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CONCISE COMMUNICATION 

Do gender differences in CD4 cell counts matter? 

Maria Prins3, J. Roy Robertson15, Raymond P. Brettlec, 

lldefonso Hernandez Aguadod, Barbara Broerse, Faroudy Boufassa, 

David J. Goldberg8, Robert Zangerleh, Roel A. Coutinho3'1 

and Anneke van den Hoeka 

Objective: To examine the effect of gender on disease progression and whether 
gender differences in CD4 lymphocyte counts persisted for the entire course from 
HIV seroconversion until (death from) AIDS. 

Methods: CD4 lymphocyte counts were modelled in 221 female and 443 male 
seroconverters following seroconversion, backwards from AIDS and backwards from 
death using regression analysis for repeated measurements. 

Results: In the period before use of highly active antiretroviral therapy (HAART), 
progression to AIDS and to death were marginally slower in women than in men as 
assessed by proport ional hazards analysis. Women seroconverted for HIV, 
developed AIDS and died at higher CD4 cell counts than men (women: 815, 146 
and 44 X 10('cells/I, respectively; men: 727, 49 and 22 X 106 cells/I, respectively), 
although differences were only statistically significant at AIDS onset. Declines in CD4 
lymphocyte counts were not significantly affected by gender and absolute 
differences between men and women were stable, with exception for the trajectory 
close to AIDS when the decline became steeper for men than women. 
Conclusion: These gender differences in CD4 lymphocyte counts suggest a delay of 
initiation of therapy in women compared with men (our model predicted that women 
reach the threshold of starting HAART at about 12 months later than men). If this 
delay unfavourably influences progression, treatment guidelines should be revised so 
that women can benefit equally from HAART. © 1999 tippincott Williams & Wilkins 
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Introduction lymphocyte cell counts [1-6]. The difference in absolute 
CD4 counts was found to be about 100 X 10 cells/1 in 

Relative to their male counterparts, both HIV-negative HIV-negative subjects [2] and in HIV-positive subjects 
and HIV-positive women tend to have higher CD4 shortly after HIV infection [3, 4|. Since the absolute 
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DO GENDER DIFFERENCES IN CD4 CELL COUNTS MATTER? 

C D 4 cell count is one of the markers most closely cor
related with the stage of HIV infection, one could argue 
that once infected, w o m e n should experience a more 
favourable course of disease than men. However, most 
studies found only a very marginal effect of gender on 
disease progression [7—10], suggesting that the higher 
C D 4 cell coun t s have no func t iona l s igni f icance . 
Alternatively, gender differences in C D 4 cell counts 
might diminish with ongoing time since HIV infection. 
A previous study conc luded that gender differences 
were not lost, but this study only included data up to 5 
years after infection [4]. 

Here , we report the results from a longitudinal study 
among seropositive individuals with documented inter
vals of seroconversion to investigate further the impor
tance of higher levels of C D 4 lymphocyte counts in 
w o m e n prior to and following HIV infection on subse
quent disease progression. W e evaluated the effect of 
g e n d e r on p rogress ion to different e n d p o i n t s and 
whether gender differences in C D 4 lymphocyte counts 
persisted for the ent i re course from seroconvers ion 
until (death from) AIDS. 

Subjects and methods 

The study population comprised 221 women and 443 
men infected with HIV for w h o m the dates of a last 
negative and first positive HIV test were known. These 
individuals originated from eight ongoing cohort stud
ies registered in the European Seroconver te r Study 
among injecting drug users [11]. A group of 111 HIV-
negative w o m e n and 240 HIV-negative men entered 
the original studies and seroconverted during follow-
up; 110 w o m e n and 203 men were infected with HIV 
at study entry but had earlier negative blood samples 
available to determine HIV seroconversion. For the lat
t e r g r o u p , n e g a t i v e b l o o d s a m p l e s w e r e m o s t l y 
obtained for reasons unrelated to disease progression. 
T h e original studies started between 1982 and 1988. 
Briefly, part icipants u n d e r w e n t standardized clinical 
examinat ion, b lood testing and completed quest ion
naires every 3—6 months . T cell subsets were deter
mined by flow cytometry. 

T h e expected date of seroconversion was calculated for 
each individual conditional upon the last negative and 
first positive test using a cohort-specific estimate of the 
cumulative HIV seroincidence over calendar time [11]. 
Progression from HIV seroconversion to AIDS (1987 
Centers for Disease Control AIDS case definition [12]) 
and to death from AIDS were studied using C o x pro
portional hazards analysis. For participants who were 
HIV positive at study entry, follow-up time was calcu
lated from the estimated m o m e n t of seroconversion, 
but they entered the risk set at the date of enrolment. 

The effect of gender on the C D 4 lymphocyte trajectory 
was assessed in two steps. First, the marker path was 
modelled by regression analysis for repeated measure
ments. A mixed linear approach was used [13] in which 
the rate of change of the CD4 cell count was allowed to 
differ from one time interval to another [14]. C D 4 lym
phocyte counts were modelled on the square-root scale 
up to 7 years after HIV seroconversion, backwards from 
AIDS diagnosis, and backwards from death from AIDS. 
A first-order autoregressive moving average w i t h i n -
person correlation structure (i.e. each C D 4 cell count 
depended on the value of and the variation around the 
preceding count) was applied because compared with 
various other plausible correlation structures it showed 
the highest likelihood in all three models. Second, the 
influence of gender on the intercept and slope in each 
of the obtained models was estimated and adjusted for 
potential confounders. 1' values < 0.05 were considered 
statistically significant. 

Results 

The median follow-up time was 4.4 years [interquartile 
range ( I Q R ) 2 .1-7 .5] and did not differ by gender 
(P = 0.290 by the Mann-Whi tney U test). In addition, 
the frequency of study visits was similar for w o m e n and 
men. Median age at seroconversion was 24.3 years for 
w o m e n ( I Q R 21.2-28.9) and 25.5 years for men ( I Q R 
22.4-29.0) ( P = 0.019). The median interval between 
the last negative and the first positive HIV test (this 
interval is henceforth denoted as seroconversion inter
val) was smaller for women (0.9 years; I Q R 0.4—2.4) 
than for men (1.2 years; I Q R 0.6-2.3) (P = 0.025). At 
the end of the follow-up (maximally August 1995), 26 
w o m e n and 61 men had d e v e l o p e d A I D S and 31 
w o m e n and 77 men had died, of w h o m 19 and 39, 
respectively, were without AIDS. T h e most frequently 
i d e n t i f i e d s ing le A I D S - d e f i n i n g c o n d i t i o n was 
Pneumocystis carinii pneumonia (PCP) (29.9% of the 87 
patients with AIDS), followed by oesophageal candidi
asis (28.7%) and HIV encephalopathy (11.5%). N o dif
f e r e n c e s w e r e f o u n d in the d i s t r i b u t i o n o f 
AIDS-defining illnesses between men and women . Six 
m o n t h s after their first C D 4 cell coun t fell b e l o w 
200 X 106 cells/1, 27% of the AIDS-free subjects were 
receiving antiretroviral treatment (mainly zidovudine 
m o n o t h e r a p y ) and 36% were on P C P prophylaxis . 
T h e s e p r o p o r t i o n s were c o m p a r a b l e for m e n and 
women . 

Accounting for pre-AIDS mortality from natural causes 
[14] and adjusting for age at seroconversion and site in 
Cox analysis, the relative hazard of AIDS tor w o m e n 
compared with men was 0.89 |95% confidence interval 
(CI) 0.58-1.35] and the relative hazard of death from 
AIDS was 0.71 (95% CI 0.40-1.26). Relative hazards 

<©> 



CHAPTER(T) 

estimated for individuals with a seroconversion interval 
of less than 2 years and recruited before or maximally 
1 year after seroconversion (n = 372) were not substan
tially different from those for the group as a whole, 
though less accurate. 

In total, 4702 CD4 lymphocyte measurements from 3 
months prior to HIV seroconversion until the end of 
the HIV-posit ive follow-up were available for 
repeated-measurement regression analysis. Modelling 
the square root CD4 lymphocyte counts from serocon
version onwards, the slope did not appear to be 
approximately linear for the whole trajectory and a 
slope change was needed: the CD4 cell count appeared 
to decline rapidly for the first 7 months following sero
conversion and more slowly thereafter. Modelling the 
decline prior to AIDS, the decline accelerated 18 
months before AIDS. No notable change in decline 
was observed modelling the marker path prior to death 
from AIDS. 

Figure 1 shows the CD4 cell marker paths by gender 
obtained from fitting the basic mixed models including 
gender. Back transforming the predicted square root 
counts, the CD4 cell count at seroconversion was 
estimated to be 815 X 106 cells/1 for women and 727 X 
106 cells/1 for men (P = 0.121). Both the decline up to 
(26 X 106 cells/1 per month) and following 
7 months from seroconversion (5 X 10 cells/1 per 
month) did not significantly differ by gender 
(P = 0.709 and 0.992, respectively). Restricting the 
analysis to those with a HIV-seroconversion interval of 
less than 2 years and recruited before or maximally 
1 year after seroconversion did not alter these estimates 
appreciably. The CD4 cell count at onset of AIDS was 
estimated to be 146 X 10' cells/1 for women and 
49 X 106 cells/1 for men (P = 0.004). The monthly 

decline was approximately 6 X 106 cells/1 up to -18 
months before AIDS and was not significandy affected 
by gender (P = 0.920). However, 18 months prior 
AIDS, the moment when the decline slightly acceler
ated, the slope became steeper for men (10 X 10' cells/1 
per month) than for women (7 X 106 cells/1 per month) 
(P = 0.021). The CD4 count at death from AIDS was 
44 X 106 cells/1 for women and 22 X 106 cells/1 
for men (P = 0.347). The decline prior to death was 
5-8 X 10 cells/1 per month. The gender effect on this 
decline was not significant (P = 0.956), although the 
curves tended to converge slightly close to death (Fig. 
lc). Finally, controlling for age at seroconversion, site and 
time since seroconversion (the latter only when model
ling the marker path prior to AIDS and death) did not 
substantially change the results on the effect of gender. 

Discussion 

Women seroconverted for HIV, developed AIDS and 
died from AIDS at higher CD4 cell counts than men, 
although differences were only statistically significant at 
AIDS onset. The absolute difference did not appear to 
be stable close to AIDS and death from AIDS, which 
might be a consequence of the small number of obser
vations. As progression rates to AIDS and death from 
AIDS were marginally slower in women than in men, 
this suggests that following the higher level prior to 
HIV infection [2] women continue to have higher 
CD4 cell counts with ongoing HIV infection; how
ever, these higher counts seems to have no functional 
significance. Since our follow-up was limited, resulting 
in relatively small numbers of cases and observations 
prior to AIDS and death from AIDS, our results for 
later stages of HIV infection need to be confirmed by 
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Fig. 1 . Predicted absolute CD4 lymphocyte counts (X 10b cells/I) (a) fo l lowing HIV seroconversion, (b) prior to AIDS and 

(c) prior to death from AIDS, by gender. The curves were created by back transforming the predicted square root CD4 lym

phocyte counts from the (piecewise) mixed linear regression models that included gender. The dashed lines depict the marker 

path for women and the solid lines the path for men. 
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studies with a longer follow-up period. Furthermore, 
CD4 lymphocyte counts may fluctuate depending on 
smoking, drug use, use of antiretroviral therapy, diurnal 
variation and the occurrence of splenectomy. 
However, because of the uniform study population (i.e. 
all drug users) and several additional analyses (data not 
shown), we think it is very unlikely that these sources 
of variability have seriously biased our results. 

The main question is whether the gender differences in 
CD4 lymphocyte counts have implications for patient 
management, especially with regard to initiation of 
antiretroviral therapy since guidelines include CD4 cell 
counts as criteria for starting therapy. Before highly 
active antiretroviral therapy (HAART) became avail
able, a CD4 count of 200 X 106 cells/1 was regarded as 
the level below which antiretroviral therapy and PCP 
prophylaxis should be started. Because of this relatively 
late start and because antiretroviral therapy was less 
powerful, the potential later start of treatment in 
women than in men as a result of gender differences in 
CD4 lymphocyte counts was unlikely to have largely 
influenced disease progression. However, since the 
more powerful HAART, which is initiated much ear
lier in infection when the CD4 cell count drops below 
500 X 10 cells/1 (our model predicted that women 
reach this threshold about 12 months later than men), 
became generally available in 1996, the situation might 
be different. Moreover, recent studies have shown that 
women have lower levels of plasma HIV RNA than 
men [16-18], while a viral load of > 10 000 copies/ml 
plasma is nowadays also used as a criterion for initiating 
antiretroviral therapy. This again suggests a delay of ini
tiation of treatment in women. Consequently, it is very 
important to study the effect of the later start of therapy 
in women compared with men on subsequent disease 
progression in the current era of HAART. If there is 
epidemiological evidence that women are going to do 
less well with HAART than men under current guide
lines, treatment guidelines will need to be revised so 
women can benefit equally from HAART. 
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