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Abstract

Purpose: This study aimed to evaluate the association between
five anthropometric indicators and type 2 diabetes mellitus
(T2DM) prevalence among older adults in a primary care setting
in Semarang, Indonesia.

Methodology: A cross-sectional study enrolled 55 individuals
aged >45 years at Kedungmundu Primary Health Center.
Anthropometric measurements and capillary blood glucose were
collected from routine health examinations. T2DM was defined
as random blood glucose >200 mg/dL or prior diagnosis.
Independent t-tests, Mann—Whitney U tests, and multivariate
logistic regression were applied.

Results: Of 55 participants (mean age 59.95 + 6.76 years; 9.1%
T2DM), no significant differences were found in any
anthropometric indicator (all p > 0.05), although WC (92.00 vs.
89.50 cm), BMI (29.33 vs. 26.28 kg/m?), WHtR (0.61 vs. 0.58),
and BRI (5.86 vs. 5.15) were consistently higher in the DM
group. Multivariate analysis identified age as the only variable
approaching significance (OR = 0.87, 95% CI: 0.75-1.01, p =
0.062), suggesting T2DM was more frequent among younger
elderly individuals.

Conclusions: Consistent directional trends support the
exploratory utility of WC, BMI, and WHtR as initial metabolic
screening tools in primary care for younger elderly individuals,
pending confirmation through larger longitudinal studies.
Limitations: The small DM case count (n = 5), cross-sectional
design, and single-site recruitment limit statistical power and
generalizability.

Contributions: This study provides original evidence on the
utility of five anthropometric screening indicators for T2DM risk
identification in elderly Indonesian primary care populations,
informing clinical practice and screening strategies in resource-
limited health settings.
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1. Introduction

Type 2 Diabetes Mellitus (T2DM) is widely recognized as a major contributor to the global non-
communicable disease burden, with a disproportionately high impact on aging populations. The IDF
reported that diabetes affected over 536 million adults aged 20-79 years in 2021, comprising
approximately 10.5% of that age group globally, and projections suggest this figure may approach 783
million by 2045. Indonesia reflects this trend, with national health surveys documenting an increase in
prevalence from 10.9% in 2018 to 11.7% in 2023 (Kementerian, 2023).

The aging process involves multiple physiological alterations that heighten susceptibility to metabolic
disease, among them declining insulin sensitivity, impaired pancreatic beta-cell function, and
progressive visceral fat deposition (Rizvi & Rizzo, 2024). Together, these changes substantially
elevate T2DM risk in older individuals, underscoring the need for timely detection and targeted
preventive strategies (Unnikrishnan, Pradeepa, Joshi, & Mohan, 2017). Among the tools available for
metabolic risk assessment, anthropometric measurements including Waist Circumference (WC), Body
Mass Index (BMI), Waist-to-Hip Ratio (WHR), and Waist-to-Height Ratio (WHtR) are widely
adopted in both clinical practice and epidemiological surveillance (Konstantinova, Maslakova, &
Ogorodnikova, 2024; Park, Byun, & Kim, 2025; Sadeghi et al., 2024). More recently, novel indices
such as the A Body Shape Index (ABSI) and Body Roundness Index (BRI) have attracted attention as
potentially superior alternatives, given their capacity to reflect body geometry and regional fat
distribution beyond what traditional measures capture. This distinction is particularly relevant for
older adults, in whom age-related sarcopenia and visceral fat redistribution can render BMI-based
assessment misleading, making shape-based indices such as ABSI and BRI potentially more sensitive
to true metabolic risk (Chang et al., 2016; Krakauer & Krakauer, 2012).

The bulk of existing research on anthropometric indices and diabetes risk has centered on the general
adult population, with comparatively little attention directed toward older adults as a distinct subgroup
(Feng_et al., 2023; Ke et al.,_2022). Evidence from primary care settings also remains sparse,
particularly within community-based health systems in resource-limited countries such as Indonesia
(Harbuwono, Tahapary,_ Tarigan, & Yunir, 2020; Kurniawaty, 2020; Pagehgiri,_Irawati, & Josafat,
2019). This gap motivated the present investigation, which aimed to evaluate the relationship between
a range of anthropometric measures and T2DM occurrence among elderly patients attending a primary
health facility in Semarang, Indonesia. Unlike previous studies that predominantly relied on hospital-
based or large-scale national survey data, the present study specifically targets a community primary
care setting, uses routinely collected clinical data, and includes novel indices (ABSI and BRI)
alongside traditional measures in an elderly Indonesian cohort, a combination that has not been
previously examined in this context. The findings are intended to support the selection of feasible,
low-cost anthropometric screening tools for diabetes risk identification in elderly primary care
populations in resource-limited settings.

2. Literature Review and Hypothesis Development

Anthropometric assessment for metabolic risk has been studied extensively across populations, though
evidence varies by indicator, population, and setting. Body Mass Index (BMI) is the most widely used
anthropometric measure globally due to its simplicity and reproducibility. However, BMI fails to
distinguish fat mass from lean mass and does not capture fat distribution, limiting its utility in older
adults where sarcopenic obesity is prevalent (Rizvi & Rizzo, 2024). Waist Circumference (WC) and
Waist-to-Height Ratio (WHtR) address this limitation by specifically capturing central adiposity. Lee,
Huxley, Wildman, and Woodward (2008) demonstrated in a meta-analysis that indices of abdominal
obesity are superior discriminators of cardiovascular risk factors compared to BMI alone. Liu et al.
(2021) demonstrated in a prospective cohort of 6,990 hypertensive adults that BRI was the most
superior predictor of diabetes onset compared to other anthropometric indices, including BMI, WC,
and WHtR. This finding was further supported by Zhao, Tong, Li, and Cao (2021) in a Japanese
cohort, and by Zhou and Liu (2025) in a population-based prospective study among adults aged >45
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years, in which each 1-SD increase in BRI was associated with a 27% higher risk of incident T2DM.
Krakauer and Krakauer (2012) showed that ABSI independently predicts mortality hazard beyond
BMLI. In Southeast Asian contexts, the utility of these indicators may be modulated by ethnic-specific
body composition characteristics, as Asian populations tend to accumulate visceral fat at lower BMI
thresholds than Western populations (Saeedi et al., 2019; WHO Expert Consultation, 2004).

Despite the proliferation of anthropometric screening tools, the evidence base in elderly primary care
populations in Southeast Asia remains sparse. A systematic review by Talukder, Kelly, Gray,_and
Sarma (2024) examined the prevalence of obesity among South and Southeast Asian adults and
highlighted that the relationship between anthropometric indices and metabolic risk differs
substantially from Western populations, particularly in the elderly. The authors emphasized the need
for population-specific validation of anthropometric cut-offs before clinical application. Sartika et al.
(2025) demonstrated that WHtR outperformed BMI, WC, and WHR in detecting diabetes mellitus
using data from 7,699 individuals, with WHtR showing the highest AUC (0.731) for DM detection in
men, reinforcing its utility as a primary care screening tool in Indonesia. Studies from Indonesia and
neighboring countries suggest that WC and WHtR may outperform BMI in predicting cardiometabolic
risk in local populations (Harbuwono, Tahapary, Tarigan, & Yunir, 2020). However, evidence
specifically in elderly primary care populations remains underexplored.

The aging-related shift in body composition, characterized by reduced lean mass and increased
visceral adiposity, may alter the diagnostic performance of standard anthropometric cut-offs originally
developed in younger adults (Sharma & Majumdar, 2009). Furthermore, survivor bias in cross-
sectional studies of elderly cohorts may obscure true associations, as the oldest individuals with
severe metabolic disease are less likely to be represented in primary care samples (Neeland, Turer,
Ayers, Berry, Rohatgi, & Das, 2015). Taken together, the existing literature reveals three key gaps:
most validation studies of anthropometric indices were conducted in general or middle-aged adult
populations rather than the elderly; the comparative performance of traditional (BMI, WC, WHtR)
versus novel (ABSI, BRI) indices in elderly primary care settings remains poorly characterized; and
evidence from Southeast Asian, and specifically Indonesian, elderly populations is scarce. These gaps
justify an exploratory examination of multiple indices simultaneously within a single primary care
cohort. Based on this evidence, this study proposes two hypotheses: (H:) higher values of visceral
adiposity-sensitive indicators (WC, WHtR, BRI) will be positively associated with T2DM status; and
(H:) younger elderly individuals (aged 45—60 years) will show a higher prevalence of newly identified
diabetes than the oldest-old, reflecting midlife accumulation of metabolic risk factors.

3. Research Methodology

3.1 Study Design and Setting

This cross-sectional study was conducted at Kedungmundu Primary Health Center in Semarang,
Central Java, Indonesia. Data were collected in 2024 from routine health examination records. Ethical
approval was obtained from the Health Research Ethics Committee Komite Etik Penelitian
Kesehatan (KEPK) of Universitas Negeri Semarang (No. 298/KEPK/EC/2023), and all procedures
adhered to the Declaration of Helsinki.

3.2 Participants

A total of 55 older adults aged >45 years were enrolled using a total sampling technique,
encompassing all eligible individuals who attended routine health check-ups at the facility during the
data collection period. Total sampling was chosen to maximize the available sample from this single
primary care site during the study period, ensuring that no eligible participant was excluded without
clinical reason. Inclusion criteria were: (1) registered patient at Kedungmundu Primary Health Center,
(2) aged >45 years, and (3) having complete anthropometric and blood glucose data. Individuals with
a known diagnosis of type 1 diabetes mellitus, or conditions known to affect body composition such
as malignancy or severe edema, were excluded. Given the exploratory nature of this study, a formal a
priori sample size calculation was not performed; the small number of DM cases (n = 5) represents a
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recognized limitation. It is important to acknowledge that this sampling approach may introduce
selection bias, as attendees of routine health check-ups at a single facility may not be representative of
the broader elderly population. Specifically, individuals who are healthier, more health-conscious, or
with better healthcare access may be overrepresented, potentially attenuating the observed differences
between DM and non-DM groups.

3.3 Anthropometric Data Collection
Anthropometric measurements were obtained by trained health personnel following standardized

protocols. BMI was derived by dividing body weight (kg) by the square of standing height (m). WC
was obtained by placing an inelastic tape measure at the midpoint between the lowest rib margin and
the iliac crest. WHtR was derived by dividing WC by standing height. ABSI was calculated using the
formula:

ABSI = S (1)

BMI? x Height?

The A Body Shape Index (ABSI) was used as an anthropometric indicator to assess abdominal obesity
relative to body size. ABSI is calculated using Equation (1), where Waist Circumference (WC) is
standardized by Body Mass Index (BMI) raised to the power of 2/3 and height raised to the power of
1/2. This adjustment allows ABSI to capture central fat distribution independently of overall body
mass, making it a more specific predictor of health risks associated with abdominal obesity compared
to BMI alone.

BRI was calculated as:

(3’

)
(0.5 x Height)?

BRI = 364.2 — 365.5 X 4|1 —

The Body Roundness Index (BRI) was applied to estimate body shape and visceral fat distribution. As
shown in Equation (2), BRI is derived from a geometric model that incorporates Waist Circumference
(WC) and height to approximate body roundness. The formula transforms WC into a circular radius
and relates it to height to estimate body fat accumulation. Higher BRI values indicate greater central
obesity and increased metabolic risk, making it a useful complementary indicator to traditional
anthropometric measures.

Blood pressure was recorded using a calibrated sphygmomanometer; blood glucose was assessed
using capillary measurement via a glucometer.

3.4 Definition of T2DM

T2DM status was determined based on either (1) a random capillary blood glucose level >200 mg/dL
at the time of examination, or (2) a prior medical diagnosis documented in the patient's health record.
It is acknowledged that this approach does not fully conform to gold-standard diagnostic criteria
requiring fasting plasma glucose, HbAlc, or oral glucose tolerance testing (ElSayed et al., 2022;
Karnchanasorn et al., 2016), and may introduce a degree of diagnostic misclassification.

3.5 Statistical Analysis

All statistical procedures were carried out using IBM SPSS Statistics version 25. Descriptive statistics
for continuous variables were presented as mean + Standard Deviation (SD) when normally
distributed, or as median with range when not. Categorical variables were reported as frequencies and
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percentages. Distribution normality was evaluated with the Kolmogorov—Smirnov test. The
independent samples t-test was applied for normally distributed variables; the Mann—Whitney U test
was used for non-parametric distributions. Candidate variables with p < 0.25 in bivariate screening
were entered into a multivariable logistic regression model using backward stepwise elimination
(likelihood ratio). Regression outputs are expressed as odds ratios (OR) with 95% confidence intervals
(CI); p < 0.05 was considered statistically significant (Greenland, Senn, Rothman, Carlin, Poole,
Goodman, & Altman, 2016). Participants with incomplete anthropometric or blood glucose data were
excluded at enrollment (complete-case analysis); no imputation was performed given the exploratory
nature of the study. Owing to the small number of DM events (n = 5), the Events Per Variable (EPV)
fell well below the recommended minimum of 10, rendering multivariable estimates highly unstable
(Bender & Lange, 2001).

4. Results and Discussions

4.1 Participant Characteristics

The high proportion of female participants (78.2%) in this study is consistent with patterns reported
across elderly health programs in Indonesia. Rosha, Oksidriyani, Siyam, Meisyaroh, Amalia, and
Fakhira (2024) documented similar female predominance in integrated elderly health service data
from Semarang, attributing this to culturally embedded health-seeking behaviors among older
Indonesian women. Additionally, the mean systolic blood pressure of 132.09 mmHg in the present
sample is consistent with the well-documented high burden of hypertension among Indonesian elderly,
with national data reporting hypertension prevalence of 55.2% in the 55-64 age group and exceeding
63% in those aged 65—74 years (Khasanah, Kelliat, Afiyanti, Besral, & Sari, 2024). A recent cross-
sectional study in Klaten, Central Java similarly confirmed the high prevalence of hypertension risk
factors among elderly in this region Utami, Demartoto,_and Murti (2024) highlighting the co-
clustering of cardiometabolic risk factors in the same primary care population studied here.

The mean BMI and WHtR wvalues suggest that the overall sample carries a meaningful
cardiometabolic risk profile, consistent with the broader epidemiological context of rising obesity and
metabolic syndrome in urban Indonesia (Saeedi, Petersohn, Salpea, Malanda, Karuranga, & Unwin,
2019). The co-occurrence of overweight BMI, elevated WHtR, and prehypertension in the present
sample is consistent with findings from Azam, Sakinah, Kartasurya, Fibriana, Minuljo,_and Aljunid
(2023), who documented high prevalence of obesity among individuals with diabetes in Indonesia,
highlighting the clustering of cardiometabolic risk factors in this population.

Table 1. Characteristics of study participants (n = 55)

Characteristic Total (Mean = SD)
Age (years) 59.95+6.76
WC (cm) 89.73 £ 8.24
BMI (kg/m?) 26.56 £ 4.66
WHtR 0.58 £ 0.06
ABSI 0.82 +£0.06
BRI 522+127
SBP (mmHg) 132.09 +20.06
DBP (mmHg) 79.93 +£10.86
Sex, n (%)
Male 12 (21.8)
Female 43 (78.2)
DM Status, n (%)
DM 5.1
Non-DM 50(90.9)
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The characteristics of the 55 study participants are presented in Table 1. The majority were female
(78.2%), with a mean age of 59.95 £ 6.76 years. The mean BMI of 26.56 + 4.66 kg/m? falls within the
overweight category according to Asia-Pacific classification criteria. The mean WHtR of 0.58 £ 0.06
exceeded the 0.5 threshold indicative of central obesity. Mean systolic and diastolic blood pressure
values of 132.09 = 20.06 mmHg and 79.93 + 10.86 mmHg, respectively, suggest a tendency toward
prehypertension or Stage 1 hypertension in this population.

4.2 Comparison of Anthropometric Indicators Between DM and Non-DM Groups
Table 2. Comparison of anthropometric indicators between DM and Non-DM groups

Indicator DM (n=5) Non-DM (n = 50) p-value
WC (cm) 92.00 = 10.51 89.50 £ 8.08 0.429a
BMI (kg/m?) 29.33+5.44 26.28 +4.55 0.193a
WHtR 0.61 £0.08 0.58 £0.06 0.285b
ABSI 0.79 £ 0.02 0.82 +0.06 0.234b
BRI 5.86 £1.82 5.15+1.21 0.238b

Table 2 presents comparisons of anthropometric indicators between the DM and non-DM groups.
Although mean values of WC, BMI, WHtR, and BRI were consistently higher in the DM group, none
of these differences reached statistical significance (all p > 0.05). ABSI showed a slightly lower mean
value in the DM group compared to the non-DM group. The absence of statistical significance should
not be interpreted as evidence of no association; rather, it most likely reflects insufficient statistical
power from the very small number of T2DM cases (n = 5) in this sample (Greenland, Senn, Rothman,

+3.05 kg/m? WHtR: +0.03; BRI: +0.71) are directionally consistent and may represent clinically
plausible differences detectable in larger samples. The consistently higher values of WC, BMI, WHtR,
and BRI in the DM group are biologically plausible, as excess visceral adipose tissue is recognized as
a primary driver of insulin resistance through chronic low-grade inflammation and dysregulated free
fatty acid metabolism (Dhokte, & Czaja, 2024; Szukiewicz, 2023; Zhou, Lu, Hajifathalian, Bentham,
& Danaei, 2016). This is further supported by large-scale prospective evidence demonstrating strong
positive associations between these anthropometric indicators and incident T2DM (Boonpor, Parra-
Soto, Talebi, Zhou, Carrasco-Marin, & Petermann-Rocha, 2023).

These directional trends are consistent with findings from larger prospective studies demonstrating
that BRI was significantly associated with incident T2DM (Zhou & Liu, 2025). The relatively lower
ABSI value in the DM group (0.79 + 0.02 vs. 0.82 £ 0.06, p = 0.234) is an unexpected finding. ABSI
is designed to capture body shape independent of height and weight; however, its association with
T2DM has been inconsistent across populations, with limited predictive utility reported in elderly

(2016), similarly examined novel body-shape indices and underscored that their discriminative
performance varies substantially across populations and age groups (Krakauer & Krakauer, 2012).
This finding warrants further exploration with adequately powered samples.

4.3 Multivariate Analysis

Variables with p < 0.25 in bivariate analysis, including age, BMI, and WHtR, were entered into the
multivariate logistic regression model using a backward stepwise approach. Following backward
elimination, age remained the only variable retained in the final model (OR = 0.87, 95% CI: 0.75—
1.01, p = 0.062), showing a negative association with DM status that approached but did not reach
statistical significance. Given the EPV of less than 1 in this model, this finding must be treated as
entirely exploratory and hypothesis-generating. With that important caveat, the negative direction of
the association suggests that diabetes cases tended to be more frequently observed among the younger
segment of the elderly population.
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This pattern is consistent with emerging epidemiological evidence of a shift in T2DM onset toward
younger age groups, particularly in populations undergoing rapid nutritional and lifestyle transitions
(Twig, Yaniv, Levine, Leiba, Goldberger,_ & Derazne, 2016). The accumulation of metabolic risk
factors, including central obesity, physical inactivity, and unhealthy dietary patterns may lead to

Anstey, & Cherbuin, 2021). This trend is increasingly recognized in the literature, with urbanization-
driven lifestyle changes identified as key contributors to rising early-onset T2DM incidence globally

Indonesian context specifically, the nutrition transition, characterized by a shift from traditional diets
toward energy-dense, high-glycemic processed foods, has been identified as a key driver of increasing
combined with declining physical activity levels driven by urbanization, creates a convergence of risk
factors that may manifest as earlier T2DM onset, particularly in peri-urban primary care populations
such as the one studied here.

Furthermore, the finding that younger elderly individuals in this study showed higher rates of T2DM
is consistent with data from the Indonesian national health survey Kementerian (2023), which
documented the highest age-specific diabetes prevalence in the 55-64 year age group, suggesting that
the burden of T2DM may be peaking at an earlier age than previously observed. This epidemiological
shift has important implications for the scheduling and targeting of diabetes screening programs in
primary care settings, where proactive case-finding among adults in their late 40s and 50s may yield
greater benefit than waiting until patients reach older age thresholds. Effective integration of
anthropometric screening into routine elderly integrated health posts visits could serve as a pragmatic
and low-cost strategy for early metabolic risk identification at the community level in Indonesia
(Kurniawaty, 2020). Additionally, survivor bias may contribute to this observation, as older
individuals with more severe metabolic disease may be underrepresented in cross-sectional primary
care samples (Neeland, Turer, Ayers, Berry, Rohatgi, & Das, 2015).

From a public health perspective, the consistent trends observed across anthropometric indicators
support the continued use of simple, non-invasive measurements such as WC, BMI, and WHtR in
primary care screening protocols for metabolic risk. These tools are low-cost, feasible, and widely
available in resource-limited settings, making them valuable components of community-based
preventive strategies for non-communicable diseases.

5. Conclusions

5.1 Conclusion

This exploratory study found no statistically significant association between anthropometric indicators
and the presence of T2DM among older adults in a primary healthcare facility. Nevertheless, the
consistently higher values of WC, BMI, WHtR, and BRI among participants with diabetes suggest a
coherent directional pattern reflective of early metabolic alterations. Age demonstrated a negative
association with T2DM (OR = 0.87, 95% CI: 0.75-1.01, p = 0.062), tentatively indicating that
diabetes may be more frequently identified among the younger elderly. Based on these preliminary
trends, WC, BMI, and WHtR are suggested as initial low-cost screening tools for metabolic risk in
primary care, particularly for individuals aged 45—60 years. These trends must be confirmed through
larger, longitudinal, multi-site studies before clinical or policy-level recommendations can be
established. Practically, primary care clinicians in resource-limited settings may incorporate WC and
WHItR measurement (requiring only an inelastic tape measure) into routine elderly health-post
(posyandu lansia) visits, flagging individuals with WHtR > 0.5 for further fasting glucose testing.
Policymakers could consider integrating these low-cost measures into national non-communicable
disease screening protocols targeting adults from age 45 onward.
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5.2 Research Limitations

Several limitations must be acknowledged. First, the small number of DM cases (n = 5) severely
limited statistical power and precluded robust multivariate modeling. Second, the cross-sectional
design precludes causal inference. Third, T2DM diagnosis was based on random capillary blood
glucose or prior diagnosis, which may introduce misclassification bias compared to gold-standard
criteria. Fourth, recruitment from a single facility limits generalizability. Finally, potential
confounders including physical activity, dietary patterns, family history of diabetes, and medication
use were not assessed. The absence of data on medication use is a particularly important limitation, as
certain antihypertensive drugs (e.g., thiazide diuretics, beta-blockers) and other commonly prescribed
medications in elderly populations are known to affect glucose metabolism and potentially confound
the relationship between anthropometric indicators and T2DM status. Additionally, the use of point-
of-care capillary glucose measurement rather than venous plasma glucose may have contributed to
measurement variability; studies have reported discordance rates of up to 15% between capillary and
venous glucose in community settings, particularly in elderly populations. These methodological
constraints collectively underscore the importance of interpreting the present findings within their
exploratory context and highlight priority areas for refinement in future studies.

5.3 Suggestions and Directions for Future Research

Future studies should employ larger, multi-site samples with standardized diagnostic criteria (fasting
plasma glucose or HbAlc) to confirm the directional trends observed here. Longitudinal designs
would enable causal inference and allow tracking of anthropometric changes over time in relation to
diabetes incidence. It is specifically recommended that future research: (1) recruit a minimum of 10
DM cases per predictor variable to enable valid logistic regression modeling; (2) include lifestyle
confounders such as physical activity, dietary quality, and family history of diabetes; (3) evaluate
ethnic-specific cut-offs for WC, WHtR, and BRI in the Indonesian elderly population; and (4)
incorporate standardized visceral fat measures such as bioelectrical impedance analysis or imaging to
validate surrogate anthropometric indicators. Such studies would substantially improve the
identification of practical, low-cost screening tools for diabetes risk in elderly populations attending
primary care in Indonesia and comparable resource-limited settings.
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