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Context.— Canada and the United States have reported a recent increase in the
incidence of preterm birth, but the reasons for this increase are unknown.

Objective.— To assess secular trends in preterm birth and its potential determi-
nants.

Design.— Hospital-based cohort study.
Setting.— Canadian tertiary care university teaching hospital, 1978-1996.
Participants.— A total of 65 574 nonreferred live births and stillbirths.
Main Outcome Measures.— Changes in occurrence of preterm birth, before

and after adjustment for changes in method of gestational age assessment,
obstetric intervention, registration of births weighing less than 500 g, and sociode-
mographic, behavioral, and clinical determinants.

Results.— A crude secular increase in preterm births was seen for births less
than 37, 34, and 32 completed weeks using 3 alternative gestational age estima-
tion methods. Based on an algorithm incorporating both menstrual and early ultra-
sound gestational age estimates, rates increased from 6.6% to 9.8% for births at
less than 37 weeks’ gestation, 1.7% to 2.3% at less than 34 weeks, and 1.0% to
1.2% at less than 32 weeks. Exclusion of births weighing less than 500 g and those
with induction or preterm cesarean delivery without labor before each of the corre-
sponding gestational age cutoffs eliminated the secular trends for births before 34
and 32 weeks and attenuated the trend for births before 37 weeks. Nearly half of
the remaining trend for births before 37 weeks was accounted for by the increasing
use of early ultrasound dating. The residual trend was eliminated after controlling
for secular increases in unmarried status and the proportion of women aged 35
years or older. These factors, combined with a decrease in alcohol consumption
and increases in histological chorioamnionitis and cocaine use, appear to have
counteracted a reduction in preterm birth since the mid-1980s that otherwise would
have been observed.

Conclusions.— This hospital’s increase in preterm births since 1978 parallels
increases reported in population-based national studies from the United States and
Canada. This trend appears largely attributable to the increasing use of early ultra-
sound dating, preterm induction and preterm cesarean delivery without labor, and
changes in sociodemographic and behavioral factors.

JAMA. 1998;280:1849-1854

PRETERM BIRTH is arguably the most
important maternal and child health
problem in developed societies.1-3 It is the
leading cause of infant mortality and is as-
sociated with major long-term neurocog-
nitive, respiratory, and ophthalmologic
morbidity. Moreover, provision of inten-
sive care for extremely preterm new-
borns is expensive4 and giving birth to an

infant requiring such care is traumatic for
parents and families. Dramatic reduc-
tions inperinatalandinfantmortalityhave
occurred during the last several decades,
virtually all of which are attributable to
improved access to and quality of high-
riskobstetricandneonatalcare.5,6 Thema-
jor consequence has been a reduction in
mortality of preterm newborns, rather
than prevention of preterm birth.

WiththeexceptionofFrance7,8 andFin-
land,9 no country (to our knowledge) has
reported a reduction in incidence of pre-
term birth. In fact, the United States has
experienced a small but steady increase
since the early 1980s,10,11 and recent Ca-
nadian12,13 data also suggest an increase.
Does this disappointing secular trend re-
flect a total failure to prevent preterm de-

livery, or is it due to the countervailing
effects of increased use of early ultra-
sound estimation of gestational age, early
delivery for extreme fetal growth retar-
dation or severe preeclampsia, multiple
gestation (due to infertility treatment),
registrationoffetusesandnewbornsnear
the borderline of viability, or changes in
sociodemographic or behavioral determi-
nantsofpretermbirth?Theanswertothis
question is important for both clinical
practice and public health policy. In this
article, we attempt to provide such an an-
swer by analyzing the secular trend in
preterm birth from 1978 to 1996 and the
potential determinants of that trend, us-
ing a computerized hospital database.

METHODS
Our analysis is based on all 65 574 in-

born infants (whether live-born or still-
born,butexcludingantenatalreferrals)de-
livered at the Royal Victoria Hospital, a
tertiary care general and maternity hos-
pital affiliated with McGill University,
Montreal, Quebec. Data14 on these births
are recorded in the McGill Obstetric and
Neonatal Database, which has been in its
current version since 1978. The principal
outcomes under study are delivery prior
to 37, 34, or 32 completed weeks of gesta-
tion (259, 238, and 224 days, respec-
tively). Gestational age was assessed in 3
ways: (1) time since the first day of the last
normalmenstrualperiod(LNMP),(2)early
(usually 16-18 weeks) ultrasound esti-
mate based on measurement of the bipa-
rietaldiameter,and(3)analgorithmbased
on both the LNMP and early ultrasound
gestational ages, with the LNMP esti-
mate used whenever confirmed by ultra-
sound within 7 days or when no ultra-
sound estimate was obtained, and the
ultrasoundestimateusedinallothercases.
Period effects were considered in 3 ways:
(1) as a yearly (linear) trend, (2) 9 inter-
vals of 2 years each, and (3) 3 intervals of
6 years each (1978-1983, 1984-1989, and
1990-1996). Data from 1996 were com-
plete only through March 31 of that year;
these data were therefore included with
the 1994-1995 2-year interval and with the
1990-1995 6-year interval.

Independentvariablesconsideredasei-
ther potential determinants or confound-
ers of the secular trend in preterm birth

From the Departments of Epidemiology and Biosta-
tistics (Drs Kramer, Platt, and Yang), Pediatrics (Drs Kra-
mer, Platt, Yang, and Usher), and Obstetrics and Gyne-
cology (Drs Morin and Usher), McGill University Faculty
ofMedicineandtheRoyalVictoriaHospital,Montreal,Que-
bec; and the Bureau of Reproductive and Child Health,
Laboratory Centre for Disease Control, Health Canada,
Ottawa, Ontario (Drs Joseph and Wen).

Corresponding author: Michael S. Kramer, MD, 1020
Pine Ave, West Montreal, Quebec, Canada H3A 1A2
(e-mail: mikek@epid.lan.mcgill.ca).

JAMA, December 2, 1998—Vol 280, No. 21 Secular Trends in Preterm Birth—Kramer et al 1849

©1998 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



included stillbirth vs live birth; singleton
vs multiple gestation; preterm induction
of labor; preterm cesarean delivery with-
out labor; birth weight less than 500 g or
500 to 749 g; maternal age, parity, educa-
tion, and marital status; cigarette smok-
ing; any alcohol, cannabis, or cocaine use
during pregnancy; prepregnancy hyper-

tension;severepregnancy-inducedhyper-
tension (PIH); and histological chorioam-
nionitis. Data on smoking, alcohol,
cannabis, cocaine, education, and marital
status were obtained by maternal self-
report.Noinformationwascollectedonthe
family income or racial-ethnic origin of the
mother. Women were classified as “un-

married” if they were legally single, wid-
owed, or divorced. Severe PIH was de-
fined as the specific mention of “severe
preeclampsia”onthedischargesheetcom-
pleted by the attending obstetrician or on
documented evidence of frank eclampsia.
We restricted our analysis of PIH to se-
vere cases to minimize the effects of mis-
classificationandtemporalvariations indi-
agnosis of milder cases. Chorioamnionitis
wasconsideredpresent if theperinatalpa-
thologist noted definite or severe leuko-
cytic infiltration of the placental mem-
branes or umbilical cord.

Statistical techniques included ordi-
nary x2 tests and x2 tests for linear trend
for bivariate analyses and multiple logis-
ticregression.Allstatisticalanalyseswere
carried out using SAS-PC for Windows
(SASInstituteInc,Cary,NC).Becauselin-
ear time trends are expressed on a per-
year basis, which reflect small yearly
changes during the study period, all odds
ratios (ORs) are reported to 3 decimal
places.

RESULTS
Figure 1 shows the secular trend in pre-

term birth by 2-year intervals using all 3
definitions of gestational age. Three lev-
els (cutoffs) for gestational age are shown
in Figure 1: all preterm births (,37 com-
pletedweeks),earlierpretermbirths(,34
completed weeks), and extremely pre-
termbirths(,32completedweeks).Based
on the algorithm-derived gestational age
estimates, rates increased from 6.6% to
9.8% for births before 37 weeks, 1.7% to
2.3%before34weeks,and1.0%to1.2%be-
fore 32 weeks. After the first 2 intervals,
the curves corresponding to the 3 gesta-
tional age definitions are reasonably par-
allel,withthehighestratesusingtheearly
ultrasound estimate, the lowest rates us-
ing the LNMP definition, and intermedi-
ate rates for the algorithm. Complement-
ing the rise in preterm birth rates was a
marked reduction in postterm birth ($42
completed weeks); algorithm-based rates
of postterm birth decreased from 5.8% in
1978-1979 to 1.6% in 1994-1996.

Figure 2 shows the change in distribu-
tion of gestational age assessment infor-
mation during the study period. The pro-
portion of births missing both LNMP and
ultrasound estimates decreased substan-
tially, as did the proportion of births miss-
ing ultrasound estimates only. The pro-
portion missing only LNMP estimates
was low and remained low during the
study period, whereas the proportions of
birthswithconcordant(within7days)and
discordant (and hence ultrasound-de-
rived) estimates both increased.

Table 1 shows the corresponding secu-
lar trends in other potential determi-
nants. Unlike Canadian population-based
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Figure 1.—Secular trends in births before 37, 34, and 32 completed weeks, using each of 3 gestational age
estimates: early ultrasound, last normal menstrual period (LNMP), and an algorithm based on ultrasound
and LNMP estimates.
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trends,13 no significant change was noted
in the rate of multiple births. Significant
increases were noted for both preterm in-
duction and preterm cesarean delivery
without labor. Although no significant in-
crease in preterm inductions was seen for
any indication prior to 32 weeks or at 32 to
33 weeks, significant increases were ob-
servedforinductionsat34to36weeks,for
both intrauterine growth retardation
(P = .02 by x2 test for linear trend) and
prelaborruptureofmembranes(P,.001).
For preterm cesarean delivery without

labor,significantincreaseswereobserved
for breech presentation before 32 weeks
(P = .02) and 32 to 33 weeks (P = .04) and
for abruptio placentae or placenta previa
before 32 weeks (P = .002), 32 to 33 weeks
(P = .02), and 34 to 36 weeks (P,.001).
Many of these cesarean deliveries, espe-
cially those for breech presentation, were
likely to have additional (uncoded) indica-
tions, such as intrauterine growth retar-
dation,preeclampsia,orfetaldistress.Fe-
tal heart rate monitoring was routinely
used throughout the study period, and no

significantseculartrendwasnotedinpre-
term cesarean delivery without labor for
a primary indication of fetal distress. The
increases in preterm inductions and pre-
term cesarean delivery without labor
were observed among women aged 20 to
34years,aswellasthose35yearsorolder.
Maternal age of 35 years or older, unmar-
ried status, cocaine use, and histological
chorioamnionitis also increased signifi-
cantlyduringthestudyperiod.Stillbirths,
prepregnancy hypertension, severe PIH,
cigarette smoking, alcohol use, and low
maternal education (#12 completed
years), on the other hand, showed a sig-
nificantdecrease.Theseculartrendinma-
ternal education parallels the population-
based trend observed for the province
of Quebec as a whole (Margaret Cyr, Sta-
tistics Canada, written communication,
July 7, 1998).

Because the patterns shown in Figure
1 were virtually identical when restricted
to live births, all subsequent analyses are
based on total births (stillbirths plus live
births). Figure 3 shows the algorithm-
based rates of delivery before 37, 34, and
32 weeks after elimination of births of
newborns weighing less than 500 g and
those with induction or preterm cesarean
delivery without labor before each of
those corresponding gestational age cut-
offs.Becauseoftheextremelylowratesof
birthsofnewbornsweighinglessthan500
g, these eliminations primarily reflect the
contributions of preterm inductions and
preterm cesarean deliveries without la-
bor.ComparedwithFigure1,theincrease
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Figure 2.—Secular trends in gestational age assessment information. LNMP indicates last normal menstrual
period; US, ultrasound.
Table 1.—Secular Trends in Potential Determinants of Preterm Births, 1978-1996

Determinant

Percentage of All Births
P

Value*
Total

Births1978-1979 1980-1981 1982-1983 1984-1985 1986-1987 1988-1989 1990-1991 1992-1993 1994-1996

Stillbirths 0.54 0.56 0.59 0.49 0.40 0.42 0.36 0.29 0.41 .002 65 574

Birth weight ,500 g 0.00 0.02 0.00 0.00 0.06 0.04 0.14 0.04 0.05 .001 65 574

Birth weight 500-750 g 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.2 .62 65 574

Preterm induction 1.0 1.0 0.8 1.4 1.1 1.1 1.1 1.5 1.3 .003 63 354

Preterm cesarean delivery without labor 0.6 1.0 0.3 1.0 0.9 1.1 1.6 1.5 1.8 ,.001 61 949

Maternal age, y
,20 4.7 3.9 2.3 1.8 1.8 1.8 1.3 1.2 1.0

20-34 87.5 87.2 87.2 84.3 82.2 80.4 82.0 79.4 78.9 ,.001† 65 561

$35 7.8 8.9 10.5 13.9 16.1 17.8 16.8 19.3 20.1

Primiparity 47.5 46.5 47.4 47.0 46.5 47.1 48.0 46.9 46.3 .64 65 559

Maternal education #12 y ‡ ‡ ‡ 54.3 50.1 44.9 40.3 38.4 34.0 ,.001 46 202

Unmarried status 4.8 8.5 11.0 14.8 16.4 17.6 18.3 18.5 18.1 ,.001 65 474

Multiple birth 2.3 2.3 2.0 1.9 2.0 2.3 2.7 2.3 2.3 .17 65 574

Prepregnancy hypertension 0.49 0.50 0.26 0.43 0.33 0.23 0.13 0.27 0.17 ,.001 64 840

Severe pregnancy-induced hypertension 0.60 1.59 0.90 0.65 0.50 0.62 0.64 0.55 0.65 ,.001 65 574

Smoking, cigarettes per day
None 78.4 77.6 79.4 77.4 77.5 81.0 83.0 84.9 87.9

1-10 8.6 9.5 8.6 8.8 8.3 7.8 7.7 7.7 6.4 ,.001† 63 124

.10 13.0 12.9 12.1 13.8 14.2 11.2 9.3 7.4 5.8

Alcohol use ‡ ‡ 29.3 34.1 32.2 24.8 15.7 12.6 10.9 ,.001 53 342

Cannabis use ‡ ‡ 0.2 0.3 0.5 0.4 0.2 0.3 0.3 .98 50 616

Cocaine use ‡ ‡ 0.0 0.0 0.3 0.6 0.5 0.4 0.2 ,.001 50 616

Histological chorioamnionitis ‡ ‡ ‡ 2.5 3.5 1.6 2.4 3.9 4.4 ,.001 43 262

*P values are based on x2 test for linear trend.
†These P values are based on the overall linear trend for the 3 categories of age and cigarette smoking.
‡Large proportions of values are missing for these years.
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for births before 37 weeks, though still
evident, is considerably attenuated and
less regular. No increase is evident for
births before 34 or 32 weeks. Data (not
shown)basedontheultrasoundorLNMP
definitions of gestational age show an
identical pattern for all 3 preterm cutoffs.
These results suggest that the crude
trends shown in Figure 1 are largely at-

tributable to an increasing tendency to-
ward preterm inductions and preterm
cesarean deliveries without labor.

The crude yearly OR (and 95% confi-
dence interval) for the increase in algo-
rithm-based births before 37 weeks be-
fore eliminating preterm inductions,
preterm cesarean deliveries without la-
bor, and births of newborns weighing less

than 500 g was 1.023 (1.017-1.029), indicat-
ing an average increase of 2.3% per year
in the rate of preterm birth. When the
overallstudyperiodwasdividedintothree
6-year intervals (1978-1983,1984-1989,and
1990-1996), the crude ORs for the latter 2
intervals (relative to the first interval)
were 1.211 (1.125-1.303) and 1.336 (1.245-
1.434), respectively, ie, a significant in-
crease in both the second and third inter-
vals.Aftereliminatingpreterminductions,
preterm cesarean deliveries without la-
bor, and births weighing less than 500 g,
the yearly OR decreased to 1.015 (1.008-
1.021), while the interval ORs decreased
to 1.153 (1.061-1.253) for 1984-1989 and
1.165 (1.074-1.264) for 1990-1996, indicat-
ing that the eliminated factors were re-
sponsible for about one third of the crude
overall increase before 37 weeks and most
of the increase since 1990. When gesta-
tionalageassessmentmethod(ultrasound-
based vs LNMP-based) was added to
these logistic models, the association be-
tween an ultrasound-based method and
preterm birth was substantial (OR, 1.645
[1.535-1.763] in the yearly model), and the
yearly OR decreased to 1.009 (1.003-
1.016), while the interval ORs decreased
to 1.084 (0.997-1.179) for 1984-1989 and
1.092(1.006-1.186) for1990-1996.Thesere-
sults indicate that the secular trend to-
ward ultrasound-based estimates of ges-
tational age accounted for nearly half of
the (apparent) residual increase in births
before 37 weeks during the study period.

AsshowninthetoppartofTable2,when
maternal age, parity, unmarried status,
multiple births, smoking, prepregnancy
hypertension,andseverePIHwereadded
to the logistic regression model, the secu-
lar increaseinalgorithm-derivedbirthsbe-
fore 37 weeks was markedly reduced and
statistically nonsignificant (OR, 1.057
[0.966-1.157] for 1984-1989 and OR, 1.004
[0.918-1.098] for 1990-1996). Including ma-
ternal education in the model resulted in
virtually identical effects for the secular
trend and the other covariates but re-
duced the sample size because of missing
values for maternal education. A similar
reduction was noted in the average yearly
trend (OR, 1.003 [0.996-1.010]). As shown
in the bottom of Table 2, most of the ad-
ditional reduction was due to unmarried
statusandmaternalage.Theseresultssug-
gest that the secular increases in unmar-
riedstatusandoldermaternalageoverthe
study period were responsible for most of
the residual (ie, after controlling for ultra-
sound-basedgestationalageestimates) in-
crease in births before 37 weeks. Multiple
birth was strongly associated with pre-
term birth (adjusted OR, 13.413 [11.824-
15.215]) but had little effect on the yearly
or interval changes because multiple birth
rates did not increase significantly dur-
ing the study period (Table 1).
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Figure 3.—Secular trends in births before 37, 34, and 32 completed weeks (based on the algorithm) after
eliminating births weighing less than 500 g and inductions and preterm cesarean deliveries without labor
before those corresponding gestational ages.

Table 2.—Multiple Logistic Regression Analysis for Secular Trend in Preterm Birth, 1978-1996*

Full Logistic Regression Model for Births ,37 Weeks

Variable Adjusted OR (95% CI)

Interval, y
1978-1983 1.000 (Reference)

1984-1989 1.057 (0.966-1.157)

1990-1996 1.004 (0.918-1.098)

Ultrasound-based gestational
age assessment

1.736 (1.612-1.870)

Maternal age, y
,20 1.156 (0.921-1.452)

20-34 1.000 (Reference)

$35 1.285 (1.169-1.413)

Primiparity 1.081 (1.006-1.161)

Unmarried status 1.570 (1.432-1.721)

Multiple birth 13.699 (12.060-15.561)

Smoking, cigarettes per day
None 1.000 (Reference)

1-10 1.030 (0.907-1.170)

.10 1.191 (1.069-1.325)

Prepregnancy hypertension 1.895 (1.118-3.212)

Severe PIH 2.573 (1.811-3.657)

Crude and Sequentially Adjusted Year and Interval Effects for Births ,37 Weeks

Variable Per Year
1984-1989 Interval

vs 1978-1983
1990-1996 Interval

vs 1978-1983

Crude OR (95% CI) 1.015 (1.008-1.021) 1.153 (1.061-1.253) 1.165 (1.074-1.264)

Adjusted for ultrasound 1.009 (1.003-1.016) 1.084 (0.997-1.179) 1.092 (1.006-1.186)

Plus prepregnancy hypertension,
severe PIH, and smoking

1.008 (1.001-1.015) 1.109 (1.017-1.209) 1.078 (0.989-1.174)

Plus multiple births 1.010 (1.003-1.017) 1.126 (1.031-1.231) 1.093 (1.001-1.193)

Plus maternal age 1.008 (1.001-1.015) 1.102 (1.017-1.216) 1.076 (0.985-1.175)

Plus primiparity 1.008 (1.001-1.016) 1.110 (1.015-1.214) 1.072 (0.981-1.172)

Plus unmarried status 1.003 (0.996-1.010) 1.057 (0.966-1.157) 1.004 (0.918-1.098)

*After eliminating preterm inductions, preterm cesarean deliveries without labor, and births weighing less than 500
g. OR indicates odds ratio; CI, confidence interval; and PIH, pregnancy-induced hypertension.
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Because the majority of study subjects
had missing values for cocaine and alco-
hol use from 1978-1981, and for histologi-
cal chorioamnionitis for 1978-1983, analy-
ses for the effects of these potential
determinants were restricted to the years
1984-1996. After eliminating preterm in-
ductions, preterm cesarean deliveries
without labor, and births weighing less
than 500 g, no significant interval (OR,
1.010 [0.935-1.091] for 1990-1996 vs 1984-
1989) or yearly (OR, 1.006 [0.995-1.018])
trend was observed during these study
years. These trend effects remained es-
sentially unchanged after controlling for
gestational age assessment method (OR,
1.008 [0.933-1.088] for 1990-1996 vs 1984-
1989 and OR, 1.006 [0.995-1.017] for yearly
trend). After controlling for maternal age,
parity, unmarried status, multiple birth,
cigarettesmoking,alcoholandcocaineuse,
prepregnancy hypertension, severe PIH,
and histological chorioamnionitis, how-
ever, the secular trend was actually re-
versed (top of Table 3). The correspond-
ing yearly trend was also reversed (OR,
0.986 [0.973-0.999]). As shown in the
bottom of Table 3, sequential logistic
regression models indicated that a de-
crease in alcohol consumption and in-
crease in chorioamnionitis were respon-
sible for about half this reversal for both
the yearly and interval effects: increases
in unmarried status and cocaine use also
accounted for a sizeable portion.

Inclusion of low maternal education in
these models resulted in nearly identical
point estimates but somewhat wider con-
fidence intervals (data not shown), be-
cause of the large number of missing val-
ues for maternal education. These results
suggest that the secular decrease in alco-
hol use and the secular increase in histo-
logical chorioamnionitis, unmarried sta-
tus, and cocaine use since 1984 may have
actuallypreventedareductioninpreterm
birth, ie, a reduction would have been ob-
served if those changes had not occurred.

COMMENT
Theresultsofthis large,hospital-based

cohort study confirm recent Canadian
population-based data indicating an in-
crease in preterm birth during the last 2
decades.12,13 The availability of separate
gestational age estimates based on early
ultrasound, LNMP, and an algorithmic
combinationofthe2permitaquantitative
estimate of the extent to which the in-
creasing use of early ultrasound dating
explains the observed trend, at least at
the study hospital. Our results indicate
that the overall secular increase is partly
an artifact of changing methods of gesta-
tional age estimation. Nonetheless, our
results also demonstrate that early ultra-
sound dating cannot explain all of the ob-
served increase during the study period.

We deliberately excluded antenatal re-
ferralssoasnottobiasourresultsbysecu-
larchangesinreferralpatterns.Nonethe-
less, we were surprised to observe that in
contrast to recently reported national
trendsfromCanada,13 theUnitedStates,15

and Denmark,16 the study hospital saw no
increase in the rate of multiple births dur-
ing the study period (approximately 2.3%
of births or 1 in 87 pregnancies). As in
Canada overall,17 the study hospital had a
slight increase in births weighing less
than 500 g, which were recorded in the
database only for newborns admitted to
thehospital’sneonatal intensivecareunit.
Such admissions have increased some-
what in recent years, probably because
physicians are aware that newborns
weighinglessthan500garemorelikelyto
survivethaninthepast.Nonetheless,this
increase had a very small impact on the
overall secular trend in preterm birth.

A major factor contributing to the secu-
lar increase in preterm birth at this hos-
pital was the increasing use of preterm in-
duction and preterm cesarean delivery
without labor, which appear to account for
all of the secular increase in births before
34 and 32 weeks and a major portion of the

trend before 37 weeks. The fact that this
trend was accompanied by a decline in the
hospital’sstillbirthrateandin-hospitalneo-
natal death rate suggests that the in-
creasedobstetric interventionmaywellbe
justified.Earlierobstetric interventionfor
pregnancies complicated by severe pre-
eclampsia, fetal growth retardation, pro-
longed prelabor rupture of membranes,
and other indications has been well docu-
mented in several settings. In the study
by Goldenberg et al,18 the secular in-
creases in these interventions accounted
for only a small fraction of the observed
increase in preterm delivery. In the study
by Bréart et al,8 increasing trends to-
ward preterm inductions and preterm
cesarean deliveries in France were ob-
served despite a secular trend of decreas-
ing preterm birth rates in France. The lat-
ter pattern suggests that recent trends
toward early obstetric intervention in
pathologic pregnancies may have re-
sulted primarily in a shift toward earlier
pretermdeliveryofinfantswhowouldnev-
ertheless have been born before 37 weeks.

After eliminating preterm inductions
and preterm cesarean deliveries without
labor, we observed a persistent, albeit at-

Table 3.—Multiple Logistic Regression Analysis for Secular Trend in Preterm Birth, 1984-1996*

Full Logistic Regression Model for Births ,37 Weeks

Variable Adjusted OR (95% Cl)

Interval, 1990-1996 (vs 1984-1989) 0.883 (0.807-0.965)

Ultrasound-based gestational age assessment 1.790 (1.638-1.957)

Maternal age, y
,20 0.989 (0.702-1.395)

20-34 1.000 (Reference)

$35 1.324 (1.186-1.479)

Primiparity 1.038 (0.949-1.135)

Unmarried status 1.510 (1.355-1.683)

Multiple birth 14.782 (12.517-17.458)

Smoking, cigarettes per day
None 1.000 (Reference)

1-10 0.982 (0.834-1.156)

.10 1.174 (1.020-1.350)

Alcohol use 0.802 (0.716-0.899)

Cocaine use 2.526 (1.497-4.262)

Prepregnancy hypertension 2.163 (1.084-4.318)

Severe PIH 2.397 (1.383-4.154)

Histological chorioamnionitis 4.402 (3.762-5.150)

Crude and Sequentially Adjusted Year and Interval Effects for Births ,37 Weeks

Variable Per Year
1990-1996 Interval

vs 1984-1989

Crude OR (95% CI) 1.006 (0.995-1.018) 1.010 (0.935-1.091)

Adjusted for ultrasound 1.006 (0.995-1.017) 1.008 (0.933-1.088)

Plus pregnancy hypertension,
severe PIH, and smoking

1.002 (0.990-1.013) 0.975 (0.900-1.057)

Plus multiple births 1.001 (0.989-1.013) 0.973 (0.896-1.057)

Plus maternal age 1.000 (0.988-1.012) 0.970 (0.893-1.053)

Plus primiparity 1.000 (0.988-1.012) 0.969 (0.892-1.052)

Plus unmarried status 0.997 (0.985-1.009) 0.951 (0.876-1.033)

Plus alcohol use 0.991 (0.979-1.004) 0.913 (0.838-0.993)

Plus cocaine use 0.990 (0.978-1.002) 0.905 (0.831-0.986)

Plus histological chorioamnionitis 0.986 (0.973-0.999) 0.883 (0.807-0.965)

*After eliminating preterm inductions, preterm cesarean deliveries without labor, and births weighing less than
500 g. OR indicates odds ratio; CI, confidence interval; and PIH, pregnancy-induced hypertension.
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tenuated, secular increase in births be-
fore 37 weeks. Nearly half this residual in-
crease can be attributed to the increasing
use of early ultrasound dating of gesta-
tional age. This is consistent with previ-
ous reports18,19 indicating that early ultra-
sound dating shifts the overall gestational
age distribution to the left and systemati-
callyincreasestheproportionofbirthsclas-
sified as preterm. This shift probably re-
flects a correction for delayed ovulation
(andhencedelayedconception)andmissed
spontaneous abortion (with ultrasound-
based gestational age reflecting the sec-
ond, ie, nonaborted conception), rather
than systematic underestimates in wom-
en’srecollectionofthedateoftheirLNMP.
It could, however, reflect an error in the
ultrasound-based gestational error esti-
mates, since even a small systematic bias
in the formula (based on the biparietal
diameter) could lead to a substantial in-
crease in apparent preterm birth rates.

Even after accounting for the artifac-
tual increase inbirthsbefore37weeksdue
to early ultrasound dating, a significant
secular increase remained.Muchof there-
sidual increase appears attributable to a
secular increase in the proportions of de-
liveries to unmarried women and women
aged 35 years or older, because these pro-
portionsweresubstantialand increased4-
fold and 2.5-fold, respectively, during the
study period. In addition, since 1984, the
decreased use of (any) alcohol and in-
creases in the prevalence of histological
chorioamnionitis (which presumably re-
flects colonization and/or infection of the
uppergenital tractduringpregnancy)and
in cocaine use may have prevented a secu-
lar decrease in rate of preterm delivery
that would have otherwise been appar-
ent.Thus,overall, ourresultssuggest that
observed crude increases in delivery be-
fore32and34completedweeksare largely
attributable to changes in obstetric prac-
tice, while sociodemographic and behav-
ioral changes may have been responsible
forasubstantialpartof theremainingtrue
(ie, not due to gestational age assessment
method) increase and for a failure to ob-
serve a decrease in deliveries between 34
and 36 weeks of gestation.

Caution is advised in interpreting our
findings concerning several of the poten-
tial determinants we investigated. Al-
though women delivering at the study
hospital did not have routine vaginal or
cervicalcultures,andalthoughtheresults
of those who did have such cultures are
not contained in the computerized data-
base, genital tract colonization does not
necessarilydenoteinfection.Wewerefor-
tunate to have pathological examination
of placentas (as of 1984), which provides
histological evidence about the presence
ofchorioamnionitis,althoughplacental in-
flammation can have causes other than

genital tract infection. Ascertainment of
cigarette smoking and use of alcohol, can-
nabis, and cocaine during pregnancy were
allbasedonthemother’sself-report.Inthe
absence of biological markers of these ex-
posures, it is probably safe to assume that
all were underreported. We have no rea-
son to suspect different degrees of under-
reporting over time among mothers who
delivered preterm vs at term, however,
and such nondifferential underreporting
shouldthereforereducetheeffectsofsecu-
lar trends in these exposures on the cor-
responding trends in preterm birth.

Study mothers who consumed alcohol
duringpregnancywereatreducedriskfor
preterm birth. High alcohol consumption
($2 drinks per day) is known to be asso-
ciated with deficits in fetal growth but is
not a recognized determinant of preterm
birth.20 As previously reported from this
studyhospital,onlyabout0.3%ofourstudy
mothers report drinking even 1 or more
drinksperday.21 Thusthehighratesofany
alcoholconsumptionobservedinthisstudy
essentially reflect occasional alcohol use
(,1 drink per day). Despite the known to-
colytic effect of alcohol, our results do not
necessarily indicate that this low level of
consumption has a true, biological protec-
tive effect. We speculate that it may be a
marker for low stress, high self-confi-
dence, or other unmeasured behavioral
traits that might reduce the risk of pre-
termbirth,butthepossibilityofatruepro-
tective effect merits further study.

Our results require confirmation in
othersettings,bothbecauseofthenumer-
ous etiologic hypotheses we tested (ie,
multiple comparisons) and because of the
hospital-based provenance of the study.
In particular, population-based studies
have indicated a substantial secular
increase in multiple births13,15,16 (caused
largely by treatment for infertility). Mul-
tiplebirthsmaythereforeplayalargerrole
in the observed secular increase in pre-
term birth observed in large population-
based studies. Apart from this difference
relating to multiple births, the findings
fromthishospitalareconsistentwiththose
from our recent population-based study of
Canadian births from 1981 to 1994,13 even
though obstetric intervention and ultra-
sounddatinginthelatterstudywerebased
on proxy ecological variables rather than
individual-level measurement. Unfortu-
nately, large population-based studies
rarelycontaindetailed, individual-level in-
formation on the source of gestational age
estimates (eg, the use of early ultrasound
dating), obstetric interventions, sub-
stanceabuse,andmarkersforgenital tract
infection, and few collect data on mater-
nal smoking. Thus, further study using
large,computerizedclinicaldatabasesfrom
other settings would be useful in confirm-
ing our findings. Regardless of the re-

sults of future studies, however, the avail-
able evidence to date is clear in showing
no observable secular reduction in pre-
term birth. Part of the crude secular in-
crease appears to be an artifact of the in-
creasing use of early ultrasound-based
estimates of gestational age, and part can
beexplainedbyclinically justifiedchanges
inobstetric intervention.Nonetheless, the
failure to reduce (true) preterm delivery
among those births without such inter-
vention underlines the need for new etio-
logichypothesesandfurtherbasicandepi-
demiologic research in advancing our
understanding about the causes and pre-
vention of preterm birth.

Dr Kramer is a Distinguished Scientist of the
Medical Research Council of Canada.
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The only prospective study of this question that I am aware of—an
examination of 14 consecutive French women with histologi-
cally confirmed AFLP4—did not find relevant mutations (in the
gene for the a-subunit of LCHAD) among any of the patients.4

The small number of patients in this study (as well as the other
studies) precludes firm conclusions about the putative role of
LCHAD deficiency in complications of pregnancy.

When the etiologies of HELLP and other severe complica-
tions of pregnancy are understood, disorders of lipoprotein me-
tabolism may prove to contribute to a portion of cases. Simi-
larly, screening of mothers with certain disorders (eg, AFLP) and
their offspring may prove beneficial. However, the current un-
derstanding of this question leaves unclear which types of ma-
ternal complications should trigger screening for this defect. Un-
til the true associations between LCHAD deficiency and pregnancy
complications (and the magnitude of such associations) are de-
fined more completely, calls for screening of all mothers with the
HELLP syndrome may be premature.

John H. Stone, MD, MPH
Johns Hopkins University
Baltimore, Md
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Diagnosing Myocardial Infarction:
Should Patients Carry a Copy of Their ECG?

To the Editor: While the article by Dr Panju and colleagues1 on
diagnosing myocardial infarction (MI) was excellent, patients with
cardiac conditions should be reminded to carry a copy of their
electrocardiogram (ECG). In our splintered current health care
system, this step would save much time and effort and permit
appropriate therapy to be instituted more quickly.

Neil L. Kao, MD
Dayton, Ohio

1. Panju AA, Hemmelgarn BR, Guyatt GH, Simel DL. Is this patient having a myo-
cardial infarction? JAMA. 1998;280:1256-1263.

In Reply: We thank Dr Kao for his thoughtful comments and
agree that the ECG, and specifically the presence of new ST-
segment elevation and new Q waves, plays an important role in
aiding the diagnosis of MI. In particular in our review we found
that the presence of a new ST-segment elevation was associated
with likelihood ratios of 5.7 to 53.9, while the presence of any

ST-segment elevation (which by definition includes ST-segment
elevation that may have been present on a prior ECG) was asso-
ciated with a likelihood ratio of only 11.2. Similarly, new Q waves,
as opposed to any Q waves, also were associated with higher like-
lihood ratios and therefore more likely to occur in patients with,
as opposed to those without, MI.

The clinical impact of a prior ECG on the triage of patients with
acute chest pain also was studied by Lee et al.1 In this prospec-
tive study of 5673 patients who presented to the emergency de-
partment with acute chest pain, the availability of a prior ECG
did not change the sensitivity of admission to the hospital or criti-
cal care unit in patients with MI. However, patients who did have
MI but had prior ECGs available were less likely to be admitted
to the critical care unit than were patients without MI who did
not have prior ECGs. This increased diagnostic specificity was
most marked in patients with current ECG changes consistent
with ischemia or infarction, suggesting that prior ECG tracings
may help avoid unnecessary admissions. Prior ECGs often are not
available in the emergency department setting and Kao’s sugges-
tion that patients assume the responsibility of carrying a copy of
their ECG may be one approach to overcoming this obstacle.

Akbar A. Panju, MBChB, FRCPC
Brenda R. Hemmelgarn, PhD, MD
McMaster University
Hamilton, Ontario

1. Lee TH, Cook EF, Weisberg MC, Rouan GW, Brand DA, Goldman L. Impact of
the availability of a prior electrocardiogram on the triage of the patient with acute
chest pain. J Gen Intern Med. 1990;5:381-388.

CORRECTION

Incorrect Figure: In the Original Contribution entitled “Secular Trends in Preterm
Birth: A Hospital-Based Cohort Study,” published in the December 2, 1998, issue
of THE JOURNAL (1998;280:1849-1854), the interval 1992-1993 of Figure 2 on page
1851 was presented incorrectly. The correct figure appears below.
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