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Abstract

This study aims to examine whether disparities in gestational age outcomes between for-

eign and Swedish-born mothers are contingent on the measure used to estimate gestational

age and, if so, to identify which maternal factors are associated with the discrepancy. Using

population register data, we studied all singleton live births in Sweden from 1992–2012 (n =

1,317,265). Multinomial logistic regression was performed to compare gestational age out-

comes classified into very (<32 weeks) and late preterm (32–36 weeks), term and post-term

derived from the last menstrual period (LMP) and ultrasound estimates in foreign- and

Swedish-born women. Compared to Swedish-born women, foreign-born women had similar

odds of very preterm birth (OR: 0.98 [95% CI: 0.98, 1.01]) and lower odds of moderately pre-

term birth (OR: 0.95 [95% CI: 0.92, 0.98]) based on ultrasound, while higher risks based on

LMP (respectively, OR: 1.10 [95% CI: 1.07, 1.14] and 1.09 [95% CI: 1.06, 1.13]). Conclu-

sions on disparities in gestational age-related outcomes by mother’s country of origin

depend on the method used to estimate gestational age. Except for very preterm, foreign-

born women had a health advantage when gestational age is based on ultrasound, but a

health disadvantage when based on LMP. Studies assessing disparities in very preterm

birth by migration status are not affected by the estimation method but caution should be

taken when interpreting disparities in moderately preterm and preterm birth rates.
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Copyright: © 2021 Juárez et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Data cannot be

shared publicly because of confidentiality. In order

to access Swedish register data, researchers must

https://orcid.org/0000-0002-4944-0336
https://orcid.org/0000-0002-8289-8090
https://orcid.org/0000-0002-5311-4277
https://doi.org/10.1371/journal.pone.0247138
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247138&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247138&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247138&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247138&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247138&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247138&domain=pdf&date_stamp=2021-02-22
https://doi.org/10.1371/journal.pone.0247138
https://doi.org/10.1371/journal.pone.0247138
https://doi.org/10.1371/journal.pone.0247138
http://creativecommons.org/licenses/by/4.0/


Introduction

Preterm birth is an important indicator for perinatal surveillance; it accounts for more than

80% of neonatal deaths [1] and is a risk factor for a number of adverse outcomes across the life

course [2, 3]. Large differences in preterm rates exist between immigrant populations residing

in high-income countries [4, 5]. Although heterogeneity has been linked to study designs and

definitions of migrants and reference groups [5], the extent to which preterm differences

between groups and contexts is affected by varying methods of estimation of the gestational

age is still unknown.

Ultrasound (UL) assessment and maternal recall of the date of the last menstrual period

(LMP) are two commonly used methods for determining gestational age. The information

available in the registers varies between countries and over time. For example, in the United

States, vital statistics information on gestational age derived from LMP was the only available

measure until 1989, when it was replaced by a clinical estimate definition (though not reported

from California). The US birth certification was revised in 2003, and the best obstetric estimate

of gestational age was incorporated [6], including ultrasound estimation but excluding postna-

tal assessment [7]. These changes can affect regional and international comparisons as well as

national trends. International studies suggest that the progressive use of early-ultrasound esti-

mates could partially explain the stabilization and rise in preterm birth (accompanied by the

fall in post-term births) in some countries in the world [8].

Although UL is usually considered to be the gold standard for gestational age estimation

[7], it is known that the accuracy of the estimation of gestational age is strongly dependent on

when the ultrasound is performed, which in turn is conditioned on when the mother has her

first prenatal care visit [9]. For this reason, countries such as Sweden use the ‘best estimate

method’ for clinical and public health surveillance, although studies are needed to evaluate the

impact of this strategy [10]. Reliable information on gestational age is important in general but

particularly when comparing outcomes between foreign- and native-born women, as any sys-

tematic difference in the estimation of gestational age between these groups could induce a

biased association with no biological basis [11]. Furthermore, if the factors proposed to explain

health differences in preterm birth between foreign and native mothers (e.g., socioeconomic

variables) are also associated with the misclassification of the outcome, it would be unclear to

what extent adjusting for such variables might explain health differences or reduce measure-

ment error.

This study aims to examine whether disparities in gestational age outcomes between

migrants and natives are contingent on the measure used to estimate gestational age and, if so,

to identify which birth and maternal factors are associated with the discrepancy between LMP

and UL. This study will contribute to a better understanding of the consequences of using dif-

ferent methods of estimation of gestational age for preterm and post-term surveillance among

immigrants.

Materials and methods

Data

In this population-based register study, we used the Swedish Medical Birth Register (MBR),

which contains maternal and child information on almost all births in Sweden [12]. Although

the MBR started in 1973, we had access to data for the period 1992–2012. The MBR was linked

to the Multi-Generational Register [13] to identify adopted mothers, and the Longitudinal

Integration Database for Health Insurance and Labour Market Studies (LISA) [14] to obtain

socio-economic indicators via an exclusive identification number [15].
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Study population

From a total of 2,239,806 observations, we excluded: 64,466 multiple births; 55,569 births with

major congenital malformations; 1,115 adoptee women; and 55,788 women from other coun-

tries represented by less than 2,000 births. To ensure that we compared the same individuals

throughout the study, we also excluded 723,253 observations with missing information in any

of the following covariates: birthweight, maternal age, height, body mass index (BMI), smok-

ing, country of birth, income, marital status and newborn’s sex. Thereafter we excluded obser-

vations with biologically implausible combinations of birthweight and gestational age

(n = 24,696) [16]. All subjects in the final sample (n = 1,317,265) had complete information on

all gestational age measures available (Fig 1).

We also performed sensitivity analyses in a sub-sample of 765,030 uncomplicated pregnan-

cies with spontaneous onset of delivery, in order to improve the accuracy of the ultrasound-

based measures. Given that the estimation of gestational age using ultrasound depends on the

size of the fetus, the accuracy of the measure is sensitive to factors that could influence fetal

growth variations [17]. Hence, gestational age is systematically underestimated in smaller

fetuses compared to normal-sized fetuses, while the opposite is true for those with rapid fetal

growth [18–20]. Prior studies have indicated that both fixed (newborn’s sex, maternal height)

and modifiable (smoking, obesity) factors influence gestational age estimation [21, 22], and

are thus implicated in the misclassification of preterm and post-term births [21]. For this rea-

son, we conducted a sensitivity analysis in a sample of uncomplicated mothers with the aim of

removing the potential effects of factors known to compromise the accuracy of the ultrasound-

based estimates of gestational age. We defined uncomplicated pregnancies following the crite-

ria used by INTERGROWTH-21st [23]. We excluded 765,030 observations corresponding to

women with one or more of these characteristics: being younger than 18 or older than 34 at

childbirth, with a pre-pregnancy BMI below 18.5 or above 30kg/m2, a height below 153cm,

smokers in early pregnancy who suffered from diabetes and hypertension before or during

pregnancy and whose pregnancies ended in a cesarean section (Fig 1).

Outcome variables

Two variables of gestational age were compared in this study: 1) date of the mother’s last men-

strual period (LMP-based); 2) expected date of birth based on ultrasound assessment (UL-

based), which has replaced LMP dating for clinical decision making since 1990 in Sweden.

Each of the available gestational age variables was divided into: 1) preterm (<37 weeks), term

(37–41 weeks) and post-term (�42 weeks); 2) very preterm (<32 weeks), moderately preterm

(32–36 weeks), term (37–41) and post-term birth (�42 weeks).

Maternal birthplace

Migrants were defined according to their country of birth and grouped into seven geographical

regions to warrant sufficient statistical power: Nordic countries, Europe & United States, East-

ern Europe & Russia, Middle East, Africa, Asia and Latin America. The largest countries for

each region were also selected (>2,000 observations) for specific country of birth analyses,

which were conducted to assess heterogeneity within regional groupings.

Covariates

Available covariates were: year of birth (categorized as: 1992–1995, 1996–1999, 2000–2004,

2005–2008 and 2009–2012); newborn’s sex, parity (primiparous and multiparous); maternal

height (linear and quadratic); maternal age (24 years or younger, 25–29, 30–34 and 35 years of
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age and above); maternal BMI in early pregnancy, categorized as normal weight (18.50–24.99

kg /m2), underweight (<18.50 kg/m2), overweight (25.00–29.99 kg/m2), and obese (>30.00

kg/m2); maternal self-reported smoking in early pregnancy, between gestational weeks 10 and

12 (non-smokers, 1 to 9 cigarettes/day, 10 or more cigarettes/day); mother’s educational

attainment (low, middle and high); household disposable income (including salary, parental

leave and other benefits, reported in quintiles); and maternal family situation (cohabiting with

the father, single or other situation). All socio-demographic variables were considered for the

year before birth.

Fig 1. Selection flow and study population.

https://doi.org/10.1371/journal.pone.0247138.g001
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Statistical analysis

We first computed preterm and post-term birth by UL and LMP and estimated p-values using

McNemar test for paired data to compare preterm and post-term rates between methods of

gestational age estimation (UL-LMP) by mother’s birthplace. Additionally, we estimated the

Kappa coefficient (and their 95% Confidence Intervals, 95% CI) to assess the overall level of

agreement between LMP and ultrasound categorized into preterm, term and post-term. The

level of agreement in the Kappa coefficient is interpreted as follows: 0.20 (poor), 0.21–0.40

(fair), 0.41–0.60 (moderate), 0.61–0.80 (good) and 0.81–1.0 (very good) [24].

Second, we assessed the effect of using different measures of gestational age on disparities

in the gestational age outcomes between the foreign-and Swedish-born. For this purpose, we

used multinomial logistic regressions to derive odds ratios (OR) and 95% CI. We ran a total of

eight models. First, we performed a set of two models (one based on ultrasound and the other

on LMP), considering three categories of gestational age (preterm, term [reference outcome]

and post-term) and using mother’s birthplace as foreign vs Swedish-born. Second, we per-

formed another set of two models with the same description but now disaggregating the pre-

term category into very preterm and moderately preterm. Third, we replicated the above

strategy running the additional four models considering mother’s birthplace into specific

regions to see whether the main results were driven by a specific group of immigrants. The

results are presented in forest plots and the estimates are included in tables as supporting

material (S1 Table), together with additional models by mother’s country of birth (S2 and S3

Tables). Additionally, we performed sensitivity analyses to assess the extent to which our

results are affected by exclusions due to missing values in several covariates (S4 Table), and we

also replicated the analyses in a sample of uncomplicated pregnancies (S5 Table), to see

whether the results were consistent.

Finally, we used binary logistic regression models to identify variables associated with the

discrepancy in the gestational age categories between UL and LMP. Discrepancy is defined as

those observations placed in different gestational age categories defined as very preterm, mod-

erately preterm, term and post-term (Table 1). Models were run separately for foreign and

Swedish-born women. To evaluate the impact of the associated variables in the comparison

between foreign and Swedish-born, we present unadjusted and adjusted estimates from multi-

nomial logistic models considering gestational age outcomes as: very preterm, moderately pre-

term, term [reference outcome] and post-term.

All models were clustered by maternal identification number in order to obtain more accu-

rate standard errors due to the existence of siblings in the dataset. All analyses were performed

using Stata Statistical Software: Release 13, software (StatCorp, LP, College Station, Texas).

This study was approved by the Central Ethical Review Board of Stockholm in 2013 (deci-

sion no 2013/1058-32)

Results

Discrepancies in gestational age outcomes by method of estimation (UL and LMP) are

observed in foreign and Swedish-born women. Relative to UL, LMP classifies 16.7% of records

in different categories. LMP has a wider gestational age distribution than UL, resulting in

17.8% and 20.9% of discrepant records classified as shorter gestations and 82.2% and 78.3% as

longer gestation, among Swedish and foreign-born, respectively (Table 1).

Differences in prevalence

Differences in preterm and post-term birth rates by gestational age estimation methods are

shown for all women (Table 2). Preterm rates vary between methods among mothers born in
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Sweden (UL: 3.19%; LMP: 2.83%, p-value <0.001), Africa (UL: 2.46%; LMP: 3.22%, p-value

<0.001) and Latin America (UL: 3.64%; LMP: 3.29, p-value <0.01). Larger differences were

observed when comparing post-term births across methods of estimation of gestational age

Table 1. Discrepancies in gestational age outcomes between methods of estimation of gestational age (Ultrasound [UL], Last Menstrual Period [LMP]) by mother’s

birthplace.

UL LMP Swedish-born Foreign-born

Agreement (ref) 914,398 182,446

Term Term 770,432 157,218

Very preterm Very preterm 4,983 1,184

Moderately preterm Moderately preterm 20,257 3,882

Post-term Post-term 118,726 20,162

Disagreement 183,601 (100%) 36,820 (100%)

Underestimation 32,514 (17.8%) 7,707 (20.9%)

Moderately preterm Very preterm 0.21% 0.24%

Term Very preterm <0.01% 6 (0.02)

Term Moderately preterm 2.37% 4.39%

Post-term Very preterm ND ND

Post-term Moderately preterm 0.02% 0.04%

Post-term Term 15.31% 16.48%

Overestimation 149702 (82.2%) 28,823 (78.3%)

Very preterm Moderately preterm 0.54% 0.55%

Very preterm Term 0.01% 0.01%

Very preterm Post-term <0.01% ND

Moderately preterm Term 4.48% 4.32%

Moderately preterm Post-term 0.06% 0.07%

Term Post-term 76.98% 73.89%

Total No of births 1,097,999 219,266

ND = No Data.

https://doi.org/10.1371/journal.pone.0247138.t001

Table 2. Preterm and post-term rates by method of estimation of gestational age and region of origin.

Preterm rates Post-term rates Level of agreement

UL LMP UL LMP Agreement

Live births % % P value % % P value Kappa Coef. 95%CI

Swedish-born 1,097,999 3.19 2.83 <0.001 13.38 23.70 <0.001 0.532 [0.530.0.533]

Foreign-born 219,266 3.18 3.19 0.6868 11.97 21.61 <0.001 0.530 [0.499,0.506]

By region

Nordic 26,735 3.03 2.89 0.0463 12.93 22.19 <0.001 0.536 [0.529,0.542]

Western Europe & USA 8,619 2.38 2.20 0.1193 12.86 21.95 <0.001 0.540 [0.520,0.553]

Eastern Europe & Russia 48,331 3.19 3.14 0.3792 12.47 21.68 <0.001 0.513 [0.501,0.520]

Middle East 72,809 2.97 2.94 0.4297 10.02 20.70 <0.001 0.480 [0.471,0.487]

Africa 23,061 2.46 3.22 <0.001 23.04 28.94 <0.001 0.509 [0.502,0.519]

Asia 28,845 4.47 4.42 0.6062 7.25 17.94 <0.001 0.472 [0.464,0.841]

Latin America 10,866 3.64 3.29 0.0042 8.80 19.99 <0.001 0.477 [0.460,0.791]

UL = Ultrasound, LMP = Last Menstrual Period.

P-values indicate comparisons for preterm and post-term rates between UL and LMP within each mother’s origin.

The level of agreement in the Kappa coefficient is interpreted as follows: 0.20 (poor), 0.21–0.40 (fair), 0.41–0.60 (moderate), 0.61–0.80 (good) and 0.81–1.0 (very good).

https://doi.org/10.1371/journal.pone.0247138.t002
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(~10 points estimate) in all groups (p-value <0.001). The overall level of agreement

between LMP and UL is moderately good regardless of mother’s region of birthplace (Kappa

coefficient ranging between 0.47 and 0.54 for Asia and Western Europe & USA, respectively)

(Table 2).

Gestational age disparities by mother’s birthplace and method of

gestational age estimation

The comparison of gestational age outcomes (preterm and post-term) between the offspring of

foreign and Swedish-born mothers is contingent on the method used to estimate gestational

age. The results from ultrasound showed that overall, compared to natives, foreign-born moth-

ers had equal odds of having preterm births (OR: 0.98, 95% CI 0.96,1.01), lower odds of having

moderately preterm and post-term births (respectively, OR: 0.95, 95%CI 0.92,0.98; OR:0.88,

95%CI 0.87,0.89), and higher odds of having very preterm births (OR: 1.13, 95%CI 1.07;1.20).

However, the results derived from the LMP-based estimation led to consistently higher odds

across all gestational age categories compared to term, except for post-term (Fig 2 and S1

Table). These inconsistencies were primarily driven by particular regional groups in each ges-

tational age category (Fig 3 and S2 and S3 Tables). For example, in relation to preterm birth,

the differences were mainly driven by mothers from Africa (ORUL: 0.87, 95%CI 0.80,0.95 and

ORLMP: 1.23, 95%CI 1.15,1.34) and, to a lesser extent, mothers from Eastern Europe & Russia

(ORUL: 0.99, 95%CI 0.94, 1.05 and ORLMP: 1.09, 95%CI: 1.03, 1.15), the Middle East (ORUL:

0.90, 95%CI 0.86, 0.94 and ORLMP: 1.00, 95%CI 0.96,1.05) and Latin America (ORUL: 1.09,

95%CI 0.98, 1.21 and ORLMP: 1.12, 95%CI 1.00,1.25).

The results obtained for all foreign-born mothers were consistent with results obtained

from a sample of uncomplicated pregnancies (S4 Table), and also when observations with

missing in other covariates were included (S5 Table).

Variables associated with the differences between estimation methods of

gestational age

The discrepancy in gestational age outcomes between methods of estimation of gestational

age were, overall, similar for migrants and Swedes, with some exceptions: year of birth was

associated with the difference between methods only among Swedes, showing consistently

better agreement after 1995 compared to 1991–1995. Multiparous mothers (as opposed to

primiparous) were associated with a lower odd (OR: 0.95, 95%CI 0.94,0.96) for discrepancy

if they were Swedish-born but with higher odds if they were foreign-born (OR: 1.04, 95%

CI 1.00,1.08). Similarly, while no differences were found in relation to marital status

among Swedish mothers, a higher odd was found among non-married or cohabiting for-

eign-mothers (OR: 1.11, 95%CI 1.06,1.15) compared to married ones. Conversely, as com-

pared to non-smoking, light smoking (9 cigarettes or less per day) during pregnancy was

associated with a higher odd of discrepancy between methods only among Swedish moth-

ers (OR: 1.07, 95%CI 1.05,1.09). Father’s origin (being a foreign vs Swedish-born) was

associated with a lower odd of misclassification only among Swedes (OR: 0.96 95%CI

0.94,0.98) (Table 3).

Models adjusted for the variables associated with the discrepancy between ultrasound and

LMP generally contribute to reducing differences in gestational age outcomes between foreign

and Swedish-born mothers. The reduction affects gestational age outcomes estimated with

ultrasound and LMP (Fig 4). The exceptions are for ultrasound-estimated preterm births and

for LMP-estimated post-term.
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Discussion

Summary of findings

Our results indicate that disparities in gestational age outcomes by mother’s birthplace depend

on the method used to estimate gestational age. While a health advantage is observed in almost

all categories of gestational age when using ultrasound-based estimates (except for very pre-

term), foreign-born mothers exhibit worse outcomes when LMP dating is used. However,

these differences do not affect all migrant groups equally; the largest differences are found in

mothers coming from Africa and, to a lesser extent, those from Eastern Europe and Russia,

and the Middle East. Year of birth, multiplicity, marital status, father’s origin and smoking

were differentially associated with the disagreement between ultrasound and LMP estimates

among foreign- and Swedish-born mothers. This finding suggests that controlling for these

Fig 2. Gestational age outcomes according to ultrasound and LMP estimates for the offspring of foreign-born

women compared to Swedish-born women. The stars indicate the level of significance comparing foreign-born and

Swedish-born women for each model � p<0.05, �� p<0.01, ���p<0.001.

https://doi.org/10.1371/journal.pone.0247138.g002
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variables (to reduce confounding or to evaluate mediation) could be problematic because they

might reduce measurement error in the outcome rather than explain health differences

between immigrants and natives.

Links with previous research

In our study immigrants show lower odds of preterm births using ultrasound-based estimates.

Although this result is in line with international evidence of a health advantage among immi-

grants compared to natives (healthy migrant paradox) [25], this finding is to some extent sur-

prising in the Swedish context for at least two reasons. First, Sweden has some of the lowest

rates of preterm birth in Europe (5.9% in 2009, including multiple births) [26] and the immi-

grant health advantage is observed among women from countries in conflict, who are likely to

be refugees and who may have been exposed to adverse conditions before, during, and after

migration. This advantage demonstrated among refugees contrasts with prior evidence from

other national contexts [27]. Second, a recent study using the same population as our current

study has shown that foreign-born mothers in Sweden have a higher risk of low birthweight

deliveries [28], suggesting that migrants simultaneously have lower odds of preterm birth.

These combined findings are puzzling since birthweight and gestational age are strongly corre-

lated measures (i.e., fetal growth over time). Unlike gestational age, birthweight does not have

differential measurement error by mother’s origin (i.e., all births are weighed in the same

way). As such, although ultrasound has been regarded as the most accurate method to estimate

gestational age, results on preterm birth based on LMP estimations are surprisingly more con-

sistent with the results that show higher risks of low birthweight.

Our findings are in line with previous studies which have shown that the LMP estimate is

consistently associated with higher post-term birth, while mixed results have been seen in

Fig 3. Gestational age outcomes according to LMP and ultrasound estimates for the offspring of foreign-born women (by region of origin) compared to

Swedish-born women. The stars indicate the level of significance comparing foreign-born and Swedish-born women for each model � p<0.05, �� p<0.01,
���p<0.001.

https://doi.org/10.1371/journal.pone.0247138.g003
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Table 3. Odds of the association between discrepant ultrasound-LMP information affecting the determination of gestational age outcomes and birth characteristics

among foreign-born and Swedish-born mothers.

Foreign-born Swedish-born

OR 95%CI p value OR 95%CI p value

Year of birth

1991–1995 (ref) 1 1

1996–1999 0.99 [0.95,1.04] 0.742 0.98 [0.96,1.00] 0.016

2000–2004 0.98 [0.94,1.02] 0.372 0.95 [0.94,0.97] <0.001

2005–2008 0.99 [0.95,1.03] 0.601 0.95 [0.93,0.97] <0.001

2009–2012 0.98 [0.94,1.02] 0.254 0.92 [0.90,0.94] <0.001

Newborn’s sex

Male (ref) 1 1

Female 1.11 [1.08,1.13] <0.001 1.12 [1.11,1.13] <0.001

Parity

Primiparous (ref) 1 1

Multiparous 1.04 [1.00,1.08] 0.007 0.95 [0.94,0.96] <0.001

Maternal Height (linear) 1.04 [1.01,1.06] 0.043 0.99 [0.95,1.03] 0.655

Mother’s BMI

Normal weight (ref) 1 1

Underweight 0.95 [0.90,1.01] 0.094 0.98 [0.95,1.01] 0.214

Overweight 1.13 [1.10,1.16] <0.001 1.08 [1.07,1.09] <0.001

Obese 1.33 [1.28,1.38] <0.001 1.26 [1.24,1.28] <0.001

Maternal age

25–29 (ref) 1 1

< = 24 1.12 [1.08,1.15] <0.001 1.19 [1.17,1.20] <0.001

30–34 0.88 [0.85,0.90] <0.001 0.87 [0.86,0.88] <0.001

> = 35 0.75 [0.73,0.78] <0.001 0.74 [0.73,0.76] <0.001

Mother’s education attaintment

High (ref) 1 1

Low 1.19 [1.15,1.23] <0.001 1.11 [1.09,1.13] <0.001

Middle 1.09 [1.06,1.13] <0.001 1.04 [1.03,1.05] <0.001

Household disposable income

Botton (ref) 1 1

2 0.99 [0.96,1.02] 0.351 0.96 [0.94,0.98] <0.001

3 0.95 [0.92,0.99] 0.014 0.92 [0.91,0.94] <0.001

4 0.96 [0.92,1.01] 0.103 0.90 [0.88,0.91] <0.001

Top 0.94 [0.90,0.98] 0.009 0.89 [0.87,0.90] <0.001

Marital status

Married/cohabiting 1 1

Other 1.11 [1.06,1.15] <0.001 0.99 [0.97,1.02] 0.262

Father’s origin

Swedish-born (ref) 1 1

Foreign-born 1.00 [0.97,1.03] 0.988 0.96 [0.94,0.98] <0.001

Smoking during pregnancy

No (ref) 1 1

1 to 9 cig/per day 1.01 [0.96,1.05] 0.710 1.07 [1.05,1.09] <0.001

10 + cig/per day 0.96 [0.89,1.03] 0.235 0.98 [0.96,1.01] 0.262

OR = Odd Ratios; CI = Confidence Intervals.

https://doi.org/10.1371/journal.pone.0247138.t003
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relation to preterm [7, 29, 30]. Prior studies have also demonstrated that the two gestational

age methods differ according to maternal-level characteristics, such as obesity and smoking

during pregnancy [21]. Our findings indicate that region and country of origin are also impor-

tant factors to take into consideration.

Year of birth, multiplicity, marital status, father’s origin and smoking were also differen-

tially associated with the discrepancy between LMP and ultrasound depending on whether the

mother is Swedish or a foreign-born. These variables do not explain the health advantage

observed with ultrasound since consistent results were found in a sub-sample of uncompli-

cated pregnancies that exclude multiple births and smoker mothers. Furthermore, the results

remain the same when single women and women with a Swedish partner are additionally

excluded (results upon request). However, the association between these variables and the dis-

crepancy between methods is of importance as this may lead to wrong conclusions when

Fig 4. Gestational age outcomes according to LMP and ultrasound estimates for the offspring of foreign-born

women (by region of origin) compared to Swedish-born women. Differences between unadjusted and adjusted

models. Model adjusted for year of birth, newborn’s sex, parity, maternal height, maternal BMI, maternal age, mother’s

educational attainment, household disposable income, marital status, father’s origin, smoking during pregnancy. The

stars indicate the level of significance comparing foreign-born and Swedish-born women for each model � p<0.05, ��

p<0.01, ���p<0.001.

https://doi.org/10.1371/journal.pone.0247138.g004
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trying to use this data to identify risk factors for a gestational age outcome [17, 21]. For exam-

ple, we cannot exclude the possibility that an association between smoking and preterm (esti-

mated with ultrasound) may reflect the existence of measurement error in the outcome

(gestational ages of small fetuses are underestimated with ultrasound and smoking might lead

to small fetuses) rather than a risk factor for preterm.

Strengths and limitations

To the best of our knowledge, this is the first study to assess the implications of using different

methods of gestational age estimation to study disparities in birth outcomes between immi-

grants and natives. This study is conducted using high quality and large population registers in

a country context with a wide diversity of migrant origins. This provides enough statistical

power to explore disparities by world regions and specific countries. Both ultrasound and

LMP-based estimates of gestational age recorded in the MBR are measured in days, which

allowed for a more precise evaluation of the discrepancy between the two dating methods than

assessments based on weeks. The detailed information collected in the MBR also allows us to

compare the results using a sub-sample of uncomplicated pregnancies. These analyses show

that the differences observed between migrant and native mothers are not driven by uneven

distributions of the observed risk factors, adverse environmental conditions, pathological pro-

cess or obstetric interventions. However, other important variables are missing, including the

date when the ultrasound was conducted or delays on the first antenatal visit, which might

explain why larger differences are seen for some regions between estimation methods than

others.

Implications for future research and policy

Our findings may also be useful in the interpretation of national comparisons of disparities in

preterm birth by migration status and other sociodemographic characteristics. For example,

year of birth was associated with the difference between modes of estimation of gestational

age, but only among Swedes. This suggests that the quality of the information could be respon-

sible for artefactual differences in gestational age outcomes in some earlier studies conducted.

From our findings, we recommend focusing on very preterm in studies on migration, as

this category not only is of greater clinical relevance but it shows higher risks among migrants.

We also observed that the smallest discrepancy between methods of gestational age estimation

is for very preterm. Furthermore, studies have shown that the accuracy of gestational age is

higher among very preterm than among the broad category of preterm in validation studies

that compared hospital and vital statistics records [31].

There is an ongoing debate on whether ultrasound should be the first choice for dating

pregnancies and/or exclusively early ultrasound [8]. Although we cannot disentangle this con-

cern, our findings are relevant for those contexts (such as Sweden) where the ‘best estimate’

method is used for clinical and public health surveillance. Our study shows that the results

obtained with the ‘best estimate’ method could also be affected depending on the extent to

which ultrasound or LMP is used across groups since they lead to different results.

Future research should strive to understand the measurement properties of the gestational

age estimate being used. Although our sensitivity analysis using a sample of uncomplicated

pregnancies strengthens the accuracy of the ultrasound-based estimate (since under optimal

conditions fetal growth should be similar worldwide), it does not rule out the possibility that

other factors may influence the accuracy of the ultrasound estimation. For example, future

studies may examine the extent to which the discrepancy between UL and LMP observed in

this study is associated to the fact that foreign-born expectant mothers tend to arrive late to
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their first prenatal visit [32]. It is known that up to week 13 6/7 weeks of gestation, the ultra-

sound estimation of gestational age based on measurement of crown–rump length (CRL) has

an error of ± 5–7 days while, after week 14, measurements with lower accuracy (e.g., fetal

biparietal diameter, femur length, abdominal circumference or length of the humerus) have an

estimated error of approximately 14 days between weeks 22 0/7 and 27 6/7 [33]. Prior perinatal

research has demonstrated that discrepant information between UL and LMP per se is associ-

ated with adverse perinatal outcomes (such as infant mortality and morbidity) [34, 35], which

might well be a consequence of poor early prenatal monitoring.

Future research on migrant disparities in preterm birth should exercise caution when inter-

preting the international literature. Given that preterm disparities between foreign and Swed-

ish-born is contingent on the method used to estimate gestational age (lower OR of preterm

using ultrasound but higher odds using LMP), our study suggests that the healthy migrant par-

adox [36–38] might to some extent depend on the method used to estimate gestational age,

which varies between countries and within countries over time.

In this study we have focused on the implications of the UL-LMP discrepancy for gesta-

tional age surveillance in the context of migration and perinatal health research. However, the

discrepancy observed between methods could also have clinical implications that are beyond

the scope of this study but which could nevertheless influence public health surveillance of pre-

term outcomes (e.g. through selection bias). Gestational age is not only used to derive perinatal

health outcomes (such as those examined in this study), but also to decide whether intrauterine

death should be defined as stillbirth or fetal death, and to determine when a pregnancy reaches

the viability threshold. This is necessary, for example, in order to determine the legality of any

abortions that are performed [39]. Furthermore, gestational age is used to decide when induc-

tion of labor should start (generally after 41 weeks) [40].

Conclusions

The direction and strength of disparities in gestational age outcomes are affected by the

method of estimation used, as do some of the risk factors associated with the timing of birth

outcomes. We recommend focusing on very preterm in studies on migration, since this is the

gestational age outcome that shows consistently higher risks among migrants across methods

of gestational age estimation.
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