ABSTRACT

Objectives. This study analyzed
the long-term association between
religious attendance and mortality to
determine whether the association is
explained by improvements.in health
practices and social connections for
frequent attenders.

Methods. The association be-
tween frequent attendance and mor-
tality over 28 years for 5286 Alam-
eda County Study respondents was
examined. Logistic regression mod-
els analyzed associations between

attendance and subsequent improve-

ments in health practices and social
connections.

Results. Frequent attenders had
lower mortality rates than infrequent
attenders (relative hazard [RH] =
0.64; 95% confidence interval [CI] =
0.53, 0.77). Results were stronger for
females. Health adjustments had little
impact, but adjustments for social
connections and health practices re-
duced the relationship (RH = 0.77;
95% CI = 0.64. 0.93). During follow-
up, frequent attenders were more
likely to stop smoking, increase
exercising, increase social contacts,
and stay married. '

Conclusions. Lower mortality
rates for frequent religious attenders
are partly explained by improved
health practices. increased social con-
tacts, and more stable marriages
occurring in conjunction with atten-
dance. The mechanisms by which
these changes occur have broad
intervention implications. (Am J Pub-
lic Health. 1997;87:957-961)
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Introduction

- Associations between religious affili-
ation and mortality have been analyzed
since Durkheim’s 1897 comparison of
suicide rates among Catholics. Protes-
tants, and Jews.! Most commonly, mortal-
ity rates of selected religious groups are
compared with those of the general
population, and lower mortality rates have
been found for members of behaviorally
strict denominations, such as Mormons
and Seventh Day Adventists.> These
groups prescribe such health practices as
not smoking cigarettes or drinking alco-
hol.*# More generally, the emphasis placed
by many religions on respect for one’s
body and moderation in behavior implies
that adherents will be more likely to adopt
good health practices.’ Social and psycho-
logical factors may also be important: a
recent study attributed the considerably
lower mortality in religious kibbutzim
compared with secular kibbutzim in Israel
to a social environment that caused less
stress, enhanced host resistance, and
improved well-being.®

Over the past 2 decades, increased
interest has been shown in measuring

religiosity by the frequency of attending .

services (usually dichotomized as once a
week or more vs less) rather than by
affiliation.” Frequent attendance was asso-
ciated with lower mortality for females
(but not males) in the Tecumseh Commu-
nity Health Study, lower 2-year mortality
rates in a sample of elderly poor, and
lower cause-specific mortality rates for
arteriosclerotic heart disease, suicide, cir-
rhosis of the liver, and emphysema among
a variety of groups.®-' More frequent
religious attendance has been associated
with less depressive symptomatology,
lower blood pressure, better perceived
health. and higher life satisfaction.!*-'6

For Mormon women, higher church activ-
ity was associated with lower rates of lung
cancer.” More broadly, higher activity
has been associated with lower mortality
rates among the elderly.'3

As suggestive as these studies are,
they often suffer from methodological
difficulties, such as employing cross-
sectional designs and omitting adjust-
ments for likely confounders.'® Disabled
persons may be less likely to attend
religious services, yet health status is
rarely assessed. The observed lower mor-
tality rate for frequent attenders in one
study disappeared after 6 years of follow-
up, suggesting that better health status at
baseline might have been a confounder.
Other potential confounders include so-
cial connections and such health practices
as exercising and not smoking, If persons
with good health practices and stronger
social connections also attend religious
services, observed differences in mortality
between attenders and nonattenders might
be explained by the healthier practices and
stronger connections of the attenders.

However, it is also possible that
health practices and social connections
are intervening variables that lie on the
causal pathway between attendance and
mortality.”! Frequent attendance may fa-
cilitate the adoption of better health
practices and stronger social connections
over time. Examining the timing of
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adopting better health practices and
strengthening social connections in rela-
tion to attendance would help clarify the
causal pathways involved.

The analyses reported here address
previous methodologic difficulties by ex-
amining the association between frequent
religious attendance and mortality over 28
years and by including likely confound-
ers. Changes in health, health practices,
and social connections are assessed to
determine whether these factors explain
any observed association.

Methods

Study Population

A longitudinal study of health and
mortality, the Alameda County [Califor-
nia] Study has followed 6928 persons
aged 16 to 94 at baseline since 19653
Survivors were resurveyed in 1974, 1983,
and 1994, Response rates for the four
surveys starting in 1965 were 86%, 85%,
87%, and 93%, respectively.

Mortality analyses (n = 5286) are
based on respondents aged 21 through 65
at baseline in 1965 who had no missing
values on any of the variables used in the
statistical models. Mean age was 39.8:
52.8% were female, and 12.7% were
Black. Analyses for improvements in
health practices, body mass index, and
social contacts are based on 2540 survi-
vors who responded to the 1994 question-
naire: their mean age was 65.3 (range 50
through 94).

Measures

Measures were selected from those
that were included in all four surveys and
that had demonstrated associations with
mortality.

Attendance. Frequent attenders were
defined as those who went to religious
services once a week or more and
constituted 25.1% of the sample in 1965.
For infrequent attenders in 1965, 31%
said they never attended, 38% went only
once or twice a year, and 31% went once
or twice a month. The dichotomous split
between frequent and infrequent attenders
was relatively stable over time: among
survivors, 58% of 1965 frequent attenders
were still frequent attenders in 1994, and
86% of 1965 infrequent attenders were
still infrequent attenders in 1594.

Adjustment variables. Because fre-
-quency of attendance was higher for some
religious groups than others, religious
affiliation was included as a control and
coded as Protestant, Catholic, Fundamen-
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talist, Seventh Day Adventist/Mormon,
and others/none. Small numbers for some
groups precluded more detailed coding.
Sociodemographic variables included age,
gender, ethnicity, and education. Health
variables included mobility impairment
(trouble climbing stairs or going out-
doors), perceived health (good or excel-
lent vs fair or poor), depression (score of 5
or more on the scale developed by Roberts
and O’Keefe),®® and a count of the
presence in the past 12 months of
diabetes, cancer, stroke, heart disease,
bronchitis, or high blood pressure.

Health practices and conditions. The
ones assessed included cigarette smoking
(current, former, or never), physical exer-
cise (often, sometimes, or never walk,
swim, do physical exercise, or do sports
for exercise), and alcohol consumption
(abstain, 1 to 45 drinks per month, over 45
drinks per month). The body mass index
(weight in kilograms divided by height in
meters squared) was used to divide
subjects into weight quintiles by gender:
those in the upper quintile were consid-
ered overweight; those in the lower
quintile were considered underweight. All
of these practices and conditions have
been shown to predict both mortality and
morbidity,2225-28 '

Social connections. These included
three from the Social Network Index:
marital status (married vs not married),
close social contacts (seeing three or- more
close friends or relatives at least once a
month vs fewer than three), and group
memberships (belonging to three or more
nonreligiously associated groups vs fewer
than three). This index and its components
have been shown to predict mortality and
physical functioning. 233

Improved health practices, increased
social contacts, and stable marriages
from 1965 to 1994. Improved health
practices included quitting smoking by
1994 for those smoking in 1965; in-
creased exercise by 1994 for those exercis-
ing never or only sometimes in 19635;
being no longer in the top body mass
index quintile in 1994 for those in the top
body mass index quintile in 1965; and
reduced alcohol consumption for those
having more than 45 drinks per month in
1965. Increased social contacts included
increased numbers of close friends and
relatives seen each month for those seeing
fewer than three in 1965 and increased
nonreligious group memberships for those
belonging to fewer than three in 1963.
Marital stability was measured in terms of
whether 1994 respondents were married

to the same person they had been married
to in 1965.

Statistical Analyses

Baseline associations between fre-
quent attendance and adjustment variables
were analyzed with percentages and
unadjusted odds ratios.

Cox proportional hazards models
with time-dependent covariates were used
to analyze the relationship between atten-
dance and mortality,** This method
takes into account changes in attendance
and adjustment variables reported at each
new survey during follow-up. Survival
times were censored at loss to follow-up
or at end of study. Deaths were included
through 1993 and numbered 770. Four
sequential models were used to assess the
relative impacts of the adjustment vari-
ables on the relationship between atten-
dance and mortality. The first model
included age. gender, ethnicity, education,
and affiliation as adjustments. The second
model added health conditions; the third
added social connections; and the fourth
added health practices. Gender differ-
ences in outcomes and gender-specific
associations between attendance and mor-
tality were assessed by adding gender-by-
attendance interaction terms to the models.

Multiple logistic regression was used
to assess associations between attendance
and 1965-through-1994 changes in health
practices. body mass index, and social
connections. Adjustments included age,
gender, ethnicity, religious affiliation, edu-
cation. and health conditions.

Results

Baseline Associations and Mortality

Table | presents associations be-
tween baseline characteristics and fre-
quent attendance. Females and Blacks
were more likely to attend frequently, as .
were those who were mobility impaired
and not depressed. Marriage was not
associated with frequent attendance, but
both number of close social contacts and
group memberships were. While there
was no association for exercise, smokers
and heavy drinkers were much less likely
to be frequent attenders. Overweight
persons were more likely to be frequent
attenders.

Table 2 presents the results of the
Cox proportional hazards analyses using
time-dependent covariates. Frequent at-
tenders had lower mortality rates than
nonattenders when only age, gender,
ethnicity, education, and affiliation were
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included as adjustments (relative hazard
[RH] = 0.64: 95% confidence interval
|CI] = 0.53. 0.77). There were modest
reductions in this relationship when health
conditions (Model II} and social connec-
tions (Model III) were added. When
adjustments for health practices and body
mass index were included (Model IV), the
relationship between frequent attendance
and mortality became weaker (RH = 0.77;
95% CI = 0.64, 0.93) though still statisti-
cally significant.

The data from Table 2 also indicate
that the relationship between frequent
attendance and mortality was stronger for
females than for males. For males, the
inclusion of all covariates made the
relationship between frequent attendance
and mortality no longer statistically signifi-
cant (RH = 0.90: 95% CI = 0.70. 1.15).
The relationship between frequent atten-
dance and mortality remained statisticalty
significant for females even when all
covariates were included (RH = 0.66:
95% CI = 0.51.0.86).

Changes in Health Practices and
Social Contacts for Survivors

Table 3 presents the results compar-
ing frequent and infrequent attenders on
improvements in health practices, body
mass index, and social connections be-
tween 1965 and 1994. Frequent attenders
who smoked in 1965 were nearly twice as
likely as infrequent attenders to stop (odds
ratio [OR] = 1.90: 95% CI = 1.27, 2.85).
Frequent attenders who exercised never or
only sometimes in 1965 were over 4 third
more likely to increase their frequency of
exercise (OR = 1.38; 95% CI = 1.08,
1.77). The odds ratios for reducing
drinking by 1994 and for no longer being
overweight favored frequent attenders,
but small numbers made the resulting
confidence intervals wide.

Frequent attenders showed greater
stability or improvement on the three social
measures than infrequent attenders. They
were more likely to stay married to the
same person (OR = 1.79: 95% CI = 1.36.
2.35): those with few group memberships
were more likely to increase memberships
(OR = 1.58: 95% CI = 1.21, 2.06): and
those with few close contacts in 1965 were
50% more likely to increase their contacts
(OR = 1.50;95% CI = 1.02.2.21).

Discussion

Using time-dependent covariate sur-
vival models. this study demonstrated
lower mortality rates over nearly 3 de-
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TABLE 1—Percentage of Study Participants Reporting Frequent Attendance
at Religious Services at Baseline in 1965, by Selected
Characteristics, Alameda County, California

% Frequent
1965 Variable Value No. Attendance OR 95% Cl
Demographics
Gender Female 2789 29.4 1.62 1.42,1.84
Male 2497 20.4 .
Years of education =12 3682 24.9 0.96 0.84,1.10
<12 1604 25.6
Ethnicity Black 672 33.9 1.64 1.38,1.95
All others 4614 239
Physical and mental healith
Mobility impaired Yes 187 353 1.66 1.22,2.25
No 5099 24.8
Chronic conditions =1 767 26.2 1.07 0.90,1.27
0 4519 25.0
Perceived health Fair or poor 860 25.8 1.04 0.88,1.23
Excellentorgood 4426 25.0
Depressed Yes 724 22.5 0.85 0.70,1.02
No 4562 25.6
Social connections
Married Yes 4162 25.5 1.09 0.94,1.27
No 1124 23.8 .
Close social contacts 3+ 3506 27.3 142 1.24,1.63
<3 1780 20.9
Group memberships 3+ 2574 27.0 121 1.07,1.37
<3 2712 23.4
Health practices .
Smoke cigarettes Yes 2569 16.6 0.40 0.35,0.46
. No 2717 33.2
Exercise often Yes 1930 25.0 0.99 0.87,1.12
No = 3356 252
Alcohol consumption ~ >45 drinks/month 843 145 045 0.37,0.56
=45 4443 27.2
Weight (measured as  Highest quintile 1036 30.9 1.44  1.24,1.67
body mass index) Lower 4 quintiles 4250 23.7
Note. Odds ratios (ORs) and confidence intervals (Cls) indicate the likelihood of frequent
attendance for those in indicated row category compared with those in the row immediately
below.

cades for frequent religious attenders
compared with infrequent attenders, even
with adjustments for mental and physical
health during follow-up. Adjusting for
social connections had only a modest
impact; the association between atten-
dance and mortality was reduced when
health practices were added as adjustments,
but remained statistically significant.
Several potentially important .vari-
ables to further assess the pathways by
which religiosity might have an impact on
health were not available to us. Religios-
ity may affect health through psychologi-
cal means, such as an improved sense of
coherence, a belief in the therapeutic
value of faith, or by a stronger host
resistance to the impact of stressors on

mental and physical health.* Quality,
rather than quantity, of social relation-
ships may also be important. Such con-
cepts stress the intrinsic aspects of religios-
ity as opposed to the extrinsic or

" organizational aspects measured in our

analysis.*” Using such measures with our
methodology might prove fruitful.

Gender Differences

The observed associations between
frequent attendance and mortality were
stronger for females than for males, a
finding consistent with results in the
Tecumseh Community Health Study®
Past studies of American religiosity have
reported that women attend services more
frequently- than men and evidence a
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TABLE 2—Multivariate Sequential Models Using Time-Dependent
Covariates to Compare Mortality Rates for Frequent vs Infrequent
Attenders of Religious Services during 28 Years of Follow-Up

practices, body mass
index

Total Sample Females? Males?
(n = 5286) (n = 2789) (n = 2497)
Model and Covariates RH 95% Cl RH 95% ClI RH 95% ClI
I: Age, gender, ethnicity, 0.64 0.53,0.77 054 042,070 076 0.60,0.97
education, religious ’
group ‘
1i: Model | plus health 0.67 056,080 056 043,073 080 062, 1.02
conditions
Il: Model 1l pius social 069 057,083 0.57 044,074 0.82 0.64,1.05
connections
IV: Model lll plus health  0.77 0.64,093 0.66 0.51,0.86 0.0 0.70,1.15

(Model Hi), and .08 (Model IV).

Note. RH = relative hazard; Cl = confidence interval.
aRH and Cl for males and females estimated from a single model containing gender by
attendance interaction term; P values for this interaction term were .05 (Models | and I1), .04

TABLE 3—Improved Health Practices, Social Connections, and Stable
Marriages over 29 Years for Frequent Attenders of Religious
Services in 1965 Compared with Infrequent Attenders

1994 Outcome

Frequent Attenders
No. OR 95% ClI

Improved health practices/conditions

Stopped smoking (for those smoking in 1965) 1061 1.90 1.27,2.85

Reduced drinking <45 drinks/mo (for those >45 350 1.66 0.77,3.58
drinks/mo in 1965)

Increased exercise (for those exercising never or - 1486 138 1.08,1.77
only sometimes in 1965)

No longer in top body mass index quintile (for those 355 137 080,235
in top quintile in 1965)

Stable marriages, increased social connections

Stayed married to same person (for those 2007 179 1.36,2.35
married in 1965)

Increased nonchurch community group 1701 158 1.21,2.06
memberships to .
3+ or more (for those belonging to <3 in 1965)

150 1.02,2.21

Increased number of close friends/relatives seen each 779
month to 3+ (for those seeing <3 in 1965) :

and depression,

Note. Odds ratios (ORs) and confidence intervals (Cls) are based on logistic regression
models comparing those who attended religious services once a week or more in 1965 with
those who attended less often or not at ail. Models adjust for 1965 age, gender, ethnicity,
education, religious affiliation, chronic conditions, mobility impairment, perceived heaith,

stronger religious commitment.3®3° More
salient to the analyses here is that more
women report using religion as a coping
mechanism for dealing with life stress.*?
There is also evidence that religious
involvement has stronger protective asso-
ciations for disability and depression
among older women than among older
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men.*! Given the much higher proportion
of widowhood among older women,
religious organizations may act to fill an
otherwise unmet social-support need.
Koenig suggests that religiosity is more
important for women because of their
lower social status; Idler suggests that
such differences stem from the more

general tendency of women to seek and
use social interaction to cope with ill-
ness.*'*2 Further analyses of this gender
difference could provide etiologic insights
to better explain the relationship between
religiosity and mortality.

Are Health Practices and Social
Connections Confounding or
Intervening Variables?

Health practices and social connec-
tions could either confound the relation-
ship between attendance and mortality
(persons with good health practices and
stronger social connections are frequent
attenders of religious services) or act as
intervening variables on a causal pathway
between attendance and mortality. We
found support for both possibilities but
somewhat stronger evidence for the inter-
vening model. At baseline, frequent attend-
ers were much less likely than infrequent
attenders to smoke cigarettes or drink
heavily, and among those frequent attend-
ers who smoked or drank heavily at
baseline, more were likely to stop these
activities during follow-up. Both baseline
differences and differential improvements
during follow-up were also found for the
two social-connections measures. For
exercise and marital status, there were no
baseline differences, yet frequent attend-
ers who exercised little at baseline were
more likely to increase, and those married
were more likely to stay married to the
same person. Frequent attenders may
have lower mortality rates because they
adopt better health practices, increase
their social connections, and have more
stable marriages in conjunction with their
religious attendance. Attendance at reli-
gious services could also have influenced
health practices and increased social .
contacts before the study began.

The adjustment for health practices
reduced the relationship between frequent
attendance and mortality more than did
the adjustment for number of social
connections, although it is possible that
the latter relationship would have been
stronger if information had been available
on the quality of social connections. The
stronger impact of health practices in our
analyses is consistent with cross-sectional
results from the Yale Health and Aging
Project, which used health rather than
mortality as an outcome. On the other
hand, Kark et al. reported that health
practices were not responsible for the
sharply lower mortality rate in religious vs
secular Israeli kibbutzim.® Differences in
relative importance between health prac-
tices and social ties could reflect differen-
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tial measurement, the comparison groups
used, or a real difference in impact. This
issue should be researched further.

Public Health Implications

If, as our analyses indicate, frequent
religious attendance does facilitate the
adoption of better health practices, the
mechanisms involved have broad public
health implications. Religious organiza-
tions are frequently involved in public
health campaigns and supportive pro-
grams to assist marginal members of their
communities. The American Public Health
Association has set up an initiative to
form new partnerships with faith commu-
nities to better coordinate such activi-
ties.** The initiative stresses the roles of
religious organizations in communities as
well as impacts on their members, Under-
standing ‘how these organizations affect
behavior and attitudes of their own mem-
bers could help us understand why some
individuals adopt good health practices
while others do not. Possible mechanisms
by which such organizations influence
good health practices include peer influ-
ence, increased self-esteem, increased
sense of perceived control, prescribed
practices, and a general philosophical
outlook that values social ties and treating
one's body with respect. Further research
is needed to identify the specific mecha-
nisms involved and determine whether they
are limited primarily to active mem bers of
these organizations or extend more broadly
into the communities around them. [J
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Routine Prenatal Screening for
Congenital Heart Disease:
What Can Be Expected?
A Decision-Analytic Approach

ABSTRACT

Erik Buskens, MD, PhD, Ewout W. Steverberg, PhD, John Hess, MD, PhD, Jury

Objectives. This study assessed
the potential impact of fetal ultra-
sound screening on the number of
newborns affected by cardiac anoma-
lies.

Methods. A decision model was
developed that included the preva-
lence and history of congenital heart
disease, characteristics of ultrasound,
risk of abortion, and attitude toward
pregnancy termination. Probabilities
were obtained with a literature sur-
vey; sensitivity analysis showed their
influence on expected outcomes.

Results. Presently, screening
programs may prevent the birth of
approximately 1300 severely af-
fected newborns per million second-
trimester pregnancies. However, over
2000 terminations of pregnancy
would be required, 750 of which
would have ended in intrauterine
death or spontaneous abortion. Fur-
ther, 9900 false-positive screening
results would occur, requiring refer-
ral. Only the sensitivity of routine
screening and attitude toward termi-
nation of pregnancy appeared to
influence the yield substantially.

Conclusions. The impact of
routine screening for congenital heart
disease appeared relatively small.
Further data may be required to fully
assess the utility of prenatal screen-
ing. (Am J Public Health. 1997:87:
962-967)
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W, Wiadimiroff, MD, PhD, and Diederick E. Grobbee, MD, PhD

Introduction

Over the last decade many reports
have appeared on the possibilities of
ultrasound for prenatal detection of con-
genital heart disease, but few authors have
tied to assess the actual yield of a
screening program for cardiac anoma-
lies."'% It is important to distinguish
between a limited screening procedure

offered routinely to all pregnant women °

(population approach) and extensive fetal
echocardiography offered to those at
(high) risk for - fetal congenital heart
disease.

In the population approach, all preg-
pant women undergo routine ultrasound
examination at a certain optimal gesta-
tional age. When a congenital anomaly is
suspected, referral to establish a diagnosis
and appropriate obstetric policy follows.
The screening procedure currently advo-
cated for routine evaluation of the fetal
heart is the four-chamber view at 16 to 24
weeks of pregnancy.*®

The high-risk approach is generally
accepted and offers extensive fetal echo-
cardiography to selected women, in par-
ticular to those women with a history of
congenital heart disease in their offspring
or those who appear during routine
screening to be carrying an affected
fetus.!® Anomalies encountered in the
high-risk group tend to be more serious
and complex. In addition to the four-
chamber view, the cardiac connections
and functional status are evaluated.'®
Obviously, this can only be accomplished
by skilled experts during a lengthy and
detailed examination.

To justify routine prenatal screening
in low-risk pregnancies with subsequent
extensive ultrasound examination in case

of suspected fetal pathology. an assess-
ment of the efficiency of such a program is
needed. Presently, however, a favorable
effect of routine fetal ultrasound including
a four-chamber view evaluation is as-
sumed. Routine fetal ultrasound is now
offered to the majority of pregnant women
in several countries, including the Nether-
lands. To our knowledge, this policy has
not been preceded by an appropriate
evaluation. Medical decision analysis of-
fers a possibility for integrating and
analyzing the influence of the efficacy of
screening, the risks for the affected fetus,
and societal or parental attitudes on the
expected distribution of outcomes of
pregnancy in a low-risk population.

We set out to assess whether the
advantages of prenatal detection of car-
diac anomalies by means of ultrasound
examination are sufficiently clear to merit
screening of pregnant women at low risk
for congenital heart disease in their
offspring.
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Methods
Structure of the Model

The present report proceeds from an
inventory of data available in the litera-
ture. These data have been introduced into
a decision analysis model centered on the
problem of whether to offer routine fetal
echocardiography to pregnant women at
low risk. Decision Maker software (New
England Medical Center, Boston, Mass,
1988) was used to structure the model.
The options and chances future parents,
clinicians, and policymakers face at 16 to
24 weeks’ gestational age are conveyed
(Figure 1). The high-risk approach as a
separate option was not included in-the
model, as its merits have been estab-
lished.58-17-20 In addition, as spontaneous
abortion or intrauterine death prior to a
prenatal diagnostic procedure is not ame-
nable to intervention, this possibility was
not evaluated. The probability of an
affected fetus (with minor or major
congenital heart disease) was considered
in the model at the first chance node. The
subsequent chance node in the model
represents routine fetal echocardiography.
Given a malformation in the fetus, the
chance of a positive test result is the
sensitivity. Similarly, the chance of a
negative test given the absence of malfor-
mations is the specificity.

The subsequent branch of the model
represents referral on suspicion of an
anomaly at initial screening. Extensive
fetal echocardiography is offered to those
screened and found to have a suspected
fetal anomaly. Also, those presenting
pregnancy pathology—for example,
growth discrepancy, lack of fetal move-
ments, or abnormal fetal heart rate—are
referred. For the model we assumed that
extensive fetal echocardiography would
in general reveal previous false-positive
diagnostic errors (100% specificity). This
appears to be a reasonable simplification
of the model. since further diagnostic tests
or termination of pregnancy are not
offered unless a (serious) fetal anomaly is
indeed suspected. Nonadoption of screen-
ing implies that extended ultrasound is
available only in the event of clinically
suspected fetal or pregnancy pathology.
Similar to the test characteristics of
routine screening, the test characteristics
of extensive fetal echocardiography have
been applied in the model.

In case an anomaly is confirmed at
extensive fetal ultrasound examination,
chorion villus sampling, amniocentesis, or
cordocentesis is offered. These techniques
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Note. Top section represents main tree structure with central decision between screening and
no screening. Subsequent sections represent major branches leading to various outcomes.
The letters a through jrefer to corresponding probabilities in Table 1.

O = chance node; [] = decision node; B = outcome; 4 = implicit action; minor = minor
anomaly; major = major anomaly; CHD = congenital heart disease; screen = test result of
prenatal ultrasound screening; tertiary = test result of extensive ultrasound examination.

*This chance node could also be represented by a decision node as it is an option (parental)

to terminate pregnancy after detection of a severe anomaly.

for congenital disease.

FIGURE 1—Outline of the decision model for prenatal ultrasound screening

have a low risk of induced abortion. This
risk is represented by the corresponding
chance node in the model.

The next step is the decision parents
face when confronted with the diagnosis
and prognosis of their fetus. They may
choose to terminate the pregnancy or
carry to term. Obviously, an unaffected
fetus or a fetus with minor anomalies is
likely to be carried to term. In case the
gestation of a fetus with congenital heart
disease is continued, two outcomes are
possible: intrauterine death or a live infant
with a cardiac anomaly. As a result of the
anomaly the infant may die postnatally.
The risk of a fatal outcome is again
represented by a chance node. The situa-
tion is essentially similar if parents
informed of the presence of a fetal
anomaly decide not to terminate the
pregnancy, if an anomaly is not detected,
or if screening is not offered.

Assignment of Probabilities

All variables used in the model are
summarized in Table 1. A number of

problems in the assignment of probabili-
ties need to be discussed. An estimate of
the chance of a fetus with congenital heart
disease is preferably based on the preva-
lence of cardiac anomalies at 16 to 24
weeks® gestation. However, while the
prevalence of congenital heart disease at
birth is well documented, reliable esti-
mates at about 20 weeks’ gestational age
are sparse. We assumed that newborns
‘with a birth prevalence of cardiac anoma-
lies of approximately 0.008*' originated
from a larger cohort of fetuses of which a
proportion aborted spontaneously or ended
in premature death. In addition, it should
be noted that only about half of the cardiac
anomalies found in neonates are major
anomalies.2 Assuming that approxi-
mately 37% of the major anomalies end in
premature death,'??° the number affected
at 20 weeks’ gestation was calculated at
10.3 per 1000 (0.004 + 0.004*1/1-0.37).

The test characteristics of routine
and extensive ultrasound examination
used in the analysis are based on a
literature survey. Some studies reported
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TABLE 1—Estimates of the Various Probabilities Applied in the Decision Model on Routine Fetal Ultrasound
Examination for Congenital Heart Disease (CHD)

Point Lower Upper

Estimate Value Value Major Anomalies Minor Anomalies

Prevalence?'22 0.008 0.003 0.012 0.004 R 0.004

a. Prenatal prevalence? 0.0103 - cee 0.0063 e 0.004 e

b. Sensitivity routine screening*-13 0.07 0.07 050 0.50 (0.20-0.80) 0.07  (0.01-0.20)
¢. Specificity routine screening'-'3 0.99 0.99 1.0 .. .. ... e

d.  Sensitivity extensive ultrasound®8.17-19 0.95 0.927 0.974 - ... .

e. Specificity extensive ultrasound® 88.17-13 0.99 0.987 0.993 1.00 .. 1.00 .

. Probability abnormal pregnancy given CHD 0.01 N AN 0.01 (0-0.03) 0.01 (0-0.03)
g. Probability karyotyping induced abortion®? 0.01 . e . ... AN e

h.  Probability termination of pregnancy given CHD8.1920 0,678 0571 0773 0.68 (0-1.0) 0.0

i. Probability intra uterine death given CHD19:20 0.370 0.194 0.576 0.37 (0.20-0.60) 0.0

j.  Probability neonatal death given CHD'920 0.588 0.329 0816 0.59 R, 0.1

~ corresponding probabilities in Figure 1.

Note. In the analysis a distinction is made between major and mi

aExpected prevalence at 20 weeks' gestation calculated; varles according to probability of intrauterine death given CHD.
bin the model a specificity of extensive fetal echocardiography of 100% is applied.

nor anomalies. The plausible range used in sensitivity analysis is given in
parentheses. Major and minor are categories of congenital malformation according to which sensitivity and clinical course is varied in the model.
Ellipsis points indicate estimates of variables or ranges of variables not examined in the current analysis. The letters a through j refer to

on a high-risk population and a more
extensive screening procedure, whereas
others reported on a low-risk population
and a simple screening procedure per-
formed once during pregnancy. This
resulted in a wide range of published
results.'-'3 To account for this variability
we assumed the test characteristics. espe-
cially the sensitivity. to vary according to
case severity. Accordingly. the upper
range of sensitivity reported (around
50%) was taken to apply to serious cases.
whereas the lower range of literature
estimates (below 109 ) was taken to apply
to minor anomalies. The specificity of
routine screening is reported to be very
high (99%) and has a narrow range. The
sensitivity of extensive fetal ultrasound

evaluation appears to be much better and -

has been reported at around 95% with a
narrow range.®%17-2% Also, a near 100%
specificity of extensive fetal. ultrasound
examination has. been reported.0%!7-20
Detailed data on extensive fetal echocardi-
ography enabled us to calculate the test
characteristics with the specific indication
of suspected fetal (cardiac) pathol-
ogy.$19-20 The likelihood of abortion as a
complication of fetal karyotyping is low
(less than 1%).”* Data on the probability
of pregnancy pathology in relation to
congenital heart disease could not be
found. A panel of obstetricians at Rotter-
dam University Hospital estimated the
probability at less than 1%. In case a
malformation is detected parents have to
decide whether to terminate the preg-
nancy. Specific literature on this subject is
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scarce. Pryde et al. evaluated several
factors influencing parental decisions re-
garding pregnancy outcome of congeni-
tally malformed offspring.2* The progno-
sis appeared to be of major importance:
two out of three couples opted to termi-
nate pregnancy if a major anomaly was
detected. Termination was never opted for
in case of minor anomalies. Similar
results have been reported in relation to
extensive fetal echocardiography. %2024

With regard to the prognosis of
affected fetuses. a distinction between
serious and mild cases was also made.
Cases detected prenatally are likely tobe a
subsample with severe anomalies. Accord-
ingly, the outcomes of pregnancy reported
in case-series on cases detected prenatally
are taken to apply to serious cases.
Intrauterine death occurred in 37% of
such cases and infant death in 59%.'%%
On the other hand, children with congeni-
tal heart disease born alive may represent
a subsample with relatively mild anoma-
lies. Live-born children with congenital
heart disease have a mortality of less than
10%. This is the estimate of survival used
in the model in case of minor cardiac
malformations. In addition, we assumed
that the majority of minor anomalies do
not cause hemodynamic problems prena-
tally. Accordingly, the fetuses survive to
term. Finally, a sensitivity analysis was
conducted over plausible ranges of the
probabilities (as presented in the right-
hand side of Table 1) to assess the
influence of variability in the estimates on
the outcome of the model.

Results

The impact of routine screening. in
numbers per million second-trimester
pregnancies, is given in Table 2. With an
assumed low sensitivity of 50% for major
anomalies. it is estimated that the number
of children born with severe congenital
heart disease decreases by a third. A
similar effect on the number of cases of
intrauterine death and neonatal death is
observed. Some of the intrauterine deuths
and neonatal deaths that would otherwise
have occurred are avoided if pregnancy is
terminated in cases detected prenatally.

The impact of routine screening on
the number of children born with minor
congenital heart disease is negligible. The
number of terminations of pregnancy
would, however. increase 50-fold. Also.
approximately 9900 false-positive screen-
ing tests would result. Moreover. screen-
ing would lead to a loss of 32 fetuses. 28
with major anomalies and 4 with only
minor anomalies. owing to karyotyping.
As we presumed a specificity of extensive
fetal echocardiography of 100%. karyotyp-
ing is not offered to unaffected fetuses. An
increase in sensitivity (to 80% and 20%
for major and minor anomalies. respec-
tively) will reduce the number of cases
with an unfavorable outcome (from 525
fewer to 841 fewer for births of infants
with serious anomalies and from 757
fewer to 1211 fewer for neonatal deaths).
For minor anomalies the change is negli-
gible. Obviously, more pregnancies will
have to be terminated to achieve this
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ity of termination of pregnancy. Sensitiv-
ity and probability of termination show a
combined (multiplicative) effect.

Variation in the probability of abnor-
mal development of pregnancy or preg-
nancy pathology in affected fetuses does
not appear to have any significant impact.
Neither does variation in the probability
-of intrauterine death. We assumed the
birth prevalence of congenital heart dis-
ease to remain stable. Accordingly, an
increased probability of premature death
implies that a larger number of pregnan-
cies are terminated that would otherwise
result in intrauterine death. Also, a larger
number of affected fetuses would be lost
owing to karyotyping. (Additional details
and results are obtainable from the au-
thors.)

June 1997, Vol. 87, No. 6

reduction (from 2005 to 3208). In addi-
tion, as a result of 2 higher sensitivity, fetal TABLE 2—Estimated Pregnancy Outcomes of 1 Million Second-Trimester
karyotyping is performed more often, Pregnancies (Fetuses of 16 to 24 Weeks’ Gestational Age)
causing an additional loss of 23 (affected)
fetuses (increasing the number lost from Qutcome No Screening Screening . Difference % Change?®
32 to 55). Also, a sizable number of the Malor congenital heart disea 1 629 104 525 ”
y . jor congenital heart disease - -
cases that otherwise would have resulted Minor congenital heart disease 3 600 3597 -3 <-01
in intrauterine death or spontaneous abor- Neonatal death 2745 1988 ~757 -28
tion are now terminated (from 752 fewer Termination of pregnancy 41 2046 2005 49‘;
. P Karyotyping-induced abortion 1 33 32 32
fo 1205 fewer). If sensitivity decreascs, Intrauterine death 2334 1582 -752  -a2
only a marginal effect remains. However, No congenital heart disease 0 9897 9897 xb
an identical number of women would {false-positive)
have to be referred and go through an No congenital heart disease 989 651 979754 —9897 -1
emotionally difficult period owing to a P ‘a0 cha lative 1o oo
Ll . ercentage change relative to no screening.
false-positive screening test. ) bAs the percentage change would exceed 100, a multiplier is presented.
Parental inclination toward termina-
tion of pregnancy in case of severe
malformation appears to have an effect
that is numerically comparable to in-
creased sensitivity of routine ultrasound. cases per million
Obviously, with an increased proportion pregnancies
i inati 3500
of the parepts opting for te@natlon of probability of termination of pregnancy
pregnancy in case of a major anomaly, 3000 4 0% —+68% -=100%
fewer affected neonates are born. If all ‘
_pregnancies are carried to term very little 2500
effect remains. : 2000
Figure 2 shows the results of a
two-way sensitivity analysis of the two 1500
major determinants of the impact of 1000 -
screening. The effect of simultaneously
varying estimates of the sensitivity of 500
routine fetal ultrasound and estimates of 0 . o
: - 4 A T L T 1
the ProPomon of parents thlng for 0 2 40 60 %0 100%
termination of pregnancy, both in case of a
severely affected fetus (i.e., cases result- sensitivity of routine screening for major anomalies
ing in neonatal survival with severe
congenital heart disease or cases ending in - . e
& ) dh h). is d ted ’%h FIGURE 2—Results of the two-way sensitivity analysis for the sensitivity of
neonatal death), is demonstrated. 1he routine screening for major anomalies and the probability of
number of newborns with serious anoma- termination of pregnancy (impact of screening vs no screening
lies prevented increases with increasing on nhumber of newborns with serious anomalies prevented).
sensitivity and with an increasing probabil-

Discussion

We have shown that routine fetal
ultrasound screening does not meet the
generally held expectations. The funda-
mental idea of screening is that parents,
neonates, and society in general may
benefit from effective screening, One of
the initial assumptions in the model was
that approximately half of all severe
anomalies would be detected prenatally.
On prenatal detection of an anomaly, the

“obstetric policy may be adapted. If, for

instance, a case of Fallot’s tetralogy with
severe pulmonary stenosis were detected
prenatally, soon after birth the diminished
pulmonary flow could result in a life-
threatening situation. Birth should prefer-

ably take place in a setting able to provide
pediatric intensive care. With prior knowl-
edge, timing, mode, and location of
delivery can be optimized to improve
chances of neonatal survival. In cases
with a (near) fatal prognosis, termination
of pregnancy presently is the main alterna-
tive.78.19.2024-26

According to the model, the birth of .
approximately 30% of neonates with
serious congenital heart disease may be
prevented. However, as a consequence 49
times as many pregnancies have to be
terminated, of which again 30% would
have ended in spontaneous abortion. Also,
some affected fetuses will be lost in any
case owing to karyotyping. The hypotheti-
cal yield of routine fetal ultrasound
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appears to be rclatively small. Moreover,
in view of recently reported realistic
estimates of the sensitivity of routine fetal
ultrasound. only a few cases with an
unfavorable outcome of pregnancy may
actually be prevented.*¢ Even if optimal
estimates of sensitivity apply, the impact
of prenatal screening for congenital heart
disease on the health of neonates in
general appears limited. This conclusion

is in agreement with that of Nelson et al., -

who reported that a large proportion of
fetal anomalies are not likely to be
diagnosed. especially in a nonreferral
setting.” The nature of the anomalies
encountered prenatally predicts. to a large
extent, the possibilities for early detection,
Moreover. routine fetal ultrasound has
additional disadvantages. Even a false-
positive rate of only 1% results in a large
number of parents’ being told that their
future baby may have congenital heart
disease. If the specificity in reality is 1%
lower. doubling the false-positive rate,
twice as many such cases occur. Apart
from the anxiety caused by such news we
must consider the implications for the
referral institutions. All of these women
will subsequently be referred for exten-
sive ultrasound evaluation. The invest-
ments in personnel, appliances, and clin-
ics required are sizable and revenues are
small,

A second variable that was shown to
affect the attainable yield was the opinion
future parents (or society in general) hold
on termination of pregnancy. The propor-
tion of pregnancies terminated on account
of serious congenital heart disease will
depend strongly on such an opinion or
preference. In other words, the impact of
screening will vary with local legal and
ethical standards and attitudes.

We are aware of the fact that the
basis for some of the other variables
examined was uncertain. However, the
impact of variability of these estimates on
the expected distribution of outcomes of

pregnancy in a low-risk population ap-

peared to be limited. Moreover. the test
characteristics of extensive structural ultra-
sound can already be considered more or
less optimal, as are the complication rates
of fetal karyotyping. Also, the actual
prevalence, the natural history, and factors
affecting the natural history of congenital
malformations are hardly accessible to
intervention. If they were accessible, this
would imply possibilities for primary
prevention.

Finally. an additional remark should
be made regarding the specificity of
extensive fetal echocardiography. The
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specificity applied in the model was
presumed to be 100%. Therefore. far-
reaching consequences of false-positive
routine screening tests are absent in the
model and in the results presented. This
may not be quite correct. Recently, cases
have been described of fetuses with
apparently severe congenital heart disease
that proved to have only mild to moderate
anomalies postnatally.’® A false-positive
rate of extensive fetal echocardiography
of 1% (specificity 99%) would result in
approximately 100 such cases (1% of
9897) in the hypothetical cohort. Future
parents erroneously presented with a
serious prognosis who opted to terminate
pregnancy would lose a normal fetus.

Overall, the yield of prenatal screen-
ing for congenital heart disease by means
of the fetal four-chamber view, expressed
as the prevention of the birth of a critically
ill neonate, appears to be numerically
small. With substantial effort the efficacy
of routine screening may be improved.
However, the results would still be
modest. Moreover, the final decision
parents make once a serious fetal anomaly
is detected is culturally, socially, and
economically determined. Evidently, a
generally applicable protocol for termina-
tion of pregnancy is unrealistic.

The significance and valuation of the
cases detected, cases not detected, and
false-positive test results and their subse-
quent outcomes have not been assessed in
the present analysis. Such an assessment
may be attempted by estimating the
psychological relief or burden perceived
by the parents. Additionally, the costs of
screening and postnatal costs could be
weighed against the effects. Heckerling
and Verp? and Pauker and Pauker!-
assigned specific values or utilities to the
various outcomes of pregnancy in a
prenatal Down’s syndrome screening pro-
gram. Subsequently the utility of screen-
ing was estimated. Ekwo et al. also
reported on the outcome of pregnancy
with regard to congenital anomalies and
the perceived consequences or burden.*
The parents’ opinion on the outcomes of
pregnancy could be expressed on a
preference scale. At present, reliable data
on parental attitudes toward congenital
heart disease are lacking, as are data on
the costs of congenital heart disease. Yet
parental assessment of the various out-
comes may have a substantial impact on
the appreciation and efficiency of a
prenatal screening program for congenital
anomalies. After all, the parents decide
whether or not to have prenatal screening

and how to respond to the outcome of the
test.

In conclusion. routine fetal ultra-
sound screening for congenital heart
disease does not seem warranted at
present. Public health. in particular neona-
tal health, is not likely to improve if
prenatal screening is offered in low-risk
pregnancies. The public expenditures in-
volved could more effectively be spent
otherwise. O

References
1. Allun LD. Tynan MJ, Campbell S. Wilkin-
son JL. Anderson RH. Echocardiographic
and anatomical correlates in the fetus. Br
Heart J. 1980:44:444-451.

. Allan LD. Crawford DC, Anderson RH.
Tynan MJ. Echocardiographic and anatomi-
cal correlations in fetal congenital heart
disease. Br Hearr J. 1984:52:542-548.

3. Allan LD. Crawford DC. Chita SK, Tynan
M. Prenatal screening for congenital heart
disease. BMJ. 1986:292:1717-1719.

4, Benacerraf BR. Sanders SP. Fetal echocar-
diography. Radiol Clin North Am. 1990:28:
131-147.

5. Bromley B. Estroff JA. Sanders SP. et al.
Fetal echocardiography: accuracy and limi-
tations in a population at high and low risk
for heart defects. Am J Obstet Gynecol.
1992:166:1473-1481.

6. Copel JA. Pilu G. Green J. Hobbins JC.
Kleinman CS. Fetal echocardiographic
screening for congenital heart disease: the
importance of the four-chamber view. Am J
Obstet Gynecol. 1987:157:648~655.

7. Cullen S. Sharland GK. Allan LD. Sullivan
ID. Patential impact of population screen-
ing for prenatal diagnosis of congenital
heart disease. Arch Dis Child. 1992:67:775-
778.

8. Davis GK, Farquhar CM, Allan LD,

. Crawford DC. Chapman MG. Structural
cardiac abnormalities in the fetus: reliabil-
ity of prenatal diagnosis and outcome. BrJ
Obstet Gynaecol. 1990:97:27-31.

9. DeVore GR. The prenatal diagnosis of
congenital heart disease—a practical ap-
proach for the fetal sonographer. J Clin
Ultrasound. 1985:13:229-245,

10. Fermont L. deGeeter B. Aubry MC,
Kachaner J. Sidi D. A close collaboration
between obstetricians and pediatric cardi-
ologists allows antenatal detection of se-
vere cardiac malformations by two-
dimensional echocardiography. In: Doyle
EF, Engle MA. Gersony WM. Rashkind
W]J, Talner NS. eds. Pediatric Cardiology:
Proceedings of the Second World Con-
gress. New York, NY: Springer. 1985:
34-37.

11. Hegge FN. Lees MH, Watson PT. Utility of
a screcning examination of the fetal cardiac
position and four chambers during obstet-
ric sonography. J Reprod Med. 1987;32:
353-358.

12. Rustico MA. Benettoni A. D"Ottavio G, et
al. Fetal echocardiography: the role of the
screening procedure. Eur J Obstet Gynecol
Reprod Biol. 1990:36:19-25. .

13. Sharland GK. Allan LD. Screening for
congenital heart discase prenatally. Results
of a 2-year study in the South East

19

June 1997, Vol. 87. No. 6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Thames Region. Br J Obstet Gynaecol.
1992;99:220-225.

survival. Am J Obstet Gynecol. 1988;159:
352-356.

28.

Fetal Ultrasound

Buskens E, Grobbee DE, Frohn-Mulder
IME, et al. Efficacy of routine fetal

14. Tegnander E, Eik-Nes SH, Linker D. 21, Campbell M. Incidence of cardiac malfor- ultrasound screening for congenital heart
Four-chamber view of the fetal heart—can mations at birth and later, and neonatal disease in normal pregnancy. Circulation.
more heart defects be detected on the mortality. Br Heart J. 1973:35:189-200. 1996;94:67-72.
routine scan? Presented at the sixth World 22. Hoffman JI. Congenital heart disease: 29. Nelson NL, Filly RA, Goldstein RB,
Congress on Ultrasound, World Federation incidence and inheritance. Pediarr Clin Callen PW. The AIUM/ACR antepartum
for Ultrasound in Medicine and Biology; North Am. 1990;37:25-43. obstetrical sonographic guidelines: expecta-
Copenhagen, Denmark; 1991. 23. Heckerling PS, Verp MS. Amniocentesis or tions for detection of anomalies. J Ultra-

15. Vergani P. Mariani S, Ghidini A, et al. chorionic villus sampling for prenatal sound Med. 1993;4:186-196.

Screening for congenital heart disease with genetic testing: a decision analysis. J Clin 30. Marasini M, De Caro E, Pongiglione G,
the 4-chamber view of the fetal heart. Am J Epidemiol. 1991;44:657-670. Ribaldone D, Caponnetto S. Left ventricu-
Obstet Gynecol. 1992;167:1000-1003, 24. Pryde PG, Isada NB, Hallak M, Johnson lar obstructive disease with ventricular

16. Stewart PA. Echocardiography in the MP, Odgers AE, Evans MI. Determinants hypoplasia: changes in the echocardio-
Human Fetus. s Gravenhage, the Nether- of parental decision to abort or continue graphic appearance during pregnancy. J
lands: Pasmans Offsetdrukkerij B.V.; 1989, after Non-aneuploid ultrasound-detected Clin Ultrasound. 1993,21:65~68.

17. Martin GR, Ruckman RN. Fetal echocardi- feta] abnormalities. Obster Gynecol. 1992; 31. Pauker SP, Pauker SG. The amniocentesis
ography: a large clinical experience and 80:52-56. decision: ten years of decision analytic
follow-up. J Am Soc Echocardiogr. 1990;3: 25. Allan LD. Diagnosis of fetal cardiac experience. Birth Defects. 1987;23:151~
4-8. abnormalities. Arch Dis Child. 1989:64: 169.

18. Pal A, Gembruch U, Hansmann M. Exami- 964-968. 32, Pauker SP, Pauker SG. The amniocentesis
nation of the fetal heart with two- 26. Chang AC, Huhta IC, Yoon GY, et al. decision: an explicit guide for parents. In:
dimensional echocardiography. Acta Paedi- Diagnosis, transport, and outcome in left Epstein CJ, Curry CIR, Packman S,
atr Hung. 1991;31:187-200. ventricular outflow tract obstruction. J Sherman S, Hall BD, eds. Risk, Communi-

19. Stewart PA, Wladimiroff JW, Reuss A, Thorac Cardiovasc Surg. 1991:102:841- cation, and Decision making in Genelic
Sachs ES. Fetal echocardiography: a re- 848. Counseling. New York, NY: Allan R. Liss;
view of six vears experience. Fetal Ther 27. Ewigman BG, Crane JP, Frigoletto FD, 1979:289-324.
1987:2:222-231. Lefevre ML, Bain RP, McNellis D. Effect 33, Ekwo EE, Kim JO, Gosselink CA. Parental

20. Crawford DC, Chita SK, Allan LD. Prena- of prenatal ultrasound screening on perina- perceptions of the burden of genetic

tal detection of congenital heart disease:
factors affecting obstetric management and

tal outcome. N Engl J Med. 1993;329:821-
827.

disease. Am J Med Gener. 1987;28:955-
963. .

Visit APHA on the World Wide Web!

The APHA Home Page on the World Wide Web offers the latest information on APHA
membership, the newest book titles and publication ordering information, other Association news, and
updates on the most important public health issues. The site changes regularly, so visit often!

The Internet address is:

http://www.apha.org/

June 1997. Vol. 87: No. 6 American Journal of Public Health 967

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



