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Abstract

Objective: Low BMI is a major risk factor for early mortality among HIV-infected

persons starting antiretrovial therapy (ART) in sub-Saharan Africa and the com-

mon patient belief that antiretroviral medications produce distressing levels of

hunger is a barrier to treatment adherence. We assessed relationships between

appetite, dietary intake and treatment outcome 12 weeks after ART initiation

among HIV-infected adults with advanced malnutrition and immunosuppression.

Design: A prospective, observational cohort study. Dietary intake was assessed

using a 24 h recall survey. The relationships of appetite, intake and treatment

outcome were analysed using time-varying Cox models.

Setting: A public-sector HIV clinic in Lusaka, Zambia.

Subjects: One hundred and forty-two HIV-infected adults starting ART with BMI

<16kg/m* and/or CD4" lymphocyte count <50 cells/pl.

Results: Median age, BMI and CD4" lymphocyte count were 32 years, 16kg/m?

and 34 cells/pl, respectively. Twenty-five participants (18%) died before 12

weeks and another thirty-three (23 %) were lost to care. A 500kJ/d higher energy

intake at any time after ART initiation was associated with an approximate 16 %

reduction in the hazard of death (adjusted hazard ratio = 0-84; 2= 0-01), but the

relative contribution of carbohydrate, protein or fat to total energy was not a

significant predictor of outcome. Appetite normalized gradually among survivors

and hunger was rarely reported. Keywords
Conclusions: Poor early ART outcomes were strikingly high in a cohort of HIV
HIV-infected adults with advanced malnutrition and mortality was predicted Malnutrition
by lower dietary intake. Intervention trials to promote post-ART intake in this Antiretroviral therapy
population may benefit survival and are warranted. Africo

Access to antiretroviral therapy (ART) treatment for HIV
infection in sub-Saharan Africa has expanded rapidly
since 2003, but many individuals are not diagnosed until
a state of advanced disease and mortality in the early
months after initiating therapy remains high®™. Rapid
weight loss, particularly loss of lean body mass, was
recognized as a negative prognostic indicator early in
the HIV epidemic and a primary characteristic of HIV-
associated wasting” ™. Individuals with a low BMI
represent a significant proportion of those presenting for
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HIV care in the region; in a survey from Lusaka, Zambia,
339% of patients starting ART had a BMI <18-5kg/m?* and
9% had a BMI<16-:0kg/m*'”. A low BMI is an inde-
pendent predictor of early (e.g. =6 months) mortality after
ART initiation in several analyses from sub-Saharan Africa
and improving treatment outcomes for this population is a
critical challenge for global health efforts™" =%,
Anorexia, primarily due to a persistent and heightened
inflammatory response, was recognized as a feature of
advanced HIV disease and a negative prognostic indicator
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in the pre-ART era in developed countries, but there are
limited data on the relationship between dietary intake
and health status among HIV-infected adults in resource-
limited settings">'® . Additionally, patient interviews
have demonstrated a widely held belief that ART causes
dramatic increases in appetite, which may serve as a
barrier to medication adherence and lead to a higher
incidence of treatment failure'’*?. Given the high pre-
valence of late-stage HIV in sub-Saharan Africa, we
hypothesized that poor self-reported dietary intake and/or
a rapid increase in appetite among individuals with very
low BMI starting ART would predict mortality or loss to
care in the early treatment period. To investigate our
hypothesis, we enrolled a prospective cohort of adults
with advanced malnutrition and immunosuppression
initiating ART in Lusaka, Zambia and assessed the rela-
tionships between self-reported appetite, dietary intake
(total energy, carbohydrate, protein and fat) and 12-week
treatment outcome. The overall goal of the research is
the development of strategies to identify the subset of
low-BMI ART recipients who might benefit from addi-
tional diagnostic or therapeutic interventions to improve
survival and programme retention.

Experimental methods

In preparation for our prospective cohort study, we
conducted focus group discussions with seventy-seven
HIV patients and caregivers from the Community Based
TB/HIV/AIDS Organization in Lusaka, Zambia to better
understand the range of local or indigenous food names,
preparation methods and typical portion sizes. The 24 h
dietary recall survey used in the present study had an
open response format rather than specific response
options, and interviewers were trained to probe for
details of the foods participants ate or drank, starting from
the first to the last food consumed in the day; cooking
methods and the amounts consumed; additional ingre-
dients added to staple foods; any sauces or gravies;
beverages consumed at home and away from home
(e.g. tea, coffee, porridge, soft drinks, other alcoholic and
non-alcoholic drinks); any between-meal snacks; and the
addition of sugar or fat/margarine to foods or beverages.
We utilized artificial food models and serving utensils to
assist participants in estimating portion sizes.

The nutrient composition of local staple foods was
determined using food composition tables published by the
Zambian National Food and Nutrition Commission (avail-
able from http://www.nfnc.org.zm). Total carbohydrate,
protein and fat intakes were computed using the Nutrition
Data System for Research software version 2000, devel-
oped by the Nutrition Coordinating Center, University of
Minnesota, Minneapolis, MN, USA (www.ncc.umn.edu).
Total energy intake was calculated using the conversion
values of 17kJ/g for carbohydrate and protein, and 37kJ/g
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for fat. Foods not available in the database were
substituted with foods of similar nutrient composition.

Between 6 November 2006 and 12 November 2007, we
enrolled 142 HIV-infected adults initiating ART at a public-
sector clinic in Lusaka, Zambia with a BMI < 16 kg/m? or a
CD4" lymphocyte count <50 cells/ul in an observational,
prospective cohort study to assess nutrition-related pre-
dictors of all-cause mortality in the first 12 weeks of
treatment. Given the pilot nature of the study we specifi-
cally recruited patients with the most advanced malnutri-
tion and immunosuppression, and the final cohort was not
representative of the BMI or CD4" lymphocyte count
distribution of all patients presenting for HIV care during
the study period. The study setting, eligibility criteria,
design and procedures have been previously described®? .
Briefly, individuals were eligible for enrolment if they
qualified for ART according to Zambian national guidelines
in place at the time (i.e. WHO stage 4 disease and a CD4 "
lymphocyte count <200 cells/pl, or WHO stage 3 disease
and a CD4" lymphocyte count <350 cells/pD); were
intending to start therapy the same day; met the BMI
and/or CD4" lymphocyte count enrolment criteria; and
agreed to adhere to the study visit schedule and laboratory
testing requirements. The first-line ART regimen was
selected from the national programme formulary by the
clinician and included two nucleoside reverse transcriptase
inhibitors in combination with one non-nucleoside reverse
transcriptase inhibitor.

Participants were evaluated by a research nurse and a
clinical officer and/or a supervising physician at the
enrolment visit and subsequent study visits at 1, 2, 4, 8
and 12 weeks post-ART initiation. The interviewer-
administered 24 h dietary intake survey was performed at
ART initiation and at 1, 4 and 12 weeks. Appetite was
assessed at every study visit using the question: “‘Would
you describe your appetite as none, little, normal, hungry,
or very hungry?”. Because only one participant on one
occasion gave a ‘very hungry’ response to the appetite
scale, this response was reclassified as ‘hungry’ to avoid
singularity in the modelling. While the stated endpoint of
the study was 12 weeks (84d) post-ART initiation and
participants were asked to adhere to the visit schedule,
the median time to the last study visit among survivors
was 88d. The full follow-up period for all participants is
included in the linear mixed models, which incorporate
the number of days post-ART rather than the visit number
to allow for early or late study visits, but the graphical
representations are truncated at 90 d. Linear mixed models
were used to assess the relationship between appetite
and dietary intake (total energy (kJ/d) and carbohydrate,
protein and fat (g/d)@.

Cox regression models with baseline and time-dependent
covariates were used to assess the relationship between
appetite categories or dietary intake and time to death or the
composite endpoint of time to death or loss to care. We
modelled the effect of an incremental increase of 25 g/d for
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carbohydrate and 5 g/d for protein; these values were based
on the baseline intake ratio. The analysis included appetite
values from all visits and dietary intake values from baseline
and 1, 4 and 12 weeks. Models were adjusted for sex and
a first principal component incorporating previously
described risk factors for early mortality on ART (age, BMI,
CD4" lymphocyte count, Hb and serum phosphate level).
The first principal component was extracted for age, BMI,
square root of CD4* lymphocyte count, Hb and phosphate
using the ‘princomp(Q)’ function from the covariance matrix
in R-software. We adjusted for serum phosphate due to our
prior finding that hypophosphataemia is an independent
predictor of early mortality in this population®. If a parti-
cipant had no recorded appetite or intake values within a
given time interval, he or she was dropped from the risk set
for that interval.

To visualize longitudinal data, we plotted appetite
score and total energy, carbohydrate, protein and fat
intake for the alive, deceased and lost-to-care participants
against the number of days on ART. Each participant
required a minimum of two recorded values for inclusion
and is represented by a single line (participants who had
only one recorded value, generally because they had
died, were excluded). For each variable we sketched a
locally weighted scatterplot smoothing curve by fitting a
polynomial surface using local (weighted) least squares
regression®”. R-software 2+11-0 (www.r-project.org) was
used for data analyses. Analysis scripts are posted at
http://biostat. mc.vanderbilt.edu/wiki/pub/Main/Archived
Analyses/analysis-scripts-002.nw.

The study protocol and informed consent documents
were approved by the University of Zambia Research Ethics
Committee (Lusaka, Zambia) and the Institutional Review
Boards at the University of Alabama at Birmingham
(Birmingham, AL, USA) and Vanderbilt University (Nashville,
TN, USA).

Results

Fifty-nine participants (42%) had a BMI <16-0kg/m? 110
(77%) had a CD4" lymphocyte count <50 cells/pl and
twenty-seven (19%) met both eligibility criteria. Eighty-
seven participants (61%) were female, and median age,
BMI and CD4™" lymphocyte count were 32 years, 16kg/m?
and 34 cells/pl, respectively. There were no significant
differences according to clinical characteristics, baseline
appetite or baseline dietary intake between participants
alive, dead or lost to care at 12 weeks, with the exception
of age (Table 1). The intra-class correlation coefficient for
the 24h recall survey, which describes the variability in
nutritional intake over time for the same participant,
was 0-34 for total energy, 0-34 for carbohydrate, 0-24 for
protein, 0-21 for fat and 0-17 for appetite.

We assessed the relationship of self-reported appetite
and dietary intake using linear mixed models; the estimated
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dietary intake at ART initiation according to appetite is
represented by the intercept value and the daily change in
intake is represented by the slope (Table 2). The models
incorporate matched appetite and intake values collected
at baseline and at 1, 4 and 12 weeks post-ART initiation,
and participants were reclassified according to appetite
category from visit to visit as warranted. At baseline,
appetite was significantly associated with energy, carbo-
hydrate, protein and fat intake (P<<0-01 for all compar-
isons). Participants reporting a ‘normal’ appetite had the
highest total energy (7398 kJ/d) and carbohydrate (252 g/d),
protein (59 g/d) and fat intakes (59 g/d). Conversely, those
reporting no appetite had the lowest intakes of total energy
(4476 KJ/d), carbohydrate (162 g/d), protein (26 g/d) and fat
(31 g/d). Additionally, there were significant differences
in the rate of change in energy and carbohydrate intake
according to appetite score (P=0-05 and P<<0-01,
respectively). Patients reporting they were ‘hungry’ at a
given study visit had the largest increases per day in
energy and carbohydrate intake (23-0kJ/d and 1-2g/d,
respectively), while those reporting no appetite had the
greatest decreases (—43-1kJ/d and —1-1g/d, respec-
tively). In contrast, the interaction of appetite score and
time was not statistically significant for protein and fat
intake. The decline in energy intake during follow-up was
greatest for those reporting no appetite (Fig. 1). Finally,
we assessed the model’s linearity assumption for the
relationship between dietary intake variables and time,
and found little evidence for non-linearity (2> 0-10 for all
comparisons).

Twenty-five participants died during the 12-week
follow-up period (mortality rate 87-4 per 100 person-
years of follow-up); among those who died, the median
time to death was 34d (interquartile range: 20, 54d).
Thirty-three participants (23%) were lost to care; the
median follow-up time for those lost was 58d (inter-
quartile range: 45, 71d). We calculated adjusted hazard
ratios (AHR) to represent the estimated ratio of the hazard
of death, or the combined endpoint of mortality or loss to
care, at any time prior to study completion for a hypo-
thetical pair of participants whose dietary intake values
differ by the interval amount (i.e. 500kJ/d for energy,
25 g/d for carbohydrate, 5 g/d for protein or 5 g/d for fat)
at baseline (Table 3a) or after starting ART (Table 3b).
Baseline dietary intake was not significantly associated
with either mortality or the combined endpoint. At a
given time point after ART initiation, however, 500kJ/d
higher energy intake was associated with an approximate
16% reduction in the hazard of death (AHR = 0-84,
P=0-01). Similar relationships were observed for a 25 g/d
carbohydrate increase (AHR=0-85, P=0-09), a 5g/d
protein increase (AHR=0-81, P=0-01) and a 5g/d fat
increase (AHR =0-80, P<<0-01). Higher intake was also
associated with a reduction in the combined endpoint of
mortality or loss to care, which did not reach statistical
significance (with the exception of fat intake).
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Table 1 Demographics and clinical characteristics of study participants; HIV-infected adults, Lusaka, Zambia

Outcome at 12 weeks of ART

All participants Alive Dead Lost to follow-up
(n142) (n 84) (n 25) (n 33)
n or median % or IQR n or median % or IQR n or median % or IQR n or median % or IQR
Female sex (%) 87 61-0 53 63-1 12 48-0 22 66-7
Age (years) 32 28, 38 34 29, 38 33-5 29, 41 30§ 25, 32
Weight (kgg 46 41, 51 46 41, 52 42 40, 48 46 40, 51
BMI (kg/m<) 16-4 15-4, 185 16-4 15-4, 186 15-9 15-2,17-0 16-7 15-6, 19-2
CD4™ count (cells/pl) 34 21, 47 36 22, 48 31 23, 45 30 20, 47
Hb (g/dl) 9-8 8-8, 11:6 10 89, 11-7 9-3 8:6, 111 97 8:2,11-0
Baseline energy intake and appetite score
Total energy (kJ/d) 6125 4082, 7712 6276 4304, 7758 5241 3592, 7218 6485 4057, 7750
Carbohydrate (g/d) 201 140, 273 203 153, 283 181 123, 237 204 145, 257
Percentage of total energy* 59 57 62 60
Protein (g/d) 49 28, 63 52 32, 65 37 15, 61 40 27, 59
Percentage of total energy* 13 14 12 12
Fat (g/d) 47 30, 67 48 32, 67 37 20, 59 55 30, 67
Percentage of total energy 30 27 29 29
Appetite scoret 2 2,3 2 2,3 2 2,2 2 2,3
Appetite distribution (n, %)
None 20 14 11 13 4 16 5 15
Little 78 55 45 54 15 60 18 55
Normal 33 23 20 24 5 20 8 24
Hungry or very hungry 11 8 8 10 1 4 2 6
ART regimen (n, %)t
ZDV/3TC/EFV 8 6 6 7 1 4 1 3
ZDV/3TC/NVP 34 24 22 26 8 32 4 12
d4T/3TC/EFV 15 11 11 13 3 12 1 3
d4T/3TC/NVP 62 44 39 46 13 52 10 30
TDF/FTC/EFV 4 3 1 1 0 3 9
TDF/FTC/NVP 19 13 5 6 0 14 42

ART, antiretroviral therapy; IQR, interquartile range; ZDV, zidovudine; 3TC, lamivudine; EFV, efavirenz; NVP, nevirapine; d4T, stavudine; TDF; tenofovir; FTC, emtricitabine.

Among the 142 cases included in table, values were missing for the following measurements: twenty-nine (20 %) for baseline Hb (missing from the HIV care programme record), two for age (birth dates unknown) and one
for BMI (participant could not stand for height measurement).
*Percentage of total energy intake was calculated from mean intake values, rather than the median absolute values shown in the table, using a conversion factor of 17 kJ/g (4 kcal/g) for carbohydrate and protein, and

37 kJ/g (9 kcal/g) for fat. Percentages may not sum to 100 due to variations in data distribution.

tAppetite scale: 1 =none; 2 = little; 3 = normal; 4 = hungry or very hungry.
$Test of significance not performed due to sparse cell counts.
§P < 0-05 for comparison of participants alive, dead and lost to follow-up at 12 weeks.
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Table 2 Effect of self-reported appetite on dietary intake; HIV-infected adults, Lusaka, Zambia

Baseline estimate Estimate of
Self-reported of dietary intake change in dietary
Dietary intake variable appetite score (intercept) 95% Cl Pvalue intake (slope/d) 95% ClI P value
Total energy (kJ/d) None 4476 3546, 5401 <0-01 —43-1 -108-0, 21-8 0-05
Little 5606 5142, 6071 -1-3 —25-1, 22-6
Normal 7398 6875, 7926 =50 —20-1, 10-0
Hungry 6435 5422, 7444 23-0 —0-8, 46-9
Carbohydrate (g/d) None 162 130, 194 <0-01 —1-1 -3-3, 11 <0-01
Little 192 176, 208 -0-2 -1-0, 0-6
Normal 252 234, 271 -0-1 -0-6, 0-4
Hungry 211 177, 246 1-2 0-4, 2-0
Protein (g/d) None 26 17, 35 <0-01 *
Little 45 40, 49
Normal 59 54, 65
Hungry 56 47, 65
Fat (g/d) None 31 21, 41 <0-01 *
Little 46 41, 51
Normal 59 53, 65
Hungry 57 46, 67

Results of linear mixed-effects model including time, appetite and time X appetite interaction terms and random intercept for patients (n 142).

While the final scheduled study visit was at week 12 (84 d post-ART initiation), the median time to the last study visit among survivors was 88 d and linear mixed
models incorporate the full follow-up period for all participants.

*A non-significant interaction term was dropped from the protein model (P = 0-44) and the fat model (P = 0-41); the overall time effect, or slope, is —0-04 (95 %
Cl —0-13, 0-04) for protein and —0-04 (95 % CI —0-13, 0-06) for fat. There is little evidence that the relationship between dietary intake variables and time is
non-linear (P> 0-10 for all comparisons).
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Fig. 1 Effect of appetite (——, none; — — —, little; ---, normal; —-—, hungry) on dietary intake from initiation of antiretroviral

therapy to 90d; HIV-infected adults (n 142), Lusaka, Zambia. Results of linear mixed-effects model including time and appetite.
Only one participant reported no appetite at visit five, and zero participants reported no appetite at visit six (12 weeks). The line for
‘none’ is an extrapolation at these later time points
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Table 3a Baseline (pre-treatment) predictors of mortality and loss to follow-up at 12 weeks of ART*; HIV-infected adults, Lusaka, Zambia

AHR for mortality or

Marker AHR for mortality 95% Cl P value loss to care 95% Cl P value
Energy (per 500 kJ/d increase) 0-95 0-88, 1-03 0-22 0-96 0-91, 1-01 0-13
Carbohydrate (per 25 g/d increase) 0-95 0-85, 1-06 0-34 0-95 0-88, 1-02 0-19
Protein (per 5g/d increase) 0-94 0-87, 1-02 0-17 0-95 0-90, 1-00 0-07
Fat (per 5g/d increase) 0-96 0-89, 1-04 0-29 0-98 0-93, 1-02 0-30
Appetite 0-82 0-78

None v. normal 1-53 0-41, 5-76 1-21 0-51, 2-84

Little v. normal 1.22 0-44, 3-38 112 0-59, 2-14

Hungry v. normal 0-58 0-07, 5-00 0-63 0-18, 2-23

ART, antiretroviral therapy; AHR, adjusted hazard ratio.
*While the final scheduled study visit was at week 12 (84 d post-ART initiation), the median time to the last study visit among survivors was 88d and linear
mixed models incorporate the full follow-up period for all participants.

Table 3b Time-dependent predictors of mortality and loss to follow-up at 12 weeks of ART*; HIV-infected adults, Lusaka, Zambia

AHR for mortality or

Marker AHR for mortality 95% Cl P value loss to care 95% Cl P value
Energy (per 500 kJ/d increase) 0-84 0-73, 0-96 0-01 0-93 0-87, 1-00 0-07
Carbohydrate (per 25 g/d increase)t 0-85 0-71,1-02 0-09 0-92 0-83, 1-02 0-14
Protein (per 5g/d increase)t 0-81 0-68, 0-95 0-01 0-97 0-91, 1-04 0-39
Fat (per 5g/d increase)t 0-80 0-68, 0-94 <0-01 0-92 0-85, 0-99 0-03
Appetitet 0-76 0-98

None v. normal 0-82 0-10, 6-34 0-85 0-20, 3-61

Little v. normal 0-95 0-38, 2-:36 1-07 0-60, 1-93

Hungry v. normal 1-89 0-53, 6-80 117 0-45, 3-03

ART, antiretroviral therapy; AHR, adjusted hazard ratio.

Models adjusted for sex, and a first principal component (incorporating age and baseline BMI, CD4 " lymphocyte count, Hb and serum phosphate level; n 142).
*While the final scheduled study visit was at week 12 (84 d post-ART initiation), the median time to the last study visit among survivors was 88d and linear
mixed models incorporate the full follow-up period for all participants.

tWhen the time-dependent models of carbohydrate, protein and fat intake were adjusted for total energy the association with mortality was not significant

(P=0-10, 0-25 and 0-12, respectively), suggesting the relative proportion of each macronutrient in the diet was not a predictor of outcome.
$The effect of time-varying appetite on mortality also remained non-significant when we further adjusted the model for total energy intake (P = 0-30).

When the time-dependent Cox models incorporating
total carbohydrate, protein and fat intake were also
adjusted for total energy intake, there was no longer a
significant association between any of the macronutrient
categories and mortality (= 0-10, 0-25 and 0-12, respec-
tively). This finding suggests that while total energy intake
was a significant predictor of survival in our cohort, either
the relative contribution of each macronutrient to total
energy was not a predictor of outcome or our study lacked
sufficient power to detect a significant effect.

For appetite, the AHR represents the relative hazard of
death for a participant reporting a ‘normal’ appetite v. one
reporting appetite as ‘none’, ‘little’ or ‘hungry’. There did
not appear to be a significant association between either
baseline appetite (Table 3a) or time-varying appetite
(Table 3b) and study outcome. The effect of time-varying
appetite on mortality remained non-significant when we
further adjusted the model for total energy intake
(P=0-30). Dietary intake and appetite scores normalized
gradually over the study period, and we did not observe an
abrupt increase in the composite appetite score immedi-
ately after starting treatment (Fig. 2). Among the twenty-
four deaths with a recorded appetite value at the visit
immediately preceding death, one patient (4%) reported
no appetite, three (13%) reported ‘hungry’, eight (33 %)

https://doi.org/10.1017/51368980012002960 Published online by Cambridge University Press

reported ‘little appetite’ and twelve (50 %) reported ‘normal
appetite’. One deceased participant had a missing value.

Discussion

In a cohort of undernourished adults with advanced
immunosuppression starting ART in Zambia, over 40 % of
participants were either deceased or lost to care within
the initial 12 weeks of treatment, highlighting a need
for additional resources and innovative approaches to
improve treatment outcomes in this particularly vulner-
able population. We found that a failure to increase
energy intake while on ART predicted poor treatment
outcome after adjusting for several known risk factors,
suggesting that persistent anorexia is a marker of
increased disease severity independent of CD4" lym-
phocyte depletion. Total energy intake, rather than the
relative contribution of carbohydrate, protein and fat to
energy intake, appeared to be the major dietary deter-
minant of survival, but this finding should be interpreted
with caution given the heavily carbohydrate-based
Zambian diet and the possibility that our study lacked
power to detect a true difference between macronutrient
categories. Of note, energy intake at treatment initiation
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the study

was not a significant predictor of survival, which may few macronutrient supplementation trials conducted
indicate that patients with poor intake prior to beginning among HIV-infected adults in sub-Saharan Africa have
ART are not ‘consigned’ to a poor outcome. To date, the shown minimal benefit, but future studies are warranted
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to identify the subset of patients who will develop poor
dietary intake after starting ART (not predicted by base-
line intake in our analysis) and whether targeted inter-
ventions for those with low dietary intake can improve
early survival and retention in care®*”.

Our observation that appetite normalizes gradually in
the first 12 weeks of ART may inform pre-ART patient
counselling and community HIV education efforts. Several
studies of HIV-infected adults in sub-Saharan Africa not yet
on ART found a widely held belief that treatment causes
dramatic increases in appetite which, in the absence of suf-
ficient food, will produce distressing levels of hunger'”=%.
While expansion of programmes to alleviate food insecurity
among HIV-infected persons is needed, treatment pro-
grammes may be justified in addressing concerns regarding
hunger as a barrier to medication adherence with evidence
that average increases in appetite after ART initiation are
likely to be modest and gradual.

A major limitation of our study is the restrictive inclusion
criteria, which were based on previous epidemiology stu-
dies but reduce the generalizability of our findings*'*7%.
Our aim was to investigate nutrition-related predictors of
treatment outcome among the ‘sickest of the sick’ pre-
senting to a public HIV clinic in Lusaka, and given the
exploratory nature of our study we limited our cohort to
those with BMI< 16kg/m* and/or CD4" lymphocyte
count <50 cells/pl to maximize our detectable effect
within the constraints of the available resources and
sample size. Our observed incidence of mortality and loss
to care, and the relationship to dietary intake, should not
be extrapolated to patients with higher BMI or CD4"
lymphocyte counts, although additional studies are
warranted to determine if low intake remains a predictor
of treatment outcome in patients with less severe mal-
nutrition or immunosuppression. While sex and Hb
concentration were not significantly different between
12-week outcome categories, the potential effects of
unknown confounders (e.g. occult opportunistic infec-
tions) could not be assessed in our observational study.
Even though we attempted to control for baseline age,
BMI, CD4%, Hb and phosphate, there may have been
residual confounding as these variables were collapsed
into a single principal component to avoid over-fitting
given the relatively small sample size®”. We did not
examine differential micronutrient (e.g. Zn or Se) intakes
or carbohydrate (e.g. refined flours v. whole grains) and
protein/fat (e.g. animal ». plant) sources. Finally, our
sample size at later time points was reduced by a high rate
of participant attrition. Our observed loss rate at 12 weeks
was higher than the Zambian national ART programme or
similar programmes in the region, which we attribute to
our selection of patients with advanced disease®”. While
lost participants were slightly younger and may represent
a more mobile group, prior studies of intensive ART
patient tracking suggest a high proportion of those lost to
care represent unrecorded deaths®*3%,
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Several assumptions were implicit in our dietary
assessment strategy and may have impacted our results.
First, we assumed that the dietary recall survey accurately
captured portion sizes, and that the calculated intake
values derived from Zambian National Food and Nutrition
Commission data accurately accounted for items less
common in the Western diet (e.g. insects or organ meats).
The 24h dietary recall survey used in the study was
developed with participation from focus groups to iden-
tify local foods and preparation methods, and it had not
been used in prior studies. However, the survey was
validated against repeated FFQ in similar individuals in a
different suburb of Lusaka prior to utilization in our study;
the Spearman correlation coefficients for averaged survey
responses and FFQ ranged from 0-44 for protein intake to
0-65 for total energy intake. Second, we assumed the
degree of attenuation of true between-person differences
due to error in our survey methods was not high enough
to prohibit the detection of significant effects. Prior
studies observed under-reporting of dietary intake by
24h recall methods compared with quantified energy
expenditure measurements; we could not determine if
under-reporting was present in our study and, if present,
whether the effect was consistent across the response
range®**>_ Third, many Zambians live in a state of pre-
carious poverty, but we necessarily assumed a degree of
homogeneity in food availability and day-to-day meal
composition between study visits. Lastly, the staple of the
Zambian diet is nshima, a firm porridge made from
refined maize flour eaten at all meal times, and some
participants may have over-reported protein and fat
intakes, either from recall bias or a desire to overstate
their economic status, which may have raised the aggregate
intake estimates.

Conclusion

Delayed HIV testing, coupled with a high prevalence of
poverty, food insecurity and chronic undernutrition in
many areas of sub-Saharan Africa, complicates the effort
to provide effective HIV care and treatment services. In a
cohort of individuals with advanced malnutrition and
immunosuppression in Zambia, the rates of mortality and
loss to care in the first 12 weeks of ART were strikingly
high, and a poor treatment outcome was predicted by
lower self-reported dietary intake. Our findings suggest
that a failure to increase intake likely serves as a marker of
increased disease severity independent of immuno-
suppression, but future trials are needed to determine
whether nutritional interventions in the pre-ART or
immediate post-ART period may have a role in reducing
mortality. Despite tremendous gains in providing access to
ART across sub-Saharan Africa, improving health outcomes
for the large number of low-BMI individuals remains a
major challenge for global health programmes.


https://doi.org/10.1017/S1368980012002960

Dietary intake and early HIV mortality

Acknowledgements

Source of funding: The Nutritional Causes for Early ART
Mortality in Zambia (NEMART) study was supported by
the US National Institutes of Health (R21 AI 076430); the
University of Alabama at Birmingham Center for AIDS
Research; the Fogarty International Clinical Research
Scholars and Fellows Program (R24 TW 007988); and
the Fulbright Scholars Program, US Department of State.
The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the
manuscript. Conflict of interest: None of the manuscript
authors report a conflict of interest. Authors’ contribution:
D.CH., C.B,, C.N,, EKK, and I.Z. were responsible for
study design and data collection. M.B., B.E.S., JR.K., A M.
and W.K. performed the statistical analyses. J.R.K., M.B.,
EKK., AM., WK. and D.CH. drafted the manuscript,
which all authors read, edited and approved.

References

1. Braitstein P, Brinkhof MW, Dabis F et al. (2006) Mortality of
HIV-1-infected patients in the first year of antiretroviral
therapy: comparison between low-income and high-
income countries. Lancet 367, 817-824.

2. Gupta A, Nadkarni G, Yang WT et al. (2011) Early mortality
in adults initiating antiretroviral therapy (ART) in low- and
middle-income countries (LMIC): a systematic review and
meta-analysis. PLoS One 6, €28691.

3. Joint United Nations Programme on HIV/AIDS (2010)
Report on the Global AIDS Epidemic 2010. Geneva:
UNAIDS.

4. Stringer JS, Zulu I, Levy J et al. (2006) Rapid scale-up of
antiretroviral therapy at primary care sites in Zambia:
feasibility and early outcomes. JAMA 296, 782-793.

5. Centers for Disease Control and Prevention (1987) Revision
of the CDC surveillance case definition for acquired
immunodeficiency syndrome. Council of State and Terri-
torial Epidemiologists; AIDS Program, Center for Infectious
Diseases. MMWR Morb Mortal Wkly Rep 36, Suppl. 1,
15-15S.

6. Kotler DP, Tierney AR, Wang J et al. (1989) Magnitude of
body-cell-mass depletion and the timing of death from
wasting in AIDS. Am J Clin Nutr 50, 444-447.

7. Suttmann U, Ockenga ], Selberg O et al. (1995) Incidence
and prognostic value of malnutrition and wasting in human
immunodeficiency virus-infected outpatients. J Acquir
Immune Defic Syndr Hum Retrovirol 8, 239-246.

8. Wheeler DA, Gibert CL, Launer CA et al. (1998) Weight loss
as a predictor of survival and disease progression in HIV
infection. Terry Beirn Community Programs for Clinical
Research on AIDS. J Acquir Immune Defic Syndr Hum
Retrovirol 18, 80-85.

9. Kotler DP, Rosenbaum K, Wang J et al. (1999) Studies of
body composition and fat distribution in HIV-infected and
control subjects. J Acquir Immune Defic Syndr Hum
Retrovirol 20, 228-237.

10. Koethe JR, Lukusa A, Giganti MJ et al. (2010) Association
between weight gain and clinical outcomes among
malnourished adults initiating antiretroviral therapy in
Lusaka, Zambia. J Acquir Immune Defic Syndr 53, 507-513.

11. Lawn SD, Harries AD, Anglaret X et al. (2008) Early
mortality among adults accessing antiretroviral treatment
programmes in sub-Saharan Africa. AIDS 22, 1897-1908.

https://doi.org/10.1017/51368980012002960 Published online by Cambridge University Press

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

557

Jerene D, Endale A, Hailu Y et al. (2006) Predictors of early
death in a cohort of Ethiopian patients treated with HAART.
BMC Infect Dis 6, 136.

Johannessen A, Naman E, Ngowi BJ et al. (2008) Predictors
of mortality in HIV-infected patients starting antiretroviral
therapy in a rural hospital in Tanzania. BMC Infect Dis 8,
52.

Zachariah R, Fitzgerald M, Massaquoi M et al. (2006) Risk
factors for high early mortality in patients on antiretroviral
treatment in a rural district of Malawi. AIDS 20, 2355-2360.
Macallan DC, Noble C, Baldwin C et al. (1995) Energy
expenditure and wasting in human immunodeficiency
virus infection. N Engl | Med 333, 83-88.

Powanda MC & Beisel WR (2003) Metabolic effects of
infection on protein and energy status. J Nutr 133, issue 1,
3225-327S.

Wiig K & Smith C (2007) An exploratory investigation of
dietary intake and weight in human immunodeficiency
virus-seropositive individuals in Accra, Ghana. J Am Diet
Assoc 107, 1008-1013.

Addo AA, Marquis GS, lartey AA et al. (2011) Food
insecurity and perceived stress but not HIV infection are
independently associated with lower energy intakes among
lactating Ghanaian women. Matern Child Nutr 7, 80-91.
Au JT, Kayitenkore K, Shutes E et al. (2006) Access to
adequate nutrition is a major potential obstacle to
antiretroviral adherence among HIV-infected individuals
in Rwanda. AIDS 20, 2116-2118.

Weiser SD, Tuller DM, Frongillo EA et al. (2010) Food
insecurity as a barrier to sustained antiretroviral therapy
adherence in Uganda. PLoS One 5, e10340.

Hardon AP, Akurut D, Comoro C et al. (2007) Hunger,
waiting time and transport costs: time to confront challenges
to ART adherence in Africa. AIDS Care 19, 658-665.
Murray LK, Semrau K, McCurley E et al. (2009) Barriers to
acceptance and adherence of antiretroviral therapy in
urban Zambian women: a qualitative study. AIDS Care 21,
78-86.

Heimburger DC, Koethe JR, Nyirenda C et al. (2010) Serum
phosphate predicts early mortality in adults starting
antiretroviral therapy in Lusaka, Zambia: a prospective
cohort study. PLoS One 5, €10687.

Laird NM & Ware JH (1982) Random-effects models for
longitudinal data. Biometrics 38, 963-974.

Cleveland WS (1979) Robust locally weighted regression
and smoothing scatterplots. | the Am Stat Assoc 74,
829-836.

Cantrell RA, Sinkala M, Megazinni K et al. (2008) A pilot
study of food supplementation to improve adherence to
antiretroviral therapy among food-insecure adults in Lusaka,
Zambia. | Acquir Immune Defic Syndr 49, 190-195.
Ndekha MJ, van Oosterhout JJ, Zijlstra EE et al. (2009)
Supplementary feeding with either ready-to-use fortified
spread or corn-soy blend in wasted adults starting
antiretroviral therapy in Malawi: randomised, investigator
blinded, controlled trial. BMJ 338, 1867.

Rawat R, Kadiyala S & McNamara PE (2010) The impact of
food assistance on weight gain and disease progression
among HIV-infected individuals accessing AIDS care and
treatment services in Uganda. BMC Public Health 10, 316.
Koethe JR, Chi BH, Megazzini KM et al. (2009) Macro-
nutrient supplementation for malnourished HIV-infected
adults: a review of the evidence in resource-adequate and
resource-constrained settings. Clin Infect Dis 49, 787-798.
Harrell FE (2001) Regression Modeling Strategies with
Applications to Linear Models, Logistic Regression, and
Survival Analysis. New York: Springer-Verlag.

Rosen S, Fox MP & Gill CJ (2007) Patient retention in
antiretroviral therapy programs in sub-Saharan Africa: a
systematic review. PLoS Med 4, €298.


https://doi.org/10.1017/S1368980012002960

558
32.

33.

McGuire M, Munyenyembe T, Szumilin E et al. (2010) Vital
status of pre-ART and ART patients defaulting from care in
rural Malawi. Trop Med Int Health 15, Suppl. 1, 55-62.
Geng EH, Bangsberg DR, Musinguzi N et al. (2010)
Understanding reasons for and outcomes of patients lost
to follow-up in antiretroviral therapy programs in Africa
through a sampling-based approach. J Acquir Immune
Defic Syndr 53, 405-411.

https://doi.org/10.1017/51368980012002960 Published online by Cambridge University Press

34.

JR Koethe et al.

Briefel RR, Sempos CT, McDowell MA et al. (1997) Dietary
methods research in the third National Health and Nutrition
Examination Survey: underreporting of energy intake. Am J
Clin Nutr 65, 4 Suppl, 12035-1209S.

Bathalon GP, Tucker KL, Hays NP et al. (2000) Psychological
measures of eating behavior and the accuracy of 3 common
dietary assessment methods in healthy postmenopausal
women. Am J Clin Nutr 71, 739-745.


https://doi.org/10.1017/S1368980012002960

