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Abstract. This study describes the evolution in fetal and neonatal mortality rates among 
twin pairs born in 22 hospitals located in the eastern regions of the province of Quebec 
in 1976-1978 (n = 776 pairs) and 1982-1985 (n = 712 pairs). It also assesses the contribu
tion of maternal factors, obstetrical care and characteristics of twins in the variation of 
the risk of death over time. The fetal mortality rate did not improve from 1976-1978 
(22.6 per 1000) to 1982-1985 (28.1 per 1000). However, the neonatal mortality rate 
declined from 44.7 to 34.7 per 1000 liveborn first twins and from 56.8 to 36.1 per 1000 
liveborn second twins. For first twins as for second twins, birth weight-specific neonatal 
mortality rates decreased within birth weight categories under 2500 g. In the second peri
od, 96.9% of twin pregnancies were detected before confinement compared to 59.6% 
in the earlier period. The proportion of twins delivered by obstetricians, the percentage 
of twin births occurring in ultraspecialized perinatal units and the frequency of 
caesarean sections increased markedly. The proportion of preterm births increased over 
time (34.5% vs 43.1%) whereas the percentage of low birth weight twins decreased but 
not significantly (54.3% 51.6%). In this study, changes in maternal age, parity, educa
tional level, sex of pairs, qualification of the physician, and level of care available at 
the hospital of birth, did not account for the decrease in neonatal mortality rates among 
twins. The increase in the frequency of caesarean sections seemed to explain only a small 
proportion of the decrease in the neonatal mortality rate among second twins. In the se
cond as well as in the first period, the neonatal mortality rate for twins was six times 
higher than that for singletons. 
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INTRODUCTION 

Twin pregnancies carry an increased risk of fetal and neonatal death when compared 
to singletons [8,9]. Although twin deliveries represent about 1% of all deliveries, they 
are responsible for approximately 11% of neonatal deaths [13]. In the province of Que
bec, perinatal mortality rate among twins was 86.5 per 1000 births in 1976 [8]. The ex
cess of mortality in twins is usually attributed to the high frequency of preterm birth and 
low birthweight [12,13,21] 

Since the management of twin pregnancy has changed markedly over the last years, 
it is pertinent to assess whether these changes are associated with a reduction in mortali
ty. Furthermore, most of the recent publications on this topic deal with twins born or 
treated in only one hospital [2,6,11,15,20] and therefore are more prone to selection bias 
than population-based studies [18] or studies including a large number of hospitals. This 
study compares fetal and neonatal mortality rates among twins born in the same hospi
tals during two different time periods. It also assesses the contribution of maternal fac
tors, obstetrical care and characteristics of twins in the variation of the risk of death over 
time. 

METHODS 

The study is based on twin pairs born from January 1976 through December 1978 and 
from April 1982 through March 1985 in 22 hospitals located in the eastern regions of 
the province of Quebec, Canada. The participating hospitals account for approximately 
90% of twin deliveries reported annually from all hospitals located in these regions. En
try into the study was restricted to pairs in which each twin weighed at least 500 g at 
birth. 

Vital status at birth was abstracted from the mothers' hospital records. Survival sta
tus of twins at the end of the neonatal period (0-27 days) was ascertained by reviewing 
all stillbirth and death certificates filed at the Quebec Population Registry. All twins are 
included in the denominator of the stillbirth rate, whereas the denominator of the ne
onatal mortality rate comprises only liveborn twins. 

Data on maternal characteristics, use of obstetrical ultrasonography, time of detec
tion of twin pregnancy, fetal presentation, length of pregnancy, method of delivery, 
birthweight, birth order and sex of pairs, were abstracted from the mothers' and new
borns' hospital records. The estimation of length of gestation was based on the date of 
last menstrual period. Hospitals were classified according to three levels: level I hospi
tals offering non-specialized perinatal services, level II catering to higher risk pregnan
cies, level III corresponding to regional centres with ultraspeciahzed perinatal services 
[19]. 

The frequencies of maternal, pregnancy and delivery characteristics were compared 
for the two study periods. Statistical differences were assessed by the Student's t-test for 
means and the Fisher's exact test or chi-square test for proportions. Relative risks (RR) 
were computed to estimate the risk of a specific event (eg: caesarean section, death) 
among twins from the second period to the risk among twins from the first period. Con-
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fidence intervals (CI) for the RR were estimated according to Miettinen's test-based 
procedure [14]. 

Logistic regression was carried out in order to investigate the contribution of specific 
factors in the evolution of neonatal mortality rates between the two periods. In these 
analyses, the measure of association is the odds ratio (OR), obtained from the regression 
coefficient of the variable representing the study period. This OR provides a good esti
mate of the relative risk since the outcome is relatively rare [14]. The crude OR was com
pared to the adjusted OR obtained from a model including as independent variables the 
factors under investigation and the study period. The change in the OR indicates the 
contribution of a factor in the evolution of the risk of mortality. A factor or set of fac
tors that would yield an adjusted OR equal to unity would be responsible for all the 
change in mortality observed between the two periods. 

RESULTS 

Evolution in Twin Fetal and Neonatal Mortality 

Our study includes 776 twin pairs born in 1976-1978, and 712 born in 1982-1985. A total 
of 112 fetal and neonatal deaths were recorded in the first period compared to 89 in the 
second. These figures include five deaths attributed to major congenital anomalies in the 
first period and eight in the second. The proportion of pairs in which both twins died 
decreased from 4.8% in 1976-1978 to 3.9% in 1982-1985, whereas the percentage of 
pairs including only one fetal or neonatal death changed little over time (4.9% in 1976-
1978 vs 4.6% in 1982-1985). 

Fetal and neonatal mortality rates are given in Table 1. Fetal mortality rate was 
slightly, but not significantly, higher in 1982-1985 than in 1976-1978. In contrast, the 
neonatal mortality rate was 30% lower in 1982-1985 than in 1976-1978. This diminution 
was of borderline statistical significance. The reduction in neonatal mortality was more 
pronounced for second twins (RR = 0.64) than for first twins (RR = 0.78). Whereas in 
the first period the neonatal mortality rates for second twins exceeded that of first twins 
by 12.1 deaths per 1000, this difference was of only 1.4 death per 1000 in the second 
period. 

Maternal Characteristics 

From the first period to the second, the proportion of mothers under 20 years of age 
tended to decrease (from 3.6% to 3.1%, p = 0.68) whereas that of women aged 30 years 
or more increased (26.9 vs 30.9%, p = 0.10). Nulliparae constituted 41.9% of the 
mothers in the first period and 42.7% in the second. However, the proportion of 
mothers of high parity (3 or more) decreased slightly (8.1% vs 5.6%, p = 0.07). Finally, 
the percentange of mothers with less than 10 years of education in the more recent peri
od (10.7%) was much lower than that reported in the first period (24.7%, p< 106). 
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Table 1 - Fetal and neonatal mortality rates in twins according to birth order by study period 

Fetal deaths 

Twin I 
Twin II 
All twins 

Neonatal deaths 

Twin I 
Twin II 
All twins 

Fetal and neonatal 
deaths 

Twin I 
Twin II 
All twins 

1976-1978 
No. of 
twins 

776 
776 

1552 

760 
757 

1517 

776 
776 

1552 

Mortality 
rate %o 

20.6 
24.5 
22.6 

44.7 
56.8 
50.8 

64.4 
79.9 
72.2 

1982-1985 
No. of Mortality 
twins rate %o 

712 
712 

1424 

692 
692 

1384 

712 
712 

1424 

28.1 
28.1 
28.1 

34.7 
36.1 
35.4 

61.8 
63.2 
62.5 

Relative 
risk" 

1.36 
1.15 
1.25 

0.78 
0.64 
0.70 

0.96 
0.79 
0.87 

95% 
Confidence 

interval 

0.71-2.60 
0.62-2.13 
0.80-1.95 

0.47-1.29 
0.39-1.03 
0.49-0.99 

0.65-1.42 
0.55-1.14 
0.64-1.22 

" Risk of death in 1982-1985 vs 1976-1978. 

Time of Diagnosis and Use of Ultrasonography 

The management of twin pregnancies changed markedly from one period to the other 
(Table 2). The percentage of mothers having undergone at least one obstetrical ultra
sound examination during pregnancy rose from 20.7% to 91.3% (p< 106). In the most 
recent period, 96.9% of twin pregnancies were diagnosed before hospitalization for 
delivery, whereas the corresponding figure was 59.6% in the first period (p< 106). The 
use of ultrasonography was strongly related to the probability for a twin pregnancy to 
be diagnosed before hospitalization. In 1982-1985, the percentage of twin pregnancies 
still undiagnosed at the time of mother's entrance to the hospital was 1.5% among those 
who had received an ultrasound examination, compared to 20.0% among those who did 
not have such an examination (p<10~8). 

The relation between time of diagnosis and risk of neonatal death is shown in Table 
3. The risk of neonatal death was higher when the diagnosis of twin pregnancy was made 
only after the mother's admission to hospital. After adjustment for length of pregnancy, 
twin pregnancies undiagnosed before confinement still carried a two- to three-fold 
higher risk of neonatal death. Finally, twin pregnancies diagnosed after confinement in 
the second period carried a higher risk of mortality than in the first period. 
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Table 2 • Twin 

Characteristic 

pregnancy characteristics related to obstetrical management 

Pregnancies 
N 

1976-1978 Pregnancies 
N 

1982-1985 

At least one obstetrical ultrasound 

Diagnosis of twin pregnancy before 
hospitalization for delivery 

Delivery by obstetrician-gynaecologist 

Delivery in level III hospital 
by length of gestation (weeks) 
<34 
34-36 
>37 
Total 

774 20.7 712 91.3 

763 

774 

97 
171 
508 
776 

59.6 

55.6 

13.4 
8.2 
9.8 
9.9 

703 

712 

116 
191 
405 
712 

96.9 

79.2 

25.9 
13.1 
9.4 

13.1 

Differences between totals are explained by missing values. 

Hospital of Birth and Caesarean Sections 

Access to specialized perinatal services has improved since 1976 (Table 2). Obstetrician-
gynecologists were involved in a statistically higher proportion of twin deliveries in 1982-
1985 (79.2%) than in 1976-1978 (55.6%). Moreover, the percentage of twins delivered 
in a level III hospital climbed from 9.9% to 13.1% (RR= 1.32, 95% CI: 0.99-1.75). This 
increase was more pronounced for twins born before 34 weeks of gestation (13.4% vs 
25.9%, RR=1.93, 95% CI: 1.09-3.42). However, 60.4% of all twins and 46.6% of 
those born before 34 weeks were still delivered in level I hospitals in 1982-1985. 

Fourty-three percent of the mothers were delivered by caesarean section in the se
cond period compared to 16.9% in the first (RR = 2.55, 95% CI: 2.16-3.01) (Table 4). 
This rise in the frequency of caesarean sections was observed in all gestational age 
groups, but was particularly pronounced among pregnancies of less than 34 weeks 
(RR = 5.57, 95% CI.: 2.84-10.95). Stratification according to twin presentations indi
cates that, in 1982-1985, the frequency of abdominal delivery reached 41% in vertex-
nonvertex pairs and nearly 85% when the first twin had a nonvertex presentation. 

Length of Gestation and Birthweight 

The proportion of twin pairs born before 37 completed weeks of gestation was higher 
in the second period (43.1%) than in the first (34.5%) (p = 0.0008). Pregnancies of less 
than 34 weeks were also more frequent in 1982-1985 (16.3%) than in 1976-1978 (12.5%) 
(p = 0.04), whereas the proportion of post-term pregnancies (42 weeks or more) was 
slightly lower in the second period (0.3%) than in the first (1.4%). 
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The distribution of twins according to birth weight did not change substantially. 
There was only a slight and nonsignificant decrease in the proportion of low birthweight 
twins (less than 2500 g) between the two periods (54.3% vs 51.6%, p = 0.15). The same 
nonsignificant diminution was observed for very low birthweight twins (less than 1500 
g) (9.2% vs 8.8%, p = 0.73). 

Birthweight-specific neonatal mortality rates are shown in Table 5. Very low birth
weight twins accounted for 79% and 88% of neonatal deaths recorded respectively in 
the first and the second period. Mortality rates within birthweight strata were lower in 
the second period than in the first except in the 2500+ g category. 

Table 5 - Birthweight-specific neonatal mortality rates in twins by birth order and study period 

Birthweight (g) 

Twin I 

500-999 
1000-1499 

1500-1999 

2000-2499 

2500 + 

No. of 
twins 

22 

38 

99 

232 

369 

1976-1978 
Mortality 
rate/1000 

863.6 

236.8 

30.3 

12.9 

0.0 

No. of 
twins 

23 
27 

85 

210 

347 

1982-1985 
Mortality 
rate/1000 

739.1 
111.1 

23.5 

9.5 

0.0 

Total 760 44.7 692 34.7 

Twin II 

500-999 

1000-1499 

1500-1999 

2000-2499 

2500 + 

22 

40 

114 

243 

338 

1000.0 

300.0 

35.1 

12.4 

5.9 

22 

33 

100 

201 

336 

727.3 
212.1 

0.0 

0.0 

6.0 

Total 757 56.8 692 36.1 

Sex of Pairs 

The two study groups are comparable regarding the sex of pairs. Overall, 75.6% of the 
twin pairs were of like-sex in the first period (39.4% MM and 36.2% FF) comparatively 
to 73.6% in the second period (35.1% MM and 38.5% FF). 
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Factors Associated with the Improvement in the Neonatal Mortality 
Rates 
Logistic regression analysis was carried out in order to identify the factors contributing 
to the improvement in neonatal mortality. The regressions included only liveborn twins. 
Twins I and twins II were considered separately. The crude ORs comparing the risk of 
neonatal death in the second vs the first period were 0.74 and 0.62 for first and second 
twins, respectively. Simultaneous adjustment for age, parity and educational level did 
not change these ORs, suggesting non contribution of these maternal characteristics in 
the improvement of mortality. Similarly, controlling for sex of pairs (like vs unlike) had 
no effect on the estimates. When variables related to the management of the pregnancy 
and delivery were considered, neither the qualification of the physician (obstetrician or 
not) nor the type of delivery hospital (level I, II or III) had an effect on the evolution 
of mortality. However, adjustment for the mode of delivery yielded adjusted ORs equal 
to 0.84 for twins I and 0.70 for twins II. These results suggest that the increase in the 
frequency of caesarean sections explained 38% and 21 % of the decline in neonatal mor
tality observed in first and second twins, respectively. 

DISCUSSION 

In this study, the fetal mortality rate among twins did not decline from 1976-1978 to 
1982-1985. However, there was a 30% reduction in the risk of neonatal death, and this 
reduction was more marked for second twins than for first twins. The proportion of 
twin pregnancies diagnosed after admission into hospital has decreased markedly. The 
probability for twin pregnancies of being detected before confinement was strongly 
related to the use of ultrasonography. This observation is in agreement with randomized 
trials of ultrasonographic screening, which indicate that ultrasonography leads to earlier 
detection of twin pregnancies [1,7,23,26]. 

In spite of a large increase in the use of ultrasonography as well as a marked change 
in the time of diagnosis of twin pregnancies, there was little or no improvement in the 
birth weight distribution. Length of gestation was even shorter in the second period than 
in the first. There are, however, two possible explanations for this last observation. 
First, interventions to terminate the pregnancy may have been more frequent in the most 
recent period. Unfortunately, information on this variable was not collected. Second, 
the comparison of length of gestation between the two periods may be biased, since 
ultrasound was much more frequently available in the second period as compared to the 
first. Although our estimation of length of gestation was based on the date of last men
strual period, this date may have been revised by the attending physician following an 
early ultrasonographic examination. Goldenberg et al [10] reported that the recent in
creasing use of ultrasonographic findings for estimating gestational age in their institu
tion was related to a shift towards shorter reported gestational ages and higher frequen
cy of preterm births. This may have also occurred in our study. 

Whether earlier diagnosis through routine ultrasound screening can result in im
provement in length of gestation and birth weight is still a controversial issue. In the two 
Norwegian trials of routine ultrasound screening, twins in the screened group were on 
average 420 g [7] and 606 g [1] heavier than those in the unscreened group. In one of 
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these trials, screening was also associated with a longer mean length of twin gestation 
[1]. In contrast, in two other randomized trials [23,26], routine one-stage ultrasound 
screening had no beneficial effect on birthweight or length of gestation in twin pregnan
cies. Smith and Campbell [25] suggested than ultrasound screening could hardly im
prove birthweight and length of gestation since prophylactic bed rest [24] and use of 
tocolytic agents [16] have not been shown to be beneficial in twins pregnancies. 

Our results indicate that the time of diagnosis of twin pregnancies is strongly related 
to the risk of neonatal mortality. Interestingly, in a recent randomized trial [23], twin 
babies in ultrasound-screened pregnancies had a lower perinatal mortality rate (27.8 per 
1000) than twin babies from the control group (65.8 per 1000). Early detection of twin 
pregnancies allows both better antepartum and intrapartum monitoring of fetal well-
being and permits more appropriate timing for delivery. These could reduce the risk of 
fetal asphyxia and lead to lower birthweight-specific mortality rates. Although improved 
neonatal care could also have a role in the decline of birthweight-specific mortality rates, 
this factor was not considered in our study. 

Twin pregnancies diagnosed only after confinement carried a higher risk of neonatal 
death in the later period than in the previous one. In the first period, ultrasound screen
ing was only available in a few large hospitals whereas, in the second period, it was 
offered to all pregnant women. Some observations suggest that the few women who did 
not undergo an ultrasound examination in 1982-1985 probably shared some high-risk 
characteristics. For example, they were on average younger, less educated, and more 
often delivered by a family physician in a level-I hospital after a shorter length of 
gestation. 

In our study, the proportion of twin pairs delivered by caesarean section has in
creased markedly, especially among pregnancies shorter than 34 weeks and in vertex-
nonvertex presentations. The four-fold increase in caesarean section rates for vertex-
nonvertex pairs resulted in a caesarean section frequency of 40% in this group. This 
proportion is higher than that of 28.8% reported by Chervenak et al [5]. Several authors 
do not advocate routine caesarean section for term vertex-nonvertex pairs [3,4,17]. 
Results of a randomized trial on 60 vertex-nonvertex pairs also suggest that there is no 
difference in the neonatal outcome for the second twin according to the type of delivery 
[22]. Bell et al [2] also suggested that the increase in the frequency of caesarean section 
did not improve the condition of twins at birth. In the present study, the more liberal 
use of caesarean section in the second period seems to have contributed weakly to the 
improvement in the risk of neonatal death. 

In spite of the improvement in the neonatal outcome for twins, their neonatal mor
tality rate remains much higher than that of singletons. The neonatal mortality rates for 
twins born in 1976-1978 and 1982-1985 were respectively 6.1 and 6.2 times those report
ed for all births in corresponding regions of the province of Quebec. Furthermore, the 
relative contribution of twins to neonatal deaths has not changed over time, twins being 
responsible for 8.7% of all neonatal deaths reported in the first period and 9.3% in the 
second period. Clearly, further progress still needs to be made and efforts should be 
directed towards prevention of preterm delivery. 

Acknowledgments: We thank Yves Tremblay and Nicole Meunier for technical assistance. 

https://doi.org/10.1017/S0001566000002622 Published online by Cambridge University Press

https://doi.org/10.1017/S0001566000002622


Twin Pregnancy Characteristics 191 

REFERENCES 

1. Bakketeig LS, Eik-Nes SH, Jacobsen G, Ulstein MK, Brodtkorb CJ, Balstad P, Eriksen BC, 
Jorgensen NP (1984): Randomised controlled trial of ultrasonographic screening in pregnan
cy. Lancet 2:207-211. 

2. Bell D, Johansson D, McLean FH, Usher RH (1986): Birth asphyxia, trauma and mortality 
in twins: Has cesarean section improved outcome? Am J Obstet Gynecol 154:235-239. 

3. Blickstein I, Schwartz-Shoham Z, Lancet M, Borenstein R (1987): Vaginal delivery of the se
cond twin in breech presentation. Obstet Gynecol 69:774-776. 

4. Chervenak FA, Johnson RE, Berkowitz RL, Grannum P, Hobbins JC (1984): Is presentation 
cesarean section necessary for vertex-breech and vertex-transverse twin gestations? Am J Ob
stet Gynecol 148:1-5. 

5. Chervenak FA, Johnson RE, Youcha S, Hobbins JC, Berkowitz RL (1985): Intrapartum 
management of twin gestation. Obstet Gynecol 65:119-124. 

6. Desgranges MF, DeMuylder X, Moutquin JM, Lazaro-Lopez F, Leduc B (1982): Perinatal 
profile of twin pregnancies: A retrospective review of 11 years (1969-1979) at Hopital Notre-
Dame, Montreal, Canada. Acta Genet Med Gemellol 31:157-163. 

7. Eik-Nes SH, Okland O, Aure JC, Ulstein M (1984). Ultrasound screening in pregnancy: A 
randomised controlled trial. Lancet 1:1347. 

8. Fabia J (1979): Mortalite peiinatale au Quebec: II. Jumeaux. Vie Medicale au Canada Fran-
cais 8:28-35. 

9. Fabia J, Drolette M (1980): Twin pairs, smoking in pregnancy and perinatal mortality. Am 
j Epidemiol 112:404-408. 

10. Goldenberg RL, Davis RO, Cutter GR, Hoffman HJ, Brumfield CG, Foster JM (1989): 
Prematurity, postdates, and growth retardation: The influence of ultrasonography on report
ed gestational age. Am J Obstet Gynecol 160:462-470. 

11. Hartikainen-Sorri A-L, Kauppila A, Tuimala R, Koivisto M (1983): Factors related to an im
proved outcome for twins. Acta Obstet Gynecol Scand 62:23-25. 

12. Kauppila A, Jouppila P, Koivisto M, Moilanen I, Ylikorkala O (1975): Twin pregnancy — 
A clinical study of 335 cases. Acta Obstet Gynecol Scand 54(Suppl):5-12. 

13. McCarthy BJ, Sachs BP, Layde PM, Burton A, Terry JS, Rochat R (1981): The epidemiology 
of neonatal deaths in twins. Am J Obstet Gynecol 141:252-256. 

14. Miettinen OS (1976): Estimability and estimation in case-referent studies. Am J Epidemiol 
103:226-235. 

15. Morand G, Guimond P (1974): Grossesse multiple: G.A.R.E. et F.A.R.E. Union Med Can 
103:296-300. 

16. O'Connor MC, Murphy H, Dalrymple IJ (1979): Double blind trial of ritodrine and placebo 
in twin pregnancy. Br J Obstet Gynaecol 86:706-709. 

17. Olofsson P, Rydhstrom H (1985): Twin delivery: how should the second twin be delivered? 
Am J Obstet Gynecol 153:479-481. 

18. Osbourne GK, Patel NB (1985): An assessment of perinatal mortality in twin pregnancies in 
Dundee. Acta Genet Med Gemellol 34:193-199. 

19. Paneth N, Kiely JL, Wallenstein S, Marcus M, Pakter J, Susser M (1982): Newborn intensive 
care and neonatal mortality in low-birth-weight infants. N Engl J Med 307:149-155. 

20. Persson P-H, Grennert L, Gennser G, Kullander S (1979): On improved outcome of twin preg
nancies. Acta Obstet Gynecol Scand 58:3-7. 

21. Pettersson F, Smedby B, Lindmark G (1976): Outcome of twin birth: Review of 1636 children 
born in twin birth. Acta Paediatr Scand 65:473-479. 

22. Rabinovici J, Barkai G, Reichman B, Serr DM, Mashiach S (1987): Randomized management 
of the second nonvertex twin: Vaginal delivery or cesarean section. Am J Obstet Gynecol 
156:52-56. 

https://doi.org/10.1017/S0001566000002622 Published online by Cambridge University Press

https://doi.org/10.1017/S0001566000002622


192 L. Moreault et al. 

23. Saari-Kemppainen A, Karjalainen O, Ylostalo P, Heinone OP (1990): Ultrasound screening 
and perinatal mortality: Controlled trial of systematic one-stage screening in pregnancy. Lan
cet 336:387-391. 

24. Saunders MC, Dick JS, Brown IMcL, McPherson K, Chalmers I (1985): The effets of hospital 
admission for bed rest on the duration of twin pregnancy: A randomized trial. Lancet 
2:793-795. 

25. Smith AP, Campbell D (1988): Routine ultrasound scanning in twin pregnancies. Lancet 
2:1029. 

26. Waldenstrom U, Axelsson O, Nilsson S, Eklund G, Fall O, Lindeberg S, Sjodin Y (1988): Ef
fects of routine one-stage ultrasound screening in pregnancy: A randomised controlled trial. 
Lancet 2:585-588. 

Correspondence: Dr. Sylvie Marcoux, Epidemiology Research Unit, Department of Social and Preven
tive Medicine, Faculty of Medicine, Laval University, Sainte-Foy, Qc, Canada GIK 7P4. 

https://doi.org/10.1017/S0001566000002622 Published online by Cambridge University Press

https://doi.org/10.1017/S0001566000002622



