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Summary. Birth weight is used as a proxy for the general health condition of
newborns. Low birth weight leads to adverse events and its effects on child
growth are both short- and long-term. Low birth weight babies are more
common in twin gestations. The aim of this study was to assess the effects of
maternal and socio-demographic risk factors at various quantiles of the birth
weight distribution for twin gestations using quantile regression, a robust
semi-parametric technique. Birth records of multiple pregnancies from
between 1991 and 2005 were identified retrospectively from the birth registry
of the Christian Medical College and hospitals in Vellore, India. A total of
1304 twin pregnancies were included in the analysis. Demographic and
clinical characteristics of the mothers were analysed. The mean gestational
age of the twins was 36 weeks with 51% having preterm labour. As expected,
the examined risk factors showed different effects at different parts of the
birth weight distribution. Gestational age, chroniocity, gravida and child’s sex
had significant effects in all quantiles. Interestingly, mother’s age had no sig-
nificant effect at any part of the birth weight distribution, but both maternal
and paternal education had huge impacts in the lower quantiles (10th and
25th), which were underestimated by the ordinary least squares (OLS) esti-
mates. The study shows that quantile regression is a useful method for risk
factor analysis and the exploration of the differential effects of covariates on
an outcome, and exposes how OLS estimates underestimate and overestimate
the effects of risk factors at different parts of the birth weight distribution.

Introduction

The birth weight of the newborn child serves as a very good predictor of a child’s growth
and health condition. In addition, it plays a critical role in estimating those newborns at
greater risk of death and morbidity, mainly in the neonatal period (Eisner et al., 1979).

1 Corresponding author. Email: b.antonisamy@gmail.com

744

https://doi.org/10.1017/S0021932017000050 Published online by Cambridge University Press

mailto:b.antonisamy@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1017/S0021932017000050&domain=pdf
https://doi.org/10.1017/S0021932017000050


The study of the determinants of child birth weight is important as birth weight has been
linked to a vast array of health-related complications, both short- and long-term
(Abrevaya, 2001). More than half of the world’s low birth weight (LBW) babies live in
just ten countries, and India alone accounts for one-third (UNICEF, 2013). The weight
of newborns depends on many factors, such as the socio-demographic and growth
factors of the mother, the most important being gestational age and multiple births.

Much of the increase in low birth weight is attributable to an increase in the
proportion of multiple births, because these infants face a much higher risk of low birth
weight than do singleton infants (Child Trend Data Bank, 2014) . Twins are eight times
more likely to have a low birth weight and ten times more likely to have a very low birth
weight compared with singletons (Min et al., 2000). Amongst other factors, shared
placental masses and peripheral umbilical cord insertions, which are more common in
twin pregnancies, are responsible for birth weight disadvantages in twins (Blickstein
et al., 2006; Gielen et al., 2008). In singleton pregnancies fetal growth in the last
trimester of pregnancy is linear up to 37 weeks of gestation. A twin fetus grows at the
same pace as a singleton up to 32 weeks of gestation, but from then on growth levels
slow down. Hence, twins weigh about 600 g less than singletons at birth; even when
allowance is made for the shorter gestation a discrepancy remains (Loos et al., 2005). In
twin pregnancies the risk of delivery of LBW twin infants has been found to be
significantly higher in primiparous than multiparous women (Blickstein et al., 1995;
Onyiriuka, 2009). The birth weight of twins also differs according to sex of the twins,
with male twins tending to weigh more than female twins; also, same-sex female twins
weigh less than same-sex male twins (Onyiriuka, 2011a). Factors related to zygosity and
chorionicity also influence twins’ intrauterine growth. Dichorionic (DC) twins weigh
more than monochorionic (MC) twins (Grennert et al., 1980).

The identification of risk factors for low birth weight is important for the mediation
of its health consequences after birth, and also to reduce its prevalence. Many studies
have been done at different time points to study the epidemiology of low birth weight
risk factors in an effort to reduce its prevalence. Statistical analysis has been carried out
using multiple linear regression taking birth weight as the dependent variable, or logistic
regression keeping low birth weight indicators as the dependent variables. Some studies
have used multiple linear regression to examine the factors affecting birth weight in
multiple pregnancies (Ananth et al., 1998; Papageorghiou et al., 2008). This method
gives only the mean change in birth weight conditional on other covariates, and is a pure
location shift model since it assumes that covariates affect only the location of the
conditional distribution of birth weight, not its scale, or any other aspect of its
distributional shape. It does not give the complete picture of how the covariates affect
birth weight at all parts of the distribution. The major limitation of the standard
regression technique is that it assumes the effect of covariates is the same at all quantiles
of the outcome.

Bivariate logistic regression analysis has been done on small-for-gestational age
(SGA)/large-for-gestational (LGA) age births (Ananth & Preisser, 1999); this is often
used for ease of clinical interpretation. However, by dichotomizing the outcome of
interest (e.g. LGA), the impact on the full distribution is ignored and the results are not
intuitive for individuals falling near to, but at opposite sides of the cut-off point. More
seriously, when the outcome is dichotomized, information is lost, which can result in
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a loss of power, sensitivity to cut-off points and an inability to detect non-linear effects of
risk factors (Ellerbe et al., 2013).

This study used quantile regression, which provides a more complete picture of the
effects of covariates on birth weight by estimating the family of conditional quantile
function. Quantile regression allows birth weight to be treated continuously as in linear
regression, but allows differential interpretation for the effect at different tails of the
birth weight distribution, as in logistic regression, but with the benefit that cut-offs are
empirically selected (Ellerbe et al., 2013). Its robustness property, and lack of
distribution assumptions, make quantile regression a natural choice for this analyis.
The application of quantile regression has increased in recent years. Many articles have
been published emphasizing its utility in risk factor analyses (Terry et al., 2007; Beyerlein
et al., 2008, 2011; Fenske et al., 2008; Belasco et al., 2012) and the development of
reference growth charts (Wei et al., 2006; Li et al., 2010; Mayr et al., 2012; Daniel-
Spiegel et al., 2013), compared with other statistical techniques. In this study’s twin
study data, birth weight was considered to be correlated since newborns share
the characteristics of a single mother. Each mother was considered as a cluster and
the quantile regression estimates were obtained for each covariate after adjusting for the
cluster effect.

Methods

Data

The study was carried out in Vellore, a city in the southern Indian state of Tamil
Nadu. Births records maintained by the Christian Medical College (CMC), Vellore, a
2600 bedded academic medical centre, were used. The centre provides obstetric care to
the local population of Vellore city and surrounding towns and villages and also acts as a
tertiary hospital. The birth records of multiple pregnancies were identified for a 15-year
period from 1st January 1991 to 31st December 2005. During the study period,
approximately 9000 women delivered each year in this hospital and there were a total of
1673 multiple pregnancies. Of these, the following were sequentially removed from
further analysis: 39 triplets; 141 still births of one or more fetuses; 170 with missing
information on chorionicity; and 16 with missing data on birth weight and 3 with
missing data on gestational age). After exclusions, data were available for 1304 twin
pregnancies and these were used for further analysis. Figure 1 shows the flowchart of
study participants from the total number of multiple pregnancies delivered during the
study period.

Study variables

All socio-demographic, obstetric and clinical variables that determine birth weight in
twin births were studied extensively. Socio-demographic variables included age of parents
(continuous), education of parents (illiterate, primary, middle, high school, higher
secondary and above), religion (Hindu, Muslim, Christian), place of residence (rural or
urban), consanguinity (non-consanguineous or consanguineous) and gravida (primi- or
multigravida). The placental variable included chorionicity (mono- or dichorionic),
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subtype (diamnionic dichorionic, diamnionic monochorionic, monochorionic
monochorionic, conjoined), placental abruption (yes or no), placental praevia (yes or
no) and abnormal cord insertion (yes or no). Obstetric and clinical variables included
pregnancy-induced hypertension (yes or no), gestational diabetes (yes or no), pre-
eclampsia (yes or no), birth weight (continuous) and gestational age (continuous).

Quantile regression model

Koenker and Bassett (1978) were the first to introduce the quantile (linear) regression
model. Quantile regression allows the identification of heterogeneity in health outcomes
from different risk factors and the assessment of the differences in sensitivity to risk
factors among outcome levels. In deriving the quantile regression it is important to point
out that one can obtain the median of a random variable by minimizing the sum of
absolute deviations. As Koenker and Hallock (2001) pointed out, the quantile (τ) can
also be obtained by minimizing the sum of asymmetrically weighted absolute residuals,
where positive residuals are weighted with τ and negative residuals are weighted with
1− τ. This can be written as the optimization problem (Koenker, 2005) and it is given by:

bβτ ¼ argminβ2R

Xn

i¼ 1
ρτ yi�xi′βð Þ

The above minimizing equation can be solved effectively using linear programming
techniques. For the θth quantile, a common way to write the quantile regession model
(Buchinsky, 1998) is:

yi ¼ xi′βθ + μθi; Quantθðμθi xij Þ ¼ 0 ði ¼ 1; ¼ ; nÞ:
In the above linear model xi′βθ is the conditional quantile of yi given xi, which is denoted
as Quantθ (yi|xi) . The important feature of this quantile regression framework is that the
marginal effects of the covariates (xi), given by βθ, may differ over quantiles (i.e. different
values of θ) (Hao, 2007). The estimates from the standard regression method (ordinary
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Fig. 1. Flowchart of study participants.
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least squares, OLS) is said to be the same throughout the distribution of yi. This implies
that the effects of covariates on the conditional mean of the dependent variable are the
same for the entire distribution.

In this study the dependent variable was birth weight of twins born to a mother.
Since both twins share the same maternal characteristics, the problem of heterogeneity
arises. To overcome this, the quantile regression model was adjusted for cluster effect
and given by:

ygi ¼ x′giβ0 + ugi;

where g is the number of clusters (mothers) and i is the size of the cluster (i = 1, 2
(twins)). Then the quantile regression estimator for clustered data (Silva & Parente,
2013) is defined by:

bβ ¼ arg min
β2Rk

1
G

XG
g¼ 1

Xn
i¼ 1

ρτðygi � x′giβÞ

The dependent variable ygi is the birth weight of the ith twin born to the gth mother and
covariate xgi is all other variables listed in Table 1. Quantile regressions were estimated
at five different quantiles (0.10, 0.25, 0.50, 0.75 and 0.90) of the birth weight distribution
and compared with the OLS estimates. The asymptotic standard errors of quantile
regression estimates adjusted for cluster were calculated using the Paulo and Santos
estimation method (Silva & Parente, 2013) and for OLS estimates the Huber White
Sandwich Estimator was used.

Results

Descriptives

The birth weight of twins ranged from 550 g to 3880g with an overall mean of 2109 g
(±537). Of the total 1304 pregnancies, 1127 (86%) gave birth to at least one LBW infant.
About 65% of twin pregnancies resulted in both twins being born LBW. The mean
maternal and paternal ages were 25.2 (±4.3) and 31.2 (±4.3) years, respectively. About 8%
of mothers were illiterate, while 45% of fathers had completed higher secondary grade
schooling. There were slightly more urban (55.3%) than rural participants (44.7%) and
the predominant religion of participants was Hinduism (82.3%). Twenty-four per cent
reported that their marriages were consanguineous and about 45.7% were primi-
gravida mothers. The mean gestational age was 36.1 (±2.9) weeks with 51% being preterm
labour. The most common pregnancy-related complications were pregnancy-induced
hypertension (26.2%) pre-eclampsia (17.2%) and gestational diabetes (4.9%). Placental
praevia (0.6%) and abruption (1.1%) were relatively less common. About one-third
(35.4%) of the twin pregnancies had monochorionic presentation. Seventy per cent of
twins were of the same sex with 35.8% being males (same-sex pairs).

Univariate analysis

Simple linear regression analysis was performed to identify the most significant
factors associated with birth weight. Factors found to be significant (p< 0.10) in the
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Table 1. Univariate analysis of association of socio-demographic and clinical factors
with birth weight of twins (simple linear regression), Vellore, India, 1991–2005

Factor na Mean (SD) β (95% CI) p-value

Gestational age (weeks) 2608 126.64 (120.7, 132.5) <0.001
Maternal age (years)
≤19 212 1908.9 (625.7) −264.9 (−352.2, −171.6) 0.001
20–24 206 2053.1 (545.3) −120.8 (−167.6, −74.0) <0.001
25–29 (Ref.) 446 2173.9 (521.2)
30–34 710 2206.5 (495.1) 32.5 (−33.9, 99.1) 0.337
35+ 1032 2082.6 (480.5) −91.3 (−200.5, 17.9) 0.101

Maternal education (grades)
Illiterate 212 1982.9 (524.4) −171.8 (−272.7, −70.8) 0.001
Primary (1–5) 204 2042.1 (555.2) −112.5 (−222.7, −70.8) 0.404
Middle (6–8) 446 2096.6 (561.7) −58.1 (−138.7, 22.5) 0.158
High (9–10) 714 2103.6 (531.1) −51.1 (−117.6, 15.5) 0.133
Higher secondary+ (12+) (Ref.) 1032 2154.7 (528.4)

Paternal education (grades)
Illiterate 176 1953.3 (504.5) −201.3 (−305.9, −96.6) <0.001
Primary (1–5) 152 2040.4 (626.5) −114.2 (−251.8, 23.3) 0.104
Middle (6–8) 306 2110.5 (550.7) −44.1 (−133.8, 45.6) 0.335
High (9–10) 790 2084.8 (535.7) −69.8 (−132.8, −6.8) 0.03
Higher secondary+ (12+) (Ref.) 1184 2154.6 (524.9)

Gravida
Primigravida 1194 2009.8 (527.3) −181.1 (−234.8,−127.4) <0.001
Multigravida (Ref.) 1414 2190.8 (534.5)

Place of residence
Rural 1170 2066.1 (535.3) −77.7 (−132.2, −23.1) 0.005
Urban (Ref.) 1438 2142.8 (539.1)

Consanguineous marriage
Yes 636 2069.6 (551.1) −50.7 (−114.9, 13.5) 0.121
No (Ref.) 1972 2120.5 (534.2)

Complications (yes vs no [Ref.])
Gestational diabetes 128 2281.3 (551.9) 182.3 (52.6, 312.1) 0.006
Pregnancy-induced hypertension 680 2136.7 (498.0) 38.9 (−18.8, 96.7) 0.187
Pre-eclampsia 446 2066.2 (505.5) −50.4 (−118.1, 17.2) 0.144
Placental previa 16 1838.1 (698.9) −271.5 (−734.5, 191.5) 0.250
Placental abruption 28 1746.4 (402.6) −365.5 (−554.3,−176.7) <0.001
Abnormal cord insertion 40 1967.0 (665.1) -143.2 (−422.2, 136.1) 0.315

Infertility treatment 176 2039.2 (526.5) −73.8 (−179.4, 31.8) 0.171
Chorionicity
Monochorionic 914 2027.7 (546.3) −123.4 (−181.1, −65.8) <0.001
Dichorionic (Ref.) 1694 2153.2 (527.3)

Sex of children
Different sexes 812 2132.9 (547.0) −15.8 (−66.4, 34.7) 0.539
Same sex, female 864 2040.5 (510.7) −108.1 (−157.8, −58.4) <0.001
Same sex, male (Ref.) 932 2148.7 (551.3)

aNumber of fetuses.
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univariate analysis were included in the multivariable regression analysis. Gestational
age, primigravida, lower maternal age, lower educational status of the parents and rural
residence were the demographic factors found to be associated with birth weight.
Complications such as gestational diabetes and placental abruption had a significant
influence on birth weight. Further infant characteristics such as monochorionicity and
same-sex females were significantly associated with birth weight. Year of birth seemed to
have no impact on the birth weight of the twins.

Comparison of quantile regression estimates and OLS estimates

Table 2 gives a comparison of the coefficients obtained using quantile regression
and the OLS method. The quantile regression coefficients revealed that almost all
the risk factors for the birth weight of twins had dissimilar effects at different parts of
the distribution. The marginal effects of all the covariates differed very much
in magnitude compared with the OLS estimates at the 10th percentile of the birth
weight distribution, i.e. lower tail of the distribution, which refers to the very low birth
weight (VLBW) group. Gestational age plays a major role in a child’s birth weight.
The influence of gestational age increases monotonically moving from the lower (10th)
to the upper quantile (90th). This reveals that a 1-week increment in mother’s
gestational age will result in an increase of 97 g at the 10th percentile and 157 g at
the 90th percentile, which is highly significant. As for maternal age, the changes in
birth weight for mothers aged ≤19 years and those aged 35+ years compared with
the reference group (20–34 years) were not significant in all the quantiles or in the
OLS. Interestingly, in VLBW and LBW quantiles (10th and 25th quantiles), it was
observed that the fathers with less than high school education (less than 5th grade)
had a negative effect of around 110 g on birth weight compared with others.
This marginal effect was underestimated by OLS estimates. The impact of place of
residence was high in the lower (10th) quantile as the babies born to mothers residing
in rural areas had a decrease of 63 g in birth weight, but the OLS underestimated
the decrease at 35 g.

The next most influencial factor on birth weight was gravida. Babies born to
primigravida mothers had lighter birth weights with a decrease of 61 g at the 10th

quantile (VLBW) and 110 g at the 90th quantile compared with the babies of
multigravida mothers. Of the many possible complications for mothers during
pregnancy, gestational diabetes and placental abruption had significant roles to play
in birth weight. The presence of gestational diabetes was associated with an increased
birth weight of babies; the increments were higher in the 10th and 75th quantiles at 102 g
and 104 g respectively. Placental abruption had the reverse effect, reducing the birth
weight of babies. Though a steady decrease in birth weight due to placental abruption
was seen from the lower to upper quantiles, a significant decrease was observed from the
50th quantile with the estimates ranging from −107 g at the 50th to −207 g at the 90th

quantiles; this was underestimated by OLS at −141.34 g.
Chorionicity of the twins was found to have differential and significant effects at

all parts of the birth weight distribution. The monochorionic twins had lower birth
weights compared with dichorionic twins. This change in birth weight was higher in both
the lower tail (10th quantile, VLBW) and upper tail (90th quantile, HBW) at −81g and
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Table 2. Multiple quantile and linear regression analysis of factors associated with birth weight in twins, Vellore, India, 1991–2005

Quantile Coeff. (SE)

Explanatory variable 10% 25% 50% 75% 90% OLS Coeff. (SE)

Gestational age (weeks) 97.43 (3.87)** 115.15 (2.86)** 128.09 (2.61)** 144.85 (2.67)** 157.45 (3.09)** 123.59 (2.98)**
Maternal age (years)

≤19 −53.08 (56.52) −16.36 (56.60) −1.68 (38.82) 4.48 (40.67) 22.13 (59.74) −23.60 (42.49)
20–34 (Ref.)
35+ 56.28 (65.85) −9.091 (53.70) 22.81 (59.61) −20.00 (49.18) −27.23 (53.14) −8.52 (46.12)

Maternal education
<5 years −38.59 (35.94) −64.55 (29.63)* −102.81 (30.49)* −53.19 (28.20) −62.13 (41.17) −68.42 (27.32)*
Other (Ref.)

Paternal education
<5 years −110.38 (47.04)* −106.06 (43.75)* −43.37 (33.59) −36.08 (28.78) −52.34 (37.98) −60.02 (32.06)*
Other (Ref.)

Gravida
Primigravida −61.92 (27.79)* −103.33 (22.18)** −113.60 (19.49)** −103.51 (19.99)** −109.79 (24.58)** −104.38 (18.57)**
Multigravida (Ref.)

Residence
Rural −62.44 (27.38)* −24.24 (21.04) −39.55 (18.66)* −27.83 (19.21) −8.94 (26.16) −35.51 (18.00)*
Urban (Ref.)

Complications (yes vs no [Ref.])
Gestational diabetes 102.44 (48.0)* 82.73 (39.01)* 83.26 (43.83)* 104.64 (51.67)* 71.06 (63.26) 114.62 (39.78)*
Placental abruption −50.77 (104.4) −43.03 (101.98) −107.42 (60.99)* −134.48 (41.34)* −206.81 (78.85)* −141.34 (74.27)

Chroniocity
Monochorionic −81.54 (34.19)* −75.45 (24.46)* −65.28 (24.63)* −51.24 (22.69)* −86.38 (30.56)* −80.55 (20.96)**
Dichorionic (Ref.)

Sex
Different sex −84.87 (34.50)* −54.55 (27.52)* −90.23 (24.98)** −67.68 (25.64)* −76.81 (38.01)* −75.08 (22.95)**
Same sex, female −129.23 (34.23)** −126.67 (28.24)** −140.00 (22.42)** −133.87 (22.31)** −132.98 (32.2)** −141.75 (22.07)**
Same sex, male (Ref.)

Standard errors adjusted for clusters are given in parentheses; *p< 0.05; **p< 0.01.
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−86 g, respectively. The sex of the twin child also played a major role in determining
birth weight. Both different-sex twins and same-sex female twins had lower birth weights
compared with same-sex male twins. The magnitude of the difference in birth weight was
higher in the same-sex female twins compared with the different-sex twins, with
coefficients ranging from 130 g to 140 g. Thus the comparison of coefficients obtained
using quantile regression with the OLS method revealed that the OLS method failed to
describe the effects of covariates on the entire birth weight distribution.

The F-test was used to test the equality of coefficients across and between quantiles.
With the exception of gestational age, no other covariate’s estimates had statistically
significant differences between successive quantiles. The test results examining coefficient
equality across the quantiles was significant for all covariates, except maternal age and
gestational diabetes. Thus this result confirms the differential impact of the covariates
across the birth weight distribution for twins.

The quantile regression model estimates clearly expose the differential effects of
covariates on the different parts of the birth weight distribution of twins. A comparison
of OLS estimates, which assumes equal effects in all parts of the distribution, with
quantile estimates for all covariates is shown in Fig. 2. The intercept of the model,
represented graphically, can be interpreted as the estimated conditional quantile
function of the birth weight distribution of dichorionic male twins born to a
multigravida mother aged between 24 and 34 years with more than a high school
education, residing in a rural area and with no pregnancy complications such as
gestational diabetes and placental abruption. The curve in each graph represents the
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Fig. 2. Visualizing the effect of covariates on birth weight at different quantiles.
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coefficients of the quantile regression models for the different percentiles of birth weight,
while the thickened curve above and below the centre curve shows the 95% confidence
band of these estimates; the straight solid line represents the OLS estimates while the
dotted straight line indicates the 95% confidence intervals around it.

Discussion

There is a great need to determine the risk factors for birth weight, as low birth weight poses
a big threat to the newborn and is a matter of great concern to public health. Globally,
multiple births account for a large proportion of low birth weight babies. In 2012, 6.3% of
singleton births were of low birth weight, compared with 56.7% of twin or higher plurality
births. Similarly, 1.1% of singleton births were very low birth weight, compared with 10.7%
of other births (Child Trend Data Bank, 2014). In India, the risk factors for low birth weight
in multiple pregnancies have not been well studied. The present study used multiple
pregnancy data from the birth records of the Christian Medical College, Vellore, to model
the risk factors associated with birth weight in twin gestations.

Previous studies have found that monochorionic twins tend to be lighter in weight by
288 g (Hack et al., 2006) and 66.1 g (Ananth et al., 1998) after adjusting for gestational
age. The current study found that the effect of chorionicity varied in different parts of the
birth weight distribution with values ranging from 51.2 g to 86.3 g, and the effect was
more prominent in the tails than in the centre. The same-sex male twins weighed more
than the same-sex female twins, with average birth weights of 2148.7 g and 2040.5 g,
respectively. Similar findings were reported by Onyiriuka (2011b), who found the
average birth weights of same-sex male and female twins to be 3903 g and 3426 g,
respectively. The next most important factor affecting birth weight is gravida of the
mother. Blickstein et al. (1995) observed a significantly higher frequency of twins
weighing 1500–2500 g and lower frequency weighing >2500 g in the parity 1 group
compared with groups of higher parity. The current study found that the birth weight of
twins born to primigravida mothers was significantly lower (2009.8 g) than those born to
multigravida mothers (2190.8 g) (p< 0.001).

Many studies have used multivariable linear regression and logistic or multinomial
regression to analyse the risk factors associated with birth weight (Verropoulou & Basten
2014), techniques that categorized birth weight. Such categorization leads to a loss of
information, and these regression techniques only explore mean changes in the
covariates; this is not adequate to explain the full effect of the risk factors on birth
weight. The present study used quantile regression, a semi-parametric robust regression
technique that allows birth weight to be treated continuously, as in linear regression.
This does not require any transformation of the outcome to a binary variable as in
logistic regression, assesses shifts in specific parts of the continuous outcome (birth
weight) distribution instead of probabilities of falling into one outcome category or
another (Beyerlein et al., 2011) and allows differential interpretation for the effect of
covariates at different tails of the birth weight distribution, as in logistic regression.
Quantile regression provides more flexibility than other regression methods for the
identification of differing relationships at different parts of the distribution of the
dependent variable.
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Verropoulou and Tsimbos (2013) and Abrevaya (2001) used quantile regression
effectively to determine the effects of maternal and demographic factors on the birth
weight distribution. Both studies stated that quantile regression allows the study of the
differential effects of covariates at different parts of birth weight distribution. They
compared coefficients from quantile regression models and the OLS method. Finally,
these studies concluded that OLS overestimates the effects of covariates on birth weight
at the lower tail and underestimates them in the upper tail. The present study supports
these studies’ findings, as the effects of gestational age and primigravida mothers
compared with multigravida mothers were underestimated by OLS at the upper tails and
overestimated in the lower tails of the birth weight distribution.

The main advantage of quantile regression methodology is that it allows for
understanding of the relationships between variables outside of the mean of the data,
making it useful to understand outcomes that are non-normally distributed and that
have non-linear relationships with predictor variables (Cade & Noon, 2003). Quantile
regression allows the analyst to drop the assumption that variables operate in the same
way at the upper tails of the distribution as at the mean, and the identification of factors
that are important determinants of the outcome (Le Cook & Manning, 2013). Quantile
regression is very robust against outliers, in contrast to mean and least squares
regression, and a normal distribution of errors is not assumed (Eilers et al., 2012). The
method allows the heterogeneity effect in the outcome to be studied (Belasco et al., 2012)
and additional interpretation of the risk factors affecting only parts of the distribution
(Beyerlein et al., 2008), making the method more useful in many realistic situations.

By using quantile regression, the cut-point is empirical made rather than clinical. As
a result, care must be taken when interpreting the results across studies (Ellerbe et al.,
2013). In addition, in contrast to linear or logistic regression, interpretation is further
complicated by having to interpret the results for each quantile of the distribution rather
than report a single summary measure of effect, one limitation of the technique.
However, the quantile regression method provides more insight and the strengths of this
analytical method outweigh its limitations. Thus quantile regression is a useful technique
for the analysis of risk factors for birth weight.
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