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Abstract

Background

Many public health and epidemiological studies have found differences between popula-

tions (e.g. maternal countries of birth) in average values of a health indicator (e.g. mean off-

spring birthweight). However, the approach based solely on population-level averages

compromises our understanding of variability in individuals’ health around the averages. If

this variability is high, the exclusive study of averages may give misleading information.

This idea is relevant when investigating country of birth differences in health.

Methods and Results

To exemplify this concept, we use information from the Swedish Medical Birth Register

(2002–2010) and apply multilevel regression analysis of birthweight, with babies (n =

811,329) at the first, mothers (n = 571,876) at the second, and maternal countries of birth (n =

109) at the third level. We disentangle offspring, maternal and maternal country of birth com-

ponents of the total offspring heterogeneity in birthweight for babies born within the normal

timespan (37–42 weeks). We found that of such birthweight variation about 50% was at the

baby level, 47% at the maternal level and only 3% at the maternal countries of birth level.

Conclusion

In spite of seemingly large differences in average birthweight among maternal countries

of birth (range 3290–3677g), knowledge of the maternal country of birth does not provide

accurate information for ascertaining individual offspring birthweight because of the high

inter-offspring heterogeneity around country averages. Our study exemplifies the need for a

better understanding of individual health diversity for which group averages may provide in-

sufficient and even misleading information. The analytical approach we outline is therefore

relevant to investigations of country of birth (and ethnic) differences in health in general.
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Introduction
Offspring’s birthweight is a rough but frequently studied reproductive outcome that is related
to both maternal and offspring health status [1]. Low birthweight can be a consequence of in-
trauterine growth restriction, which leads to babies being small for gestational age (SGA). In
turn, being SGA appears to increase the average risk of neonatal mortality and morbidities [2]
as well as of major medical problems across the life course [3–13]. Therefore, the identification
of factors that condition birthweight raises interest in public health and preventive medicine
[14–15]. Notably, information on birthweight is relatively easy to obtain and is routinely used
by the World Health Organization for performing epidemiological comparisons between coun-
tries [16].

Offspring birthweight also seems conditioned by the social and economic circumstances of
the mother, and it may vary across and between immigrant and non-immigrant populations
residing in a country. A simple overview of the literature indicates that a considerable number
of public health studies have investigated nationwide differences in offspring birthweight by
maternal country of birth (MCB) (sometimes used as a proxy for ethnicity). The results of
those studies seem to be disparate and to depend, for instance, on the chosen MCB and length
of stay in the host country, and on whether or not the mother is the first migrant generation
[17–31]. The importance of those studies is justified by our interest in identifying health ineq-
uities and the consequent demand for public health interventions aimed at eliminating such
unwarranted differences. From this perspective, most studies on ethnic differences in health
outcomes such as birthweight, including those using MCB as a way to categorise people’s eth-
nicity [32], make two implicit assumptions.

In the first place, it is assumed that the MCB exerts a general contextual influence on each
and every one of individuals born in the same country [33–34]. This general influence is ex-
pected to be a result of shared conditions, for instance, common social or national experiences,
shared cultural heritage, symbolic systems such as religion, and other circumstances like dress
style, physical appearance, and so forth. There can also be common experiences of deprivation
as well as a specific pattern of risk factors conditioned by particular cultural and lifestyle habits
related to the MCB. For some immigrant groups, a general influence of the MCB may also be
caused by the experiences of migration, as well as discrimination and socioeconomic disadvan-
tage suffered in the host country [35–40].

In the second place, it is assumed that the general contextual influence described above can
be analysed by quantifying between-countries differences in average health outcomes. For this
purpose, measures of association like beta coefficients for continuous variables (e.g. birth-
weight) or odds ratios for dichotomous variables (e.g. Low Birthweight:<2,500 g) are tradi-
tionally used. Frequently, a particular country (often the host country) is chosen as reference in
the comparisons. On occasions, countries are classified by coarse categorisations based on geo-
graphical or economic criteria. Scholars may also create ‘league tables’ by ranking countries ac-
cording to their average values (e.g. mean birthweight) but without any specific country as
reference.

However, we maintain that most studies performed so far have not been able to appropri-
ately quantify the general contextual influence of the MCB on offspring birthweight just because
they are exclusively based on population average information [33,41–42]. This situation com-
promises the understanding of individual health heterogeneity around the averages. In addi-
tion, the existence of differences in average values between the host country and the MCB of
some immigrants promotes the idea of considering country of birth, and hence, certain ethnici-
ties, as a risk factor for disease [43–44]. From this viewpoint, the evidence of similar or even
better average fitness in some immigrant groups compared to natives is interpreted as a
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‘healthy migrant effect’ or an ‘immigrant health paradox’ [45–49]. However, if the individual
heterogeneity around the country averages is large and health outcome distributions display
major overlap between countries, immigrants’ health risks cannot properly be distinguished
from natives’, so understanding immigrants’ country of birth as an unhealthy ‘risk factor’ or as
a ‘health paradox’may be unfounded. Indeed, more generally, if the individual heterogeneity
in health outcomes around the country averages is large, MCB should not be considered as an
appropriate construct for forecasting individual health.

In summary, a possible general contextual influence of ethnicity or of MCB on individual
health indicators like offspring birthweight is not properly operationalized by measuring differ-
ences between group averages when diversity is paramount. Rather, we need a multilevel ana-
lytical approach that focuses on analysing both differences between country averages and
individual heterogeneity within populations. A possible influence of the MCB is better quanti-
fied by measuring the share of the total inter-individual heterogeneity in the health indicator
that appears at the country of birth level [50]. A suitable measure for this purpose is, for in-
stance, the variance partition coefficient (VPC) [42,50–52] obtained from multilevel regression
analyses. When comparing countries, if the VPC is low (i.e. if the share of the total individual
variance in birthweight that can be located at the level of the MCB is low), the actual differences
in average values between countries become less relevant, even if these differences are statisti-
cally ‘significant’.

In the present study, following an analytical approach previously described [33–34,53–54],
we applied multilevel linear regression techniques [41–42,50,55] with babies nested within
mothers that in turn were nested within their countries of birth, to investigate differences in
birthweight between babies born in Sweden between 2002 and 2010. Using this approach, we
disentangled the shares of those offspring differences that were at the levels of the mother and
the MCB, respectively. By doing so, we aimed to illustrate the relevance of considering individ-
ual-level heterogeneity around group averages when interpreting the general contextual influ-
ence of ethnicity or of country of birth on individual health indicators. We analysed a large
database including 811,329 babies born in Sweden from 571,876 mothers representing 109 dif-
ferent countries of origin that matched our inclusion criteria.

While we perform a formal empirical analysis of birthweight and our results are restricted
to that outcome, our study also has an underlying intention of exemplifying the use of multilev-
el analysis for the investigation of individual heterogeneity [41]. In this sense, the analytical ap-
proach we outline in the present birthweight example is, we believe, of general relevance to
epidemiological investigations of country of birth and ethnic differences in health outcomes.

Methods

Study population
We used data from all the 938,932 births recorded at the Swedish Medical Birth Register
(MBR) between 1 January 2002 and 31 December 2010. The MBR collects detailed and stan-
dardised information on nearly all pregnancies in Sweden culminating in delivery [56] and is
administered by the National Board of Health and Welfare. Using a unique personal identifica-
tion number, the MBR was linked to several other registries containing demographic and so-
cioeconomic information and that are maintained by Statistics Sweden. The Swedish
authorities prepared the research database and delivered it to us without the personal identifi-
cation numbers to ensure the anonymity of the subjects. The Regional Ethics Review Board in
southern Sweden (DNR 71/2006) approved the construction of the database.

The study selection process is shown in Fig 1. We selected singletons born alive
(n = 908,956), since it is known that multiple births (n = 26,811) show a different intrauterine
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growth pattern from gestational weeks 28–30 [57]. We also excluded cases with missing infor-
mation about maternal age or birth order (n = 3406), babies with malformations (n = 32,116)
and babies weighing less than 500 g (n = 100). Following the criteria previously published [58],
we excluded babies with inconsistent information on birthweight according to gestational age
(n = 10,665). We excluded babies with missing information regarding the MCB (n = 8090) and
for whom we did not have any database specific identification number (n = 78). Finally, for the
purpose of our study, we excluded babies born preterm (before week 37) (n = 37,484) or post-
term (after week 42) (n = 3122), as well as babies fromMCB with fewer than 100 observations
(n = 2566). The final sample consisted of 811,329 babies born from 571,876 mothers from 109
different countries of origin.

Fig 1. Flow diagram showing the selection of the study population.

doi:10.1371/journal.pone.0129362.g001
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Assessment of variables
The outcome variable was the birthweight in grams (g). In order to explain possible differences
between MCB, we included information on the available maternal and child variables known
to be associated with birthweight according to previous publications. Among child characteris-
tics, we considered sex because females are lighter than boys on average [14,59], and we used
the males as reference group. We also included gestational age because it is a main predictor of
birthweight [60].

Among maternal characteristics, we included information on maternal stature since it is
known that short mothers have increased risk of delivering smaller infants [61–62]. We divided
this variable into five categories (<150 cm, 150–159 cm, 160–169 cm, 170–179 cm and>179
cm) and a missing category, with mothers with their stature between 160 and 169 cm being the
reference category. We also included maternal age at delivery, as extreme ages are strongly as-
sociated with lighter babies [63–64]. We categorised this variable into four groups (<20, 20–
24, 25–34 and>35 years old), and we considered mothers from the age group 25–34 as the ref-
erence category. We included marital status, since it is reported that single mothers have a
higher probability of delivering low birthweight babies [65]. We categorised this information
into single, widowed or divorced, and married or cohabiting, using the last category as the ref-
erence group. We included information on maternal smoking, since this habit is associated
with low birthweight [66]. We grouped smoking habits into three categories: non-smoking
(reference), moderate (fewer than 9 cigarettes per day), heavy (more than 9 cigarettes per day)
and missing information. Information on smoking habits was based on a self-reported ques-
tionnaire administered by the midwife at the first antenatal visit (typically between 9 and 12
gestational weeks). Socioeconomic position is related to both maternal and child’s health [67],
so we included information on household income. We defined household income as the mean
disposable income of parents the year before delivery (the income variable also included paren-
tal leave and other benefits). We classified this variable into low, middle and high income (ref-
erence) according to tertiles, and we included a missing category when information for any
parent was absent. We included dichotomous variables (yes vs no) for maternal hypertension
and diabetes, respectively, since these conditions impact on the offspring’s birthweight [68–
69].

At the contextual level, we categorised the MCB according to the World Bank (WB) classifi-
cation of country economies based on the Gross National Income (GNI) per capita using the
WB Atlas method [70]. This definition includes four categories (low income, lower-middle in-
come, upper-middle income and high income), and we used high income countries as a refer-
ence in the comparisons.

Statistical analyses
We applied multilevel linear regression to model individual birthweight, with babies at the first
level (n = 811,329), mothers at the second level (n = 571,876) and MCB at the third level
(n = 109). We performed five consecutive models. The first one only contained a random term
for each of the three levels (babies, mothers and MCB) studied. This model simply aimed to de-
scribe the components of the total variance in birthweight. The second model included infor-
mation on maternal stature as a fixed effect since maternal stature is a major determinant of
birthweight [61–62]. The third model included also information on the mother’s age since we
hypothesised that age differences could account for an important share of the remaining varia-
tion. The fourth model included all individual variables as fixed effects. The fifth model extend-
ed the previous one by including contextual information about the economic circumstances of
the MCB as a fixed effect.
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For the estimation of models we first used the restricted generalised least square (RIGLS)
method to obtain start values for the final Markov chain Monte Carlo (MCMC) estimations
[71–72]. We used the posterior distribution of the parameters obtained by the MCMCmethod
to estimate measures of association (i.e. regression coefficients) and measures of variance as
well as their standard error. We use the Bayesian deviance information criterion (BDIC) as a
measure of goodness of fit of our models [73]. The idea is that models with smaller BDIC
should be preferred to models with larger BDIC.

When it comes to the study of contextual influences (in our case the influence of the MCB
on birthweight), the analysis distinguishes between general and specific contextual influences
(also denominated ‘effects’ in observational epidemiology).

General contextual influences. We estimated the intercept variance at the baby (σ2b), the
mother (σ2m) and the MCB (σ2mcb) levels. Thereafter, we calculated the variance partition coef-
ficients (VPC) as follows,

VPCmcb ¼ s2
mcb=ðs2

mcb þ s2
m þ s2

bÞ
� � �100 formula 1

VPCm ¼ s2
m=ðs2

mcb þ s2
m þ s2

bÞ
� �� 100 formula 2

VPCb ¼ s2
b=ðs2

mcb þ s2
m þ s2

bÞ
� �� 100 formula 3

where the VPC expresses the share of the total variance (σ2mcb + σ2m + σ2b) that is at a
specific level.

Given the hierarchical structure of our data, we also measured the intra-class correlation
(ICC), which provides information about the correlation in birthweight between two babies
randomly chosen from either the same MCB (which corresponds with formula 1 above) or
from the same mother (formula 4).

ICCmcb ¼ formula 1

ICCm ¼ ðs2
mcb þþs2

bÞ=ðs2
mcb þ s2

m þ s2
bÞ

� �� 100 formula 4

For every model, we calculated the proportional change in variance (PCV) [55] compared
to the ‘empty’model (i.e. Model 1) for each of the three levels studied to assess the share of the
variance explained by subsequent models. The PCV is obtained as follows:

ICCm ¼ ðs2
mcb þþs2

bÞ=ðs2
mcb þ s2

m þ s2
bÞ

� �� 100 formula 5

Specific contextual influences. The specific contextual effects are those appraised by ob-
serving differences between MCB in average birthweight. We appraised the specific contextual
effects in two ways: by grouping the MCBs according the WB income data and obtaining beta-
coefficients, and by plotting the shrunken residuals of the MCB level, which are the differences
between the weighted mean birthweight of each country and the average birthweight of all the
MCBs.

Data analysis
We performed the analyses using SPSS 22.0 (IBM corp. USA) and MLwiN 2.31 (Centre for
Multilevel Modelling, University of Bristol, Bristol, UK) [74].
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Results

Characteristics of the population
Table 1 presents the characteristics of the population by the WB classification of economies.
Mothers in high-income countries appear to be taller on average, especially in comparison to
mothers in lower-middle income countries. It appears that high-income countries have a lower

Table 1. Characteristics of the population by maternal country of birth economies according to theWorld Bank classification based on estimates
of gross national income (GNI) per capita.

Income Economies All Economies High Income Upper Middle Lower Middle Low Income

N % N % N % N % N %

811,329 100 688,766 84.89 81,635 10.06 22,788 2.81 18140 2.24

Number of countries 109 100 33 30.28 37 33.94 25 22.94 14 12.84

Mother’s stature

<150 2973 0.37 853 0.12 1096 1.34 798 3.50 226 1.25

150–159 94,284 11.62 58,188 8.45 22,099 27.07 9159 40.19 4838 26.67

160–169 41,8305 51.65 357,350 51.88 42,118 51.59 9697 42.55 9140 50.39

170–179 23,6102 29.10 221,169 32.11 11,014 13.49 1629 7.15 2290 12.62

>179 15,850 1.95 15,222 2.21 475 0.58 53 0.23 100 0.55

Missing 43,815 5.40 35,984 5.22 4833 5.92 1452 6.37 1546 8.52

Mother’s age

<20 13,264 1.63 10,426 1.51 2094 2.57 353 1.55 391 2.16

20–24 101,854 12.55 77,520 11.25 17,073 20.91 3937 17.28 3324 18.32

25–34 (ref) 528,979 65.20 456,899 66.36 47,254 57.88 14,308 62.79 10,518 57.98

>34 167,232 20.61 143,921 20.90 15,214 18.64 4190 18.39 3907 21.54

Sex of baby

Male (ref) 414,119 51.04 351,630 51.05 41,578 50.93 11705 51.36 9206 50.07

Female 397,210 48.96 337,136 48.95 40,057 49.07 11083 48.63 8934 49.25

Household income

Highest 267,969 33.03 254,919 37.01 8055 9.87 2497 10.96 1093 6.03

Middle 267,110 32.92 244,605 35.51 15,017 18.40 4601 20.19 2887 15.92

Lowest 267,969 32.86 186,189 27.03 54,384 66.62 14,257 62.56 13,139 72.43

Missing 9686 1.19 3053 0.44 4179 5.12 1433 6.29 1021 5.63

Maternal marital status

Married/cohabiting 731,684 90.18 624,408 90,66 73,631 90.20 20,254 88.88 13,391 73.82

Single 13,567 1.67 9395 1.36 1700 2.08 619 2.72 1853 10.21

Widowed/divorced 28,868 3.56 22,495 3.27 3286 4.03 1002 4.40 2085 11.49

Missing 37,210 4.59 32,468 4.71 3018 3.70 913 4.01 811 4.47

Smoking at the first prenatal visit

Non-smoking 712,291 87.79 602,705 87.51 71,761 87.90 20,8,97 91.70 16,928 93.32

1–9 cig /day 45,261 5.58 38,954 5.66 5246 6.43 739 3.25 322 1.78

>9 cig/day 14,797 1.82 13,067 1.90 1482 1.82 192 0.84 56 0.31

Missing 38,980 4.80 34,040 4.94 3146 3.85 960 4.21 834 4.60

Hypertension 29,186 3.60 26,447 3.84 1,689 2.07 571 2.51 479 2.64

Diabetes 3,722 0.50 3,068 0.44 378 0.46 112 0.49 164 0.90

Gestational age (w)

Mean (SD) 39.66 (1.27) 39.67 (1.27) 39.54 (1.25) 39.40 (1.26) 39.86 (1.34)

Birthweight (g)

Mean (SD) 3,605 (485) 3,628 (483) 3,488 (468) 3,424 (473) 3,461 (473)

doi:10.1371/journal.pone.0129362.t001
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proportion of mothers<25 years, and a higher proportion of families with high or middle in-
comes than other country income categories. There is also a seemingly higher proportion of
missing information on household income in low-, lower middle-, and upper middle-income
countries. Lower income countries appear to have fewer smokers and more single mothers.

Measures of association and specific contextual influences
In Table 2, Model 2, we observe that average birthweight increased with the mother’s stature.
In Model 3 we observe that mothers younger than 25 years delivered lighter, and mothers older
than 34 heavier, babies than women 25–34 years old. Model 4 shows that average birthweight
was lower in girls than in boys, and that it increased with gestational age. Compared to non-
smoking mothers, light- and heavy-smoking mothers delivered babies that were, respectively,
on average 129 g and 179 g lighter. Higher maternal household income associated with lighter
children. As expected, maternal hypertension was associated with lighter children and mater-
nal diabetes with heavier children. In Model 5 we show the adjusted average birthweight of ba-
bies whose MCB was in the category low, lower-middle or upper-middle income economies,
respectively. Such babies were on average 88 g, 52 g and 16 g lighter, respectively, than babies
of mothers from high-income countries.

Fig 2 represents the unadjusted ‘league table’ (i.e. Model 1) of MCB ranked according to
their mean birthweight. Independently of country economy most countries have a mean birth-
weight within 3400–3700 g; however nine countries had mean birthwights that were markedly
lower (i.e. below 3400 g) than the rest of countries. Two of those countries are in the low in-
come group (Bangladesh, Gambia), six are in the lower-middle income group (India, Pakistan,
Sri Lanka, Vietnam, Senegal, Sudan) and one is in the high income group (Japan).

Measures of variation and general contextual influences
Table 3 provides information about the newborn, mother and MCB components of variance in
birthweight. The first model shows that half of the total variance in birthweight is actually at
the baby level (i.e. VPC Newborn = 50%). The remaining half is mostly at the maternal level (i.e.
VPC Mother = 47% and ICCMother = 50%), with only 3% of the offspring variance in birthweight
being at the MCB level (i.e. VPC/ICC Mother’s country of birth = 3.2%). Addition of mothers’ stature
to the model (Model 2) removed 36% of the variance at the MCB level and 6% of the variance
at the mother level. Inclusion of the mothers’ age (Model 3) removed an additional 5% of the
small residual variance at the MCB level. Addition of more maternal and offspring variables
(Model 4) and the MCB variable (Model 5) did not considerably change the VPCs. The intra–
MCB correlation of birthweight was slightly higher in Model 4 that included individual infor-
mation (ICC = 2.5%), than in Models 2 and 3 (ICC = 2.1% and 2.0%, respectively) but this was
mainly because of a decrease in variance at the mother and offspring levels due to the inclusion
of additional individual-level variables. The inclusion of the WB classification of country econ-
omies in the final Model 5 reduced the variance between MCB by an additional 10% (i.e. from
4635 to 3811).

Fig 3 represents the crude birthweight distribution within each of the nine MCBs with the
lowest mean birthweight, as well as in Sweden and all other countries combined. A simple visu-
al observation of the data suggests the existence of a clear overlap between countries corre-
sponding to a low ICC.

Sensitivity analyses
In Fig 2 we observed that nine countries had markedly lower mean birthweight than the rest of
countries. Excluding those countries from the analysis removed 37% of the variance at the
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Table 2. Multilevel linear regression analysis of babies, mothers andmaternal countries of birth, modelling birthweight (in grams)1.

Model 1 Model 2 Model 3 Model 4 Model 5
Fixed effects parts of models

Overall mean (intercept) 3490 [6.2] 3508 [8.2] 3510 [5.1] 3567 [7.4] 3595 [9.9]

Mother’s stature

<150 -232 [8.8] -231 [9.3] -185 [8.1] -184 [8.2]

150–159 -118 [1.9] -116 [1.9] -98 [1.7] -98 [1.7]

160–169 Ref. Ref. Ref. Ref.

170–179 117 [1.4] 115 [1.4] 99 [1.2] 99 [1.2]

>179 242 [4.2] 237 [4.6] 202 [3.7] 202 [3.8]

Missing 5 [2.3] 5 [2.2] 6 [3.0] 6 [3.1]

Mother’s age

<20 -123 [4.1] -106 [3.7] -106 [3.7]

20–24 -62 [1.6] -60 [1.4] -60 [1.5]

25–34 (ref) Ref. Ref. Ref.

>34 38 [1.3] 51 [1.2] 51 [1.2]

Sex

Male (ref) Ref. Ref.

Female -123 [0.8] -123 [0.9]

Gestational age (weeks) 149 [0.4] 149 [0.4]

Household income

Highest Ref. Ref.

Middle 76 [1.1] 76 [1.1]

Lowest 107 [1.2] 107 [1.2]

Missing 12 [4.2] 12 [4.3]

Maternal marital status

Married/cohabiting Ref. Ref.

Single -39 [3.5] -39 [3.5]

Widowed/divorced -44 [2.5] -44 [2.5]

Missing 7 [3.6] 7 [3.6]

Smoking at the first prenatal visit

Non-smoking Ref. Ref.

1–9 cig /day -129 [2.1] -129 [2.1]

>9 cig/day -179 [3.5] -179 [3.5]

Missing 4 [3.4] 4 [3.4]

Hypertension

No Ref. Ref.

Yes -108 [2.5] -108 [2.5]

Diabetes

No Ref. Ref.

Yes 314 [7.1] 314 [7.0]

Countries economies

Low income -88 [21.1]

Lower-middle income -52 [17.8]

Upper-middle income -16 [14.4]

High income (ref) Ref.

1 The table presents measures of association (regression coefficients). Model 1 estimates only the overall mean birthweight of countries. Models 2, 3 and

4 include maternal and new-born characteristics, and Model 5 includes also contextual characteristics. Values in brackets are SE.

doi:10.1371/journal.pone.0129362.t002
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MCB level compared to the ‘empty’model with all countries included. The intra–MCB correla-
tion in offspring birthweight in the new model was 2.1%.

In Model 2 we found that about a third of the variance at the MCB level was explained by
differences in the mothers’ stature, which could suggest that mothers’ stature clusters within
countries of birth. To test this hypothesis we used multilevel linear regression to model

Fig 2. Unadjusted differences in the average birthweight betweenmaternal countries of birth. The values represent the shrunken residuals and their
confidence intervals obtained from the multilevel linear regression analysis.

doi:10.1371/journal.pone.0129362.g002

Table 3. Multilevel linear regression analysis of babies, mothers andmaternal countries of birth, modelling birthweight (in grams)1.

Model 1 Model 2 Model 3 Model 4 Model 5
Random effects part of the models

Measure of variance (standard error)

σ Mother’s country of birth 7,699 (1,134) 4,922 (775) 4,520 (711) 4,635 (708) 3,811 (607)

σ Mother 111,583 (468) 104,640 (442) 105,398 (468) 85,713 (362) 85,702 (348)

σ Newborn 119,871 (350) 120,491 (338) 119,147 (343) 92,740 (269) 92,738 (260)

σ Total 239,153 230,053 229,065 183,088 182,251

Variance partitioning coefficient (VPC) (%)

VPC Mother’s country of birth 3.2 2.1 2.0 2.5 2.1

VPC Mother 46.7 45.5 46.0 46.8 47.0

VPC Newborn 50.1 52.4 52.0 50.7 50.9

Intra-class correlation (ICC) (%)

ICC Mother’s country of birth 3.2 2.1 2.0 2.5 2.1

ICC Mother 49.9 47.6 48.0 49.4 49.1

Proportional change in variance (PCV) by model (%)

PCV Mother’s country of birth Ref. -36.1 -41.3 -39.8 -50,5

PCV Mother Ref. -6.2 -5.5 -23.2 -23.2

PCV Newborn Ref. 0.5 -0.6 -22.6 -22.6

PCV Total Ref. -3.8 -4.2 -23.4 -23.8

Bayesian deviance information Criterion (BDIC) 11790,261 11794,461 11785,356 11894,736 11894,741

Change in BDIC compared with the empty model Ref. 4,200 4,905 104,475 104,480

1 The table presents measures of variance. Model 1 contains only random intercepts at each level and informs on the components of variance across

levels. Models 2, 3 and 4 include maternal and newborn characteristics, and Model 5 includes also contextual characteristics (see Table 2 for a list of the

variables included in each model). Values in parenthesis are SE.

doi:10.1371/journal.pone.0129362.t003
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individual stature as a continuous variable, with mothers at the first level and their countries of
birth at the second level. By contrast to birthweight, we found that stature considerably clus-
tered within countries (ICC = 24%).

Finally, we replicated our analysis using data from another dataset that included all births
recorded at the Swedish MBR between 1 January 1987 and 31 December 1993. The final sample
consisted of 757,811 babies born from 537,093 mothers from 68 different countries of origin.
Again only about 3% of the offspring variance in birthweight was at the MCB level
(ICC = 2.8%).

Discussion
In the present study we adopted a multilevel analytical approach and found that the degree of
MCB-level clustering in offspring birthweight among women in Sweden was minimal (VPC/
ICC = 3.2%). Furthermore, after accounting for individual level variables and socioeconomic
circumstances of the country, the ICC became 2.1%. The ICC value can also be interpreted as
the size of the correlation in birthweight between two babies randomly sampled from the same
MCB. Such a minor ICC for MCB contrasted with the large—expected—clustering of offspring
birthweight within mothers (i.e. ICC = 50% in ‘empty’model), which reflects the strong influ-
ence of shared genetic and environmental factors on siblings from the same mother. The low
ICC value contrasted moreover with the much higher correlation in stature between mothers
with the same country of birth (i.e. ICC = 24%), thus validating our multilevel approach.

The low correlation in birthweight between babies with the same MCB indicates that there
is a very high inter-offspring heterogeneity (i.e. within-country variation) around the country
average birthweight—a fact that can be visualised in Fig 3. This low clustering suggests that
MCB plays a minor role for understanding variation in offspring birthweight in Sweden. That

Fig 3. Unadjusted offspring birthweight distributions. Box and whisker plots for mothers born in Sweden
(n = 647,953), Bangladesh (n = 905), Gambia (n = 713), India (n = 2636), Japan (n = 503), Pakistan
(n = 1273), Senegal (n = 100), Sri Lanka (n = 1357), Sudan (n = 324), and in all other countries (n = 153,219).
There is an overlap in distributions corresponding to a low ICC.

doi:10.1371/journal.pone.0129362.g003
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is, knowledge of MCB seems rather irrelevant when it comes to predicting the birthweight of a
specific baby and distinguishing its weight from that of another baby, with a different MCB.

Although, to our knowledge, increasing average birthweight in immigrant groups is not an
ambition in current public health interventions, our birthweight analysis remains valuable for
public health analysts because it exemplifies certain general points using a continuous variable.
Thus, conceptually, our findings suggest that a possible public health intervention directed
only towards mothers from specific countries (e.g. those with the lowest birthweight averages),
as it has been previously suggested [25], would be unjustified since this would convey that
(using Rose’s terminology [75]) ‘healthy’ individuals belonging to groups with ‘sick’ average
values would unnecessarily be candidates for treatment, while many ‘sick’ individuals would be
left outside the intervention because they belong to groups with ‘healthy’ average values.

Our conclusions may still appear counterintuitive. Thus, Fig 2 appears to point to the exis-
tence of differences in birthweight between the countries at the extremes of the distribution. In
addition, we found a conclusive (i.e. ‘significant’) association between the economic character-
istics of the MCB and offspring birthweight. As we discussed elsewhere [41,76], many epidemi-
ologists performing multilevel analyses become confused when they observe a ‘significant’
association between contextual variables and individual health alongside tiny general contextu-
al influences (e.g. VPC close to 0%). This apparent paradox can, however, be unravelled once
one recognises that the idea of quantifying general contextual influences by using, for instance,
the VPC/ICC, is equivalent to the statistical concept of discriminatory accuracy developed in
other fields of epidemiology, like the study of risk factors, biomarkers and diagnostic tests [77–
79]. It is well recognised that many risk factors and biomarkers are not so useful for predicting
individual outcomes, because they have a very low discriminatory accuracy even if they are ‘sig-
nificantly’ associated with diseases [77].

When facing the evidence of low discriminatory accuracy or low clustering discussed above,
many scholars appeal to Rose’s ideas of distinguishing between individual and population lev-
els of analysis and intervention [75,80]. From this perspective there are two kind of causes,
causes of population averages and causes of individual cases, as well as two kind of sicknesses
(i.e. sick populations and sick individuals) and two levels of intervention (i.e. public health and
clinical medicine). While sympathetic to those concepts, we also propose a multilevel method-
ological approach that provides a better operationalization of Rose’s ideas [41]. The multilevel
analysis allows disentangling of individual from population components of health disparities
and provides an efficient instrument for public health analyses. In the multilevel analytical ap-
proach the general influence of, as in this case, the MCB is not properly operationalized by
measuring differences between country averages. Rather, the general influence of the context is
better quantified by measuring the share of the total inter-individual heterogeneity that appears
at that specific contextual level [42,50–52], as we have done in our study. We believe that the
conceptual multilevel approach we promote [41] is a fundamental, but still not well enough
recognised [81], approach for understanding contextual influences on individual health
diversity.

Our main point, then, is that measures of association (i.e., differences between group aver-
ages) should be complemented by measures of variance and clustering for understanding con-
textual influences on individual health and for individual risk prediction [41–42]. Needless to
say, measures of association may be relevant to questions about average causal effects (ACE);
for example, analyses of differences in ethnic group averages might illuminate the causal mech-
anisms underlying such differences, and may serve as first step in a series of studies and policy
discussions regarding reduction of health inequalities. But even for this purpose measures of
association should be interpreted with caution. As has been pointed out, the study of variables
such as ethnicity, country of birth or race, which are commonly used in social epidemiology,
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present special difficulties for causal inference [82–84]. In addition, the purpose of the study of
ACE [85] is often to understand unobservable individual causal effects (ICE) [86]; yet many de-
scribed ACE show a very low discriminatory accuracy since individual heterogeneity around
averages is high [41]. This situation indicates that in the groups exposed and non-exposed to
the risk factor other causal exposures are conditioning the outcome and/or that the effect of the
exposure is heterogeneous. Hence knowledge of the discriminatory accuracy of an exposure
adds additional information about the causal properties of the exposure beyond that given by
measures of association alone. It should be noted that low discriminatory accuracy does not
necessarily invalidate a public health intervention because in some instances the medical or so-
cial adverse effects of an intervention (e.g. invasion of privacy) are expected to be mild com-
pared to the major public health gains. For example, population wide efforts to reduce smoking
are arguably both a medically and socially justifiable strategy to reduce lung cancer even
though smoking status is a poor guide to diagnosing lung cancer. However, in many other in-
stances, such as in the case of variables such as ethnicity, country of birth or race, to unneces-
sarily treat many individuals in the ‘exposed’ group, or leave without treatment many
individual in the ‘unexposed’ group is unlikely to be medically and socially justifiable. In sum,
the existence of an ACE is a necessary, but not sufficient condition for launching a public
health intervention or performing a medical treatment, and we therefore need measures of dis-
criminatory accuracy to help us make appropriate intervention and treatment choices.

Strength and limitations
It is known that the results of the analyses of variance [87] as well as the estimation of causal ef-
fects by the analysis of differences between averages [82] might not be directly extrapolated to
other study contexts. Sweden is an established welfare state with a highly developed social pro-
tection. These circumstances might attenuate the size of socioeconomic and ethnic disparities
in health, including birthweight. It seems necessary to perform similar multilevel analyses in
other countries with different welfare and healthcare systems or with other experiences
of immigration.

A central issue is the choice of the reference population [88]. In contrast to other studies in-
vestigating birthweight, we did not use the native population of mothers as a reference group.
Instead, we used the mean value of the overall population of MCB. This strategy might appear
inappropriate, because the Sweden-born population of mothers is overrepresented in the anal-
yses. However, we performed sensitivity analyses following different strategies to see whether
the results were conditioned by the inclusion of the whole population of mothers. Firstly, we
replicated the analysis using a 5% random sample of Swedish-born mothers (meaning 32,398
babies). Secondly, we excluded the whole Swedish-born population from the analysis. In both
cases the ICC for MCB remained almost the same (VPC� 3%).

The strength of our analyses is that they are based on a national medical registry covering al-
most the entire population of residents in Sweden. Because giving birth at home is very unusual
in Sweden, nearly all births are registered in the MBR. Also, by including the mother level, our
analysis became a quasi-experimental sibling analysis [89–91]. This study design allowed us to
account for unknown genetic and environmental variables confounding the association be-
tween sibling variables and birthweight. Therefore, concerning individual level associations,
our study provides stronger causal evidence than the conventional analyses performed so far. It
should be noted, however, that the intra-mother estimations are based on the subpopulation of
mothers with two or more children in the database (451,384 babies nested in 211,899 mothers).
To investigate the extent to which the results were affected by the inclusion of the maternal
level, we performed a sensitivity analysis excluding this level. We observed almost identical
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results in the random effects analyses (e.g. VPC estimations) and only slight differences in the
fixed effect estimations.

On the other hand, it is well known that observational multilevel analysis—like most other
observational studies—suffers from problems of exchangeability between the groups being
compared, which calls into question the (causal) validity of both general and specific observa-
tional contextual measures. This is especially true for characteristics that are originally un-
changeable, like maternal country of birth [92–95].

Also, due to data availability, we used the WB’s classification of countries for more recent
years, rather than those necessarily corresponding to the time when the immigrant mothers
were residing in their countries of origin. In addition, the use of this classification can be ques-
tioned, because it is based only on GDP per capita without considering other indicators of so-
cial development and economic disparities. We also performed the analysis using the Human
Development Index, a composite measure based on indicators of health, education and income
that are published by the United Nations [96], but our interpretation of the results did not
change.

Conclusion
Our study suggests that the MCB plays only a minor role in determining individual differences
in birthweight, at least in Sweden. Our conclusion is based on the considerable individual het-
erogeneity around the specific average birthweight values as well as major overlap between
countries. Our conclusion not only offers a critique of work in the field of migration, ethnicity
and public health that rely heavily on measures of association and information on country of
birth, but it also questions numerous investigations in other areas of public health and epide-
miology that use population averages to interpret the general contextual influence on health
and to propose public health interventions [42,76,97]. Yet, this critique may be particularly im-
portant to consider for students of country of birth and ethnic differences in health because of
the history of racial medicine, the many conceptual and technical problems of research into
ethnicity and health, and the perils of ethnic discrimination and stigmatisation. Perhaps a bet-
ter definition of ‘ethnicity’ as suggested by Stronks and colleagues [37] might increase the value
of ethnic categorisations for forecasting birthweight, but the statistical discriminatory accuracy
of such a new categorisation for specific outcomes must always be quantified and never be
taken at face value. In sum, the multilevel analytical approach we propose allowed us to disen-
tangle population from individual level variance. By doing so, this methodology appears to be a
suitable instrument for quantifying the influence of the MCB on offspring birthweight and
most likely other health outcomes too.

Acknowledgments
We thank Anna-Karin Ivert for her comments on the last version of the manuscript.

Author Contributions
Conceived and designed the experiments: SM SJ JM. Performed the experiments: SM SJ JM.
Analyzed the data: SM SJ PW JM. Contributed reagents/materials/analysis tools: JM. Wrote
the paper: SM SJ PW JM.

References
1. Wilcox AJ. On the importance—and the unimportance—of birthweight. Int J Epidemiol. 2001; 30:

1233–41. PMID: 11821313

Multilevel Analysis of Country of Birth Differences in Birthweight

PLOS ONE | DOI:10.1371/journal.pone.0129362 May 28, 2015 14 / 19

http://www.ncbi.nlm.nih.gov/pubmed/11821313


2. Grisaru-Granovsky S, Reichman B, Lerner-Geva L, Boyko V, Hammerman C, Samueloff A, et al. Mor-
tality and morbidity in preterm small-for-gestational-age infants: a population-based study. Am J Obstet
Gynecol. 2012; 206:150.e1–7. doi: 10.1016/j.ajog.2011.08.025 PMID: 21982023

3. Streimish IG, Ehrenkranz RA, Allred EN, O'Shea TM, Kuban KC, Paneth N, et al. Birth weight- and fetal
weight-growth restriction: impact on neurodevelopment. Early Hum Dev. 2012; 88:765–71. PMID:
22732241

4. Eikenes L, Martinussen MP, Lund LK, Løhaugen GC, Indredavik MS, Jacobsen GW, et al. Being born
small for gestational age reduces white matter integrity in adulthood: a prospective cohort study. Pediatr
Res. 2012; 72:649–54. doi: 10.1038/pr.2012.129 PMID: 23007032

5. Moore GS, Kneitel AW, Walker CK, Gilbert WM, Xing G. Autism risk in small- and large-for-gestational-
age infants. Am J Obstet Gynecol. 2012; 206:314.e1–9. doi: 10.1016/j.ajog.2012.01.044 PMID:
22464070

6. Nielsen PR, Mortensen PB, Dalman C, Henriksen TB, Pedersen MG, Pedersen CB, et al. Fetal growth
and schizophrenia: A nested case-control and case-sibling study. Schizophr Bull. 2012; 12:1337–42.

7. Løhaugen GC, Ostgård HF, Andreassen S, Jacobsen GW, Vik T, Brubakk AM, et al. Small for gesta-
tional age and intrauterine growth restriction decreases cognitive function in young adults. J Pediatr.
2013; 163:447–53. doi: 10.1016/j.jpeds.2013.01.060 PMID: 23453550

8. Wingren CJ, Agardh D, Merlo J. Revisiting the risk of celiac disease in children born small for gestation-
al age: a sibling design perspective. Scand J Gastroenterol. 2012; 47:632–9. doi: 10.3109/00365521.
2012.661760 PMID: 22428795

9. van de Lagemaat M, Rotteveel J, vanWeissenbruch MM, Lafeber HN. Small-for-gestational-age pre-
term-born infants already have lower bone mass during early infancy. Bone. 2012; 51:441–6. doi: 10.
1016/j.bone.2012.06.017 PMID: 22750451

10. Forssell L, Cnattingius S, Bottai M, Edstedt Bonamy AK, Lagergren J, Agréus L, et al. Increased risk of
Barrett's esophagus among Individuals born preterm or small for gestational age. Clin Gastroenterol
Hepatol. 2013; 11:790–4. doi: 10.1016/j.cgh.2013.01.024 PMID: 23376800

11. Forssell L, Cnattingius S, Bottai M, Lagergren J, Ekbom A, Akre O. Risk of esophagitis among individu-
als born preterm or small for gestational age. Clin Gastroenterol Hepatol. 2012; 10:1369–75. doi: 10.
1016/j.cgh.2012.09.014 PMID: 22989864

12. Dalla Pozza RD, Bechtold S, Putzker S, Bonfig W, Netz H, et al. Young adults born small for gestational
age: is reduced baroreceptor sensitivity a risk factor for hypertension? Clin Cardiol. 2006; 29:215–8.
PMID: 16739394

13. Crispi F, Figueras F, Cruz-Lemini M, Bartrons J, Bijnens B, Gratacos E. Cardiovascular programming
in children born small for gestational age and relationship with prenatal signs of severity. Am J Obstet
Gynecol. 2012; 207:e121–9.

14. Kramer MS. Determinants of low birth weight: methodological assessment and meta-analysis. Bull
World Health Organ. 1987; 65:663–737. PMID: 3322602

15. McCowan L, Horgan RP. Risk factors for small for gestational age infants. Best Pract Res Clin Obstet
Gynaecol. 2009; 23:779–93. doi: 10.1016/j.bpobgyn.2009.06.003 PMID: 19604726

16. World Health Organization. Monitoring reproductive health: selecting a short list of national and global
indicators: WHO; 1997. 60 p. Available: http://www.who.int/reproductivehealth/publications/
monitoring/RHT_HRP_97_26/en/

17. Rundle D, Barclay L, Nivison-Smith I, Lloyd B. Maternal country of origin and infant birthplace: implica-
tions for birth-weight. Aust N Z J Obstet Gynaecol. 1996; 36:430–4. PMID: 9006827

18. Urquia ML, Frank JW, Glazier RH, Moineddin R, Matheson FI, Gagnon AJ. Neighborhood context and
infant birthweight among recent immigrant mothers: A multilevel analysis. Am J Public Health. 2009;
99:285–93. doi: 10.2105/AJPH.2007.127498 PMID: 19059866

19. Guendelman S, Buekens P, Blonder B, Kaminiski M, Notzon F, Masuy-Stroobant G. Birth outcomes of
immigrant women in the United States, France, and Belgium. Matern Child Health J. 1999; 3:177–87.
PMID: 10791358

20. Fuentes-Afflick E, Hessol NA, Pérez-Stable E. Maternal birthplace, ethnicity, and low birth weight in
California. Arch Pediatr Adolesc Med. 1998; 152:1105–12. PMID: 9811289

21. Rasmussen F, Claes EM.Preterm birth and low birthweight among children of Swedish and immigrant
women between 1978 and 1990. Paediatr Perinat Epidemiol. 1995; 9:441–54. PMID: 8570469

22. Teitler JO, Reichman NE, Nepomnyaschy L, Martinson M. A Cross-National Comparison of Racial and
Ethnic Disparities in Low Birth Weight in the United States and England. Pediatrics. 2007; 120:e1183–
9.

Multilevel Analysis of Country of Birth Differences in Birthweight

PLOS ONE | DOI:10.1371/journal.pone.0129362 May 28, 2015 15 / 19

http://dx.doi.org/10.1016/j.ajog.2011.08.025
http://www.ncbi.nlm.nih.gov/pubmed/21982023
http://www.ncbi.nlm.nih.gov/pubmed/22732241
http://dx.doi.org/10.1038/pr.2012.129
http://www.ncbi.nlm.nih.gov/pubmed/23007032
http://dx.doi.org/10.1016/j.ajog.2012.01.044
http://www.ncbi.nlm.nih.gov/pubmed/22464070
http://dx.doi.org/10.1016/j.jpeds.2013.01.060
http://www.ncbi.nlm.nih.gov/pubmed/23453550
http://dx.doi.org/10.3109/00365521.2012.661760
http://dx.doi.org/10.3109/00365521.2012.661760
http://www.ncbi.nlm.nih.gov/pubmed/22428795
http://dx.doi.org/10.1016/j.bone.2012.06.017
http://dx.doi.org/10.1016/j.bone.2012.06.017
http://www.ncbi.nlm.nih.gov/pubmed/22750451
http://dx.doi.org/10.1016/j.cgh.2013.01.024
http://www.ncbi.nlm.nih.gov/pubmed/23376800
http://dx.doi.org/10.1016/j.cgh.2012.09.014
http://dx.doi.org/10.1016/j.cgh.2012.09.014
http://www.ncbi.nlm.nih.gov/pubmed/22989864
http://www.ncbi.nlm.nih.gov/pubmed/16739394
http://www.ncbi.nlm.nih.gov/pubmed/3322602
http://dx.doi.org/10.1016/j.bpobgyn.2009.06.003
http://www.ncbi.nlm.nih.gov/pubmed/19604726
http://www.who.int/reproductivehealth/publications/monitoring/RHT_HRP_97_26/en/
http://www.who.int/reproductivehealth/publications/monitoring/RHT_HRP_97_26/en/
http://www.ncbi.nlm.nih.gov/pubmed/9006827
http://dx.doi.org/10.2105/AJPH.2007.127498
http://www.ncbi.nlm.nih.gov/pubmed/19059866
http://www.ncbi.nlm.nih.gov/pubmed/10791358
http://www.ncbi.nlm.nih.gov/pubmed/9811289
http://www.ncbi.nlm.nih.gov/pubmed/8570469


23. Urquia Fernández MA, Bueno Cavanillas A, de Mateo S. Differences in the reproductive pattern and
low birthweight by maternal country of origin in Spain, 1996–2006. Eur J Public Health. 2009; 21:104–
8.

24. Urquia ML, Glazier RH, Blondel B, Zeitlin J, Gissler M, Macfarlane A, et al. International migration and
adverse birth outcomes: role of ethnicity, region of origin and destination. J Epidemiol Community
Health. 2010; 64:243–51. doi: 10.1136/jech.2008.083535 PMID: 19692737

25. Li X, Sundquist K, Sundquist J. Risks of small-for-gestational-age births in immigrants: A nationwide
epidemiological study in Sweden. Scand J Public Health. 2012; 40:634–40. doi: 10.1177/
1403494812458845 PMID: 23008338

26. Acevedo-García D, Soobader M-J, Berkman LF. Low birth weight among US Hispanic/Latino sub-
groups: The effect of maternal foreign-born status and education. Soc Sci Med. 2007; 65: 2503–16.
PMID: 17764796

27. Fang J, Madhavan S, Alderman MH. Low birth weight: race and maternal nativity—impact of communi-
ty income. Pediatrics. 1999; 103:E5. PMID: 9917485

28. Buekens P, Masuy-Stroobant G, Delvaux T. High birthweight among infant of North African Immigrant
in Belgium. Am J Public Health. 1998; 88:808–11. PMID: 9585752

29. Harding S, Boroujerdi M, Santana P, Cruickshank KJ. Decline in, and lack of difference between, aver-
age birth weight among African and Portuguese babies in Portugal. Int J Epidemiol. 2006; 35:270–6.
PMID: 16280368

30. Malamitsi-Puchner A, Tzala L, Minaretzis D, Michalas S, Aravantinos D. Preterm delivery and low birth-
weight among refugees in Greece. Paediatr Perinat Epidemiol. 1994; 8:384–90. PMID: 7870623

31. Kelly Y, Panico L, Bartley M, Marmot M, Nazroo J, Sacker A. Why does birthweight vary among ethnic
groups in the UK? Findings from the Millennium Cohort Study. J Public Health. 2009; 31:131–7.

32. Peoples JG, Bailey GA. Humanity: an introduction to cultural anthropology. Belmont, CA: Wadsworth,
Cengage Learning; 2012. 476 p.

33. Merlo J, Ohlsson H, Lynch KF, Chaix B, Subramanian SV. Individual and collective bodies: using mea-
sures of variance and association in contextual epidemiology. J Epidemiol Community Health. 2009;
63:1043–1048. doi: 10.1136/jech.2009.088310 PMID: 19666637

34. Beckman A, Merlo J, Lynch JW, GerdthamUG, LindströmM, Lithman T. Country of birth, socioeconom-
ic position, and healthcare expenditure: a multilevel analysis of Malmö, Sweden. J Epidemiol Communi-
ty Health. 2004; 58:145–9. PMID: 14729898

35. Spallek J, Zeeb H, RazumO. What do we have to know frommigrants' past exposures to understand
their health status? a life course approach. Emerg Themes Epidemiol. 2011; 15:6.

36. Nazroo JY. The structuring of ethnic inequalities in health: economic position, racial discrimination, and
racism. Am J Public Health. 2003; 93:277–84. PMID: 12554585

37. Stronks K, Kulu-Glasgow I, Agyemang C. The utility of 'country of birth' for the classification of ethnic
groups in health research: the Dutch experience. Ethn Health. 2009; 14:255–69. doi: 10.1080/
13557850802509206 PMID: 19052941

38. Stronks K, Snijder MB, Peters RJ, Prins M, Schene AH, Zwinderman AH. Unravelling the impact of eth-
nicity on health in Europe: the HELIUS study. BMC Public Health. 2013: 13:402. doi: 10.1186/1471-
2458-13-402 PMID: 23621920

39. Essink-Bot ML, LamkaddemM, Jellema P, Nielsen SS, Stronks K. Interpreting ethnic inequalities in
healthcare consumption: a conceptual framework for research. Eur J Public Health. 2013; 23:922–6.
doi: 10.1093/eurpub/cks170 PMID: 23220628

40. Stronks K, Kunst AE. The complex interrelationship between ethnic and socio-economic inequalities in
health. J Public Health (Oxf). 2009; 31:324–5. doi: 10.1093/pubmed/fdp070 PMID: 19589801

41. Merlo J. Invited commentary: multilevel analysis of individual heterogeneity: a fundamental critique of
the current probabilistic risk factor epidemiology. Am J Epidemiol. 2014; 180:213–4.

42. Merlo J, Asplund K, Lynch J, Rastam L, Dobson A. Population effects on individual systolic blood pres-
sure: a multilevel analysis of theWorld Health Organization MONICA Project. Am J Epidemiol. 2004;
159:1168–79. PMID: 15191934

43. Bhopal R. Is research into ethnicity and health racist, unsound, or important science? BMJ. 1997;
314:1751–6. PMID: 9202509

44. Phung H, Bauman A, Nguyen TV, Young L, Tran M, Hillman K. Risk factors for low birth weight in a
socio-economically disadvantaged population: parity, marital status, ethnicity and cigarette smoking.
Eur J Epidemiol. 2003; 18:235–43. PMID: 12800948

45. Speciale AM, Regidor E. Understanding the universality of the immigrant health paradox: the Spanish
perspective. J Immigr Minor Health. 2010; 13:518–25.

Multilevel Analysis of Country of Birth Differences in Birthweight

PLOS ONE | DOI:10.1371/journal.pone.0129362 May 28, 2015 16 / 19

http://dx.doi.org/10.1136/jech.2008.083535
http://www.ncbi.nlm.nih.gov/pubmed/19692737
http://dx.doi.org/10.1177/1403494812458845
http://dx.doi.org/10.1177/1403494812458845
http://www.ncbi.nlm.nih.gov/pubmed/23008338
http://www.ncbi.nlm.nih.gov/pubmed/17764796
http://www.ncbi.nlm.nih.gov/pubmed/9917485
http://www.ncbi.nlm.nih.gov/pubmed/9585752
http://www.ncbi.nlm.nih.gov/pubmed/16280368
http://www.ncbi.nlm.nih.gov/pubmed/7870623
http://dx.doi.org/10.1136/jech.2009.088310
http://www.ncbi.nlm.nih.gov/pubmed/19666637
http://www.ncbi.nlm.nih.gov/pubmed/14729898
http://www.ncbi.nlm.nih.gov/pubmed/12554585
http://dx.doi.org/10.1080/13557850802509206
http://dx.doi.org/10.1080/13557850802509206
http://www.ncbi.nlm.nih.gov/pubmed/19052941
http://dx.doi.org/10.1186/1471-2458-13-402
http://dx.doi.org/10.1186/1471-2458-13-402
http://www.ncbi.nlm.nih.gov/pubmed/23621920
http://dx.doi.org/10.1093/eurpub/cks170
http://www.ncbi.nlm.nih.gov/pubmed/23220628
http://dx.doi.org/10.1093/pubmed/fdp070
http://www.ncbi.nlm.nih.gov/pubmed/19589801
http://www.ncbi.nlm.nih.gov/pubmed/15191934
http://www.ncbi.nlm.nih.gov/pubmed/9202509
http://www.ncbi.nlm.nih.gov/pubmed/12800948


46. HsiehWS, Hsieh CJ, Jeng SF, Liao HF, Su YN, Lin SJ, et al. Favorable neonatal outcomes among im-
migrants in Taiwan: evidence of healthy immigrant mother effect. J Womens Health. 2010; 20:1083–
90.

47. Urquia ML, O'Campo PJ, Heaman MI. Revisiting the immigrant paradox in reproductive health: the
roles of duration of residence and ethnicity. Soc Sci Med. 2012; 74:1610–21. doi: 10.1016/j.socscimed.
2012.02.013 PMID: 22464222

48. Flores MES, Simosen SE, Manuck TA, Dyer JM, Turok DK. The “Latina Epidemiologic Paradox”: Con-
trasting patterns of adverse birth outcomes in U.S.-born and foreign-born Latinas. Women's Health Is-
sues. 2012; 22:e501–7. doi: 10.1016/j.whi.2012.07.005 PMID: 22944904

49. Gould JB, Madam A, Qin C, Chavez G. Perinatal outcomes in two dissimilar immigrant populations in
the United States: a dual epidemiologic paradox. Pediatrics. 2003; 111:676–82.

50. Merlo J, Chaix B, Yang M, Lynch J, Rastam L. A brief conceptual tutorial of multilevel analysis in social
epidemiology: linking the statistical concept of clustering to the idea of contextual phenomenon. J Epi-
demiol Community Health. 2005; 59:443–9. PMID: 15911637

51. Goldstein H, BrowneW, Rasbash J. Partitioning variation in generalised linear multilevel models. Un-
derstanding Statistics. 2002; 1:223–32.

52. Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, Hjerpe P, et al. A brief conceptual tutorial of multi-
level analysis in social epidemiology: using measures of clustering in multilevel logistic regression to in-
vestigate contextual phenomena. J Epidemiol Community Health. 2006; 60:290–7. PMID: 16537344

53. Merlo J. Multilevel analytical approaches in social epidemiology: measures of health variation com-
pared with traditional measures of association. J Epidemiol Community Health. 2003; 57:550–2. PMID:
12883048

54. Merlo J, Chaix B, Yang M, Lynch J, Rastam L. A brief conceptual tutorial on multilevel analysis in social
epidemiology: interpreting neighbourhood differences and the effect of neighbourhood characteristics
on individual health. J Epidemiol Community Health. 2005; 59:1022–8. PMID: 16286487

55. Merlo J, Yang M, Chaix B, Lynch J, Rastam L. A brief conceptual tutorial on multilevel analysis in social
epidemiology: investigating contextual phenomena in different groups of people. J Epidemiol Commu-
nity Health. 2005; 59:729–36. PMID: 16100308

56. Cnattingius S, Ericson A, Gunnarskog Källén B. A quality study of a medical birth registry. Scand J Soc
Med. 2003; 18:143–8.

57. Cunningham FG, editor. Williams Obstetrics, 22nd ed. New York: McGraw-Hill; 2005. 1441 p.

58. Källén B. A birth weight for gestational age standard based on data in the Swedish Medical Birth Regis-
try, 1985–1989. Eur J Epidemiol. 1995; 11:601–6. PMID: 8549738

59. Alexander GR, Kogan MD, Himes JH. 1994–1996 U.S. singleton birth weight percentiles for gestational
age by race, Hispanic origin, and gender. Matern Child Health J. 1999; 3:225–32. PMID: 10791363

60. Wilcox AJ, Skjoerven R. Birth weight and perinatal mortality: the effect of gestational age. Am J Public
Health. 1992; 82:378–82. PMID: 1536353

61. WHO. Maternal anthropometry and pregnancy outcomes. AWHOCollaborative Study. Bull World
Health Organ. 1995; 73:98.

62. Ozaltin E, Hill K, Subramanian SV. Association of maternal stature with offspring mortality, under-
weight, and stunting in low- to middle-income countries. JAMA. 2010: 303:1507–16. doi: 10.1001/jama.
2010.450 PMID: 20407060

63. Fraser AM, Brockert JE, Ward RH. Association of young maternal age with adverse repreductive out-
comes. N Engl J Med. 1995; 332:1113–8. PMID: 7700283

64. Odibo A, Nelson D, Stamilo DM, Sehdev HM, Macones GA. Advancedmaternal age is an independent
risk factor for intrauterine growth restriction. Am J Perinatol. 2006; 23:325–8. PMID: 16799913

65. Shah PS, Zao J, Ali S, Knowledge Synthesis Group of Determinants of preterm/LBW births. Maternal
marital status and birth outcomes: a systematic review and meta-analyses. Matern Child Health J.
2011; 15:1097–1109. doi: 10.1007/s10995-010-0654-z PMID: 20690038

66. Rogers JM. Tobacco and pregnancy: overview of exposures and effects. Birth Defects Res C Embryo
Today. 2008; 84:1–15. doi: 10.1002/bdrc.20119 PMID: 18383133

67. Kramer MS, Séguin L, Lydos J, Goulet L. Socio-economic disparities in pregnancy outcome: why do
the poor fare so poorly? Paediatr Perinat Epidemiol. 2000; 14:194–210. PMID: 10949211

68. Ananth CV, Peedicayil A, Savitz DA. Effect of hypertensive diseases in pregnancy on birthweight, ges-
tational duration, and small-for-gestational-age births. Epidemiology. 1995; 6:391–5. PMID: 7548347

69. Bergvall N, Lindam A, Pawitan Y, Lichtenstein P, Cnattingius S, Iliadou A. Importance of familial factors
in associations between offspring birth weight and parental risk of type-2 diabetes. Int J Epidemiol.
2008; 37:185–92. PMID: 17881412

Multilevel Analysis of Country of Birth Differences in Birthweight

PLOS ONE | DOI:10.1371/journal.pone.0129362 May 28, 2015 17 / 19

http://dx.doi.org/10.1016/j.socscimed.2012.02.013
http://dx.doi.org/10.1016/j.socscimed.2012.02.013
http://www.ncbi.nlm.nih.gov/pubmed/22464222
http://dx.doi.org/10.1016/j.whi.2012.07.005
http://www.ncbi.nlm.nih.gov/pubmed/22944904
http://www.ncbi.nlm.nih.gov/pubmed/15911637
http://www.ncbi.nlm.nih.gov/pubmed/16537344
http://www.ncbi.nlm.nih.gov/pubmed/12883048
http://www.ncbi.nlm.nih.gov/pubmed/16286487
http://www.ncbi.nlm.nih.gov/pubmed/16100308
http://www.ncbi.nlm.nih.gov/pubmed/8549738
http://www.ncbi.nlm.nih.gov/pubmed/10791363
http://www.ncbi.nlm.nih.gov/pubmed/1536353
http://dx.doi.org/10.1001/jama.2010.450
http://dx.doi.org/10.1001/jama.2010.450
http://www.ncbi.nlm.nih.gov/pubmed/20407060
http://www.ncbi.nlm.nih.gov/pubmed/7700283
http://www.ncbi.nlm.nih.gov/pubmed/16799913
http://dx.doi.org/10.1007/s10995-010-0654-z
http://www.ncbi.nlm.nih.gov/pubmed/20690038
http://dx.doi.org/10.1002/bdrc.20119
http://www.ncbi.nlm.nih.gov/pubmed/18383133
http://www.ncbi.nlm.nih.gov/pubmed/10949211
http://www.ncbi.nlm.nih.gov/pubmed/7548347
http://www.ncbi.nlm.nih.gov/pubmed/17881412


70. World Bank GNI, Atlas method (current US$). Available: http://data.worldbank.org/indicator/NY.GNP.
ATLS.CD Accessed 16 Jan 2015.

71. BrowneWJ. MCMC Estimation in MLwiN (Version 2.13) Centre for Multilevel Modelling, University of
Bristol; 2009. http://wwwbristolacuk/cmm/software/mlwin/download/mcmc-printpdf. Downloaded, 27
Mars 2014.

72. BrowneWJ, Steele F, Golalizadeh M, Green MJ. The use of simple reparameterizations to improve the
efficiency of Markov Chain Monte Carlo estimation for multilevel models with applications to discrete
time survival models. J R Stat Soc Ser A. 2009; 172:579–98. PMID: 19649268

73. Spiegelhalter DJ, Best NG, Carlin BP, van der Linde A. Bayesian measures of model complexity and fit.
J R Stat Soc Ser B. 2002; 64:583–639.

74. Rasbash J, Charlton C, BrowneWJ, Healy M, Cameron B. MLwiN Version 2.1; 2009. Centre for Multi-
level Modelling, University of Bristol.

75. Rose G. Sick individuals and sick populations. Int J Epidemiol. 2001; 30:427–32;discussion 433–44.
PMID: 11416056

76. Merlo J, Viciana-Fernandez FJ, Ramiro-Farinas D, Research Group of Longitudinal Database of Anda-
lusian. Bringing the individual back to small-area variation studies: a multilevel analysis of all-cause
mortality in Andalusia, Spain. Soc Sci Med. 2012; 75:1477–87. PMID: 22795359

77. Pepe MS, Janes H, Longton G, LeisenringW, Newcomb P. Limitations of the odds ratio in gauging the
performance of a diagnostic, prognostic, or screening marker. Am J Epidemiol. 2004; 159:882–90.
PMID: 15105181

78. Merlo J, Wagner P. The tyranny of the averages and the indiscriminate use of risk factors in public
health: a call for revolution. Eur J Epidemiol. 2013; 28:148.

79. Wagner P, Merlo J. Measures of discriminatory accuracy in multilevel analysis. Eur J Epidemiol. 2013;
28:135.

80. Rose GA. The strategy of preventive medicine. Oxford, England: Oxford University Press; 1992. 138
p.

81. Diez Roux AV. Conceptual approaches to the study of health disparities. Annu Rev Public Health.
2012; 33:41–58. doi: 10.1146/annurev-publhealth-031811-124534 PMID: 22224879

82. Kaufman JS, Cooper RS. Seeking causal explanations in social epidemiology. Am J Epidemiol. 1999;
150:113–20. PMID: 10412955

83. Glymour C, Glymour MR. Commentary: race and sex are causes. Epidemiology. 2014; 25:488–90. doi:
10.1097/EDE.0000000000000122 PMID: 24887161

84. VanderWeele TJ, RobinsonWR. On the causal interpretation of race in regressions adjusting for con-
founding and mediating variables. Epidemiology. 2014; 25:473–84. doi: 10.1097/EDE.
0000000000000105 PMID: 24887159

85. Maldonado G, Greenland S. Estimating causal effects. Int J Epidemiol. 2002; 31:422–9. PMID:
11980807

86. Kaufman JS, Kaufman S. Estimating causal effects. Int J Epidemiol. 2002; 31:431–2; discussion 5–8.
PMID: 11980809

87. Lewontin RC. The analysis of variance and the analysis of causes. 1974. Int J Epidemiol. 2006; 35:
520–5. PMID: 16645033

88. Acevedo-Garcia D, Soobader MJ, Berkman LF. The differential effect of foreign-born status on low birth
weight by race/ethnicity and education. Pediatrics. 2005; 115:e20–30. PMID: 15629963

89. Merlo J. Book review: Family Matters: designing, analysis and understanding faily-based studies in life
course Epidemiology. Int J Epidemiol. 2010; 39:936–7.

90. Lawlor DA, Mishra G. Family Matters: Designing, analysing and understanding family based studies in
life course epidemiology (Life Course Approach to Adult Health). Oxford, England: Oxford Univerity
Press; 2009. 341 p.

91. Onofrio BM, Singh AL, Iliadou A, LambeM, Hultman CM, Neiderhiser JM, et al. A Quasi-Experimental
Study of Maternal Smoking During Pregnancy and Offspring Academic Achievement. Child Dev. 2010;
81:80–100. doi: 10.1111/j.1467-8624.2009.01382.x PMID: 20331655

92. Oakes JM. The (mis)estimation of neighborhood effects: causal inference for a practicable social epide-
miology. Soc Sci Med. 2004; 58:1929–52. PMID: 15020009

93. Oakes JM. Commentary: Individual, ecological and multilevel fallacies. Int J Epidemiol. 2009; 38:361–
8; author reply 370–3. doi: 10.1093/ije/dyn356 PMID: 19174541

94. Kaufman JS, Cooper RS (1999) Seeking causal explanations in social epidemiology. Am J Epidemiol.
150: 113–120. PMID: 10412955

Multilevel Analysis of Country of Birth Differences in Birthweight

PLOS ONE | DOI:10.1371/journal.pone.0129362 May 28, 2015 18 / 19

http://data.worldbank.org/indicator/NY.GNP.ATLS.CD
http://data.worldbank.org/indicator/NY.GNP.ATLS.CD
http://wwwbristolacuk/cmm/software/mlwin/download/mcmc-printpdf
http://www.ncbi.nlm.nih.gov/pubmed/19649268
http://www.ncbi.nlm.nih.gov/pubmed/11416056
http://www.ncbi.nlm.nih.gov/pubmed/22795359
http://www.ncbi.nlm.nih.gov/pubmed/15105181
http://dx.doi.org/10.1146/annurev-publhealth-031811-124534
http://www.ncbi.nlm.nih.gov/pubmed/22224879
http://www.ncbi.nlm.nih.gov/pubmed/10412955
http://dx.doi.org/10.1097/EDE.0000000000000122
http://www.ncbi.nlm.nih.gov/pubmed/24887161
http://dx.doi.org/10.1097/EDE.0000000000000105
http://dx.doi.org/10.1097/EDE.0000000000000105
http://www.ncbi.nlm.nih.gov/pubmed/24887159
http://www.ncbi.nlm.nih.gov/pubmed/11980807
http://www.ncbi.nlm.nih.gov/pubmed/11980809
http://www.ncbi.nlm.nih.gov/pubmed/16645033
http://www.ncbi.nlm.nih.gov/pubmed/15629963
http://dx.doi.org/10.1111/j.1467-8624.2009.01382.x
http://www.ncbi.nlm.nih.gov/pubmed/20331655
http://www.ncbi.nlm.nih.gov/pubmed/15020009
http://dx.doi.org/10.1093/ije/dyn356
http://www.ncbi.nlm.nih.gov/pubmed/19174541
http://www.ncbi.nlm.nih.gov/pubmed/10412955


95. Kaufman JS, Kaufman S, Poole C. Causal inference from randomized trials in social epidemiology. Soc
Sci Med. 2003; 57:2397–2409. PMID: 14572846

96. Sen A. The human development index: Methodology and measurement. New York: UNDP; 1994. 21
p.

97. Merlo J, Östergren PO, Hagberg O, LindströmM, Lindgren A, Melander A, et al. Diastolic blood pres-
sure and area of residence: multilevel versus ecological analysis of social inequity. J Epidemiol Com-
munity Health. 2001; 55:791–8 PMID: 11604434

Multilevel Analysis of Country of Birth Differences in Birthweight

PLOS ONE | DOI:10.1371/journal.pone.0129362 May 28, 2015 19 / 19

http://www.ncbi.nlm.nih.gov/pubmed/14572846
http://www.ncbi.nlm.nih.gov/pubmed/11604434

