Predictors of Change in the Functional Status of Children With Human
Immunodeficiency Virus Infection
Stacey A. Missmer, MSc*; Donna Spiegelman, ScD*‡§; Sherwood L. Gorbach, MD§; and
Tracie L. Miller, MD, SM储¶#
ABSTRACT. Objective. The purpose of this study
was to identify important clinical predictors of change in
the functional status of children with perinatally acquired human immunodeficiency virus (HIV) infection.
Methods. Children who were perinatally exposed to
HIV underwent evaluation of growth, nutritional, and
functional status parameters as part of a prospective
study of HIV and nutrition in children. The main outcome measures for HIV-infected children were change
over time in: 1) Total Health, 2) General Health, and 3)
Responsiveness as measured by the Functional Status
II(R) (FSII[R]). Candidate predictors included anthropometric measurements, social factors, HIV disease stage,
CD4 T lymphocyte count, medications, and other clinical
markers of illness.
Results. The parents or legal guardians of 35 perinatally HIV-infected children completed 2 FSII(R) surveys
over a mean of 16 months. Functional Status scores were
significantly correlated with number of times and days
hospitalized in the past 6 months and with illness at the
time of baseline evaluation. Functional status declined
overtime on all 3 scales; however, only the change in
Total Health score was statistically significant. Total,
General Health, and Responsiveness scores declined by
>5 points in 20.0%, 17.1%, and 14.3% of children, respectively. Significant univariate predictors of change in at
least 1 component of the functional status survey included race, guardianship, height z score, prescription of
antiviral medications other than antiretrovirals, and illness at time of baseline evaluation. In multivariate models, adjusting for baseline score and biologic relationship
of guardian completing survey, significant predictors of a
decline in Total Health scores included non-white race
and lower baseline height z score. The General Health
score declined with lower baseline absolute CD4 count
and lower baseline height z score. Finally, Responsiveness scores declined in children whose guardian was
their biologic parent and in children with lower baseline
height z scores.
Conclusion. The FSII(R) questionnaire correlates
with other markers of disease severity in children with
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H

uman immunodeficiency virus (HIV) infection of children continues to be both a national and international problem. In 1997, the
Centers for Disease Control and Prevention reported
⬎40 000 HIV-infected children in the United States,
7310 of whom have acquired immunodeficiency syndrome (AIDS), while ⬎1 million children worldwide
are afflicted with this disease.1 Although early prenatal screening, counseling, and administration of
antiretroviral therapies have significantly decreased
the incidence of HIV in children, they continue to
become infected perinatally because of lack of prenatal care and failed prophylactic regimens. Furthermore, with the advent of highly active antiretroviral
therapy, children currently infected are living longer,
with many perinatally infected children expected to
live into adolescence and adulthood.2,3 HIV disease
in children has become a chronic illness.
With increasing access to effective clinical interventions and longer life expectancy, epidemiologic
evaluation of disease morbidity must expand from
the acute definitions typically used in infectious disease research to an evaluation of functional status
and quality of life. In the pediatric population, health
status and quality of life are most often measured
with surveys of functional status that include physical, behavioral, social, and cognitive development as
factors of morbidity.4 By focusing on quality of life as
a medical outcome, clinicians are able to better assess
the important effect that services and treatments
have on patient populations. For this reason, it is
important to understand what factors contribute to
changes in the functional status of HIV-infected children so that future care can be directed at improving
these factors. Although functional status has been
evaluated in chronically ill children with brain tumors, cancer, cystic fibrosis, low birth weight, and
asthma,5–9 limited studies have addressed the func-
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tional status or predictors of functional status in
HIV-infected children.10,11
Many social and clinical factors can affect functional status and quality of life for HIV-infected children. HIV-infected children are exposed to and live
with altered family dynamics, living in foster homes
or homes with ill parents who may also have poor
access to care. Children are often administered medications to control the progress of their disease, with
many potential toxicities and side effects. In addition, poor nutritional status and growth are common
and can occur in up to 100% of children during the
course of the disease.12–15 Malnutrition alone is an
independent predictor of morbidity and mortality in
both adults and children with HIV infection, with
weight loss and failure to thrive resulting in decreased quality of life and increased medical costs
attributable to frequent hospitalizations.16,17 The goal
of this study was to determine which nutritional,
anthropometric, clinical, and social factors are predictive of a change in functional status. We hypothesized that markers of poor nutritional status and of
advanced HIV disease would predict a decline in
functional status over time.

Although the FSII(R) has been validated in children with other
chronic diseases, to our knowledge the survey instrument has
never been evaluated in the pediatric HIV population. We correlated the outcome scores among those measured with HIV at
baseline, using Spearman correlation with: 1) number of times
hospitalized, 2) number of days hospitalized, and 3) number of
current non-HIV illness symptoms (vomiting, diarrhea, abdominal pain, fever, and common cold symptoms) as shown in Table 1.
Six percent of the HIV-infected children were hospitalized 1 or
more times in the past 6 months (range: 0 –3 times) with a mean of
1.4 hospital days (range: 0 –36 days), and 45% had 1 or more
non-HIV illness symptoms (vomiting, diarrhea, abdominal pain,
fever, and common cold symptoms). In general, the FSII(R) correlated well with other markers of disease severity, such as hospitalization rates, days, and current illness, although the responsiveness category was least correlated with hospitalization.

METHODS

Weight and recumbent length (children ⬍2 years old) or standing height (children 2 years or older) were recorded using recommended techniques.21 Length or height and weight were plotted
on the National Center for Health Statistics percentiles to obtain
age- and sex-adjusted measurements.22 To identify children who
were 2 standard deviations (SDs) below the mean, z scores were
calculated by dividing the difference between the observed datum
and the normal predicted value by 1 SD (as established by the
National Center for Health Statistics). For the resulting z score, 0
indicates the normal population mean, whereas 2 indicates that
the measure is at the 97.5th percentile of the distribution of values
in the normal population (eg, 2 SDs above the mean). A negative
z score indicates that the value is below the predicted population
mean.23 Triceps skinfold thickness (TSF), a measure of fat mass,
was taken with Lange skinfold calipers (Cambridge Scientific
Industries, Cambridge, MA) at the midpoint between the acromion and the olecranon on the relaxed right arm. The layer of skin
and subcutaneous tissue was moved away from the underlying
muscle and held until caliper measurement was complete. Readings were taken to .5 mm, 3 seconds after application of the
calipers. Midarm circumference (MAC) was measured with a steel
tape midway between the tip of the acromion and olecranon
process on the relaxed right arm to the nearest .25 cm. Arm-muscle
circumference (AMC), a measure of muscle mass, was calculated
using the formula: AMC ⫽ MAC ⫺ [3.14 ⫻ TSF (mm)].24 Ageadjusted percentiles for TSF and AMC were derived from the
Ten-State Nutrition Survey for infants and children.25

Study Cohort
Sixty-five children who were enrolled in a prospective, multidimensional, and longitudinal study of nutrition in HIV-infected
children between July 1993 and October 1996 at Children’s Hospital in Boston were identified. Children were determined to be
HIV-infected by enzyme-linked immunosorbent assay, Western
blot analysis, and HIV culture.18 No children were receiving protease inhibitor or highly active antiretroviral therapy at the time of
study. All children were outpatients, being evaluated in the Children’s Hospital AIDS Program. Patients with enteral supplementation were excluded from all the analyses because of small numbers (n ⫽ 5). HIV-infected patients for whom only 1 survey
measurement was available were excluded from the follow-up
analyses attributable to the inability to evaluate change over time
(n ⫽ 25). This study was approved by the Committee on Human
Investigation at Children’s Hospital.

Outcome Measurements
The main outcome of this study was change in functional status
as measured by the long version of the Functional Status II(R)
(FSII[R]. This survey was designed to assess the health status of
children with chronic physical disorders19,20 by measuring normal
daily, age-appropriate functions (how well the child eats, sleeps,
dresses himself, seems happy or moody, plays with other children, etc). This survey did not measure school function. The
survey was administered to the parent or legal guardian of each
HIV-infected child by a trained interviewer approximately once
per year.
Each question has 2 parts; part I asks whether the child performs the specified activity or exhibits a specified behavior “never
or rarely,” “some of the time,” or “almost always.” Part II, administered after the completion of the entire list of part I items, probes
those part I items that reflect poor functioning to determine
whether a given functional impairment was attributable “fully,”
“partly,” or “not at all” to an illness. A score that reflects functional status as impacted by an illness is generated on a scale of 0
to 100. Three outcome measures were evaluated in this analysis:
General Health, Responsiveness (children ⬍1 year old)/Activity
(children 1 year and older)/Interpersonal Functioning (children
⬎2 years old; referred to hence as Responsiveness for brevity), and
Total score (a combination of the other 2 scales), all adjusted for
age. Each score is the percent of possible points that the child
obtains for that scale and age group. Change in functional status
was calculated for each child by subtracting his or her scores at
baseline from his or her scores at follow-up.
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Predictor Measurements
A trained nutritionist collected all anthropometric and nutritional variables on the day of FSII(R) survey. Clinical variables
were collected from interviews with the nutritionist, family, and
medical team who cared for the child on the day of the FSII(R)
survey and were confirmed by the study coordinator through a
review of the medical record. The purpose of the analysis was to
investigate which baseline measurements predicted change in the
FSII(R) scores over time.

Anthropometric and Nutritional Variables

TABLE 1.
verity

Correlation of FSII(R) With Markers of Disease SeParameter

Total score
Number of times hospitalized in past 6 mo
Number of d hospitalized in past 6 mo
Current illness
General Health score
Number of times hospitalized in past 6 mo
Number of d hospitalized in past 6 mo
Current illness
Responsiveness score
Number of times hospitalized in past 6 mo
Number of d hospitalized in past 6 mo
Current illness
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Correlation P
Coefficient Value
⫺.33
⫺.32
⫺.55

.04
.05
⬍.01

⫺.42
⫺.39
⫺.60

⬍.01
.01
⬍.01

⫺.28
⫺.26
⫺.46

.08
.11
⬍.01

TABLE 2.

Clinical Variables
Each child was classified as having or as not having AIDS as
defined by the pediatric-specific criteria of the Centers for Disease
Control and Prevention.18 CD4 T lymphocyte counts were expressed as absolute concentrations (cells/mm3). CD4 T lymphocyte counts were also adjusted for age.26 For the logistic regression
analysis, CD4 T lymphocyte count was divided into categories by
increments of 100 cells/mm3. Other variables included gender,
race, care taker, current use of prescription medications (antiretroviral, antiviral, prophylactic [anti-Pneumocystis carinii, antifungal, and antimycobacterial]), and current symptoms of non-HIVassociated illness (vomiting, diarrhea, abdominal pain, fever, and
common cold).

Statistical Analysis
Descriptive statistics, including frequencies and percentages for
categorical data and means, standard deviations, and ranges for
continuous data, were calculated to characterize the study population. Significance of change in functional status scores from
baseline to follow-up was evaluated using the paired t test. Univariate linear regression was used to assess which baseline variables were predictive of change in the functional status outcome
scores. Covariates with significance at P ⬍ .20 were then selected
as candidates for inclusion in a backward linear regression model.
The robust variance was used to obtain valid inference regardless
of the distribution of the residuals.27 The biologic relationship of
the person who completed the survey to the child was included a
priori in all multivariate models because of the emotional and
social factors involved in perinatal HIV infection. Baseline functional status scores were associated with both change in functional
status score and with the predictors of change and were, therefore,
included in all models to control for confounding. Three separate
linear regressions were performed to determine the association
between significant predictor variables and change in: 1) Total
score, 2) General Health score, and 3) Responsiveness score. Results were considered significant if the 2-sided P value was ⬍.05.
Once a final model was selected, all other predictors were tested as
confounders. Any variable that had been dropped from the model
during backward selection but changed the ␤-coefficient of any
predictor by ⬎10% was kept in the final model as a confounder.28
Collinearity of anthropometric measurements was evaluated by
including different combinations of potentially collinear variables
in the predictor models. In addition to analysis of predictors of
change in outcome score, a univariate analysis of predictors of
decline of ⱖ5 points was conducted to improve clinical interpretability, since a change of ⬎5 points reflects a decline in functioning
attributable to illness in 3 to 5 areas of performance. Tests of
statistical power were not performed because they are indirect
indicators of precision and require an assumption about the magnitude of the effect. We used confidence intervals to convey essential information by indicating the range of values that are
compatible with the observations.29 Statistical analyses were performed using SAS Statistical Software, Version 6.12 (SAS Institute
Inc, Cary, NC).

RESULTS

One hundred three FSII(R) surveys were completed by the parent or legal guardian of 65 perinatally HIV-infected children who received care from
the Children’s Hospital AIDS Program over the
study interval. Five HIV-infected children were excluded from the analyses because of enteral supplementation. The baseline patient characteristics are
described in Table 2. Among the HIV-infected children, the mean age at baseline was 5.5 years old, 43%
of the children were boys, 32% were white, and 50%
were primarily cared for by a biologic parent. In
general, these children were relatively healthy at
baseline with only 30% diagnosed with AIDS, and a
mean absolute CD4 cell count of 740 cells/mm3. The
use of prescription drugs was prevalent, with 87% of
children taking 1 or more antiretrovirals and 58%
taking prophylactic medications. However, these

Baseline Characteristics of the Study Population
Parameter*

All Children Children With
(n ⫽ 60)
Follow-Up
Measurements
(n ⫽ 35)

Age, y
Mean, (SD)
5.5 (3.0)
(Range)
(.5–12.9)
Male (%)
26 (43)
White (%)
19 (32)
Relationship to guardian who
completed questionnaire
Biologic parent, n (%)
30 (50)
AIDS diagnosis, n (%)
18 (30)
Absolute CD4 cell count,
n ⫽ 56
cell/mm3
Mean, (SD)
740 (668)
(Range)
(0–3785)
Height z score (SD)
Mean (SD)
⫺.9 (1.3)
(Range)
(⫺4.6–1.4)
Weight z score
Mean (SD)
⫺.4 (1.2)
(Range)
(⫺2.6–3.6)
Weight for height z score
n ⫽ 38
Mean (SD)
.3 (1.1)
(Range)
(⫺1.6–4.3)
TSF %, (SD)
n ⫽ 54
Mean (SD)
38 (26)
(Range)
(0–100)
AMC %
n ⫽ 54
Mean (SD)
56 (28)
(Range)
(0–100)
Current illness symptoms, n (%)
No symptoms
45 (75)
1 symptom
8 (13)
2 symptoms
3 (5)
3 symptoms
2 (3.5)
Unknown
2 (3.5)
Non-HIV perinatal illness, n (%)
None
42 (70)
1 or more
18 (30)
Antiretroviral use, n (%)
No antiretrovirals
8 (13)
1 or more antiretrovirals
52 (87)
Antiviral use, n (%)
No antivirals
49 (82)
1 or more antivirals
3 (6)
Unknown
8 (13)
Prophylactic use, n (%)
No prophylactic drugs
22 (37)
1 or more prophylactic drugs
30 (50)
Unknown
8 (13)
FSII(R) score—Total, %
Mean (SD)
95.2 (8)
(Range)
(62.2–100.0)
FSII(R) score—General Health, %
Mean (SD)
94.2 (10)
(Range)
(55.0–100.0)
FSII(R) score—Responsiveness, %
Mean (SD)
95.2 (10)
(Range)
(56.0–100.0)

5.3 (2.5)
(.8–10.6)
21 (60)
11 (31)
19 (54)
9 (26)
n ⫽ 34
724 (781)
(0–3785)
⫺.93 (1.2)
(⫺3.65–1.3)
⫺.43 (1.2)
(⫺2.6–3.6)
n ⫽ 35
.3 (1.1)
(⫺1.37–4.3)
n ⫽ 31
35 (23)
(0–90)
n ⫽ 31
56 (28)
(10–100)
27 (77)
6 (17)
1 (3)
0 (0)
1 (3)
21 (60)
14 (40)
6 (17)
29 (83)
26 (74)
2 (6)
7 (20)
14 (40)
14 (40)
7 (20)
97.4 (5)
(82.3–100)
96.0 (8)
(62.5–100)
96.9 (7)
(75–100)

* No significant differences were found between children with 1 or
serial measurements in any parameter.

children tended to be smaller than the US average by
age group with a mean height z score of ⫺.9, mean
weight z score of ⫺.4, mean TSF percent of 38%, and
mean AMC percent of 56%. We compared baseline
characteristics between children with only 1 evaluation and children with a follow-up test. We found no
significant differences between the 2 groups of children.
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Change in Functional Status

The changes in functional status outcome scores
for HIV-infected children from baseline to follow-up
measurement are summarized in Table 3. The mean
time between measurements was 16 months. Although changes of up to 35.7 percentage points were
observed, the overall outcome scores remained
skewed to the upper end of the scale, with only a
statistically significant change in Total score (P ⫽
.04). Total score declined by ⱖ5 points in 7 children
(20%), General Health score declined by ⱖ5 points in
6 children (17%), and Responsiveness score declined
by ⱖ5 points in 5 children (14%).
Univariate Predictors of Change in Functional Status
Score

Univariate predictors of change in Total, General
Health, and Responsiveness scores are presented in
Table 4. A change in many covariates had a relationship with at least 1 of the 3 functional status outcome
scores with a P value of .10. We found that lower
height z score (r ⫽ .34 Total score; r ⫽ .19 General
Health; r ⫽ .37 Responsiveness) and non-white race
(mean change by ⫺3.2 vs .8 points in Total score,
⫺1.8 vs 1.9 points in General Health, and ⫺3.7 vs 1.7
points in Responsiveness) were associated with a
change in functional status scores in all scales (P ⱕ
.10). Other significant univariate predictors (P ⱕ .05).
of change in at least 1 category included current
clinical symptoms (mean: ⫺4.4-point vs .7-point
change in General Health), and antiviral medications
(mean: ⫺10.8-point vs ⫺1.9-point change in Total
Score). Guardianship was related to change in functional status score on the Responsiveness scale,
where parental guardianship showed a mean decrease of ⫺5.6-point versus 1.0-point improvement
for children who were not living with their parents
(P ⫽ .03). Borderline predictors of change in at least
1 category included CD4 T lymphocyte counts, male
gender, antiretroviral medications, and non-HIV
perinatal chronic illness.
Multivariate Results

Table 5 includes the final multivariate models for
change in the 3 functional status outcome scores.
Significant predictors of change in Total Health score
included race (mean increase of 2.9 more points for
white children compared with those of other races;
P ⫽ .04) and height z score (mean increase of 1.1
TABLE 3.

points per 1 SD height z score at baseline; P ⬍ .01).
Children being cared for by a nonbiologic parent had
less of a decline in scores, although this did not reach
significance (P ⫽ .09).
General Health scores improved significantly in
children per 1 SD height z score at baseline (mean
change in General Health score: 1.2; P ⫽ .03). There
was also a significant relationship between absolute
CD4 count at baseline and General Health score;
however, the mean change in score per 100 cells/
mm3 was only .20 point (P ⫽ .03). When CD4 counts
were adjusted for age, final multivariate results did
not differ. Also, although included a priori as a potential confounder, General Health score at baseline
was found to predict change in General Health score
over time, with children declining a mean of 1.7
points for every 5 points higher at baseline.
In our evaluation of change in scores on the Responsiveness scale, we found that height z score at
baseline was a significant positive predictor. For every 1 SD height z score at baseline, children improved an average of 4.1 points in Responsiveness
score (P ⫽ .01). Also, children whose guardian was
not their biologic parent improved their Responsiveness score by an average of 9.6 points (P ⫽ .01).
DISCUSSION

Because HIV-infected children live longer and
fuller lives, it has become increasingly important that
we understand what factors are predictive of future
changes in functional status. There have been limited
studies that have evaluated functional status in children with HIV infection, with little emphasis on
validity of preexisting instruments and important
clinical predictors of decline. Although HIV disease
and its management are ever-changing, baseline
knowledge of important clinical predictors of functional status will enable investigators to determine
what factors or interventions can be expected to have
a positive or negative effect on future functioning.
Our study of 35 HIV-infected children with longitudinal functional status data showed that race, social
factors, immune suppression, and linear growth independently influenced a change in at least 1 component of the functional status questionnaire over
the study interval.
The FSII(R) questionnaire was developed for children with chronic illness, although to our knowledge, its use in pediatric HIV has been limited. To

Functional Status Outcome Scores

Total, %
Mean (deviation)
(Range)
General Health, %
Mean (deviation)
(Range)
Responsiveness, %
Mean (deviation)
(Range)

Baseline
(n ⫽ 35)

Follow-Up
(n ⫽ 35)

97.4 (5.0)
(82.4–100)

95.5 (7.8)
(70.6–100)

96.0 (7.0)
(62.5–100)

95.4 (7.7)
(70.8–100)

96.9 (7.0)
(75.0–100)

94.9 (11.1)
(57.1–100)

Change
(n ⫽ 35)
Mean (SE)
(Range)
P value*
Mean (SE)
(Range)
P value*
Mean (SE)
(Range)
P value*

⫺2.0 (.9)
(⫺17.6– ⫹8.3)
.04
⫺.6 (1.2)
(⫺22.9– ⫹13.8)
.60
⫺2.0 (1.5)
(⫺35.7– ⫹14.3)
.20

SE indicates standard error.
* P value is testing the null hypothesis that there is no change in functional status score over time.
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% Who Declined
ⱖ5 Points

% (n)

20.0 (7/35)

% (n)

17.1 (6/35)

% (n)

14.3 (5/35)

TABLE 4.

Univariate Predictors of Change in Functional Status Score
Predictor

Total

General Health

Mean Change
(SD)
Gender
Male
Female
Race
White
Other
Guardianship
Biologic parent
Nonbiologic parent
Disease stage
AIDS
Non-AIDS
Current illness symptoms†
Yes
No
Non-HIV perinatal illness
Yes
No
Antiviral medication*
Yes
No
Antiretroviral medication
Yes
No
Absolute CD4 count
(cells/mm3)
Height z score
Weight z score
TSF percent
AMC percent

r

P
Value

Mean Change
(SD)

⫺3.3 (5.8)
⫺1.1 (5.2)

.25

.8 (3.1)
⫺3.2 (5.9)

r

Responsiveness
P
Value

Mean Change
(SD)

r

P
Value

⫺3.1 (7.4)
1.0 (6.1)

.09

⫺3.6 (7.1)
⫺1.0 (10.2)

.37

.01

1.9 (4.1)
⫺1.8 (7.6)

.07

1.7 (2.6)
⫺3.7 (10.5)

.02

⫺2.7 (5.5)
⫺1.3 (5.5)

.46

⫺1.3 (5.6)
⫺.1 (7.8)

.59

⫺5.6 (11.8)
1.0 (4.4)

.03

⫺4.4 (6.2)
⫺1.1 (5.1)

.15

⫺1.0 (6.7)
⫺.5 (7.0)

.84

⫺6.0 (13.4)
⫺.7 (6.9)

.24

⫺5.1 (6.6)
⫺.7 (4.8)

.08

⫺4.4 (4.5)
.7 (7.2)

.01

⫺5.4 (14.0)
⫺.9 (6.8)

.33

⫺3.0 (6.2)
⫺1.2 (5.0)

.35

⫺.5 (7.4)
.7 (6.6)

.93

⫺5.7 (12.9)
.4 (4.0)

.09

⫺10.8 (6.9)
⫺1.9 (5.5)

.02

⫺4.2 (2.0)
⫺1.1 (7.2)

.08

⫺17.9 (25.2)
⫺1.9 (7.4)

.22

⫺2.3 (6.0)
⫺.3 (0.8)

.09

⫺.7 (7.5)
.0 (0)

.56

⫺1.6 (9.3)
⫺4.2 (8.6)

.48

.22

.14

.30

.10

.07

.72

.34
.25
.28
.25

.02
.11
.06
.14

.19
.15
.17
.14

.06
.18
.25
.36

.37
.23
.11
.19

.10
.24
.43
.32

* Other than antiretroviral medications.
† Reports 1 or more of vomiting, diarrhea, abdominal pain, fever, common cold.
TABLE 5.
Multivariate Model of Predictors of Change in
Functional Status Score
Parameter

Total score
White
Height z score at baseline
Total score at baseline*
Nonbiologic parent completed
survey
General Health score
CD4 count (cells/mm3) at
baseline†
Height z score at baseline
General health score at baseline*
Nonbiologic parent completed
survey
Responsiveness score
Height z score at baseline
Responsiveness score at baseline*
Nonbiologic parent completed
survey

Parameter
Estimate
(SE)

P
Value

2.94 (1.36)
1.08 (.61)
.42 (.79)
2.99 (1.72)

.04
⬍.01
.60
.09

.20 (00)

.03

1.16 (.50)
⫺1.73 (.70)
2.07 (2.06)

.03
.02
.32

4.13 (1.55)
.08 (.94)
9.62 (3.24)

.01
.94
.01

SE indicates standard error.
* Parameter represents the effect over time on Total, General
Health, or Responsiveness score per 5-point change in the baseline
score.
† Parameter represents the effect over time on General Health
score per 100 cell/mm3 change in absolute number of CD4 cells.

ensure that this instrument was appropriate for use
in pediatric HIV disease, we correlated results of the
questionnaire with other markers of disease severity
and impaired function, such as hospital days, hospi-

tal rates, and current illness. We found that, in general, the questionnaire correlated well with these
parameters. In other studies of HIV-infected adults,
the presence, number, and severity of constitutional
symptoms in HIV disease are strongly associated
with health-related quality of life in symptomatic
patients.30 Disorders or symptoms, such as fatigue,
neurologic disease, hypertension, depression, and GI
disease are significant, independent predictors of
8-month activity of daily living scores.31 It is encouraging that this instrument worked well in our study,
although our results may be biased toward healthier
HIV-infected children. These children were receiving
care from a tertiary medical center as outpatients and
we have documented that nearly 100% of the children were receiving some form of medical or nutritional intervention at the time of functional status
measurement. Hence, the scores for many children
were skewed to the upper end of the scale. We have
not reported on functional status scores of inpatients,
who would likely have worse scores.
A consistent trend in the univariate analysis was
the association between nutritional factors and functional status. Other studies of HIV- and non-HIVinfected patients have shown similar associations.32–34 In the multivariate model, the most
consistent predictor of change in functional status
among all categories was height z score. Although
weights and heights have been consistently reported
to be below standard, progressive decreases in
height have been noted and have been correlated
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with viral factors and disease activity.35,36 Height, in
this situation, may be a surrogate marker for disease
severity as well. These findings support the influence
of growth and nutrition on functional status of HIVinfected children. A larger sample size is needed to
determine the effect of other nutritional factors.
Our study found race to be an independent predictor of change in functional status. Non-white race
was associated with a greater likelihood of decline in
total scores over time. This finding is consistent with
other studies that showed that inner-city children
with chronic conditions are more withdrawn, with
increased anxiety, depression,37 and homelessness38
being independent predictors of poor health. Each of
these conditions is more prevalent in black children.39 McConnochie et al40 found differences in hospitalizations of young infants relating to socioeconomic status within Rochester. Parental reporting of
child health and nutrition is poorer in the Hispanic
population than in the general public.41 For HIVinfected adults, race can also impact on quality of
life.42 Special attention and interventions by clinicians should be directed to all children, with focus on
non-white HIV-infected children, because they are at
increased risk for decline in functional status over
time.
Although not anticipated, we also found that children who were in the care of their biologic parent
were also at greater risk for decline in the Responsiveness score. Perinatally acquired HIV disease of
childhood is unique because 1 or both of the biologic
parents have HIV as well. The families then need to
contend with health concerns of child and parent, as
well as other potential factors, such as access to medical care, food, shelter, and potential substance
abuse. In the above-cited study on homelessness,38
the mother’s emotional distress was independently
associated with acute illness symptoms of the child.
A study of HIV in adults found that higher baseline
support was predictive of improved general health,
reduced pain, and fewer disease symptoms.43 Although we controlled for the biologic relationship of
the person who completed the survey to the child in
all multivariate analyses, it is possible that there are
more subtle differences within the nonbiologic parent category (made up of other biologic relatives and
adoptive and foster guardians) that were not appropriately modeled. In addition, all reporting adults
were women. Fathers or other male guardians may
report differently. We were not able to evaluate how
long these children had been in their current guardian’s care. Future studies should aim to confirm our
findings as well as to define what factors in the
biologic family may put children at risk for this
decline. Clinicians providing care for HIV-infected
children should continue to be sensitive and supportive to the needs of HIV-infected parents.
A diagnosis of AIDS was not significantly predictive of change in functional status on any of the 3
scales. One potential concern about the evaluation of
this variable is the way in which it is defined. The
Centers for Disease Control and Prevention classification system for HIV infection in children is not
only a statement of current health but of medical
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history as well. Once a child has clinical signs that
fall within a certain stage, he or she can never be
reassigned to a lower stage. Progression is always
toward worsening health, not improving. Given that
the FSII(R) is a cross-sectional evaluation of functional status, it may not correlate with past illness
such as is marked by HIV stage. The only HIVspecific marker that was predictive of functional status was absolute CD4 T lymphocyte count, although
the magnitude of effect on change in functional status score was negligible.
Future evaluation of predictors of a change in the
functional status of HIV-infected children would be
strengthened by inclusion of a HIV-seroreverted
comparison group. These children will have been
exposed perinatally to HIV and live in similar environments to our HIV-infected population. We have
preliminary baseline results on noninfected children
(data not shown) that suggest that factors other than
HIV impact on functional status. Parents or guardians may perceive their noninfected children to be
different for reasons based solely on exposure to risk.
This may confound our ability to measure the relationship between quality of care and functional status and may be difficult to measure and control. A
second control group of non-HIV-exposed children
matched for age and socioeconomic status may provide greater insights into both HIV-infected and
HIV-seroreverted children.
As data collection continues in this population, we
anticipate that a longer follow-up and larger sample
size will improve our ability to evaluate the relationship between functional status and variables that we
found to be marginally predictive on univariate analysis. It is likely that attributable to the sample size
our study had insufficient power to ascertain
weaker, but significant, associations. In addition, use
of the functional status questionnaire in children undergoing other clinical interventions, such as treatment with protease inhibitors, will enable investigators to evaluate another important exposure for the
clinical care of the child.44 – 46
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