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Has contraceptive use at pregnancy an effect on the odds of
spontaneous termination and induced abortion? Evidence from
Demographic and Health Surveys

David A. Sanchez-Paez'

José Antonio Ortega’

Abstract

BACKGROUND

Contraceptive failure increases the chances of pregnancy termination, including both in-
duced abortions and spontaneous terminations. Proper separation requires accounting for
competing risks of pregnancy outcomes.

OBJECTIVE

To measure the differential risk of spontaneous termination and induced abortion accord-
ing to contraceptive use prior to pregnancy based on pooled Demographic and Health
Survey calendar data.

METHODS

‘We use multinomial logistic models controlling for demographic and socioeconomic vari-
ables to estimate the differential risk of spontaneous termination and induced abortion
according to contraceptive use at the time of pregnancy. We address data limitations
including recall error, omission error, and possible misclassification of outcomes.

RESULTS

We find higher risk of induced abortion (RRR = 7.18, CI = 6.38-8.09) and spontaneous
termination (RRR = 1.38, CI = 1.13-1.69) after contraceptive failure, with stronger effect
for women under 30. Parity, union status, education, and wealth have a strong effect on
induced abortion. Regarding spontaneous termination, age mainly explains the increased
risk.

CONCLUSIONS
Since pregnancies following contraceptive failure are less likely to end in a live birth,
aggregate models of the impact of family planning should reflect that contraceptive use
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and induced abortion conform interdependent strategies and that spontaneous termination
is a competing risk of induced abortion.

CONTRIBUTION

This is the first study reporting differences in the risk of spontaneous termination and
induced abortion according to contraceptive use prior to pregnancy. We account for com-
peting risks using a multinomial logit model of pregnancy outcomes conditional on preg-
nancy, new in the literature. Data limitations are addressed in novel ways.

1. Introduction

Fertility levels depend on the probability of pregnancies ending in a live birth. A compar-
ative study found the proportion of pregnancies not ending in a live birth ranging between
4.9% and 52.0% in 20 countries, with induced abortion accounting for the highest values
(Bradley, Croft, and Rutstein 2011). Pregnancy terminations include both spontaneous
termination (ST) and induced abortion (IA).

The main role of contraception is to prevent pregnancy. Pregnancies occurring while
using contraceptives are labeled as contraceptive failures and classified as unintended (Po-
lis et al. 2016). Unintended pregnancies are more likely to end in IA (Bankole, Singh,
and Haas 1998; Bradley, Croft, and Rutstein 2011). Non-users of contraception are more
heterogeneous: they include both women who want to become pregnant and those who
do not want pregnancy but cannot get contraception, having an unmet need for family
planning (United Nations 2014). There is evidence of positive correlation between con-
traceptive failure and pregnancy termination (Sadnchez-Paez and Ortega 2019), especially
in the case of IA (Marston and Cleland 2004; Cleland 2020), but less is known regard-
ing ST. Medical studies agree on the absence of causal effect of contraceptives on ST
(Jellesen et al. 2008; Waller et al. 2010) but find behavioral differences in prenatal care
leading to higher rates of ST (Cheng et al. 2009). Women whose pregnancies are unin-
tended have been found less likely to seek antenatal care or to give up smoking during
pregnancy (Kost, Landry, and Darroch 1998; Flower et al. 2013; Guliani, Sepehri, and
Serieux 2013; Smedberg et al. 2014; Ulrich and Petermann 2016).

Besides contraception, other factors have been connected to both IA and ST, which
should be considered when analyzing the effect of contraceptive use on pregnancy termi-
nation. In the case of IA, it is a choice associated with demographic characteristics (e.g.,
parity, marital status, age) and socioeconomic variables (e.g., education, wealth) (Ahmed
and Ray 2014; Dickson, Adde, and Ahinkorah 2018; Maharana 2017; Souza e Silva et
al. 2012). On the other hand, studies on ST, including both miscarriages and stillbirths,
focus mainly on socioeconomic (e.g., education, wealth), biological (e.g., age, parity),
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or health (e.g., illness, antenatal care) determinants (Ahmed and Ray 2014; Mosley and
Chen 2003; Nfii 2017).

A major methodological challenge is that live births, IA, and ST are competing out-
comes. An early ST makes a subsequent IA not necessary, and some pregnancies ending
in TA prevent a later ST (Potter, Ford, and Moots 1975; Meister and Schaefer 2008).
Therefore, estimates based on the proportion of pregnancies ending in an outcome with
no control for competing risks are biased. Different approaches have been proposed to
address competing risk: a trivariate probit model treating IA, ST, and live birth as separate
outcomes (Ahmed and Ray 2014); a multinomial logit to discriminate among IA decided
by medical persons, IA decided by others, and ST, conditional on pregnancy termination
(Maharana 2017); and a multinomial logit considering ST, IA, and ectopic pregnancy as
outcomes, conditional on pregnancy termination (Schwandt et al. 2011). In our opinion,
it is more natural to model the different pregnancy outcomes conditional on pregnancy for
three reasons. First, only in this way it is possible to include pregnancy level covariates
such as contraceptive use at pregnancy. Second, pregnancy termination occurs only in the
context of an existent pregnancy, and third, contraceptive use at pregnancy carries with it
a meaning of contraceptive failure that would not be present, for instance, in the trivariate
logit model of unconditional risk. Then, contraceptive use has two different simultaneous
effects: it reduces terminations by lowering the risk of pregnancy while increasing the
probability of IA conditional on pregnancy since the pregnancy is unintended. Our inter-
est in this research is not on the net effect but rather on the second effect on the probability
of pregnancy outcomes.

Recent research linking contraceptive use and pregnancy termination has revealed
that there is an increased risk of pregnancy termination when women are using contra-
ceptives at the time they become pregnant (Sdnchez-Pdez and Ortega 2019); however,
little is known in terms of the type of termination. Our study aims to fill the gap and
assess the effect of using contraceptives at the time of pregnancy on the risk of ST and
IA, accounting for the competing risk of pregnancy outcomes.

2. Data and methods

2.1 Data

Demographic and Health Surveys (DHS) have collected information on pregnancy his-
tories, contraceptive use, marriage, fertility preferences, child mortality, education, and
place of residence, among others, in developing countries since the 1980s (DHS Pro-
gram 2020). In most cases, surveys include a contraceptive calendar going back up to 72
months before the interview (DHS Program 2017). In this monthly calendar, women re-
port pregnancies, the outcome of those pregnancies (live birth or termination, which is our
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dependent variable), and contraceptive methods used. Thus, we can determine from the
contraceptive calendar whether contraceptives were used at the time of becoming preg-
nant, which is our variable of interest. About the other covariates, from the pregnancy
histories we calculate for each pregnancy the parity and number of previous terminations.
Regarding union status, we use a marital status calendar when possible; otherwise, we
impute it from current status and time and duration of the first union. Regarding age at
birth, we group women by five-year age groups, except for those aged 40-49 due to the
scarcity of pregnancies at those ages. Age at birth is equal to the mother’s age at birth
in pregnancies carried to term, and age at pregnancy plus nine months for terminated
pregnancies. Thus, the age groups are comparable to those standard in fertility analysis.
Information on education, wealth, employment, and place of residence refers to the time
of the survey.

We use all available DHS meeting our requirements. They include a contraceptive
calendar identifying the type of termination (ST or IA), pregnancy history, sample of
not in union women, and other covariates (education, wealth, employment, place of resi-
dence). Unfortunately, most DHS do not report the type of termination, mainly because
IA is highly restricted in most countries where DHS are collected. For this reason, the
more than 250 DHS including calendar data in our potential sample are reduced to 23
surveys, with only 16 including all the covariates.

2.2 Data limitations

Since calendar data is collected retrospectively, there could be additional limitations, in-
cluding recall error, omission error, and misclassification of outcomes. We address the
potential role of these effects based on current knowledge and devise methods to limit
their impact. Recall error in terminations has been identified in DHS by a systematic
pattern of decline in events registered when going back in time (MacQuarrie et al. 2018).
To address it, first, we limit our analysis to the most recent pregnancies to avoid data
with worse deterioration problems together with displacement around the cut off year
(Schoumaker 2014). Second, we include a recall error covariate in our analyses. This
variable is defined as the distance in years between the month when the pregnancy started
and the baseline month of nine months before the interview.

Omission errors differ by pregnancy outcome. Miscarriages, particularly those hap-
pening early in the pregnancy, can be missing due to ignorance of being pregnant, for-
getting, or cultural differences. As for IA, it could be either reported as a miscarriage —
misclassification — or omitted, especially in contexts where IA is highly restricted. On the
other hand, evidence shows underreporting of stillbirths in DHS calendar data of some
countries when compared to levels of early neonatal mortality (Bradley, Winfrey, and
Croft 2015). Regarding omissions in contraceptive use, in many DHS the contraceptive
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prevalence estimated from the calendar data is lower than the rates obtained from current
use from previous DHS (Bradley, Winfrey, and Croft 2015), suggesting that contracep-
tive use is underreported, which could bias our estimates downward, as some women who
do not report use may have been using. As omissions increase over time, we address this
problem by using the most recent pregnancies and only those DHS identified as consistent
(Bradley, Winfrey, and Croft 2015; MacQuarrie et al. 2018).

Regarding misclassification, one advantage of our data is that it can be detected by
an abnormal increase in reported ST among contraceptive users. Since users are at higher
risk of IA, this would suggest misclassification. We assess potential misclassification
problems by looking at changes in the conditional probabilities of outcomes according
to use. Figure 1 shows that the proportion of pregnancies ending in IA is higher than
that of ST among contraceptive users in all DHS, except for Kyrgyz Republic 2012 and
Colombia 2015. In these two surveys, an explanation in terms of A reported as ST makes
more sense than a large increase in the risk of ST. If the problem arises from a systematic
misclassification according to contraceptive use, it can severely bias our estimates since
a large proportion of reported ST could be IA. Otherwise, misreporting could be corre-
lated with socioeconomic and cultural factors that might be captured through the model
covariates. To avoid misclassification, we exclude both DHS from our sample.

After addressing the data limitations, our sample is reduced to seven DHS. Our
sample includes individual-level information of 18,472 pregnancies that started in the
period of 45 to 9 months before the interview (see Table 1). We exclude pregnancies
starting in the eight months preceding the survey to avoid right censoring. This leaves us
with an analysis period of 36 months.

2.3 Methods

A pregnancy can end either in birth, ST, or IA, with all three outcomes becoming com-
peting risks. Ignoring the competing nature of risks leads to biased estimates of all risks
(Potter, Ford, and Moots 1975; Meister and Schaefer 2008). In such multiple outcome sit-
uations, multinomial logit models provide consistent and efficient estimates when the as-
sumption of independence of irrelevant alternatives (IIA) is met (Cheng and Long 2007).
ITA implies that removing or adding an alternative does not alter the odds of the rest of
the alternatives. IIA is met in our specific context to the extent that in the absence of IA
the biological and behavioral risks for ST would still be there, and that the decision of IA
is taken irrespective of the possibility of an ST. The two multinomial equations therefore
have a clear separate interpretation, the first one — ST — as risk and the second one — IA
— as choice, with the relative risk of IA vs. ST, which is not strategic, implicitly modeled
as a competing risk.
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Figure 1: Percentage of pregnancies ending before live birth by contraceptive
use (only DHS with consistent calendars are shown)
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First we estimate a baseline model by including only our variable of interest: contra-
ceptive use at the time of pregnancy, i.e., pregnancy is the result of contraceptive failure.
From there we estimate four other models. The first one adds the age groups. Since
age gradients can be different for contraceptive users and non-users, the second model
adds the interaction of contraceptive use and age group. The third adds women’s demo-
graphic characteristics, such as marital status and reproductive history, summarized by
parity and the number of previous terminations. This last variable captures differential
risk for women who previously experienced terminations. Since there is little evidence
supporting the causality of IA on subsequent ST, our interpretation in the case of ST is a
biological predisposition, while for IA it would signal the acceptance of IA as a method to
avoid unintended births. The fourth model adds the socioeconomic variables (education,
wealth, employment, place of residence). All models include survey-level fixed effects
and controls for recall error.

We carry out a sensitivity test based on a permutation experiment to ascertain the
percentage of misclassification of pregnancy terminations of users required to replicate
our baseline estimates under the null of no effect of use on ST.
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3. Results

Table 1 provides the descriptive characteristics of the pregnancies in our sample. Preg-
nancy outcomes are distributed in 75.5% (n = 13,951) live births, 15.9% (n = 2,934)
IA, and 8.6% (n = 1,586) ST. Pregnancies resulting from contraceptive failure represent
10.6% (n = 1,951) of the sample, and 37.7% (n = 735) of them end in live birth. The
proportion of pregnancies ending in IA is 55.7% (n = 1,087) for users compared to only
11.2% (n = 1,847) for non-users. In contrast, the proportion of pregnancies ending in ST
is smaller for users (6.6%, n = 128) than for non-users (8.8%, n = 1,458).

Table 1: Characteristics of pregnancies and conditional probabilities of
outcomes
Total pregnancies Percentage ending in
termination
Total % of n Birth  Spontaneous Induced  p-value
Sample
Pregnancies (n) 18,472 100.0 75.5 8.6 15.9
Surveys
Albania 2008 1,049 5.7 83.9 8.5 7.6 < 0.001
Armenia 2005 1,848 10.0 47.6 6.5 45.9
Armenia 2015 1,559 8.4 67.4 9.7 229
Moldova 2005 1,851 10.0 55.7 10.8 33.5
Nepal 2011 3,804 20.6 85.0 7.5 7.5
Nepal 2016 3,797 20.6 80.1 10.6 9.3
Tajikistan 2017 4,563 247 84.0 75 8.5
Contraceptive use
Non-users 16,521 89.4 80.0 8.8 11.2 < 0.001
Users 1,951 10.6 37.7 6.6 55.7
Union status
In union 18,057 97.8 75.7 8.6 15.8 0.123
Not in union 415 2.2 69.9 9.5 20.5
Age group
<20 2,436 13.2 85.2 10.8 4.0 <0.001
20-24 6,814 36.9 82.9 7.6 9.5
25-29 5,156 27.9 731 8.3 18.6
30-34 2,596 14.1 65.7 8.1 26.2
35-39 1,122 6.1 54.2 9.8 35.9
40-49 347 1.9 42.2 15.9 41.9
Parity
0 6,011 325 86.8 10.3 29 < 0.001
1 5,277 28.6 81.0 8.3 10.8
2 3,863 20.9 61.5 7.0 31.5
3 1,822 9.9 61.6 6.8 31.7
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Table 1: Continued
Total pregnancies Percentage ending in
termination
Total % of n Birth  Spontaneous  Induced  p-value
Parity
783 4.2 61.7 6.9 31.4
5 394 241 67.5 9.7 22.9
6+ 320 1.7 66.4 13.9 19.8
Previous
terminations
0 11,033 59.7 81.1 8.6 10.3 < 0.001
1 3,565 19.3 70.6 8.2 21.2
2 1,754 9.5 67.6 9.2 23.2
3 958 5.2 65.2 9.3 255
4+ 1,162 6.3 58.1 7.8 341
Level of
education
No education 2,898 15.7 85.8 8.1 6.1 < 0.001
Primary 2,629 14.2 81.2 8.8 9.9
Secondary 9,739 52.7 721 8.2 19.7
Higher 3,206 17.4 72.0 10.0 18.0
Place of
residence
Urban 6,610 35.8 69.1 9.6 21.3 < 0.001
Rural 11,862 64.2 791 8.0 12.9
Currently
working
No 12,192 66.0 77.6 8.1 14.3 < 0.001
Yes 6,280 34.0 715 9.6 18.9
Wealth quintile
Quintile 1 3,761 20.4 77.9 8.1 14.0 < 0.001
Quintile 2 3,796 20.6 77.0 8.3 14.7
Quintile 3 3,844 20.8 78.8 7.9 13.3
Quintile 4 3,768 20.4 74.4 9.1 16.5
Quintile 5 3,303 17.9 68.7 9.6 21.6

Note: Excluded DHS due to missing covariates are Armenia 2000, Kazakhstan 1999, Philippines 1998, Turkey
1993, Turkey 1998, Vietnam 1997, and Vietnam 2002. Excluded DHS due to potential misclassification errors are
Colombia 2015 and Kyrgyz Republic 2012. Excluded DHS due to inconsistency are Armenia 2010, Azerbaijan 20086,
Indonesia 2012, Philippines 2003, Tajikistan 2012, Turkey 2003, and Ukraine 2007.

Table 2 presents estimates of relative risk ratios (RRR) and 95% confidence intervals
(CI, here presented in brackets) from the baseline model. Regression from the selected
sample shows that users have a higher RRR of experiencing ST — 1.38 [1.13-1.69] — than
non-users. Likewise, users recur more frequently to IA in a ratio of 7.18 [6.38-8.09]. On
the right of Table 2, we present the baseline model including the 23 DHS — a potential
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sample including possibly inconsistent data. Estimates show similar coefficients to those
of the consistent sample: RRR =7.25 [6.84-7.68] for IA and RRR = 1.31 [1.22-1.41] for
ST. In this respect, it seems that our findings are robust and could be generalized to other
countries.

Table 2: Relative risk ratios (RRR) from baseline model, using multinomial
logistic regression accounting for competing risk (Birth is the
reference)

Selected sample Potential sample

Spontaneous Induced Spontaneous Induced
RRR 95%ClI RRR 95%ClI RRR 95%Cl RRR 95%Cl

Contraceptive

use

Non-users  1.00 1.00 1.00 1.00

Users 1.38 1.13-1.69 7.18 6.38-8.09 1.31 1.22-1.41 725 6.84-7.68
Recall error

Peryear 0.93 0.87-0.98 0.93 0.88-0.98 0.95 0.92-0.97 0.96 0.93-0.98

Fixed effect
Survey yes yes yes yes

A replication experiment provides an additional sensitivity test of the extent to which
the positive coefficient of use on ST could be due to missclassification of outcomes among
users. We have randomly switched a fraction of declared ST to IA among users to ascer-
tain the level of misclassification required to shrink the estimated effect to zero. In the
case of the selected sample, 21.5% of ST would have to be switched, and 24.8% of the
potential sample.

Table 3 shows the models progressively introducing controls for demographic and
socioeconomic variables into the baseline model. Controlling for age (model 1) leads to
lower estimates of contraceptive use compared to the baseline model for both ST (RRR
=14, CI =1.1-1.7) and TA (RRR = 6.3, CI = 5.5-7.1). Age gradients show V-shaped
trends in the case of ST, with minimum risk at ages 20-24, and increasing with age for
IA, suggesting that older women are more at risk of induced abortion.
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Figure 2: Estimated age profiles of pregnancy outcomes according to
contraceptive use without (model 2) and with (model 4) control for
demographic and socioeconomic characteristics
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Coefficients for interacted variables in models 2 to 4 are best interpreted collectively
in Figure 2. Only models 2 and 4 are shown due to the similarity of models 3 and 4.
Regarding IA, model 2, with no controls, shows that the risk increases with age for both
users and non-users. In contrast, model 4 shows relatively flat decreasing patterns with
maximum levels for younger women in the case of users, and a U-shaped pattern with
minimum levels at ages 25-34 for non-users. The large reduction in the coefficients is
mostly connected to the effects of parity and union status, with women at high parities
much more likely to recur to IA. Controlling for parity, model 4 suggests that younger
women experiencing contraceptive failure are more likely to recur to IA. Regarding ST,
there are differences by contraceptive use. For users, there is higher risk among women
aged 25-29, while for non-users, the risk increases with age from ages 20-24. Controlling
for demographic and socioeconomic characteristics has little impact on the age patterns.
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Regarding the rest of the variables in Table 3, a higher number of previous termi-
nations is connected with a higher risk only in the case of IA. According to level of
education, women with no education have lower risk of both IA and ST. The risk of IA

presents an inverted U-shaped pattern, while the risk of ST is similar for all education
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levels. Wealth quintiles show higher risk of termination for richer women, especially
for IA. Women currently working are also more likely to experience terminations, with
stronger effects for IA. There are no differences in the risk by place of residence. Recall
error seems to be present in all cases, with estimates of comparable magnitude for ST and
IA.

4. Discussion

This study presents original estimates of the differential risk of ST and IA according to
contraceptive use at pregnancy using, for the first time in this context, a multinomial logit
model for pregnancy outcomes conditional on pregnancy. It is also the first comparative
study making use of the information contained in DHS calendar data. Since some DHS
have showed inconsistencies in calendar data, we have used only surveys meeting all our
quality requirements, ruling out those with suspected or confirmed unreliability. More-
over, we have used controls to minimize potential biases due to common problems when
collecting retrospective data.

The share of pregnancies not ending in live birth in our sample is within the ranges
reported in the literature (Bradley, Croft, and Rutstein 2011; Sanchez-Péez and Ortega
2019). Atthe survey level, pregnancy termination ranges between 15.0% and 52.4%, with
the incidence of IA explaining most of the differences. Consistent with previous findings
(Bankole, Singh, and Haas 1998; Bradley, Croft, and Rutstein 2011; Marston and Cleland
2004; Sanchez-Pdez and Ortega 2019), our estimates show a link between contraceptive
failure and pregnancy termination, not only by IA but also by ST. Although contraceptive
use has increased in the last decades, there is still a large share of pregnancies considered
as unintended, many due to contraceptive failure (Polis et al. 2016). Regarding ST,
since medical studies do not find a causal effect of contraceptive use on miscarriages, one
explanation for the increased risk could be a difference in antenatal behavior when the
pregnancy results from contraceptive failure (Kost, Landry, and Darroch 1998; Flower
et al. 2013; Guliani, Sepehri, and Serieux 2013; Smedberg et al. 2014; Ulrich and
Petermann 2016). Nevertheless, age appears as the main determinant for ST even after
including controls. This result is subject to bias if IA is misclassified as ST. The small
change in patterns of ST by age after introducing controls, in contrast to IA, suggests that
misclassification is not that important. Misclassification would have to be very intense,
more than 20% of declared ST and only among users, to explain the estimates if there
were really no effect. Further research is needed.

Including demographic and socioeconomic variables, in particular age gradients by
use, has allowed us to identify combined strategies of contraceptive use and IA in birth
prevention. After controls, parity and union status become more relevant than age on
the decision to abort. Regarding ST, age gradients seem more connected to biological

http://www.demographic-research.org 891


http://www.demographic-research.org

Sdnchez-Pdez & Ortega: Contraceptive use and the odds of spontaneous termination and induced abortion

factors than to behavioral factors, especially at older ages. More educated women living
in urban areas with a higher wealth status are more likely to recur to IA, since they
might have better access and be more knowledgeable of available options (Lesthaeghe
and Vanderhoeft 2001; Westoff 2005). In the case of ST, we find patterns of higher risk
for nulliparous women.

Our sample includes exclusively countries where laws about IA are less restrictive
and that share certain historical and political characteristics. In this context, previous
research has argued that in Armenia, Kazakhstan, and Nepal, contraception and abortion
act as substitutes, increasing the odds of TA (Westoff 2000; Westoff et al. 2002; Miller
and Valente 2016). In order to evaluate the external validity of our results, we have
provided estimates for a more diverse sample of countries where there could be concerns
regarding the reliability of the data. We obtain results that are qualitatively the same as,
and quantitatively very similar to, those obtained using only data known to be consistent.

Our research has implications regarding methods for estimating the impact of con-
traceptive use on abortion and pregnancy outcomes. A first implication is that contracep-
tive use and IA are dependent strategies, and this perspective should be used in models
intended to provide IA estimates (Cleland 2020). Second, since IA and ST are compet-
ing risks, scenarios that change one probability while keeping the other constant are not
realistic. That is the case with many aggregate models, partly due to little evidence on
ST.
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