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Human immunodeficiency virus (HIV) infection
is a critical problem among the incarcerated
population, with rates as high as 17% being
reported for prison systems in NewYork.The lit-
erature suggests that stressful living condi-
tions and inherent defects in the immune sys-
tem associated with HIV infection make prison
populations more susceptible to a dispropor-
tionate decrease in their CD4 counts. To deter-
mine the effects of incarceration on HIV-infect-
ed individuals, the charts of 800 inmates were
reviewed. Baseline (draw 1), 2- to 5-month (draw
2), and 6- to 12-month (draw 3) CD4 cell counts
were obtained. Mean cell counts were calculat-
ed, and paired t-tests were used to identify dif-
ferences. The group receiving antiretrovirals
throughout showed no difference in mean CD4
cell count between draws 1 and 2 or between
draws 1 and 3. The group not receiving HIV
medications did not show a significant differ-
ence in CD4 cell counts between draws 1 and 2,
but did show a significant difference between
draws 1 and 3. For this group, the rate of
decline in CD4 cells was greater than among an
outpatient setting. The subsample of subjects
initiating therapy prior to the second blood
draw showed a significant increase in mean
CD4 cell counts at draw 1 versus draw 2, but did

From the Department of Family Practice and Community
Medicine, University of Texas-Houston Medical School,
Houston, Texas and the Department of Family Medicine, State
University of New York at Stony Brook, Stony Brook, New York.
This work was supported in part by the National Institute of
Diabetes and Digestive and Kidney Diseases, grant no. T35 DK
07676, and the Department of Family Practice and Community
Medicine, University of Texas Medical School. Requests for
reprints should be addressed to Ms Victoria Briscoe, University
of Texas, Dept of Family Practice and Community Medicine,
6431 Fannin, MSB 2.112 Houston, TX 77030.

not show a significant change when comparing
draw 1 to draw 3. When examining subjects
based on their antiviral status, the mean CD4
cell count at each of the draws was statistically
associated with subjects' antiviral status. We
conclude that incarceration causes a more
rapid decrease in CD4 cells compared with an
outpatient population, causing clinical signifi-
cance on the normal course of HIV disease. (J
Nat! Med Assoc. 1996;88:639-644.)
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The increasing incidence of infection with the
human immunodeficiency virus (HIV) continues to
affect nearly all segments of the US population. Since
the first acquired immunodeficiency syndrome (AIDS)
cases reported in the early 1980s, AIDS cases have
nearly quadrupled,' and AIDS is now the number one
killer of young adults ages 25 to 44 in several US met-
ropolitan areas.2'3 Nonmetropolitan areas of the United
States also are reflecting the national trend toward a
larger number of heterosexually transmitted cases of
HIV disease, with a near double increase in the number
of AIDS cases between 1992 and 1993.4 Among ethnic
groups in the United States, African Americans are dis-
proportionately affected with HIV, possessing a death
rate of 29.3/100,000. This compares to a death rate of
22.2 among Hispanics and 8.7 among whites.3

The epidemiology of AIDS, originally described in
men, has evolved; women now constitute the fastest
growing segment of the population with AIDS.5'6
Between 1990 and 1991, diagnosed cases of AIDS
increased by 15% in women compared with a 3%
increase in men.6 An explanation as to why women now
constitute the fastest growing segment of individuals
with AIDS has not yet been convincingly made.
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Researchers have suggested a number of reasons, most
of which are related to poverty and lack of health insur-
ance.7 The perception of a society toward women with
regard to women's power or powerlessness also has
been suggested to be a significant predictor of their
means to prevent infection.89 Women of ethnic and
racial minorities constitute 19% of all US women but
comprise 72% of US women infected with HIV.5
Women who possess little control regarding sexual rela-
tions with men, most of whom have attained a low level
of education and self-empowerment, usually women of
color, face the greatest risk of contracting HIV.10
Among other specific segments of the population

for whom the rates of HIV infection are increasing are
inmates in correctional facilities. For example, in
1989, correctional facilities in New York were experi-
encing HIV infection rates as high as 18.5%."1 As
infection with HIV increases in the general popula-
tion, so too is the HIV infection rate in correctional
facilities.'2"13 Infection among prison and jail popula-
tions is likely to contribute to infection among the
poor and socially disenfranchised among the nonin-
carcerated population.

Incarcerated populations have high rates of infection
due to the high-risk behaviors in which many engage.
Reports indicate 40% to 80% of incarcerated individu-
als are intravenous drug users,'3 2% to 4% of men are
homosexual or bisexual,'4"15 and approximately 11% of
men have had sex with prostitutes.'4 Sex with bisexual
men also has been shown to be a significant reason for
HIV infection among women.16 Furthermore, earlier
studies have reported that in nonemergency situations,
individuals who are not insured are less likely to seek
health care.'7 Because most of the inmates do not have
health insurance, they are less likely to seek health care
when not incarcerated.

Due to the rapid increase in the prison population
and a slower increase construction of new correctional
facilities, many jails are overcrowded with inmates.
Often associated with overcrowding are stressful living
conditions and a decreased access to health care, which
may cause the diagnosis of AIDS or AIDS-related
opportunistic infections to go undetected. Studies in
New York have found that nonincarcerated individuals
have a near double increase in mean survival rate from
diagnosis of AIDS to death than individuals with HIV
who are incarcerated.'3 This article describes a study
that examined whether incarceration influences CD4
counts and the progression of AIDS. For some HIV-
positive individuals, incarceration may provide an
increased access to better health care while for others

the stress and overcrowding may cause a disproportion-
ate decrease in their CD4 counts.

METHODS
In June 1993, a retrospective review of charts dating

back to July 1991 was initiated at the Harris County
Correctional Facility Clinic in Houston, Texas. This
research was submitted to the Internal Review Board,
but has received exempt status due to its classification
as a policy evaluation. Charts of all patients who were
known to be HIV positive were considered for the
study. A total of 800 charts were identified as potential-
ly meeting the study criteria and reviewed. Study crite-
ria included:
* a positive Western blot confirming HIV infection,
* a CD4 count taken while the inmate was incarcerat-

ed following a confirmed diagnosis of HIV (draw 1),
and

* a second CD4 count taken 2 to 5 months following
draw 1 (draw 2) or a third CD4 count taken 6 to 12
months after draw 1 (draw 3).
Blood samples obtained during these three draws

were used to stage the level of HIV infection. Staging
HIV infected patients based on T4 lymphocyte counts
has become an accepted strategy for documenting pro-
gression of HIV disease.18 If patients were released
from jail during the intervals between blood draws,
their charts were excluded from the study. It was not
necessary for charts to document all three CD4 counts,
but charts were included if at least two measures of
CD4 cells were recorded. The chart review was limited
to a 1-year period because most inmates of the Harris
County Correctional Facility are transferred to a state
prison or are released within 1 year. Patient charts that
met the inclusion criteria were monitored by investiga-
tors. Data collected from charts included: birth date,
race/ethnicity, gender, CD4 cell count at each specific
blood draw, antiretroviral status, and antiretroviral med-
ication used. Demographic data were reviewed to
describe the study sample and to compare it with the
general jail population at the time of the study.

Mean CD4 cell counts for the entire sample were
calculated at each of the three blood draws, and paired
t-tests were used to identify potential differences.
Charts then were divided into subsamples based on eth-
nicity, gender, and antiretroviral status, and mean CD4
counts for each of the three draws were calculated and
compared for the different groups. Mean CD4 cell
counts were compared at draws 1, 2, and 3 for the group
of patients who had started antiretroviral medication
prior to draw 1, and for the group that was not on anti-
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TABLE 1. BREAKDOWNS OF STUDY SAMPLE
Mean Mean CD4 Count (n, %)

No. (%) Age (Years) Draw 1 Draw 2 Draw 3
Sample 225 (100) 33.1 645.46 (225,100) 608.25 (179, 80) 630.55 (94, 42)
Gender
Male 145 (64) 33.9 598.16 (145, 64) 579.98 (123, 55) 595.44 (52, 23)
Female 80 (36) 31.6 723.55 (80, 36) 670.34 (56, 25) 674.02 (42,19

Race
African American 152 (68) 33.7 644.45 (152, 68) 600.92 (118, 52) 657.62 (66, 29)
Hispanic 14 (6) 37.6 572.00 (14, 6) 599.25 (12, 5) 465.57 (7, 3)
White 59 (26) 30.2 655.12 (59, 26) 628.10 (49, 22) 600.48 (21, 9)

Antiretroviral medication
Yes 78 (35) 34.7 313.81 (78, 35) 363.00 (71, 32) 354.00 (23,10)
No 146 (65) 32.1 819.63 (146, 65) 765.71 (109, 49) 729.16 (70, 31)

retrovirals throughout the study. Also calculated for the
group that began an antiretroviral sometime after the
first CD4 count was the mean at the first draw while not
on an antiretroviral, compared with the mean at the sec-
ond draw, while on an antiretroviral.

Charts for subjects were divided into two groups
based on their antiretroviral status at any given time
during the study. Mean CD4 cell counts for those
receiving any antiretroviral medicines (azidothymi-
dine, dideoxyinosine, and zaleitabine) were identified
for each of the three blood draws as the dependent vari-
ables. An analysis of variance (ANOVA) model was
constructed to explain the relationship between mean
CD4 cell counts and the antiretroviral medication sta-
tus. Because of the relatively small sample, antiretrovi-
ral regimens were not examined.

RESULTS
The correctional facility in which this research was

conducted is a large county detention center in Harris
County, with an HIV infection rate of 5.75%. This com-
pares to a projected infection rate of 1 in 90 among the
county population where the facility is located. In
Harris County, individuals between the ages of 30 and
39 constitute the majority of persons infected with HIV.
Of the persons in Houston infected with HIV through
male-to-male contact, the majority are white (79%)
while the lowest percentage is found in African
Americans (50%). However, comparing persons infect-
ed with HIV through injection drug use, the highest per-
centage is found in African Americans (20%) and the
lowest percentage is found in whites (4%). Men com-
prised 94% of AIDS cases in Houston, compared with
89% of cases in Harris County, non-Houston. These
trends noted in Houston and the surrounding Harris
County reflect what is seen on a national level.19

The final sample of charts that met the inclusion cri-
teria was comprised of 145 male and 80 female patients,
for a total of 225 charts. The mean CD4 cell count for
all subjects at baseline was 645.46 cells/mm3 (range: 7
to 1574 cells/mm3). Sixty-eight percent of the study
population was African American, 26% white, and 6%
Hispanic with mean ages of 33.8 years, 37.6 years, and
30.2 years, respectively. The mean overall age of the
225 patients was 33.1 years (range: 18 to 62 years).
Table 1 illustrates the demographic breakdown for the
study sample.

For this sample of HIV patients, the average period
between the first CD4 cell count and the second CD4
cell count was 3.3 months. The third CD4 cell count for
subjects with three draws followed the first measure-
ment by an average of 7.4 months. The sample includ-
ed 46 (20%) subjects with three blood samples (draws
1, 2, and 3); 132 (59%) subjects with two samples
(draws 1 and 2); and 47 (2 1%) subjects with two sam-
ples (draws 1 and 3).

One hundred seventy-nine patients had mean CD4
cell counts for draws 1 and 2. There was no observed dif-
ference in the sample between these pairs at the .05 level
(Table 2). Ninety-four patients had mean CD4 cell counts
at draws 1 and 3. There was a statistically significant dif-
ference found when examining this pair (Table 2).

Of the group not receiving HIV medications (146
patients), 109 patients had mean CD4 cell counts for
draws 1 and 2, and 70 patients had mean CD4 cell counts
for draws 1 and 3 (Table 2). This group did not show a
significant difference in mean CD4 cell counts between
draws 1 and 2, but did show a significant difference in
mean cell counts between draws 1 and 3 (Table 2).

Thirty-five percent of the study population (n=78)
was receiving antiretrovirals at some point in the study.
A total of 31 patients were receiving antiretrovirals at
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TABLE 2. COMPARISONS OF CD4 CELL COUNTS
Mean CD4 Count

(cells/mm3)
Comparison Pairs Measure 1 Measure 2 PValue 95% Cl

All patients (n=225)
Draw 1 versus draw 2 179 610.54 608.25 0.878 -27.20, 31.7929
Draw 1 versus draw 3 94 752.22 630.55 <.0001 50.93, 138.41

Patients receiving antiretroviral
therapy throughout study period (n=31)
Draw 1 versus draw 2 29 290.66 310.59 .346 -62.564, 22.702
Draw 1 versus draw 3 6 343.83 341.33 .980 -241.027, 246.027

Patients not receiving antiretroviral
therapy throughout study period (n=146)
Draw 1 versus draw2 109 800.31 765.71 .106 -7.474, 76.685
Draw 1 versus draw 3 70 855.03 729.16 <.0001 72.88,178.86

Patients who started antiretroviral
therapy during the study period (n=46)
Draw 1 versus draw 2 41 332.29 400.17 .014 -120.97, -14.786
Draw 1 versus draw 3 17 366.00 358.47 .821 -62.076, 77.135

Abbreviations: Cl=confidence interval.

some point in the study. From this group, 29 patients
had mean CD4 cell counts at draws 1 and 2 (Table 2). A
subset of 6 patients had mean CD4 cell counts at draws
1 and 3. There was no significant change in mean CD4
cell counts during either time interval (Table 2).

Forty-six patients began therapy after the first blood
draw, but prior to the second blood draw. For this group,
there was a significant increase in mean CD4 cell
counts for the 41 patients with draws 1 and 2 (Table 2).
However, there was no significant difference in mean
CD4 cell counts for the 17 patients with draws 1 and 3
(Table 2).
CD4 cell counts at draws 1, 2, and 3 were then exam-

ined, and the patients' antiretroviral status was ascer-
tained. Within each group (draws 1, 2, and 3), the mean
CD4 cell counts were statistically associated with the
antiretroviral status. That is, the mean CD4 cell count in
each group for individuals on medicine was statistical-
ly significant from the mean CD4 cell count for indi-
viduals not on medicine. Eighty-eight percent of the
subjects studied remained on azidothymidine without
supplementation with dideoxyinosine or ddC through-
out the study period.

DISCUSSION
Comparison of mean CD4 cell counts at draw 1 ver-

sus draws 2 and 3 provided interesting clinical results.
For patients not taking any antiretroviral medication
throughout the study period, there was no significant
difference between mean counts at draw 1 versus draw
2. However, there was a significant decrease in CD4

cell counts when comparing counts at draw 1 and draw
3. These findings coincide with studies reporting
defects in the immune system inherent in the disease
that result in a decrease in CD4 cells over time.2021 In
an outpatient setting, CD4 cell counts will decrease by
approximately 4 to 11 cells/month while the patient is
not receiving antiretroviral therapy.22 In our sample,
mean CD4 cell counts decreased by an average of 10.5
cells/month over the first 3 months and decreased an
average of 17 cells/month over 7 months for patients
who were not on therapy.
A possible explanation for the more rapid decrease

in CD4 cells for inmates over a 7-month period may
be due to the stressful conditions inherent in the cor-
rectional facilities compared with an outpatient envi-
ronment. Initially, the decrease in intravenous drug
usage resulting in increased health and nutrition,
combined with an increased access to free medical
care provided to HIV-positive inmates, may slow the
decline in the CD4 cells. However, after several
months, the stress of imprisonment may supersede the
initial benefits, and CD4 cells may take an even
greater decline than expected compared with an out-
patient setting.

For patients beginning the study on antiretroviral
medications (88% on azidothymidine), no significant
changes were detected in their mean CD4 cell counts
during the period from draw 1 to draw 3. However, for
this study sample, clinical certainty regarding the length
of time patients had been receiving antiretroviral thera-
py and compliance with the medication is difficult to

642 JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 88, NO. 10



INCARCERATION & HIV INFECTION

ascertain because patients may have initiated antiretro-
viral therapy prior to incarceration. For the sample of
patients who started an antiretroviral following draw 1
(receiving antiretroviral therapy for 1 to 6 months
before the second blood draw), a statistically significant
increase in CD4 cell counts was observed when mean
cell counts at draw 1 were compared with those at draw
2, but no difference was seen when comparing draw 1
with draw 3.

Earlier studies have shown that an increase in CD4
lymphocytes is seen after 4 weeks of therapy with azi-
dothymidine.23'24 Our results are consistent with earlier
antiretroviral research, which suggests that azi-
dothymidine, dideoxyinosine, and ddC are associated
with a decrease of HIV replication in vivo and there-
fore causes an initial increase in CD4 cell counts last-
ing several weeks to months. The reduction in HIV
replication results in a decreased rate of CD4 count
decline and a delay in progression of the disease in the
short term.23'25'26 However, a decrease in sensitivity to
azidothymidine is seen when receiving it for 6 months
or longer,27 which results in a decline in CD4 levels
beginning approximately 24 weeks after therapy.24
This decrease in sensitivity will result in CD4 lympho-
cyte counts returning to baseline levels by approxi-
mately 40 weeks of therapy, followed by further
declines in CD4 lymphocytes due to the natural course
of the disease.24

The intervals of 3.3 months and 7.4 months for
assessing HIV disease in our patient population are
consistent with the literature regarding time periods for
staging HIV progression. When CD4 counts are >500
cells/mm3, they should be monitored every 3 to 6
months, and CD4 counts <500 cells/mm3 should be
monitored every 2 to 3 months.'8 Prophylaxis for
Pneumocystis carinii pneumonia and antiretroviral
therapy are initiated when CD4 cell counts reach spe-
cific levels. Also, the revised Centers for Disease
Control and Prevention's definition for clinical diagno-
sis of AIDS requires a CD4 count <200 cells/mm3 and
infection with HIV. In part, the reason for changing the
definition of AIDS was to emphasize the importance,
clinically, of CD4 cell counts.28 However, due to dif-
ferences between laboratories used to perform the cell
count (normal for our laboratory was 660 to 1980
cells/mm3) and diurnal variations in T lymphocytes,
care must be taken when monitoring lymphocyte
counts. When evaluating patients on follow-up exami-
nations, pertinent laboratory tests and physical exami-
nations should be performed, with focus on weight
changes, enlarged lymph nodes, thrush and mouth

sores, recurrent pneumonia, pulmonary tuberculosis,
neurologic changes, and cancer, especially of the
cervix.

To more accurately describe CD4 count changes
occurring in a patient sample while on antiretroviral
medication, certain factors must be controlled.
Medicine noncompliance (either not taking the medi-
cine at all or taking it inappropriately) and differences
in antiretrovirals could skew the results. Although
88% of our study sample was receiving azidothymi-
dine therapy without supplementation with other anti-
retrovirals, 12% of our study sample was receiving
dideoxyinosine, azidothymidine with ddC, or
changed from azidothymidine to dideoxyinosine dur-
ing the course of the study. Differences in CD4 counts
resulting from changes in antiretroviral therapy were
not considered due to the small number of patients in
each of these three alternative cells (five patients
receiving dideoxyinosine, two receiving azidothymi-
dine/ddC, one changed from azidothymidine to
dideoxyinosine, and one changed from dideoxyino-
sine to azidothymidine).

In this study, patients were not divided into groups
depending on stage of disease. The range of initial CD4
cell counts was wide (7 cells/mm3 to 1775 cells/mm3),
and all of the patients were analyzed together. In
preparing this study, the investigators' aim was to deter-
mine the effect of incarceration on progression of HIV
disease, with or without pharmaceutical intervention.
The inclusion of all patients in these analyses, however,
may have resulted in a minor distortion of our conclu-
sions because of the demonstrated trend of CD4 cells to
decrease as the disease progresses.

CONCLUSION
In this chart review of 225 incarcerated HIV-infect-

ed patients at the Harris County Correctional Facility,
the results indicate that incarceration does result in a
more rapid decrease in CD4 cells for individuals not
taking antiretroviral therapy, which may have clinical
significance on the normal course of HIV disease. The
increased access to medical care does not supersede the
overcrowding and stressful living conditions associated
with correctional facilities and therefore causes the
CD4 cells to decrease greater than expected compared
with an outpatient population.
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Wed like to introduce you to the newest spokesman
for the American Heart Association.

Just as soon as hes born.
The same baby who, ten years ago, wouldn't have lived to I
speak his first word. But now doctors can look inside the hearts
of unborn babies, detect disorders and correct them at birth.
Thanks to research, he can have a healthy, normal life.

American Heart Association
WE'RE FIGHTING FOR YOUR LIFE
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