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Purpose: Obstructive sleep apnea (OSA) is a prevalent systemic disorder linked to cardiovascular and metabolic consequences.
However, polysomnography (PSG), the diagnostic gold standard, is resource-intensive and not always readily accessible. This study
aimed to develop an exploratory nomogram incorporating platelet distribution width (PDW) and the triglyceride-glucose (TyG) index
for individualized OSA risk stratification among adults referred for PSG evaluation.

Patients and Methods: A retrospective analysis of 1328 consecutive adults who underwent PSG, with participants randomly divided
into a training cohort (70%) for model development and a validation cohort (30%) for internal validation. Candidate predictors were
evaluated using multivariable logistic regression, and LASSO logistic regression was additionally performed as a sensitivity analysis
for variable selection. A predictive nomogram was constructed based on clinically relevant and statistically supported predictors, and
its performance was evaluated using the area under the curve (AUC), calibration, and decision curve analysis.

Results: Univariate logistic regression showed that age, sex, BMI, hypertension, PDW, and TyG index were associated with OSA. In
multivariable analysis, older age (OR = 1.035, 95% CI: 1.016-1.054, P < 0.001), male sex (OR = 2.990, 95% CI: 1.723-5.189, P <
0.001), higher BMI (OR = 1.240, 95% CI: 1.149-1.339, P < 0.001), elevated PDW (OR = 1.152, 95% CI: 1.025-1.294, P = 0.017),
and higher TyG index (OR = 1.710, 95% CI: 1.107-2.642, P = 0.016) were included as predictors in the final nomogram. LASSO
logistic regression supported the relevance of PDW and the TyG index, as both were retained under the lambda.min and lambda.1se
criteria. The nomogram incorporating age, sex, BMI, PDW, and TyG index achieved an AUC of 0.806 in the training cohort and 0.751
in the validation cohort. Calibration curves showed consistency between predicted and observed OSA probabilities, and decision curve
analysis indicated a higher net benefit than the treat-all and treat-none strategies across the evaluated threshold probability range.
Conclusion: This exploratory nomogram, incorporating readily available clinical variables together with PDW and the TyG index,
may help stratify OSA risk among adults referred for PSG evaluation. Further external validation is required before its use can be
recommended in broader screening settings.

Keywords: obstructive sleep apnea, platelet distribution width, triglyceride-glucose index, nomogram, risk prediction

Introduction
Obstructive sleep apnea (OSA) is a highly prevalent sleep-related breathing disorder characterized by recurrent upper
airway collapse during sleep, resulting in intermittent hypoxia, hypercapnia, and sleep fragmentation.'” Global
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prevalence of OSA estimates range from 9% to 38% and continue to rise in parallel with the escalating burden of obesity
and metabolic syndrome.*> OSA has been recognized as an independent risk factor for hypertension, cardiovascular
disease, type 2 diabetes mellitus, cognitive dysfunction, and all-cause mortality.® Despite its substantial clinical and
public health implications, the majority of individuals with OSA remain undiagnosed.” This diagnostic gap is largely
attributable to limited accessibility, high cost, and the labor-intensive nature of polysomnography (PSG), the current gold
standard for OSA diagnosis.® Consequently, simple and readily available tools may be helpful for preliminary risk
stratification among individuals referred for sleep evaluation, although such tools cannot replace PSG.’

Emerging evidence implicates platelet-mediated inflammatory and prothrombotic pathways in the pathogenesis of
OSA.'"'" Intermittent hypoxia and oxidative stress provoke platelet activation, which in turn contributes to endothelial
dysfunction and systemic inflammation.'*'? Platelet distribution width (PDW), a marker of platelet volume heterogene-
ity, reflects the degree of platelet activation and reactivity.'*'> Elevated PDW levels have been reported in patients with
OSA, correlate positively with disease severity, suggesting a link between platelet activation and intermittent hypoxia-
induced inflammation. The triglyceride-glucose (TyG) index, derived from fasting triglyceride and glucose concentra-
tions, has emerged as a robust and reproducible surrogate marker of insulin resistance.'® Given the central role of
metabolic dysfunction and insulin resistance in OSA development and progression, the TyG index may serve as an
accessible biomarker for identifying high-risk individuals.'”-'®

While both PDW and the TyG index have individually been linked to OSA, their combined diagnostic utility remains
unexplored. Given that platelet activation and insulin resistance represent distinct yet interrelated pathophysiological axes
in OSA, integrating these two biomarkers may offer complementary information and enhance predictive performance
beyond that achieved by either marker alone. To date, however, no established risk model has incorporated both PDW
and TyG index for OSA prediction. To address this gap, the present study aimed to develop and internally validate an
exploratory nomogram integrating PDW and the TyG index, together with readily available clinical variables, for
individualized OSA risk estimation. Because the cohort consisted of adults referred for PSG evaluation, the intended
use of the model is risk stratification within a high-risk clinical population rather than screening in the general population.

Materials and Methods
Study Population

This retrospective cohort study consecutively enrolled patients who underwent diagnostic overnight PSG at the Sleep
Medicine Center of the Second Affiliated Hospital of Fujian Medical University between January 2020 and May 2025.
All participants were referred for evaluation of symptoms suggestive of sleep-disordered breathing, including habitual
snoring, witnessed apneas, and excessive daytime sleepiness. A total of 1328 consecutive subjects with complete clinical
and laboratory data were included in the final analysis. The inclusion criteria were: (a) age >18 years; (b) completion of
full-night diagnostic PSG with available apnea-hypopnea index (AHI) measurements; (c) comprehensive baseline clinical
and biochemical data, including fasting glucose and lipid profiles; and (d) no prior treatment of OSA, including
continuous positive airway pressure therapy or upper airway surgery. The exclusion criteria comprised: (a) acute
infection or inflammatory disease within three months preceding enrollment; (b) documented hematologic, hepatic,
renal, or thyroid disorders; (c) active malignancy; and (d) missing data essential for calculation of PDW or the TyG
index. The final cohort comprised 1328 patients, and the study protocol was approved by the Institutional Ethics
Committee of the Second Affiliated Hospital of Fujian Medical University, and written informed consent was obtained
from all participants in accordance with the Declaration of Helsinki.

PSG and Diagnostic Criteria

All participants underwent standard overnight full-night attended PSG (Alice 5, Philips Respironics, USA). The
monitored parameters encompassed neurophysiological signals (electroencephalogram, electrooculogram, and electro-
myogram), cardiorespiratory variables (electrocardiogram, nasal-oral airflow, thoracic and abdominal respiratory effort),
and peripheral oxygen saturation (SpO,). Apnea was defined as a >90% reduction in airflow lasting >10 seconds (s),
while hypopnea was defined as a >30% reduction in airflow lasting >10 s accompanied by either >3% oxygen
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desaturation or an electroencephalographic arousal. The AHI was calculated as the total number of apneic and hypopneic
events per hour of sleep. OSA was diagnosed in accordance with the American Academy of Sleep Medicine (AASM)
criteria, specifically as AHI >5 events/h in the presence of typical clinical symptoms (eg, excessive daytime sleepiness,
habitual snoring, or witnessed apneas) or associated comorbidities. Based on these criteria, participants were dichot-
omized into an OSA group (AHI >5 events/h) and a non-OSA control group (AHI <5 events/h). The participant selection
process is displayed in Figure 1.

Data Collection

Demographic characteristics, including age, sex, body mass index (BMI), were systematically recorded alongside
lifestyle factors such as smoking status and alcohol consumption. Fasting venous blood samples were collected from
all participants within one week preceding the PSG examination. Routine hematologic parameters, including PDW,
platelet count, white blood cell (WBC) count, and hemoglobin concentration, were measured using an automated
hematology analyzer (Sysmex Corporation, Kobe, Japan). Fasting plasma glucose and triglyceride levels were deter-
mined via standard enzymatic methods employing an automated biochemical analyzer (Hitachi, Tokyo, Japan). The TyG
index, a surrogate marker of insulin resistance, was calculated as in the following.

TyG index = In <fasting triglyceride(mmol /L) x gasting plasma glucose(mmol/ L))

Nomogram Development and Validation

All study participants were randomly assigned to a training cohort (70%) and an internal validation cohort (30%) using
a computer-generated randomization sequence. Internal validation was further performed using 1000 bootstrap resamples
to obtain bias-corrected performance estimates. In the training set, clinically available candidate variables were first
evaluated using univariable logistic regression. Variables with potential predictive relevance were then entered into
multivariable logistic regression to construct a parsimonious prediction model. To assess the robustness of predictor
selection and reduce concerns regarding model instability, least absolute shrinkage and selection operator (LASSO) logistic

2143 participants with overnight PSG
(Jan 2020 — May 2025)

Excluded:

90 participants without age = 18 years

14 participants without full-night diagnostic PSG with available AHI
362 participants without no prior treatment of OSA

1677 participants eligible for study
inclusion

Excluded:

138 participants without clinical eligibility (acute infection, major
systemic disease, or malignancy)

211 participants without complete PDW or TyG data

1328 participants were included
in the final analysis

Randomly divided into training and
validation cohorts (7:3)

y y
Training cohort (n = 930) Validation cohort (n = 398)
Nomogram development Internal validation

Figure | Flow diagram of participants selection.
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regression was additionally performed using the “glmnet” package in R. Ten-fold cross-validation was used to determine
the optimal penalty parameter, and variables with non-zero coefficients under lambda.min and lambda.lse were summar-
ized as a supplementary variable-selection analysis. The final nomogram was constructed using predictors that were
clinically relevant and supported by the multivariable model, with LASSO results presented as a sensitivity analysis rather
than as a replacement of the primary model. Discriminative performance was assessed by calculating the area under the
receiver operating characteristic curve. Calibration was evaluated graphically through calibration plots comparing pre-
dicted probabilities against observed outcomes, supplemented by the Hosmer-Lemeshow goodness-of-fit test.

Statistical Analysis

Continuous variables were presented as mean + standard deviation (SD) or median (interquartile range), comparisons
between groups were conducted using the Student’s t-test or Mann—Whitney U-test, based on data distribution.
Categorical variables were presented as frequencies (%) and analyzed using the chi-square or Fisher’s exact test, as
appropriate. To identify predictors for the OSA prediction model, univariable and multivariable logistic regression
analyses were performed. LASSO logistic regression with ten-fold cross-validation was additionally conducted as
a sensitivity analysis for variable selection. The discriminatory ability of individual predictors and the integrated
nomogram was evaluated using receiver operating characteristic (ROC) curve analysis. The area under the curve
(AUC) was calculated for each model, and pairwise comparisons of AUCs were performed using the DeLong test.
A two-tailed P<0.05 was considered statistically significant. All statistical analyses were conducted using R software
(version 4.3.2) and SPSS version 25.0 (SPSS Inc., Chicago, IL, USA). The reporting of this study was guided by the
TRIPOD statement to improve transparency and completeness.

Results

Baseline Characteristics

A total of 1328 participants were enrolled in the study, with a mean age of 49.2 £ 14.4 years, and the cohort was
predominantly male (79.8%). Based on PSG findings, 1210 patients (91.1%) were diagnosed with OSA, defined by an
AHI of >5 events per hour, while the remaining 118 participants (8.9%) served as the non-OSA control group (AHI <5
events/h). In the training cohort, significant differences were observed between the OSA and non-OSA groups. Patients
with OSA were older, had a higher BMI, and demonstrated a higher prevalence of male sex and hypertension (all
P<0.05). Laboratory analyses revealed that the OSA group exhibited significantly elevated levels of fasting glucose,
triglycerides, WBC count, hemoglobin, PDW, and the TyG index in the training cohort (all P < 0.05). Additional
laboratory and inflammation-related indicators, including lymphocyte (LYM), neutrophil (NEU), alanine aminotransfer-
ase (ALT), albumin, prognostic nutritional index (PNI), systemic immune-inflammation index (SII), and neutrophil-to-
lymphocyte ratio (NLR), are summarized in Supplementary Table S2. The lowest SpO, during sleep was significantly

lower in the OSA group (P<0.001), corroborating the severity of nocturnal hypoxemia associated with the condition. No
significant differences were found between the two groups regarding other demographic or clinical characteristics
(Table 1). Furthermore, baseline characteristics were well-balanced between the training and validation cohorts, con-
firming the appropriateness of the dataset split for subsequent model development and internal validation.

Variable Selection and Predictors Included in the Nomogram

Univariable logistic regression was initially performed to evaluate candidate variables for OSA prediction. Age, sex,
BMI, hypertension, PDW, and the TyG index showed potential predictive relevance and were further considered in
multivariable modeling (Table 2). To further examine the robustness of variable selection, LASSO logistic regression was
performed as a supplementary analysis. Under the lambda.min criterion, age, sex, BMI, hypertension, WBC, platelet
count, PDW, ALT, TyG index, and NLR were retained. Under the more stringent lambda.1se criterion, age, sex, BMI,
WBC, PDW, and the TyG index remained selected. Notably, PDW and the TyG index were retained under both criteria,
supporting their relevance in the prediction model (Supplementary Table S1 and Supplementary Figure S1).
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Table | Baseline Characteristics of Study Participants Stratified by OSA Status
Variables Total Levels Training Cohort P-value Validation Cohort P-value
Without OSA OSA Without OSA OSA
Age (years) 492 + 144 443 + |57 49.5 + 14.2 0.006 475+ 17.7 49.7 + 14.0 0.457
BMI (kg/m?) 27.7 + 4.55 243 £ 3.68 28.1 £ 4.44 0.000 252 + 3.94 28.0 + 4.68 0.000
Sex (Male, %) 1060 (79.8) 46 (58.2) 700 (82.3) 0.000 22 (56.4) 292 (81.3) 0.000
Hypertension (Yes, %) 306 (23.0) 10 (12.7) 211 (24.8) 0.015 4(10.3) 8l (22.6) 0.075
Diabetes (Yes, %) 102 (7.7) 3(3.8) 68 (8.0) 0.179 | (2.6) 30 (84) 0.200
Cardiovascular disease (Yes, %) 112 (8.4) 6 (7.6) 81 (9.5) 0.574 I (2.6) 24 (6.7) 0314
Current smoker (Yes, %) 336 (25.3) 14 (17.7) 213 (25.0) 0.148 6 (15.4) 103 (28.7) 0.077
Current drinker (Yes, %) 330 (24.8) 16 (20.3) 206 (24.2) 0.430 5(12.8) 103 (28.7) 0.034
Lowest SpO2 (%) 773+ 114 89.5 + 3.85 764 112 0.000 89.6 £ 4.16 753 %113 0.000
Serum glucose (mmol/L) 6.14 + 1.84 573 £ 1.24 6.23 + 1.97 0.002 557 £ 1.17 6.09 + 1.68 0.060
Triglycerides (mmol/L) 1.97 + 1.41 1.47 + 1.23 207 = 1.49 0.000 1.42 + 0.64 1.88 + .24 0.000
WBC (x10°/L) 749 £2.17 6.47 £ 1.96 754 £2.16 0.000 6.82 238 7.65 £ 2.15 0.024
Hemoglobin (g/dl) 1469 + 17.8 141.7 + 183 1473+ 178 | 0.008 143.6 + 17.2 1474 £ 17.6 0.200
Platelet count (x109/L) 252.9 £ 65.0 2456 £71.3 2549 £ 658 | 0.235 234.0 £ 504 251.9 £ 63.0 0.086
PDW (%) 154 + 1.80 14.5 + 2.49 155 + 1.74 0.001 15.1 £ 2.34 155 + 1.65 0.260
TyG 8.07 + 0.66 7.71 £0.63 8.13 £ 0.67 0.000 7.73 £ 0.59 8.04 £ 0.63 0.004

Abbreviations: OSA, Obstructive Sleep Apnea; BMI, body mass index; SpO,, peripheral capillary oxygen saturation; WBC, white blood cell count; PDW, platelet
distribution width; TyG, triglyceride-glucose index.

Table 2 Univariable Logistic Regression Analysis of Candidate

Predictors for OSA

Variables

OR (95% ClI)

P-value

Age (years)

Sex (male vs female)

BMI (kg/m?)

Current smoker (yes vs no)
Current drinker (yes vs no)
Hypertension (yes vs no)
Diabetes (yes vs no)

PDW (%)

Platelet count (x10°/L)
NLR

TyG

1.026 (1.009-1.044)
3.326 (2.057-5.377)
1.289 (1.200-1.384)
1.550 (0.852-2.819)
1.258 (0.711-2.225)
2.275 (1.151-4.496)
2.200 (0.676-7.160)
1.238 (1.123-1.364)
1.002 (0.999-1.006)
0.985 (0.966—1.006)
2.952 (1.954-4.461)

0.003
0.000
0.000
0.151
0.431
0.018
0.190
0.000
0.234
0.158
0.000

Abbreviations: OSA, Obstructive Sleep Apnea; BMI, body mass index; PDW,
platelet distribution width; NLR, neutrophil-to-lymphocyte ratio; TyG, triglycer-

ide—glucose index.

In the multivariable logistic regression model, older age (OR = 1.035, 95% CI: 1.016—1.054, P < 0.001), male sex
(OR = 2.990, 95% CI: 1.723-5.189, P < 0.001), higher BMI (OR = 1.240, 95% CI: 1.149-1.339, P < 0.001), elevated
PDW (OR = 1.152, 95% CI: 1.025-1.294, P = 0.017), and a higher TyG index (OR = 1.710, 95% CI: 1.107-2.642,
P =0.016) were included as predictors in the final nomogram. These findings should be interpreted as exploratory and

predictive rather than causal, and they suggest that platelet-related and metabolic markers may provide complementary

information for OSA risk stratification. The comprehensive results of both the univariate and multivariate regression

analyses are detailed in Table 3.
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Table 3 Multivariable Logistic Regression Model for OSA

Prediction
Variables OR (95% CI) P-value
Age (years) 1.035 (1.016—1.054) | 0.000
Sex (male vs female) 2.990 (1.723-5.189) | 0.000
BMI (kg/m2) 1.240 (1.149-1.339) | 0.000
Hypertension (yes vs no) | 1.773 (0.863-3.641) | 0.119
PDW (%) 1.152 (1.025-1.294) | 0.017
TyG 1.710 (1.107-2.642) | 0.016

Abbreviations: OSA, Obstructive Sleep Apnea; BMI, body mass index;
PDW, platelet distribution width; TyG, triglyceride-glucose index.

Nomogram Construction and Performance

A diagnostic nomogram incorporating the five predictors including age, sex, BMI, PDW, and the TyG index was
developed, as illustrated in Figure 2. Recent evidence has highlighted the TyG index as a reliable surrogate marker of
insulin resistance with significant predictive ability for OSA risk and severity, particularly in non-obese populations.'”'?
Similarly, PDW has been reported to be associated with OSA and may reflect platelet activation secondary to intermittent
hypoxia.?’ Each variable in the nomogram was assigned a weighted point value proportional to its regression coefficient,
and the cumulative points correspond to an individual’s predicted probability of OSA. The model showed acceptable
discriminatory ability in the training cohort, with an AUC of 0.806 (95% CI: 0.750-0.862) (Figure 3A), and its
performance was maintained in the internal validation cohort (AUC = 0.751, 95% CI: 0.668-0.834) (Figure 3B).
Calibration assessed graphically showed reasonable agreement between predicted probabilities and observed OSA
outcomes (Figure 4A and B), further supported by a non-significant Hosmer-Lemeshow goodness-of-fit test (P>0.05),
indicating acceptable model calibration.

When evaluated individually, PDW and the TyG index exhibited moderate diagnostic accuracy for OSA, with AUCs
of 0.615 and 0.688, respectively. The integrated nomogram showed better discrimination than each individual predictor
in this dataset, with an AUC of 0.806 in the training cohort. Pairwise DeLong tests showed statistically significant
differences between the nomogram and age (P = 0.0005), sex (P = 0.0002), BMI (P < 0.0001), PDW (P = 0.0317), and
the TyG index (P = 0.0031). These findings suggest that combining routine clinical variables with PDW and the TyG

0 10 20 30 40 50 60 70 80 90 100
POIntS L Il Il 1 1 1 1 1 1 1 J
Age B B s e e e e S
15 25 35 45 55 65 75 85
1
Sex —
0
BMI " T T T T T T )
15 20 25 30 35 40 45 50
8 10 13 16 19
TyG_index —_—————
6 65 7 75 8 85 9 95 10.5
Total Points i T T T T T T T )
0 20 40 60 80 100 120 140 160
Linear Predictor r T T T T T T T T T T )
-3 -2 -1 0 1 2 3 4 5 6 7 8

OSA risk

T T T T T T

r T T 1
0.05 01 0.2 0.4 0.6 0.8 09 0.95 0.98 0.99

Figure 2 Obstructive sleep apnea (OSA) risk nomogram. A nomogram incorporating age, sex, body mass index (BMI), platelet distribution width (PDW), and the
triglyceride-glucose (TyG) index for estimating OSA risk among adults referred for polysomnography (PSG) evaluation.
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Figure 3 Receiver operating characteristic (ROC) curves for OSA prediction nomogram. The nomogram showed acceptable discriminatory ability in both the (A) training
and (B) validation cohorts.

index may improve risk stratification within this PSG-referred cohort. Decision curve analysis (DCA) suggested that the
nomogram may provide a higher net benefit than PDW or the TyG index alone across selected threshold probabilities in
both cohorts (Figure SA and B). In the validation cohort, the model showed an AUC of 0.751 and generally well-
calibrated risk estimates, comparable to those observed in the training cohort. The relatively consistent performance
between the training and internal validation cohorts supports the internal stability of the nomogram; however, external
validation is still required to determine its generalizability.

Discussion

In this single-center retrospective study, we developed and internally validated an exploratory nomogram incorporating
conventional clinical variables, PDW, and the TyG index for OSA risk stratification among adults referred for PSG
evaluation. The model showed acceptable discrimination and calibration in internal validation. Importantly, this model
was not designed to replace PSG or established clinical assessment tools, but rather to provide a preliminary risk-
stratification approach in a high-risk referral population. The additional LASSO analysis supported the relevance of PDW
and the TyG index, as both markers were retained under the lambda.min and lambda.1se criteria. Given the retrospective
and exploratory nature of the study design, these findings should be interpreted as hypothesis-generating, and external
validation is required before broader clinical application.

The observed association of PDW and the TyG index with OSA are likely related to overlapping pathophysiological
pathways encompassing chronic inflammation, oxidative stress, and metabolic dysregulation.”’ Intermittent hypoxia,
a hallmark of OSA, may promote platelet activation and endothelial dysfunction through enhanced oxidative stress and
sympathetic activation, thereby contributing to higher PDW levels.”* ** Increased PDW reflects greater heterogeneity in
platelet volume, a phenomenon associated with prothrombotic and proinflammatory states. Concurrently, insulin resis-
tance, quantified by an elevated TyG index, is exacerbated by hypoxia-reoxygenation cycles that impair glucose
metabolism and upregulate proinflammatory cytokines such as tumor necrosis factor-o and interleukin-6.*> The coex-
istence of platelet activation and metabolic dysfunction may partly explain the complementary predictive information
provided by PDW and the TyG index in OSA risk stratification. However, the present retrospective prediction model
cannot establish causal or directional relationships among these pathways.
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Figure 4 Calibration curves of the nomogram for OSA probability. The curves illustrate reasonable agreement between the nomogram’s predictions and actual observations
in the (A) training and (B) validation cohorts. The 45-degree dashed line represents perfect calibration.

Our findings are consistent with previous investigations reporting associations between platelet indices, metabolic
markers, and OSA. Several studies have reported that PDW is higher in patients with OSA relative to healthy controls
and correlates positively with AHI severity.*®*’ In parallel, elevated TyG index levels have been reported in individuals
with OSA independent of obesity, and have been associated with increased cardiometabolic risk.”® Moreover, recent
epidemiological evidence from the National Health and Nutrition Examination Survey (NHANES) has reported associa-
tions between TyG-related indices and OSA, with TyG-waist circumference demonstrating particular predictive utility.?’
However, to the best of our knowledge, no prior study has integrated PDW and the TyG index into a unified prediction
model for OSA risk stratification. The present study adds preliminary evidence that combining platelet-related and
metabolic markers may improve OSA risk stratification in a PSG-referred population.

A potential advantage of the nomogram is that it uses routinely available clinical and laboratory parameters, including
complete blood count, fasting glucose, and lipid profiles. In the current study population, this approach may assist
clinicians in stratifying OSA risk among patients already referred for PSG evaluation. However, because the cohort was
derived from a tertiary sleep center with a high OSA prevalence, the model should not yet be considered applicable to
primary care or general population screening. The incremental value of this nomogram relative to established screening
questionnaires, such as STOP-BANG (Snoring, Tiredness, Observed apnea, high blood Pressure, Body mass index, Age,

Neck circumference, Gender), NoSAS or Berlin questionnaires, remains to be evaluated in future studies.>® Combined
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Figure 5 Decision curve analysis (DCA) for the OSA prediction nomogram. The nomogram showed a higher net benefit than PDW or the TyG index alone across a range
of threshold probabilities in both the (A) training and (B) validation cohorts.

screening strategies integrating multiple questionnaires have been proposed to improve specificity and positive predictive
value. Whether the proposed nomogram can achieve comparable or superior performance to these established tools
requires direct head-to-head comparison in prospective cohorts.

Nevertheless, several limitations should be considered when interpreting these findings. First, the retrospective single-
center design and the high OSA prevalence (91.1%) reflect the intended PSG-referred population but may restrict
generalizability to primary care or community settings. External validation in prospective multicenter cohorts is therefore
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needed. Second, while LASSO regression supported the robustness of variable selection, the exploratory nomogram does
not establish causal relationships. Future prospective or mechanistic studies would be better suited to address causal
pathways and its predictive performance requires confirmation in independent samples. Third, several clinically relevant
variables, including neck circumference, detailed symptom profiles, and Epworth Sleepiness Scale, were unavailable.
These gaps represent directions for future studies and evaluation across distinct AHI strata.

Conclusion

In this exploratory retrospective study, we developed and internally validated a nomogram incorporating age, sex, BMI,
PDW, and the TyG index for OSA risk stratification among adults referred for PSG evaluation. The supplementary
LASSO analysis further supported the inclusion of PDW and the TyG index as candidate predictors. The model showed
acceptable internal performance, but it should be regarded as a preliminary risk-stratification tool rather than
a replacement for PSG or established screening questionnaires. External validation in multicenter prospective cohorts,
ideally with comparison against tools such as STOP-BANG, is required before broader clinical implementation.
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