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Abstract To assess the association between antiretroviral

therapy (ART) and fertility history and desire among HIV-

positive Ugandan women, we conducted a cross-sectional

study among HIV-positive Ugandan women aged 18–

50 years who attended an HIV clinic at Mbarara University

in western Uganda between November 1, 2005 and June 6,

2006. Of 538 women approached, 501 were enrolled. ART

use was associated with increased odds of fertility desire

(AOR 2.99, 95% CI 1.38–6.28), and decreased odds of

pregnancy (AOR 0.56, 95% CI 0.33–0.95) and live birth

(AOR 0.30, 95% CI 0.13–0.66). ART was associated with

an increase in fertility desire, but was not associated with

an increase in fertility. Additional studies will be needed to

determine if this greater fertility desire among ART-treated

women leads to an increase in fertility as ART use

expands.
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Introduction

Women of reproductive age comprise 46% of the world’s

HIV-infected population (UNAIDS 2006). Although only

10% of the world’s population reside in sub-Saharan

Africa, three-quarters of the women infected with HIV live

in the region, where approximately 13.2 million women of

child-bearing age are HIV-positive (UNAIDS 2006).

Uganda has the second highest total fertility rate in

Africa at 7.1, and the fourth highest worldwide (WHO

2006a). However, Uganda’s total fertility rate among

women (irrespective of HIV sero-status) has stabilized

concurrent with the onset of endemic HIV (UN 1997,

2005). High HIV prevalence is associated with a reduction

in fertility by 25–40% among HIV+ women (Zaba and

Gregson 1998) in many countries in sub-Saharan Africa. In

Uganda specifically, the combined effect of increased

mortality among HIV-positive women and a reduction in

fertility resulted in 700,000 fewer births between 1980 and

2000 (Lewis et al. 2004). This decline in births has been

ascribed to increased fetal loss, reduced conception, and

excess mortality among HIV-positive women of repro-

ductive age (Gray et al. 1998; Ross et al. 2004; Zaba and

Gregson 1998).
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combination anti-retroviral therapy (ART) has recently

been introduced in Uganda and other resource-limited

countries (UNAIDS 2006). Currently 51% of Ugandans

with advanced HIV receive ART (WHO 2005). This has

led to dramatic reductions in morbidity and mortality

among those receiving treatment (Badri et al. 2006; Badri

et al. 2002; Braitstein et al. 2006; Mermin et al. 2006). It is

unknown, however, whether increased access to ART will

reverse the observed HIV-related declines in fertility. One

study of U.S. women found that conception rates among

HIV+ women remained the same before and after initiation

of ART (Massad et al. 2004). A second U.S. study found

increased rates of pregnancy among women on HAART

relative to women on other anti-retroviral therapy (Blair

et al. 2004). Recent reports from Uganda and South Africa

suggest that ART may be associated with an increase in

unplanned pregnancies (Homsy et al. 2006; Mohohlo et al.

2006). Data on the effect of ART use or decreased viral

load on sexual behavior are more extensive, although they

have yielded conflicting results. Some studies have found

an increase in unprotected sex and number of sex part-

ners—factors that could lead to increased fertility—in

association with ART use and viral load decrease (Dukers

et al. 2001; Katz et al. 2002; Kelly et al. 1998; Miller et al.

2000; Scheer et al. 2001). Others, including two conducted

in resource-limited settings (Cote d’Ivoire and Uganda),

have not (Bateganya et al. 2005; Moatti et al. 2003; Wolf

et al. 2003). Of note, a recent study in rural Uganda found

that ART provision and counseling were associated with a

reduction in risk behaviors (Bunnell et al. 2006). However

no study to date has explicitly addressed whether access to

ART is associated with changes in fertility desire and

fertility outcomes. We therefore posed the question: has

access to ART changed the fertility and fertility desires of

HIV-positive Ugandan women?

We based our study on a conceptual framework pro-

posed by Kaida that details the biological, behavioral,

economic, and social factors that may mediate ART’s

influence on fertility (Kaida et al. 2006). We hypothesized

that ART use may increase fertility and fertility desires

among HIV-positive women (compared with those not on

therapy) through three mechanisms. First, with improved

quality and length of life, women and their partners may

anticipate living long enough to raise children, and thus

desire more children. Second, improved health status may

renew interest in sex, as well as strengthen a woman’s

biological ability to conceive and carry a pregnancy to

term. Finally, ART use may change a woman’s sexual

behavior (increase in number of partners and engaging in

unprotected sex), particularly if it changes a woman’s

perception of her infectivity. Given the high fertility rate

and HIV prevalence in Uganda, elucidating the association

between ART and fertility may inform national

demographic projections, social policy decisions, and HIV

education and family planning programs.

Methods

Participants

Setting

Data was collected from a study conducted in the semi-

urban town of Mbarara, southwestern Uganda at the

Immune Suppression Syndrome (ISS) clinic at Mbarara

University Hospital. Mbarara University Hospital is the

largest public hospital in the region, serving patients from

the town of Mbarara, as well as outlying rural areas. The

ISS clinic is the hospital’s outpatient adult HIV/AIDS

clinic. It is the primary source of no-cost HIV care and

anti-retroviral medications in the region.

Study Description

We conducted a cross-sectional study of fertility desire,

pregnancy history, and live birth history among HIV+

women (both ART-exposed and ART-naı̈ve) attending the

ISS clinic. To recruit the ART-naı̈ve group, research staff

approached every third woman in the queue waiting for

medical services for potential participation in the study.

Recruiters approached the next person in line when indi-

viduals either declined or were ineligible. To recruit the

ART-exposed group, the pharmacy referred every female

patient who was refilling ART medication to the research

staff. Eligible women were 18–50 years of age, competent

to give consent, and HIV-infected. (The Mbarara Univer-

sity IRB considers adults to be 18 years of age or older, and

therefore younger participants were not recruited). We

considered women ART-exposed if they had been taking

ART continuously for nine or more months. We considered

women ART-naı̈ve if they had never taken ART, except for

vertical transmission prophylaxis.

After determining eligibility and obtaining written

informed consent, the research assistants administered a

structured questionnaire in either English or Runyankole

(the dominant regional language). The Runyankole ques-

tionnaire was translated from the original English version

into Runyankole, and then a second translator back-trans-

lated the questionnaire into English to ensure consistency

between the two languages. CD4 data were collected from

medical records. The questionnaire was piloted among

forty women. Approximately fifteen participants were

interviewed daily over eight months from November 1,

2005–June 6, 2006. Interviews were always conducted in a

private space, and were conducted by female nurses trained
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as research assistants. In the second half of recruitment,

ART-naı̈ve participants were over-sampled to achieve

balanced ART-exposed and ART-naı̈ve by sampling every

sixth ART-exposed participant.

Measures

The primary explanatory variable was self-reported ART

use and duration (including specific anti-retroviral agents,

as well as the start and end date for each ART regimen).

The primary outcomes were self-reported pregnancy and

live birth history in the previous three years, including date

and whether the pregnancy ended in live birth, stillbirth,

induced abortion, or miscarriage. The secondary outcome

was fertility desire. Fertility desire was defined by the

question: ‘‘Are you planning to have (any more) children in

the future?’’ Information collected on potential confound-

ers included: sexual and reproductive history (i.e. age at

menarche and sexual debut, number of lifetime pregnancies

and live births, number of casual and regular sexual part-

ners in the past three months, frequency of vaginal sex in

the past three months, contraceptive use (including con-

doms, oral contraceptives, sterilization, injections,

implants, cervical caps, and diaphragms) among those

sexually active in the last three months, HIV status of

sexual partners, and disclosure of HIV status to sexual

partners), health status (WHO stage of disease (WHO

2006b), CD4 cell count, and years since HIV diagnosis),

and socio-demographic factors (age, income, marital status,

etc).

We reviewed medical records to confirm ART history,

and to obtain clinical diagnoses of WHO stage of disease.

The medical record was considered the referent measure

for inconsistencies between self-reported and medical

record data. Medical records were unavailable for preg-

nancy and birth history.

Data Analysis

Univariate analyses were performed to assess the rela-

tionship between ART use, other covariates of interest, and

the primary outcomes: fertility desires and fertility history.

Categorical variables are reported as counts and propor-

tions, while continuous variables are reported as means

with standard deviations (SD) or medians with interquartile

range (IQR). Differences in fertility desire and fertility

history between groups are reported using Pearson’s chi-

squared test statistic (for categorical variables), Student’s

independent t-test (for means), and Wilcoxon test (for

medians). All statistical tests were two-sided and consid-

ered significant at a = 0.05. We used multiple imputation

with ten imputations for missing data. Disclosure of HIV

status to the participant’s spouse or sexual partner was

imputed for 45 participants, discordance between the par-

ticipant’s HIV status and that of her spouse or sexual

partner was imputed for 43 participants, and CD4 cell

count data was imputed for 155 participants.

ART Use and Fertility Desire

We compared fertility desire across groups (i.e. ART-

exposed vs. ART-naı̈ve HIV-positive women). Unadjusted

odds ratios (OR) and 95% confidence intervals (95% CI)

were computed to determine the magnitude of the associ-

ation between independent variables and fertility desire.

Multivariate logistic regression was used to model the

association between ART use and the likelihood of fertility

desire, while controlling for covariates. A variable was

included in the multivariable analysis if its P-value in

bivariate analyses was equal to or less than 0.10. We then

used backward elimination of variables not significant at

alpha = 0.05 to obtain the final adjusted odds ratios

(AOR). ART exposure was included in all multivariable

analyses regardless of statistical significance as it was the

main explanatory variable of interest. WHO stage of dis-

ease was also included in all multivariable analyses, as it

was the main confounder of interest. We calculated

goodness of fit and correlation matrices, and tested for

collinearity in the fertility desire model.

ART Use and Fertility History

The relationship between concurrent ART use and the odds

of pregnancy and live birth during the three years preceding

the interview was examined with generalized estimating

equations. The three-year period was retrospectively divi-

ded into six-month intervals, and data collected during the

cross-sectional interviews (dates of pregnancy and live

births, date of HIV diagnosis, ART duration, and other

socio-demographic information) were used to retrospec-

tively classify each six-month interval by HIV status and

ART treatment status. Thus, a participant was considered

ART-exposed during a six-month interval if she was taking

ART at any time during that interval. Outcomes were

measured for each interval, so that one participant could

contribute multiple outcomes, depending on her fertility

history. We used the resulting retrospective time intervals to

estimate the overall odds of pregnancy and live birth by

ART treatment status for the entire three-year period prior to

the interview. A three-year period of analysis was used

(rather than a lifetime analysis, for example) to highlight the

period of potential ART exposure during a period of rapid

scale-up. We calculated unstructured correlation matrices

and tested for collinearity on the final models. A multivar-

iate generalized estimating equations model was built using

the methods described above for the fertility desire analyses.
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Results

Recruitment

Five hundred thirty-eight women were approached, and of

these thirty-seven ART-naı̈ve women declined to partici-

pate in the study, yielding a sample of 501 participants. Of

501 participants, oversampling of ART-naı̈ve individuals

yielded 223 women (44.5%) taking ART and 278 (55.5%)

not taking ART. Participants were excluded from the

analyses if both self-reported and medical record data were

unavailable.

Baseline Characteristics

Baseline characteristics of the sample are described in

Table 1. The ART-exposed group was significantly more

likely to be older (P \ 0.01), be a member of the Kiga

ethnic group (P \ 0.01), have advanced education

(P \ 0.01), and have a higher income (P \ 0.01) com-

pared to the ART-naı̈ve group. With regards to HIV/AIDS

and health characteristics, the ART-exposed group was

more likely to have ever had a WHO stage of 3–4

(P \ 0.01), have a lower CD4 nadir (P \ 0.01), have had

a HIV diagnosis for a longer period of time (P \ 0.01),

have disclosed her serostatus to her partner if she was

sexually active (P \ 0.01), and to be concordant with her

partner if sexually active (P \ 0.01). With regards to

sexual and reproductive health characteristics, the ART-

exposed group was more likely to have used contracep-

tion in the last three months (P \ 0.01), have used

condoms in the last three months (P \ 0.01), have been

abstinent in the last three months (P \ 0.01), and have

been advised by a health care worker to avoid pregnancy

(P \ 0.01).

ART Use and Fertility Desire

In the bivariate analysis, ART use was not significantly

associated with the desire to have more children in the

future (OR 0.97, 95% CI 0.59–1.60). However, increased

age (OR 0.25, 95% CI 0.16–0.39), being a widow (OR

0.13, 95% CI 0.04–0.39), increased WHO stage (OR 0.55,

95% CI 0.33–0.90), number of lifetime pregnancies (OR

0.38, 95% CI 0.20–0.69) and live births (OR 0.19, 95%

CI 0.10–0.38), and number of children alive at one year

(OR 0.21, 95% CI 0.11–0.43) were found to be associated

with a significant decrease in the odds of fertility desire.

Sexually active women (OR 3.03, 95% CI 1.78–5.15) and

women who were discordant with their partners (OR 2.31,

95% CI 1.31–4.10) had a significantly increased odds

of fertility desire. The remaining variables (ethnicity,

education, age at sexual debut, religion, income, marital

status, length of time with HIV diagnosis, CD4 cell count,

health status, disclosure of sero-status, age at menarche,

or advice by a health care worker to avoid pregnancy)

fitted in the model had no significant association

(Table 2).

In multivariate analysis, current ART use (OR 2.99,

95% CI 1.38–6.28) and being married (OR 1.94, 95% CI

1.06–3.53) were significantly associated with increased

fertility desire. Increased age (OR 0.33, 95% CI 0.19–

0.56), having ever been diagnosed with WHO stage 3–4

(OR 0.46, 95% CI 0.22–0.95), being widowed (OR 0.24,

95% CI 0.08–0.75), and having an increased number of live

births (OR 0.35, 95% CI 0.16–0.74) were all significantly

associated with a decreased odds of fertility desire

(Table 2).

ART Use and Pregnancy in the Previous Three Years

In bivariate analyses, concurrent ART use (OR 0.38, 95%

CI 0.22–0.64), increased age (OR 0.36, 95% CI 0.29–0.45),

increased education (OR 0.59, 95% CI 0.39–0.89), being a

widow (OR 0.46, 95% CI 0.24–0.87), WHO stage of 3–4

(OR 0.50, 95% CI 0.36–0.70), longer length of time since

HIV diagnosis (OR 0.66, 95% CI 0.45–0.95), and increased

number of children alive at one year of age (OR 0.64, 95%

CI 0.43–0.94) were significantly associated with a reduced

odds of pregnancy in the previous three years in the bi-

variable analyses, while being married (OR 2.31, 95% OR

1.56–3.43), being sero-discordant (OR 1.91, 95% CI 1.32–

2.77), having a CD4 cell count [500 (OR 1.94, 95% CI

1.13–3.34), being sexually active in the past three months

(OR 2.68, 95% CI 1.87–3.84), and contraceptive use in the

past three months (OR 1.45, 95% CI 1.01–2.10) were all

significantly associated with an increased odds of preg-

nancy. The remaining variables (religion, income, CD4 cell

count B500, age at sexual debut and menarche, recent

condom use, number of lifetime pregnancies and live

births, self-assessed health status, disclosure of HIV status

to partner, or concordance of HIV status with partner) fitted

in the model had no significant associations (Table 3).

In the multivariate analyses, concurrent ART use (OR

0.56, 95% CI 0.33–0.95) and increased age (OR 0.41, 95%

CI 0.31–0.54) were significantly associated with a reduced

odds of pregnancy, while being married was significantly

associated with an increased odds of pregnancy (OR 2.65,

95% CI 1.76–3.99). The remaining variables (being wid-

owed, higher WHO stage) had no significant associations

(Table 3).

ART Use and Live Birth in the Previous Three Years

Results from bivariate analyses showed that concurrent

ART use (OR 0.19, 95% CI 0.08–0.43), increased age (OR

AIDS Behav (2009) 13:S28–S37 S31

123



Table 1 Baseline socio-demographic, health, and reproductive characteristics

Characteristic Sample

(n = 501)

ART-naive

(n = 278)

ART-exposed

(n = 223)

P-value

N (%) N (%) N (%)

Socio-demographic

Age (mean) [SD] 34.1 [7.1] 32.5 36.1 \0.01

Ethnicity (Kiga vs. other) 403 (80.4%) 212 (76%) 191 (86%) \0.01

Education (more than primary school) 160 (31.9%) 59 (21%) 101 (45%) \0.01

Religion (Christian vs. other) 437 (87.4%) 238 (86%) 199 (89%) 0.26

Household income (median) [IQR]a 45,000 USh

[15,000–120,000]

40,000 Ush

[IQR 10,000–90,600]

50,000 Ush

[IQR 20,000–180,000]

\0.01

Marital status

Currently married 199 (39.7%) 118 (42%) 81 (36%) 0.055

Currently widowed 150 (29.9%) 71 (26%) 79 (35%)

Single, divorced 152 (30.3%) 89 (32%) 63 (28%)

HIV/AIDS & health status

Highest WHO stage of disease 3–4 (vs. 1–2) 313 (63.7%) 108 (39%) 205 (94%) \0.01

Lowest CD4 count (median) [IQR]b 189 [67–337] 358.5 [IQR 270–566] 95 [IQR 38–187 \0.01

HIV/AIDS duration from diagnosis (median) [IQR]c 1.17 [0.5–2.92] 0.66 years

[IQR 0.25–1.17]

2.66 years

[IQR 1.33–4.25]

\0.01

Partner disclosured

Disclosed to partner or not sexually active 434 (92.5%) 224 (88%) 210 (98%) \0.01

Sexually active and un-disclosed 35 (7.5%) 31 (12%) 4 (2%)

Partner concordancee

Concordant with partner, or not sexually active 375 (80%) 192 (75%) 183 (86%) \0.01

Discordant with partner 94 (20%) 65 (25%) 29 (14%)

‘‘Very good’’ or ‘‘excellent’’ self-assessed health statusf 391 (78.8%) 228 (82%) 163 (74%) \0.05

Reproductive history & sexual behavior

Age at sexual debut (mean) [SD] 18 [3.8] 17.7 18.4 0.195

Age at menarche (mean) [SD] 15 [1.7] 15.1 15.0 0.34

Fertility desire: planning to have more children

in the future

73 (14.6%) 41 (15%) 32 (14%) B0.01

Sexually active last 3 months 229 (45.7%) 144 (52%) 85 (38%) \0.01

Recent contraceptive use (of those sexually active in the

last three months, % who almost always or always use

reliable methodg)

137 (60.6%) 74 (52%) 63 (75%) \0.01

Recent condom use (of those sexually active in the

last three months, % who almost always or always

use condoms)

127 (56.2%) 67 (47%) 60 (71%) \0.01

Median number of lifetime pregnancies [IQR] 4 [2–5] 4 [IQR 2–6] 4 [IQR 2–5] 0.63

Median number of lifetime live births [IQR] 3 [2–5] 3 [IQR 2–5] 3 [IQR 2–5] 0.69

Median number of children alive @ one year [IQR] 3 [2–4] 3 [IQR 2–4] 3 [IQR 2–4] 0.53

Health care worker advised woman to avoid pregnancy 262 (52.4%) 126 (45%) 136 (61%) \0.01

a USh 10,000 = $5.70
b In ART-exposed group, n = 202; in ART-naı̈ve, n = 144
c N = 455
d N = 469
e N = 469
f In ART-exposed group, n = 219; in ART-naı̈ve, n = 277
g ‘‘Reliable method’’ defined as: condom, oral contraceptive pill, male or female sterilization, injection or implant, cervical cap, or diaphragm

* P \ 0.05; ** P \ 0.001
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0.28, 95% CI 0.22–0.36), being widowed (OR 0.34, 95%

CI 0.16–0.71), higher WHO stage (OR 0.52, 95% CI 0.35–

0.77), increased time since HIV diagnosis (OR 0.62, 95%

CI 0.41–0.93), and number of children alive at one year of

age (OR 0.63, 95% CI 0.41–0.98) were significantly

associated with decreased odds of live birth in the previous

three years, whereas being married (OR 2.03, 95% CI

1.32–3.12), CD4 cell count 301–500 and [500 (OR 2.79,

95% CI 1.16–6.73, and OR 3.29, 95% CI 1.46–7.41,

respectively), and being sexually active in the last 3 months

(OR 2.13, 95% CI 1.45–3.15) were significantly associated

with an increased odds of live birth. The remaining vari-

ables (education, ethnicity, religion, income, CD4 cell

count of 151–300, self-assessed health status, disclosure,

sero-concordance, age at sexual debut and menarche,

recent contraceptive use, recent condom use, number of

lifetime pregnancies and live births, whether a HCW

advised the participant to avoid pregnancy, and disclosure

of HIV status to one’s partner) had no significant associ-

ations (Table 4).

Multivariable analyses showed that concurrent ART use

(OR 0.30, 95% CI 0.13–0.66) and increased age (OR 0.30,

95% CI 0.21–0.43) were significantly associated with

decreased odds of live birth, whereas being married (OR

2.39, 95% CI 1.49–3.84) and increased age at sexual debut

(OR 1.74, 95% CI 1.14–2.65) were significantly associated

with an increased odds of live birth. Being widowed and

WHO stage were not significantly associated with the odds

of live birth.

Analysis Excluding Women Taking Efavirenz

Because a substantial minority of women in the ART-

exposed group were currently taking efavirenz (which

Table 2 Unadjusted and adjusted odds ratios and 95% confidence intervals (95% CI) of socio-demographic, health, and reproductive variables

associated with fertility desire among HIV-positive women in Uganda

Unadjusted

OR

95% CI Adjusted

OR

95% CI

Socio-demographic

ART use (vs. not) 0.97 0.59–1.60 2.99** 1.38–6.28

Age (+10 years) 0.25** 0.16–0.39 0.33** 0.19–0.56

Ethnicity (Kiga vs. other) 0.65 0.36–1.15

Education (more than primary school vs. only primary school) 0.71 0.43–1.19

Religion (Christian vs. other) 1.70 0.70–4.1

Household income [ median 1.14 0.69–1.87

Currently married (vs. single, divorced) 1.33 0.78–2.29 1.94** 1.06–3.53

Currently widowed (vs. single, divorced) 0.13** 0.04–0.39 0.24* 0.08–0.75

HIV/AIDS & health status

Highest WHO stage 3–4 (vs. 1–2) 0.55* 0.33–0.90 0.46* 0.22–0.95

HIV/AIDS duration from diagnosis [ median 0.72 0.43–1.21

Nadir CD4 count (vs. lowest quartile)

151–300 0.49 0.25–0.96

301–500 1.30 0.78–2.15

[500 1.39 0.85–2.30

Partner disclosure (Disclosed or not sexually active vs. non-disclosed) 0.51 0.22–1.15

Partner sero-discordance (sexually active and discordant vs.

concordant or not sexually active)

2.3 1.31–4.07

‘‘Very good’’ or ‘‘excellent’’ self-assessed health status

(vs. ‘‘poor’’, ‘‘fair’’, or ‘‘good’’)

0.83 0.46–1.50

Reproductive history & sexual behavior

Age @ sexual debut [ mean 0.66 0.40–1.09

Age @ menarche [ mean 0.93 0.55–1.59

Sexually active in the last 3 months 3.03 1.78–5.15

Number of lifetime pregnancies [ median 0.38* 0.20–0.69

Number of lifetime live births [ median 0.19** 0.10–0.38 0.35** 0.16–0.74

Number of children alive @ one year [ median 0.21** 0.11–0.43

Health care worker advised woman to avoid pregnancy (vs. not) 1.77* 1.06–2.97

* P \ 0.05; ** P \ 0.01

AIDS Behav (2009) 13:S28–S37 S33

123



carries a Class D pregnancy rating), we repeated the above

analyses while excluding women using regimens contain-

ing efavirenz, under the hypothesis that women taking

efavirenz may have been more strongly cautioned against

becoming pregnant. Of note, health educators at the ISS

clinic strongly advise all HIV-positive women not to

become pregnant, regardless of their antiretroviral treat-

ment status or specific antiretroviral regimen. Seventy-two

women in the ART-exposed group were currently taking

efavirenz. When these women were excluded from the

analysis, there was no significant change in the odds of

fertility desire and birth (adjusted OR for fertility desire

was 3.07, 95% CI 1.32–7.18; adjusted OR for live birth was

0.37, 95% CI 0.14–1.00). There was a moderate decrease in

effect for pregnancy, but this was non-significant (adjusted

OR 0.75, 95% CI 0.38–1.47). These results suggest that use

of efavirenz does not account for the associations we found

between ART use and fertility desire, pregnancy, or live

birth.

Discussion

Concurrent ART use was found to be significantly asso-

ciated with increased odds of planning to have children in

the future in multivariate analysis. Experience elsewhere

suggests that desire for children may increase with

improved health on ART (Panozzo et al. 2003).

Table 3 Unadjusted and adjusted odds ratios and 95% confidence intervals (95% CI) of socio-demographic, health, and reproductive variables

associated with the likelihood of pregnancy in the previous three years among HIV-positive women in Uganda

Unadjusted OR 95% CI Adjusted OR 95% CI

Socio-demographic

ART use (vs. not) 0.38** 0.22–0.64 0.56* 0.33–0.95

Age (+10 years) 0.36** 0.29–0.45 0.41** 0.31–0.54

Ethnicity (Kiga vs. other) 0.80 0.53–1.21

Education (more than primary school vs. only primary school) 0.59* 0.39–0.89

Religion (Christian vs. other) 1.04 0.59–1.84

Household income [ median 1.26 0.89–1.78

Currently married (vs. single, divorced) 2.31** 1.56–3.43 2.65** 1.76–3.99

Currently widowed (vs. single, divorced) 0.46* 0.24–0.87 0.77** 0.41–1.44

HIV/AIDS & health status

Highest WHO stage 3–4 (vs. 1–2) 0.50** 0.36–0.70 0.85 0.59–1.23

HIV/AIDS duration from diagnosis [ median 0.66* 0.45–0.95

Nadir CD4 count (vs. lowest quartile)

151–300 1.07 0.55–2.05

301–500 1.68 0.91–3.11

[500 1.94* 1.13–3.34

Partner disclosure (Disclosed or not sexually active vs. non-disclosed) 0.63 0.36–1.10

Partner sero-discordance (Sexually active and discordant

vs. concordant or not sexually active)

1.91** 1.32–2.77

‘‘Very good’’ or ‘‘excellent’’ self-assessed health status

(vs. ‘‘poor’’, ‘‘fair’’, or ‘‘good’’)

1.54 0.97–2.46

Reproductive history & sexual behavior

Age @ sexual debut [ mean 0.92 0.65–1.31

Age @ menarche [ mean 1.17 0.82–1.67

Sexually active last 3 months (vs. not) 2.68** 1.87–3.84

Recent contraceptive use (of those sexually active in the last three months,

% who almost always or always use reliable method)

1.45* 1.01–2.10

Recent condom use (of those sexually active in the last three months,

% who almost always or always use condoms)

1.45* 1.00–2.09

Number of lifetime pregnancies [ median 1.23 0.86–1.75

Number of lifetime live births [ median 0.72 0.50–1.04

Number of children alive @ one year [ median 0.64* 0.43–0.94

HCW advised woman to avoid pregnancy (vs. not) 1.42 0.99–2.03

* P \ 0.05; ** P \ 0.01

S34 AIDS Behav (2009) 13:S28–S37

123



On the other hand, concurrent ART use was found to be

significantly associated with decreased odds of pregnancy

and live birth in the preceding three years in both bivariate

and multivariate analyses. These data suggest that exposure

to ART may increase the desire to have additional children,

but has not yet increased the odds of pregnancy or live birth

among HIV+ Ugandan women attending a HIV clinic in a

rural resource-poor setting. The increased desire for HIV+

women to have children in the setting of expanding ART

access highlights the importance of incorporating family

planning and the prevention of mother-to-child transmis-

sion into HIV prevention and treatment programs.

Our observation that ART exposure was associated with

a decreased odds of pregnancy and live birth contradicted

our original hypothesis (and the results of studies con-

ducted elsewhere (Blair et al. 2004)), but was not

altogether surprising. The generalized HIV epidemic in

Uganda has stretched the ability of families to care for

HIV+ relatives. The recent introduction of ART may have

not yet sufficiently improved overall health status to

counter act the increased demands of living with HIV and

reverse the impact of HIV on childbearing. It is also pos-

sible that study participants on ART have more contact

with health professionals and health education (where they

Table 4 Unadjusted and adjusted odds ratios and 95% confidence intervals (95% CI) of socio-demographic, health, and reproductive variables

associated with the likelihood of live birth in the previous three years among HIV-positive women in Uganda

Unadjusted OR 95% CI Adjusted OR 95% CI

Socio-demographic

ART use (vs. not) 0.19** 0.08–0.43 0.30* 0.13–0.66

Age (+10 years) 0.28** 0.22–0.36 0.30** 0.21–0.43

Ethnicity (Kiga vs. other) 0.78 0.51–1.22

Education (more than primary school vs. only primary school) 0.65 0.41–1.04

Religion (Christian vs. other) 1.09 0.57–2.10

Household income [ median 1.13 0.77–1.65

Currently married (vs. single, divorced) 2.03* 1.32–3.12 2.39** 1.49–3.84

Currently widowed (vs. single, divorced) 0.34* 0.16–0.71 0.64 0.29–1.40

HIV/AIDS & health status

Highest WHO stage 3–4 (vs. 1–2) 0.52* 0.35–0.77 1.07 0.70–1.64

HIV/AIDS duration from diagnosis [ median 0.62* 0.41–0.93

Nadir CD4 count (vs. lowest quartile)

151–300 1.74 0.68–4.46

301–500 2.79* 1.16–6.73

[500 3.29* 1.46–7.41

Partner disclosure (Disclosed or not sexually active vs. non-disclosed) 0.75 0.37–1.53

Partner sero-discordance (Sexually active and discordant vs.

concordant or not sexually active)

1.34 0.84–2.15

‘‘Very good’’ or ‘‘excellent’’ self-assessed health status

(vs. ‘‘poor’’, ‘‘fair’’, or ‘‘good’’)

1.61 0.95–2.71

Reproductive history & sexual behavior

Age @ sexual debut [ mean 1.21 0.82–1.78 1.74* 1.14–2.65

Age @ menarche [ mean 1.12 0.76–1.67

Sexually active last 3 months (vs. not) 2.13** 1.45–3.15

Recent contraceptive use (of those sexually active in the last three months,

% who almost always or always use reliable method)

1.36 0.91–2.03

Recent condom use (of those sexually active in the last three months,

% who almost always or always use condoms)

1.37 0.92–2.06

Number of lifetime pregnancies [ median 0.92 0.61–1.37

Number of lifetime live births [ median 0.79 0.52–1.17

Number of children alive @ one year [ median 0.63* 0.41–0.98

Health care worker advised woman to avoid pregnancy (vs. not) 1.43 0.96–2.12

* P \ 0.05; ** P \ 0.01
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are counseled to avoid pregnancy), and that this health

education is influencing reproductive decisions. Finally,

improvements in functional health status may only have

been recently realized in many of our participants, such

that these improvements are associated with increased

fertility desire, but have not yet actually increased fertility.

When interpreting our results, readers should be cau-

tious of the following issues. While births are momentous

life events that are easily remembered, we were unable to

use medical records to confirm the reproductive histories

provided by the participants and therefore cannot exclude

differential recall bias of birth history by ART exposure

status. However, there is little reason to believe that ART-

exposed and ART-naı̈ve women would differently report

their fertility history. The total number of pregnancies was

probably underreported, as early miscarriages were unli-

kely to have been recognized and abortion is illegal in

Uganda. Because the impact of ART on miscarriage is

unknown, it is difficult to fully exclude bias. In addition,

while ART-treated women return to the outpatient HIV

clinic every three months to refill their prescription, ART-

naive individuals may attend the clinic only when ill and

requiring treatment. Therefore, women in the ART-naı̈ve

arm could have more advanced disease than women in the

ART-treated arm, and therefore less able to become preg-

nant or carry a pregnancy to term. However, the larger

percentage of women in the ART-exposed group (relative

to the ART-naı̈ve) who had ever been assigned a WHO

stage of 3–4 makes this possibility less likely. The gener-

alizability of our results to HIV+ individuals not in medical

care is limited, as our study recruited individuals attending

an HIV clinic. Selection and survival bias may be a factor

as well. While CD4 count and clinical WHO stage deter-

mine if a patient is placed on the waiting list for ART at the

ISS clinic (at the time of the study, there was a three month

wait), social factors influence how fast patients move up

the waiting list. Therefore, patients in the ART-exposed

group may have more extensive socioeconomic networks

that are mediating fertility desire and decisions that could

not be controlled for in the analyses. Future qualitative

studies are needed to elucidate the socioeconomic factors

that mediate how ART impacts fertility decisions. In

addition, we were unable to measure how many of the

ART-exposed women referred by the pharmacist to the

research office actually presented to the research site. This

might have introduced selection bias into the study,

although the direction of the bias is difficult to predict.

Our results indicate that ART use may be associated

with an increase in fertility desire among HIV+ women

attending a HIV clinic in a rural resource-limited setting.

This increase in fertility desire has not yet translated into

an increase in pregnancies or live births. Rather, ART use

may be associated with a substantial decrease in fertility

among HIV+ Ugandan women. Further study will be

necessary to estimate the impact of ART on future fertility

patterns in resource-limited settings.
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