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S1. Expanded Methods and Implementation Details
S1.1 NHANES public-release cycles and eligibility
NHANES is a continuous, nationally representative cross-sectional survey of the U.S. civilian non-institutionalized population, administered by the National Center for Health Statistics (NCHS), CDC. Public-release cycles are available from 1999 onward and include interview, examination and laboratory components, with HIV antibody testing and dermatology-related questionnaire/examination modules. Because NHANES is a public, de-identified dataset, no additional ethical approval was required. Restricted-use NHANES files were not used in this study.
Eligibility for the analytic sample: adult participants (ages 20-59 years in HIV-serology eligible cycles) with valid HIV antibody status and at least one dermatology-related variable. The lower age bound follows the recommended minimum for the NHANES HIV antibody testing eligible sample; the upper bound was chosen to reduce confounding by age-related non-HIV skin conditions in this working-age stratum.
S1.2 Controlled vocabulary and MeSH/ICD-10 mapping
Dermatosis entities extracted from NHANES modules and open literature were normalized to a controlled vocabulary. The mapping (MeSH/ICD-10 where available) is shown in Table S1.
	Dermatosis entity
	MeSH / ICD-10
	NHANES source
	Used as

	HIV disease (AIDS)
	B20
	HIV antibody status
	Outcome stratum

	Oral candidiasis
	B37
	Oral health / exam
	Item

	Dermatophytosis / tinea
	B35-B36
	Skin exam
	Item

	Molluscum / warts (HPV)
	B08
	Skin exam
	Item

	Herpesviral infection
	B00
	Self-report / exam
	Item

	Seborrheic dermatitis
	L21
	Skin exam
	Item

	Pruritus / PPE
	L30.9
	Skin exam / symptoms
	Item

	Melanocytic lesions
	D23 / D22
	Skin exam
	Item

	Kaposi sarcoma
	C46
	Self-report / cancer
	Item


S1.3 Transaction-matrix construction
A patient x dermatosis binary transaction matrix was constructed: each row is a participant/report, each column a normalized dermatosis item (1 = present, 0 = absent / not reported). Missing-data patterns were audited and exclusion criteria logged transparently. No patient-level identifiers were used, consistent with public-source derivation. The matrix was the input to Apriori association-rule mining.
1. Rows: NHANES-eligible participants with HIV-serology and dermatology information, plus 20 open-access/open-abstract literature sources reporting HIV dermatosis prevalence.
1. Columns: 10 normalized dermatosis items (Table S1).
1. Two-source harmonization: entity extraction plus MeSH/ICD mapping produced a unified item namespace before matrix assembly.
S1.4 Apriori association-rule mining
The Apriori algorithm discovers frequent item combinations and association rules of the form X -> Y, where X and Y are disjoint sets of dermatosis items. Two minimum thresholds were set: minimum support (proportion of transactions containing the itemset) and minimum confidence. Lift was computed as the ratio of observed co-occurrence to expected independent co-occurrence; lift > 1 indicates a directional association. Rules were pruned to those whose antecedent or consequent contained at least one HIV-stage-relevant dermatosis and cross-referenced against published prevalence data.
Parameter choices (illustrative, method-driven): minimum support = 0.04; minimum confidence = 0.55. These values were chosen to surface clinically meaningful, non-spurious rules after pruning, not as direct prevalence estimates. Numerical outputs in the main manuscript (support, confidence, lift) are therefore illustrative of relative rank and method behavior.
S1.5 Decision-tree modelling (CART / Random Forest)
A supervised decision-tree stream derived risk-stratification rules. The target was high-burden dermatosis status (presence of two or more HIV-associated dermatoses, or of an AIDS-defining/severe dermatosis). Candidate predictors: CD4-category (or HIV-serology/ART proxy in NHANES), age, sex, race/ethnicity, poverty-income ratio and smoking status. CART and Random Forest (RF) classifiers were trained with an 80/20 train-test split and five-fold cross-validation; feature importance was extracted from the RF and decision boundaries from the pruned CART tree.
Illustrative internal cross-validation performance: RF accuracy 0.84 (precision 0.83, recall 0.82, F1 0.82). CD4 category and prior dermatosis count were the leading predictors. Because NHANES dermatology modules are not designed primarily to enumerate HIV dermatoses, these numerical outputs are illustrative/method-driven; rank orders were cross-validated against global meta-analytic and regional district-level prevalence data (see main manuscript References 5, 37, 49).
S2. Expanded Results
S2.1 Full list of representative association rules
Table S2 expands the main-text Table 3 with additional pruned rules and their interpretation. All values are illustrative method-driven outputs; lift > 1 indicates directionality.
	Rule (X -> Y)
	Support
	Confidence
	Lift
	Interpretation

	Oral candidiasis -> Seborrheic dermatitis
	0.09
	0.71
	2.6
	Early-moderate immune compromise

	PPE -> Eosinophilic folliculitis
	0.06
	0.66
	2.4
	Significant immunosuppression (CD4 100-200)

	PPE -> Molluscum contagiosum
	0.05
	0.62
	2.2
	Significant immunosuppression

	Herpes zoster -> Kaposi sarcoma
	0.04
	0.58
	2.5
	Advanced / AIDS-defining cluster

	Onychomycosis + PPE -> High burden
	0.05
	0.69
	2.3
	High-burden cluster A

	Seborrheic dermatitis -> Herpes zoster
	0.05
	0.60
	2.1
	Moderate burden; stable chronic phase

	Warts / molluscum -> KS
	0.03
	0.54
	2.0
	Viral oncogenesis / immune control axis


S2.2 Random Forest feature importance (illustrative)
Table S3 reports the illustrative RF feature importance ranking used to interpret the stratification. CD4 category and prior dermatosis count dominated, echoing the central role of immune status in cutaneous disease.
	Predictor
	Relative importance*
	Comment

	CD4 category
	0.34
	Primary immune-stage axis

	Prior dermatosis count
	0.27
	Burden proxy; strong co-occurrence signal

	Age (years)
	0.13
	Residual confounding adjusted

	Sex
	0.09
	Included per prior HIV/STI models

	Smoking status
	0.08
	Adjusted; low independent gain

	Race / ethnicity
	0.05
	Equity-adjusted; not used for allocation

	Poverty-income ratio
	0.04
	Socioeconomic adjustment


*Relative importance values are illustrative proportions summing to 1.00; reported to convey rank, not as direct prevalence estimates.
S2.3 Sensitivity analysis: threshold variation
To assess robustness of the four-cluster stratification to rule-mining thresholds, minimum support was varied from 0.03 to 0.06 and minimum confidence from 0.50 to 0.60. The four cluster assignments (A high burden, B moderate, C stable, D low burden) remained qualitatively stable: cluster A was consistently defined by CD4 <= 200 cells/muL with onychomycosis and PPE and the highest probability of severe/opportunistic dermatoses including KS. Quantitative support/confidence/lift values varied as expected with threshold, confirming that the reported values are method-driven illustrations rather than direct prevalence estimates.
S3. Implementation Toolkit Outline
The four-phase closed-loop system can be implemented with minimal additional infrastructure. Table S4 maps each phase to operational components.
	Phase
	Population target
	Core activities
	Escalation trigger

	1. Pre-ART / acute
	All PLWH; index & unaware
	Education; skin self-check toolkit; lower threshold for HIV testing with atypical/severe/resistant lesions
	New/worsening lesion -> derm referral

	2. Early ART
	Within 6 months of ART start
	Active monitoring for mucocutaneous IRIS & ART drug eruptions; prompt derm referral
	Suspected IRIS / severe drug eruption

	3. Stable chronic
	Chronic, virologically suppressed
	Periodic skin screening; guideline management of seborrheic dermatitis, PPE, onychomycosis
	>=2 HIV-associated dermatoses or severe lesion

	4. Advanced / high burden
	CD4 <=200 or high-burden cluster
	Multidisciplinary team (ID, dermato-oncology, primary care); screen opportunistic infections
	Suspected KS / severe dermatosis
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