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Abstract - The aim of this study was to analyze the relationship between metabolic syndrome (MS) and anthropometric
measurements (AM) in people with type 2 diabetes mellitus (DM2) registered with the Family Health Strategy
Units of Rio Branco, state of Acre,in 2019. Cross-sectional study with individuals with DM2. MS was the dependent
variable, and anthropometric variables were obtained through physical and laboratory examinations. A Student’s t-test
or a Wald’s chi-square test was used to compare groups. We tested correlations between AM and MS and used
logistic regression to verify whether these indices were independently associated with the presence of MS. We
evaluated the predictive power of the anthropometric indices using the ROC curve. A significance level of p < 0.05
was adopted. Of the 2,492 individuals with DM2 82.6% had MS, characterized by a high prevalence of elevated waist
circumference (85%) and triglyceride levels = 150 mg/dL (55%). Individuals with MS exhibited significantly higher
blood pressure, triglyceride, TyG, and AM values, particularly among men. The correlation between anthropometric
indicators and MS components varied by sex. The body roundness index CUN-BAE indices showed the best overall
performance. The ROC analysis revealed that the BAT, CUN-BAE, and TMI indices exhibited greater discriminatory
power among men, whereas the CI, WHR, and TyG indices demonstrated greater sensitivity among women. The
study revealed a high prevalence of MS in the analyzed population, particularly regarding abdominal obesity and
dyslipidemia. These findings reinforce the need to incorporate more specific anthropometric indicators to identify
MS and prevent complications in diabetics.

Key words: Anthropometry; Diabetes mellitus, Metabolic syndrome.

Resumo - O olyetivo deste estuds for analisar  redagao entre sindrome metabdlica (SM) e medidas antropometricas (Med)
em pessoas com diabetes mellitus tipo 2 (DM2) cadastradias mas Unidades de Eitratégia de Savde diz Fiamilia de Rio Brance,
Aere, emr 2019, Trata-se de um estudo transversal com individuos com DM2. A varidvel dm/eﬂz‘fﬁia SM, ¢ as varidvess
antropometricas foranm obtidas por exames fisicos ¢ laboratorials, A comparagao entre grupos utilizou os lestes £ de Student ou
qui-guadiady de Wald, Foram testadias correlagdes entre as MA ¢ a SM; ¢ regressao lpgistica para verficar se esses tndlices se
assaciavan de forma 7 a presenga de SM. A > prediifiva dos indlices antropomeiricos for avaliada por mieio
iz curva ROC. Adoton-se nivel de signyjficancia dep < 0,05, Entre 2,492 individuos com DM2, 82,6% apresentaram SM, com
alla frequéncia de circunferéncia da cintura elevada (85%) ¢ trighicerideos >150 mg/il. (33%). Individuos com SM exibiram
walpres sgnificativaniente maiores d pressao arerial triglicerideos, 7yG e M, egpecialmente entre os bomerns. A correlagio entre
72 s antre Fricose. 25 dla SM warion conforme o sexo, com destague para 0 IRC e o CUN-BAE, gue mostraram
melhor desempento geral. Na andlise ROC, os indlices LAC, CUN-BAE e IMT apresentaranm mator poder discriminaldrio entre
Gusiao da SM na populagi

Lomens, enguanto 16 RCQ e TG foram mas sensiveis entre mulberes. O estudp eviderncion alta dis

analisadn, com destague para obesidade abdominal e disljpidemiia. Esses achados reforyam a recessidade de incorporar indicadores
antropomeiricos especyficos ¢ mais precisos para identificar a SM e prevenis cages em diabericos.
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Metabolic syndrome and anthropometric measures

INTRODUCTION

Non-communicable chronic diseases (NCDs) pose a significant global challenge,
resulting in high rates of premature mortality, disability, and diminished quality
of life. These diseases hinder the achievement of the Sustainable Development
Goals (SDGs) of the 2030 Agenda due to their social and economic impacts'.
The increase in these diseases is related to demographic and epidemiological
transitions occurring worldwide. In Brazil, data from the 2019 National Health
Survey indicate prevalence rates of 23.9% for hypertension, 7.7% for diabetes
mellitus, and 14.6% for hypercholesterolemia among adults, diagnostic criteria
for metabolic syndrome that impose a significant burden on health systems’.

Metabolic syndrome (MS) is notable for its impact on cardiovascular
morbidity and mortality. Early detection and appropriate management of its
risk factors are fundamental to reducing this impact. Although there is no single
consensus on its definition, the 2009 harmonized version is widely used, as it
tavors comparability between populations’.

Central obesity plays a key role in identifying MS and can be assessed using
simple AM such as weight, height, and waist circumference’. While the latter is
widely used, recent studies indicate that other measurements can also be effective
in assessing MS°. Among these, the body mass index (BMI), waist-to-hip ratio
(WHR), conicity index (CI), and lesser-known measures such as the body
adiposity estimator (CUN-BAE), triponderal mass index (TMI), body adiposity
index (BAI), and body roundness index (BRI) stand out®.

Considering that people with DM2 are more prone to metabolic syndrome and
its complications, determining the most effective anthropometric measurements
for identification becomes relevant. Thus, this study aimed to determine the
prevalence of MS and its relationship with anthropometric measurements in
people with DM2 registered with Family Health Strategy Units of Rio Branco,
state of Acre, in 2019.

METHOD

This was a cross-sectional study conducted with individuals aged 18 years or
older who were diagnosed with type 2 diabetes mellitus (DM2) and registered
with Family Health Strategy (FHS) units in the urban area of Rio Branco,
state of Acre. Individuals with limitations that prevented communication
or understanding of the questions, pregnant women, and people with type 1
diabetes were excluded from the sample.

The sample was defined based on the FHS registries, which were updated in
partnership with community health agents. The sampling plan was carried out
in two stages: initially, the FHS teams were selected proportionally based on the
number of registered patients. Then, individuals were randomly selected from
within each team. The sample size calculation considered an estimated proportion
of 50%, a sampling error of 3.5%, and a design effect of 1.5. This resulted in a
minimum sample size of 308 people with DM2. To compensate for potential
losses and refusals, an additional 20% was added to this number, resulting
in a total of 324 participants. In the expanded sample, this represents 2,492
participants. This work is part of the project, “Study of chronic diseases from
the perspective of health quality: Methodological Aspects,” the additional
details of which are described in Amaral et al.’.
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Metabolic syndrome and anthropometric measures

Between April and July of 2019, a team of 16 trained professionals collected
data in a private setting at the Basic Health Units. Information was obtained
through structured interviews, laboratory tests,and anthropometric assessments.
The team used an electronic instrument developed on the REDCap platform
that had been tested in a pilot study.

Weight, height, waist, and hip circumference measurements were collected,
following the protocols of the American College of Sports Medicine®. Body weight
was measured using a G-Tech® digital scale with participants standing barefoot in
light clothing. Height was measured using a Sanny” portable stadiometer. Waist
circumference was obtained using an inelastic anthropometric tape, positioned
at the smallest curvature of the trunk, at the end of expiration. Blood pressure
was measured with a Beurer” digital device, according to the recommendations
of the Ministry of Health’, in three consecutive measurements, considering the
average of the last two.

Blood samples were drawn after a 12-hour fast for analysis of triglycerides,
total cholesterol, and fractions (HDL and LDL). Additional samples were used
to measure glycated hemoglobin and fasting blood glucose, the latter obtained
by capillary puncture with an Accu-Chek Performa” glucometer (Roche).

The dependent variable was the presence of MS, which was classified as
present or absent according to the harmonized definition'’. The diagnosis was
established when three or more of the following criteria were met: triglyceride
level > 150 mg/dL or use of dyslipidemia medication; systolic blood pressure > 130
mmHg and/or diastolic blood pressure > 85 mmHg, or use of antihypertensive
medication; fasting blood glucose = 100 mg/dL or use of hypoglycemic agents;
HDL < 40 mg/dL in men or < 50 mg/dL in women, or use of dyslipidemia
medication; and abdominal circumference > 102 cm in men or > 88 cm in women.

Different anthropometric indices were evaluated, including body mass index
(BMI), waist-to-hip ratio (WHR), conicity index (CI), triponderal mass index
(TMI), body adiposity index (BAI), CUN-BAE, body roundness index (BRI),
and triglyceride-glucose index (TyG), according to the formulas in Chart 1°.

Chart 1. Formulas for anthropometric measurements and biochemical indices.

ANTHROPOMETRIC

INDICES FORMULAS
Fasting triglycerides Fasting blood glucose
Triglyceride glucose _n ey (mg/dL)x 2 = (mg/dL)
index— TyG TyG 5
Body mass BMI = Body mass (kg )
index — BMI Height (m)?
; Waist circumference (m)
Conicity index - Cl 0.109 Body weight(kg)
' Height (m)
Body adiposity BAI = we _18
index — BAI Height x \/Height

Note. WC = waist circumference; kg= kilogram; m= meter; mg/dL= milligram per deciliter; ﬂ(pi) =3.14.
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Chart 1. Continued...

ANTHROPOMETRIC
INDICES

FORMULAS

. L CUN - BAE = —44.988+ (0.503 x age) + (10.689 x sex) +
Clinica Universidad
de Navarra - (3.172 x BMI) - (0.026 x BMI2) + (0.181 x BMI x sex) —
Body Adiposity  (0.02 x BMI x age) — (0.005 x BMI2 x sex) + (0.00021 x BMI2 x age),
Estimator - CUN-BAE

where male = 0 and female = 1

we )

Body roundness v

index — BRI BRI=364.2-365.5x4[1— 5

(0.5x Height)

Triponderal mass VT Body mass (kg)

index — TMI Height (m)s

ist-to-hi WC(c
Wal_st to-hip WHR = (em)
ratio - WHR Height(cm)

Note. WC = waist circumference; kg= kilogram; m= meter; mg/dL= milligram per deciliter; ﬂ(pi) =3.14.

Continuous variables were described using means and standard deviations,
while categorical variables were described using absolute and relative
frequencies. Student’s t-test was used for continuous variables, and Wald’s
chi-square test was used for categorical variables to compare groups with
and without MS. The correlation between AM and MS was verified using
the Pearson correlation coefficient. The predictive power of anthropometric
indices to identify MS was evaluated using the ROC curve. All analyses
were performed using SPSS® software, version 20.0, adopting a significance
level of p < 0.05.

The study followed the ethical principles established by Resolution No.
466/2012 of the National Health Council and was approved by the Research
Ethics Committee of the Federal University of Acre, under opinion number

2753401. All participants signed the Informed Consent Form.

RESULTS

Among the 2,492 people with DM2 included in the study, 40% had high
blood pressure, 55% had triglycerides > 150 mg/dL, 45% had low HDL, and
85% had an elevated WC. 2,059 people with diabetes presented with at least
2 other components of MS, resulting in a prevalence of 82.6% of MS in this
population, according to the harmonized definition (Figure 1).

Individuals with MS presented significantly higher values for weight,
blood pressure (SBP and DBP), triglycerides, TyG, and the main metabolic
AM (WC, BMI, TMI, BRI, CUN-BAE, and WHR) compared to those
without MS (p < 0.05). These differences were more pronounced among
men, especially for weight, blood pressure, and triglycerides, though there
was no difference for BAI. Women stood out for their older age, shorter
stature, and elevated SBP, DBP, triglycerides, TyG, and body adiposity
measures, except for BMI, CI, and WHR. Among the variables, blood
glucose and HDL did not differ significantly in this population composed
of people with DM2 (Table 1).
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Metabolic syndrome components

120%

100% L
85.7 826
80%
S 60.2 56.3 55.7
43.7 443
40% &
0% T .
SAH SBP = Triglycerides HDL < 40 (H) Diabetes WC 3 or more
130 DPB = 85 2150 and < 50 (W) H: > 0.90; components
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Figure 1. Distribution of metabolic syndrome components in people with diabetes registered with the
Family Health Strategy (FHS) of Rio Branco, state of Acre, in 2019.

Note. SAH: Systemic arterial hypertension; HDL: High-density lipoprotein; M: Men; W: Women; WC:
Waist circumference.

Correlation analysis revealed different patterns according to sex when examining
the relationship between AM and MS components. In both sexes, WC showed
positive correlations, although of weak to moderate magnitude, with systolic and
diastolic blood pressure and a negative correlation with HDL (p < 0.05). In men,
WC was also associated with blood glucose and triglyceride levels (p < 0.05).
Despite being the classic indicator of central adiposity, other AM performed
better with MS components. BRI and CUN-BAE were superior in both sexes,
with CUN-BAE being more sensitive among men and BRI being more robust
among women (p < 0.05). BMI and TMI exhibited intermediate performance
and correlations similar to WC, while BAI, WHR, and CI showed weaker and
inconsistent correlations with metabolic components (Table 2).

In the sex-stratified analysis, WC and WHR showed better discriminatory
power among women, with an area under the curve (AUC) of 0.728 and 0.706,
respectively. TyG also showed good performance (AUC = 0.682; p = 0.001)
and statistical significance. Other indicators, such as BRI, CUN-BAE,
TMI, WC, and BMI, had AUC values between 0.543 and 0.667, and
lower discriminatory power, although some, such as BRI (p = 0.007), were
statistically significant. Among men, the BAI, CUN-BAE, and TMI indices
stood out, with AUCs of 0.824, 0.801, and 0.807 (p < 0.001), respectively.
BRI and BMI also showed good performance with AUCs of 0.782 and
0.796, respectively (p < 0.001). TyG, WC, and CI presented intermediate
AUC:s (0.680-0.757; p < 0.001), while WHR (AUC = 0.654; p = 0.121)
was not significant (Table 3).

DISCUSSION

Metabolic syndrome (IMS) is highly prevalent in the studied population, with
most individuals exhibiting multiple risk factors associated with abdominal
obesity and elevated triglyceride levels. Individuals with MS have significantly
higher blood pressure, weight, and triglycerides than those without MS.
The diagnostic capacity of AM varies between men and women. WC showed
weak to moderate correlations; CUN-BAE obtained better results in men,
while BRI obtained better results in women.
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Table 3. Performance of anthropometric indices in discriminating metabolic syndrome according to sex,
based on ROC curve analysis, in people with type 2 diabetes registered with the Family Health Strategy
(FHS) of Rio Branco, state of Acre, in 2019.

Indices AUC (95% CI) p-value Cutting  Sensitivity  Specificity Youden

point (%) (%) index

Female
BMI 0.543 (0.405-0.681) 0.539  29.0592 58.9 58.8 0.177
WHR 0.706 (0.599-0.813) 0.001 0.8888 71.0 62.5 0.338
Cl 0.728 (0.621-0.835) 0.001 1.2457 713 62.5 0.338
CUNBAE  0.622 (0.481-0.762 0.091 42.6749 64.0 64.7 0.287
T™I 0.590 (0.459-0.721) 0.178 19.0061 61.1 64.7 0.258
BRI 0.667 (0.547-0.787) 0.007 5.3801 66.7 62.5 0.292
BAI 0.564 (0.438-0.690) 0.319  35.6635 59.8 62.5 0.223
WC 0.594 (0.460-0.728) 0.170 93.85 54.2 56.2 0.105
TG 0.682 (0.573-0.790) 0.001 4.9453 729 64.7 0.376

Male

BMI 0.796 (0.679-0.913) 0.001 26.6120 67.3 72.7 0.401
WHR 0.654 (0.459-0.848) 0.121 0.9665 64.6 70.0 0.346
Cl 0.680 (0.483-0.877) 0.073 1.2902 76.0 70.0 0.460
CUNBAE  0.801 (0.677-0.926) 0.001 26.1349 86.7 73.6 0.504
T™I 0.807 (0.681-0.933) 0.001 15.4368 78.6 72.7 0.513
BRI 0.782 (0.659-0.904) 0.001 41215 82.7 70.0 0.527
BAI 0.824 (0.697-0.952) 0.001 25.8502 80.6 80.0 0.606
WG 0.757 (0.636-0.879) 0.001 93.38 66.3 60.0 0.263
TG 0.732 (0.639-0.826) 0.001 4.9904 75.5 62.5 0.380

Note. AUC: Area Under the Curve; TyG: Triglyceride-glucose index; WC: Waist circumference (centimeters, cm); BMI: Body
Mass Index (kilograms per square meter, kg/m?); TMI: Triponderal Mass Index; BRI: Body Roundness Index; CI: Conicity Index;
CUN-BAE: Clinica Universidad de Navarra Body Adiposity Estimator; BAI: Body Adiposity Index; WHR: Waist-to-Hip Ratio.

These findings reinforce the idea that everyone with diabetes is at risk for
metabolic complications and requires intervention, either through lifestyle
changes or medication. Hyperglycemia, characterized by elevated glucose
levels, is one of the five criteria for diagnosing MS, according to the main
international consensus guidelines’. It is important to note that the lack of
a standardized definition of MS makes evaluation difficult and increases the
risk of complications''. Most individuals with DM2 meet the criteria for MS*,
resulting in a high prevalence in this study.

Studies conducted in different geographical contexts corroborate the high
values found in this study. In Pakistan, MS was identified in 65.6% of diabetics
according to the IDF criteria®; in Ghana, the prevalence reached 58% according
to NCEP ATP III; and in Malaysia, the proportions were 95.8% (WHO), 96.1%
(NCEP ATPIII), 84.8% (IDF),and 97.7% (harmonized definition)'* In Brazil, a
study in the Northeast region identified a prevalence of 74.3% using IDF criteria,
70.8% according to NCEP ATP III, and 76.1% according to the harmonized
definition® In Piaui, 50.7% of people with diabetes mellitus presented with
MS, according to the NCEP ATP III criteria’® These data demonstrate that
the prevalence of MS among people with diabetes is alarming, both in different
countries and in different regions of Brazil. In the local context of Rio Branco,
state of Acre, our findings indicate a similarly concerning situation, reinforcing
the necessity of systematic primary healthcare interventions aimed at preventing,
detecting early, and managing multiple metabolic risk factors.

Among the components of M, the absence of significant differences in blood
glucose and HDL levels between the groups with and without MS deserves
highlighting, especially among individuals with DM2. This is plausible since
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glycemic control tends to be more consistent due to diabetes-specific drug
treatment and dietary interventions. Therefore, the focus of metabolic risk shifts
to other components of MS, such as obesity, blood pressure, and triglycerides.
In this study, these factors proved to be the most frequently altered. These results
corroborate previous research pointing to these alterations as determinants of
increased cardiovascular and metabolic risk in people with DM27".

Correlation analysis of the AM and MS components revealed distinct patterns
depending on sex. BRI and CUN-BAE performed better in both sexes. In a
study of European adults, CUN-BAE also performed well in both men and
women when BMI was added for men, and the weight-for-height ratio was
added for women™. A possible explanation for this performance is that its
tormula includes age, BMI, and sex, which takes into account each individual’s
particularities, setting it apart from other measurements that do not consider
these particularities’ BRI is also supported by Chinese research that showed
the relevance of this measurement in predicting MS*.

The CIand WHR were more correlated with blood glucose, which is a similar
relationship found in elderly diabetics*. Despite being an indicator of central
adiposity, WHR did not reach statistical significance in diabetic individuals.
However, in studies of healthy populations, it has shown relevance®* .

Thus, the data revealed that although WC is still more commonly used to
predict MS, other measures have higher correlations in the diabetic population.
In summary, the AM evaluated in this study showed higher correlations than
WC in predicting MS. These findings are consistent with those of other studies
on the subject” .

It is also worth noting that this study involved a representative population of
people with DM2 registered in primary care. This allowed for the assessment
of MS based on objective health data and the use of different AM in a specific
clinical and population context. Using multiple anthropometric indices, including
alternatives to WC, and conducting stratified analyses by sex adds methodological
robustness. This allows us to identify which measures are more discriminatory
in men and women with significant health condition differences in a specific
population. However, there are limitations to consider. The cross-sectional design
prevents inferring causal relationships between AM and MS. In addition, some
behavioral and clinical variables were obtained through self-report. Finally,
although the study included multiple anthropometric indices, it did not evaluate
other biomarkers or more advanced body composition and position measures,
such as bioimpedance, which could complement metabolic risk analysis.

In conclusion, incorporating more precise and contextualized metabolic indices
can optimize the early detection of MS, guide lifestyle interventions and drug
treatment, and reduce the risk of cardiovascular and metabolic complications
in individuals with diabetes. Further longitudinal and multicenter research
is necessary to validate these indices in different populations and develop
evidence-based clinical recommendations.

CONCLUSION

In summary, our findings indicate a high prevalence of metabolic syndrome (IMS)
in the analyzed population, with abdominal obesity and dyslipidemia emerging
as the primary altered components. The observed differences between the sexes
reinforce the influence of biological and behavioral factors on the manifestation of
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MS. Alternative anthropometric indices, such as CUN-BAE and BRI, exhibited
stronger correlations with MS components and greater discriminatory power
than WC alone. The identification of male sex, non-smoking, and the use of
oral medication as protective factors emphasizes the importance of integrated
therapeutic strategies focusing on metabolic control and lifestyle modification.
These results highlight the need to incorporate more precise, individualized
anthropometric indicators into clinical practice to improve the screening and
prevention of MS and its complications in diabetic populations.
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