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Abstract

- Samuel M. Jenness? - Adriana A. E. Biney?

During pregnancy and postpartum, women in high HIV prevalence regions continue to be at high risk for acquiring HIV, due
to both behavioral and biological mechanisms, despite declines in coital frequency as a pregnancy advances. We estimated
differences in rates of partnership concurrency for men with and without pregnant or postpartum sexual partners. We used
monthly retrospective panel data from Ghana from three perspectives: couple-level data, female reports of pregnancy and
male partner concurrency, and male reports of concurrent partnerships and female partner pregnancy. Coital frequency
increased during the first trimester and then declined with advancing pregnancy. However, in all three analyses, there was
no compelling evidence that men with pregnant or postpartum partners had additional concurrent partnerships. Our find-
ings suggest that even though women’s sexual activity likely declines during pregnancy and postpartum, they may not be at
increased risk of HIV/STI due to their partners seeking additional partnerships.

Keywords HIV/STI - Multiple concurrent partnerships - Agbogbloshie - Pregnant - Postpartum

Introduction

During pregnancy and postpartum, women in high HIV
prevalence regions continue to be at high risk for acquiring
HIV [1-5], although there is no consensus as to whether
this increased risk is due to behavior change alone, or
also biological mechanisms. Reduced condom use before
and during pregnancy has been documented, which would
increase risk of HIV/STI. However, women’s sexual activity
typically declines during pregnancy and immediacy post-
partum before it begins to increase again [4, 6]. Biological
factors, such as high levels of estrogen and progesterone
that accompany pregnancy, can lead to changes in the geni-
tal tract such as increased inflammation and are associated
with increased HIV susceptibility [6, 7]. Further research is
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needed to examine additional behavioral mechanisms that
could put women at increased risk of HIV acquisition.
Pregnant women may be at higher risk of exposure to
HIV if their male partners have additional outside sexual
partnerships. Since pregnant women’s sexual activity tends
to decline over the course of a pregnancy, male partners of
pregnant and postpartum women may therefore seek addi-
tional concurrent partnerships if their pregnant partner is
unable or unwilling to engage in sexual activity. Male part-
ner’s concurrent partnerships could significantly increase
risk of HIV acquisition for pregnant and postpartum women
once they re-engage in sexual activity with their partner.
Concurrent sexual partnerships are defined as overlap-
ping sexual partnerships where sexual intercourse with one
partner occurs between two acts of intercourse with another
partner [8, 9]. Most evidence suggests that concurrent sexual
partnerships significantly influence HIV transmission within
heterosexual populations in sub-Saharan Africa [10-13].
Controlling for the number of partners, having overlapping
partnerships increases exposure to partners, but not the indi-
vidual who is having concurrent partners. Thus, concurrency
is a transmission, not an acquisition, risk factor. However,
disparate findings on concurrency and HIV risk have arisen
in the literature, partly due to challenges in study design
and indirect measurement [14, 15]. Concurrency and other
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sexual network factors are challenging to measure, since
they often rely on self-reports of relationship timing, or per-
ceived outside partnerships from one perspective.

In this paper, we used three different perspectives to
test whether men with pregnant or postpartum partners
had higher rates of concurrent partnerships compared to
men with partners who are not pregnant or postpartum.
We hypothesized that the probability of concurrency will
be higher for men who have pregnant partners. Since coital
frequency may decline with pregnancy and postpartum, men
may seek additional partnerships. Second, we hypothesized
that once controlling for coital frequency, pregnancy will not
be associated with rates of concurrency. If our hypotheses
were true, then extra prevention interventions, such as pre-
exposure prophylaxis, would be needed to protect pregnant
and post-partum women from HIV infection.

Data and Methods

This analysis used data from the Migration and HIV in
Ghana (MHG) study, a cross-sectional study of sexually
active adults in Agbogbloshie, Ghana in 2012 [16]. Agbog-
bloshie is an urban resource-poor area in the capital city
of Accra, selected for this study based on its hypothesized
high levels of migration and HIV infection. The MHG used
a 3-stage cluster randomized sampling scheme to obtain a
probability sample of the population. Eligibility criteria to
participate were current residence in the selected household,
age 18-49 years, and lifetime history of consensual sexual
intercourse. Overall, 590 subjects participated in the study,
of whom 106 were referred partners in linked cohabiting
partnerships (see detailed description below). Our recruit-
ment completion rate was 70%. Key reasons for non-recruit-
ment were lack of success locating the subject (14.1%) and
ineligibility for the study due to age or lack of sexual activity
(6.6%). Less than 2% of non-recruitment was due to refusal
of participation. Interviews were conducted separately for
each member of a linked partnership; responses were con-
fidential and not shared with the other member. Additional
details of the study protocol, questionnaire, and recruit-
ment have been published elsewhere [16]. The Institutional
Review Boards of the University of Washington and Univer-
sity of Ghana approved all procedures.

The survey focused on demographics, migration and
travel, sexual network characteristics and sexual behavior.
We used an event history calendar to collect detailed part-
nership data for up to three partners in the past 12 months,
with responses for each month during that period. For each
partner, data included the duration of the partnership and the
likelihood that the partner had additional partners. Month-
by-month partnership data also included coital frequency
and pregnancy status of female partners. For this analysis,

we used three different sub-samples: couple-level data,
female reports, and male reports.

Couple-Level Reports

Out of the 106 linked partnerships, 102 couples had com-
plete data for, and 1224 couple-months. Only married or
cohabiting couples were eligible to be included in this sub-
sample. The index respondents (n=51) in the couple-level
analysis are also included in either the male- and female-
reports analysis.

The main outcome in the analyses was male sexual part-
nership concurrency per couple-month, measured as hav-
ing more than one ongoing partnership at any point dur-
ing the month. Sequence and timing of partnerships were
reported directly from the male partner in the couple.
Women reported the likelihood that their male partner had
other partners, but this was not used for the main concur-
rency outcome in the couple-level analysis. For months in
which concurrency could not be verified, such as months
with multiple short-duration (less than one month) partner-
ships or transitional partnerships in which one ended and a
new partnership began within the month, we conservatively
assumed that an overlap in partnerships did not occur.

The main predictor variable was pregnancy status, as
reported by the female partner in the couple. Pregnancy (yes/
no) was reported each month for the last 12 months. Using
this information, we calculated pregnancy month (1-9) and
postpartum period (3 months post birth). If the pregnancy
was left censored, then the last month of pregnancy during
the year was marked as month 9, and each previous month
was counted backwards. Postpartum period was marked for
the three months after the last month pregnant. If the preg-
nancy was ongoing (right censored), then the first month
pregnant during the year was marked as month 1, and each
subsequent month was counted until censored. If a preg-
nancy started during the year and ended before month 9,
a miscarriage was assumed and no postpartum period was
assigned. We then created a trimester variable: pregnant
1-3 months = 1st trimester, pregnancy 4—6 months =2nd
trimester, pregnancy 7-9 months =3rd trimester, and post-
partum period =4th trimester. Men also reported when their
partner was pregnant. Other data from couples included
monthly coital frequency, partnership duration, and age.

Male Reports

Out of the 484 index respondents, 202 were men and 179
men reported any sexual activity in the past year, representing
1902 person-months of men in active partnerships (person-
months when men were not in a partnership were dropped).
Male concurrency was calculated the same way as it was in
the couple-level analysis. Female partner pregnancy status was
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measured dichotomously (yes/no) based on male reports. Men
only reported partner pregnancy status during active relation-
ships; therefore, we were unable to calculate trimester and
postpartum period for the male-report analysis. For example,
if a female partner was pregnant during a 3 month partnership,
it is unclear which stage of pregnancy she was in.

Female Reports

Out of the 484 index respondents, 282 were women and 236
women reported any sexual activity in the past year, repre-
senting 2563 person-months in active partnerships. Male
partner concurrency was calculated based on female reports
of whether their partner had other partners while they were
in a relationship. We assumed that concurrency occurred
if the female reported “definitely” or “probably”, and that
concurrency did not occur if the female reported “probably
not” or “definitely not”. We dropped 493 person-months
in which the female responded “don’t know” or refused to
answer. Female pregnancy status and trimester were defined
the same way as they were in the couple-level analysis.

Statistical Analysis

First, we described the socio-demographic and sexual behav-
ior characteristics of the sample of sexually active men,
women, and couples, accounting for the survey design.
Second, we examined patterns of male concurrency by
the pregnancy and trimester status of his female partner at
the level of person-month, unadjusted by clustering within
individual. Third, we assessed cross-sectional evidence for
the association between male concurrent partnerships and
female pregnancy and postpartum status (defined both as
pregnant: yes/no; and by trimester and 3-month postpartum
status) using pooled ordinary least squares regression mod-
els, with cluster-robust standard errors. These models were
repeated using three data sub-samples: couple-level, female,
and male reports. Then we tested whether the relationship
between pregnancy and male concurrency was explained
by coital frequency, by including it in the multivariate mod-
els. Lastly, we explored the feasibility of using fixed effects
logistic regression models to examine variation between
concurrency and pregnancy status within individuals and
couples. In these models, individuals and couples are used
as their own controls, and those without any variation in
concurrency across months are dropped.

Results
Overall, 33.6% of sexually active men (according to male-

reports) reported any concurrent partnership in the last year
(Table 1), compared to 6.6% of women. Among women,
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21.2% reported that their most recent male partner definitely
or probably had a concurrent partner at any point during the
duration of their partnership, while 11.7% of men perceived
that their most recent female partner was concurrent. Men
reported more total partnerships in the last 12 months (1.9)
and slightly more total coital acts per month (5.5) compared
to women (1.2 sexual partners and 4.2 total coital acts per
month). When restricted to sex acts within the most recent
partnership, men reported only slightly more acts per month:
4.58 compared to 4.07. About 25% of the women reported
being pregnant at any point in time over the prior 12 month,
while 18.8% of the men reported their most recent partner
was pregnant at any point during the duration of their part-
nership. HIV prevalence was higher among women com-
pared to men (5.6% vs. 2.7% respectively). In our sample,
33% (3 out of 9) of the women diagnosed with HIV were
pregnant at some point during the prior 12 months (data not
shown). In comparison, the estimated adult national HIV
prevalence in Ghana in 2017 was 1.7%, which was slightly
lower than the prevalence among pregnant women at ante-
natal clinics throughout Ghana at 2.1% [17].

Among the married and cohabiting partnerships, 30% of
men and 4% of women reported having a concurrent part-
nership at any point in the last 12 months (Table 2). For
70% of the couples, the female report of her male part-
ner’s concurrency matched the male self-report. For ~22%
of the couples, the male partner reported concurrency but
the female did not report that he had one, while the rest
(~7%) were couples in which the female said the male part-
ner was concurrent but the male reported that he was not.
Mean coital frequency within the partnership was around 4.5
acts per month; male and female reports were similar. Men
reported slightly more total coital acts due to a distribution
with a much longer right tail; these included acts outside
of the main partnership. Median total coital acts were the
same (data not shown). More than a third of women in the
couple sub-sample were pregnant at any point in the last
year, and men slightly under-reported their female partner’s
pregnancy. Average partnership duration was around 9 years,
with men reporting slightly longer durations. Lastly, men
were on average 5 years older than their female partner.

Coital frequency varied significantly by pregnancy sta-
tus, and the shape of the distribution was similar across
report-type. Average coital frequency varied from 4.5 to
5.7 acts per month in months in which the female partner
was not reported to be pregnant (Fig. 1). Coital frequency
was reported to be higher in the first trimester of pregnancy
(ranging from 4.7 to 7.1), and then declined in the second
and third trimester. Reports of coital frequency were the
lowest during the post-partum period (0.5-1.3). Since female
partner’s trimester could not be accurately determined from
the data, male reports of coital frequency were stratified
by whether the partner was pregnant or not pregnant. On
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Table 1 Socio-demographic and behavioral characteristics of sexually active adults in Agbogbloshie, Accra, Ghana, 2012 (n=415 individuals)

Total Men Women
%/mean 95% C1 %/mean 95% CI %/mean 95% CI

Sex

Male 42.6 36.9-48.5

Female 57.3 51.6-63.1
Age

18-29 55.8 49.9-61.6 50.5 41.8-59.2 59.8 52.0-67.2

30-39 29.1 24.2-34.6 33 25.2-41.8 26.3 20.3-33.3

40-49 15.0 11.3-19.6 16.5 10.9-24.2 13.9 9.5-20.1
Marital status

Never married 40.6 34.9-46.6 39.4 31.4-48.0 41.6 33.8-49.8

Cohabiting 21.5 16.7-27.2 19.9 13.5-28.4 22.6 16.2-30.7

Married 314 26.2-37.0 34.1 26.1-43.0 29.4 23.0-36.7

Widowed/separated/divorced 6.5 4.4-9.5 6.6 3.7-11.4 6.4 3.8-10.8
Income

Mean (in Ghana Cedi) 2039 1812-2265 2655 2246-3063 1572 1349-1795

Median (Ghana Cedi) 1580 1920 1200
Pregnancy status

Ever pregnant (self* or most recent partner) 18.8 12.6-27.1 24.9 18.9-31.9
Sexual history

Total partners® 1.48 1.33-1.63 1.9 1.57-2.22 1.17 1.09-1.25
Concurrency

Any concurrent partnership? 18.0 14.0-22.9 33.6 25.8-42.4 6.6 3.7-11.1

Most recent partner ever concurrent 17.2 12.8-22.8 11.7 6.3-20.8 21.2 15.1128.9
Coital frequency

Acts per month, total 4.77 4.27-5.28 5.52 4.59-6.45 4.22 3.69-4.75

Acts per month with most recent partner 4.28 4.14-4.43 4.58 4.33-4.83 4.07 3.90-4.26
HIV-1 Infection

Infected 44 1.8-7.0 2.7 0.0-5.4 5.6 1.6-9.7

*Reported in in last 12 months

How many sexual partners, including spouse, in last 12 months

average, men’s reports of coital frequency were lower during
times that his partner was pregnant (5.7 vs. 3.6 acts/month).

The proportion of person-months in which men in an
active relationship engaged in a concurrent partnership (i.e.
degree > 1) ranged from 14.5% (reported by men in a mar-
ried or cohabiting couple), to 20.7% (reported by men) and
21.9% (reported by female married or cohabiting partners).
When stratified by the pregnancy status of female partner-
ships, concurrency rates were always lower for men with
pregnant partners compared to men with non-pregnant
partners (Fig. 2a). This difference was largest and statis-
tically significant according to the male-reports: 8.9% vs.
22.0% (Chi square test p=0.001). Rates of male partner’s
concurrency varied by trimester of pregnancy (Fig. 2b), but
were not significantly different. Men’s rates of concurrency
appeared to be the lowest when their female partner was in
the 1st trimester of pregnancy. Rates increased in the 2nd
and 3rd trimester and during the postpartum period, but were

either slightly lower or the same as rates when women were
not pregnant or postpartum.

Results from the cross-sectional regression analysis
confirmed the trends described earlier. Regardless of the
sub-sample examined, no statistical evidence of an asso-
ciation between male concurrency and female pregnancy
or trimester emerged in the pooled logistic models after
accounting for dependency in the observations (Table 3).
Additionally, coital frequency was not independently
associated with male concurrency. For the female reports,
partner type was associated with concurrency. The odds
of the male partner having concurrent partners was nearly
five times higher if he was a boyfriend, casual, or one-
time partner compared to if he was a cohabiting partner,
fiancé or spouse (OR 4.62; 95% CI 1.93-11.1). The older
the woman, the more likely the partner was reported to be
concurrent as well. For the male reports, having a pregnant
partner was associated with lower odds of concurrency,
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Table 2 Socio-demographic and behavioral characteristics of sexually active cohabiting or married couples in Agbogbloshie, Accra, Ghana,
2012 (n=102 couples)

Couple He said She said
n/mean %/s.d. n/mean %l/s.d. n/mean %ls.d.
Partnership characteristics
Duration of partnership (years) 9.05 6.41 8.52 6.41
Difference® (years) 0.722 4.573
Age
Individually reported (years) 35.54 7.26 30.04 7.17
Age difference (male—female age) (years) 5.51 5.15
Pregnancy status
Female ever pregnant® 30 29.41 37 36.27
Agreement 85 83.33
Different: male says pregnant 5 4.9
Different: female says pregnant 12 11.76
Concurrency
Any concurrent partnership®, individually reported on self 31 30.39 4 3.92
Agreement: both say male concurrent 72 70.59
Different: female says male concurrent 7 6.86
Different: female says male not concurrent 23 22.55
Coital frequency
Total acts per month 522 5.70 4.71 3.64
Difference in acts per month® 0.50 4.67
Acts per month within partnership 4.51 4.41 4.70 3.56
Difference in acts per month within partnership® —-0.26 3.94
All couples consist of one woman and one man
“Reported in in last 12 months
"Male minus female reports
Fig.1 Coital frequency by preg- =0-Women's reports =B=-Men's reports =#=Couple: she said =#=Couple: he said
nancy and post-partum status,
8.0
reported by men, women, and
men and women in cohabiting 7.0
or married partnerships
T
= 6.0
z
o
S 50
&
a 4.0
© = a
g 30
=
= 20
o
O
1.0
0.0
NOT 1ST TRI 2ND TRI 3RD TRI 0-3 MONTHS
PREGNANT POSTPARTUM
but this finding was not statistically significant. In the cou- Slightly different patterns emerged when we examined

ple sub-sample, similar to the others, pregnancy was not  the association between male concurrency and female part-
associated with an increase in concurrency. However, the  ner pregnancy status within individuals and couples using
odds of a concurrency partnership were 13% higher for  fixed effects logistic regression models (Table 4). Since
every additional year difference in age between the male  these models use the individual or couple as its own control,
and female (OR 1.03, 95%CI 1.02-1.24]. time-invariant controls were omitted as all heterogeneity was

@ Springer



AIDS and Behavior (2019) 23:1508-1517

1513

Fig.2 Proportion of person-
months in which the male part-
ner has concurrent partnerships,
by female-partner pregnancy
(yes/no, Fig. 2a) and by female
trimester and post-partum status
(Fig. 2b) using couple-data,
female-, and male-reports

—_
Q
~

PROPORTION OF MALE PERSON-MONTHS
WITH CONCURRENT SEXUAL PARTNERSHIP

14.9%

COUPLE-REPORTS

b

_
-
|

PROPORTION OF MALE PERSON-MONTHS
WITH CONCURRENT SEXUAL PARTNERSHIP

COUPLE-REPORTS

already accounted for. However, this also meant that confi-
dence intervals were large when individuals (or couples)
who did not have variability across months were dropped.
Therefore, these results should be interpreted with caution
due to small bin sizes in the model. We first ran the models
with pregnancy or trimester as the main predictor, then re-
ran the models including coital frequency to see whether
the association between pregnancy remained the same or
was mediated.

Lack of variation within women’s reports of their male
partner’s likelihood of concurrent partnerships rendered the
fixed effects models futile. In other words, although reports
of male partner’s concurrency varied across women and their
pregnancy status, individual women’s reports of whether her
partner had other partners did not vary month-by-month
when they were pregnant or not. This suggests that percep-
tions of male partner concurrency do not vary by pregnancy
or trimester of pregnancy, according to women’s reports.

For men, the odds of reporting a concurrent partner-
ship when his female partner was pregnant were 81% lower
than when his partner was not pregnant (OR 0.19, 95% CI

B Female not pregnant

Not pregnant/postpartum M 1st trimester ® 2nd trimester

14.6%

H Female pregnant

22.5%
17.7%
22.0%
8.9%

FEMALE-REPORTS MALE-REPORTS

3rd trimester postpartum

FEMALE-REPORTS

0.05-0.68). Men’s reports of monthly coital frequency with
his partner were not significantly associated with the odds of
a concurrent partnership, and did not significantly moderate
the effect of pregnancy.

The largest difference between the pooled sample and the
fixed effects models were for the couples, but again, these
rely on small sample sizes. Only 22 out of 102 couples had
variation in male concurrency during the past year. Out of
the 80 couples who were dropped in the fixed effects model,
71 never had concurrency and nine always had concurrency
during the past 12 months. Among couples who reported
variation in concurrent partnerships, minimal evidence of
a positive association between pregnancy and concurrency
emerged. Accounting for heterogeneity within couples
resulted in a positive association between female pregnancy
and male concurrency, although not statistically significant
(OR 1.34, 95% CI 0.55-3.31). Female reports of monthly
coital frequency within the partnership were highly associ-
ated with male reports of concurrency. Each additional sex
act was associated with 22% lower odds of male concur-
rency (OR 0.78, 95% CI 0.66-0.92). Coital frequency did
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Table 4 Fixed effects logistic regression analysis to examine the association between pregnancy and male sexual partnership concurrency in a

given month, accounting for individual heterogeneity

Model 1 Model 2 Model 3 Model 4
OR 95%CI  Pvalue OR 95%CI  Pvalue OR 95%CI  Pvalue OR 95%CI P value
Male reports
Partner pregnant 0.19 0.05-0.68 0.011 0.16 0.04-0.60 0.006
(Reference: not pregnant)
Coital frequency 1.06 0.91-1.24 0.442
Couple reports
Couple pregnant 1.34 0.55-3.31 0.521 2.35 0.85-6.49 0.099
(Reference: not pregnant)
Ist trimester 0.55 0.09-3.42 0.521 5.03 0.62-41.1 0.132
2nd trimester 3.12 0.76-12.8 0.115 1298 2.17-77.5 0.005
3rd trimester 279 0.67-11.5 0.156 491 0.84-28.8 0.077
4th trimester (postpartum) 3.33 0.77-14.5 0.108 5.64 0.93-34.3 0.060
(Reference: not pregnant or postpartum)
Coital frequency—female report 0.78 0.66-0.92 0.003 0.79 0.66-0.94 0.007

(OR odds ratio, CI confidence interval) unit of analysis is person-months

not mediate the association between pregnancy and concur-
rency in the hypothesized way. Indeed, independent of the
frequency of coital acts, the odds of concurrency while the
female partner was pregnant was slightly higher but still
not significant. Similar results are seen in the association
between trimester of pregnancy and concurrency. Coital fre-
quency was highly associated with concurrency, and positive
but marginally significant associations between trimester and
pregnancy emerged independent of coital frequency.

Discussion

These findings suggest that even though women’s sexual
activity declines during pregnancy and postpartum, they
are not at increased risk of HIV/STI due to their partners
seeking additional partnerships. We found no compelling
evidence to support our hypothesis that reduced coital fre-
quency during pregnancy could lead to increased concur-
rency. Concurrency was not significantly higher during preg-
nancy, and even though coital frequency declined after the
first trimester during pregnancy, coital frequency was not
independently associated with concurrency except for the
limited couple-fixed effects model.

Our results are similar to previous research. A study of
Nigerian male sexual activity during pregnancy found that
28% of men engaged in extra-marital concurrent partner-
ships [18, 19], compared to our finding of 32%. Additionally,
a study in Uganda found that pregnant women and their male
partners reported significantly fewer external sexual part-
ners than did the other groups [2]. We did not find evidence
of a significant reduction in partnerships; rather, we simply

found no evidence to suggest that concurrency changes over
periods of pregnancy. Therefore, male partners of pregnant
women are not having more concurrent partnerships com-
pared to partners of non-pregnant women, but concurrency
rates are still quite high, which poses a significant risk of
HIV/STI exposure for all women.

In our sample, as with many others, coital frequency var-
ied significantly by trimester of pregnancy. However, coital
frequency was not associated with concurrency in our cross-
sectional models either. Only within couples with variation
in concurrency was coital frequency highly predictive of
concurrency. The higher the number of sex acts within the
month, as reported by the female, the less likely the male
reported a concurrency. Our past work has also suggested
that acquiring additional partnerships does not “dilute”, or
reduce the number of sex acts from the original partner [20].
Coital dilution is the reduction in the number of sex acts
per partner when an additional, concurrent partner is added.
Since there is no evidence of coital dilution, then we can also
reject the possibility of reverse causation—that male part-
ners of pregnant women acquire additional partners, which
leads to reduced coital frequency.

One potential reason for no general increase in concur-
rency is pair bonding. A sexual pair bond is a behavioral
and physiological bond between two individuals. This bond
might be stronger when a couple is planning to have a child,
and this bond may dissuade a partner from seeking addi-
tional sexual partners. Additionally, since Agbogbloshie
is an urban, resource-poor setting, men might fear getting
someone else pregnant concurrently since the financial
costs could be high. This fear may lead to fewer additional
partnerships.

@ Springer



1516

AIDS and Behavior (2019) 23:1508-1517

Concurrency associated with pregnancy within mar-
ried and cohabiting couples requires further examination.
Although based on small sample sizes, our analyses sug-
gest that among couples who ever experience concurrency,
concurrency was positively associated with pregnancy even
holding coital frequency constant. A possible interpretation
of this finding is that it is a threshold effect. If having a
concurrent sexual partnership is a possibility, or the barriers
for having concurrency are low for a particular couple, then
having a pregnant partner could be enough of an incentive
to initiate an extra-marital partnership. Nonetheless, this
hypothesis would not hold true for the male fixed effects
model, since among men who had variation in concurrency
status, pregnancy was associated with less concurrency.
Another reason why the couples fixed-effects model sug-
gested a positive relationship between pregnancy and con-
currency while the male-reports did not could be because
the couples had already established a pair bond in the past.
By definition, 100% of the couples were cohabiting and mar-
ried while about 50% of the male-sample were married or
cohabiting. Additionally, we did not have information on
parity, or the number of times the women had been pregnant
before. The male sample could be biased toward first-time
pregnancies compared to higher-order pregnancies in the
couple sample, and thus pair bonding could be stronger.

Limitations of our paper include the potential for bias
in self-reports, including social desirability bias and recall
bias. However, we attempted to address some of these limi-
tations by triangulating three separate perspectives: female
reports, male reports, and couple reports. Additionally,
similarities in responses by the male and female within the
couple sub-sample are reassuring. Recall and desirability of
coital frequency may be minimal in our data, since male and
female reports of coital frequency were in fact quite simi-
lar. In addition, reports of female pregnancy status by men
were concordant 85% of the time. The largest potential for
bias was likely female reports of male-partner concurrency,
as females tended to under-report whether the male partner
was concurrent in our couples sample. Another limitation
is that we did not differentiate between a new concurrency
and an ongoing concurrency. Further work should address
the ordering of events. After a female partner gets pregnant,
does coital frequency decline and consequently does a male
partner acquire a new external partner?

Concurrent partnership formation is complex, and not
simply a function of coital frequency. Why individuals
acquire concurrent partnerships, and for how long they sus-
tain them, is likely due to unique individual traits, dyadic
characteristics, gender norms, and the social and economic
setting. Nonetheless, having a sexual partner who engages in
an additional concurrent partnership is a significant risk fac-
tor for HIV acquisition for women. Even though partners of
pregnant and postpartum women did not have significantly

@ Springer

more concurrent partnerships compared to patterns of non-
pregnant women, overall high rates of concurrency place
women at risk. Our results in context of other research sug-
gest that heightened risk of HIV acquisition for pregnant and
postpartum women compared to non-pregnant women may
be due to biological rather than behavioral mechanisms. A
number of public health implications thus follow. Oral pre-
exposure prophylaxis (PrEP) for pregnant and postpartum
women can reduce risk of HIV acquisition, and is now part
of the WHO guidelines [21]. Nevertheless, biological pre-
vention messages must be accompanied by messages that
promote sexual health. Community-oriented messaging on
the risks of concurrent sexual partnerships should continue
as well.
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