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Abstract
Background—Nutritional concerns in HIV-infected children have evolved, from wasting to
obesity and insulin resistance. However, little is known about the diet of these children during this
evolution.

Objective—We analyzed dietary macronutrient intake in HIV-infected children over nearly 10 y.

Design—HIV-infected children underwent periodic longitudinal nutritional assessments between
1995 and 2004. Sex-specific initial and final means or proportions and time trends in macronutrient
intakes were estimated with regression analyses.

Results—Three hundred thirty nutritional records from 49 males and 411 from 67 females were
analyzed. Caloric intake exceeded the estimated energy requirement (EER) for ideal body weight in
1995 by 62% for males and 39% for females and decreased by 3% of the EER per year in males (P
= 0.02) and by 2% in females (P = 0.004). In 2004, caloric intake still remained >19% above the
EER in both groups. Protein intake was nearly 400% of the recommended dietary allowance (RDA)
for ideal body weight in 1995 among both males and females and decreased by 13% of the RDA per
year for males (P = 0.001) and by 21% per year for females (P < 0.001). However, daily protein
intake still exceeded the RDA by >60% in both groups in 2004. Females consumed more energy
from carbohydrates (P = 0.05) and sugar (P = 0.10) and less from monounsaturated (P = 0.04),
polyunsaturated (P = 0.05), saturated (P = 0.03), and total (P = 0.10) fat in 2004 than in 1995.

Conclusion—Excessive caloric intake and a shift in dietary composition toward carbohydrates in
females suggest that continued monitoring of diet in HIV-infected children is important to avoid
increased nutritional risk.
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INTRODUCTION
One critical component of HIV-associated morbidity and mortality is nutritional status. The
relation between proteinenergy malnutrition and adverse effects on the immune system has
been recognized for many years (1). Before highly active antiretroviral therapy (HAART), the
primary nutritional concern for HIV-infected individuals was wasting syndrome (2–4). In
addition, many children were unable to consume the calories required for growth because of
pancreatitis, malabsorption, or general anorexia associated with the disease (5–8), and they
often required nutritional supplementation, such as high-calorie liquid complete nutrition, to
maintain appropriate growth (9).

Although weight loss and wasting may still be important concerns for some HIV-infected
patients in the HAART era (10), studies show that, overall, HAART increases body cell mass
and decreases wasting in both adults and children (2,11,12). Because virological and
immunologic variables improve in many children with HIV, nutritional supplements are less
often required for growth. Instead, new nutritional and metabolic challenges are now associated
with HAART, such as lipodystrophy and insulin resistance (13–15).

The prevalence of overweight among all children and adolescents is increasing in the United
States. The National Health and Nutrition Examination Surveys (NHANES) have documented
increases in the number of 12- to 19-y-old adolescents with a body mass index (BMI; in kg/
m2) above the 95th percentile, from 10.5% between 1988 and 1994 to 16.1% between 1999
and 2002 (16,17). This increase in the prevalence of obesity has been attributed, in part, to
dietary and lifestyle factors. The concern is that the nutritional characteristics of HIV-infected
children may become similar to their uninfected counterparts as they become healthier with
HAART. As a result, HIV-infected children may not only be less wasted and malnourished,
but they may move to the opposite extreme of overweight and obesity and experience the
associated sequelae.

To date, there has been little systematic evaluation of the evolution of dietary intake in HIV-
infected children in the HAART era. Given the new potential for an elevated risk of
lipodystrophy and cardiovascular disease in HIV-infected children, understanding their diets
has become more important. Accordingly, we evaluated changes in the intake of macronutrients
among HIV-infected children between 1995 and 2004.

SUBJECTS AND METHODS
Study cohort

HIV-infected children were enrolled in a prospective, longitudinal study on growth and
nutrition at the Children’s Hospital AIDS Program (CHAP), Boston MA, and the University
of Rochester Pediatric HIV Program, Rochester NY. The Institutional Review Boards at both
institutions approved all research protocols, and procedures for informed consent and assent
were followed.

Inclusion criteria
To be included in the study, children must have been between 3 and 20 y of age and eating
exclusively by mouth. They must not have been given megestrol acetate in the 90 d before
enrollment. Data from visits at which measurements of kilocalories, carbohydrate, fat, protein,
weight, height, triceps skinfold thickness (TSF), and midarm circumference (MAC) were not
made were excluded. In 7 cases, many children meeting the inclusion criteria were biologically
related or shared a household. We selected a single subject from each of these clusters using
a pseudorandom number generator to maintain independence between subjects without
inducing bias.
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Data collection
Data were collected at scheduled clinical care visits to each center’s program, typically every
3 to 6 mo. Data were collected by registered dietitians during dietary monitoring as part of
routine clinical care. Clinical data included disease stage [per the Centers for Disease Control
and Prevention (CDC);18] and antiretroviral use at the time of the clinical visit. CD4+ T
lymphocyte frequency (CD4%) and HIV RNA (viral load) were measured as clinically
indicated. Current clinical practice guidelines for HIV management recommend measuring
CD4+ T lymphocytes and viral load every 3 mo (19). However, at the beginning of the study,
these laboratory studies were not widely available and were done only intermittently. For this
reason, HIV RNA was not included in the analysis because of limited availability of data early
in the study. The closest CD4% value obtained within 365 d of a nutritional assessment before
HAART exposure or within 90 d of an assessment after HAART exposure was used if CD4%
was not obtained at a particular assessment.

Registered dietitians conducted dietary assessment interviews with each child and their primary
caretaker using open-ended questions about meal timing, food selection, and portion size. At
each visit, the previous day’s dietary intake, or, if the previous day was atypical by report of
the patient and caretaker, a typical day’s dietary intake was verbally requested and recorded
(20). Each 24-h recall was immediately read back to the patient and caretaker and revised as
needed to increase accuracy and completeness of the record. Food models were used to assist
patients and caretakers in identifying correct portion sizes and food selections. Food records
were then reviewed a final time with the patient and caretaker, with dietary counseling directed
to advance intake toward dietary goals. Nutrition education individualized to each patient’s
nutritional status was initiated or continued, as appropriate, after the dietary recall.

Total caloric and macronutrient (fat, carbohydrate, fiber, protein, and sugar) intakes were
calculated by using nutrient analysis software (NUTRITIONIST IV, version 4.0 and
NUTRITIONIST V, version 2.3; First Data Bank, San Bruno, CA). We determined total daily
calorie and protein intakes as a percentage of the age- and sex-specific estimated energy
requirement (EER)/recommended dietary allowance (RDA), respectively, at ideal weight-for-
height (21), fiber intake as a percentage of the ageand sex-specific adequate intake (21),
cholesterol intake as a percentage of the US Department of Agriculture (USDA) guideline
(22), and percentage of total calorie intake from carbohydrate (total and simple sugar), fat
(total, monounsaturated, polyunsaturated, and saturated), and protein by using Atwater general
factors (23). The ideal body weight for actual height was determined by the age- and sex-
specific median BMI from the CDC growth curves (24). In calculating the EER, we assumed
a physical activity level consistent with completing the regular activities of daily living without
additional exercise (21), because we lacked detailed information from which to estimate the
actual physical activity level of the patients.

Height, weight, MAC, and TSF were measured by registered dietitians trained in applying
standardized anthropometric methods (25). Weight (recorded to the nearest 0.1 kg) and
standing height (recorded to the nearest 0.1 cm) were measured by using recommended
techniques. BMI was calculated as weight (kg)/ height2 (m) (24). Age- and sex-specific weight,
height, and BMI z scores were calculated from the CDC growth curves (24). TSF (a measure
of fat stores) was measured with skin calipers (Lange, Cambridge, MD), and MAC was
measured using standard techniques. The TSF and MAC measurements were used to derive
arm-muscle circumference (AMC). Age- and sex-adjusted percentiles for TSF and AMC were
calculated on the basis of the work by Frisancho (26). These percentiles were dichotomized at
the 85th percentile for analysis to avoid problems caused by censoring at the lowest (5th) and
highest (95th) reported empirical percentiles (26).
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Statistical methods
Outcomes were either age-independent or standardized to be age-independent so that outcomes
for healthy children would not change during the study because of somatic growth or changes
in the age distribution of the cohort. To describe sex-specific trends in the continuous and
dichotomous outcomes of interest, we fit generalized linear models including center, sex, years
since the beginning of the study (14 February 1995), and the interaction between years and
sex. Estimates were obtained by using generalized estimating equations with an exchangeable
working correlation structure to account for potential correlations between repeated
measurements on the same individuals (27). A working independence correlation structure was
used to model the proportion of HAART-exposed children because of convergence problems
with an exchangeable working correlation structure.

These models yielded estimates of the sex-specific means or proportions at the beginning and
end of the study period with 50% weight on each center. They also yielded estimates of sex-
specific per annum changes in the means or odds of an outcome over the study period. Two-
sided Wald tests with 1 df were used to test the following null hypotheses for each outcome:
1) no sex difference in the estimated mean or proportion at the beginning of the study period,
2) no change over time for males, 3) no change over time for females, 4) no sex difference in
the change over time, and 5) no sex difference in the estimated mean or proportion at the end
of the study period. An intersection-union test (28) was used to test the null hypothesis that the
mean percentage of energy from a given macronutrient was not within the range recommended
for children aged 4–18 y in the dietary reference intakes (21) against the alternative that it was
by rejecting the null at the 0.025 significance level if the 95% CI was entirely within the
recommended range.

The regression model allowed each treatment center to have an additive (main) effect on the
estimated mean or proportion to account for systematically higher or lower outcomes at one
center over the entire study period as a result of differences in the populations served. However,
the model assumed that there was no center interaction with changes over time, sex differences
at the beginning of the study period, or sex differences in the changes over time to combine
the data from Rochester with the data from the larger Children’s Hospital Boston cohort.
Because 6 y of concurrent data from both centers were available, this assumption could be
tested empirically. The Simes test (29) of the joint null hypothesis of no center interactions in
our regression model for all outcomes was performed by using the 21 P values from the 3-df
generalized score tests for each outcome. All analyses were performed by using SAS/STAT
software, version 9.1.3 of the SAS System for WINDOWS (SAS Institute Inc, Cary, NC).

RESULTS
Demographic and clinical characteristics at enrollment

Between 1995 and 2004, 86 children were enrolled from Boston and 30 from Rochester (Table
1). Approximately 50% of both cohorts were black, non-Hispanic, and most had acquired HIV
vertically. A greater proportion of patients from Boston were classified in CDC category B for
clinical HIV disease status. More patients in Boston were enrolled earlier in the study period
(when HAART and prenatal HIV screening were not as widely available), as indicated by the
lower median enrollment time and the younger median age at entry in Boston (6.6 compared
with 8.5 y). Other clinical and demographic characteristics were similar in the 2 cohorts and
appear to be representative of the pediatric HIV-infected population during the period.

Characteristics of the regression analysis
The regression analysis was based on 330 nutritional records from 49 males and from 411
records from 67 females. The median interval between qualifying nutritional records was 147
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d [minimum: 15 d; quartile (Q)1: 98; Q3: 252; maximum: 2590 d], and the median number of
nutritional records per child was 5 (minimum: 1; Q1: 2; Q3: 10; maximum: 24 records). There
was no evidence of center interactions with per annum trends or sex effects apart from random
variation for any outcomes (Simes, P = 0.44). Therefore, we proceeded to estimate combined
time trends and sex effects using our model with only a center main effect.

Regression estimates of baseline sex-specific characteristics
Means and proportions at the beginning of the study (early 1995) with 50% weight on each
center were estimated with regression analysis (Table 2). Mean CD4% was higher in females
(P = 0.003). Mean height and weight z scores were both below normal in males. Mean height
z score was below normal in females, whereas mean BMI z score was above normal. The
percentage of females at or above the 85th percentile for AMC exceeded 15% at the beginning
of the study.

Mean caloric and protein intakes substantially exceeded requirements at baseline. The mean
percentages of energy derived from carbohydrate, sugar, and protein were within the ranges
recommended for children aged 4–18 y in the dietary reference intakes. The adequacy and
macronutrient composition of the diet were similar in males and females at the beginning of
the study, but males consumed an additional 22% of the EER for the ideal weight per day (P
= 0.008). On average, cholesterol consumption by the females was below the USDA guideline,
but fiber consumption was inadequate.

Estimates of dietary evolution during the study
Means and proportions at the end of the study (late 2004; Table 3) with 50% weight on each
center and per-annum changes in means and odds ratios during the study (Table 4) were
estimated with regression analysis. At the end of the study, females derived a higher mean
percentage of calories from carbohydrate (P = 0.01) and a lower mean percentage of calories
from monounsaturated (P = 0.01), saturated (P = 0.09), and total (P = 0.06) fat than did males,
although the mean percentages of energy derived from carbohydrate, fat, and protein for the
females were within the ranges recommended for children aged 4–18 y. For males, the mean
percentages of energy derived from carbohydrate, sugar, and protein remained within the
recommended ranges at the end of the study.

The proportion of HAART-exposed children increased during the study and was accompanied
by a concomitant increase in CD4%. Mean anthropometric z scores all had estimated per-
annum changes near zero, indicating negligible changes in these measurements in the average
child. The odds of being at or above the 85th percentile for BMI increased 15% per year in
males (P = 0.08).

Caloric intake decreased between 2% and 3% of the EER per year in both males (P = 0.02)
and females (P = 0.004), but consumption exceeded requirements on average in both sexes at
the end of the study. Protein intake was nearly 400% of the RDA for ideal body weight at the
start of the study among both males and females and decreased by ≈13% of the RDA per year
for males (P = 0.001) and by 21% of the RDA per year for females (P < 0.001). However, both
groups continued to consume in excess of the requirements on average at the end of the study
period (Figure 1).

The mean percentage of energy from carbohydrate (P = 0.05) and sugar (P = 0.10) increased
over the study in females (Figure 2). Females had a concomitant decrease in the mean
percentages of calories from monounsaturated (P = 0.04), polyunsaturated (P = 0.05), saturated
(P = 0.03), and total (P = 0.10) fat over the study period.
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On average, cholesterol consumption in the females remained below the USDA guideline, but
fiber consumption remained inadequate. The odds of known oral supplementation decreased
20% per annum in females (P = 0.02), but there was little change over time in males. At the
end of the study, a larger proportion of males than females was known to be receiving oral
supplementation (P = 0.01).

DISCUSSION
In this study, we described changes in the dietary intake of macronutrients in HIV-infected
children during a time in which HIV care was rapidly evolving. Total caloric and protein intakes
that initially exceeded recommendations decreased significantly over time but continued to
exceed recommended intakes by the end of the study. Dietary composition among females may
be shifting away from fats and toward carbohydrates, although the mean percentages of energy
from various macronutrients mostly remained within the accepted ranges by the end of the
study. Regression estimates indicated poor growth characteristics at the beginning of the study,
but we found few clinically important changes in anthropometric measures in males and in
females over the study period.

Before HAART, high levels of circulating HIV virus resulted in poor weight gain as a result
of a state of chronic negative energy balance and frequent opportunistic infections (2–4). In
contrast, both NHANES III and the Bogalusa Heart Study data indicate an increase in the
prevalence of overweight in otherwise healthy US children over time (30,31). Our hypothesis
was that as HIV-infected children improved their immunologic and disease status, their diet
and growth would come to reflect the patterns seen in healthy children.

Our baseline data are consistent with research showing lower than standard weights and heights
in HIV-infected children before HAART (3,4). Per-annum changes in age-standardized height,
weight, BMI, and percentage fat mass over the study period were near zero, despite a
concomitant improvement in CD4%. Although HAART has been associated with increased
growth in individual patients, our study suggests that it did not substantially change the growth
characteristics among populations of HIV-infected children. Our cohort, on average, consumed
greater than the EER for the activities of daily living without additional exercise, but losses
through gastrointestinal malabsorption, higher energy utilization because of chronic immune
activation, or vomiting and diarrhea may have partially accounted for the imbalance between
energy intake and growth. Furthermore, because HAART was generally prescribed at the nadir
of the clinical course during the period over which our study was conducted, patient-specific
estimates of changes in growth characteristics after HAART from other observational studies
may simply reflect rebounds to an earlier level or regression to the mean after HAART initiation
in the sickest patients.

Our findings regarding dietary intake are similar to those in healthy children. Dietary intake
data from NHANES III show that overall energy intake has changed little since NHANES I
and II in most children; however, energy intake in adolescent females has increased markedly
over time (32). These studies also show that the contribution of both total fat and saturated fat
to energy intake has declined over time in all age and sex groups. However, consumption of
sweetened beverages, particularly soft drinks, has increased in all groups and may account for
the observed weight gains. Data from the Bogalusa Heart Study and data from the Continuing
Survey of Food Intakes by Individuals described similar findings (30,33).

Contrary to the trend in healthy US children, our HIV-infected cohort had a decrease in protein
intake over time, but they started and ended the study period consuming substantially more
than the RDA on average. We speculate that as HAART improved the disease status of these
children, nutritional counseling changed. The children no longer required a high-calorie, high-
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protein diet to prevent wasting, so intakes of both energy and protein decreased substantially
relative to the reference standards. Females in our study, in particular, reduced their use of
high-calorie liquid complete nutrition supplements over time. Although protein intake
decreased, it still remained substantially higher than the RDA, as it does in healthy children.
Notably, a higher proportion of males remained on oral liquid supplementation at the end of
the study, and protein intake was also higher in males than in females relative to the RDA for
protein.

In our HIV-infected female children, the mean percentages of energy derived from
carbohydrates and sugars increased during the study, whereas the mean percentages of energy
from various fats decreased. Although total caloric intake decreased in our patients, it was still
higher than that recommended in both males and females. It will be critical to continue to follow
carbohydrate, simple sugar, and total caloric intakes over time in HIV-infected patients to
determine whether these children ultimately follow the dietary pattern of otherwise healthy
children and to determine whether these dietary patterns will translate into increases in weight
and BMI with continued observation.

An important question that arises in our evaluation of nutritional intake and growth measures
is whether there was a causal relation between changes in macronutrient intake and growth
status in HIV-infected children. However, because of the observational design of this study,
we were not able to directly assess this relation. The changes in growth measures observed in
our sample during this period reflect the effects of many independent trends, the most important
of which were probably the introduction of HAART therapy as well as changes in dietary
composition in the general population. The contemporaneous nature of these independent
trends possibly induced spurious associations and colinearity between the time-dependent
covariates reflecting them. Moreover, because time-dependent covariates reflecting these
trends are also potentially associated with outcomes, they confound one another as well, so we
cannot reliably separate the degree to which changes in growth status were uniquely attributable
to a single trend, such as changes in macronutrient intake, using standard regression techniques.
To do this, we would need to have followed the sample over a period during which there were
no time-dependent changes in variables that affect growth measures other than macronutrient
intakes.

Limitations of the study
Our study had some potential limitations. We could not specifically assess lifestyle factors
such as exercise, socioeconomic status, and eating habits (eg, excessive intake of sugary
beverages, skipping breakfast, snacking instead of eating full meals), although these factors
affect obesity in children and adolescents (30,32–34). Additionally, because we combined data
from 2 different centers that were collected at different times, center confounding was possible.
However, our models allowed the centers to have an additive effect on the estimated mean or
proportion to account for systematically higher or lower outcomes at one center over the entire
study as a result of differences in the populations served. Also, the Simes test provided no
evidence of center interaction for any of the outcomes, suggesting that our statistical model for
combining the data from the 2 centers was reasonable.

Finally, some outcome variables had a large percentage of missing data as a result of the
observational nature of the study. In general, these missing data resulted from time-dependent
changes in best clinical practice, time- and center-dependent variation in the data collection
protocol, and other factors unrelated to previous outcomes or the values of the unobserved
outcomes. Thus, we believe that any missing data are likely missing completely at random,
conditional on time and center, meaning that a generalized estimating equation analysis of all
complete observations using a model including time and center should provide valid inferences
(35).
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Conclusions
Current evidence indicates that HAART, and possibly HIV infection itself, independently
increase the risk of cardiovascular disease through metabolic complications in HIV-infected
individuals (36). Although there is not yet a cure for HIV or an alternative to critical
antiretroviral therapy, diet is a potentially modifiable factor that can alter metabolic risk for
children with HIV infection. Given the early dietary trends observed in this study, continued
monitoring of caloric and carbohydrate intakes is essential to avoid future increases in adiposity
that may contribute to the cardiovascular disease risk of HIV-infected children.
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FIGURE 1.
Individual trajectories for the percentage Recommended Dietary Allowance (RDA) of protein
consumed in male (dark gray) and female (light gray) subjects and fitted means for males (solid
black line) and females (dashed black line) with 50% weight on each center from a generalized
linear model including center, sex, years since the beginning of the study (14 February 1995),
and the interaction between years and sex. Estimates were obtained by using generalized
estimating equations with an exchangeable working correlation structure to account for
potential correlations between repeated measurements in the same individuals.
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FIGURE 2.
Individual trajectories for the percentage of energy from carbohydrate in male (dark gray) and
female (light gray) subjects as well as fitted means for males (solid black line) and females
(dashed black line) with 50% weight on each center from a generalized linear model including
center, sex, years since the beginning of the study (14 February 1995), and the interaction
between years and sex. Estimates were obtained by using generalized estimating equations
with an exchangeable working correlation structure to account for potential correlations
between repeated measurements in the same individuals.
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TABLE 1
Demographic and clinical characteristics of 116 HIV-positive children at enrollment in an observational study of
macronutrient intake1

Characteristic
Boston cohort

(n = 86)
Rochester cohort

(n = 30)

Female sex [n (%)] 52 (60) 15 (50)
Race [n (%)]
 Black, non-Hispanic 41 (48) 15 (50)
 Hispanic 15 (17) 5 (17)
 White, non-Hispanic 27 (31) 8 (27)
 Other 3 (3) 2 (7)
CDC stage [n (%)]2
 N (1–3) 2 (2) 2 (7)
 A (1–3) 18 (21) 16 (53)
 B (1–3) 44 (52) 6 (20)
 C (1–3) 21 (25) 6 (20)
Route of infection [n (%)]
 Vertical 79 (92) 29 (97)
 Blood products 6 (7) 0 (0)
 Hemophilia 1 (1) 0 (0)
 Sexual transmission 0 (0) 1 (3)
HAART-exposed 21 (24) 12 (40)
Age at enrollment (y) 6.6 (3.1, 18.5)3 8.5 (3.1, 19.0)
Enrollment time (y)4 0.4 (0.0, 9.0) 2.9 (2.5, 8.5)
Length of follow-up (y) 4.1 (0.0, 9.2) 2.7 (0.0, 6.0)
CD4 (%)5 21.0 (0.0, 53.0) 21.0 (9.0, 42.0)

1
Enrollment is defined as the first qualifying dietary intake. CDC, Centers for Disease Control and Prevention; HAART, highly active antiretroviral

therapy.

2
The initial CDC stage was missing for one child from the Boston cohort.

3
Medians; range in parentheses (all such values).

4
Years after the beginning of the study (14 February 1995) that a patient’s first qualifying dietary intake occurred.

5
n = 79 for the Boston cohort, and n = 12 for the Rochester cohort.
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