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Diabetes is a prevalent metabolic condition with substantial health and economic impacts. Therefore,
effective and accessible indicators are essential for early detection and prevention. This study
investigates the link between the waist-to-calf circumference ratio (WCR) and diabetes risk in a large
cohort from the Longevity Check-Up (Lookup) 8+ Study. The present investigation is a retrospective
cross-sectional study. Diabetes was defined either as self-reported diagnosis, or fasting plasma glucose
equal to or greater than 126 mg/dL, or random plasma glucose equal to or greater than 200 mg/dL.
The WCR was calculated by dividing waist circumference by calf circumference. A total population of
8900 participants (mean age 57.1 + 14.8 years, 55% women) was included in the study. The prevalence
of diabetes was 9.4%. Mean WCR displayed a significant trend (p for trend < 0.001), and the analysis
of covariance (ANCOVA) revealed significant differences among the normal, pre-diabetes, diabetes
groups. Unadjusted logistic regression showed a positive association between higher WCR and
diabetes, which remained significant in the adjusted models. Receiver operating characteristic curve
analysis indicated that WCR had a higher area under the curve compared to waist circumference alone,
with cut-off values of 2.35 for men and 2.12 for women providing high sensitivity (91% for men, 92%
for women) and specificity (74% for men, 75% for women). Our study introduces WCR as a novel,
simple, and cost-effective anthropometric measure for identifying individuals at risk of diabetes,
suitable for clinical use, especially in resource-limited settings.
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WCR Waist-to-calf circumference ratio
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Diabetes has emerged as a significant global health challenge'. Because the prevalence of diabetes continues to
rise, there is a growing need to identify effective and accessible indicators that can aid in the early detection and
prevention of this condition??>.

Both diabetes and metabolic syndrome are complex conditions that involve a combination of factors,
including insulin resistance, obesity, and abnormal lipid profiles*”’. Among them, central obesity is a well-
established risk factor for both diabetes and metabolic syndrome, since visceral fat is metabolically active and
contributes to insulin resistance and inflammation, two key components of those conditions®®. For the above
reason, anthropometric measurements which offer insights into body composition and distribution of fat and
muscle have gained attention as potential markers of diabetes risk and cardiometabolic complications'®-*. The
waist-to-calf circumference ratio (WCR) has emerged as a potential indicator of these conditions due to its
ability to capture different aspects of body composition'>!¢. The WCR is calculated as the ratio between waist
circumference (WC) and calf circumference (CC). The WC has been shown to be a reliable and valid indicator
of abdominal fat mass'’, while the CC represents a proxy for total lean mass'®!°. Therefore, WCR expresses the
relationship between abdominal adiposity and body muscle mass?. A higher WCR could indicate a greater
proportion of abdominal fat relative to muscle mass, potentially signifying an increased risk for insulin resistance
and related metabolic disturbances?..

Despite growing evidence on the relationship between WCR and different health outcomes, the association
between the WCR and diabetes has been relatively underexplored. To address this gap, the present study aimed
to better understand the potential correlation between WCR and diabetes risk in a large cohort of community-
dwelling adults of all ages enrolled in the Longevity Check-Up (Lookup) 8+.

Materials and methods

The present investigation is a retrospective cross-sectional study using data from the Lookup 8+ project
(previously Longevity Check-up 7+). Lookup8+ is an ongoing initiative endorsed by the Department of
Geriatrics of the Universita Cattolica del Sacro Cuore and the Fondazione Policlinico Universitario “Agostino
Gemelli” IRCCS (Rome, Italy). The primary aim of Lookup 8+ is to foster the adoption of healthier lifestyles
within the general population. The Lookup 8+ protocol obtained ethical approval from the Ethics Committee
of Universita Cattolica del Sacro Cuore (protocol #: A.1220/CE/2011) and is comprehensively documented
elsewhere??. All participants provided written informed consent prior to enrollment. The manuscript was
prepared according to the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE)
reporting guidelines for observational studies?.

Study sample
Between June 1st, 2015, and September 30th, 2023, a total of 17,934 individuals were recruited in public places
and events. To provide a thorough geographical depiction of mainland Italy and its principal islands, cities
of different sizes were selected. In major cities such as Rome, Naples, Catania, Genoa, Bologna and Milan,
multiple initiatives were conducted to ensure a comprehensive representation of the sociodemographic traits
of the population in different areas. To be considered for inclusion in Lookup 8+, candidates had to meet the
minimum age requirement of 18 years and provide informed written consent. Exclusion criteria encompassed
self-reported pregnancy, inability to perform physical performance tests, refusal of capillary blood testing to
measure total cholesterol and glycemia, and inability/unwillingness to provide written informed consent. For
the current investigation, the analysis focused on participants who completed a comprehensive anthropometric
evaluation, which included measurements of both waist and calf circumferences.

Following the exclusion of participants with missing data in the variables of interest, namely WC (n=28465),
CC (n=251), and diabetes status (n=2396), the final analyzed cohort comprised 8900 participants (Fig. 1). In
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Fig. 1. Flowchart of the study sample selection. CC calf circumference, WC waist circumference.
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certain cases, participants had missing data in more than one area, which explains why the total number of
persons with unavailable data outnumbers the number of removed participants.

Data collection
Participants underwent comprehensive evaluations, encompassing a brief questionnaire, objective measurements
of cardiovascular health indicators, and measurement of anthropometric variables. The assessment of
cardiovascular health metrics included the administration of a lifestyle habits questionnaire and a brief evaluation
that included blood pressure measurement and point-of-care tests for total cholesterol and blood glucose?.
Smoking status was categorized into three groups: current smoker (individuals who have smoked at least 100
cigarettes in their lifetime and currently smoke), never smoked (individuals who have never smoked or have
smoked less than 100 cigarettes in their lifetime), and former smoker (individuals who have smoked at least 100
cigarettes in their lifetime but stopped within 28 days of the interview). For the analysis, smoking status was
classified as either present or never/former smoker. Body weight was measured using an analog medical scale,
while body height was determined through a standard stadiometer. The body mass index (BMI) was derived
by dividing weight (in kilograms) by the square of height (in meters). The operational definition of a healthy
diet was established as a daily intake of at least three servings (~400 g) of fruits and/or vegetables®’. The daily
consumption of fruits and vegetables was determined using reference tables provided by the Italian Society
of Nutrition (SINU) specifically designed for the Italian population®*. Fruit and vegetable servings were used
as a proxy for the quality of the dietary pattern, providing an indirect measure of overall diet quality in the
analyses?>2°. Regular engagement in physical activity or exercise was defined as participating in activities for a
minimum of 30 min, at least twice a week, over the preceding year. Respondents were asked “Within the past year,
have you partaken in physical activity or exercise for a minimum of 30 min, at least twice a week? If your answer is
affirmative, please include details about the specific activity”. The assessed activities comprised: (a) low intensity
walking for physical exertion, (b) running, cycling, or swimming, and (c) resistance training with or without
stretching exercises. Participants were categorized into different groups based on their responses: (a) inactive
(not participating in at least 30 min of physical activity or exercise twice a week), (b) light walkers, (c) engaged
in running, cycling, or swimming, (d) engaged in strength training with or without stretching, and (e) engaged
in light walking along with any other form of physical exercise. The categorization was selected to recognize
the distinction between physical activity, such as walking, and physical exercise in terms of their composition
and level of exertion?”?%, For the analysis, participants were categorized as physically active or inactive. The
measurement of total cholesterol was conducted using disposable strips and a reflectometric system, with a
portable instrument (MultiCare-In, Biomedical Systems International stl, Florence, Italy)?*. Blood pressure was
measured with an electronic sphygmomanometer according to recommendations from European guidelines®.
Blood glucose was tested from capillary blood samples using disposable strips based on an amperometric system
using a MultiCare-In portable device?. Based on the current guidelines by the American Diabetes Association,
individuals who self-reported diabetes, had a fasting blood glucose level of 126 mg/dL or greater, or had a random
blood glucose equal to or greater than 200 mg/dL, were classified as having diabetes®!. To further evaluate the
variation of WCR across the diabetes spectrum, individuals with a fasting blood glucose level between 100 and
125 mg/dL or a random blood glucose level between 140 and 199 mg/dL were classified as having pre-diabetes®..

Waist and calf circumference assessment

Anthropometric measurements were assessed using a non-stretchable pliable plastic tape. To measure WC,
participants were asked to stand with their feet aligned closely together. WC was measured at the point of
narrowest space between the ribs and hips at the end of a normal expiration. The measuring tape was placed with
a comfortable tightness, ensuring it did not apply force on the skin®2. The measurement of CC was conducted
with participants in a sitting position, with knees and ankles at right angles and feet resting on the floor. The
measurements were obtained at the point of greatest circumference on the right calf, perpendicular to its length,
without applying pressure to the underlying skin layers. If the calf was covered by clothes, participants were
requested to remove them. The measurements were approximated to the closest 0.1 cm*. The WCR was then
calculated by dividing WC by CC. Quartiles for WC, CC, and WCR were calculated separately for men and
women, as shown in Fig. 2.

Statistical analyses

The characteristics of the study participants were summarized using descriptive statistics, according to the
diagnosis of diabetes. Continuous variables were presented as mean values + standard deviation, while categorical
variables were displayed as absolute numbers and percentages. The statistical significance of differences in means
and proportions was evaluated using t-tests and chi-squared tests, respectively. Adjusted and unadjusted odds
ratios (ORs) for the association between WCR quartiles and diabetes, along with their 95% confidence intervals
(CIs), were computed by logistic regression models. Variables possibly linked to diabetes were incorporated
into the models. The final analyses were thus fine-tuned through successive adjustments: initially for age
(Model 1); subsequently for age, healthy diet, and physical activity (Model 2); and finally, for age, healthy diet,
physical activity, BMI, blood pressure, and blood cholesterol (Model 3). To assess the predictive ability of WCR
(independent variable) toward increased risk of diabetes (dependent variable), receiver operating characteristic
(ROC) curves were constructed. The resulting area under the curve (AUC) was reported, and the sensitivity
and specificity at the respective WCR thresholds were calculated. To compare the mean values of WCR between
individuals with diabetes, pre-diabetes, and no diabetes, an analysis of covariance (ANCOVA) was conducted.
For all tests, statistical significance was set as p<0.05. All statistical analyses were conducted using the SPSS
software (version 11.0, SPSS Inc., Chicago, IL).
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CC (cm) <33 33-34.9 35-36.9 237 <35 35-36.9 37-38.9 239

Fig. 2. Quartiles of cut-off values for waist circumference, calf circumference and waist-to-calf circumference
ratio according to sex. CC calf circumference, WC waist circumference, WCR waist-to-calf circumference ratio.

Total sample | Diabet No diabet
Characteristics (n=28900) (n=843) (n=8,057) |p
Age (years) 57.1+14.8 65.8+13.1 |56.2+14.7 |<0.001
< 65 years 6024 (68) 356 (42) 5668 (68)
> 65 years 2876 (32) 487 (58) 2389 (32)
Sex <0.001
Men 4018 (45) 465 (55) 3553 (44)
Women 4882 (55) 378 (45) 4504 (56)
Active smoking 1765 (20) 169 (20) 1596 (20) 0.44
Healthy diet 5505 (62) 547 (65) 4958 (61) 0.02
Physically active 5216 (59) 405 (47) 4811 (60) <0.001
BMI (kg/m?) 24.8+4.0 26.7+4.8 24.6+3.9 <0.001
Blood cholesterol (mg/dL) 194.9+36.2 187.6+37.1 | 195.7+36.0 | <0.001
Blood glucose (mg/dL) 105.4+23.7 | 150.4+40.7 | 100.7+14.8 | <0.001
Systolic blood pressure (mmHg) | 124.9+16.2 | 129.9+16.6 | 124.3+16.1 | <0.001
Diastolic blood pressure (mmHg) | 76.1+9.9 76.9+9.8 75.9+9.9 0.01
‘Waist circumference (cm) 88.3+13.5 96.6+14.5 |87.5+13.1 <0.001
Calf circumference (cm) 359+3.5 36.1+3.9 359+3.4 0.07
Waist-to-calf circumference ratio | 2.5+0.3 2.7+0.3 24403 <0.001

Table 1. Characteristics of study population according to the diagnosis of diabetes. Data are reported as
absolute value (percentage) for age group, sex, smoking status, healthy diet, and physical activity. All other
variables are shown, means + standard deviation. Healthy diet: consumption of at least three portions (>400 g)
of fruit and/or vegetables per day. Physically active: physical exercise at least twice a week. BMI body mass
index. Measured values are reported for systolic blood pressure, diastolic blood pressure, blood cholesterol and
blood glucose.

Results

Mean age of the 8900 participants was 57.1 + 14.8 years (range: 18-98), with 4882 (55%) women. The prevalence
of diabetes was 9.4% (843/8900) and was significantly higher in men than in women. The main characteristics of
participants stratified by the diagnosis of diabetes are presented in Table 1. Individuals diagnosed with diabetes
had lower levels of physical activity and were less likely to adhere to a healthy diet compared with those without
diabetes. Furthermore, participants living with diabetes had higher BMI, systolic and diastolic blood pressure,
and serum glucose levels. Conversely, blood cholesterol concentrations were higher among participants without
diabetes. Notably, individuals with diabetes had significantly greater WC than those without diabetes, whereas
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CC did not differ significantly between groups. WCR values were higher among participants with diabetes than
in those without diabetes. Further analyses were conducted to compare the mean WCR among subjects with
diabetes, pre-diabetes, and no diabetes. The results showed significant differences in the mean values of WCR
across the groups, with an average WCR of 2.4 +0.33 in individuals without diabetes, 2.6 +0.33 in individuals
with pre-diabetes, and 2.7 +0.33 in diabetic individuals. The statistical analysis indicated a significant trend (p
for trend <0.001). An ANCOVA was conducted to examine the differences in WCR levels among individuals
with normal glycemic status, pre-diabetes and diabetes, while controlling for age, sex, healthy diet, and physical
activity (Supplementary Table 1). The results indicate a significant difference in WCR among the three groups
[E(2,8750)=71.468, p<0.001]. Age, sex, diet, and physical activity were also significant covariates. The adjusted
means for WCR were 2.4 +0.33, 2.6 +0.33, and 2.8 +0.35, for normal glycemic status, pre-diabetes and diabetes,
respectively. These findings suggest a progressive increase in WCR with worsening glycemic status.

Figure 3 depicts the prevalence of diabetes among male and female participants, stratified by quartiles of
WC and CC. The highest prevalence of diabetes was observed among individuals in the higher WC quartile and
lower CC quartiles. Conversely, the lower prevalence of diabetes was found among participants in the lower WC
quartiles and higher CC quartiles. This pattern was consistent in both men and women.

Table 2 shows the results of unadjusted and adjusted logistic regression models. In the unadjusted analysis, a
significant positive association between higher WCR and the likelihood of diabetes was observed in both men
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Fig. 3. Diabetes prevalence across waist circumference (WC) and calf circumference (CC) quartiles in the
total sample (A), men (B), and women (C). The X-axis shows the quartiles of WC (progressing from Q1, the
lowest, to Q4, the highest) alongside quartiles of CC (from Q1 to Q4 in increasing order). Each bar represents
the percentage of individuals with diabetes within each specific combination of WC and CC quartiles. The
direction of progression in diabetes rate can be observed for both WC and CC across the quartiles.
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Unadjusted

Model 1

Model 2

Model 3

Odds ratio (95% confidence interval)

Men

WCR quartiles

Q1

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

Q2

1.92 (1.32-2.78)

1.34 (0.91-1.96)

1.27 (0.89-1.86)

1.21 (0.79-1.83)

Q3

2.78 (1.94-3.98)

1.59 (1.09-2.32)

1.49 (1.02-2.18)

1.35 (0.89-2.05)

Q4

5.41 (3.85-7.58)

2.60 (1.80-3.75)

2.33 (1.60-3.39)

1.78 (1.16-2.73)

Age

1.04 (1.03-1.05)

1.04 (1.03-1.05)

1.03 (1.02-1.04)

Healthy diet

1.08 (0.88-1.34)

1.02 (0.81-1.28)

Physical activity

0.75 (0.60-0.92)

0.84 (0.67-1.06)

BMI (kg/m?)

1.06 (1.03-1.10)

Systolic blood pressure (mmHg)

1.01 (1.00-1.01)

Diastolic blood pressure (mmHg)

0.98 (0.97-1.02)

Cholesterol (mg/dL)

0.99 (0.99-0.99)

‘Women

WCR quartiles

Q1

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

Q2

1.53 (0.98-2.38)

1.24 (0.79-1.94)

1.26 (0.80-1.99)

1.28 (0.78-2.11)

Q3

2.83 (1.89-4.22)

1.96 (1.29-2.97)

1.96 (1.28-2.99)

1.91 (1.20-3.05)

Q4

6.85 (4.72-9.95)

3.92 (2.62-5.88)

3.81(2.52-5.76)

3.37 (2.09-5.44)

Age

1.03 (1.02-1.04)

1.03 (1.02-1.04)

1.03 (1.02-1.04)

Healthy diet

0.98 (0.77-1.25)

0.92 (0.71-1.18)

Physical activity

0.80 (0.64-0.99)

0.83 (0.65-1.05)

BMI (kg/m?)

1.04 (1.01-1.07)

Systolic blood pressure (mmHg)

1.00 (0.99-1.01)

Diastolic blood pressure (mmHg)

1.00 (0.98-1.01)

Cholesterol (mg/dL) 0.99 (0.99-0.99)

Table 2. Crude and adjusted odds ratio of diabetes and 95% confidence intervals in the study population.
WCR waist-to-calf ratio.

(OR 5.41; 95% CI 3.85-7.58) and women (OR 6.85; 95% CI: 4.72-9.95). The association remained statistically
significant after adjusting for potential confounding factors such as age, healthy diet, physical activity, BMI,
blood pressure, and cholesterol level. In the fully adjusted model, participants in higher quartiles of WCR had
greater risk of having diabetes compared with those in lower quartiles (OR 1.78; 95% CI 1.16-2.73 for men and
OR 3.37; 95% CI 2.09-5.44 for women).

ROC curve analysis was conducted to assess the predictive capacity of WCR. The results demonstrated that
AUCs were greater for WCR compared to WC alone (Fig. 4). In men, a WCR cut-off value of 2.35 had 91% and
74% sensitivity and specificity, respectively. In women, a WCR cut-off value of 2.12 had 92% and 75% sensitivity
and specificity, respectively.

Discussion
The aim of the present study was to examine the association between WCR and diabetes in a large sample of
community-dwelling individuals of varying age groups. Our findings revealed that participants with greater
WC and smaller CC had a significantly higher prevalence of diabetes. Conversely, those with smaller WC and
greater CC exhibited a lower prevalence of diabetes. Logistic regression models showed a significant association
between a higher WCR and increased odds of diabetes in both men and women, which remained statistically
significant after adjusting for multiple potential confounders. ROC curve analysis demonstrated that WCR was
a better predictor of diabetes than WC alone, with cut-oft values of 2.35 in men and 2.12 in women providing
high sensitivity and specificity. These findings contribute to the growing body of evidence on the association
between body composition evaluated using anthropometric measures and metabolic disorders. To the best of
our knowledge, this is the first study to demonstrate an association between high WCR values and diabetes.
Abdominal fat is recognized as a causal factor for cardiometabolic disorders, whereas muscle mass has a
protective effect'. Additionally, muscle mass plays a crucial role in glucose metabolism and overall metabolic
health. Indeed, sarcopenia has been linked to insulin resistance and an increased risk of metabolic syndrome
and cardiovascular complications!***. Simultaneously assessing WC and CC may provide more precise
information about individual phenotypes than WC or CC alone. Individuals with high abdominal adiposity and
low muscle mass have a heightened susceptibility to developing metabolic and cardiovascular diseases compared
with those with contrasting phenotypes or elevated abdominal fat mass alone. Indeed, the simultaneous
presence of obesity and sarcopenia has been associated with increased prevalence of metabolic alterations®, as
well as cardiometabolic complications, including increased risk of cardiovascular events, diabetes, and diabetic
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Fig. 4. Receiver operating characteristic curve analysis for predicting diabetes according to waist
circumference and waist-to-calf circumference ratio. Areas under the curve: total sample, WC=0.59,
WCR=0.70; men, WC=10.59; WCR=0.67; women, WC=0.59; WCR=0.70.

nephropathy than isolated sarcopenia or obesity’”. Ramirez-Velez et al.*® demonstrated that muscle-to-fat ratio is
areliable predictor of cardiometabolic complications since early adulthood. Moreover, a greater WCR was linked
to an increased risk of cardiovascular and non-cardiovascular mortality®®. Hence, appraising the relationship
between adiposity and skeletal muscle mass may be crucial in evaluating cardiovascular risk.

Another relevant finding of our study is the higher risk of diabetes in women compared to men, which may
be attributed to a combination of several factors. Women often exhibit higher body fat percentages and distinct
fat distribution patterns compared to males*’. Hormonal differences, particularly the decrease in estrogen levels
during menopause, can exacerbate visceral fat accumulation and increase diabetes risk**!. Furthermore, gender-
specific metabolic responses to fat accumulation and differences in lifestyle and behavioral factors may also play
a role??®, However, it is important to consider that these findings may be influenced by other unmeasured
confounding factors such as socioeconomic status, genetic predisposition, and differences in access to healthcare
and health-seeking behavior.

The association between the WCR and cardiometabolic complications is an area of growing research
interest. Studies exploring the association between WCR and diabetes/metabolic syndrome have shown
promising results. Both diabetes and metabolic syndrome are complex conditions that involve a combination of
factors, including insulin resistance, obesity, and abnormal lipid proﬁles4. The WCR, which takes into account
abdominal fat distribution and muscle mass, has emerged as a potential indicator of these conditions due to
its ability to capture the relationships between different aspects of body composition. Wu et al.'> demonstrated
that implementing both CC and WCR in the definition of metabolic syndrome was associated with higher risk
of cardiovascular compared to the conventional criteria. The combination of metabolic syndrome with low CC
showed the strongest association with inflammation', which represents a significant factor contributing to
cardiovascular risk**~4¢. In the same study, the coexistence of metabolic syndrome and elevated WCR was found
to be associated with an augmented insulin resistance!®. In patients with diabetes, a greater WCR was associated
with carotid artery atherosclerosis'®*” and non-alcoholic fatty liver disease?®. Finally, in older adults, WCR was
positively associated with frailty?, as well as impaired cognition®*>!, and decreased health-related quality of
life>2. Further investigations are needed to establish the exact nature of this relationship, considering factors like
age, sex, ethnicity, and additional confounding variables.

Although this study presents intriguing findings, it is essential to acknowledge its potential limitations.
First, the cross-sectional design precludes the establishment of causality between greater WCR and diabetes
risk. Second, a substantial proportion of individuals were excluded from the study because of missing data in
the variables of interest. Despite attempts to restrict the time of assessments to a manageable extent, persons
were evaluated while participating in retail activities or attending social gatherings. Therefore, participants
frequently opted to terminate the evaluation prior to the completion of data collection. However, the primary
characteristics of persons with missing data were not different from those who were included in the study.
Moreover, the large sample size helped minimize the influence of participant exclusion on the validity of results.
Third, WC and CC serve as surrogate markers for abdominal fat mass and peripheral lean mass, respectively.
However, WC and CC have demonstrated to be reliable predictors of body adiposity®® and muscle mass®.
Additionally, we cannot ascertain whether the observed inverse association between diabetes and changes in
WCR should be attributed to a protective effect of increased lean mass, reduced abdominal fat mass, or both.
This underscores the need for further investigation utilizing longitudinal study designs and imaging techniques
such as dual X-ray absorptiometry, computed tomography, or magnetic resonance imaging for a more accurate
estimation of muscle mass and fat distribution. Fourth, information on specific medications or medical
conditions was not available. The collection of a thorough medical history would have excessively increased
the duration of assessments, rendering them unsuitable for the non-traditional settings in which the study
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was conducted. Further research is necessary to address this limitation and to appraise the impact of clinical
characteristics on the correlation between WCR and diabetes. Fifth, the impact of fat or lean mass distribution
on metabolic and diabetes diseases may vary across diverse populations. Our study was conducted exclusively in
Italy and virtually included only Caucasians, limiting the generalizability of our findings to other ethnic groups.
Sixth, the sample period encompasses a duration of eight years, including the occurrence of the COVID-19
pandemic. This event had the potential to impact lifestyle and health patterns, possibly leading to changes in
the incidence of metabolic diseases and body composition®. Nevertheless, these variables do not impact the
cross-sectional association between anthropometric parameters and diabetes risk, which remains the primary
focus of our investigation; however, we acknowledge it as a possible limitation. Seventh, our study only included
individuals living in the community; therefore, findings may not be generalizable to other settings. Eighth, no
socioeconomic characteristics were collected in our investigation. Socioeconomic disparities are associated with
increased cardiometabolic risks®”. Additionally, the willingness of individuals to participate in health campaigns
and screening activities is significantly influenced by socioeconomic vulnerability, income, and education.
To minimize obstacles to participation, all check-ups were provided free of charge during events that were
open to the public and held in easily accessible places. Furthermore, as previously mentioned, our research was
conducted in cities of varying sizes and within diverse areas within larger cities to guarantee a comprehensive
representation of sociodemographic characteristics.

Conclusions

Findings from the present study indicate that WCR may be a valuable and practical anthropometric index
for identifying individuals with diabetes. Its potential as an indicator of diabetes and metabolic syndrome
risk lies in its ability to offer insights into both abdominal fat distribution and muscle mass. As research in
this area progresses, an understanding of this relationship has the potential to enhance risk assessment and
implement targeted interventions for these prevalent metabolic conditions. Healthcare professionals can
utilize measurements of waist and calf circumferences to identify individuals at an elevated risk of these health
complications, thereby enabling the implementation of tailored interventions to mitigate risks and promote
metabolic health. Furthermore, readily accessible measurements empower individuals to make informed
lifestyle choices, which contributes to their overall well-being and potentially to healthier and longer lives.

Data availability

The data that support the findings of this study are available on request from the corresponding author. The data
are not publicly available due to their containing information that could compromise the privacy of the research
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