Supplementary Materials

Neurocognition
NeuroScreen is a brief, tablet-based screening instrument. Trained assessors administered NeuroScreen according to standardized protocols, with scoring adjusted for age and education level where applicable. The test assesses verbal learning and memory, processing speed using two trail-making sequencing tasks, two visual discrimination tasks, a number input task, a number span task (forward and backward), executive functioning using an alternating trail-making sequencing task, and motor functioning using a finger-tapping task. The application records completion times and total correct responses, as well as error scores.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The NIHTB is a comprehensive, iPad-based assessment suite validated for ages 3-85 years and normed on diverse populations2. The battery was designed to provide assessments that can be used for comparisons across existing and future studies. The cognitive domain measures have undergone validation and small and large-scale pilot testing, and they have established psychometric characteristics (internal consistency and test-retest reliability; convergent and divergent validity)3. Detailed descriptions of each test are provided in the NIHTB Scoring and Interpretation Guide4. The entire assessment was conducted using a tablet via a downloadable app. Age-corrected standard scores were calculated for each cognitive domain, with composite scores generated for Fluid Cognition (reasoning, processing speed, executive function, and working memory), Crystallized Cognition (vocabulary and reading), and Total Cognition (overall cognitive function). The Composite Score is derived by averaging the standard scores of each of the measures and then deriving standard scores based on this new distribution. Higher scores indicate higher levels of functioning, and age-corrected standard scores are available for comparison. The NIHTB includes multiple cognitive assessments with distinct scoring ranges. The Picture Vocabulary Test (TPVT) and Oral Reading Recognition Test generate computed scores ranging approximately from 200–2000 and 500–2500, respectively, along with age-adjusted scale scores (mean = 100), where ~115 indicates above average, ~130 superior, ~85 below average, and ≤70 significant impairment. The Flanker Inhibitory Control and Attention Test and the Dimensional Change Card Sort (DCCS) use a two-vector scoring system (accuracy and reaction time), producing computed scores from 0–10. The Picture Sequence Memory Test yields computed scores of approximately 200–700 based on episodic memory performance, while the List Sorting Working Memory Test ranges from 0–26 based on correct recall and sequencing. Composite measures, including Fluid and Crystallized Cognition, are reported as age-adjusted scale scores (mean=100) with similar interpretive thresholds: ~115 (above average), ~130 (superior), ~85 (below average), and ≤70 (significant impairment). 


Analysis using Categorical Cognition Outcomes
In addition to the continuous cognitive scores used in the primary analyses, we explored categorical operationalizations of both instruments to confirm that the observed taxon–cognition associations were not artifacts of the modeling scale. Cognitive performance on each instrument was grouped into ordinal categories and, where sample sizes permitted, dichotomized, and the differential abundance and diversity analyses were repeated across these groupings. The thresholding approaches we evaluated for each instrument, and the rationale for the final categorizations, are described below
1. NeuroScreen
Participants were categorized into three neurocognitive groups based on percentile thresholds commonly used in cognitive screening frameworks:
· Below Average: <25th percentile
· Average: 25th–75th percentile
· Above Average: >75th percentile
However, because sample sizes were uneven across these categories, particularly within HIV-stratified subsets, we dichotomized the variable by combining Average and Above Average categories into a single Above Average category. This classification maintained an adequate sample size within each category. Several thresholding approaches were considered before finalizing the categorical NeuroScreen outcome. We first defined categories to align the group sizes with the NIH Toolbox distribution, applying an upper cutoff at the 98th percentile for Above Average, 85th–98th for Average, and below the 85th percentile for Below Average. This scheme produced highly unbalanced groups, particularly within HIV strata. We next evaluated a percentile-based split at the 50th and 75th percentiles and finally adopted a three-category classification using the 25th, 50th, and 75th percentiles, consistent with conventional cognitive-screening thresholds. Because sample sizes remained uneven across the three categories within HIV-stratified subsets, the primary analyses dichotomized the outcome by collapsing the Average and Above Average categories into a single Above Average group (≥25th percentile) versus Below Average (<25th percentile). The three-category classification was retained for sensitivity analyses (below).

2. NIH Toolbox (NIHTB)
For the NIH Toolbox, a three-category structure was initially considered as per the instructions in the manual. However, because there were no participants in the Above Average category within the HI group, a three-category NIH Toolbox model could not be applied consistently across HIV strata. Therefore, NIH Toolbox analyses were restricted to the binary grouping used in the main manuscript, defined as Below Average versus Above Average, where the original Average and Above Average categories were collapsed.

Differential Abundance Methods
Species-level differential abundance was assessed using five complementary, covariate-adjusted frameworks spanning composition (MaAsLin2, ALDEx2), count-based (DESeq2), bias-corrected compositional (ANCOM-BC2), and reference-taxon-free (radEmu) approaches. All five were applied to the identical strict-filtered species table, with the neurocognitive outcome and the covariate set; age, sex, CD4 count, CD8 count, DMFT, OHIS, and GIS specified as model terms, so that differences between methods reflected the statistical model rather than the input data. In MaAsLin2, filtered counts were centered log-ratio (CLR)–transformed per sample and modeled by linear regression with the neurocognitive outcome and usable covariates as fixed effects. In ALDEx2, filtered counts were analyzed with the generalized-linear-model workflow (128 Monte-Carlo Dirichlet instances, "all" denominator) on the same covariate-adjusted design, from which effect estimates and Benjamini–Hochberg–adjusted p-values for the outcome term were extracted. In DESeq2, filtered counts were modeled under a negative-binomial generalized linear model with the covariates and outcome in the design formula, and log₂ fold changes and Wald p-values for the outcome contrast were extracted. In ANCOM-BC2, the filtered count table and covariate-adjusted model were supplied to the ancombc2 function with bias correction and Benjamini–Hochberg adjustment, and log fold changes and adjusted p-values for the outcome term were extracted. Finally, radEmu (emuFit) fitted directly on raw counts using the same model formula, with robust score tests computed for the taxa showing the largest absolute coefficient estimates. A taxon was considered cross-method consistent when the same direction of association was recovered among each method's top-ranked hits by at least two of the five methods; taxa additionally reaching p < 0.05 in at least one method are shown in the main-text consensus figure.

Sensitivity Analysis
Using the dichotomized groupings, we re-examined oral microbial diversity and community structure across cognitive categories as a sensitivity check on the continuous-outcome findings. Diversity and composition were first compared across NeuroScreen and NIH Toolbox quartiles, stratified by HIV status. In a further collapse, quartiles were dichotomized into lower (Q1–Q2) and higher (Q3–Q4) performers, and alpha and beta diversity compared between these groups within each HIV stratum by Wilcoxon rank-sum tests and PERMANOVA, respectively. Neither diversity nor community structure differed by cognitive category in either stratum, consistent with the continuous analyses.
To assess whether cognition-associated taxa were confounded by oral-disease burden, each consensus taxon was re-tested in MaAsLin2 under two nested models: a minimal model adjusted for age, sex, CD4, and CD8, and a fully adjusted model additionally including DMFT, OHIS, and GIS. Coefficients and 95% confidence intervals from both models were compared; associations were considered independent of oral health when effect sizes were stable, and attenuation exceeding 30% of the minimal-model coefficient was flagged as evidence that oral disease partly explained the association.
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Supplementary Figure 1: Differential Abundance using MaAsLin2: a. NeuroScreen PHIV; b. NeuroScreen HUU; c. NIHTB PHIV; d: NIHTB HUU
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Supplementary Figure 2: Differential Abundance using ALDEx2: a. NeuroScreen PHIV; b. NeuroScreen HUU; c. NIHTB PHIV; d: NIHTB HUU
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Supplementary Figure 3: Differential Abundance using DESeq2: a. NeuroScreen PHIV; b. NeuroScreen HUU; c. NIHTB PHIV; d: NIHTB HUU
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Supplementary Figure 4: Differential Abundance using ANCOMBC2: a. NeuroScreen PHIV; b. NeuroScreen HUU; c. NIHTB PHIV; d: NIHTB HUU
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Supplementary Figure 5: Differential Abundance using radEmu: a. NeuroScreen PHIV; b. NeuroScreen HUU; c. NIHTB PHIV; d: NIHTB HUU
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Supplementary Figure 6: Forest Plot using NeuroScreen with minimal and fully adjusted models.
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Supplementary Figure 7: Forest Plot using NIHTB with minimal and fully adjusted models.
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Supplementary Figure 8: NeuroScreen Low vs High Cognition (Quartile 1+2 vs Quartile 3+4)

[image: ]Supplementary Figure 9: NIH Toolbox Low vs High Cognition (Quartile 1+2 vs Quartile 3+4)

Supplementary Table 1: Demographics, Oral and Dental Health, and Clinical Features based on NeuroScreen and NIH Toolbox categories used for sensitivity analysis.
	Variables
	NeuroScreen
	p-Value
	NIH Toolbox
	p-Value

	
	Above Average
	Below Average
	
	Above Average
	Below Average
	

	HIV Status
1. PHIV, N (%)
1. HUU, N (%)
	
33 (45.2)
40 (54.8)
	
20 (74.1)
7 (25.9)
	0.01
	
5 (22.7)
17 (77.3)
	
48 (61.5)
30 (38.5)
	<0.01

	Sociodemographic

	Age (Years), Mean (SD)
	10.5 (0.9)
	10.2 (0.8)
	0.17
	10.3 (1.0)
	10.4 (0.9)
	0.73

	Gender, N (%)
1. Males
	
28 (38.4)
	
12 (44.4)
	0.74
	
13 (59.1)
	
27 (34.6)
	0.06

	Delivery Method, N (%)
1. Vaginal
1. C-Section
	
66 (90.4)
7 (9.6)
	
24 (88.9)
3 (11.1)
	1
	
18 (81.8)
4 (18.2)
	
72 (92.3)
6 (7.7)
	0.22

	Weight (Kg), Mean (SD)
	31.2 (6.5)
	27.3 (4.8)
	<0.01
	32.3 (5.8)
	29.5 (6.3)
	0.06

	Height (cm), Mean (SD)
	142.0 (8.8)
	136.9 (7.9)
	<0.01
	144.1 (9.3)
	139.7 (8.5)
	0.04

	BMI (kg/cm2), Mean (SD)
	15.3 (2.1)
	14.5 (2.0)
	0.0879
	15.3 (2.1)
	15.0 (2.1)
	0.56

	Education, N (%)
1. Primary
1. JSS
	
44 (60.3)
29 (39.7)
	
24 (88.9)
3 (11.1)
	<0.01
	
12 (54.4)
10 (45.5)
	
56 (71.8)
22 (28.2)
	0.2

	Oral and Dental Health

	DMFT Score, Mean (SD)
	0.2 (0.7)
	0.6 (1.1)
	0.1
	0.2 (0.6)
	0.4 (0.9)
	0.34

	PUFA Score, Mean (SD)
	0.0 (0.2)
	0.0 (0.2)
	0.83
	0.0 (0.0)
	0.0 (0.3)
	0.18

	OHIS Category, N (%)
1. 0-1.2: Good
2. 1.3-3: Fair
3. >3.1: Poor
	
26 (35.6)
44 (60.3)
3 (4.1)
	
11 (40.7)
12 (44.4)
4 (14.8)
	0.1
	
9 (40.9)
11 (50)
2 (9.1)
	
28 (35.9)
45 (57.7)
5 (6.4)
	0.68

	Clinical Features

	CD4 Count, Mean (SD)
	767.3 (334.8)
	678.9 (274.3)
	0.18
	869.5 (369.1)
	707.9 (298.7)
	0.06

	CD8 Count, Mean (SD)
	556.4 (445.1)
	632.7 (247.4)
	0.28
	621.0 (770.9)
	564.6 (211.2)
	0.73

	Viral Load, N (%)
1. Detectable (<20 copies)
1. Not Detectable (>20 copies)
	
9 (12.3)
24 (32.9)
	
6 (22.2)
14 (51.9)
	0.03
	
2 (9.1)
3 (13.6)
	
13 (16.7)
35 (44.9)
	<0.01




image6.tiff
Ouowia sp oral krsonm 894
eisseria buciliformis

Simonsictta muctteri
Corynchacrerium matruchori
Kingell denitrificans

Frevotella jejuni

Prevotelta nigrescens

Rodentihacter haemolyticus
Agaregonibacter acrinomycetemeomitans
Rodenibacier coecimrts
Leplotrichia buccalis

Gramuticanctia elegans

Lepiomichict sp oral ravon 498
Aguregatibucier sp. 2123159857
Corynebacieriun durum
Actinomyces isractii

Candidotus Minimicrobia sp. QD96
Candidatus Minimicrabia vallosae
Neisseria loctamica

Aggregatibacter aphrophitus
Streptococcus consellarus
Steeprocacans equ

Agresatibacter sp oral 1ason 513
Prevoreita bivia

Leptomichia sp oral faon 847
Tomersiia serpentiformis
Leptotrichia hofsiadi

Trcponema socranskit

Streprococeus pscudoprermoniae
Laptorichio revisani

Fiusobacterium animalis

HUU

— e S
|
O —
—————%, '
'
B o —
————

vity: NeuroScreen Composite

PHIV

3

Coefficient (95% CI)

Model -# Minimal (age + sex + CD4 +CD8) -8 Full (+ DMFT + OIIIS + GIS)




image7.tiff
Oral Health Sensitivity: NIH Total Cognition

HUU PHIV

Omowin p aral xon $94{ Ty,

Actinomyees israclii et Ve

Prevatella jejuni f—— — —————

Kingella denitificans —_— & r— e e B
Neisseria baciliformis — ] M
Teptorvichia sp ovai tecon 498 .¢'

1
'
'
'
I
Aggregalibacier aphrophitus je— je— —

'
Corynehacterim matruchorii f— ] fr— e N
. '
Tunneretia serpentiformis —_—t— ——
Candidous Mininsicrobia sp. QA6 = —— ——e————
Leptosichia hofstadii s — - ———
Simonsiella puselleri ——— .
Fusobacteriun animalis — — S
T T
Leptotrichia buccalis e— — e e ——
T T
Condidanus Minimicivbia valiesae ——— — —_———
[ I
Treponema socranshii e — P e~ _———

|
ﬁ

Prevotelta nigrescens
Aggregatibacter actimomycetemcomitans —
Nefsseria Jactamica e —_— T

Leptotrichia frevisanii R r— e t——
' . |
Rodentibacier haemolyticus —%——. ’ — e N
. '
Leptomichia sp oval ecxon 847 —— ———
| 1
Rodentibucter caccimuris —_—— e N

Sneptococeus e — = =
Aggresaibucter sp oral teson 513 —— H _
Streprncoceus constellors ——. 28 ——
Aggregatibacter sp. 2125159857 f— ) .'—_'—‘—'9_.
CGranudicatelia elegans .'—_0:. '$I'

Corynebacterium durum ﬂ:: '¢.

i

Prevatella bivia —— —
[ |
Streptococcus pseudopreumoniae ':IQ.—_. 'il.
-0.06 -0.03 0.00 0.03 -0.025 0.000 0.025 0.050

Caoefficient (95% CI)

Model -8 Minimal (age + sex —CD4+CDS) -8 Full (= DMFT = OHIS + GIS)




image8.tiff
Sensitivity: NeuroSereen Low vs High Cognition (Q1+Q2 vs Q3+Q4)

Diversity

0.9

08

07

b
Alpha Diversity By NeuroSereen Low vs High Cognition Beta Diversity By NeuroScreen Low vs High Cognition
PIIV . PTITV e
039 045 R2=0.004, = 0.928 RE=0.004, = 0.928
. .
| . e .
z
g
£
H
N 2 0.2
. 2
b
. ) &
00 naz 5
P <
s
o 00
4
z
.. K
. H
. 0.2
Tow High Tow High 0.2 0.0 0.2 0.2 0.0 02

Cognition B3 Tow B8 High

Cognition -~ Tow - High

" PCoAl [21.2%]




image9.tiff
30

25

Diversity
8

0

07

Sensitivity: NIH Low vs High Cognition (Q1+Q2 vs Q3+Q4)

Alpha Diversity By NIH Low vs High Cognition

IV
o]

e

jiy
03

£
g

05

b

PCoA2 [19.5%]

Beta Diversity By NIH Low vs High Cognition
nuu

R 008 P

02

R0008.P 0579

High

Low High

Cognition B3 Low B Ligh

Cognition - Low - lligh

02

PCoAl [21.2%]

00




image1.tiff
o vaiie)

Tog

op value)

Togy

Differential Abundance By Cognition — MaAsLin2

NS PHIV

R

~loguu(p-value)

NS HLU

s B s T ES Eg s
Cocfficient Cocfficient
NIH-PHIV NIH<HUU
' . N . ' .
an
o2 ol 050 o B3 gy o B 3 atr
Cacfficient Coefficicnt

Besar Cognison

Werss Cogniion




image2.tiff
NS« PHIV

"

~lug op—valuc)

~log ofp—valuc)

T ]
Rffect Sire Fifect Sire o R

o Worse Copririon

Ny NuLBUL

1

—logufp - valus)

an

e T T oo o3





image3.tiff
o valu)

Differential Abundance By Cognition — DEScq2

B
NS« PV NS« TIUU
N * i

T ] T 3
Log2 Fold Change

D

N Py JSTTRYTIR
e wow o o iz A B

Log2 Fold Change

Log2 liold Change

Bt Cogniion

Worse Cognitin




image4.tiff
logiolp  value)

log(p value)

00

00

Differential Abundance By Cognition — ANCOM-BC2

B
NS+ PHIV

NS+ HUU

5
. . i
2| -
o
° 1
o
o ER 00 ] s g ES o ]
Log Fold Change Log Fold Change
D
NIH+ PHI NIHHUU
; 20 P —— |
. ' e RS Sy a— '
' v '
) R v v iz v oo oo

Log Fold Change

Log Fold Change

Hestor Cognition
Worse Copaition,




image5.tiff
logi{p value}

C

“alue)

NS Py

n — radEmu

NS nuu

£ ES 3 ; T
Log Kold Differcace Log Fold Dillerence
D
NIH - PHIY NIH-HLU
20 o
S s .
o . .
o 5
B e T b o oo
Log Fold Difference Log Fold

Heer Copnidon

Worse Cogitn




