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Abstract
Objective
Obesity is a common, modifiable cardiovascular and cerebrovascular risk factor. Among people
with HIV, obesity may contribute to multisystem dysregulation including cognitive impair-
ment.We examined bodymass index (BMI) and central obesity (waist circumference [WC]) in
association with domain-specific cognitive function and 10-year cognitive decline in men with
HIV infection (MWH) vs HIV-uninfected (HIV−) men.

Methods
A total of 316 MWH and 656 HIV−Multicenter AIDS Cohort Study participants ≥40 years at
baseline, with neuropsychological testing every 2 years and concurrent BMI and WC meas-
urements, were included. MWHwere included if taking ≥2 antiretroviral agents and had HIV-1
RNA <400 copies/mL at >80% of visits. Mixed-effects models included all visits from 1996 to
2015, stratified by HIV serostatus, and adjusted for sociodemographic, behavioral, and clinical
characteristics. At baseline and follow-up, 8% of MWH and 15% of HIV− men and 41% of
MWH and 56% of HIV− men were ≥60 years, respectively.

Results
Cross-sectionally, higher BMI was inversely associated withmotor function inMWH andHIV−
men, and attention/working memory in HIV− men. WC was inversely associated with motor
function in MWH and HIV− men. Longitudinal associations indicated an obese BMI was
associated with a less steep decline in motor function in MWH whereas in HIV− men, obesity
was associated with a greater decline in motor function, learning, and memory. WC, or central
obesity, showed similar patterns of associations.

Conclusion
Higher adiposity is associated with lower cognition cross-sectionally and greater cognitive
decline, particularly in HIV− men. Overweight and obesity may be important predictors of
neurologic outcomes and avenues for prevention and intervention.
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The potency and effectiveness of contemporary antiretrovirals
(ARVs) has yielded an older and aging HIV population.
Concomitantly, the prevalence of age- and aging-related dis-
eases (e.g., cardiovascular and cerebrovascular comorbidities) is
increasing and these factors contribute to adverse neurologic
consequences such as cognitive impairment. Modifiable vascu-
lar risk factors, such as obesity, are common among people with
HIV (PWH)1,2 in proportions similar to those observed via
national US estimates.3 The high prevalence1,2 or underlying
causes of excess adiposity (e.g., ARVs,4 food insecurity5) in
PWH may be strong contributors to cognitive impairment.
Among HIV-uninfected (HIV−) adults, higher midlife body
mass index (BMI) and central obesity (e.g., waist circumference
[WC]) are associated with a higher risk of late-life, sporadic
dementias, including Alzheimer disease, which are typically di-
agnosed at age 65 years or older.6–11 In addition, longer expo-
sure to adiposity in midlife is associated with decreasedmemory
at 60–64 years of age,12 and higher midlife adiposity is associ-
ated with lower executive function 10 years later.13

In PWH, less is known about the role of excess adiposity on
cognition. Cross-sectional analyses focusing on younger

adults indicates obesity is associated with global cognitive
impairment14–16 and slower processing speed.17 Whether
midlife obesity predicts cognitive impairment or decline
similar to or greater than that in HIV− individuals is unknown.
We examined the prospective association of adult BMI and
WC on 10-year domain-specific cognitive change in men with
HIV (MWH) vs HIV− men. We hypothesized that higher
adult BMI and WC would relate to poorer cognition with
more pronounced effects among MWH.

Methods
Participants and data source
The study population comprised MWH and HIV− men en-
rolled in the Multicenter AIDS Cohort Study (MACS),
a prospective study of men with or at risk of HIV infection
within the United States. The cohort includes participants at
study sites located in Los Angeles; Pittsburgh/Columbus,
Ohio; Baltimore/Washington, DC; and Chicago. The in-
stitutional review boards at each site approved study protocols
and forms, and each participant provided written informed
consent.

Glossary
AD = Alzheimer disease; ARV = antiretroviral; BMI = body mass index; CalCAP = California Computerized Assessment
Package; GPEG = Grooved Pegboard; HIV− = HIV-uninfected; MACS = Multicenter AIDS Cohort Study; MCI = mild
cognitive impairment; MWH = men with HIV; PWH = people with HIV; RAVLT = Rey Auditory Verbal Learning Test;
SDMT = Symbol Digit Modalities Test; TMT = Trail-Making Test; WC = waist circumference.
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For these analyses, participant eligibility was based on (1)
age ≥40 years; (2) documented completion of the full
neuropsychological test battery (thus no missing data) at
a minimum of 2 visits from 1996 or later (considered
baseline); and (3) no prior self-reported psychotic disorders
or documented dementia. MWH also had to be on ≥2 ARV
agents with an HIV-1 RNA <400 copies/mL at >80% of
visits, a criterion chosen to represent those who were mostly
well-controlled on therapy without excluding people that
may have been off or failed therapy for short periods of time.
Our goal was to leverage a contemporary clinically relevant
population of treatment-adherent virally suppressed MWH.
Figure 1 shows how the analytic sample was achieved.

Primary exposure variables
BMI was calculated by dividing body weight (kilograms) by
height (meters) squared and categorized as underweight
(<18.5 kg/m2), normal or healthy weight (18.5–24.9 kg/m2),
overweight (25.0–29.9 kg/m2), and obese (≥30 kg/m2).
Underweight men (n = 20) were excluded from analysis given
their low representation (<1% of men) and potential mor-
bidities accompanying underweight. WC was measured in

centimeters while in the standing position and categorized as
central obesity when ≥102 cm (40 inches) vs <102 cm,
a cutoff associated with high risk of cardiovascular disease or
its risk factors (e.g., type 2 diabetes, hypertension).18 BMI was
available on all participants at the baseline visit; WC was
available on 834 of the 972 participants (85%).

Neuropsychological outcomes
A full neuropsychological test battery was administered to
participants at baseline and every 2 years thereafter19 and
included Rey Auditory Verbal Learning Test (RAVLT), Rey
Complex Figure, Trail-Making Test (TMT) Parts A and B,
Stroop Color-Interference Test, Symbol Digit Modalities
Test (SDMT), California Computerized Assessment Package
(CalCAP) Reaction Time Test, and Grooved Pegboard
(GPEG). Demographically adjusted T scores for each out-
come were combined into 6 cognitive domains20: learning
(RAVLT total learning, Rey immediate recall), memory
(RAVLT delayed recall, Rey delayed recall), executive func-
tion (TMT-B, Stroop interference trial), processing speed
(SDMT, Stroop color-naming trial), sustained attention and
working memory (CalCAP mean simple and complex

Figure 1 Flow chart for the selection of the analytic sample

ART = antiretroviral therapy; BMI = body mass
index.
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reaction time), and motor function (GPEG, dominant and
nondominant hand).

Covariates
Enrollment wave, number of visits per participant during the
follow-up period (to control for learning effect subsequent to
baseline), and sociodemographic (age, race, years of formal
education), behavioral, and clinical characteristics were con-
sidered as covariates. Behavioral factors included use of to-
bacco, alcohol, marijuana, stimulants (nonprescription,
including cocaine and methamphetamine), and other illicit
drugs (each dichotomized into use vs no use ≤6 months
previously). Clinical factors included hypertension (systolic
blood pressure >140 mm Hg, diastolic blood pressure
>90 mm Hg, or self-reported hypertension with use of med-
ications); dyslipidemia (fasting total cholesterol ≥200 mg/dL,
low-density lipoprotein ≥130 mg/dL, high-density lipopro-
tein <40 mg/dL, triglycerides ≥150 mg/dL, or lipid-lowering
medication use with self-reported clinical diagnosis); malig-
nancy (any cancer diagnosis); presence of hepatitis C virus
RNA; and clinically relevant depressive symptoms (Center for
Epidemiological Studies–Depression questionnaire; 16 cut-
off). HIV-specific covariates included current CD4+ T-cell
count, suppressed HIV-1 viral RNA (<400 copies/mL; the
lower limit of assay detection varied across study interval),
history of an AIDS-defining opportunistic illness or malig-
nancy, use of ARVs with known adverse cognitive or body
composition effects (efavirenz, stavudine), and ARV exposure
duration. Covariates were selected for multivariable models
based on significant univariate associations (p < 0.10) with at
least one neuropsychological test battery outcome.

Statistical analyses
Linear and polynomial (quadratic) trend mixed effects models
stratified by HIV status were conducted to assess the effect of
adult BMI and WC on cognition at the initial assessment and
over a median 10 years follow-up. Each model examined the
interaction between BMI or WC and time, where time was
operationally defined as the participant’s age. We examined
time both as a linear and quadratic trend; however, model fits
were optimal when time was treated as linear. Adjustments
were made for covariates associated with at least one neuro-
psychological test battery outcome at p < 0.10. Time-invariant
covariates included cohort entry, baseline age, race/ethnicity,
education level, and number of visits per participant during
the follow-up period. Time-varying covariates included use of
tobacco, alcohol, marijuana, other drugs, and stimulants; de-
pressive symptoms; and hypertension. Time-varying HIV-
related covariates included current CD4+ T-cell count, history
of AIDS-defining illness, HIV RNA <400 copies/mL, and
current use of efavirenz or stavudine. Interactions between
baseline age and BMI or WC were examined to ensure that
results were due to the influence of aging and not chronological
age on cognitive trajectories. There were no significant inter-
actions between baseline age and BMI or WC across models
and therefore only baseline age was included in analyses. All
models were conducted using SAS (version 9.4, Cary, NC).

Data availability
MACS de-identified data can be obtained by submitting
a request to the Center for Analysis and Management of
MACS for purposes of replicating procedures and results.

Results
A total of 972 (316 MWH and 656 HIV−) men aged 40–84
years at baseline were included. Of these, 8% of MWH and
15% of HIV− men were ≥60 years old at baseline and 41% of
MWH and 56% of HIV−menwere ≥60 years old at follow-up.
On average, MWH were younger (mean 49.1 years, SD 6.6;
range 40–72 years) than HIV−men (mean 51.4 years, SD 8.1;
range 40–84 years; p < 0.001). MWH vs HIV−men were less
likely to be white (63% vs 76%; p < 0.001), have a graduate
education (28% vs 38%; p < 0.004), or have an obese BMI
(12% vs 20%; p < 0.003).

Table 1 shows baseline characteristics as a function of BMI
category and HIV status. Among MWH and HIV− men,
hypertension was more common among those with an obese
BMI followed by overweight and normal BMI (ps < 0.05).
Among MWH, tobacco use was less common among over-
weight vs those with a normal or obese BMI (p = 0.04). Use of
efavirenz was more common among those with a normal BMI
vs overweight or obese BMI (p = 0.04). Among HIV− men,
black participants were more likely to be obese (>30 kg/m2)
vs having an overweight or normal BMI (p = 0.04). Marijuana
use was less common among those with an obese BMI vs
those with overweight or normal BMI (p = 0.04).

Cross-sectional association of BMI and WC
with cognition
Among MWH, BMI was only associated with motor function
(table 2). MWH with an obese BMI performed worse than
MWH with an overweight BMI (p = 0.04). The same pattern
was seen for central obesity (p = 0.03). Among HIV− men,
higher BMI was inversely associated with attention/working
memory and motor function (table 2). On attention/working
memory, HIV− men with an obese BMI performed worse
than those with an overweight or normal BMI (ps < 0.05).
Regarding motor function, HIV− men with an obese and
overweight BMI performed worse than those with a normal
BMI (ps < 0.05). Central obesity was only associated with
motor function (p = 0.02).

Longitudinal association of BMI and WC with
cognitive decline
During the follow-up period, serial cognitive assessments for
MWH were performed at a median (range) of 5 (3–26) visits
over a median (range) of 9.8 (1–24) years. There were no
differences in number of follow-up visits (p = 0.53) or time
from baseline (p = 0.67) by BMI status. The proportion of
MWH ≥60 at the final follow-up visit did not differ across BMI
groups (range 39%–43%; p = 0.76). Among HIV−men, serial
cognitive assessments were performed at a median (range) of
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Table 1 Baseline characteristics of study population byHIV status (HIV-uninfected [HIV−], menwithHIV [MWH]) and body
mass index

HIV2 (n = 656)

p Value

MWH (n = 316)

p Value

Normal
(n = 245,
37%)

Overweight
(n = 281,
43%)

Obese
(n = 130,
20%)

Normal
(n = 149, 47%)

Overweight
(n = 129,
41%)

Obese
(n = 38,
12%)

Age, y, mean (SD) 50.7 (8.6) 51.9 (7.9) 51.6 (7.4) 0.21 49.3 (7.2) 49.3 (6.3) 48.0 (5.1) 0.50

≥60 y at baseline 36 (15) 43 (15) 20 (15) 0.98 17 (11) 9 (7) 0 (0) 0.98

≥60 y at follow-up 124 (51) 164 (58) 77 (59) 0.13 64 (43) 50 (39) 15 (40) 0.76

Calendar year of first visit (SD) 2003 (4.0) 2004 (3.6) 2003 (3.5) 0.01 2004 (4.5) 2004 (4.4) 2006 (5.2) 0.15

Time from baseline, y (SD) 10.6 (4.8) 10.2 (4.3) 10.1 (4.1) 0.48 9.9 (4.9) 9.9 (4.5) 9.2 (5.6) 0.67

No. of visits per participant (SD) 7.5 (4.9) 6.5 (3.6) 6.9 (4.0) 0.04 6.2 (3.7) 6.4 (3.6) 5.7 (3.0) 0.53

Body mass index, kg/m2 (SD) 22.8 (1.5) 27.1 (1.3) 34.0 (4.4) <0.001 22.7 (1.6) 27.0 (1.4) 33.4 (3.2) <0.001

Waist circumference, cm (SD) 86.3 (6.7) 97.4 (7.4) 114 (13.2) <0.001 85.4 (7.0) 95.0 (6.6) 112 (10.4) <0.001

Enrolled after 2001 70 (29) 54 (19) 42 (32) 0.006 70 (47) 70 (54) 23 (60) 0.24

Race

White 184 (75) 224 (79) 89 (68) 0.04 100 (67) 78 (60) 20 (53) 0.21

Black 40 (16) 44 (16) 33 (25) 0.04 39 (26) 39 (30) 15 (39) 0.27

Other 21 (8) 13 (5) 8 (6) 0.18 10 (7) 12 (9) 3 (8) 0.73

Education

High school 27 (11) 36 (13) 20 (15) 0.49 29 (19) 20 (15) 9 (23) 0.46

Any college 121 (49) 143 (51) 60 (46) 0.67 73 (49) 71 (55) 24 (63) 0.25

Graduate 96 (39) 102 (36) 50 (38) 0.76 47 (31) 38 (29) 5 (13) 0.08

Tobacco use

Never 71 (29) 104 (37) 41 (31) 0.14 47 (31) 37 (29) 9 (23) 0.62

Former 106 (43) 118 (42) 56 (43) 0.95 44 (29) 60 (46) 15 (39) 0.01

Current 67 (27) 58 (21) 33 (25) 0.18 58 (39) 32 (25) 14 (37) 0.04

Alcohol use (drinks/week)

0 33 (13) 44 (16) 25 (19) 0.35 31 (20) 34 (26) 9 (24) 0.55

1–3 106 (43) 131 (47) 62 (48) 0.66 85 (57) 63 (49) 18 (47) 0.31

4–13 81 (33) 81 (29) 33 (25) 0.26 22 (15) 21 (16) 9 (24) 0.42

>13 24 (10) 24 (8) 10 (8) 0.76 11 (7) 11 (8) 2 (5) 0.79

Drug use

Marijuana 75 (31) 74 (26) 24 (18) 0.04 49 (33) 38 (29) 12 (32) 0.83

Other drug 35 (14) 57 (20) 17 (13) 0.08 24 (16) 32 (25) 5 (13) 0.11

Stimulant use 29 (12) 37 (13) 11 (8) 0.38 23 (15) 19 (15) 3 (8) 0.48

Hepatitis C virus 13 (5) 15 (5) 7 (5) 0.99 20 (13) 11 (8) 3 (8) 0.35

Depression 40 (16) 56 (20) 30 (23) 0.27 38 (26) 28 (22) 15 (39) 0.09

Hypertension 53 (22) 113 (40) 76 (58) <0.001 47 (31) 51 (39) 21 (55) 0.02

HIV-specific factors

CD4+ T-cell count, cells/μL

<200 — — — — 15 (10) 6 (5) 1 (3) 0.12

Continued
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6 (3–26) visits over a median (range) of 10.4 (1–21) years.
Among HIV− men, those with a normal or obese BMI had
more follow-up visits compared to those with an overweight
BMI (ps < 0.05); however, time from baseline did not differ
across BMI groups (p = 0.48). The proportion of HIV− men
≥60 years of age at the final follow-up visit did not differ across
BMI groups (range 51%–59%; p = 0.13).

Among MWH, those with an obese BMI demonstrated less
decline in motor function with increasing age vs those with
a normal (p = 0.04) or overweight BMI (p = 0.05) (table 3;
figure 2). A similar pattern was observed between central
obesity and motor function (p = 0.07) (figure 3). Among
HIV− men, those with an obese BMI demonstrated greater
decline in memory, learning, and motor function with

Table 1 Baseline characteristics of study population by HIV status (HIV-uninfected [HIV−], men with HIV [MWH]) and body
mass index (continued)

HIV2 (n = 656)

p Value

MWH (n = 316)

p Value

Normal
(n = 245,
37%)

Overweight
(n = 281,
43%)

Obese
(n = 130,
20%)

Normal
(n = 149, 47%)

Overweight
(n = 129,
41%)

Obese
(n = 38,
12%)

200–499 — — — — 58 (39) 45 (35) 12 (32) 0.69

>500 — — — — 76 (51) 77 (60) 24 (65) 0.17

Suppressed HIV-1 RNA — — — — 140 (94) 119 (92) 33 (86) 0.34

History of AIDS — — — — 21 (14) 8 (6) 2 (5) 0.05

Use of efavirenz — — — — 47 (31) 24 (19) 9 (24) 0.04

Use of stavudine — — — — 27 (18) 20 (15) 5 (13) 0.72

Data presented as n (%) except where indicated.

Table 2 Differences in baseline cognitive function by baseline overweight or obesity measured using body mass index
(BMI) and waist circumference (WC) among HIV-uninfected (HIV−) and men with HIV (MWH)

Primary predictors

Cognitive domains, β (SE)

Memory Learning
Attention/working
memory Executive function Processing speed Motor function

BMIa

HIV2

Overweight (vs normal) −0.8 (0.8) −0.9 (0.7) −0.4 (0.8) −0.2 (0.8) 0.0 (0.8) −2.0 (0.9)*

Obese (vs normal) 0.0 (0.9) 0.0 (0.9) −2.2 (0.9)* −1.4 (0.9) −0.8 (1.0) −2.4 (1.1)*

Obese (vs overweight) 0.8 (0.9) 0.9 (0.9) −1.9 (0.9)* −1.7 (0.9)† −0.9 (1.0) −0.4 (1.1)

MWH

Overweight (vs normal) 0.8 (1.0) 1.8 (1.0)‡ 0.1 (1.1) −0.2 (1.1) 0.9 (1.1) 0.8 (1.2)

Obese (vs normal) 0.8 (1.5) 0.9 (1.5) −1.0 (1.6) −2.7 (1.6)§ −1.7 (1.6) −2.9 (1.8)

Obese (vs overweight) −0.1 (1.5) −0.9 (1.6) −1.1 (1.6) −2.5 (1.7) −2.6 (1.6) −3.8 (1.8)*

WCb

HIV2

Higher (vs lower) −0.0 (0.8) 0.3 (0.8) −1.3 (0.8) −1.3 (0.8) −1.0 (0.8) −2.44 (1.0)*

MWH

Higher (vs lower) 2.3 (1.5) 1.6 (1.5) −0.2 (1.5) −2.0 (1.6) −1.6 (1.6) −3.7 (1.7)*

a Normal BMI, 20.00–24.99 kg/m2; overweight, 25.00–29.99 kg/m2; obese, ≥30.00 kg/m2.
b Higher WC, ≥102 cm (40 inches). All models adjusted for study enrollment year, baseline age, race, education, Center for Epidemiologic Studies Depression
Scale, number of visits per participant over the follow-up period, use of tobacco, alcohol, marijuana, stimulants, or other drugs, and hypertension. Models
among MWH also included baseline CD4 count, suppressed HIV-1 RNA, history of AIDS, use of efavirenz, and use of stavudine.
*p < 0.05; †p = 0.06; ‡p = 0.07; §p = 0.09.
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increasing age vs those with a normal BMI (ps < 0.01) and
similar pattern towards decline in attention/working memory
(p = 0.05) (table 3; figure 2). HIV− men with an obese BMI
also demonstrated greater decline on memory and motor
function with increasing age vs those with an overweight BMI
(ps < 0.05) and a similar pattern for decline in learning (p =
0.06). A similar pattern was observed with central obesity
(figure 3) (ps < 0.05); and a similar pattern for decline in the
memory domain (p = 0.08). Given that age-related declines
for HIV− extend beyond those of MWH, we re-ran the sig-
nificant effects in HIV− men restricting the age to the same
maximum as observed in MWH (≤70 years of age). Similar
patterns of association were observed.

Discussion
Higher adiposity was associated with lower baseline cogni-
tive performance in MWH and HIV− men. Specifically,
higher adiposity was associated with lower motor function in
both groups and attention/working memory in HIV− men.
Although baseline cross-sectional adiposity–cognition associa-
tions were similar betweenMWH and HIV−men, longitudinal
associations differed by HIV status. Higher adiposity was as-
sociated with greater cognitive decline over the average 10-year

follow-up period in HIV− men whereas higher adiposity ten-
ded to be protective against cognitive decline, notably motor
function in MWH. Clinically, cross-sectional BMI group dif-
ferences among MWH and HIV− men ranged from small to
medium effect sizes (2- to 4-point T score differences or
0.2–0.4 SDs) whereas longitudinal associations were larger,
particularly for motor function among HIV−men. By 60 years
of age, obese HIV− men were 1 SD below the mean T score
(;40), and by 70 years of age, were 2 SDs below the mean T
score (;30), suggestive of possible adiposity-associated influ-
ences on brain aging.

Reasons for different patterns of baseline BMI and cognitive
change over time by HIV status are multifold. Among MWH,
numerous factors may influence the BMI–cognition link.
First, MWH may have experienced an initiatory cognitive hit
due to HIV/AIDS (legacy effect), thus leaving minimal in-
fluence of BMI in comparison. Second, MWH have experi-
enced diverse histories of ARV use in terms of duration and
type of regimen in response to changing HIV infection se-
verity over time. Third, MWH may have additional comor-
bidities (e.g., mental health and substance use disorders) and
adverse lifestyle characteristics and utilize numerous non-
ARVs (e.g., antidepressants) that influence the association
between BMI and cognition. However, while multivariable-

Table 3 Multivariable adjusted differences in longitudinal change in domain-specific cognitive performance by baseline
body mass index (BMI) and waist circumference (WC) status among HIV-uninfected (HIV−) and men with HIV
(MWH)

Cognitive domains, β (SE)

Memory Learning
Attention/working
memory Executive function Processing speed Motor function

BMIa

HIV2

Overweight (vs normal) −0.4 (0.4) −0.5 (0.4) −0.3 (0.4) −0.0 (0.4) −0.4 (0.4) −0.5 (0.6)

Obese (vs normal) −1.5 (0.5)* −1.4 (0.5)* −1.0 (0.5)† −0.1 (0.5) −0.0 (0.5) −3.3 (0.8)‡

Obese (vs overweight) −1.1 (0.6)§ −0.9 (0.5)** −0.6 (0.5) −0.1 (0.5) 0.3 (0.5) −2.7 (0.8)‡

MWH

Overweight (vs normal) 0.5 (0.6) −0.1 (0.6) 0.9 (0.7) 0.7 (0.7) 0.6 (0.7) 0.1 (1.0)

Obese (vs normal) 0.7 (1.0) 0.3 (1.1) 1.8 (1.1) 1.1 (1.2) 1.4 (1.1) 3.3 (1.6)§

Obese (vs overweight) 0.2 (1.0) 0.5 (1.1) 0.9 (1.1) 0.3 (1.2) 0.8 (1.1) 3.2 (1.7)†

WCb

HIV2

Higher (vs lower) −0.9 (0.5)†† −1.1 (0.5)§ −0.6 (0.5) −0.2 (0.4) −0.6 (0.5) −2.7 (0.7)‡

MWH

Higher (vs lower) 0.2 (0.9) 0.1 (0.1) −0.4 (1.1) −0.8 (1.2) 0.3 (1.2) 3.0 (1.7)‡‡

a Normal BMI, 20.00–24.99 kg/m2; overweight, 25.00–29.99 kg/m2; obese, ≥30.00 kg/m2.
b Higher WC, ≥102 cm (40 inches). All models adjusted for study enrollment year, baseline age, race, education, Center for Epidemiologic Studies Depression
Scale, number of visits per participant over the follow-up period, use of tobacco, alcohol, marijuana, stimulants, or other drugs, and hypertension. Models
among HIV-infected individuals also included baseline CD4 count, suppressed HIV-1 RNA, history of AIDS, use of efavirenz, and use of stavudine.
*p < 0.01; †p = 0.05; ‡p < 0.001; §p < 0.05; **p = 0.06; ††p = 0.08; ‡‡p = 0.07.
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adjusted analyses were used, together, these factors may
contribute to dysregulation of metabolic,21 vascular,22 and
cognitive health.23 Fourth, among HIV− men, obesity is as-
sociated with factors that might have additional effects on
cognition and motor function (low motivation, poor dexter-
ity) compared to MWH. Fifth, lack of associations within
specific domains among MWH could be due to less statistical
power, since twice as many HIV− men contributed data
compared to MWH. Finally, the number of obese MWH is
smaller, thus estimates are less precise than for HIV− men.

Evaluating the association between overweight and obesity
and cognitive performance and decline in this sample is
predicated on published literature showing an association of
higher mid–late BMI or central obesity with late-onset, spo-
radic Alzheimer disease (AD), vascular dementia, and total
dementia risk in uninfected adults.24 An association between
higher BMI and AD in 70-year-old women followed for at
least 10 years was first reported in 2003.6 More consistent
associations between midlife, vs later-life, overweight and
obesity followed.24 These results have not been replicated in
aging adults with HIV infection. In addition, several epide-
miologic studies suggest a paradoxical association of BMI with
clinical dementia onset.25–27 Using traditional categories of
BMI, studies report that an overweight or obese BMI or
central adiposity in midlife may increase AD and dementia

risk in later life.7–9,24,28–31 Subsequently, a decline in BMI over
years in later life32 (e.g., ≥65 years) may precede a dementia
diagnosis, and may be characteristic of prodromal or pre-
clinical dementia33–36 or accompany dementia onset.24,37,38

Evidence of BMI decline during prodromal dementias also
comes from observations of unintentional body weight loss
from mid- to late-life increasing risk for mild cognitive im-
pairment (MCI)39 and more rapid progression of cognitive
decline among those with mild dementia.32 Elderly individ-
uals with MCI also present with a lower BMI compared to
their cognitively intact peers40 and patients with MCI who are
losing body weight show more accelerated dementia
progression.32,41 Thus, BMI is intricately linked with cognitive
impairments and dementias before and after a dementia di-
agnosis, and may lead to poorer health outcomes in dementia.

The role of BMI in cognitive performance and decline during
midlife among MWH and HIV− men is less well-described
and understood than the association between BMI and onset
of late-onset, sporadic dementia. Cross-sectional studies re-
port both lower and higher midlife BMI among those with
lower levels of cognition.42 Longitudinal studies of BMI in
association with cognitive change are also mixed, with results
varying for BMI vsWC and by age.43,44 Reasons for the mixed
literature are that there is no strict definition of midlife; there
are other contributors to midlife cognitive fluctuations

Figure 2 Multivariable adjusted longitudinal change in domain-specific cognitive performance as a function of baseline
body mass index (BMI) among HIV-uninfected (HIV−) and men with HIV (MWH)

(A) HIV-. (B)MWH. Allmodels adjusted for study enrollment year, baseline age, race, education, Center for Epidemiologic Studies Depression Scale, number of
visits per participant, use of tobacco, alcohol, marijuana, stimulants, or other drugs, and hypertension. Models among HIV-infected individuals also included
baseline CD4 count, suppressed HIV-1 RNA, history of AIDS, use of efavirenz, and use of stavudine.
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unrelated to future late-onset, sporadic dementia occurrence;
risk factors for late-onset, sporadic cognitive impairments and
dementias occur and accumulate over the life course; and
populations at risk vary.45 Thus, the relative influences of
vascular risk factors during the mid- to later-life transition, for
example, ages 50–70 years, are difficult to evaluate in relation
to cognition. This difficulty is accentuated in this under-
studied at-risk population, among whom thorough evaluation
of vascular risk factors in association with cognition has not
been reported.

There are several considerations when comparing cognitive
data among younger adults without dementia, such as those
presented here (only 13% of the sample ≥60 at baseline), to
those published in the literature of BMI and late-onset, spo-
radic dementias, the most severe form of cognitive impair-
ment. First, this analysis includes an average of 10 years of
continuous, frequent (every 6–24 months) follow-up. This is
more frequent cognitive follow-up than seen in most aging
and dementia studies. Second, the men in these analyses are,
on average, at younger baseline and follow-up ages (early
50s–60s). Thus, the proportion of those with clinically rele-
vant cognitive impairments is relatively low. Third, these men
are transitioning through a life stage that has been described
as dynamic for vascular risk factor trajectories. In HIV−
population studies with lengthy follow-up from midlife to
later life, one may expect to see an inflection point in the BMI

trajectory such that, on average, adults increase in BMI until
their 7th or 8th decade of life, followed by decline.46,47

However, this has not been consistently observed.36,48 Given
the short duration of follow-up and relatively few men at this
potential transition stage, whether an inflection point exists
cannot be ascertained at this time. Fourth, we do not have
MCI or dementia diagnoses in this analysis. While we are
confident that there are no men with late-onset, sporadic
dementia in the sample, there could be those with milder or
HIV-associated cognitive impairments. As the prevalence of
HIV-associated neurocognitive disorder decreases in the era
of effective ARVs49 and PWH reach older ages, their dementia
risk may become similar to that observed in HIV− pop-
ulations, albeit with excess comorbidities.50

Study limitations include use of formal years of education as
a surrogate marker of premorbid general intelligence and
cognitive reserve. Although a measure of premorbid general
intelligence (Shipley Institute of Living Scale) was collected in
the MACS, only 82% of the participants included in the
analyses had these data available. To maximize our sample
size, we decided to use years of formal education as a proxy.
We were also unable to conduct additional analyses of obesity
severity within the obesity category (≥30 kg/m2). Of the 38
obese MWH and 130 HIV− obese men, only 11 and 39,
respectively, had BMI measures higher than Class I obesity
(30–34.9 kg/m2). Finally, while other statistical analysis

Figure 3 Multivariable adjusted longitudinal change in domain-specific cognitive performance as a function of baseline
waist circumference (WC) among HIV-uninfected (HIV−) and men with HIV (MWH)

(A) HIV−. (B)MWH. Allmodels adjusted for study enrollment year, baseline age, race, education, Center for Epidemiologic Studies Depression Scale, number of
visits per participant, use of tobacco, alcohol, marijuana, stimulants, or other drugs, and hypertension. Models among HIV-infected individuals also included
baseline CD4 count, suppressed HIV-1 RNA, history of AIDS, use of efavirenz, and use of stavudine.
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frameworks are possible (e.g., structural equation modeling),
we chose an approach that provided a means of comparing
our findings to other published studies.

Our study demonstrates that obesity is associated with lower
motor function in MWH and HIV− men, as well as greater
cognitive decline among obese HIV− men compared to
MWH. Domains of greatest decline included memory,
learning, attention/working memory, and motor function. In
addition, greater variability in cognitive trajectory was ob-
served in association with adiposity among MWH; however,
obesity was associated with greater decline in motor function.
Whether ARV use among MWH contributed to the attenu-
ation of an association between obesity and cognitive decline
in multiple cognitive domains cannot be elucidated.

Future priorities include the following. Longitudinal follow-up
studies in the MACS are imperative to better describe life
course trajectories of BMI, a modifiable vascular risk factor, in
association with cognitive outcomes in both MWH and HIV−
men. Replication studies are warranted to determine the gen-
eralizability of these findings to women with HIV and de-
mographically similar HIV− women. Finally, these associations
should be extended to measures of everyday functioning (e.g.,
medication and finance management) and quality of life to
maximize ecological validity and clinical impact.
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