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We modeled the potential cost-effectiveness of increasing 
access to contraception in Puerto Rico during a Zika virus 
outbreak. The intervention is projected to cost an additional 
$33.5 million in family planning services and is likely to be 
cost-saving for the healthcare system overall. It could re-
duce Zika virus–related costs by $65.2 million ($2.8 million 
from less Zika virus testing and monitoring and $62.3 million 
from avoided costs of Zika virus–associated microcephaly 
[ZAM]). The estimates are influenced by the contraception 
methods used, the frequency of ZAM, and the lifetime incre-
mental cost of ZAM. Accounting for unwanted pregnancies 
that are prevented, irrespective of Zika virus infection, an 
additional $40.4 million in medical costs would be avoided 
through the intervention. Increasing contraceptive access 
for women who want to delay or avoid pregnancy in Puerto 
Rico during a Zika virus outbreak can substantially reduce 
the number of cases of ZAM and healthcare costs.

Zika virus infection during pregnancy can cause mi-
crocephaly with severe brain damage in the fetus 

(referred to here as Zika virus–associated microcephaly 
[ZAM]) and is linked to pregnancy loss and to problems 
in infants, including eye defects, hearing loss, and im-
paired growth (1). Zika virus is a flavivirus transmitted 
primarily by infected Aedes species mosquitos (2). Zika 
virus can also be sexually transmitted (3). Puerto Rico 

has the largest number of Zika virus disease cases in the 
United States and its territories (4) and, based on extrapo-
lations from the experiences of other countries with Zika 
virus outbreaks, will probably experience large numbers 
of Zika virus–exposed pregnancies (5).

A primary strategy to reduce Zika virus–associated ad-
verse pregnancy outcomes is to assist women who want to 
delay or avoid pregnancy. An estimated 65% of pregnan-
cies in Puerto Rico are unintended (unwanted or mistimed), 
compared with 45% in the continental United States (2,6). 
Women in Puerto Rico face multiple barriers to contracep-
tive use, including high out-of-pocket costs, a shortage of 
contraceptive supplies, lack of education about options, 
and a limited number of family planning delivery sites (2).

In response to the Zika virus outbreak, the Centers for 
Disease Control and Prevention and other federal and local 
partners are seeking to improve access to contraception for 
women in Puerto Rico who desire it but encounter barri-
ers to accessing the full range of contraception methods, 
including long-acting reversible contraceptives (LARCs). 
The objective of this analysis was to estimate the potential 
cost-effectiveness of increasing access to contraception in 
Puerto Rico during the 2016 Zika virus outbreak.

Methods
We constructed a decision tree cost-effectiveness mod-
el for a target population of 163,000 women who at the 
time of the intervention are sexually active with a male 
partner, fertile, not desiring pregnancy within the next 12 
months, and not using permanent contraception methods 
(e.g., tubal ligation and vasectomy) (online Technical Ap-
pendix Table and Figure 1, http://wwwnc.cdc.gov/EID/
article/23/1/16-1322-Techapp1.pdf). In the no interven-
tion scenario, no changes in contraceptive use distributions 
from the status quo are expected to occur. In the inter-
vention scenario, women in Puerto Rico are assumed to 
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have same-day access to contraception methods, including 
LARC, with no out-of-pocket costs. In addition, health-
care providers would be trained to provide client-centered 
contraceptive counseling and outreach so that women have 
the information they need to make an informed choice on 
the contraception method that is best for them. The model 
specifies contraceptive method use distribution, unintend-
ed pregnancy events, and the frequency of ZAM (online 
Technical Appendix Figure 1).

We assumed an intervention in place throughout a 
year-long Zika virus outbreak in Puerto Rico. We evaluated 
the costs and outcomes of increased access to contracep-
tion compared with no intervention (i.e., status quo). Out-
put measures included numbers of ZAM cases prevented, 
including stillbirths, elective terminations, and live-born 
infants, and healthy life years (HLY) gained. Economic 
benefits of the intervention included avoided costs from 
ZAM cases prevented and costs avoided for monitoring 
for Zika virus–exposed pregnancies and infants born from 
Zika virus–infected mothers. In addition, the avoided cost 
of prenatal, delivery, postpartum, and neonatal care associ-
ated with avoided unwanted pregnancies was considered 
an economic benefit. In cost-effectiveness analyses, if total 
avoided cost exceeds the cost of an intervention that im-
proves health, the intervention is considered cost-saving. 
For scenarios with positive net costs, we reported the in-
cremental cost-effectiveness ratio (ICER), which is the net 
cost per HLY gained in comparison to the status quo.

Independent of Zika virus–exposed pregnancies and 
ZAM, unintended pregnancy is associated with adverse 
maternal and child health outcomes. Because roughly 
60% of unintended pregnancies are classified as mistimed, 
which might result in a delayed rather than avoided preg-
nancy, with the same costs occurring later (7), we only es-
timated avoided medical costs from prevention of the 40% 
of unintended pregnancies presumed to be not desired at 
a later time irrespective of Zika virus infection. However, 
we included all ZAM cases prevented during the interven-
tion period.

Contraception Use with and without the Intervention
We estimated the inputs for the decision-tree model 
and their sources (Table 1, http://wwwnc.cdc.gov/EID/
article/23/1/16-1322-T1.htm). In the no intervention sce-
nario, we took the distribution of women in the target popu-
lation by use of different types of reversible contraceptives 
(or no use) from a 2002 survey administered in Puerto Rico 
and adjusted it to reflect the 36% decrease in fertility rates 
in Puerto Rico during 2002–2015 (8,23,24).

For the main intervention scenario, we assumed that 
50% of no contraception users, 60% of less-effective con-
traceptive method users, and 100% of moderately effec-
tive contraceptive method users would visit a healthcare 

provider during the intervention period and be counseled 
about contraception use (Table 1). The first 2 percentages 
are roughly twice the percentages of women reported in the 
2011–2013 US National Survey on Family Growth to have 
received contraceptive services (contraception or counsel-
ing) within the past year because we assumed that, during 
the Zika virus outbreak, more women and providers would 
discuss contraception; virtually all moderately effective 
method users were assumed to see providers to obtain con-
traceptive prescriptions.

For the main scenario, we also assumed, optimisti-
cally, that 50% of women in the target population who re-
ceive contraceptive services during the Zika virus outbreak 
would be willing to change to a more effective contracep-
tive method, evenly divided between moderately effective 
and highly effective methods. We applied data from the 
Contraceptive CHOICE Project (67% of participants used 
LARC and 33% used moderately effective methods) (9) to 
the 40% of women assumed to not want to be pregnant; 
we assumed 20% of other women not intending pregnancy 
would use LARC. We further assumed that 30% of mod-
erately effective contraception users would also choose to 
use condoms (dual-method use) under the intervention, 
based on a study reporting dual-method use among persons 
at risk for HIV (25).

Epidemiologic Model Input Parameters
We calculated method-specific annual pregnancy rates by 
applying failure rates of contraception methods under typi-
cal use (10), in combination with information on estimated 
numbers of unintended pregnancies, to adjust for other fac-
tors influencing pregnancy risk (19). We estimated the pro-
portion of fetal losses among unintended pregnancies from 
data for the Caribbean region, including Puerto Rico (12), 
and calculated the proportion of induced abortion among 
unintended pregnancies from a survey conducted in Puerto 
Rico in 2001 (the latest year for which data were available) 
(11). We assumed that the distribution of fetal loss and in-
duced abortions in unintended pregnancies unaffected by 
ZAM would not be altered by the Zika virus outbreak or 
the intervention.

For adverse pregnancy and birth outcomes associated 
with Zika virus, we only considered ZAM and associated 
brain anomalies, including live births, stillbirths, and ter-
minations attributable to prenatal diagnosis. Although Zika 
virus can cause brain lesions and dysfunction in fetuses and 
newborns who do not have microcephaly (26), we lacked 
the data to model their prevalence and cost. In the main 
analysis, we assumed 58 cases of ZAM per 10,000 live 
births (range 32–86/10,000) based on a modeling study 
that considered data from other mosquitoborne illnesses 
in Puerto Rico and Zika virus outbreaks in other locations 
(5). We assumed a pregnancy loss rate of 35% among Zika 
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virus–exposed fetuses with diagnosed birth defects based 
on cases in the US Zika Pregnancy Registry as of July 21, 
2016 (14).

A summary measure of population health impact is 
healthy life expectancy at birth. We projected gains in 
HLY by multiplying total cases of ZAM prevented by 30.0, 
which is the average number of quality-adjusted life-years 
at birth in the United States for an infant without severe mi-
crocephaly (15) and the estimated loss in disability-adjust-
ed life years from microcephaly (27). We multiplied 30.0 
by the sum of live births and fetal losses associated with 
ZAM to calculate gains in HLY. We included fetal losses 
in the HLY calculations because in the absence of ZAM 
those pregnancies would have resulted in live births, with 
the same healthy life expectancy as other children (15).

Cost Parameters
We conducted the analysis from a healthcare system per-
spective that includes direct medically related costs regard-
less of payer. We used payments from private insurance 
because payments from Medicaid might underestimate the 
cost of healthcare (28). Intervention costs included program 
costs of training providers, patient educational materials, 
outreach/media campaigns on the availability of contracep-
tives services, and program coordination and the incremen-
tal costs of family planning services. The latter comprised 
the costs of contraception methods and related office visits 
and services (e.g., insertion and removal of LARC for new 
method users resulting from the intervention and the cost 
of more intensive counseling for all women receiving con-
traceptive services during the intervention). We took the 
1-year costs for contraception methods from the literature 
(16,29) and based the other program costs on the estimated 
costs for a pilot program planned to increase access to con-
traception in Puerto Rico as part of the current Zika virus 
outbreak response (30). We did not apply a discount rate 
to intervention costs because of the time horizon of 12 
months.

Zika virus–related costs prevented by this intervention 
were in 2 parts: 1) costs for Zika virus testing and moni-
toring for Zika virus–exposed pregnancies and infants, and 
2) costs of ZAM cases (Table 1). The cost estimates for 
testing and monitoring presumed 100% adherence by clini-
cians and patients to recommendations (20–22).

The lifetime cost per live-born infant with ZAM in-
cludes direct medical and nonmedical costs. ZAM is among 
the most severe types of microcephaly and is associated 
with loss of brain tissue volume, increased fluid spaces, 
and intracranial calcifications. All 3 cases of live-born in-
fants with ZAM in French Polynesia demonstrated severe 
neurologic outcomes with delayed cognitive development 
(26). On the basis of expert opinion, infants with ZAM 
who survive the neonatal period would be expected to have  

neurologic dysfunction consistent with severe cerebral pal-
sy within 1–2 years of birth.

As a proxy for the medical cost of ZAM, we used the 
estimated cost of treating infants with microcephaly asso-
ciated with a diagnosis of symptomatic congenital cyto-
megalovirus (CMV). We used the MarketScan Commer-
cial Database (Truven Health Analytics) with a sample of 
≈100 million US residents covered by employer-sponsored 
insurance at any time during 2009–2014. We used average 
costs for 4 newborn infants with diagnoses of microceph-
aly and CMV who survived and were enrolled in a health 
plan for >3 years. For the direct nonmedical cost of ZAM, 
we used the estimated cost for supportive care for children 
with severe congenital brain injury, both paid care and un-
paid care. The total lifetime cost for surviving infants with 
ZAM was estimated at $3.8 million per infant, taking into 
account infant and child mortality and discounting of costs 
in future years at a 3% rate per year; the sum of undis-
counted costs for children who survive to adulthood might 
reach $10 million.

We determined the estimated non–Zika virus–related 
medical costs associated with women’s prenatal care, labor 
and delivery, and postpartum care for pregnancies ending 
in live birth and neonatal care from a study of US commer-
cial health plan expenditures (17). Estimates for costs as-
sociated with pregnancies ending in induced abortion were 
based on our analyses of commercial claims data (Table 1).

Sensitivity Analyses
Because many parameters used in the model are uncertain, 
we conducted sensitivity analyses on selected parameters, 
including different scenarios for the baseline and postinter-
vention contraception use distributions in Puerto Rico. We 
tested alternate baseline contraception use distributions in 
Puerto Rico for women at risk for unintended pregnancy by 
using the actual distribution of method use reported in 2002 
(8) and among women attending Title X clinics in Puerto 
Rico in 2014 (31). For the postintervention contraception 
use distribution, we tested scenarios assuming different 
proportions of women receiving contraceptive services 
from a healthcare provider, different levels of willingness 
to switch to a more effective method, and different shares of 
moderately effective and highly effective methods among 
switchers. Other parameters evaluated during sensitivity 
analysis included the incidence of ZAM during the Zika 
virus outbreak in Puerto Rico, percentage of pregnancies 
with ZAM terminated, the cost of caring for a live-born 
infant with microcephaly, and the cost of the intervention.

We conducted sensitivity analyses in which we altered 
selected assumptions. In one, we annualized the cost of 
LARC devices considering the expected duration of meth-
od use. In another, we adjusted observed data on US health-
care and supportive care costs to the generally lower levels 
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of prices in Puerto Rico market by applying conversion fac-
tors of ratios of healthcare spending per capita and wages of 
nurse assistants between the United States and Puerto Rico 
(32,33). We also conducted a probabilistic sensitivity anal-
ysis by using Monte Carlo simulation (10,000 draws) that 
assumed different distributions for all the parameters used 
in the model (Table 1). All analyses were conducted using 
TreeAge Pro 2016 software (TreeAge Software, William-
stown, MA, USA) and Excel 2013 (Microsoft, Redmond, 
WA, USA). All costs were adjusted to 2014 US dollars by 
using the health component of the Personal Consumption 
Expenditures price index (34).

Results
In the main scenario, we predict the intervention would 
prevent 25 cases of ZAM among unintended pregnancies 
avoided, of which 16 would have resulted in live births 
(Table 2). The incremental intervention cost of US $33.5 
million (i.e., $206 per member of target population) rela-
tive to no intervention (status quo) is more than offset by 
$65.2 million in avoided Zika virus–associated costs, $2.8 
million from extra testing and monitoring for pregnant 

women and infants for Zika virus–exposed pregnancies 
avoided, and $62.3 million from ZAM cases prevented. 
The net savings from Zika virus–associated costs alone is 
$31.7 million.

The number of ZAM cases prevented and Zika virus–
associated costs avoided are sensitive to the proportion of 
women receiving contraceptive services and the proportion 
of those women willing to switch to a more effective con-
traception method during the Zika virus outbreak (Figure; 
Table 3). If the proportions of women receiving contra-
ception services are assumed to be the same as estimated 
for the continental United States in the National Survey of 
Family Growth for 2011–2013 (i.e., 21% among no con-
traception users, 33% among less-effective method users, 
and 97% among all moderately effective method users), 16 
cases of ZAM are prevented, and the net savings is $15.4 
million (Table 3). If 10% of women receiving contracep-
tive services switch to a more effective method, 6 cases of 
ZAM are prevented, and net saving is $2.8 million. If the 
intervention only shifts users of moderately effective meth-
ods to a highly effective method (no change in non-use or 
use of less-effective methods), 7 ZAM cases are prevented,  

 

 
Table 2. Zika virus–associated microcephaly cases and costs, as well as additional costs associated with unwanted pregnancies, with 
and without intervention to increase access to contraception to women during the Zika virus outbreak, Puerto Rico, 2016, in main 
scenario*†‡ 
Parameter Without intervention With intervention Difference 
Prevention of ZAM and Zika virus–associated cost 
 Total no. ZAM cases 99 74 25 
  No. pregnancy terminations 28 21 7 
  No. stillbirths 7 5 2 
  No. live births 64 48 16 
 Cost of family planning services (under intervention also includes  
 program cost) 

$38,269,679 $71,738,133 $33,468,454 

 Total Zika virus–associated cost $256,578,162 $191,422,342 –$65,155,820 
 Costs of extra testing and monitoring for Zika virus during pregnancy 
 and for infants exposed in utero during Zika virus outbreak§ 

$11,125,061 $8,303,158 –$2,821,903 

 Direct costs of ZAM¶ $245,453,101 $183,119,184 –$62,333,917 
  Pregnancy terminations $139,343 $103,956 –$35,387 
  Stillbirths $40,025 $29,861 –$10,165 
  Live births $245,273,733 $182,985,368 –$62,288,366 
 Cost savings from Zika virus–associated cost avoided only#   –$31,687,366 
Prevention of unwanted pregnancies 
 No. of unwanted pregnancies** 11,995 8,949 3,046 
 No. induced abortions 3,385 2,525 860 
 No. spontaneous abortions and fetal deaths 1,679 1,253 426 
 No. unwanted live births 6,856 5,117 1,739 
 Medical cost for unwanted pregnancy $159,074,573 $118,722,504 –$40,352,069 
 Net cost savings from avoiding both Zika virus–associated cost and 
unwanted pregnancy cost†† 

  –$72,039,435 
 

*ZAM, Zika virus–associated microcephaly. 
†The numbers in the columns and rows might not exactly match because of rounding. 
‡Target population size: 163,000 women who do not intend to become pregnant during Zika virus outbreak. Women of reproductive age in Puerto Rico 
who are sexually active with a male partner, fertile, not desiring pregnancy, and not using permanent contraception methods (e.g., tubal ligation and 
vasectomy). 
§Only including cost of testing for Zika virus and monitoring for exposed infants without ZAM; testing costs for infants with ZAM are included in the direct 
costs of ZAM. 
¶From healthcare system perspective, includes direct medical and medical-related costs, including supportive care for persons with ZAM, even if the cost 
might not be paid by healthcare payers or delivered by healthcare providers. 
#Total Zika virus–associated cost avoided (absolute value) minus the additional cost of family planning service under intervention compared with no 
intervention. 
**Unwanted pregnancies which are not desired in the future (assuming 60% of unintended pregnancies are mistimed), irrespective of Zika virus infection 
††Absolute value of net medical cost for unwanted pregnancy plus absolute value of net cost savings from Zika virus–associated costs avoided. 
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with an ICER of $24,608/HLY gained. Increasing the pro-
portion of dual-method users increases the number of cases 
of ZAM prevented and net savings attributable to higher 
contraception effectiveness. The results are also sensitive 
to the prevalence of ZAM among mid-trimester pregnan-
cies, the percentage of ZAM cases resulting in live-born in-
fants, lifetime cost per live-born infant with ZAM, and the 
intervention cost. If we adjust US cost estimates for lower 
prices in Puerto Rico while keeping intervention costs at 
US prices, net savings are $1.7 million. In all but 1 of the 
scenarios tested, the intervention is cost-saving.

A probabilistic sensitivity analysis scatter graph shows 
that most of the model simulations result in ICERs in the 
lower right quadrant with lower costs and better health out-
comes (online Technical Appendix Figure 2). Specifically, 
the intervention is cost-saving in 92.11% of the 10,000 it-
erations, and in 98.10% of the iterations, the intervention 
has an ICER of <$20,000/HLY gained.

The intervention is also predicted to prevent $40.4 mil-
lion in medical costs from unwanted pregnancies avoided in 
the main scenario (Table 2). In many sensitivity analyses, 
the cost avoided from these unwanted pregnancies prevent-
ed alone is greater than the intervention cost. The larger the 
numbers of no contraception users and less-effective method 
users receiving contraceptive services and willing to switch 
to more effective methods, the greater the magnitude of cost 
savings from unwanted pregnancies avoided (Table 3).

Discussion
The results of our modeling analysis suggest that increas-
ing access to effective contraception in the context of the 
2016 Zika virus outbreak for women in Puerto Rico who 
do not intend to become pregnant could proportionally re-
duce the number of unintended pregnancies and cases of 
ZAM by 25%. The intervention is cost-saving (negative 
net cost) when considering the benefits from preventing 
ZAM and avoiding Zika virus–exposed pregnancy costs in 
the main scenarios and in most of the scenarios we tested. 
In scenarios in which the intervention is not cost-saving, it 
is still cost-effective relative to accepted cost-effectiveness 
thresholds (35). The World Health Organization suggests 
that interventions that cost <3 times the gross domestic 
product per capita per HLY (equivalent to $150,000 in the 
United States and $60,000 in Puerto Rico) are cost-effec-
tive and those costing less than gross domestic product per 
capita are highly cost-effective (36). When considering ad-
ditional benefits from preventing unintended pregnancies 
not desired at a later time, the intervention is cost-saving in 
all scenarios. Previous studies have shown that expanding 
access to contraception, especially LARC, is cost-saving 
(16,37,38). Likewise, our findings suggest that this inter-
vention could be cost-saving or cost-effective within the 
context of a public health emergency response.

Our study has several limitations. First, we proj-
ect the effects of a hypothetical intervention in place in  

Figure. Sensitivity analysis indicating 
the effect of changes of assumptions on 
the number of ZAM cases prevented in a 
proposed intervention to increase access 
to contraception to women during the Zika 
virus outbreak, Puerto Rico, 2016. LARC, 
long-acting reversible contraceptive; ZAM, 
Zika virus–associated microcephaly.
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Table 3. Sensitivity analyses indicating the number of ZAM cases prevented and Zika virus–associated costs avoided in proposed 
intervention to increase access to contraception to women during Zika virus outbreak, Puerto Rico, 2016* 

Parameter 

No. ZAM 
cases 

prevented 

Incremental 
intervention 

cost, millions 

Zika virus–
associated 

cost avoided, 
millions 

Total 
incremental 

cost,† 
millions 

Cost 
per HLY 
gained 

Additional cost 
avoided from 
UP, millions 

Main scenario 25 $33.5 $65.2 –$31.7 CS $40.4 
% Women receiving contraceptive services from healthcare provider; main scenario, 50% of no method users, 60% of less-effective 
method users, and 100% of moderately effective method users 
 30% of no method users‡ 22 $32.4 $55.8 –$23.5 CS $34.6 
 70% of no method users  29 $34.6 $74.5 –$39.9 CS $46.1 
 30% of less-effective method users  19 $26.0 $50.0 –$24.0 CS $31.0 
 80% of less-effective method users  29 $38.5 $75.2 –$36.8 CS $46.6 
% Women receiving contraceptive services as in 
NSFG 2011–2013§ 

16 $25.2 $40.6 –$15.4 CS $25.1 

% Women willing to change to more effective method;¶ main scenario value: 50% 
 10% 6 $13.0 $15.8 –$2.8 CS $9.7 
 30% 16 $23.2 $40.5 –$17.3 CS $25.0 
 80% 39 $48.8 $102.2 –$53.3 CS $63.3 
% Women receiving contraceptive services from 
healthcare provider as in NSFG 2011–2013 with 
30% of them willing to change to a new method 

10 $18.2 $25.7 –$7.6 CS $15.9 

Use of highly effective methods among switchers; main value 50% 
 67% 27 $38.4 $69.9 –$31.5 CS $43.3 
 33% 23 $28.5 $60.4 –$31.8 CS $37.4 
Contraception switching pattern reported in 
Colorado Family Planning Initiative# 

7 $21.8 $17.0 $4.8 $24,608 $10.5 

Dual-method use; 30% of moderately effective method users in main scenario 
 20% of moderately effective users 24 33.1 61.3 –$28.2 CS $38.0 
 50% of moderately effective users 28 34.1 72.9 –$38.7 CS $45.1 
Contraception use distribution at baseline      
 As reported in 2002 BRFSS survey** 30 33.6 78.4 –$44.8 CS $48.6 
 As in Title X clinics in 2014†† 14 $30.1 $36.7 –$6.6 CS $22.7 
Rate of ZAM among all live-born infants; main scenario value 58/10,000 
 32/10,000 14 $33.5 $37.5 –$4.0 CS $40.4 
 86/10,000 38 $33.5 $96.3 –$62.8 CS $40.3 
Lifetime costs for microcephaly; main scenario value $3.8 million 
 $1.9 million 25 $33.5 $33.5 0 CN‡‡ $40.4 
 $2.2 million 25 $33.5 $39.5 –$6.1 CS $40.4 
 $5.5 million 25 $33.5 $93.5 –$60.0 CS $40.4 
Termination of pregnancy with ZAM       
 20% 25 $33.5 $72.8 –$39.3 CS $40.4 
 50% 25 $33.5 $44.1 –$10.6 CS $40.3 
Cost of the program other than providing the contraception at no cost to patients; main scenario value $39/person 
 $0/person 25 $27.1 $65.2 –$38.0 CS $40.4 
 $100/person 25 $43.4 $65.2 –$21.8 CS $40.4 
Annualized LARC device cost 25 $17.5 $65.2 –$47.7 CS $40.4 
Puerto Rico costs§§ 25 $30.8 $32.5 –$1.7 CS $14.4 
Discount rate 
 0% 25 $33.5 $105.4 –$72.0 CS $40.4 
 5% 25 $33.5 $52.9 –$19.4 CS $40.4 
*BRFSS, Behavioral Risk Factor Surveillance System; CN, cost-neutral; CS, cost-saving; HLY, healthy life years; LARC, long-acting reversible 
contraceptive; NSFG, National Survey of Family Growth; UP, unwanted pregnancy; ZAM, Zika virus–associated microcephaly. 
†Total incremental cost is the additional cost of contraception minus Zika virus–associated cost avoided. 
‡30% of no contraception users, 60% of less-effective contraceptive method users, 100% of moderately effective contraceptive method users seeking 
contraceptive services from healthcare provider during the Zika virus outbreak. 
§Based on NSFG 2011–2013, among women of reproductive age who are sexually active, did not intend to become pregnant, and were not using 
permanent contraceptive methods, 21% of no contraception users, 33% of less-effective contraceptive method users, 97% of moderately effective 
contraceptive method users, and 94% of dual-method users had at least 1 contraceptive service visit in the last 12 months (in total 50%). 
¶Based on Title X Family Planning annual report for 2007–2015 in Colorado, 30% of clients who visited Title X clinics switched to a new method. 
#Eighteen percentage points of users of moderately effective methods are assumed to switch to highly effective methods, of whom 21% were dual-
method users. 
**Contraception distribution in Puerto Rico in 2002 15.9% no method, 41.6% less-effective methods, 40.2% moderately effective methods, and 2.4% 
highly effective methods. 
††In 2014, in Title X clinics in Puerto Rico, 20% of women at risk for unintended pregnancy used less-effective methods, 77% used moderately effective 
methods, and 2% used highly effective methods. 
‡‡Intervention cost equals to the medical savings from ZAM cases prevented. 
§§Conversion factor of 0.36 applied to pregnancy and ZAM medical costs based on the ratio of per capita medical expenditure in Puerto Rico and in the 
United States in 2012 as in Portela et al. 2015 (32); conversion factor of 0.72 applied to costs of supportive care for live-born infants with ZAM, based on 
the ratio of annual salary for assistant nurses in Puerto Rico and in the United States (33). 
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Puerto Rico during the 2016 Zika virus outbreak. How-
ever, the qualitative results would apply in future out-
breaks. Second, the baseline contraception use distribu-
tion is based on a 2002 survey; the current distribution in 
Puerto Rico might be different. Third, uncertainty exists 
about the effect of the proposed intervention on postint-
ervention contraceptive use distribution; however, the 
sensitivity analyses indicate that different distributions of 
LARC types among switchers does not have a substantial 
influence on the results. Fourth, our study assumes that 
women have full access to healthcare providers. In areas 
with limited access to providers, the effectiveness of the 
intervention might be lower, although Puerto Rico has 
a similar ratio of physicians to population as the United 
States as a whole (39), and despite a loss of physicians 
in recent years, Puerto Rico has a network of providers, 
federally qualified health clinics, and Title X providers in 
rural and urban areas. Fifth, the distribution of outcomes 
of unintended pregnancies in Puerto Rico is uncertain. 
We lack data on miscarriage and induced abortion rates in 
Puerto Rico and so did not have sufficient data to model 
uncertainty in these parameters. The rates of stillbirth and 
pregnancy termination among pregnancies with ZAM in 
Puerto Rico are also unknown. Our assumed percentage 
of live births among pregnancies with recognized ZAM 
(65%) compares with a 38% rate reported in French Poly-
nesia during the 2013 Zika virus outbreak (11). Sixth, 
pregnancy intentions and use of contraception among 
women in Puerto Rico might differ during the Zika vi-
rus outbreak compared to preoutbreak periods. Seventh, 
our analysis does not consider possibly higher rates of fe-
tal loss and induced abortion among women infected by 
Zika virus during early pregnancy or brain abnormalities 
or conditions related to Zika virus not involving micro-
cephaly. Eighth, the assumed Zika virus testing costs as-
sume 100% adherence to recommended testing practices; 
the actual cost savings taking nonadherence into account 
would be lower. Ninth, the cost estimates of ZAM cas-
es in live-born infants do not include costs of manag-
ing mental health conditions among parents of affected 
infants. Tenth, using private insurance payments might 
overstate the healthcare cost of treating ZAM. However, 
if the cost of ZAM exceeds $1.9 million, the intervention 
is still cost-saving. Finally, if efforts to prevent transmis-
sion of Zika virus in Puerto Rico are effective, the rate of 
infection in pregnancy and the incidence of ZAM relative 
to that projected could be reduced.

Despite its limitations, our study has several strengths. 
First, the study is based on the most current available infor-
mation. Second, the contraception scenarios are based on 
real-world programs and have resulted from consultation 
with subject matter experts. Third, expenditure data from 
a large sample of US residents with commercial health  

insurance were used to calculate the potential medical cost 
of ZAM on the basis of combinations of diagnostic codes 
for virus-associated microcephaly, although costs might be 
lower for similar children with public insurance. Finally, 
sensitivity analyses give consistent results indicating ex-
pected net cost savings associated with an intervention that 
would increase access to contraception in response to the 
Zika virus outbreak in Puerto Rico.

Zika virus can cause devastating birth defects, and in-
fants born with ZAM and their families will require life-
long support. Avoiding unintended pregnancies is a criti-
cal intervention to mitigate the effects of ZAM. Efforts to 
prevent adverse Zika virus–related pregnancy outcomes in 
Puerto Rico are especially important because of limited re-
sources (40). Our analyses suggest that increasing access 
to a full range of contraception among women in Puerto 
Rico who want to delay or avoid becoming pregnant dur-
ing a Zika virus outbreak would be a cost-saving strategy 
to reduce the effects of ZAM. The magnitude of cost sav-
ings is even greater when considering the avoided cost of 
unwanted pregnancies prevented.
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Technical Appendix Table 1. Process for deriving the size of the target population for an intervention to increase access to 
contraception to women during the Zika virus outbreak, Puerto Rico, 2016* 

Parameter Estimate Source 

% Women of reproductive age in Puerto Rico at-
risk for pregnancy† (A) 

48.9%‡ (1) 

% Women at risk for pregnancy using 
contraception (B) 

88.1%‡ (1) 

% Women not using permanent method (female or 
male sterilization) among contraception users (C) 

48.8% (1) 

% Women of reproductive age in Puerto Rico at 
risk for pregnancy who are using nonpermanent 
contraception method (D) 

21.0% A  B  C 

% Women at risk for pregnancy not using 
contraception (E) 

11.9% 1 – B 

% No contraception users who do not intend to 
become pregnant (F) 

41.0% Calculated based on 55% of births being 
unintended in Puerto Rico and the adjusted 
contraception use distribution in Puerto Rico 

reported in 2015 
% Women who are at-risk for pregnancy, do not 
use contraception, and do not intend to become 
pregnant (G) 

2.4% A  F  E 

% Target population among all women of 
reproductive age in Puerto Rico (H) 

23.4% D + G 

Total population size of women of reproductive age 
in Puerto Rico in 2015 (I) 

695,365 US Census Bureau§ 

Target population size 163,000 (rounded) H  I 
*Women of reproductive age in Puerto Rico who are sexually active with a male partner, fertile, not desiring pregnancy, and not using permanent 
contraception methods (e.g., tubal ligation and vasectomy) 
†As in Bensyl et al. 2005 (1): women of reproductive age excluding persons who reported that they or their partner were pregnant, had a hysterectomy, 
were not sexually active, were too old to become pregnant, or were the same sex. 
‡2015 contraception use distribution in Puerto Rico is based on 2002 contraception use distribution by adjusting the percentage of women of reproductive 
age in Puerto Rico at risk for pregnancy (subtract 7%) and the percentage of women at risk for pregnancy using contraception (add 4%). The 
assumptions are based on a 36% reduction of birth rate among women 15–44 years of age in Puerto Rico during 2002–2015, the decline in teen 
pregnancies was the fastest of any age group in Puerto Rico during 2010–2014, the reported reasons for US teen pregnancy reduction (a mixed of 
reduction in sexual activity and increased use of contraception), and Puerto Rico Title X clinics showing an increase of women using Title X services 
during 2005 and 2015. 
§Data available at https://www.census.gov/popest/data. 
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Technical Appendix Figure 1. Decision tree structure indicating contraceptive method use distribution, 

unintended pregnancy events, and the frequency of Zika virus–associated microcephaly for a cohort of 

163,000 women at the time of an intervention to increase access to contraception to women during the 

Zika virus outbreak, Puerto Rico, 2016. ZAM, Zika virus–associated microcephaly. 
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The vertical axis shows the incremental (difference of the) costs per woman between the scenarios with 

and without the intervention. The horizontal axis shows the incremental (difference of the) healthy life 

years per woman between the scenarios with and without the intervention. The dots represent the 

incremental cost-effective ratio of each iteration. The area below the dashed line indicates that in the 

iterations the “with intervention” scenario are cost-saving. HLY, healthy life years. 
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