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Abstract

Older persons with HIV (PWH) experience high rates of cognitive impairment and frailty, and accelerated
decline in physical function compared with the general population. Metformin use has been associated with
beneficial effects on cognitive and physical function among older adults without HIV. The relationship between
metformin use on these outcomes in PWH has not been evaluated. AIDS Clinical Trials Group (ACTG) A5322
is an observational cohort study of older PWH with annual assessments for cognition and frailty, including
measures of physical function (e.g., gait speed and grip strength). Participants with diabetes who were pre-
scribed antihyperglycemic medications were included in this analysis to evaluate the association between
metformin and functional outcomes. Cross-sectional, longitudinal, and time-to-event models were used to
evaluate the relationship between metformin exposure with cognitive, physical function, and frailty outcomes.
Ninety-eight PWH met inclusion criteria and were included in at least one model. No significant associations
between metformin use, frailty, physical, or cognitive function were noted in unadjusted or adjusted cross-
sectional, longitudinal, or time-to-event models (p>.1 for all models). This study is the first to examine the
association between metformin use on functional outcomes among older PWH. Although it did not ascertain
significant associations between metformin use and functional outcomes, our small sample size, restriction to
persons with diabetes, and lack of randomization to metformin therapy were limitations. Larger randomized
studies are needed to determine whether metformin use has beneficial effects on cognitive or physical function
in PWH. Clinical Trial Registration numbers: 02570672, 04221750, 00620191, and 03733132.

Keywords: metformin, HIV, frailty, physical function, aging

Introduction effect on the health span of PWH, who experience both
earlier onset and increased rates of noninfectious, aging-

OUTINE USE OF virally suppressive antiretroviral therapy related comorbidities compared with the general popula-
(ART) markedly extends the lifespan of persons with  tion."> Older PWH have higher rates of cognitive impairment
HIV (PWH), which now approaches that of the general and frailty than people without HIV, as well as accelerated
population. Effective ART has not, however, had a similar ~ declines in physical function.*® These aging-related
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syndromes are associated with adverse health outcomes in
PWH, including disability, reduced quality-of-life, and
mortality.”'" Interventions to alleviate such physical and
cognitive impairment are currently limited for PWH.

Increasing evidence suggests that metformin, a first-line
medication for the treatment of type 2 diabetes mellitus
(DM), may be beneficial for the treatment of impaired cog-
nitive and physical function in aging people without HIV. In
addition to improving insulin sensitivity and counteracting
hyperglycemia, metformin also tar§ets key aging mecha-
nisms, including inflammation'*'> and cellular senes-
cence.'*'> Prior reports have indicated that metformin can
improve gait speed'® and is associated with lower risk of
frailty in diabetic older adults.'”'® Several studies have also
shown that metformin use is associated with preservation of
cognitive function.'* Among older adults without HIV,
ongoing clinical trials are investigating the impact of
metformin on cognitive, mobility, and frailty outcomes
(ClinicalTrials.gov Identifier).

Abnormal glucose metabolism and chronic inflamma-
ion”>?® are associated with premature onset of frailty and
impaired cognitive and physical function in PWH. Thus,
metformin may have particular benefit in preventing or alle-
viating functional impairment in PWH. Since the relationship
between metformin exposure and cognitive and physical
function in PWH have not yet been evaluated, this study aimed
to address this gap by analyzing data from PWH with diabetes
in the AIDS Clinical Trials Group (ACTG) study A5322,
which is also known as HAILO (HIV Infection, Aging, and
Immune Function Long-term Observational Study).

23,24

Methods
Study population

This study used existing data from HAILO, an observa-
tional multisite cohort study of older PWH. All HAILO
participants initiated ART through an ACTG randomized
clinical trial and were subsequently followed in ACTG
A5001, the predecessor of HAILO. 7 Between November
2013 and July 2014, a subset of AS5001 participants
(n=1,035) 240 years old were enrolled in HAILO for con-
tinued observational follow-up. This analysis includes data
from HAILO entry though week 288.

Participants with diabetes who were receiving anti-
hyperglycemic medications and who had at least one out-
come measure of interest were considered for inclusion.
Diabetes diagnosis was defined as meeting at least one of
the following criteria: (1) prior diagnosis of type 2 diabetes;
(2) two laboratory assessments at the same or consecutive
visits in the diabetic range [hemoglobin A1C (HbAlc)
26.5% or fasting blood sugar =126 mg/dL]; or (3) pre-
scription of an antihyperglycemic medication (including
insulin) with at least one laboratory assessment in the di-
abetic range within a year of starting medication. Included
participants were classified as metformin users or nonusers.
Metformin use was defined as use of metformin for at least
365 days with no treatment gaps for at least 60 days. Par-
ticipants were excluded if they had a history of renal dis-
ease, which was defined as more than one estimated
glomerular filtration rate (eGFR) <60 mL/min/1.73 m” at
least 3 months apart with no intervening eGFR =60 using
the CKD-EPI equation.
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Outcomes

Cognitive performance was evaluated annually using the
AS5001 Neuroscreen, which includes the Trail Making A and
B and the Wechsler Adult Intelligence Scale-Revised Digit
Symbol test.* Cognitive performance is summarized in a
demographically adjusted mean z-score, the NPZ3.%® Cog-
nitive impairment was defined as at least one z-score =2
standard deviations (SDs) below the mean or at least two
z-scores =1 SD below the mean on separate tests within the
AS5001 Neuroscreen. Frailty was assessed annually using the
Fried Frailty Phenotype components of grip strength, 4-m
walk speed, and self-reported low activity, exhaustion, and
unintentional weight loss.

Individuals meeting 3-5 criteria were considered frail; 1—
2, prefrail; and 0, robust. For models involving categorical
frailty, participants were categorized either as frail or nonfrail
(prefrail/robust).29 Gait speed (walk time) was defined as the
mean time in seconds of two 4-m walks. For categorical
models, assessments with a mean time >4 s were defined as
“slow” (vs. not slow). Grip strength was measured in kilo-
grams as the mean of three grip tests. Grip strength was coded
as “‘weak’ (vs. not weak) depending on participant sex and
body mass index (BMI).*°

Covariates

Covariates included sex at birth (male/female), age,
race/ethnicity, HbAlc (%), BMI (kg/mz), duration of diabe-
tes (years), suppressed HIV-1 RNA (<50 copies/mL), and
smoking status (classified as never, former, or current).
Cross-sectional models were adjusted for baseline BMI, du-
ration of diabetes, and HbAlc. Longitudinal and time-to-
event models were adjusted for baseline BMI, duration of
diabetes and time-updated HbAlc.

Statistical analysis

Cross-sectional, longitudinal, and time-to-event models
analyzed the relationship between metformin exposure and
cognitive, physical function, and frailty outcomes among
HAILO participants with diabetes who were prescribed an-
tihyperglycemic medications. The definitions for baseline
and the duration of follow-up differed by analysis type and
are described for each model as follows. Baseline charac-
teristics by metformin use were evaluated in each model.
Fisher’s exact tests were used for categorical variables and
the two-sample Wilcoxon test with continuity correction for
continuous variables.

Cross-sectional associations between metformin use with
frailty, weak grip, slow gait, and cognition were estimated
using robust Poisson models. The first assessment of the
outcome in question was the data point used for these models.

Longitudinal analyses used mixed models with fixed ef-
fects and random intercepts to estimate differences in tra-
jectories in NPZ3 score, grip strength, and walk time by
metformin use. For these models, baseline was defined as the
latest of (1) first outcome assessment, (2) diabetes diagnosis,
or (3) start of metformin use when applicable. For partici-
pants who stopped metformin use during follow-up, only the
observations occurring during metformin use were included.
Models were estimated using the residual (restricted) maxi-
mum likelihood method. Random intercepts and slopes were
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TABLE 3. CROSS-SECTIONAL ASSOCIATION BETWEEN METFORMIN AND PHYSICAL AND COGNITIVE FUNCTION

Unadjusted Adjusted®
Model N Risk ratio (95% CI) p Risk ratio (95% CI) p
Metformin use and frailty 69 0.93 (0.24 to 3.59) 92 1.31 (0.43 to 3.95) .64
Metformin use and weak grip 69 1.19 (0.53 to 2.65) .68 1.20 (0.54 to 2.70) .65
Metformin use and slow gait 69 0.99 (0.57 to 1.71) 97 1.00 (0.57 to 1.77) 1.00
Metformin use and NC impairment 70 3.00 (0.45 to 20.04) .26 2.83 (0.37 to 21.71) 32

#Adjusted for BMI, HbAlc, and duration of diabetes.
CI, confidence interval.

tested for inclusion using the likelihood ratio test to compare
the differences in the -2RLL (-2 residual log likelihood)
scores, and by checking the significance of the covariance
parameter estimates. Time was modeled as years (continu-
ous) since baseline. Differences in trajectories were assessed
through time X metformin use interaction terms.

Time-to-event models were used to examine the differ-
ential hazard of cognitive impairment and frailty by metfor-
min use. Separate interval-censored semiparametric
proportional hazards models were evaluated for cognitive
impairment and frailty. The time-to-event models used the
same definition of baseline as the longitudinal models.
However, participants who had experienced the event of in-
terest at or up to 2 years before baseline were excluded.
Metformin users who stopped using metformin before ex-
periencing the outcome of interest were censored when they
stopped using metformin. Participants who did not experi-
ence the outcome of interest during follow-up were censored
at their last observation. Proportional hazards assumptions
were tested using Martingale residuals.

Results

Of the 1,035 HAILO participants, 98 people with diabetes
met all inclusion criteria and were included in at least one
model. Of those participants included in the analysis, the
baseline median age was 56 years [(Q1-Q3) 50-61]. Seventy-
three percent were male sex at birth (gender identity was not
collected at study baseline), 33% Black, and 30% Hispanic
(of any race). Most individuals had well-controlled HIV in-
fection at study entry: 93% had undetectable plasma HIV-1
RNA with median CD4" T cells of 642 cells/uL [(Q1-Q3)
389-902]. The median duration of ART was 10 years [(Q1-
Q3) 7-17]. The median nadir CD4" T cell was 171 cells/uL
[(Q1-Q3) 24-302]. Participants contributed up to six neuro-
cognitive assessments [median (Q1-Q3): 4 (3-5)] and up to
seven frailty assessments [median (Q1-Q3): 4 (3-6)] to the

longitudinal models. At study entry, 19% participants were
frail, 59% had slow gait, 46% had weak grip, and 27% had
NCIL

Baseline characteristics are presented in Table 1 (frailty
data) and Table 2 (cognitive data) with no significant dif-
ferences between groups. Overall, no associations between
metformin use and frailty, physical or cognitive performance
were noted in unadjusted or adjusted cross-sectional, longi-
tudinal, or time-to-event models (Tables 3 and 4). In cross-
sectional models (Table 3), metformin use versus nonuse was
not associated with frailty, slow gait, weak grip, or cognitive
impairment (p>.1 for all models). In longitudinal models
(Table 4), the point estimates for metformin use versus
nonuse were not significantly associated with grip strength,
gait speed, or NPZ3 score (p>.1 for all models).

For time-to-event models (Supplementary Tables S1 and
S2), few frailty (n=9) or cognitive impairment (n=7) events
occurred in follow-up. The adjusted hazard ratio (HR) of
frailty was 0.41 (95% confidence interval: 0.07-2.53;
p=.34). Since no cognitive impairment events occurred
among metformin nonusers, a HR could not be estimated.
Instead, a log-rank test found no significant difference in
time-to-event between the groups (p=.17).

Discussion

In this study, we present the first pilot data to evaluate the
relationship between metformin use and cognitive function,
physical function, and frailty in a well-characterized longi-
tudinally followed cohort of PWH with diabetes. Although
we failed to identify a significant relationship between met-
formin and the functional outcomes, the cohort sample size
was small. Larger studies, preferably designed specifically to
assess the relationship, are needed to evaluate the effect of
metformin on functional outcomes in PWH.

Previous studies have shown that metformin has beneficial
effects on cognitive and physical performance in adults

TABLE 4. LONGITUDINAL MIXED MODELS: EFFECT OF METFORMIN ON PHYSICAL
AND COGNITIVE PERFORMANCE OVER TIME (YEARS)

Unadjusted models

Adjusted® models

Outcomes N Estimate (95% CI) p Estimate (95% CI) p
Grip strength (kg) 87 —-0.36 (—1.27 to 0.54) 43 —0.38 (—1.29 to 0.52) 40
Walk time (s) 87 —0.03 (-0.16 to 0.10) .64 —0.03 (—0.16 to 0.10) .67
NPZ3 score 79 0.02 (-0.07 to 0.12) .65 0.02 (-0.07 to 0.12) .68

?Adjusted for baseline BMI, duration of diabetes, and time-updated HbA1C.

Higher NPZ3 score indicates better performance.
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without HIV."*~?! The hypothesis that metformin may im-
prove functional outcomes among PWH is scientifically
justified. Metformin can improve cognitive and physical
function both through and independent of its effect on glu-
cose metabolism. Abnormal glucose metabolism is associ-
ated with impaired cognitive and physical function in both
the general population and among PWH.?**!'37 PWH ex-
perience increased incidence and prevalence of diabetes.*®*°
Use of metformin can reduce blood glucose and improve
insulin sensitivity, and thereby prevent sequelae of uncon-
trolled diabetes that contribute to functional impairment in
PWH.

Metformin also targets key aging pathways, including in-
flammation'>'® and oxidative stress, through mechanistic
target of rapamycin (mTOR) inhibition*® and AMP-activated
protein kinase activation.*'** Chronic inflammation and
immune activation are also linked to increases in frailty and
cognitive and physical function impairment among
PWH.?** In a small randomized study (N=22) evaluating
the HIV reservoir in PWH, metformin reduced mTOR acti-
vation/phosphorylation as well as colonic CD4" T cell infil-
tration.** Thus, metformin may have particular benefit in
treating or preventing functional impairment in PWH.

Although metformin is widely prescribed for type 2 DM
and considered to have a favorable safety profile, potential
adverse effects of metformin on functional outcomes must
also be acknowledged. Metformin use has been associated
with vitamin B12 deficiency,*” which has been implicated
some adverse cognitive outcomes in individuals on long-term
therapy.*® Previous studies have reported that metformin
antagonizes the beneficial effects on exercise on insulin
sensitivity and muscle quality.*”*® However, additional
analysis has suggested that optimally timing of metformin
therapy in conjunction with exercise intervention may have
beneficial effects on aging-associated pathways in muscle.*’
Careful evaluation of the risks and benefits of metformin on
physical and cognitive function in both older adults with and
without HIV is needed.

Significant limitations of this analysis must be acknowl-
edged. The small sample size, particularly of participants
with diabetes receiving nonmetformin antihyperglycemics,
reduced the power of this analysis. The small sample size also
limited the number of covariates that could be included in the
models and our ability to assess for interactions between
covariates, including between metformin and HIV medica-
tions. Although models were controlled for HbAlc and du-
ration of diabetes, it is possible that these adjustments did not
fully account for the effects of diabetes severity on cognitive
performance and physical function in this study.

Metformin is the first-line treatment for type 2 diabetes;
therefore, there may be selection bias among those partici-
pants who were treated with only nonmetformin anti-
hyperglycemic agents in this observational cohort study.
Furthermore, metformin was prescribed at the discretion of
HIV care providers, and we cannot account for any inherent
bias that may have introduced. In addition, this study only
included PWH who also have diabetes. Our findings do not
preclude the possibility that metformin may have benefits on
functional outcomes for PWH who do not have diabetes.
Larger randomized studies are needed to delineate the effect
of metformin on cognitive and physical function outcomes
among PWH.

307

As the population of older PWH grows, the prevalence of
frailty, cognitive impairment, and impaired physical function
will continue to increase. Interventions to treat or prevent
these age-related outcomes in PWH remain limited. In the
general aging population, a large clinical trial (n=3,000),
Targeting Aging with Metformin (TAME), is in development
to assess the impact of metformin on aging in the general
population.”® Another ongoing National Institute on Aging-
sponsored clinical trial is investigating metformin use to
prevent frailty in older adults with prediabetes (Clinical
Trials.gov). However, PWH have been excluded from par-
ticipation in these studies. The results from this limited study
highlights the importance of future, more robust investigation
of the effect of metformin therapy on cognitive and physical
function in PWH. Such studies are needed to advance care for
older PWH beyond longevity and toward healthy aging.
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