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An Optimal Body Mass Index Range Associated
With Improved Immune Reconstitution Among
HIV-Infected Adults Initiating Antiretroviral
Therapy
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Background. Higher body mass index (BMI) was associated with slower human immunodeficiency virus (HIV)
disease progression before the availability of effective antiretroviral therapy (ART), but the relationship between
pretreatment BMI and CD4" lymphocyte recovery on ART is not well described.

Methods. We conducted an observational cohort study of HIV-infected, ART-naive adults starting treatment at
a clinic affiliated with Vanderbilt University in Nashville, Tennessee. We assessed the relationship between
pretreatment BMI and CD4" lymphocyte count change from baseline to 12 months in all subjects, among those
with plasma HIV-1 RNA levels <400 copies/mL for =6 months and those with <10% change in weight during
follow-up. Linear regression models were adjusted for age, sex, race, protease inhibitor usage, year of ART initiation,
and baseline CD4 " lymphocyte count and HIV-1 RNA level.

Results. A total of 915 patients met inclusion criteria; 78% were male, and their median age, BMI, and CcD4t
lymphocyte count were 39 years, 24 kg/m? and 171 cells/pL, respectively. The CD4" lymphocyte increase at
12 months was greatest among patients with a pretreatment BMI of ~25-30 kg/m? and diminished above and below
this range (P = .03). Similar patterns were observed in the subgroup analyses. Among patients with a pretreatment
CD4" lymphocyte count <200 cells/pL, a BMI of ~25 kg/m* was associated with the highest odds of reaching
a CD4" lymphocyte count >350 cells/uL at 12 months (P = .05).

Conclusions. 12-month immune reconstitution on ART was highest among patients commonly classified as
overweight, suggesting there may be an optimal BMI range for immune recovery on ART.

Being overweight (ie, body mass index [BMI] 25.0—
29.9 kg/mz) or obese (BMI =30 kg/rnz) is a risk factor for
several metabolic, cardiovascular, and other diseases in
adults regardless of human immunodeficiency virus
(HIV) infection status; but evidence from the pre—
antiretroviral therapy (ART) era suggested an association
between excess adiposity and reduced progression to
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AIDS and HIV-related mortality [1-6]. Prior analyses
have examined the impact of malnutrition (BMI
<18.5 kg/m®) on the response to ART in resource
limited settings [7—10], but there are few studies on
immune reconstitution among normal and high BMI
adults in developed countries [11, 12]. In particular,
the relationship between BMI and CD4" lymphocyte
recovery as continuous variables has not been de-
scribed elsewhere, nor has there been an assessment
for possible sex differences.

The prevalence of HIV-associated wasting in the
United States declined significantly with the avail-
ability of combination ART, and the proportion of
obese HIV-1 infected adults, estimated to be 20%-30%,
now rivals that in the general population [13-16]. Both
undernutrition and excess adiposity are associated with

altered innate and adaptive immune responses, and we
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hypothesized that robust immune reconstitution on ART may
be associated with an optimal BMI range [17-20]. In this
analysis, we assess the effect of BMI at treatment initiation on
12-month CD4" lymphocyte recovery in a cohort of HIV-in-
fected men and women starting ART.

METHODS

We conducted a retrospective observational cohort study of
adults (age =18 years) enrolled in care at the Comprehensive
Care Center, an outpatient clinic affiliated with Vanderbilt
University in Nashville, Tennessee. The study cohort included all
ART-naive (defined as no prior record of any antiretroviral agent
exposure) patients who started treatment (defined as a combined
regimen of =3 antiretroviral agents) between 1 January 1998 and
31 December 2008. Women who were pregnant at ART initia-
tion or became pregnant during the 12-month follow-up period
were excluded. Data were collected from the center’s electronic
medical record, which records clinical information from pro-
viders at the time of the patient encounter and automatically
uploads laboratory results. Patient weight was determined at
each visit using a single measurement on the same mechanical
clinic scale. Laboratory data, patient deaths, and all ART use
were validated by systematic chart review.

Data collected included BMI, age at ART initiation, sex, race
(white or nonwhite), duration from diagnosis of HIV infection
to treatment, year of ART initiation, treatment regimen, history
of injection drug use, coinfection with hepatitis C virus, history
of an AIDS-defining event, and pre- and post-ART initiation
CD4”" lymphocyte count and plasma HIV-1 RNA measure-
ments. Body weight nearest to ART initiation within the period
from 180 days before to 30 days after treatment start was used
to calculate baseline BMI (preference was given to pretreatment
values). Since all patients were =18 years old, height at any
time after enrollment in care was considered valid for calculating
BMI. AIDS-defining events were identified on the basis of
1993 Centers for Disease Control and Prevention classification
criteria [21], excluding diagnoses based solely on CD4*lym-
phocyte counts <200 cells/uL. The absolute CD4" lymphocyte
change during follow-up was calculated as the difference
between the CD4" lymphocyte count closest to ART initiation
and the count at 12 months after ART (within 6 months
before or after this date). A secondary analysis used multiply
imputed BMI data for subjects with a known weight but missing
height; height was imputed using age, sex, and baseline and
12-month CD4" lymphocyte counts [22]. Patients who died
or were unavailable for follow-up before 12 months were
excluded.

We compared patient demographics and clinical character-
istics across BMI strata and between sexes, using Pearson 2,
Wilcoxon rank sum, or Kruskal-Wallis tests, as appropriate. The

association between BMI and change in CD4" lymphocyte
count was analyzed using multiple linear regression adjusted for
age, race, protease inhibitor (PI) usage, year of ART initiation,
and baseline CD4" lymphocyte count and plasma HIV-1 RNA
level (log;, transformed). Sex was hypothesized to be a potential
effect modifier of the relationship between BMI and CD4*
lymphocyte count change, so an interaction term between sex
and BMI was included in the model. The relationship between
BMI and CD4" lymphocyte count change was fit using re-
stricted cubic splines with 3 knots to avoid assuming a linear
relationship (results were verified using 4 knots). P values were
computed using likelihood ratio tests.

The primary analysis was repeated in 2 subgroups. We first
limited the cohort to patients with =6 months of post-ART
virologic suppression, determined by the sum total of days after
each suppressed HIV-1 RNA measurement (<400 copies/mL)
between treatment initiation and 12 months (any days after
a nonsuppressed measurement were not counted). Second, we
limited the cohort to patients with <10% variation in weight
from treatment initiation to 12 months.

To assess the effect of BMI on reaching the clinically relevant
CD4" lymphocyte thresholds of 200 and 350 cells/uL, we used
a logistic regression model and again fit BMI with restricted cubic
splines. The cohort for this analysis was limited to patients with
a pretreatment CD4" lymphocyte count <200 cells/piL, and the
model was adjusted for the same variables as the primary analysis.
Analyses were performed using SPSS and R (version 2.12.1;
www.r-project.org) software. Analysis scripts are posted at bio-
stat.mc.vanderbilt.edu/ArchivedAnalyses. The study protocol
was approved by the institutional review board of Vanderbilt
University Medical Center.

RESULTS

Of 1189 ART-naive patients who started treatment between
1 January 1998 and 31 December 2008, 120 were ineligible for
this study: 19 had a plasma HIV-1 RNA level <400 copies/mL
at initiation of ART, 6 had a recorded therapy initiation date
after the last recorded clinic visit, 58 were pregnant during the
baseline window period or became pregnant during the follow-
up period, 20 were missing a baseline CD4 ™" lymphocyte count,
7 were missing a baseline weight measurement, and 10 were
missing both. Of the remaining 1069 patients, 915 had a baseline
BMI measurement during the window period. Patients missing
a height measurement, and thus a baseline BMI measurement,
were more likely to be male (P < .01) but did not significantly
differ by age, race, PI inclusion in first ART regimen, year of
ART initiation, or baseline CD4" lymphocyte count or HIV-1
RNA level (data not shown).

Demographic and clinical characteristics are shown in Table 1.
Sixteen percent of patients had BMIs <20 kg/m” at baseline and
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15% had BMIs =30 kg/m”. There was no significant difference in
age, race, or year of ART initiation between BMI categories, but
patients in the lower BMI strata tended to be male, had lower
baseline CD4" lymphocyte counts and higher HIV-1 RNA
measurements, and were more likely to have had an AIDS-
defining event before starting treatment (P < .01 for all com-
parisons). When stratified by sex, women had a higher median
BMI than men (25.8 vs 23.4 kg/mz) and lower HIV-1 RNA level
(P < .01 for both). There were no significant sex or BMI dif-
ferences in the percentage with a reported history of injection
drug use (10% overall) or hepatitis C virus coinfection (13%
overall; data not shown).

CD4" lymphocyte count measurements at 12 months were
available for 753 patients; those without a 12-month CD4"
lymphocyte measurement were more likely to be nonwhite
(P < .01; data not shown). There were no differences in the
duration from baseline to the 12-month CD4" lymphocyte
measurement across BMI strata or between sexes.

Baseline BMI was associated with 12-month CD4" lympho-
cyte change after adjustment for age, race, PI usage, year of ART
initiation, and baseline CD4" lymphocyte count and HIV-1
RNA level (P = .03) (Figure 1). The relationship was nonlinear
(P = .01), and diminished 12-month CD4* lymphocyte re-
covery was observed at the extremes of BMI for both sexes. To
facilitate comparisons between hypothetical patients, values for
the change in CD4" lymphocyte counts at the arbitrary BMI
levels of 20, 25, 30, and 40 kg/m* were extracted from Figure 1
and are shown in Table 2; however, the measure of statistical
association accompanying these data is based not on any specific
BMI comparison but rather on the entire relationship across all
BMI levels. The reference for all comparisons in Table 2 and
Table 3 is a BMI of 25 kg/mz. For example, a BMI of 20 kg/mz,
compared with the reference, was associated with a reduced
12-month CD4" lymphocyte gain among both women
(—65 cells/pL) and men (—18 cells/uL). Similarly, obese
women and men with a BMI of 40 kg/m? had lower 12-month
CD4" lymphocyte gains (—12 and —17 cells/uL, respectively)
compared with the reference. The interaction of sex and BMI
did not appear to be an important determinant of CD4"
lymphocyte change (P = .16 for the interaction term), but male
sex was associated with lower CD4™ recovery overall (P < .01).

Baseline plasma HIV-1 RNA level, nonwhite race, and year of
ART initiation were also significantly associated with 12-month
CD4" lymphocyte change (P < .05). When the model was
further adjusted for other potential confounders in a sensitivity
analysis, a longer duration from diagnosis of HIV infection to
ART initiation was associated with a lower 12-month CD4"
lymphocyte gain (P = .03), but a history of an AIDS-defining
event, injection drug use, or hepatitis C coinfection was not
associated with immune recovery (P = .23, 0.73, and 0.21, re-
spectively; data not shown). The relationship between BMI and

CD4" lymphocyte change remained similar when these variables
were included in the model.

In a secondary analysis, we used multiply imputed height
values for subjects with a missing height but a recorded weight
during the window period. An additional 154 subjects were
included, which increased the cohort size to 1069. The effect of
BMI on 12-month CD4" lymphocyte count remained signifi-
cant and continued to demonstrate reduced immune recovery
at the extremes of BMI (P = .03), but again the interaction of
sex and BMI did not seem to be an important determinant of
CD4" lymphocyte change (P = .14 for the interaction term;
data not shown).

To assess the potential effects of persistent viral replication
on immune reconstitution, due to either ART nonadherence or
drug resistance, we performed a subgroup analysis of the 505
patients with complete data and =6 months of virologic sup-
pression after ART initiation. A similar pattern of reduced
CD4" lymphocyte gains at the extremes of BMI was observed,
but the statistical relationship was nonsignificant (P = .26)
(Figure 1 and Table 2). To limit the potential effect of BMI
changes during follow-up, we also restricted the cohort to the
494 patients with complete data and <10% change in weight
from ART initiation to 12 months, and we observed a marked
reduction in immune recovery among the patients with low
BMI (particularly women). The overall relationship of BMI
and CD4" lymphocyte change remained statistically significant
(P < .01) (Figure 1 and Table 2).

Similar trends were seen in the relationship between BMI
and the probability of reaching the clinically relevant CD4™"
lymphocyte thresholds of 200 and 350 cells/pL at 12 months
among the patients whose pretreatment CD4" lymphocyte
count was <200 cells/uL (Figure 2 and Table 3). The in-
teraction of sex with BMI was not significant in either model
(P = .12 and P = .72 for >200 and >350 cells/uL, re-
spectively), so the models were refit without the interaction
term. Compared with patients with a BMI of 25 kg/m?, the
odds of having a CD4" lymphocyte count of >200 cells/uL
at 12 months decreased for those with a BMI of 20 kg/m’
(adjusted odds ratio, 0.72) or 40 kg/m* (adjusted odds ra-
tio, 0.72), but the association was not significant (P = .17).
However, the association between BMI and CD4 ™ lymphocyte
counts >350 cells/pL at 12 months was significant (P = .05),
with adjusted odds ratios of 0.58 or 0.35 for comparisons
between patients with a BMI of 25 kg/m” and those with a BMI
of 20 or 40 kg/m?, respectively.

DISCUSSION

In a cohort of adults enrolled in a large HIV treatment clinic,
the magnitude of immune reconstitution 12 months after
ART initiation increased with rising BMI and seemed to reach
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Table 1. Cohort Demographic and Clinical Characteristics at Antiretroviral Therapy Initiation, Stratified by Body Mass Index and Sex
BMI Strata, kg/m? Sex
All Patients <20.0 20.0-24.9, 25.0-29.9, =30.0-39.9. =40.0, Female Male
Characteristic (n =915) (n = 146) (n = 389) (n = 239) (n = 126) (n=15) P2 (n = 203) (n=712) p?
Female, no. (%) 203 (22) 25 (17) 68 (18) 53 (22) 47 (37) 10 (66) <.01
Age, median (IQR), years 39 (32-45) 38 (30-43) 38 (32-45) 39 (32-45) 40 (33-46) 43 (33-48) .23 40 (31-46) 39 (32-44) 46
Nonwhite race, no. (%) 458 (50) 70 (48) 196 (50) 112 (47) 71 (56) 9 (60) .49 133 (66) 325 (46) <.01
CD4" lymphocyte count, 171 (50-280) 75 (20-216) 162 (42-280) 210 (82-308) 224 (90-289) 292 (195-499) <.01 189 (55-288) 168 (60-279) 49
median (IQR), cells/uL
Logio HIV-T RNA, 4.92 5.15 5.00 4.83 4.67 4.59 <.01 4.75 4.96 <.01
median (IQR) (4.52-5.48) (4.74-5.66) (4.63-5.55) (4.35-5.25) (4.27-5.06) (4.00-4.83) (4.32-5.33) (4.58-5.51)
Time from diagnosis of HIV 0.58 0.46 0.51 0.84 0.81 0.40 .28 0.70 0.54 .63
infection to ART, median (0.23-2.72) (0.18-3.04) (0.23-2.50) (0.24-3.13) (0.27-2.52) (0.25-3.78) (0.26-2.47) (0.22-2.93)
(IQR), years
AIDS-defining event before 96 (11) 30 (21) 53 (14) 8 (3) 4 (3) 1(7) <.01 19(9) 77 (11) .55
ART initiation, no. (%)
Year of ART initiation, median 2003 2003 2003 2004 2004 2004 .15 2004 2003 22
Protease inhibitor in first 407 (45) 75 (51) 166 (43) 96 (40) 63 (50) 7 (47) .15 103 (51) 304 (43) .04
ART regimen, no. (%)
Patients achieving HIV-1 RNA 798 (87) 122 (84) 336 (86) 210 (88) 116 (92) 14 (93) .26 173 (85) 625 (88) 0.34
levels <400 copies/mL,
no. (%)
Time to HIV-1 RNA levels <400 70 (36-129) 89 (48-185) 71 (38-129) 65 (35-129) 63 (33-113) 61 (42-224) .01 60 (35-117) 73 (37-133) 1
copies/mL, median (IQR), days
Patients with 12-month CD4* 705 (94) 109 (92) 294 (93) 188 (95) 107 (85) 12 (80) .92 152 (93) 553 (94) .58
lymphocyte count available,
no. (%) (n = 753°)
Time to 12-month CD4" lymphocyte 0.97 (0.90-1.06) 0.97 (0.90-1.05) 0.98 (0.92-1.07) 0.96 (0.88-1.06) 0.95 (0.90-1.02) 1.02 (0.96-1.12) .24 0.96 (0.89-1.05) 0.97 (0.91-1.06) .55

count, median (IQR), years

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; HIV, human immunodeficiency virus; IQR, interquartile range.

@ Comparison between baseline BMI strata or between sexes.

© One patient was missing a baseline HIV-1 RNA measurement and was not included in the adjusted models.
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Baseline body mass index (BMI) and change in CD4* lymphocyte count at 12 months, stratified by sex, for all patients (A), the virologic

suppression subgroup (B), and the stable weight subgroup (C). Regression lines are adjusted for age, race, protease inhibitor usage, year of antiretroviral
therapy (ART) initiation, and baseline CD4* lymphocyte count and plasma HIV-1 RNA level (logs transformed); dashed lines represent 95% confidence
intervals. Shaded histogram shows the number of patients contributing data (same scale as CD4™ lymphocyte count change; each bar represents a 2 kg/m?
BMI interval). ®Includes patients with =6 months cumulative virologic suppression between ART initiation to 12 months. ®Includes patients with <10%

change in weight between ART initiation and 12 months.

a plateau in the range of BMI 25 to 30 kg/m* but declined
slightly at higher BMI among both men and women. The
diminution of CD4" lymphocyte gains in patients with higher
BMIs did not seem related to prolonged viral replication, be-
cause heavier patients achieved virologic suppression more
rapidly. Patterns in CD4™ lymphocyte count changes observed
among those with =6 months virologic suppression on ART
were similar, though not statistically significant. The relation-
ships between BMI and CD4" lymphocyte count changes

persisted and the strength of association increased when the
cohort was limited to those with <10% weight change, though
the difference was primarily observed in the patients with low
BMIs. Although further exploration of the underlying physio-
logic processes are needed, these epidemiologic findings suggest
that a BMI in the range of 25-30 kg/m* may be associated with
optimal immune reconstitution in the first year of ART.

Our findings are consistent with a recent analysis from the US
Military HIV Natural History Study (n = 607), which found
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Table 2. Multiple Regression Model of CD4* Lymphocyte Count Change at 12 Months After Antiretroviral Therapy Initiation

All patients (n = 752)

Virologic suppression
subgroup? (n = 505)

Stable weight
subgroup® (n = 494)

Change in CD4" Lymphocyte

Change in CD4" Lymphocyte

Change in CD4" Lymphocyte

Covariate Count (95% ClI), Cells/uL P Count (95% ClI), Cells/uL P Count (95% ClI), Cells/uL P
Baseline BMI .03¢ .26¢ <.01¢
comparison, kg/m?®
Female patients
20 vs 25 —65 (=109 to —21) —44 (=95 to 6) =111 (=174 to —48)
30 vs 25 9 (=7 to 25) 1(—=20to 22) 22 (2-42)
40 vs 25 =12 (=69 to 45) =37 (=116 to 41) -3 (=68 to 62)
Male patients
20 vs 25 —18(—42 to 6) —18 (=50 to 14) —29 (=61 to 3)
30 vs 25 -1(=15t0 13) -9 (—-281to0 10) 3(=12t017)
40 vs 25 =17 (=67 to 34) —53 (=133 to 28) =12 (=67 to 43)
Baseline CD4™" lymphocyte count, -7 (=141t 1) .08 0(—8t0 8) .99 -4 (-131t0 b) 40
per 100 cells/uL increase
Baseline age, per 1-year increase —-1(=2to 1) .18 -2 (=310 0) .01 -2 (=31t00) .04
Baseline logqg HIV-1 RNA, 22 (3-41) .03 39 (17-61) <.01 25 (1-48) .04
per 1-unit increase
Nonwhite race —38 (=62 to —15) <.01 —26 (=53 to 1) .06 —36 (=66 to —7) .01
Protease inhibitor usage —-19 (—-43 to 4) 1 14 (=14 to 42) .34 —-22 (-50to0 7) 14
Year of ART initiation, per year 5 (1-10) <.01 3(=11t08) .16 4(=1109) 1

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; Cl, confidence interval; HIV, human immunodeficiency virus.

@ The viral suppression subgroup includes patients with =6 months of cumulative viral suppression between ART initiation and 12-month follow-up.

® The stable weight subgroup includes patients with <10% change in weight between ART initiation and 12-month follow-up.

¢ Pvalues for sex and BMI interaction term: all patients, P = .16; virologic suppression subgroup, P = .61; stable weight subgroup, P = .06. When the interaction term was removed, male sex was associated with
a reduced CD4" lymphocyte change compared with female sex (—38 cells/uL [95% Cl, =62 to —15]; P < .01) in the full cohort.

9 The Pvalues, obtained with a likelihood ratio test (5 degrees of freedom), are based on the null hypothesis that BMI and sex had no impact on CD4* lymphocyte change (ie, the null hypothesis that the relationship
between BMI and change in CD4* lymphocyte count shown in each panel of Figure 1 is a flat line at the same level of CD4* lymphocyte count change for male and female patients). Comparisons of CD4* lymphocyte
count changes at the arbitrary BMI levels of 20, 25, 30, and 40 kg/m? are extracted from Figure 1 and shown in this table to help with interpretation (reference for all comparisons is a BMI of 25 kg/m?). The P values,
however, are based not on any specific BMI comparison but rather on the entire relationship across all BMI levels.



Table 3. Adjusted Odds of Attaining a 12-Month CD4" Lymphocyte Count of >200 or >350 cells/i.L Among Patients With a Baseline

Count of <200 Cells/pL

12-month CD4* lymphocyte
count >200 cells/uL (n = 415)

12-month CD4* lymphocyte

count >350 cells/uL (n = 415)

Covariate Adjusted OR (95% Cl) P Adjusted OR (95% Cl) P
Baseline BMI, kg/m? 172 05°
20 vs 25 0.72 (.51-1.03) 0.58 (.36-.93)
30 vs 25 0.95 (.77-1.18) 0.80 (.55-1.16)
40 vs 25 0.72 (.33-1.55) 0.35 (.09-1.35)
Baseline CD4™" lymphocyte count, 4.87 (3.13-7.57) <.01 3.78 (2.38-6.00) <.01
per 100 cells/uL increase
Baseline age, per 1-year increase 1.00 (.97-1.03) .99 0.99 (.97-1.02) .63
Baseline logig HIV-1 RNA, 1.33 (.91-1.96) 14 1.89 (1.18-3.01) <.01
per 1-unit increase
Male sex® 0.83 (.47-1.45) b1 0.28 (.16-0.51) <.01
Nonwhite race 1.12 (.71-1.76) .62 0.83 (.50-1.40) 49
Protease inhibitor usage 1.03 (.64-1.65) .90 1.12 (.66-1.89) .68
Year of ART initiation, per year 1.07 (.99-1.17) .09 1.10 (1.00-1.22) .04

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; Cl, confidence interval; HIV, human immunodeficiency virus; OR, odds ratio.

@ Comparisons of CD4™ lymphocyte count change at the arbitrary BMI levels of 20, 25, 30, and 40 kg/m? are extracted from Figure 2 (reference for all comparisons
is a BMI of 25 kg/m?). The P values are based not on any specific BMI comparison but rather on the entire relationship across all BMI levels.

® There was not a significant interaction between BMI and sex in the models for CD4* lymphocyte counts >200 model (0.12) or >350 (0.72) cells/uL, so the model

was refit, without treating sex as a potential effect modifier.

that obesity (BMI, =30 kg/m?) was associated with a signifi-
cantly lower adjusted gain in CD4" lymphocytes after ART
(—34 cells/pL; P = .01) compared with findings in normal-
weight patients (BMI, 20-24.9 kg/m?) [12]. However, the cohort
was composed of military recruits (mean age, 29 years; 96%
male; 8% obese), and the results may not be representative of
women and older, less fit populations. In contrast to an analysis
of the HIV Outpatient Study cohort (n = 711), which found
that being overweight or obese (BMI, =25.0 kg/mz) was not
associated with a higher likelihood of exceeding a 100 cells/uL
threshold CD4* lymphocyte increase at 3-9 months after ART
initiation, compared with findings in normal-weight controls
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(BMI, 18.5-24.9 kg/m?), we observed a higher likelihood of
reaching a CD4" lymphocyte threshold of 350 cells/uL. among
patients with a BMI of ~25 kg/m” and a pretreatment CD4™"
lymphocyte count <200 cells/pL [11]. These discrepancies may
be due to different analysis methods; prior studies treated CD4™"
lymphocyte count as a stratified variable, and we treated it as
a continuous variable.

It is unclear whether the varying 12-month CD4* lymphocyte
recovery observed in our cohort reflects an immunomodulatory
effect of specific tissue stores (eg, adipose tissue) or whether
individuals with high or low BMIs are more likely to have
other health conditions or physiologic derangements that impair
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Figure 2. Baseline body mass index (BMI) and the probability of attaining a 12-month CD4* lymphocyte count >200 or >350 cells/uL. Regression
lines are adjusted for age, race, protease inhibitor usage, year of antiretroviral therapy initiation, and baseline CD4 ™" lymphocyte count and plasma HIV-1
RNA level (logq transformed); dashed lines represent 95% confidence intervals.
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peripheral CD4" lymphocyte repopulation. Undernutrition is
associated with suppression of the antigen-specific arms of the
immune system, decreased T-lymphocyte proliferation, and
atrophy of the lymph tissues, but many of these data are from
children and the relevance to immune recovery on ART is un-
clear [23-26]. A higher plasma HIV-1 RNA level in the lower
BMI strata of our cohort probably contributed to the longer
interval before virologic suppression (median, 89 days for BMIs
<20 kg/m?* vs 71 days for 20.0-24.9 kg/m?), and some evidence
suggests that higher HIV-1 RNA levels may promote increased
cellular immune activation and altered CD4" lymphocyte re-
covery kinetics, although findings of other studies differ on this
association [27-29].

Patients with lower BMIs with a weight change of <10%
during follow-up had markedly reduced CD4" lymphocyte re-
covery, suggesting that a failure to gain needed weight may be
a marker of incomplete virologic suppression, an intercurrent
illness or may preclude an optimal response to ART. Indeed,
39% (22/56) of patients in the group with BMIs <20 kg/m* did
not maintain virologic suppression for =6 months, compared
with 34% (70/205) with BMIs of 20.0-24.9 kg/m*. Additionally,
11% of the first group had an AIDS-defining event recorded in
the first 12 months of ART, compared with 8% of the second
group.

Although the association between BMI and CD4 ™" lymphocyte
change did not differ significantly between men and women,
the difference in CD4" recovery between those with BMIs of
20 versus 25 kg/m” was larger in women (—65 cells/uL) than
in men (—18 cells/uL). However, the proportions of women
and men achieving =6 months of virologic suppression did not
differ significantly within the <20 kg/m” category (55% for both
men and women) or the 20.0-24.9 kg/m® category (71% for
women versus 63% for men; P = .22). Other studies have
demonstrated alterations in plasma HIV-1 RNA levels and cir-
culating CD4" lymphocyte counts related to cyclic variations
in estrogen concentration, ovulation, and pregnancy, which may
be reflected in our results, but additional studies of the combined
effects of sex- and body composition-related hormones on
lymphocyte function are needed [30-33].

The absence of a persistently positive correlation between
BMI and CD4" lymphocyte recovery among the obese pa-
tients could represent a natural maximum plateau of CD4"
lymphocyte recovery in the first 12 months of ART, a direct
effect of adipose tissue on lymphocyte proliferation and
turnover or a more global physiologic impairment related to
overnutrition. Although the connection to reduced immune
reconstitution on ART is speculative, abdominal obesity is
associated with increased cellular immune activation in HIV-
uninfected individuals, and physiologic concentrations of
leptin (a circulating protein produced in proportion to adi-
pose tissue mass) promote in vitro lymphocyte activation

[19, 34, 35]. On the other hand, obese individuals are at higher
risk of morbidity and mortality after several bacterial and viral
infections, and reduced CD4"% lymphocyte recovery may
simply reflect a more global immune impairment [36-39].

Our analysis was limited by a cohort size that may have
been too small to allow detection of statistical associations
when limited to subgroups. Bioelectrical impedance or dual-
energy X-ray absorptiometry body fat measurements would
have provided more accurate estimates of body composition,
but these data were not available. Both obesity and un-
dernutrition are associated with lower socioeconomic status,
which may have had an independent effect on treatment
outcomes, but we did not have data on income, education, or
social position (insurance type was not thought to be a reliable
marker). Only 2% of our cohort was morbidly obese (=40 kg/m?)
and only 7% was malnourished (<18.5 kg/m?), which may have
limited our ability to detect differences at the extremes of body
composition. Finally, the median CD4" lymphocyte count at
ART initiation in our cohort was 171 cells/pL, and our results may
not be generalizable to patients beginning ART at higher cell
counts, according to current treatment guidelines [40].

In summary, 12-month CD4" lymphocyte recovery was
greatest among patients commonly classified as overweight, sug-
gesting an approximate pretreatment BMI range of 25-30 kg/m2
may promote optimal immune reconstitution on ART. Given
the increasing epidemic of obesity worldwide, further studies
of immune function in individuals with high BMIs has rele-
vance to the treatment of both HIV infection and other in-
fectious diseases.
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