diabetes Federation Task Force
on Epidemiology and Prevention; National Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation; International Athero-
sclerosis Society; and International Association for the Study of Obesity.
Circulation. 2009;120(16):1640-5.

Indhumathi G, Kumar KS. Prevalence of metabolic syndrome in urban low
socioeconomic group patients with symptomatic coronary artery disease.
IAIM. 2018;5(3):15-22.

Brown AE, Walker M. Genetics of insulin resistance and the metabolic syn-
drome. Curr Cardiol Rep. 2016;18:1-8.

Tsai HH, Tantoh DM, Lu WY, et al. Cigarette smoking and PM2.5 might
jointly exacerbate the risk of metabolic syndrome. Front Public Health.
2024;11:1234799.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

53.

Page 9 of 9

Kaur J. Assessment and screening of the risk factors in metabolic syndrome.
Med Sci. 2014,2:140-52.

Kwak SM, Choi MR, Bang SH, et al. Prevalence risk of metabolic syndrome
associated with alcohol use behavior in Korean women. Psychiatry Investig.
2018;15(2):219-25.

Freiberg MS, Cabral HJ, Heeren TC, et al. Alcohol consumption and the preva-
lence of the metabolic syndrome in the US: a cross-sectional analysis of data
from the third national health and nutrition examination survey. Diabetes
Care. 2004;27(12):2954-9.

Cena H, Fonte ML, Turconi G. Relationship between smoking and metabolic
syndrome. Nutr Rev. 2011,69(12):745-53.

Calo WA, Ortiz AP, Sudrez E, et al. Association of cigarette smoking and meta-
bolic syndrome in a Puerto Rican adult population. J Immigr Minor Health.
2012;15(4):810-6.

Saleh D, Janssen I. Interrelationships among sedentary time, sleep duration,
and the metabolic syndrome in adults. BMC Public Health. 2014;14(1):666.
Gao X, Nelson ME, Tucker KL. Television viewing is associated with prevalence
of metabolic syndrome in hispanic elders. Diabetes Care. 2007;30(3):694-700.
Martini FA, Borges MB, Guedes DP. Eating habit and metabolic syndrome

in a sample of Brazilian adults. Arch Latino Americanos De Nutricion.
2014;,64:161-73.

Canto-Osorio F, Denova-Gutierrez E, Sénchez-Romero LM, et al. Dietary
inflammatory index and metabolic syndrome in Mexican adult population.
Am J Clin Nutr. 2020;112(2):373-80.

Daysal B, Yilmazel G. Daily water consumption in vocational school students.
Turk J Hyg Exp Biol. 2021,77(EK-4):187-92.

Kivimaki M, Bartolomucci A, Kawachi I. The multiple roles of life stress in
metabolic disorders. Nat Rev Endocrinol. 2023;19(1):10-27.

Zhao X, An X, Yang C, et al. The crucial role and mechanism of insulin resis-
tance in metabolic disease. Front Endocrinol. 2023;14:1149239.

Richard SL, Renn BN, Tran DMT, et al. Metabolic syndrome, modifiable lifestyle
factors and sleep-sisordered breathing: the hispanic community health
study. Ann Behav Med. 2024;58(3):179-91.

Zaw M, Hein L, Martinez AC, et al. Gender differences in sleep disordered
breathing-a review of literature. Curr Pulmonol Rep. 2021;10(3):121-8.
Sabanayagam C, Zhang R, Shankar A. Markers of sleep-disordered breathing
and metabolic syndrome in a multiethnic sample of US adults: results from
the national health and nutrition examination survey 2005-2008. Cardiol Res
Pract. 2012,2012:630802-7.

Karakog FY, Donmez L. Basic principles in scale development studies. Med
Educ World. 2014;40:39-49.

Tavsancil E. Measurement of attitudes and Data Analysis with SPSS. Ankara:
Nobel Academic Publishing; 2018.

Kartal M, Bardakg! S. Reliability and validity analyses with SPSS and AMOS
practical examples. Ankara: Akademisyen Kitabevi; 2018.

Janghorbani M, Adineh H, Amini M. Evaluation of the Finnish diabetes risk
score (FINDRISC) as a screening tool for the metabolic syndrome. Rev Diabet
Stud. 2013;10(4):283.

Wiley JF, Carrington MJ. A metabolic syndrome severity score: a tool to quan-
tify cardio-metabolic risk factors. Prev Med. 2016,88:189-95.

Soriguer F, Valdés S, Tapia MJ, et al. Validation of the FINDRISC (FINnish diabe-
tes risk score) for prediction of the risk of type 2 diabetes in a population of
southern Spain Pizarra Study. Med Clin (Bare). 2012;138:389-90.

Hellgren M, Petzold M, Bjorkelund C, et al. Feasibility of the FINDRISC ques-
tionnaire to identify individuals with impaired glucose tolerance in Swedish
primary care. Diabet Med. 2012;29:1501-5. A cross-sectional population-
based study.

Makrilakis K, Liatis S, Grammatikou S, et al. Validation of the Finnish diabetes
risk score (FINDRISC) questionnaire for screening for undiagnosed type 2
diabetes, dysglycaemia and the metabolic syndrome in Greece. Diabetes
Metab. 2011;37:144-51.

Buyukozturk S. Data analysis handbook for social sciences. 17rd ed. Ankara:
Pegem Akademi; 2011.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://temd.org.tr/admin/uploads/tbl_kilavuz/20200625154506-2020tbl_kilavuz86bf012d90.pdf
https://temd.org.tr/admin/uploads/tbl_kilavuz/20200625154506-2020tbl_kilavuz86bf012d90.pdf
https://temd.org.tr/admin/uploads/tbl_kilavuz/20200625154506-2020tbl_kilavuz86bf012d90.pdf

	﻿Metabolic syndrome index measurement tool (MSI): scale development, reliability and validity study
	﻿Abstract
	﻿Background
	﻿Method
	﻿Purpose and type of research
	﻿Place and time of the research
	﻿Population and sample of the study
	﻿Data collection tools
	﻿Individual information form
	﻿Fin diabetes risk scale (FINRISC)
	﻿Metabolic syndrome index (MSI)
	﻿Literature review and creation of the item pool
	﻿Ensuring content validity
	﻿Preliminary study


	﻿Data collection
	﻿Data evaluation
	﻿Results
	﻿Characteristics of participants
	﻿Criterion validity
	﻿Distinctiveness

	﻿Discussion
	﻿Conclusion and recommendations
	﻿References


