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inn HIV-infecte d wome n 

Birgitt HB van Benthem, Pietro Vernazza3, Roel A Coutinho and Maria Prins for the 
Europeann Study on the Natural History of HIV Infection in Women and the Swiss HIV 
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Fromm the Municipal Health Service, Cluster of Infectious Diseases, Amsterdam, The 
Netherlands;; aUniversity Hospital, San Gallen, Switzerland. 

Abstrac t t 

Objectives:: To determine indirectly the effect of changes in levels of reproductive 
hormoness on CD4 lymphocyte counts by investigating the impact of pregnancy and 
menopausee on CD4 lymphocyte counts in HIV-infected women. 
Methods:: Participants were 382 women with a known interval of HIV seroconversion. 
Revieww of questionnaires or patient charts provided information on pregnancy and 
menopause.. A linear regression model with a random intercept and slope, which 
adjustss for multiple CD4 lymphocyte counts per woman, was applied to estimate the 
CD44 decline following HIV seroconversion and to evaluate the effect of pregnancy 
andd menopause on the CD4 path. 
Results:: The 382 women had a median age of 25 years at seroconversion and 
yieldedd 1428 CD4 lymphocyte counts from 3 to 10 years after seroconversion. At 
threee years from seroconversion, 20 women had passed the menopause (i.e., the 
lastt menses) and 5 more subsequently passed this point during follow-up; 25 women 
hadd a pregnancy after study entry. Postmenopausal women had lower CD4 
lymphocytee counts three years after seroconversion than premenopausal women 
(3333 vs. 399 cells/ul, p=0.09), and pregnant women had lower counts than non-
pregnantt women (375 vs. 399 cells/ul, p=0.36). The monthly CD4 decline was not 
associatedd with pregnancy and menopause. Adjustment for age did not change the 
results. . 
Conclusions:: Results suggest that CD4 lymphocyte counts differ between pre- and 
postmenopausall women, perhaps due to a change in level of reproductive hormones 
inn the menopause, but associations were not statistically significant. Pregnancy had 
noo statistically significant effect on CD4 lymphocyte counts. 

Introductio n n 
Thee two most important markers of HIV disease progression display gender 
differences.. CD4 lymphocyte counts are higher in women than in men throughout 
HIVV infection [1,2], whereas HIV-RNA levels are initially lower in women than in men 
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earlyy in HIV-infection [3], but seems to equalise with ongoing HIV infection [4,5]. 
Sincee current treatment guidelines are based on results of marker studies among 
men,, HIV-infected women may well be undertreated if these differences have a 
functionall meaning in disease progression. In the general (HIV-uninfected) 
populationn CD4 lymphocyte counts differ between men and women but not between 
thosee under the age of 15 years and over the age of 50 [6,7]. However, a recent 
studyy among children born to HIV-infected women showed that gender differences 
aree present in children [8]. These findings suggest that CD4 lymphocyte counts and 
HIV-RNAA levels in both men and women could be affected by levels of reproductive 
hormones,, which differ by gender and change in a woman during her life (e.g. due 
too pregnancy or menopause). 

Amongg HIV-uninfected women, postmenopausal women have fewer CD4 
lymphocytess than fertile women [9]. Reproductive hormones decrease in the 
menopausall period. In the case of estrogens a shift in type of estrogens from 
estradioll to estrone occurs, whereas the concentration of progesterone decreases. 

Alterationss in reproductive hormones also occur during pregnancy. Especially 
progesteronee has an important immunosuppressive function, preventing rejection of 
thee foetus [10]. Blood levels of reproductive hormones like progestins and estradiol 
aree elevated during pregnancy, which might explain the reduced number of CD4 and 
CD88 lymphocytes in blood during pregnancy. Estrogens and progestins indeed 
appearr to have an immunoregulatory effect through production of cytokines [11,12]. 
Itt is interesting that even the combined oral contraceptive pill with synthetic estrogen 
andd progestin was found to be associated with a trend towards a lower CD4 cell 
count,, albeit in HIV-uninfected women [3], 

Althoughh concentrations of several reproductive hormones were not measured, the 
presentt study aimed to determine indirectly the effect of changes in levels of 
reproductivee hormones by investigating the impact of pregnancy and menopause on 
CD44 lymphocyte counts in HIV-infected women. 

Method s s 
StudyStudy population 
Thee European Study on the Natural History of HIV Infection in Women comprised 
4877 HIV-infected women with a known interval of seroconversion from 12 European 
countries,, described in detail elsewhere [13]. The study gathered information on 
pregnancyy and menopause, using a common standardised questionnaire 
administeredd at each woman's visit. The Swiss HIV Cohort Study comprised HIV-
infectedd men and women who are followed through seven study centres in 
Switzerlandd [14]. Only women with a known interval of HIV seroconversion who 
weree postmenopausal at study entry or became postmenopausal during follow-up 
weree included in the current analysis (n=6). Information on the menopause of these 
womenn was gathered by systematic review of their charts. In both studies, T-cell 
subsetss were determined by flow cytometry; all women were HIV-positive at study 

64 4 



Pregnancy,, menopause and CD4 counts 

entry,, their interval of seroconversion was retrospectively determined, and the 
midpointt of that interval was used as the date of seroconversion. Data were collected 
fromm 1993 onwards and the cut-off date of the analysis was December 1, 2000. 

StatisticalStatistical analyses 
Usingg a regression analysis for repeated measurements (i.e., a random effects model 
withh a random intercept and slope) [15], we modelled CD4 lymphocyte counts and 
determinedd the impact of pregnancy and menopause on CD4 lymphocyte count after 
HIVV seroconversion. This random effects model corrects for dependency among 
multiplee measurements taken for one woman [15]. Since CD4 lymphocyte counts 
weree not normally distributed, they were modelled on the square-root scale. This 
transformationn appeared to be appropriate for describing CD4 marker paths [16]. 
Thee median time between HIV seroconversion and study entry was 4.5 years making 
feww CD4 lymphocyte counts available in the first three years after seroconversion. 
Sincee the number of CD4 lymphocyte measurements substantially decreased after 10 
yearss from seroconversion, we considered only those taken from three to 10 years 
afterr seroconversion, which were available for 376 of the 487 women participating in 
thee European Women Study. Women in the menopause were excluded from the 
modell that determined the effect of pregnancy. Furthermore, we also modelled the 
CD44 decline in the nine months before and after the visit at which a pregnancy was 
firstt noted and in the two and a half years before and after the point of menopause 
definedd as the date of last menses. All models were adjusted for individual age, use 
off progestin and the use of anti retroviral therapy, which was categorised as no 
therapy,, mono therapy, double therapy and triple therapy. Models that predicted 
CD44 marker paths around the point of menopause or pregnancy were adjusted for 
timee since HIV infection. 

Result s s 
Wee studied 382 women with available CD4 lymphocyte counts between 3 and 10 
yearss from seroconversion, including 376 from the European Women Study and 6 
fromm the Swiss HIV Cohort Study. The median number of CD4 lymphocyte count 
measurementss per woman was 3 (interquartile range (IQR): 2-5 measurements), 
andd the median CD4 lymphocyte count at study entry was 360 cells/ul (IQR: 200-530 
cells/Ml).. The median age at HIV seroconversion was 25 years (IQR: 21-30 years) 
andd 240 (63%) women used oral contraceptives at least one visit. At 30% of all visits 
noo treatment was used, and at 18%, 23% and 29% of the visits mono, double or 
triplee therapy was used, respectively. 

Twentyy women were postmenopausal at three years from seroconversion and 5 
moree women passed the menopause thereafter: six were hysterectomised and 19 
hadd a natural menopause. For the random effect model including menopause, 1428 
CD44 lymphocyte count measurements were available including 107 measurements of 
postmenopausall women. Thus, 1321 CD4 lymphocyte count measurements were 
availablee to determine the effect of pregnancy (only premenopausal women), 
includingg 34 measurements obtained from 25 pregnant women. Figure 1 shows the 
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CD44 decline in pre- and postmenopausal women and in pregnant and non-pregnant 
womenn after adjustment for the use of antiretroviral therapy and/or progestin. The 
modell estimates are as follows: Fig. la, VCD4=20.91 (95%-confidence interval (CI): 
19.73-22.09,, intercept at seroconversion) - 0.026 (95%-CI: -.044-0.008) * decline in 
monthss - 1.72 (95%-CI: -3.69-0.26) * menopause. For figure lb the model estimates 
are:: VCD4=20.81 (95%-CI: 19.57-22.05, intercept at seroconversion) - 0.023 (95%-
CI:: -0.042--.004) * decline in months - 0.61 (95%-CI:-l.91-0.69) * pregnancy. 
Figuress are shown for women who received neither antiretroviral therapy nor 
progestinn and are based on above-mentioned numbers. Postmenopausal women had 
lowerr CD4 lymphocyte counts three years after seroconversion than did 
premenopausall women, although this difference was only marginally significant (333 
vs.. 399 cells/ul, p=0.09). Pregnant women had lower CD4 lymphocyte counts than 
non-pregnantt women three years after seroconversion, although again, the 
differencee was not statistically significant, (375 vs. 399 cells/ul, p=0.36). The 
monthlyy CD4 decline was not associated with pregnancy and menopause. 
Adjustmentt for age at seroconversion did not substantially change the results. 

Figuree 2a shows CD4 marker paths around the menopause and is based on 116 CD4 
lymphocytee counts of 25 women (16 measurements of six women before the 
menopausee and 100 measurements of 25 women after the menopause). Figure 2b 
showss CD4 marker paths around pregnancy and is based on 83 measurements of 39 
pregnantt women also including women who became pregnant in the first three years 
afterr seroconversion. The median CD4 count was 418 (IQR: 338-768), 398 (IQR: 
278-615)) and 442 (IQR: 353-659) cells/ul at the prepregnancy, pregnancy and 
postpregnancyy visit, respectively (p>0.05). No significant change in CD4 decline after 
thee menopause (p=0.54) or during pregnancy (p=0.81) was observed when we 
modelledd the CD4 marker paths around menopause or pregnancy, taking into 
accountt time since infection. The model estimates for figure 2a are as follows: 
VCD4=18.977 (95%-CI: 15.77-22.18) - 0.016 (95%-CI: -0.31-0.28) * decline in 
monthss - 0.091 (95%-CI: -0.38-O.20) * decline in months for t>menopause (t>0). 
Thee model estimates for figure 2b are as follows: VCD4= 21.60 (95%-CI: 19.53-
23.67)) - 0.34 (95%-CI: -0.76-0.09) * decline in months + 0.074 (95%-CI: -0.61-
0.76)) * decline in months for t>pregnancy visit (t>0). 

Discussio n n 
Althoughh postmenopausal HIV-infected women had lower CD4 lymphocyte counts 
thann their premenopausal counterparts, menopause per se did not affect CD4 
decline.. The difference of 66 cells might instead be explained by a change in the 
levell of reproductive hormones after the menopause. These hormones differ also 
betweenn men and women and thus may explain gender differences in CD4 
lymphocytee counts: the CD4 lymphocyte count in women is approximately 100 cells 
higherr than in men at the same stage of infection. Recently, one study showed, 
whereass another study did not, that CD4 lymphocyte counts as well as HIV-RNA 
levelss fluctuate during the menstrual cycle in HIV-infected women [17,18]. 
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Whetherr the differing marker levels have any functional meaning for HIV disease 
progressionn is unclear. They may have implications for treatment initiation, since 
guideliness include CD4 lymphocyte counts and HIV-RNA levels as criteria for starting 
therapy.. Strictly speaking, postmenopausal women start treatment earlier than 
premenopausall women, because they reach the CD4 lymphocyte count threshold 
earlier.. This implies a delay of treatment initiation in fertile women and urges 
investigationn of how such delay may relate to HIV disease progression in these 
women. . 

Wee found that pregnancy had no statistically significant effect on CD4 lymphocyte 
counts.. These results agree with some studies conducted among HIV-negative 
pregnantt women [19,20], but conflict with others [21-23]. The drawback of our 
studyy is that we did not measure changes in reproductive hormones, whereas the 
drawbackk of cited studies is that they did not use appropriate statistical methods 
(i.e.,, repeated measurement analyses). Nowadays, methods adjusting for the 
dependencyy of multiple measurements per person are widely available, and one of 
themm was used in the present study. If a temporary decrease in the number of CD4 
lymphocytee counts during pregnancy occurs, this has probably no functional meaning 
inn HIV infection, because pregnancy does not accelerate HIV disease progression 
[24-30].. Nevertheless, a diminished immune reactivity during pregnancy is important 
inn preventing rejection of the foetus, which from an immunological point of view is 
foreignn tissue. 

Threee limitations of our study should be noted. Only 6 women who were or became 
postmenopausall could be included from the Swiss HIV Cohort Study, but results 
weree comparable when analyses were repeated without these women. In the 
Europeann Women Study, two visits per year are scheduled, and thus the maximum 
numberr of visits per any pregnancy was two. Finally, information on pregnancy and 
menopausee was gathered by questionnaires and chart review and not confirmed by 
laboratoryy markers (i.e. a golden standard). However, if a pregnancy or menopause 
weree missed, this could have led to bias towards the null, diminishing differences in 
CD44 lymphocyte counts. 

Ourr results suggest that CD4 lymphocyte counts differ between pre- and 
postmenopausall women, but associations were not statistically significant, probably 
duee to our small sample of postmenopausal women and our possibly missed 
evidencee of menopause. Therefore, studies including a larger number of older 
women,, preferably including laboratory markers of menopause are needed to 
confirmm these findings. Whether marker differences have a functional meaning in HIV 
diseasee progression is highly relevant for therapy guidelines for HIV-infected women 
andd should be subject of further investigations. 
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Legend s s 

Fig.. 1. Predicted absolute CD4 lymphocyte counts (cells/nl) for (a) pre- and 
postmenopausall women and (b) pregnant and non-pregnant women from 3 to 10 
yearss after seroconversion. The curves were created by back transforming the 
predictedd square root CD4 lymphocyte counts from a random effects linear 
regressionn model. 

Fig.. 2. Predicted absolute CD4 lymphocyte counts (cells/^l) for (a) 25 
postmenopausall women around the menopause and (b) 26 pregnant women around 
aa visit at which she was pregnant. The curves were created by back transforming the 
predictedd square root CD4 lymphocyte counts from a random effects linear 
regressionn model. 
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