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This is the first study to examine the behavioural effect of HIV on fertility among HIV infected women in India. Retrospective
calendar data from ever-married HIV infected women between 15 and 45 years of age, attending a specialized HIV clinic in Pune,
Western India (𝑁 = 560), were analysed. Directly standardized overall and parity-specific pregnancy rates were compared among
HIV infected women before and after coming to know about their HIV status. The age- and parity-standardized pregnancy rates and
age-standardized parity-specific pregnancy rates were statistically significantly lower after knowing about HIV status as compared to
before the HIV status was known. Analysis of parity-specific rates suggested lower likelihood of HIV infected women to progress to
higher parity. The clear behavioural impact of HIV on fertility observed should be taken into account while estimating HIV infected
pregnant women in the country. Ensuring access to information and services for PMTCT to HIV infected couples is essential to
support informed reproductive decision making among them.

1. Introduction
While high income countries have long maintained near
universal coverage of antiretroviral treatment (ART) for
pregnant women, the coverage of effective ART has also
reached 68% for pregnant women in low and middle income
countries in 2013 [1]. With recently launched global targets at
the United Nations General Assembly, efforts would be made
to diagnose 90% of all people living with HIV, treat 90% of
all diagnosed people, and achieve viral suppression in 90% of
all the people treated for HIV by 2020 [2]. Increased access
to ART and to prevention of mother to child transmission
of HIV (PMTCT) services has been hypothesized as one of
the important determinants of fertility desires and behaviours
[3, 4].
The relation between HIV infection and fertility is
far from being straightforward. Most previous studies on
the effect of HIV on pregnancy rates, conducted prior to
widespread availability of antiretroviral treatment (ART),

suggest reduced fertility due to HIV at population level [5, 6]
and individual level [7] with an exception of a few studies
that did not find any association between HIV infection and
reduction in pregnancy rates [8].
There is emerging literature on fertility among HIV
infected women who have access to ART. The comparison
of the literature on effect of HIV on fertility from preART and post-ART era yields ambiguous results. While the
population level studies in the pre-ART era suggested decline
in fertility due to HIV [5, 6, 9] as a result of advanced
HIV disease on lowering fecundity, increasing mortality,
and reduced interest or opportunities for sexual activity,
a few studies also suggest that HIV may increase fertility
due to reduced period of breastfeeding and desire for more
children due to increased child mortality [10]. More recent
studies from post-ART era showed an increase in pregnancy
rate among women initiating or receiving ART [11, 12] due
to restoration of fertility and sexual activity [13]. However
there are also studies that reported lower pregnancy rates
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among HIV infected women on ART despite its beneficial
effect on survival and for PMTCT [14]. There is growing
research suggesting that ART might increase pregnancy
desire and intention but may not increase actual incidence
of pregnancies [4, 15] and the majority of the pregnancies in
women on ART might be unplanned pregnancies [16–18] due
to lack to effective contraception.
HIV can have biological as well as behavioural effects on
reproduction among HIV infected couples. The biological
effect would be the effect of the virus and the disease
progression on fecundity [19, 20], that is, the physical ability
of the woman to become pregnant and her ability to continue
pregnancy to term. The behavioural effect is exerted through
the alteration in reproductive decision making of infected
couples after they become aware about their HIV status [19].
Many studies have assessed the biological and behavioural
effects together [21, 22]. Most of these studies showed a
decline in pregnancy rates among HIV infected women.
However, it remains unclear if this decline is due to the
biological effect or behavioural factors [14]. While it is being
acknowledged that the factors predictive of pregnancy among
women not aware of their HIV status may differ from those
who are aware about their status [8, 14, 23], there is lack
of research on the differential effect of HIV on fertility
behaviour taking the knowledge of HIV status of the woman
and/or her partner into account.
The objective of this paper is to assess the behavioural
impact of HIV on fertility, more specifically to determine the
differences in pregnancy rates among HIV infected women
from Maharashtra, Western India, before and after knowing
about their HIV status. In India, the number of centres
providing HIV counselling and testing services to pregnant
women almost doubled from 6480 centres in the year 200910 to 12897 centres in 2012-13 [24]. As a result 63% of the
estimated pregnant women in India were counselled and
tested for HIV by December 2012 [24]. With increasing
proportion of women knowing about their HIV status early
in their reproductive career, understanding the effect of
knowledge about HIV status on fertility becomes important
for providing reproductive care to HIV infected women.

2. Materials and Methods
2.1. Setting. The study was conducted among HIV infected
women attending a specialized HIV clinic in Pune, Maharashtra, Western India. The clinic is run by a not-for-profit
organization Prayas. All HIV infected women who attended
the clinic from November 2010 to December 2011 (𝑁 = 1023)
were screened for eligibility. Ever-married HIV infected
women aged 15–45 and who knew about their HIV status for
more than 6 months were considered eligible for the study
and were informed about it (𝑁 = 811).
2.2. Data Collection. After written informed consent, data
were collected by woman interviewers by means of reproductive event history calendar and structured questionnaires
from 622 women who participated in the study. Retrospective
data on the reproductive events of the woman such as
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the number and outcome of pregnancies, use of temporary and permanent contraception, and cohabitation with
husband were collected in an event history calendar along
with information on HIV related factors such as timing
and reasons for HIV diagnosis, disclosure of HIV status,
and husband’s HIV status. Detailed information about each
pregnancy that occurred after the woman was diagnosed
as HIV infected and information on fertility desires and
contraceptive use among women who were married and
fecund at the time of interview were collected through
structured questionnaires and were linked to sociodemographic information collected at the time of interview such
as age, education, socioeconomic status, parity, and place of
residence. In addition, data were collected on last menstrual
period, month and year of hysterectomy, and month and year
of female sterilization among women who opted for it.
Data were entered in a specially designed software using
MS Access as a backend and Visual Basic (VB) as a user
interface. Ten percent of the random sample of the data was
double entered to check for data entry errors. A software
program was written in VB to export data in MS Excel for
further analysis.
2.3. Observation Period and Final Sample. We retrospectively
collected information in 2010-2011 on reproductive events
backwards from the date of interview till 15 years of age
of the women. To account for the change in fertility that
occurred over time we had to decide on a starting year
of the observation, and because prior to 1994 only three
women had pregnancies after knowing about their HIV, we
choose 1994 as the start of our observation period. We choose
2009 as the final year of our observation period as there
was overrepresentation of women referred into the PMTCT
program in the last two years.
By setting the observation period to 1994 up to 2009, the
final sample included 569 HIV infected ever-married women.
The profile of the women in the final sample is shown in
Table 1. The average age of the women at the time of interview
was 32.6 years with the mean parity of 1.5 children. The
average follow-up period (from registration to the clinic till
date of interview) was 3.4 years.
2.4. Outcome Measures. To estimate the age- and parityspecific pregnancy rates, the observation period was clubbed
into four-year periods (1994–1997, 1998–2001, 2002–2005,
and 2006–2009) because of small numbers. The age- and
parity-specific pregnancy rates were calculated by dividing
the number of age- and parity-specific pregnancies in the
four-year period by the age- and parity-specific number of
person years during which the women were at risk of having
a pregnancy in the same four-year period.
Women were considered to be at risk of having a pregnancy from the start of their first marriage until the marriage
is dissolved due to widowhood or divorce or if the woman
or her partner had opted for a permanent method of contraception such as tubal ligation or vasectomy, respectively.
The observations were censored from the time women (1)
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Table 1: Profile of HIV infected ever-married Indian women in the
study (1994–2009) (𝑁 = 569).
Variable

Age

Education

Socioeconomic
class

Demographic
Marital status at
factors
interview

Parity

Death of a child

Ever use of
contraception

Reason of HIV
diagnosis
HIV related
factors
Husband’s HIV
status

Category

𝑁

%

20–24
25–29
30–34
35–39
≥40
No schooling
Primary
(1–7 yrs)
Secondary
(8–12 yrs)
Higher (≥13 yrs)
Upper middle
Lower middle
Upper lower
Lower
Living as
married
Divorced
Widowed
Separated
0
1
2+
Yes
No
Not applicable
Female
sterilization
Condom
Pill
IUD
Emergency pills

42
117
192
162
56
50

7.4
20.6
33.7
28.5
9.8
8.8

126

22.1

256

45.0

137
20
298
235
16

24.1
3.5
52.4
41.3
2.8

345

64.6

5
207
12
70
236
263
87
423
59

0.9
36.4
2.1
12.3
41.5
46.2
15.3
74.3
10.4

198

34.8

426
107
112
15

74.9
18.8
19.7
2.6

185

32.5

199

35.0

118
67
464
42

20.7
11.8
81.5
7.4

63

11.1

During ANC
Husband tested
positive
Illness
Other
Infected
Uninfected
Not
tested/unknown

were menopausal, (2) had hysterectomy, (3) had opted for
sterilization, and (4) were pregnant.
2.4.1. Rates before and after Knowing about HIV Status. The
entire period for which the women were at risk of having a
pregnancy was then divided into a period before knowing
about the couple’s HIV positive status starting from marriage

till anyone of the partners was aware about his/her HIV
positive status and a period after knowing about the couple’s
HIV positive status starting from knowledge about HIV
status among any one of the partners till the woman is no
longer at risk of pregnancy. Dates of HIV testing of the
woman and her partner were collected from the women. Of
the total 569 women, 89% (506) of the women reported to
know the timing of their husbands’ HIV test and the test
result. In 260 (51.4%) cases, husband’s HIV testing was prior
to the women’s and in 199 (39.3%) cases husband’s testing
was after the woman’s. In 47 (9.3%) cases both the woman
and her husband were tested on the same day. Disclosure of
HIV positive status to the partner within a month of HIV
testing was 76.5% when the husband was tested first and
81.4% when the woman was tested first. Due to high rates
of immediate disclosure to the partner and assuming that
fertility behaviour can get affected even if one partner is tested
HIV positive and is aware of his/her HIV status, the period
after knowing about HIV status was considered when any one
of the partners is tested HIV positive and is aware about it.
2.5. Analytical Approach. To control for the effect of age, parity, and calendar time on fertility, direct standardization was
used to estimate pregnancy rates before and after knowing
about HIV. The age and parity distribution of women in the
four-year period 2002–2005 was considered as the standard
population and was applied to the age- and parity-specific
pregnancy rates in the different four-year periods to obtain
the age- and parity-standardized pregnancy rates.
Additionally, age-standardized parity-specific pregnancy
rates were estimated by multiplying the age-specific rates by
parity for the different four-year periods with the parityspecific age distribution of women in the standard population 2002–2005. The confidence intervals of the rates were
estimated with the software OpenEpi which is free and open
source software for epidemiologic statistics [25].
Ratios of the standardized rates were used to compare
the standardized rates before and after knowing about HIV.
Additionally, the confidence intervals of the rate ratios using
the method described by Smith (1987) and presented in the
book by Boyle and Parkin [26] were estimated to assess the
statistical significance.
2.6. Ethical Consideration. The study protocol, consent
forms, and data collection tools were reviewed and approved
by an Independent Ethics Committee for Research (IECR) of
Prayas. The ethics committee is registered with the government agency (registration number: ECR/146/Indt/MH/2014).
Informed written consents were obtained from the women.
The information collected during the interviews was kept
confidential among the study team. Counselling support was
available to women when required.

3. Results
3.1. Pregnancy Rates before and after Knowing about HIV.
From 1994 to 2009, a total of 569 HIV infected ever-married
women were at risk of pregnancy and had a total of 1037
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Crude pregnancy
rate/100 person years

Total
Before knowing
about HIV status
After knowing
about HIV status

Age- and
parity-standardized
pregnancy rate/100
person years

Rate

(95% CI)

Rate

(95% CI)

29.63

(27.87–31.47)

29.48

(28.00–30.95)

46.14

(43.10–49.28)

45.15

(42.99–47.31)

10.30

(8.81–11.96)

10.40

(8.91–11.89)

pregnancies, resulting in a crude pregnancy rate of 29.63 (95%
CI 27.87–31.47). The overall age- and parity-standardized
pregnancy rate (SPRTotal ) was 29.48/100 person years (95% CI
28.00–30.95) (Table 2).
Of the 569 women at risk, 560 women contributed to
1887.8 person years of observation before knowing about the
couple’s positive HIV status and had 871 pregnancies during
this period (pregnancy rate 46.14/100 person years) and 395
women contributed to 1612.1 person years of observation
after knowing about the couple’s HIV positive status and had
166 pregnancies during this period (pregnancy rate 10.30/100
person years). Nine women did not contribute to the period
before knowing about HIV status as they were aware that
their partners got diagnosed with HIV prior to marriage.
The crude pregnancy rate after knowing about HIV positive
status was much lower than the rate before knowing about
HIV [rate ratio (RR) 0.22, (95% confidence interval (CI) 0.19–
0.26)] (Table 2). Also, after controlling for age, parity, and
calendar time, the pregnancy rate after knowing about HIV
status (SPRAfter ) was much lower than the age- and paritystandardized pregnancy rate before knowing about HIV
(SPRBefore ) [RR 0.23 (95% CI 0.21–0.26)]. The standardized
pregnancy rates after knowing about HIV were 77% lower as
compared to before knowing about HIV (Table 2).
3.2. Standardized Parity-Specific Pregnancy Rates before and
after Knowing about HIV. The age-standardized parityspecific pregnancy rates are shown in Figure 1. For all the different parities, the age-standardized parity-specific rates after
) were significantly lower than
knowing about HIV (SPRAfter
P
the age-standardized parity-specific rates before knowing
) [RRparity0 −0.46 (95% CI 0.39–0.54); RRparity1 −0.20
(SPRBefore
P
(95% CI 0.14–0.28); and RRparity2+ − 0.16 (95% CI 0.11–0.22)].
The drop in pregnancy rate from parity 0 to parity 1 was much
higher after knowing about HIV (65% decline) compared to
before knowing (20% decline). From parity 1 to parity 2 and
over, the pregnancy rate declined by 48% after knowing about
HIV compared to 35% before knowing about HIV.

70
Pregnancy rate/100 person years

Table 2: Crude and age- and parity-standardized pregnancy rates
among 569 HIV infected ever-married Indian women, before and
after knowing about HIV status, 1994–2009.

60
50

55.47
46.97

44.49

40

28.90

30

25.44

24.68
16.40

20

8.81

10
0

Before
Parity 0
Parity 1

4.55
Total

After
Parity 2+

Figure 1: Age-standardized parity-specific pregnancy rates and 95%
confidence intervals before versus after knowing about HIV status
among 569 HIV infected ever-married Indian women, 1994–2009.

4. Discussion
Our results suggest a significant behavioural impact of HIV
infection on HIV infected women’s fertility in Western India.
The age- and parity-standardized pregnancy rates and agestandardized parity-specific pregnancy rates were statistically
significantly lower among women after knowing about their
HIV positive status compared to the pregnancy rate before
knowing about their HIV status.
Several factors could lead to lower pregnancy rates after
knowledge about HIV status. A qualitative study from India
[27] among HIV infected women documented that the desire
for motherhood and the decision to have a child were related
to family support, especially when family members offered to
take care of the child in the future in the event of parental
death. Though HAART has instigated hope among HIV
infected people and had contributed to reducing fear about
death and uncertainty about the future, fear of transmitting
HIV to the baby [28] could still be an important factor
affecting the desired family size of HIV infected couples.
Analysis of additional data from the interviews among HIV
infected married and fecund women in this study (𝑁 = 229)
showed that concern about transmitting HIV infection to the
child (17%), fear among women that having a child might
affect their health (27%), and potential financial constraints
due to children (18%) were reported as reasons for not
desiring children.
The age-standardized parity-specific pregnancy rates
after knowing about HIV were statistically significantly lower
for all three parities compared to age-standardized parityspecific pregnancy rates before knowing about HIV. Within
the parity-specific rates after knowing about HIV, the drop in
pregnancy rate from parity 0 and parity 1 was significantly
larger suggesting that couples diagnosed as HIV infected
before the birth of their first child are likely to have only
one child. It appears that couples with previous child/children
are unlikely to have any further child/children after knowing
about their HIV status. Not having any previous child has
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been identified as one of the only two significant predictors
of fertility desires in a recent meta-analysis that included 20
studies across the world [29]. The other significant factor
was age <30 years. ART was not significantly associated
with fertility desire in that study. This clearly shows that the
timing of HIV diagnosis with respect to the parity of the
woman would have significant influence on the fertility of
HIV infected women after knowing about their HIV status.
Reduction in sexual activity and increase in use of condoms (which is advised to all HIV infected couples to avoid
cross infection when both partners are HIV infected and to
prevent HIV transmission when any one of the partners is
infected with HIV) seem to be the most important proximate
determinants of fertility decline among HIV infected women.
In our study, information about sexual frequency and contraceptive use was collected from women who were married and
fecund at the time of interview (𝑁 = 229). Of these women,
17% (𝑁 = 40) were completely abstaining from sex (no sexual
intercourse for more than a year). Of the women who had
sex in the year prior to the interview, the average monthly
frequency of sexual intercourse was four. Of the married and
fecund women, 90% were using condom as the only source
of contraception and the majority did not feel the need to use
any other method of contraception as the frequency of sexual
intercourse was significantly low.
The HIV epidemic in India is concentrated in high
risk groups and has wide geographic heterogeneity with an
estimated adult HIV prevalence in the country in 2011 of
0.27% [24]. However, 53% of the estimated 2.09 million HIV
infected people are in the four southern states of the country
(Andhra Pradesh, Karnataka, Maharashtra, and Tamil Nadu)
[24]. It is interesting to note that these four states with high
HIV prevalence also have lower total fertility rates which are
estimated to be at or below replacement level (on average 2
children per woman) [30]. With the increase in HIV testing
among pregnant women, a higher proportion of women
are expected to know about their HIV status early in their
reproductive career. This awareness about their HIV positive
status could lead to a decline in fertility among HIV infected
women.
Based on the findings of our study of significant lower
pregnancy rates after knowledge about HIV status, it is likely
that the current estimations of HIV infected pregnant women
are too high. Since the beginning of the HIV epidemic,
surveillance of HIV infection in antenatal clinics (ANC) has
been the main system of monitoring the epidemic [5] in
most countries including India because of easy accessibility
of pregnant women in ANCs [31]. For estimating the number
of HIV infected pregnant women in the country, the data on
HIV prevalence are fed to the Spectrum package. Due to lack
of data on fertility of HIV infected women in India, default
assumptions in the package are used for estimation which
assumes 30% lower fertility among HIV infected women
compared to uninfected women [32]. However, based on the
findings of this and our earlier study, which did not find
any significant biological difference in pregnancy rates of
HIV infected and HIV uninfected women in India [8], it
seems very likely that the lower fertility among HIV infected
Indian women is primarily due to the behavioural effect of
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HIV. Therefore, it appears that a more accurate estimation
of the number of HIV infected pregnant women in the
country can be made by considering the differential fertility
rate before and after knowing about HIV status. Currently
about 40% of HIV infected women in India are not aware
of their HIV positive status [24] and will most likely not
have lower fertility as compared to noninfected women. More
importantly, however, the fertility levels of 60% HIV infected
women who are aware of their HIV status could be lower
than the assumed fertility levels. Also, as the proportion of
pregnant women knowing about their HIV positive status
early in their reproductive career is increasing over time, the
fertility levels among HIV infected women could decline to
even much lower levels than currently assumed.
In the context of this study we refer to biological effect
as the effect of HIV before the woman is aware of her HIV
positive status and behavioural effect as the effect after the
woman is aware about her HIV positive status. Previous
research from India on the biological effect of HIV fertility,
that is, the effect of HIV on the occurrence of pregnancies
among HIV infected women who were not aware about
their HIV status [8], found no significant difference in the
pregnancy rates of HIV infected women compared to HIV
uninfected women. Therefore reduction in fertility due to
HIV appears to be mainly related to changes in reproductive
decision making of the couples. It should be noted, however,
that also after the woman is aware about her HIV positive
status other biological or clinical processes such as disease
progression (low CD4 counts, high viral loads) or treatment
with ART might also have some unmeasured impact.
This study—similar to most other clinic based studies—
has certain limitations. Because the women attending the
HIV clinic were enrolled and followed up in time retrospectively there is the possibility of survival bias in the sample.
That is, women who were no longer engaged in care (either
died due to HIV or other causes or lost to follow-up) were
not included in the study. A recent systematic review and
meta-analysis (2015) on the effect of pregnancies on HIV
disease progression, however, did not find enough evidence
to conclude that pregnancy has an effect on HIV disease
progression among HIV infected women [33]. Therefore we
can assume that the primary outcome of our study, that
is, occurrence of pregnancies, did not contribute towards
mortality and loss to follow-up of women in care and hence
the results of our study are not expected to be significantly
affected by survival bias especially when we standardized
pregnancy rates by age and parity.
Using retrospectively collected self-reported data on
pregnancies, reporting bias can occur because women might
be prone to underreport pregnancies that did not result in live
births. Again, due to the extensive training of the interviewers, the use of the calendar method [34], and conversational
interview techniques, we believe that this bias is reduced to
the minimal. Analysis of reported pregnancy outcomes such
as induced abortions (50% of the pregnancies conceived after
diagnosis of HIV were voluntarily terminated) also does not
indicate underreporting as the rates are high and comparable
with other published studies [28, 35]. Because of the commencement of the private sector PMTCT Program by Prayas,
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an increasing number of HIV infected pregnant women were
referred to the Prayas Clinic for PMTCT services from all
over the state of Maharashtra. These referrals could also lead
to bias in the sample due to overrepresentation of pregnant
women. However, restriction of observation period up to
2009 and standardizing pregnancy rates with age and parity
might have reduced the effect of this bias.

5. Conclusion
Despite of the methodological limitations, our study contributes significantly to the understanding of the behavioural
effect of HIV on pregnancy rates by separating its influence
from the biological effect of HIV. While this study documents
the lower pregnancy rates after the couples’ HIV status is
known, it was not intended to explain the mechanisms
through which this behavioural effect is exerted. Further
studies among Indian women to understand the socioeconomic and cultural factors behind the lower fertility after
knowledge about HIV status are required.
The finding of lower pregnancy rate after knowledge
about HIV and lower likelihood of HIV infected women
to progress to higher parity would be particularly relevant
for informing fertility assumptions of HIV infected Indian
women for the estimation of number of HIV infected pregnant women in the country. It seems essential to understand
and ensure that the lower fertility after knowing about the
HIV positive status is a result of couples’ informed decision
making and is not resulting from lack of information on
PMTCT, fear of MTCT, and stigmatization and discrimination from health care providers. There is a need to ensure
that HIV infected women have access to adequate services to
achieve their desired reproductive goals.
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