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Abstract

Impairments in physical function and increased systemic levels of inflammation have been observed in middle-
aged and older persons with HIV (PWH). We previously demonstrated that in older persons, associations
between gut microbiota and inflammation differed by HIV serostatus. To determine whether relationships
between the gut microbiome and physical function measurements would also be distinct between older persons
with and without HIV, we reanalyzed existing gut microbiome and short chain fatty acid (SCFA) data in
conjunction with previously collected measurements of physical function and body composition from the same
cohorts of older (51–74 years), nonfrail PWH receiving effective antiretroviral therapy (N = 14) and age-
balanced uninfected controls (N = 22). Associations between relative abundance (RA) of the most abundant
bacterial taxa or stool SCFA levels with physical function and body composition were tested using HIV-
adjusted linear regression models. In older PWH, but not in controls, greater RA of Alistipes, Escherichia,
Prevotella, Megasphaera, and Subdoligranulum were associated with reduced lower extremity muscle function,
decreased lean mass, or lower Short Physical Performance Battery (SPPB) scores. Conversely, greater RA of
Dorea, Coprococcus, and Phascolarctobacterium in older PWH were associated with better muscle function,
lean mass, and SPPB scores. Higher levels of the SCFA butyrate associated with increased grip strength in both
PWH and controls. Our findings indicate that in older PWH, both negative and positive associations exist
between stool microbiota abundance and physical function. Different relationships were observed in older
uninfected persons, suggesting features of a unique gut–physical function axis in PWH.
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Introduction

W ith advances in treatment, nearly half of people
with HIV (PWH) in the United States are now 50 years

or older.1 Despite effective antiretroviral therapy (ART),
impairments in physical function have been reported across
several cohorts of middle-aged and older PWH.2–10 These
impairments in physical function among ART-treated PWH
have been linked to systemic inflammation [e.g., levels of
IL-6, soluble TNF receptors (sTNFR)].11–14 Understanding
the factors that promote inflammation in older PWH will

allow the development of targeted therapies for PWH
who may experience unique aging and physical function
impairments.

Multiple factors contribute to systemic inflammation and
immune activation in PWH with early and sustained dis-
ruption of gut homeostasis considered a major contribu-
tor.15–17 Disruption of the epithelial barrier allows for a
greater translocation of bacteria or bacterial products from
the lumen, into the underlying tissue and into the systemic
circulation and this process, termed microbial translocation,
has been linked to inflammation and immune activation.18
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Alterations in stool or mucosa-associated enteric bacterial
communities, generally characterized by higher abundances
of gut commensal bacteria with inflammatory potential and
lower abundances of immune-regulatory bacteria, including
those capable of producing the short chain fatty acid (SCFA)
butyrate, have also been observed (reviewed in Refs.19,20).
Furthermore, these dysbiotic profiles have been linked to
systemic inflammation, microbial translocation19–22 and re-
cently to metabolic syndrome,21 and various inflammatory
comorbidity events.22

In addition to the contribution from inflammation,
emerging evidence supports an association between the gut
microbiome and physical function/frailty in aging23–30 with
many of these features similar to the dysbiotic profiles ob-
served in PWH. In a recent study investigating the combined
effect of age and HIV infection on the stool microbiome of
nonfrail, older PWH and uninfected controls, we observed
that HIV and age were independently associated with distinct
changes in stool bacterial communities.31 Furthermore, as-
sociations between the stool microbiome (focused on the 25
most abundant genera) and inflammatory systemic bio-
markers differed by HIV serostatus. To further investigate the
link that the microbiome may have on physical function, we
reanalyzed the previously acquired microbiome and SCFA
datasets in conjunction with previously collected physical
function and body composition measurements.31–33 We hy-
pothesized that the stool microbiome would be associated
with physical function and, given the HIV serostatus differ-
ences between inflammation and the most abundant genera
observed in our prior work, we further hypothesized that the
association between these genera and physical function
would also differ among older adults with and without HIV.

Materials and Methods

Study participants

Previously acquired stool 16S rRNA sequencing data,
SCFA (acetate, butyrate, propionate) levels and physical
function and body composition measurements were used for
the analyses in this study.31–33 These data were obtained from
8 study participants with HIV and 22 study participants
without HIV (controls) recruited from the ‘‘Exercise in Heal-
thy Aging’’ study (Clinical Trials No. NCT02404792)32,33 and
6 additional PWH recruited from the ‘‘Assessing Tenofovir
Pharmacology in Older HIV-infected Individuals Receiving
Tenofovir-based Antiretroviral Therapy’’ study (Clinical
Trials No. NCT02304263).34 All participants were between
50 and 75 years of age. PWH were on ART for ‡2 years with
HIV-1 RNA <200 copies/mL and a CD4 count of >200
cells/lL. Key exclusion criteria included active diarrhea,
antibiotic use within the last 2 weeks, active hepatitis C in-
fection, diabetes requiring insulin, body mass index (BMI)
<20 or >40 kg/m2, and use of corticosteroids or other im-
munomodulators. All participants provided written, informed
consent; both clinical trials were approved by the Colorado
Multiple Institutional Review Board.

Outcome measures. Physical function and body mass
measurements have been previously detailed.32,35 Briefly,
functional outcomes included continuous time (s) to com-
plete a 400-m walk, climb a flight of 10 stairs, or to complete
10 repeat chair rises. The Short Physical Performance Battery

(SPPB) test was scored as previously described36 with 0–4
points for each of: five repeat chair rises, 4-m walk, and
progressive balance tests of up to 10 s. Hand grip strength was
assessed as the average of three dominant measurements (kg)
using a Jamar Dynamometer (Lafayette Instruments, Lafay-
ette, IN). Additional muscle strength measurements included
bench press, leg press and lateral press enumerated as the
maximal weight (kg) lifted one time using correct lifting form
through the full range of motion and normalized to lean body
mass. Muscle mass was estimated with measurements (kg) of
lean body mass (LBM), and appendicular lean mass (ALM),
as fat-free, bone-free mass, quantified by whole-body dual-
energy X-ray absorptiometry (DXA) scans, using either the
Hologic Discovery W (Apex 4.0.1) or Horizon W (Apex
5.6.05) instrument (Hologic, Inc., Bedford MA). Both mea-
surements were height adjusted.

Microbiome analysis

Stool bacterial profiles were generated in a previously
completed study by broad-range amplification and sequenc-
ing of 16S rRNA genes.31,37,38 In brief, stool samples were
self-collected and immediately stored in the study partici-
pants’ home freezer until transfer to a -80�C freezer within 3
days. All samples were processed within 6 months. DNA was
isolated using the QIAamp PowerFecal Kit (Qiagen, Carls-
bad, CA) and 16S rRNA gene amplicons were generated
using oligonucleotide primers targeting the V3V4 variable
region. Illumina paired-end sequencing was performed on the
MiSeq platform (Illumina, San Diego, CA). Paired-end reads
were quality filtered, demultiplexed, merged, and classified
using SINA(1.3.0-r23838),39,40 as previously described.31,41–45

Operational taxonomic units were produced by clustering
with identical taxonomic assignments.31 Explicet (v2.8.2)46

was used for organization, analysis (i.e., alpha-diversity
calculations), and visualization of microbiome data.31 Stool
microbiome profiling was successful in all samples (median
of 115,568 sequences/sample, median Good coverage of
99.97%).31 The effect of HIV serostatus and age on the stool
microbial communities of the study participants were ex-
tensively reported.31

Stool SCFA extraction and analysis

Stool SCFA levels were measured in the previously
completed study using gas chromatography, as previously
described.31,47,48 Seven grams of stool was taken from dis-
parate sections of each sample and purified water was added
(1:5, w/v) before homogenization by vortexing. The ho-
mogenate was centrifuged at 10,000 rpm for 10 min at 4�C.
The supernatant (400 lL) was then mixed with 100 lL of
internal standard solution containing 50 mM 4-methyl-
valeric acid, 5% meta-phosphoric acid, and 1.56 mg/mL of
copper sulfate. The samples were centrifuged again at
10,000 rpm for 10 min at 4�C. Supernatant (4 lL) was in-
jected into a gas chromatography equipped with a fused silica
capillary column (Supelco No: 40369-03A; Nukon�, Bel-
lefonte, PA) and a flame ionization detector (GC-FID 7890A;
Agilent Technologies, Inc., Santa Clara, CA). The gas
chromatography conditions were as follows: injector tem-
perature at 230�C; initial oven temperature at 100�C; and
temperature increase of 8�C/min to 200�C with a hold for
3 min at final temperature. Helium was used as a carrier gas at
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0.75 mL/min. SCFA quantification was assessed through
measurements of peak areas for acetate, propionate, and
butyrate relative to 4-methyl valeric acid. Acetate, propio-
nate, and butyrate (Fisher Scientific, Hampton, NH) were
used as external standards. Levels were expressed as mmol/g.

Statistical analyses

Participant characteristics were summarized using fre-
quencies (%) for categorical variables and mean [standard
deviation (SD)] for continuous variables. Fisher’s exact and
two-sample t-tests were used to compare differences between
PWH and uninfected controls. Relative abundances (RA) of
bacterial taxa were calculated as the number of sequences for a
specific taxa standardized to the total number of sequences for
the study participant. Linear regression models provided esti-
mates of associations between stool microbiota abundance or
SCFAs with physical function or body mass measurements.
HIV status and an interaction term between HIV and either
stool microbiota abundance or SCFAs was included regardless
of significance. Mean estimates with 95% confidence intervals
were reported. Two-sided tests are reported assuming a 0.05
significance level. Analyses were conducted in SAS v9.4
(Carey, NC). Outcomes were considered complementary and
reported without adjustment for multiple comparisons.49

Results

Study participant demographics

The 14 PWH and 22 controls were similar by age, race,
ethnicity, BMI, smoking status, and alcohol consumption
(Table 1). All except one study participant identified as male.

Physical function measurements (Table 2) were not signifi-
cantly different between PWH and controls, although PWH
had slower 400-m walk times and lower SPPB scores ( p = .05
and p = .08, respectively). LBM and ALM were not signifi-
cantly different (Table 2).

Stool microbiota associations with physical function
and body composition in PWH

We previously reported that (1) measurements of alpha-
diversity (richness, diversity, and evenness) were similar
between PWH and controls; (2) PERMANOVA tests of beta-
diversity showed minimal overall composition differences in
microbiota between PWH and controls at the phylum, family,
or genus levels; and (3) negative binomial regression models
demonstrated HIV and age-specific effects at the family and
genus levels.31 Potential relationships between physical
function/body composition and stool microbiota in PWH and
in controls, were explored using linear regression models; to
minimize the number of statistical tests, we focused on the
top 5 most abundant phyla, top 10 most abundant families,
and top 25 most abundant genera (Supplementary Table S1
and Supplementary Fig. S1). Of these taxa, we previously
observed no significant differences between controls and
PWH at the phylum level and only significantly lower RA of
Lachnospiraceae (family) and Alistipes (genus) in PWH
versus controls.31 Phylum and family taxa were detected in
all persons, except for Fusobacteria which was detected in
77% of controls. Genera were represented in at least 80% of
PWH or controls with the following exceptions—Fuso-
bacterium: 77% of controls, 64% of PWH; Megasphaera:
77% of controls; Succinivibrio: 50% of controls, 71% of
PWH; and Megamonas: 55% of controls, 71% of PWH.

At the phylum level (Supplementary Table S2), greater RA
of Proteobacteria associated with lower SPPB scores, slower
chair rise and stair climb times, and less ALM. Increasing RA
of Enterobacteriaceae, a family within Proteobacteria, also
significantly associated with lower SPPB and a slower stair
climb (Supplementary Table S3). Bacteroidetes associated

Table 1. Study Participant Characteristics

Characteristic
Controls
(N = 22)

PWH
(N = 14) p

Male sex 21 (95) 14 (100) 1.0
Age, years 59.50 (6.62) 60.79 (7.71) .61
Race .33

White 17 (77) 10 (71)
Black/African

American
2 (9) 4 (29)

Asian 1 (5) 0
More than

one race
2 (9) 0

Hispanic/Latino
Ethnicity

3 (14) 2 (14) 1.0

HIV-1 RNA
(<200 copies/mL)

NA 14 (100)

CD4 count (cells/lL) ND 680.69 (281.06)
Sexual orientation <.001

MSM 6 (27) 13 (93)
Heterosexual 16 (73) 1 (7)

BMI 27.81 (4.29) 27.46 (4.34) .82
Current tobacco

smoker
2 (9) 3 (21) .36

Alcohol intake
>2 drinks/day

2 (9) 1 (7) 1.0

Values are shown frequency (%) or mean (SD).
BMI, body mass index; MSM, men who have sex with men;

PWH, people with HIV; NA, not applicable; ND, not determined;
SD, standard deviation.

Table 2. Physical Function and Body

Mass Measurements

Controls
(N = 22)

PWH
(N = 14) p

Bench press, kg 0.95 (0.20) 0.99 (0.15) .53
Lateral press, kg 1.35 (0.23) 1.36 (0.17) .83
Leg press, kg 2.45 (0.55) 2.39 (0.34) .72
Hand grip strength, kg 35.70 (8.86) 36.36 (7.91) .82
10-time chair rise

time, s
17.46 (4.26) 20.69 (6.70) .12

Stair climb time, s 3.53 (0.63) 3.71 (0.87) .58
400-m walk, s 226.16 (27.03) 241.52 (17.16) .05
SPPB score 11.81 (0.40) 11.29 (0.99) .08
Lean body mass/

height2, kg/m2
19.33 (1.63) 19.94 (2.17) .38

Appendicular lean
body mass/height2,
kg/m2

8.74 (0.83) 8.83 (1.18) .80

Values are shown as mean (SD). Bench, lateral, and leg press
measurements were normalized to lean body mass (kg).

SPPB, short physical performance battery.
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with a longer time to complete the 400 m walk in PWH with
no associations between 400 m walk and abundance of bac-
teria within other phylum, family, or genus taxa noted. No
other significant associations between the top 5 most abun-
dant phylum and physical function or body composition
measurements in PWH were observed (Supplementary
Table S2). Additional significant associations between
greater abundance of bacteria at the family taxa and function
(Supplementary Table S3) included Lachnospiraceae, which
associated with a faster chair rise time, Bacteroidaceae with
lower SPPB and less ALM, and Veillonellaceae with slower
stair climb.

The 25 most abundant genera belonged to the phyla Ac-
tinobacteria, Bacteroidetes, Firmicutes, Fusobacteria, and
Proteobacteria and included the majority of genera reported

to contain butyrate-producing bacteria (Supplementary
Table S1).50,51 Given that Butyrivibrio fibrisolvens is a
known butyrate-producing bacterium,50,51 the genus Butyr-
ivibrio (Firmicutes) was also included. Among PWH, greater
RA of numerous genera, including Alistipes, Escherichia,
Prevotella, and Megasphaera were associated with reduced
lower extremity muscle function, as indicated by slower time
to complete 10 chair rises or stair climbs (Fig. 1A and Sup-
plementary Table S4). Greater RA of Escherichia and Bac-
teroides were associated with a lower SPPB performance
(Fig. 1B and Supplementary Table S4), less ALM, and less
LBM (Escherichia only) (Fig. 1C and Supplementary
Table S4), while greater Subdoligranulum RA was significantly
associated with less ALM and LBM (Fig. 1C and Supple-
mentary Table S4). Conversely, higher RA of Dorea was

FIG. 1. Associations between stool mi-
crobiota abundance with physical function
or body mass measurements in PWH. Linear
regression models with interaction terms
between HIV and stool microbiota abun-
dance were conducted to determine estima-
tes for physical function or body mass
change for each 1% increase in relative
abundance of each genera. Significant asso-
ciations between microbiota and (A) muscle
function, (B) SPPB, and (C) lean body mass
in PWH study participants. Forest plots were
created to display the estimate (b) and 95%
CI for associations between increasing
abundance of genera with (A) muscle func-
tion based on time (s) to complete 10 chair
rises or climb 1 flight of stairs, (B) SPPB
scores, and (C) estimates of LBM or ALM
normalized for height. Estimates >1 indicate
associations between increasing abundance
of specific microbiota and reduced muscle
function, higher SPPB scores, or greater
body mass. ALM, appendicular lean mass;
CI, confidence intervals; LBM, lean body
mass; PWH, people with HIV; SPPB, Short
Physical Performance Battery.
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associated with faster chair rise time (Fig. 1A and Supple-
mentary Table S4) and higher SPPB scores (Fig. 1B and Sup-
plementary Table S4), Phascolarctobacterium with higher
SPPB scores (Fig. 1B and Supplementary Table S4), and Co-
prococcus with greater LBM (Fig. 1C and Supplementary
Table S4). In some instances, similar relationships with func-
tion were observed at the phylum or family level to which these
genera belong (e.g., Escherichia of the Enterobacteriaceae
family and Proteobacteria phylum; Bacteroides and Bacter-
oidaceae family) suggesting it was the RA at the genus level
driving the observed association at the higher taxonomic clas-
sifications. No other significant associations between genera
and function were observed (Supplementary Table S4).

Stool microbiota and associations with physical function
and body composition in controls

In older persons without HIV, greater RA of Bacteroidetes
was significantly associated with greater strength on bench
press and lateral pulldown (Supplementary Table S2), the

latter of which was also observed at the family (Bacter-
oidaceae; Supplementary Table S3) and genus (Bacteroides;
Fig. 2A and Supplementary Table S4) levels. Greater RA of
Actinobacteria significantly associated with lower muscle
strength (bench press, lateral pulldown) (Supplementary
Table S2). This association was in keeping with the signifi-
cant associations observed for Coriobacteriaceae, a family in
the Actinobacteria phylum (Supplementary Table S3), for
Collinsella, a genus in the Coriobacteriaceae family and for
Bifidobacterium (Actinobacteria phylum) (Fig. 2A and Sup-
plementary Table S4). Alistipes, Bacteroides, and Sutterella
abundance were also associated with greater muscle strength
(Fig. 2A and Supplementary Table S4); observations re-
flected at the higher taxa levels of Rikenellaceae (family
containing Alistipes) and Bacteroidaceae (family containing
Bacteroides) (Supplementary Table S3). Additional signifi-
cant findings between genera and function included greater
abundance of Bifidobacteria associated with a longer time to
complete a stair climb or 400-m walk (Fig, 2B and Supple-
mentary Table S4). Greater RA of Catenibacterium and

FIG. 2. Associations between stool mi-
crobiota abundance with physical function
or body mass measurements in Controls.
Linear regression models with interaction
terms between HIV and stool microbiota
abundance were conducted to determine
estimates for physical function or body mass
change for each 1% increase in relative
abundance of each genera. Significant asso-
ciations between microbiota and (A) muscle
strength, (B) muscle function, and (C) lean
body mass in control study participants.
Forest plots were created to display the es-
timate (b) and 95% CI for associations be-
tween increasing abundance of genera with
(A) muscle strength measured as maximal
weight (kg) of one complete bench press,
lateral pulldown (normalized by LBM) or
hand grip strength (kg), (B) muscle function
based on time (s) to climb one flight of stairs
or complete a 400 m walk, and (C) estimates
of LBM or ALM normalized for height.
Estimates >1 indicate associations between
increasing abundance of specific microbiota
and reduced muscle function, greater muscle
strength, or greater body mass.
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Butyrivibrio were associated with higher estimates of LBM
and ALM (Fig. 2C and Supplementary Table S4). Greater
abundance of Erysipelotrichaceae, the family to which Ca-
tenibacterium belongs, was also significantly associated with
higher lean mass measurements (Supplementary Table S3).

Stool butyrate levels associate with greater
handgrip strength

No statistically significant differences in stool butyrate,
propionate, or acetate between PWH [mean level (mmol/g)
(SD): butyrate 7.3 (5.0), propionate 14.0 (7.6), acetate 42.0
(11.7)] and controls [butyrate 7.7 (6.1), propionate 10.2 (4.9),
acetate 37.7 (14.1)] were observed [mean (SD): butyrate
PWH 7.3], as previously reported.31 Relationships between
stool butyrate, propionate, and acetate levels with physical
function and body mass measurements were similarly ex-
plored using linear regression models (Supplementary
Table S5). In both controls and PWH, increasing levels of
butyrate were significantly associated with greater grip
strength (Fig. 3); propionate levels were also associated with
increasing grip strength in controls but failed to reach sta-
tistical significance ( p = .06). No other associations between
butyrate, propionate, or acetate with physical function or
body mass measurements were significant in either group.

Discussion

To the best of our knowledge, this study is the first to
investigate potential relationships between stool commensal
microbiota and physical function in older, nonfrail PWH. We
observed several positive and negative correlations between
individual genera and poor physical function in older PWH
that were not found in uninfected older adults, suggesting a
unique gut microbiome–physical function axis in older PWH.

In older PWH, greater abundance of Dorea, Phasco-
larctobacterium, and Coprococcus was associated with better
physical function and greater LBM. Phascolarctobacterium
and Coprococcus include species known to produce the
SCFAs propionate or butyrate, respectively.51 These SCFAs
have reported roles in skeletal muscle metabolism and in
preventing muscle atrophy or altering muscle fiber compo-
sition (reviewed in Frampton et al.52), which may, in part,
explain the relationship to physical function. Although we
observed positive relationships between certain genera and
physical function or LBM, we noted that a greater number of
genera had inverse associations with physical function in
older PWH. While many of these genera correlated with a
single measure of poor physical function or lower body mass,
greater abundance of Escherichia was associated with re-
duced muscle function (slower chair rise time, lower SPPB
score) and lower total body and ALM. We have previously
shown in this cohort that Escherichia abundance was posi-
tively correlated with inflammatory biomarkers, most nota-
bly sTNFR.31 Additional mechanistic studies demonstrating
the link among Escherichia, inflammation, and reduced
physical function measurements are warranted. In this ex-
ploratory study, Prevotella associated with slower stair climb
time, a measure of leg muscle power. Recent studies have
demonstrated that Prevotella was enriched in men who have
sex with men (MSM) likely due to sexual practices, including
receptive anal intercourse.21,22,53–56 Because the majority
(93%) of our PWH cohort were MSM versus 27% in controls,
the association of Prevotella with leg muscle power may not
be related to HIV infection per se.

Despite finding no significant differences in physical
function and body composition between older PWH and
controls, the associations between gut microbiota and the
various physical function measurements noted in older PWH
were not observed in similarly aged controls, suggesting that
HIV infection combined with age confers a unique gut
microbiome–physical function axis compared with the ef-
fects of age alone. Indeed, in controls, abundance of certain
gut microbial taxa was associated with measures of maximal
muscle strength but not physical function. Intriguingly, in our
cohort of generally healthy, older persons, greater abundance
of Bifidobacterium was associated with lower muscle mass
and strength. This observation is in marked contrast to the
well-described health benefits of certain Bifidobacterium
spp.57 and improvement in grip strength following a 12-week
administration of Bifidobacterium longum into aged mice.58

However, although rare, cases of Bifidobacterium bacter-
emia, particularly in immunocompromised people, have been
reported59,60 suggesting certain species may have inflam-
matory potential.

The association between stool butyrate and greater hand-
grip strength in both PWH and uninfected controls suggest
the previously reported mechanistic features linking butyrate
to muscle strength are related more to aging52,61–64 and may
not be additionally impacted by HIV infection. Indeed, we
previously reported similar levels of stool butyrate in these
same study participants.31 Butyrate has multiple beneficial
roles in the maintenance of gut immune homeostasis65 and, in
rodent models, impacts muscle metabolism and function.52

Butyrate levels are typically highest in the gut lumen and
primarily utilized in gut tissue, resulting in low systemic
levels.52 It is tempting to speculate that greater butyrate

FIG. 3. Associations between stool SCFAs and hand grip
strength. Linear regression models with interaction terms
between HIV and levels of stool SCFAs were conducted to
determine estimates for physical function or body mass
change for each 1 unit increase in SCFA levels. A Forest
Plot was created to display the estimate (b) and 95% CI for
associations between increasing levels of stool butyrate,
propionate, or acetate and hand grip strength. Estimates >1
indicate associations between increasing SCFA levels and
greater hand grip strength. SCFAs, short chain fatty acids.
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levels, through maintenance of epithelial barrier function
and/or anti-inflammatory functions in the intestinal mucosa,
lead to a healthier gut, limited systemic inflammation, and
greater grip strength.

Our study strengths include the objective measures of
physical function and DXA-derived measures of lean tissue
mass. However, several limitations are acknowledged and
our results should be considered exploratory. This study
performed retrospective analysis of previously acquired mi-
crobiome and physical function/body composition datasets
and is limited by small sample sizes and the ability to adjust
for multiple confounders that may influence the microbiome,
including dietary intake, prebiotic/probiotic use, and a lack of
matching for MSM status and that current physical activity
was only recorded in one of the two parent studies. Study
participants were relatively high functioning, and only one
woman was included in the study further limiting general-
izability. The associations between gut microbiota and
physical function observed in our study should be repeated in
a larger cohort of women and men with appropriate matching
for sexual practices and across a wider range of physical
function. Finally, the cross-sectional study design precludes
conclusions about causation.

Conclusion

This exploratory study is the first to demonstrate a poten-
tial gut microbiome–physical function axis in older, nonfrail
PWH. Our current observations demonstrating that features
of this gut microbiome–physical function axis differ between
older adults with and without HIV provide further support to
our previously reported concept that a ‘‘one bug fits all’’
approach to microbiome-based therapeutics is not likely
relevant for older PWH.31 Future studies should investigate
targeted therapies appropriate for this population of people
who may experience aging, dysbiosis, and physical function
impairments differently than those without HIV.
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