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Introduction 
 
The prevalence of twin pregnancy is 1 out of 208 
deliveries in Iran (1) and 1 out of every 90 world-
wide and it is commonly related to race and family 
factors (2). However, this rate changes from 6 to 9 
twins per every 1000 live births in the United 
States, South and South-east Asia (the lowest rate), 
to 9-16 in North America and Europe, and to 18-
30 in Central Africa (3). However, there are re-

ports that show a 76% increase of twin births dur-
ing 1980-2009 in the United States (from 18.9 to 
33.3 per 1000 births) (4). This raising multiple 
pregnancy rate is due mainly to increasing use of 
fertility treatments such as in vitro fertilization 
(IVF) (5). 
The health problems of multiple pregnancies in 
mothers and newborns are more pronounced than 
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the single type. Twin pregnancies are commonly 
associated with preterm delivery, lower birth 
weight, and weight discordance defined by birth 
weight difference of 15% or more (the difference 
of the larger twin weight from the small one in 
twin pairs) (6-9). The incidence of weight discord-
ance has been reported between 9.6 to 28.8% in a 
study in Nigeria (10).  
There have been studies on twins in different ar-
eas worldwide. For instance, a study introduces 
height, weight and BMI growth chart for LBW 
children in Germany (11). The majority of studies 
on twins have focused on intrauterine growth or 
evaluating after birth growth status and develop-
mental aspects of discordant twins. However, 
there is no standardized cut-off point for discord-
ancy regarding the birth weight of twins, therefore, 
the incidence and status of subsequent neonatal 
outcomes in this regard varies depending on the 
cut-off used for discordancy (12).  
The birth weight of less than 2500gr per live born 
infant is considered as low birth weight (LBW), 
based on the WHO (13). Results of a study by the 
Agency for Healthcare Research and Quality 
showed that approximately 6.1% of the births in 
the US in 2011were LBW (14) whereas 15.5% of 
live births in the world are LBW of which 95% are 
born in developing countries like Iran (15). In 
some references, 6-7% of all births are reported as 
LBW neonates. However, these cases constitute 
75% of neonate mortality. In addition, this prob-
lem is an important cause of some diseases in the 
childhood (16). In a study reported by Onyiriuka 
in Nigeria LBW incidence in twins was 51.7% (7). 
The risk factors that may lead to LBW in mothers 
consist of multiple pregnancies, insufficient nutri-
tion, young ages, precedence of LBW infants, hy-
pertension or heart disease, alcohol abuse and 
obesity, insufficient weight gaining, poor prenatal 
care, low level of educations and environmental 
factors such as air pollutions and smoking (6, 17, 
18). Presently, the complications of LBW are well 
known and include the increased probability of 
infant's mortality as the most serious one (19). 
There are also other complications such as the 
increased chance of chronic diseases later in life, 
morbidity, neuropathologic disease and secondary 

physical and mental disabilities. Moreover, LBW is 
a health index at the population level. Recently, 
several studies have showed the effect of LBW on 
the cognitive development of infants (20-21). 
Growth evaluation is one of the most basic ele-
ments of child health, specifically, at birth and in-
fancy period. Physical growth is the most distinc-
tive development in a child. Therefore, physical 
growth parameters such as weight, height and 
head circumference may be considered as one of 
the best mean for assessing the health status. Dif-
ferent studies have indicated that LBW children 
face poor growth trends compared to the normal 
children (22). As a result, specific methods have 
been designed to evaluate of the LBW growth (23).  
Since the light weighing is more likely in twins, 
trend assessment of growth needs more studies in 
twin pairs. Studies on twins are of specific interest, 
since twins are naturally matched and many prob-
able confounding factors such as length of gesta-
tion, maternal nutrition, or socioeconomic status, 
that both infant in a pair share them, are eliminat-
ed (24). A careful review of literature revealed that 
the majority of the studies have focused on exam-
ining the growth trend of discordant twins (exclu-
sive LBW as a cutoff for discordancy) or have 
compared the growth of LBW with normal infants 
in singleton. However, there is a lack of infor-
mation regarding twins when only one is born 
with normal birth weight (birth weight of 2500gr 
to 4000gr) whereas the other one suffers from low 
birth weight. 
 Therefore, this study was designed to compare 
the growth indices of twins with dissimilar weight 
at birth (LBW vs. normal twin) for two consecu-
tive years. 
 

Methods and Materials 
 
This historical cohort study was conducted at the 
primary health care centers of Kashan (located in 
the central region of Iran) in 2013. 
 The twins who only one was born with normal 
birth weight (birth weight of 2500 gr to 4000 gr) 
and the other one with low birth weight were se-
lected from the total twins born over a six years 
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period from April 2006 to March 2011.This twins 
followed for two years and the weight, height and 
head circumference of these neonates were meas-
ured at the time intervals of birth, after 6, 12, 24 
months of chronological age using care charts of 

children in 'Well Care Children' (WCC) (25). In 
addition, their background characteristics and 
breastfeeding duration recorded for each pair. 
Figure 1 presents the flowchart of the study popu-
lation according to the years of study. 

 

 
 

Fig.1: Study population according to the years of study 

 
Statistical analysis 
Following the completion of data collection, in 
order to clarify the sex role in the growth of infant, 
twins were stratified into four subgroups, named 
sex-twin subgroups ,according to the sex of each 
twin in pairs ; SF subgroup (Same-sex: Female), 
SM subgroup (Same-sex: Male), LF subgroup 
( LBW: Female, NBW: male) and LM subgroup 
(LBW: Male, NBW: female). The relationship be-
tween different subgroups and the background 
characteristics and subsequent neonatal outcomes 
were assessed. 
Percent of difference between both twins birth 
weight in each pair (difference of Birth weight of 
smaller twin from Birth weight of larger twin 
/Birth weight of larger twin and multiplied by 100) 
was calculated to show the discordance status in 
the twins. 
For the background characteristics, differences in 
means among the categories of sex-twin sub-
groups were determined by analysis of variance 
and reported as mean±sd and ‘Chi-square’ test 
used for comparing the categorical data. 

The growth outcomes were compared separately 
between all matched pairs and in sex-twin sub-
groups using paired t-test or Wilcoxon. Repeated 
measurement analysis was also used to assess the 
growth trend of twins in four subgroups over time. 
The analyses were performed by the SPSS 18.0 
software (Chicago, IL, USA). All of the tests were 
performed with P-values set to 0.05 or less by 
two-sided. 
 

Results 
 
The prevalence of live born twins delivered from 
the April 2006 to March of 2011 in Kashan was 
11.6 per 1000 birth. From the 366live born twins 
in this period, 104(28.4%) twins (with minimum 
of 20.6% in 2009 and maximum 35.7% in 2008) 
were dissimilar in weight at birth. Less than half 
(47%) of these neonates were same-sex and the 
rest were from unlike-sex. Table 1 presents the 
birth weight in the LBW and NBW cohort for all 
twins and according to the subgroups as well. 
There was a significant difference between the 
weight of LBW and NBW twins (P<0.001).  
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Table 1: Birth weight (gr) in twin pairs 
 

Sex-twin subgroups n(%) Minimum Maximum Mean Std. Deviation P-value 

SF Birth weight of LBW twin 28(26.9) 1500.00 2410.00 2125.0 312.0 <0.001 
 Birth weight of NBW twin  2550.00 3150.00 2786.4 240.0  
 Difference*  50.00 1250.00 461.43 290.6  
SM Birth weight of LBW twin 21(20.2) 1600.00 2400.00 2105.2 258.9 <0.001 
 Weight of NBW twin  2500.00 3200.00 2686.7 200.4  
 Difference*  200.00 800.00 481.43 193.6  
LF Birth weight of LBW twin 33(31.7) 1550.00 2450.00 2235.8 310.3 <0.001 
 Birth weight of NBW twin  2600.00 3400.00 2679.5 354.3  
 Difference*  50.00 1000.00 443.79 225.2  
LM Birth weight of LBW twin 22(21.2) 1800.00 2400.00 2264.1 224.8 <0.001 
 Birth weight of NBW twin  2500.00 3200.00 2612.3 262.7  
 Difference*  120.00 800.00 348.2 188.3  
Total Birth weight of LBW twin 104(100) 1500.00 2450.00 2205.8 285.5 <0.001 
 Birth weight of NBW twin  2500.00 3400.00 2641.7 278.9  
 Difference*  50.00 1250.00 435.9 233.8  

* Difference of birth weight of LBW twin from Birth weight of NBW twin 

 
The result of analysis indicated that 82 twins (79%) 
examined in this research had discordance of 10% 
or more. The majority of the twins had discord-
ance of 10% to 20%. However, the result of Chi 
square test showed that there was no significant 
difference in the frequency of discordance among 
the four subgroups of sex-twin (P=0.68). This re-
sult is presented in Table2. Background character-

istics in four sex-twin subgroups are presented in 
Table 3. There were no significant imbalances 
among the four subgroups. Cesarean deliveries 
was more frequent than the vaginal deliveries 
(98(94.2%) vs. 6 (5.8%)) and mean gestational age 
was more than 36 weeks (near to full term (26)) in 
all subgroups.  

 

Table 2: Birth weight (gr) discordance in twin pairs 
 

 SF SM LF LM Total  

Discordance cut-off n(%) n(%) n(%) n(%) n(%) P-value 

  <10 6(21.4) 5(23.8) 6(18.2) 5(23) 22(21.2) 0.68 
  10<=....<20 13(46.4) 7(33.3) 16(48.5) 11(50) 47(45.2)  
  20<=...<30 4(14.3) 7(33.3) 9(27.3) 5(23) 25(24)  
  >=30 5(17.9) 2(9.5) 2(6.1) 1(4) 10(9.6)  
  total 28(100) 21(100) 33(100) 22(100) 104(100)  

 
Table 3: Background characteristics in four sex-twin subgroups 

 

 Sex-twin subgroups   
 SF 

n(%) 
SM 

n(%) 
LF 

n(%) 
LM 

n(%) 
Total 
n(%) 

 
P-value 

Maternal education  under diploma 11(25.6) 10(23.2) 15(34.9) 7(16.3) 43(100) 0.7 
 Diploma + 17(27.9) 11(18.03) 18(29.5) 15(24.6) 61(100)  
Maternal job Housewife 26(28.6) 20(22) 28(30.8) 17(18.7) 91(100) 0.24 
 working 2(15.4) 1(7.6) 5(38.5) 5(38.5) 13(100)  
Type of delivery Vaginal 2(33.3) 2(33.3) 1(16.7) 1(16.7) 6(100) 0.76 
 c/s 26(26.5) 19(19.4) 32(32.6) 21(21.4) 98(100)  
Maternal age in years 26.5±4.3 26.9±4.8 28.1±5.2 29.7 ±5.9 27.8±5.1 0.22 
Mother's BMI in kg/m2 28.4±4.4 27.1±5.1 26.7±4.1 26.5 ±3.1 27.3±4.3 0.4 
Gestational age in weeks 36.9±0.4 36.8±0.7 36.6±0.9 36.6 ±0.8 36.7±0.8 0.37 
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The mean duration of breastfeeding in both LBW 
and NBW cohorts was approximately 10 months 
in all twins. In addition, there was no significant 
difference in duration of breastfeeding of LBW 
and NBW infants or the four sex-twin subgroups 
either (Table4). The growth indicators of LBW 
and NBW cohorts are summarized in Table 5. 

Despite the fact that the LBW cohort were signifi-
cantly less than the NBW in terms of weight, 
height and head circumference tested separately 
from birth to 2 years of age in the total of twins 
(sex excluded), however, highly variable results 
was observed in the four sex-twin subgroups.  

 

Table 4: Breast-feeding duration in twin pairs in months 
 

Cohorts SF SM LF LM Total 

 LBW twin 11.0±7.5 10.3±6.8 11.4±7.5 9.0±6.02 10.3±7.3 

 NBW twin 10.8±7.8 10.8±7.5 11.2±8 9.2±5.8 10.2±7.0 
 P-value 0.46 0.6 0.8 0.31 0.81 

 
Table 5: Difference of weight, height and head circumference between LBW and NBW cohorts from birth to 2 

years old 
 

  outcomes 
Sex-twin subgroups time Weight 

( in grams) 
Height 

(in centimeters) 
head circumference 

(in centimeters) 

  Difference P-value Difference P-value Difference P-value 
SF (mean±sd) At birth 461.43±290 <0.001 1.4±2.2 0.013 1.2±0.92 <0.001 
 6 month 508.3±659.8 0.001 1.2±2 0.007 0.8±1.1 0.008 
 12 month 503.9 ±845 0.009 1.1 ±2.2 0.03 0.65±1.1 0.012 
 24 month 576±1111.6 0.016 0.98 ±2.6 0.073 0.22±1.04 0.3 
SM (mean±sd) At birth 481.43±193.6 <0.001 0.82±2.4 0.15 0.46±1.4 0.17 
 6 month 419.5±743.3 0.024 0.87±2 0.07 1.1±0.97 <0.001 
 12 month 547.4±1134.5 0.05 0.92 ±2.8 0.18 1.03±1.25 0.002 
 24 month 521.4±1454.5 0.12 0.86 ±2.6 0.15 1.2±1.5 0.003 
LF (mean±sd) At birth 443.79±225.2 <0.001 1.7±2.4 0.001 1.5±1.2 <0.001 
 6 month 1017.1 ±893.3 <0.001 2.3 ±2.4 <0.001 1.6±1.2 <0.001 
 12 month 980 ±1214 <0.001 1.3 ±3.2 0.03 1.65±1.6 <0.001 
 24 month 989.4±2087.1 0.01 1.2 ±3.7 0.085 1.7±1.7 <0.001 
LM (mean±sd) At birth 348.2±188.3 <0.001 0.88±1.6 0.025 0.5±1.1 0.07 
 6 month -335 ±759 0.051 -0.1 ±2.3 0.84 -0.74±0.96 0.002 
 12 month -136.6 ±995.8 0.54 -0.28 ±2.2 0.56 -0.82±1.05 0.002 
 24 month 15.4±1418.7 0.91 -0.23±2.9 0.72 -0.68±0.94 0.004 
Total (mean±sd) At birth 435.9±233.8 <0.001 1.2±2.2 <0.001 0.99±1.2 <0.001 
 6 month 467.5±916.9 <0.001 1.2±2.4 <0.001 0.66±1.4 <0.001 
 12 month 531.4 ±1131.2 <0.001 0.81±2.7 0.005 0.74±1.6 <0.001 
 24 month 581.9±1630.2 0.001 1.03±4.4 0.021 0.68±1.6 <0.001 

 
In the SF subgroup, even though the weight of 
LBW twin was significantly lower than the NBW 
twin from birth up to 2 years of age (P-values 
were <0.001, 0.001, 0.009 and 0.016 respectively 
for birth, 6, 12 and 24 month), but in spite of the 
smaller height and head circumference of LBW 

compared to the NBW cohort up to 12 months, 
these difference in parameters leveled off between 
the two cohorts at 24 months. 
In the SM subgroup, there was no significant dif-
ference between the weight of LBW and NBW 
cohorts after six month (P>0.05). Moreover, there 
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were no significant differences between the 
heights of the two cohorts from birth to 2 years of 
age. However, there was a significant difference 
between the head circumference in the LBW and 
NBW infants after birth up to 24 months later (P-
values were <0.001, 0.002 and 0.003 respectively 
for 6, 12 and 24 month). 
In the LF subgroup, except of height at 24 
months (P=0.085), the LBW cohort were signifi-
cantly lighter and shorter and had a smaller head 
circumference compared to the NBW cohort. 
In the LM subgroup, although weight and height 
was higher in NBW compared to LBW cohort, 
but these differences were not statistically signifi-
cant (P>0.05) and the lower weight (P<0.001) and 

height (P=0.025) of the LBW cohort was ob-
served only at the birth time. From 6 months to 2 
years old, the differences in head circumference 
were even more considerable since LBW cohort 
was significantly larger than the NBW cohort 
(P<0.01). 
Figure 2 demonstrates the mean difference of 
twin pairs (NBW from LBW twin) in weight, 
height and head circumference at birth and 6, 12 
and 24 months after the birth in four subgroups. 
Repeated measures analysis showed significant 
trends difference in weight (P=0.006) and head 
circumference (P<0.001) in the four sex-twin sub-
groups, however, no such result was found for the 
height difference (P=0.56). 

 

 
 
Fig. 2: Trends of mean difference of weight (A), height (B) and head circumference (C) between NBW and LBW 
twin in four sex-twin subgroups from birth to 2 years of age 
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A constant trend for SM and SF was found in the 
mean difference in weight of the subgroups from 
birth to 24 months. However, in LF subgroup, the 
difference of weight increased at the age of six 
months and then leveled off afterward. Con-
versely, in LM subgroup, following a decreasing 
trend in weight difference up to the 6 month, 
started to show an increase in trend from 6 to 24 
months. 
Similarly, despite the negligible discrepancy for 
SM and SF at birth, the trend of differences in 
height nearly remained constant after 6 months. 
In LF subgroup, the difference in height after an 
increase at 6 month decreased at 12 month; it had 
an invariable trend up to 24 months. Beside in LM 
subgroup, the difference in height showed a de-
creasing trend up to 12 months and then it in-
creased. 
In SM, unlike SF subgroup, the difference in head 
circumference increased at 6 month, and then it 
showed a steady trend. In LF subgroup, a con-
stant trend with larger difference compared with 
the other subgroups was present from birth to 2 
years of age. However, in LM subgroup, after de-
creasing at 6 months, it did not change noticeably 
and remained less than the other subgroups. 
 

Discussion 
 
The prevalence of live born twins was 11.6 per 
1000 birth similar to 9 to 16 per 1000 birth in 
north America and Europe reported by Martin 
and associates in year 2012 (4). In addition, the 
rate of discordance determined by LBW as a cut-
off point was 28.4%. This rate was in agreement 
with the 28.8% reported by Onyiriuka who deter-
mined discordance by a 15% difference in twin 
birth weight as the cut-off point (10).  
Nearly half of the twins (47%) were from the 
same sex confirming the anticipated rate in twin 
pregnancy cases. Onyiriuka also have indicated 
that based on 15% cut-off point, 60 percent of the 
newborn are from the same sex (10). 
The birth weight difference of 30% or more was 
observed in 9.6% of the twins examined in this 
study. Such condition has been present in 66.7% 

of the twins who both infants in a pair suffered 
from LBW reported by Onvirjuka (7). 
Juneja et al. examined the growth of full term neo-
nates up to the 18th month versus the LBW new-
borns weighing less than 2000gr and reported that 
all the growth parameters in these LBW children 
regardless of their gender was lower than the 
NBW (22). In addition the results of a research 
comparing the growth parameters of LBW in 
China have indicated that LBW infant have less 
growth in weight, height and head circumference 
measures compared to the normal birth weight 
neonate up to three years of age (27). As was ob-
served in the present study, all the twins showed 
similar patterns but when they were stratified 
based on four sex subgroups, the different results 
were revealed. 
However, Reuner et al. in a research including low 
risk LBW neonates (birth weight of 1500 to 2500 
gr) showed that weight growth of LBW neonates 
compared to the matched control group (Normal 
Birth Weigh) was not different during the adult-
hood (28). There was a similarity between design 
of the present study and the design employed by 
Reuner et al. (28). Both researches compared the 
LBW and NBW neonates in a match design, how-
ever, in the present research the two cohorts were 
naturally matched. In addition, the minimum birth 
weight for LBW included in this study was 1500 
gr similar to the former study. 
In the both female groups (SF and LF), the mean 
weight of LBW and NBW in the present research 
was significantly different until two years of age, 
however, in the male groups (SM and LM) this 
significant difference was present only at six 
months and disappeared in the second year of 
birth. Such discrepancy of weight gaining may be 
expected based on the fact that higher rate of low 
weight compensation in male infant compared to 
the female. 
Height growth of LBW neonates compared to the 
matched control group (Normal Birth Weight) 
was significantly less during the adulthood (28). 
However, in the present research no significant 
difference was found among the four subgroups 
of LBW and NBW infants at the age of 2 years, 
despite the fact that the height of female twins of 
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LBW was significantly lower than the NBW prior 
to the second year birth. This difference was not 
present in boys. Such condition is expected since 
there is a higher rate of height growth in male 
compared to female. 
Mackay et al. also examined 139 very low birth 
weight neonates (birth weight of less than 1500gr) 
in South Africa and claimed that these infants had 
poor growth at the early months after birth and 
showed gradual catch up but the growth deficit 
was still present20 months after birth (29). 
Concerning the head circumference, there was a 
significant difference between the LBW twins and 
NBW neonates at all times except in the SF group 
at 24 month of age. However, in LM subgroup, 
the head circumference of LBW was significantly 
higher than the NBW cohort. Such condition may 
be attributed to the fact that there is a faster 
growth rate in male gender. 
The time of compensation of growth indices was 
nearly similar to the finding of the present study. 
For instance, Eslami and associates in 2012 
showed that the growth indices of LBW children 
partially improved at the age of one year (30). 
The gestational age in this study was more than 36 
weeks. That was close to the full term (26). Per-
haps this may be because one of the neonates in a 
pair was normal. Therefore, it was suggested that 
further research on estimating the GA includes 
twins in which at least one of them has normal 
birth weight.  
The recommendation for vaginal delivery in twins 
is usually based on the cases when the age of preg-
nancy is between 37 to 38 weeks and healthy twin 
pregnancy is detected (31). In the present study 
despite of the fact that the gestational age was 
near the full term, but method of delivery for 94 
percent of the cases was caesarian section. In 
most countries, the rate of caesarian deliveries is 
lower than this study. For instance, this rate in the 
United States was 75 percent (32). 
The mean duration of breastfeeding in the present 
study was 10 months. This time is considerably 
less than that the recommended time of 2 years 
set by WHO (13). Therefore, because of the supe-
riority of breastfeeding to any alternative infant 
feeding method and provides immunity to many 

viral and bacterial diseases and shorted period of 
breastfeeding for the twins studied in this research, 
further studies for the purpose of examining the 
role of breastfeeding duration in preventing the 
diseases specially the infectious diseases and other 
complications associated with reduced breastfeed-
ing duration is recommended. 
Considering the findings of different studies con-
cerning LBW as a risk factor causing developmen-
tal delay (33), further research about the growth 
and development in discordant twins based on 
LBW as a cut-off point is recommended. 
 

Conclusion 
 
Although LBW cohort was significantly lower 
than the NBW in weight, height and head circum-
ference at the assessment time at birth to 2 years 
of age in all twins, however, highly variable results 
was observed in four subgroups of sex-twin. 
Therefore, further research in different countries 
and races is recommended in order to compare 
the growth pattern of different anthropometric 
indices including height, weight and head circum-
ference in discordant twins based on gender and 
LBW as a cut-off point. 
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