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ABSTRACT

Background It is unclear whether there are differ-
ences between men and women with human immu-
nodeficiency virus type 1 (HIV-1) infection in the plas-
ma level of viral RNA (the viral load). In men, the initial
viral load after seroconversion predicts the likelihood
of progression to the acquired immunodeficiency syn-
drome (AIDS), but the relation between the two has
not been assessed in women. Currently, the guidelines
for initiating antiretroviral therapy are applied uniform-
ly to women and men.

Methods From 1988 through 1998, the viral load
and the CD4+ lymphocyte count were measured ap-
proximately every six months in 156 male and 46 fe-
male injection-drug users who were followed pro-
spectively after HIV-1 seroconversion.

Results The median initial viral load was 50,766
copies of HIV-1 RNA per milliliter in the men but only
15,103 copies per milliliter in the women (P<0.001).
The median initial CD4+ count did not differ signifi-
cantly according to sex (659 and 672 cells per cubic
millimeter, respectively). HIV-1 infection progressed to
AIDS in 29 men and 15 women, and the risk of pro-
gression did not differ significantly according to sex.
For each increase of 1 log in the viral load (on a base
10 scale), the hazard ratio for progression to AIDS was
1.565 (95 percent confidence interval, 0.97 to 2.47)
among the men and 1.43 (95 percent confidence in-
terval, 0.76 to 2.69) among the women. The median
initial viral load was 77,822 HIV-1 RNA copies per mil-
liliter in the men in whom AIDS developed and 40,634
copies per milliliter in the men in whom it did not;
the corresponding values in the women were 17,149
and 12,043 copies per milliliter. Given the recommen-
dation that treatment should be initiated when the vi-
ral load reaches 20,000 copies per milliliter, 74 per-
cent of the men but only 37 percent of the women in
our study would have been eligible for therapy at the
first visit after seroconversion (P<0.001).

Conclusions Although the initial level of HIV-1 RNA
was lower in women than in men, the rates of pro-
gression to AIDS were similar. Treatment guidelines
that are based on the viral load, rather than the CD4+
lymphocyte count, will lead to differences in eligibility
for antiretroviral treatment according to sex. (N Engl
J Med 2001;344:720-5.)
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TUDIES of a possible difference between men

and women in the plasma level of human im-

munodeficiency virus type 1 (HIV-1) RNA

(the viral load) have had conflicting results.
Some cross-sectional’-2 and longitudinal3* studies have
found lower plasma HIV-1 RNA levels in women than
in men after controlling for the CD4+ lymphocyte
count, but two cross-sectional studies did not find a
difference.s” We previously observed that the differ-
ence between men and women in the viral load was
greatest soon after seroconversion and diminished
over time, suggesting different viral dynamics in wom-
en and men.* Previous studies of difference between
men and women in the viral load have been limited by
small samples,?¢ a cross-sectionall-278 or nested case—
control* design, or use of different assays to deter-
mine the viral load in men and women.?

In men, viral load after HIV-1 seroconversion is an
independent predictor of the risk of progression to
the acquired immunodeficiency syndrome (AIDS).10-16
Viral load is the basis for the current guidelines for
the initiation of antiretroviral therapy, which apply
uniformly to women and men.”!8 The relation be-
tween the initial viral load and the risk of progres-
sion to AIDS in women has not been studied.

In a prospective cohort study of injection-drug
users, we measured the viral load by means of the
reverse-transcriptase polymerase chain reaction (RT-
PCR) in all participants who had HIV-1 seroconver-
sion. We also assessed the association between the
initial viral load and the rate of progression to AIDS
in women and in men and determined the effects of
the current guidelines for antiretroviral therapy on
eligibility for treatment.

METHODS
Study Population

Between February 1988 and March 1989, injection-drug users
in Baltimore were enrolled in a longitudinal study of HIV-1 in-
fection.’ There was a second period of enrollment from August
1994 to June 1995. Persons were eligible for enrollment if they
were at least 18 years old and free of AIDS and if they had used
injection drugs at least once since 1977. A total of 3380 injection-
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drug users were enrolled. All participants had blood drawn for HIV
serologic testing semiannually; seroconversion was determined only
by means of this semiannual testing. When participants were first
identified as HIV-seropositive, they were asked to return to the
study center so that blood could be drawn for measurement of the
CD4+ lymphocyte count, with plasma frozen for later testing. This
procedure and a physical examination were then repeated semi-
annually. Women and men were evaluated at the same location, and
the processing of blood specimens did not differ according to sex.
The study was approved by the institutional review board of the
Johns Hopkins University School of Public Health, and written
informed consent was obtained from all participants.

The criteria for inclusion in the current study were documented
HIV-1 seroconversion within 12 months after the last visit at which
the participant was seronegative and before December 1, 1997;
measurement of the viral load within 12 months after the estimated
date of seroconversion (defined as the midpoint between the last
visit at which the participant was seronegative and the first visit at
which he or she was seropositive); and at least three measurements
of the viral load after seroconversion. All seropositive participants
were referred to primary care providers for management of HIV
infection.

Data Collection

For each participant in the study, demographic data and the
medical history were obtained at the initial visit, and self-reported
information on use of injection drugs and medications (including
antiretroviral therapy) during the previous six months was obtained
semiannually. Using standard forms, trained nurses abstracted in-
formation on AIDS-defining diagnoses and AIDS-related deaths
from medical records and death certificates, respectively, and an
end-points committee led by a physician established the final di-
agnoses. AIDS-defining diagnoses were based on the 1993 clini-
cal case definition established by the Centers for Disease Control
and Prevention,?® except that a CD4+ lymphocyte count of less
than 200 per cubic millimeter was excluded as a sufficient condi-
tion for a diagnosis of AIDS. Outcomes that occurred before De-
cember 31, 1998, were included in the analysis. All measurements
of viral load and CD4+ lymphocyte counts obtained before AIDS
was diagnosed (or before December 31, 1998, in persons in whom
AIDS did not develop) were included in the analysis. Measure-
ments of viral load and CD4+ lymphocyte counts from medical
records not obtained as part of the study were not included. The
initial viral load was defined as the first viral load measured within
12 months after the estimated date of seroconversion. The fol-
low-up time was calculated as the interval between the estimated
date of seroconversion and the diagnosis of AIDS or the last date
on which the viral load was measured in participants in whom
AIDS did not develop.

Laboratory Studies

Antibodies to HIV-1 were measured with a commercially avail-
able enzyme-linked immunosorbent assay kit (Genetic Systems,
Seattle), and positive results were confirmed by a Western blot assay
(Dupont, Wilmington, Del.). T-cell subpopulations were meas-
ured by means of whole-blood staining methods and flow-cyto-
metric procedures.2-22 All plasma specimens were stored at —70°C
until testing was performed. Levels of HIV-1 RNA in plasma
were quantified by means of an RT-PCR assay (Roche Molecular
Systems, Branchburg, N.]J.) according to the manufacturer’s pro-
tocol for thawed plasma. For heparin-treated plasma (collected
through April 1997), viral RNA was obtained by means of a silica-
based method of extraction.2? After April 1997, plasma was collect-
ed in tubes containing EDTA. The minimal detectable level of
HIV-1 RNA was 400 copies per milliliter, and the dynamic range
of the assay was approximately 4 log on a base 10 scale. Undetect-
able viral loads were coded as 200 copies per milliliter.

Statistical Analysis

The Wilcoxon rank-sum test was used for comparisons of con-
tinuous variables. The chi-square test was used for comparisons
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of categorical variables, with Fisher’s two-tailed exact test used
when the sample was small. Generalized estimating equations were
used to compare repeated measures. We used multiple linear regres-
sion analysis, while adjusting for confounders and testing for in-
teractions, to identify predictors of the initial HIV-1 RNA level.
A Kaplan—Meier analysis of the time to the diagnosis of AIDS ac-
cording to sex was performed; the significance of the difference
between the curves was assessed with the log-rank test. Multivariate
proportional-hazards models were used to determine which fac-
tors that were present shortly after seroconversion were independ-
ent predictors of the progression to AIDS. Cross-sectional com-
parisons of viral load and CD4+ lymphocyte categories were made
at yearly intervals after seroconversion. If there were multiple meas-
urements for one of these intervals, the value obtained closest to
the beginning of the interval was used. All reported P values are
two-sided.

RESULTS

Study Participants

There were 295 participants in the longitudinal
study who underwent HIV-1 seroconversion during
the study period (222 men and 73 women). Of these,
93 participants were ineligible for this study because
more than 12 months had elapsed between the last
visit at which the participant was seronegative and
the first visit at which the participant was seroposi-
tive (in 39 participants), there were fewer than three
measurements of the viral load (in 35), or more than
12 months had elapsed between the estimated time
of seroconversion and the first measurement of the
viral load (in 19). Of the 202 participants with HIV-1
seroconversion who met the criteria for inclusion, 156
were men (77 percent) and 46 were women (23 per-
cent), a sex distribution similar to that for all the par-
ticipants in whom seroconversion occurred.

The clinical characteristics of the study partici-
pants are shown in Table 1. The men and the women
were similar except that the women were younger at
the time of seroconversion and had somewhat longer
follow-up than the men. There were no significant
differences between men and women in the frequen-
cy of missed study visits before seroconversion oc-
curred or the time that elapsed between the estimat-
ed date of seroconversion and the first measurement
of viral load. Data on pregnancy were available for
146 visits by women; at 7 of these visits (4.8 percent),
women reported being pregnant, and at 5 of these
visits (3.4 percent), women reported having had a
miscarriage or an abortion during the previous six
months.

At the initial visit after seroconversion, none of the
participants reported that they were receiving anti-
retroviral therapy. Overall, the use of one or more
antiretroviral drugs was reported at 22 percent of the
study visits by men and at 23 percent of the visits by
women (P=0.93) (Table 1). Of the reports of anti-
retroviral-drug use, 80 percent involved therapy with
nucleoside analogues only (a single nucleoside in 55
percent and two nucleosides in 25 percent). These
figures did not differ according to sex. The receipt of
highly active antiretroviral therapy (defined as a reg-
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TABLE 1. CLINICAL CHARACTERISTICS OF THE 202 PARTICIPANTS WITH HIV-1 SEROCONVERSION.*

CHARACTERISTIC

Black race (%)
Median age at seroconversion (yr)

Median ratio of no. of years between study entry and sero-

conversion to no. of visits before seroconversion

Median interval from seroconversion to first viral-load
measurement (mo)

Median follow-up (yr)
Antiretroviral drug use reported (% of study visits)

Men (N=156) Women (N=46) P VALUE
94 93 0.99%
36.7 (32.1-41.8) 32.6 (29.7-37.4) 0.002%

0.55 (0.46-0.63) 0.53 (0.46-0.56) 0.12%
4.3 (3.6-5.2) 4.1 (3.2-5.0) 0.45%
4.6 (3.2-6.8) 6.0 (3.3-7.9) 0.10%
22 23 0.93§

*Values in parentheses are interquartile ranges.
tFisher’s two-tailed exact test was used.
fThe Wilcoxon rank-sum test was used.

§Generalized estimating equations were used.

imen that included an HIV-1 protease inhibitor or a
non-nucleoside reverse-transcriptase inhibitor) was re-
ported at less than 5 percent of the study visits by
both women and men.

Initial Viral Load and Progression to AIDS
According to Sex

The median initial viral load after seroconversion
was significantly lower in women than in men (15,103
vs. 50,766 copies of HIV-1 RNA per milliliter, P<
0.001); CD4+ lymphocyte counts did not differ ac-
cording to sex (Table 2). The median initial viral load
remained approximately 0.5 log lower in women than
in men after adjustment for the age at seroconversion,
the time between the estimated date of seroconver-
sion and the first measurement of the viral load (P=
0.001), and the CD4+ lymphocyte count at serocon-
version (P=0.001) in multivariate linear models. The
difference according to sex in viral load persisted at the
second visit after seroconversion (data not shown).

HIV infection progressed to AIDS in 29 men and
15 women; a Kaplan—Meier analysis of the time to
progression did not demonstrate a significant differ-
ence according to sex (P=0.18 by the log-rank test)
(Fig. 1). In addition, a Cox proportional-hazards mod-
el of the time to a diagnosis of AIDS, in which sex
was a covariate, showed that the risk of AIDS was not
significantly greater for women than for men (haz-
ard ratio for women, 1.53; 95 percent confidence in-
terval, 0.8 to 2.9; P=0.18). The relative proportions
of AIDS-defining diagnoses did not differ according
to sex, with the exception of Pueumocystis carinii
pneumonia, which accounted for 3 of the 29 AIDS-
defining diagnoses in men (10 percent) but for 6 of
15 in women (40 percent, P=0.04). Among the par-
ticipants with fewer than 200 CD4+ lymphocytes
per cubic millimeter, self-reports of medications used
routinely for prophylaxis against P. carinii pneumonia
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TABLE 2. INITIAL PrAsMA HIV-1 RNA LEVELS AND
CD4+ LYMPHOCYTE COUNTS AFTER SEROCONVERSION.

VARIABLE Men WomMmEeN P VALUE*

Median plasma HIV-1 RNA level 50,766 15,103 <0.001
(copies/ml)

Median CD4+ lymphocyte count 659 672 0.48
(per mm?)

*P values were determined with the Wilcoxon rank-sum test.

(trimethoprim—sulfamethoxazole, dapsone, or pen-
tamidine) did not differ significantly according to sex
(reported in 23 percent of visits by men and 31 per-
cent of visits by women, P=0.29).

To determine whether the initial viral load was a
predictor of progression to AIDS, we used propor-
tional-hazards models in which the time to the di-
agnosis of AIDS was the dependent variable. In sep-
arate univariate models for each sex, for cach 1-log
increase in the initial viral load, the hazard ratio for
progression to AIDS was 1.55 in men (95 percent
confidence interval, 0.97 to 2.47; P=0.07) and 1.43
in women (95 percent confidence interval, 0.76 to
2.69; P=0.27). In separate multivariate proportional-
hazards models for men and women, in which the ini-
tial CD4+ lymphocyte count and age were controlled
for, the hazard ratios for progression to AIDS for
each 1-log increase in the initial viral load remained
similar but were not statistically significant (Table 3).

Among the 29 men in whom HIV infection pro-
gressed to AIDS, the median initial viral load was
77,822 copies per milliliter, as compared with 40,634
copies per milliliter among the 127 men in whom
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Figure 1. Kaplan—Meier Estimates of Survival without Progres-
sion to AIDS According to Sex.

The curves represent the percentages of patients surviving
without AIDS during the seven years after seroconversion. The
numbers of men and women at risk during each 12-month in-
terval are given below the graph. There was no significant dif-
ference between men and women in the risk of progression to
AIDS (P=0.18 by the log-rank test).

the infection did not progress to AIDS. Among the
15 women with progression to AIDS and the 31
women without progression, the corresponding val-
ues were 17,149 and 12,043 copies per milliliter. The
median initial CD4+ lymphocyte count after sero-
conversion did not differ significantly between the
participants in whom AIDS developed and those in
whom it did not, and the result was not aftected by
stratification according to sex (data not shown).

DISCUSSION

Our study is one of the largest cohort studies to
date of men and women followed from the time of
HIV-1 seroconversion, and it confirms earlier reports
that plasma HIV-1 RNA levels are lower in women
than in men.!369 This difference remained significant
after we had controlled for age, the interval between
seroconversion and the initial measurement of the
viral load, and the CD4+ lymphocyte count. In ad-
dition, the difference between men and women in
the viral load persisted for several years after sero-
conversion.

Since the initial viral load after seroconversion pre-
dicts the likelihood of progression to AIDS in men,
one would expect that women would be at lower
risk for AIDS than men, given their initially lower
viral load. However, several studies have found that
the risk of AIDS does not differ significantly between
men and women,?2¢ and in our study, there was
also no significant difference in the risk of AIDS ac-
cording to sex. The mechanism by which HIV infec-
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TaABLE 3. HAZARD RATIOS FOR PROGRESSION TO AIDS
IN MEN AND WOMEN.*

VARIABLE Hazarp RATIO (95% CI) P VALUE

Men

HIV-1 viral load (per 1-log increase) 1.55 (0.95-2.52) 0.08

CD4+ lymphocyte count (per 100-cell 1.01 (0.88-1.15) 0.95
decrease)

Age (per 1-yr increase) 1.08 (1.03-1.13) 0.002

Women

HIV-1 viral load (per 1-log increase) 1.86 (0.94-3.67) 0.08

CD4+ lymphocyte count (per 100-cell 0.77 (0.58-1.03) 0.07
decrease)

Age (per 1-yr increase) 0.93 (0.83-1.03) 0.18

*Separate multivariate proportional-hazards models were used for men
and women, on the basis of data from the initial visit after seroconversion.
CI denotes confidence interval.

tion in women progresses to AIDS at the same rate
as it does in men despite the lower initial viral load
in women is unknown. The median initial viral load
in the men in our study (50,766 HIV-1 RNA copies
per milliliter) was similar to that reported by the Mul-
ticenter AIDS Cohort Study for the first year after
seroconversion (33,759 copies per milliliter),1¢ which
suggests that the results can be generalized to men
with HIV-1 infection in the United States.

In our study, for each increase of 1 log in the ini-
tial viral load, the hazard ratio for progression to AIDS
was similar in men and women (1.55 and 1.43, re-
spectively). The hazard ratio for men was of border-
line statistical significance, but the hazard ratio for the
smaller sample of women was not significant. How-
ever, the median initial viral load was higher in both
the men and the women in whom HIV infection sub-
sequently progressed to AIDS than in those in whom
it did not.

Although the relative viral load appeared to have
a similar predictive value for progression to AIDS,
the same absolute viral load conferred different risks
of AIDS among women and men. For example, an
initial viral load of 17,149 copies per milliliter was as-
sociated with progression to AIDS in women but not
in men. The median initial viral load among the men
in whom HIV infection did not progress to AIDS
was 40,634 copies per milliliter. This difference is im-
portant because of the cutoft value (more than 20,000
copies per milliliter) used in current guidelines for
the initiation of antiretroviral therapy in both wom-
en and men.!

To assess the effect of our findings with respect to
the guidelines of the Department of Health and Hu-
man Services, we compared the proportions of men
and women who had an initial viral load of more than
20,000 copies per milliliter after seroconversion (Ta-
ble 4). Given this cutoff value, 115 of the 156 men
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TABLE 4. ELIGIBILITY OF MEN AND WOMEN FOR ANTIRETROVIRAL THERAPY ON THE BASIS
OF CURRENT TREATMENT GUIDELINES.*

VIRAL Loap >30,000 CD4+ LYMPHOCYTE

YEAR AFTER VIRAL Loap >20,000
SEROCONVERSION ToTAL Cories/ml
MEN  WOMEN MEN WOMEN P VALUE
no. % eligible
First 156 46 74 37 <0.001
Second 144 42 59 43 0.06
Third 132 36 56 28 0.003
Fourth 108 32 52 34 0.08
Fifth 80 25 54 40 0.23
Sixth 64 23 47 39 0.52

Cories/ml CounT <500 PER mm?

MEN  WOMEN D VALUE MEN WOMEN D VALUE
% eligible % eligible

61 33 0.001 31 28 0.68
45 33 0.17 52 48 0.58
45 28 0.07 60 56 0.61
41 28 0.20 65 66 0.93
44 28 0.16 66 68 0.87
39 30 0.46 67 70 0.83

*P values were determined with the chi-square test.

(74 percent; 95 percent confidence interval, 67 to 81
percent) and 17 of the 46 women (37 percent; 95
percent confidence interval, 23 to 51 percent) would
have been eligible for antiretroviral therapy during
the first year after seroconversion (P<<0.001). With
the use of a cutoft value of more than 30,000 copies
per milliliter, as recommended by the International
AIDS Society,'” more men than women would still
have been eligible for antiretroviral therapy, but the
difference would have been smaller. The difference
between men and women in terms of eligibility was
statistically significant during the first few years after
seroconversion and then became less pronounced
(Table 4).

There was no significant difference in the propor-
tions of men and women who would have been eli-
gible for therapy solely on the basis of an initial
CD4+ lymphocyte count of less than 500 per cubic
millimeter. During the first year after seroconversion,
31 percent of men (95 percent confidence interval,
24 to 38 percent) and 28 percent of women (95
percent confidence interval, 13 to 43 percent) would
have been eligible (P=0.68). These comparisons of
eligibility changed very little after adjustment for self-
reports of the receipt of antiretroviral therapy and
after the exclusion of the data on viral loads and CD4
counts obtained at visits at which antiretroviral ther-
apy was reported (data not shown).

Given the lower initial viral load in women, ques-
tions have been raised about whether antiretroviral
therapy should be initiated at a lower viral load in
women than in men. Some investigators suggest, in
contrast, that the cutoft values for CD4+ lympho-
cytes and plasma viral load used in the current guide-
lines!718 Jead to premature use of antiretroviral ther-
apy in both women and men.?” To address these two
issues, several factors must be considered. First, de-
spite the lower initial viral load in women than in
men, several large prospective studies have found no
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difference according to sex in the progression to
AIDS.2426 Second, a viral-load cutoft value above
which rapid progression to AIDS can be predicted
has not been identified for either women or men.
Third, during the first few years after seroconversion,
when the difference between men and women in the
viral load is greatest, the risk of progression to AIDS
is lowest. Later in the course of infection, when the
risk of AIDS is greater, there is no longer a sex-based
difference in the viral load.* Fourth, the CD4+ lym-
phocyte count is critical in predicting the risk of op-
portunistic infections and is a better predictor of mor-
tality than is the viral load.?8:2° Finally, the survival
advantage associated with highly active antiretroviral
therapy is compromised only if such therapy is with-
held until the CD4+ lymphocyte count is less than
200 per cubic millimeter.2%30 Although we did not
determine the optimal time for initiating therapy,
these factors suggest that the cutoff values in the
current guidelines should be reassessed in the light
of the equal risk of disease progression for men and
women and their equal eligibility for therapy if the
CD4+ lymphocyte count is the criterion.

There are several limitations to this study. First, the
receipt of antiretroviral therapy was reported by the
study participants, and they were not asked about
the duration of such therapy. Although participants’
reports may not be completely accurate, the most like-
ly error would be an overestimate of antiretroviral-
drug use, not an underestimate. Thus, confounding
due to unreported antiretroviral therapy is unlikely.
Second, the study cohort was composed entirely of
injection-drug users. However, a recent, large collab-
orative study in subjects with HIV-1 seroconversion
found no difference in the risk of AIDS or death ac-
cording to the category of exposure to HIV.26 In ad-
dition, more than 90 percent of the participants in
our study were black, a fact that could limit the gen-
eralizability of the results. However, race has not been
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found to affect viral load or the natural history of
HIV-1 infection.31:32

The implications of the difference in viral load be-
tween men and women for the initiation of antiret-
roviral therapy require further investigation. In addi-
tion, studies are needed to determine whether there
is a threshold value for the viral load that predicts
progression to AIDS. Finally, investigation into the
biologic mechanism underlying the lower initial viral
load in women may provide insight into the patho-
genesis of HIV-1 infection in both women and men.
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