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Abstract. Delivery records of public hospitals and local health centers were analyzed to 
investigate the secular trend of multiple births from 1955 to 1990 in Taiwan. Twinning 
rates decreased gradually from the late 1950s to 1973, slightly increased and remained 
stable from 1974 to 1980, and then increased strikingly from 1981 to 1990. During the 
study period, MZ rates were consistently higher than DZ rates except in 1986 when a 
higher DZ rate was observed. The highest MZ rate of 7.7 per 1,000 deliveries was ob
served in 1985, while the highest DZ rate of 4.6 per 1,000 deliveries was observed in 
1986. The triplet incidence rate also declined from the early 1960s to 1973 and then in
creased markedly from 1974 to 1990. A case-control study including 482 MZ and 252 
DZ twin pairs and 1,496 singletons was carried out in four teaching hospitals in Taipei 
City between October 1985 and June 1989 to examine factors related to twinning. The 
zygosity of twin pairs was determined by sex, placentation and red blood cell antigens. 
Multiple logistic regression analysis showed that the higher the maternal age, the lower 
the MZ and DZ rates, while the higher the parity, the higher the rates. There was no 
association of paternal age or of maternal educational level with twinning rates 
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INTRODUCTION 

The twinning phenomenon in humans has been of interest since ancient times [16]. 
However, the biology of twinning has only been intensively studied recently. Despite the 
efforts devoted to the identification of possible associated factors, the determinants and 
mechanisms of twinning are still not completely understood. 
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In recent decades, there has been a change in twinning rates in Taiwan, the USA, 
western European countries, Australia, New Zeland, Japan, Hungary, Poland, and in 
Canada [7,8,11,19,25]. In many countries, including Taiwan, a decline in twinning rates 
began in the 1950s and continued up to the late 1970s. 

Many studies have reported on increased twinning rates associated with maternal age 
[1,3,5,12,14,22,24]. In Taiwan, both MZ and DZ rates increased with maternal age and 
parity in 1975-1984 [7]. In contrast, DZ twinning rates were found to increase with pari
ty independent of maternal age in Nigeria [4] and Scotland [23]. The present study was 
carried out to examine the secular trend of twinning rates and to explore the possible 
factors associated with twinning including parity, paternal age, and maternal eductional 
level. 

MATERIALS AND METHODS 

In order to examine the secular trend of multiple births in Taiwan, delivery records of 
public hospitals and local health centers from 1955 to 1990 were obtained from national 
annual health statistics [10]. Annual deliveries reported from these hospitals and health 
centers ranged from 65,061 in 1955 to 22,343 in 1987. The number of twin deliveries in 
each year ranged from 371 in 1956 to 153 in 1973. The zygosity of twin deliveries was 
determined by Weinberg's method [6]. In other words, the numberof DZ pairs was twice 
that of different-sexed twin pairs, while the number of MZ pairs was the difference be
tween the number of DZ same-sexed and different-sexed twin pairs. MZ and DZ twin
ning rates were expressed as the number of MZ and DZ twin pairs per 1,000 deliveries, 
respectively. 

To study multiple factors associated with the development of MZ and DZ twins, a 
matched case-control study was carried out. Twin subjects were recruited from 4 teach
ing hospitals in Taipei City including the National Taiwan University Hospital, MacKay 
Memorial Hospital, Taipei Municipal Maternal and Child Hospital, and the National 
Nursing School Hospital. All twins delivered in these hospitals from October 1985 to 
June 1989 were studied. In addition to placenta and cord blood collection for zygosity 
determination, the mothers of the twins were personally interviewed, according to a for
mulated questionnaire, by public health nurses well trained to standardize their inter
view technique. 

During the study period, a total of 73,264 deliveries, including 844 twin births, took 
place in the four study hospitals. Zygosity of the twin pairs was determined by sex, 
placentation and red blood cell antigens including A, B, C, D, E, c, e, M, N, Lea Leb, 
and P ; . Monochorionic twin pairs and dichorionic same-sexed twin pairs with concor
dant red blood cell antigens were regarded as MZ. Different-sexed twin pairs and 
dichorionic same-sexed twin pairs with one or more discordant blood types were classi
fied as DZ. Among the 844 twin pairs, there were 482 MZ pairs, 252 DZ pairs, and 110 
pairs whose zygosity was indeterminable due to lack of information on placentation, red 
blood types, or both. 

In order to elucidate on factors associated with twinning, two singletons matching 
each twin pair for delivery hospital and date of birth were selected. Information on as
sociated factors was extracted from the medical charts of these singleton deliveries. Only 
1,496 (88.6%) of the 1,688 matched singletons had complete data for analysis. The fre-
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Table 1 - Parity of MZ and DZ twins and singletons 

Parity 

1 
2 
3 
4 + 

Singl 

No. 

1304 
159 
29 
4 

eton 

(%) 

(87.2) 
(10.6) 
( 1.9) 
( 0.3) 

No. 

334 
89 
33 
26 

MZ 

(%) 

(69.3) 
(18.5) 
( 6.8) 
( 5.4) 

No. 

181 
46 
15 
10 

DZ 

(%) 

(71.8) 
(18.3) 
( 6.0) 
( 4.0) 

Odds ratio 

MZ vs. DZ vs. 
singl. singl. 

1.0 1.0 
2.2 2.1 
4.5 3.8 

24.7 17.1 

Table 2 - Maternal age of MZ and DZ twins and singletons 

Maternal 
age 

<25 
25-29 
30-34 
35 + 

Singleton 

No. 

326 
760 
348 
62 

(<%) 

(21.8) 
(50.8) 
(23.3) 
( 4.1) 

No. 

147 
414 
105 
16 

MZ 

(%) 

(30.5) 
(44.4) 
(21.8) 
( 3.3) 

No. 

51 
137 
58 
6 

DZ 

(%) 

(20.2) 
(54.4) 
(23.0) 
( 2.4) 

Odds 

MZ vs. 
singl. 

1.0 
0.6 
0.7 
0.6 

ratio 

DZ vs. 
singl. 

1.0 
1.2 
1.1 
0.6 

quency distribution of parity, paternal age and maternal educational level of MZ and 
DZ twin pairs was compared with that of singletons. The statistical significance of as
sociations between factors and twinning were assessed by chi-square tests. The multiple 
logistic regression analysis was used to estimate the multivariate-adjusted odds ratio of 
twinning for each factor. The statistical significance of multivariate-adjusted odds ratios 
was assessed by the t-test of regression coefficients. 

RESULTS 

The secular trend of twinning rates from 1955 to 1990 in Taiwan is shown in Fig. 1. The 
rates decreased gradually from the late 1950s to 1973, slightly increased and remained 
stable from 1974 to 1980, and then increased strikingly from 1981 to 1990. During the 
study period, MZ rates were consistently higher than DZ rates except in 1986 when a 
higher DZ rate was observed. Generally speaking, MZ rates declined gradually from the 
late 1950s to the early 1970s and have been on the increase again since the late 1970s. 
There were four MZ peak rates in 1957, 1966, 1975 and 1985, respectively. The highest 
MZ rate of 7.7 per 1,000 was recorded in 1985. A decline also took place in the DZ rates 
from the late 1950s to the early 1970s, with an increase only occurring again after 1975. 
The highest DZ rate of 4.6 per 1,000 was observed in 1986. 
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Fig. 1 - Secular trend of twinning rate in Taiwan from 1955 to 1990. 

Triplet incidence rates from 1955 to 1990 are shown in Fig. 2. There was a greater 
variation in the triplet incidence rate than in the twinning rate due to the much lower 
incidence of triplets and the small number of deliveries under observation. However, it 
too showed a decline from the early 1960s up to 1973, and then increased strikingly be
tween 1974 and 1990. The annual incidence rates of same-sexed triplets were consistently 
higher than those of different-sexed triplets for the years 1955 to 1973. No consistent 
difference was observed between different-sexed and same-sexed triplet rates after that 
date. 

The twinning rate in the four study hospitals in Taipei City between October 1985 
and June 1989 was 11.5 per 1,000 deliveries (844/73,264). Based on Weinberg's rule, 
MZ and DZ rates were estimated as 7.5 and 4.0 per 1,000 deliveries, respectively. Table 
1 shows the parity of MZ and DZ twins and singletons. Both MZ and DZ twinning rates 
were significantly associated with parity in a dose-response relationship. The higher the 
parity, the greater the odds ratio of giving birth to MZ and DZ twins. The maternal age 
of MZ twins was younger than that of singletons. The older the maternal age, the lesser 
the chance of giving birth to MZ twins. The distribution of maternal age for DZ twins 
was similar to that for MZ twins. The odds ratio of giving birth to DZ twins was 0.6 
for the maternal age group of 35 years or more. 
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Fig. 2 - Secular trend of triplet incidence rate in Taiwan from 1955 to 1990. 

Because of the significant association between parity and maternal age, the odds ra
tios of giving birth to MZ twins by parity and maternal age are shown in Table 3. There 
was a consistent increase in the odds ratios for parity in all maternal age groups, and 
a consistent decrease in the odds ratios for maternal age in most parity groups. Parity 
and maternal age-specific odds ratios of giving birth to DZ twins are shown in Table 

Table 3 - Odds ratios of MZ twinning by parity and maternal age 

Maternal 
age 

<25 
25-29 
30-34 
35 + 

1 

1.0* 
0.6 
0.5 
0.7 

2 

3.8 
1.6 
1.1 
0.5 

Parity 

3 

7.3 
5.9 
3.6 
0.2 

4 + 

14.6 
14.6 
17.6 
5.9 

* First parity with maternal age less than 25 years selected as the reference group. 
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4. Here also an increasing trend of odds ratios for parity in all maternal age groups and 
a decreasing trend of odds ratios for maternal age in most parity groups was observed. 
Results of the multiple logistic regression analyses of MZ and DZ twinning rates on pari
ty and maternal age are shown in Table 5. The odds ratios for both MZ and DZ twinning 
were found to increase with parity and decrease with maternal age. There was no signifi
cant interaction to be found between parity and maternal age. Neither was there any sig
nificant difference in paternal age between the twins, both MZ and DZ, and singletons 
as shown in Table 6. The MZ and DZ twins and singletons all had a similar maternal 
educational level as shown in Table 7. 

Table 4 - Odds ratios of DZ twinning by parity and maternal age 

Maternal 
age 

<25 
25-29 
30-34 
35 + 

1 

1.0* 
1.0 
0.8 
0.2 

2 

3.3 
2.1 
1.8 
1.9 

Parity 

3 

4.1 
9.6 
4.6 
— 

4 + 

32.9 
12.4 
8.2 

* First parity with maternal age less than 25 years selected as the reference group. 

Table 5 - Multiple logistic regression analysis of MZ and DZ twinning by parity and maternal age 

Variable 

Maternal age 

Parity 

Table 6 - Paternal age 

Paternal 
age 

<25 
25-29 
30-34 
35 + 

Group 

<25 
25-29 
30-34 
35 + 

1 
2 
3 
4 + 

of MZ and DZ twins and i 

Singleton 

No. 

93 
617 
523 
181 

(%) 

( 6.6) 
(43.6) 
(37.0) 
(12.8) 

] 

No. 

39 
205 
173 
65 

VIZ 

(%) 

( 8.1) 
(42.5) 
(35.9) 
(13.5) 

Multivariate-adjusted odds ratio 

MZ 

1.0 
0.6 
0.5 
0.3 

1.0 
2.6 
6.0 

31.9 

singletons 

No. 

17 
104 
101 
30 

DZ 

(%) 

( 6.7) 
(41.3) 
(40.1) 
(11.9) 

DZ 

1.0 
1.0 
0.8 
0.3 

1.0 
2.3 
5.3 

22.6 

Odds ratio 

MZ vs. DZ vs. 
singl. singl. 

1.0 1.0 
0.8 0.9 
0.8 1.1 
0.9 0.9 
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Table 7 - Maternal educational level of MZ and DZ twins and singletons 

Maternal 
educational 
level 

Elementary 
Junior high 
Senior high 
College 

Singleton 

No. 

120 
258 
712 
406 

(%) 

( 8.0) 
(17.2) 
(47.6) 
(27.1) 

No. 

55 
88 

219 
120 

MZ 

(%) 

(11.4) 
(18.3) 
(45.4) 
(24.9) 

No. 

24 
42 

112 
74 

DZ 

(<%) 

( 9.5) 
(16.7) 
(44.4) 
(29.4) 

Odds ratio 

MZ vs. DZ vs. 
singl. singl. 

1.0 1.0 
0.7 0.8 
0.7 0.8 
0.6 0.9 

DISCUSSION 

The reason for the consistent decline in twinning rates in many countries between the 
1950s and 1970s remains to be clarified. Several possible factors such as the change in 
parity and maternal age [17], the use of oral contraception, of pesticides and the effects 
of environmental pollution [15] together with reduced sperm activity [18] have all been 
proposed as explanations of this phenomenon. However, the decline in both the twin
ning and triplet incidence rates in Taiwan between the 1950s and early 1970s may be at
tributable to the decrease in parity as a result of socioeconomic developments and the 
introduction of intensive family planning and birth control programs. On the other 
hand, the striking increase in multiple birth rates from then onwards may be due to the 
use of ovulation-stimulating drugs and other forms of infertility treatment. 

The increase in DZ rates with maternal age has been consistently observed in many 
studies [1,3,5,12,14,22,24]. Our previous study also reported a slight increase of DZ 
rates with maternal age during the period 1975 to 1984 in Taiwan [7]. In this study 
however, the DZ rates on adjustment for the effect of parity, were negatively associated 
with maternal age. It is suspected that women with infertility problems from the late 
1970s onwards may have undergone treatment at an earlier age. Thus younger mothers 
may have higher DZ rates than older mothers in recent years. The increase in DZ twin
ning rates with parity is self-explanatory in that DZ twinning and large families are both 
indicative of high fertility. 

Slight increases in MZ rates with maternal age were observed in Taiwan [7], the USA 
[4], and Hungary [9]. Some researchers believe that MZ twinning is a special form of 
congenital malformation resulting from an arrest early in the development of embryonic 
life [26]. Defective nutritional intake and teratogen exposures have also been hypothe
sized to play a role in the formation of MZ twins [2,20]. It has been suggested that the 
increase in MZ twinning rates in the UK could be related to the use of oral contraceptives 
[13], while a large-scale Australian study showed an increased MZ twinning rate in preg
nancies that had taken place following termination of oral contraception [21]. In the 
past, in Taiwan, oral contraceptives were less frequently used than intrauterine devices 
as birth control methods. However, there has been an increasing trend in the use of oral 
contraceptives in recent years. The younger women in Taiwan prefer oral contraception, 
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while the older women still tend to use intrauterine devices. Whether the use of oral con
traceptives contributed to the higher MZ rates in the younger rather than older mothers 
in Taiwan necessitates further elucidation. 
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