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Abstract

Introduction. Gestational age is estimated by ultrasound using fetal size as a

proxy for age, although variance in early growth affects reliability. The aim of

this study was to identify characteristics associated with discrepancies between

last menstrual period-based (EDD-LMP) and ultrasound-based (EDD-US)

estimated delivery dates. Material and methods. We identified all singleton

births (n = 1 201 679) recorded in the Swedish Medical Birth Register in

1995–2010, to assess the association between maternal/fetal characteristics and

large negative and large positive discrepancies (EDD-LMP earlier than EDD-US

and 10th percentile in the discrepancy distribution vs. EDD-LMP later than

EDD-US and 90th percentile). Analyses were adjusted for age, parity, height,

body mass index, smoking, and employment status. Results. Women with a

body mass index >40 kg/m2 had the highest odds for large negative

discrepancies (�9 to �20 days) [odds ratio (OR) 2.16, 95% CI 2.01–2.33].
Other factors associated with large negative discrepancies were: diabetes, young

maternal age, multiparity, body mass index between 30 and 39.9 kg/m2 or

<18.5 kg/m2, a history of gestational diabetes, female fetus, shorter stature

(<�1 SD), a history of preeclampsia, smoking or snuff use, and

unemployment. Large positive discrepancies (+4 to +20 days) were associated

with male fetus (OR 1.80, 95% CI 1.77–1.83), age ≥30 years, multiparity, not

living with a partner, taller stature (>+1 SD), and unemployment.

Conclusions. Several maternal and fetal characteristics were associated with

discrepancies between dating methods. Systematic associations of discrepancies

with maternal height, fetal sex, and partly obesity, may reflect an influence on

the precision of the ultrasound estimate due to variance in early growth.

Abbreviations: BMI, body mass index; CI, confidence interval; EDD, estimated

delivery date; GA, gestational age; LMP, last menstrual period; OR, odds ratio;

US, ultrasound.

Introduction

The method of estimating gestational age (GA) by ultra-

sound (US), using fetal size as a proxy for age, is usually

more precise than the method based on the last men-

strual period (LMP). However, there is variance in early

growth, which may affect the reliability of the US-based

Key Message

Variance in early fetal growth can bias ultrasound-

based pregnancy dating. Maternal obesity, height, and

fetal sex may partly explain large discrepancies

between pregnancy-dating methods.
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estimate that is used for clinical decision-making (1,2).

For example, early discrepancies between expected and

actual fetal size can be detected in assisted reproductive

technology pregnancies and are associated with maternal

obesity and the birth of small-for-gestational-age infants

(1). In addition, fetal sex, by association with size, affects

the accuracy of US pregnancy dating. Male fetuses have

on average a 1-mm larger biparietal diameter early in the

second trimester, corresponding to about one day in

growth (2).

Average differences between LMP- and US-based esti-

mated delivery dates (EDD) are small, with LMP esti-

mates of one to three days more advanced pregnancy

length than US estimates (3). Nevertheless, the choice of

method affects the rates of preterm and post-term deliv-

eries, as well as neonatal outcomes, which is probably

related to correction of EDD in pregnancies with large

discrepancies between dating methods (4,5).

Maternal and fetal characteristics associated with dis-

crepancies between EDD-LMP and EDD-US estimates

include maternal age, parity, smoking, obesity, diabetes,

maternal height, educational level, fetal sex, malforma-

tions, and small-for-gestational-age infants (1,6–9). Large
discrepancies between methods have clinical implications

through association with adverse outcomes (6,10).

Because mean differences in early fetal growth are

small, and adverse outcomes are thought to occur pre-

dominantly in pregnancies with a large deviation from

average growth, the aim of this study was to identify

characteristics, present at the time of pregnancy dating,

associated with large discrepancies between EDD-LMP

and EDD-US in a population-based sample of Swedish

pregnancies.

Material and methods

Data were obtained from the Swedish Medical Birth

Register and the Swedish Patient Register. We included

all singleton births in Sweden from 1995 to 2010, with

valid documentation of EDD based on both LMP and

US. To avoid data entry errors, and larger discrepancies

because of reasons other than variation in early growth,

pregnancies with discrepancies >20 days were excluded.

The Medical Birth Register contains information on

more than 99% of all births in Sweden since 1973,

including maternal sociodemographic characteristics and

prospectively collected information during pregnancy,

delivery, and the neonatal period (11). The register has

been found reliable for research purposes, with good

internal validity (12). Since 1990, US scanning has been

offered to all pregnant women with more than 95%

acceptance. Since 1995, nearly all clinics have used

EDD-US (11).

Variables from the Medical Birth Register included

maternal age, parity, height, weight, smoking and snuff

(smokeless tobacco) use at first antenatal visit, family sit-

uation, occupational status, LMP, EDD-LMP, EDD-US,

and infant sex (Table 1).

Maternal height was defined as shorter stature if height

was below 1 standard deviation (SD) from the mean, and

taller stature was defined as above 1 SD from the mean.

Maternal body mass index (BMI) was calculated based on

height and weight, and categorized according to the

World Health Organization classification as underweight

<18.5 kg/m2, normal weight 18.5–24.9 kg/m2, pre-obesity

25.0–29.9 kg/m2, obesity class I (30.0–34.9 kg/m2), obe-

sity class II (35.0–39.9 kg/m2), and obesity class III

(>40 kg/m2) (13).

Information on maternal diagnoses, from five years

before until nine months (EDD-US minus 280 days)

before delivery, was collected from the Swedish Patient

Register. In the inpatient setting, diagnoses were included

if they appeared once. In the outpatient setting, diagnoses

would have to be registered twice to avoid any prelimi-

nary diagnoses. Inpatient diagnoses were retrieved for the

whole study period, and outpatient diagnoses were

retrieved from 2001. Diagnoses that theoretically could

affect early fetal growth were chosen, and included dia-

betes, gestational diabetes in a former pregnancy, hyper-

tensive disorders, preeclampsia in a former pregnancy,

hypothyroidism, systemic lupus erythematosus, inflamma-

tory bowel disease (Crohn’s disease and ulcerative colitis),

depressive-affective disorders, and phobias and anxiety

disorders.

Discrepancy was defined as EDD-LMP minus EDD-US,

corresponding to the difference in days between the two

pregnancy-dating methods as recorded in the Medical

Birth Register. Negative discrepancy corresponds to EDD-

LMP earlier than EDD-US, reflecting a more advanced

GA by LMP estimation than by US estimation, i.e. the

fetus was smaller than expected when dated by US and

EDD was postponed. Positive discrepancy was defined as

EDD-LMP later than EDD-US, corresponding to a less

advanced GA by LMP-estimation than the GA estimated

by US-examination, i.e. the fetus was larger than expected

when dated by US and EDD was moved to an earlier

date.

Discrepancies of interest were defined as those below

the 10th percentile (large negative discrepancy) and above

the 90th percentile (large positive discrepancy) in the dis-

crepancy distribution, and the reference category was

defined as discrepancies within 2 days of the median.

Remaining pregnancies, not corresponding to the large

discrepancy categories or the reference category, were

excluded from further analyses. Analyses were conducted

with the purpose of assessing to what extent maternal
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characteristics, disease, and fetal sex were associated with

large discrepancies in days between EDD-LMP and EDD-

US. Multiple logistic regression analyses were used to cal-

culate odds ratios (OR) and 95% confidence intervals

(95% CI) for large positive or negative discrepancy, in

association with maternal characteristics, disease, and fetal

sex.

Analyses were restricted to births with maternal height

140–189 cm and maternal weight 35–139 kg, to reduce

data entry errors. Analyses of diagnoses in former preg-

nancies were restricted to parous women. All models were

adjusted for age, parity, height, BMI, smoking in early

pregnancy, and employment status, as appropriate. Analy-

ses were further adjusted for maternal comorbidity, which

was a composite variable defined as the woman having

one of the selected diagnoses recorded at least once. Sta-

tistical analyses were conducted using the statistical soft-

ware R version 3.1.3, R Core Team (2015).

The Regional Ethical Review Board in Uppsala, Swe-

den, approved the study protocol reference number 2012/

412, 19 December 2012.

Results

The total number of births in the study population was

1 201 679. Mean maternal age was 30 years (SD = 5

years), mean height was 166 cm (SD = 6 cm), and mean

BMI was 24 kg/m2 (SD = 4 kg/m2). Most commonly,

there was no (16%) or only a few days’ discrepancy

between EDD-LMP and EDD-US (Figure 1). Mean dis-

crepancy was +2 days, and the median discrepancy was

+1 day. A large negative discrepancy, below the 10th per-

centile, corresponded to �9 to �20 days, whereas a large

positive discrepancy, above the 90th percentile, corre-

sponded to +4 to +20 days. Information on maternal

height or weight was missing in 101 630 births (8.5%). A

total of 1 100 049 births had valid documentation for

maternal height and weight: large negative discrepancies

(n = 119 275), reference category (discrepancy �1 to

+3 days, n = 517 657), and large positive discrepancies

(n = 113 236).

For large negative discrepancies, the strongest associa-

tion was observed for obesity class III (OR 2.16, 95% CI

2.01–2.33). Other factors associated with large negative

discrepancies were: diabetes (OR 1.95, 95% CI 1.69–2.25),
maternal age <20 years (OR 1.79, 95% CI 1.71–1.86),
being four-parous or more (OR 1.77, 95% CI 1.67–1.87),
and obesity class II, a history of gestational diabetes, age

20–24 years, three-parous, female fetus, obesity class I,

underweight, shorter stature, a history of preeclampsia,

smoking, snuff use, unemployment, pre-obesity, or primi-

parity (Table 1). Women who had a taller stature or were

aged 30 years or above were less likely to have large nega-

tive discrepancies.

0
-20.-19.-18.-17.-16.-15.-14.-13.-12.-11.-10. -9.  -8.  -7.  -6.  -5.  -4.  -3.  -2.  -1.   0.   1.   2.    3.   4.   5.    6.   7.    8.   9.  10. 11. 12. 13.  14. 15. 16. 17. 18. 19. 20.
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Figure 1. Number of births and discrepancy in days between ultrasound (US)-based and last menstrual period (LMP)-based estimated delivery

date (EDD).
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For large positive discrepancies, the strongest associa-

tion was observed for pregnancies with a male fetus (OR

1.80, 95% CI 1.77–1.83). Other factors associated with

large positive discrepancies were: age 40 years or above

(OR 1.57, 95% CI 1.50–1.65), 35–39 years (OR 1.29, 95%

CI 1.26–1.32), being four-parous or more (OR 1.29, 95%

CI 1.23–1.37), not living with a partner, taller stature,

unemployed, being three-parous, 30–34 years, or smoking

(Table 1). Women who were overweight, obese, had ges-

tational diabetes or preeclampsia, were primiparous, or

had a shorter stature were less likely to have large positive

discrepancies.

When outpatient diagnoses were included in the

adjusted analyses, possible for the years 2006–2010, there
were higher odds for large negative discrepancies in asso-

ciation with depressive disorder OR 1.11 (95% CI 1.02–
1.21) and higher odds for large positive discrepancies

with Crohn’s disease (OR 1.36, 95% CI 1.10–1.67). There
were lower odds for large positive discrepancies with dia-

betes (OR 0.79, 95% CI 0.66–0.94), hypothyroid disease

(OR 0.85, 95% CI 0.73–0.99), and depressive disorders

(OR 0.85, 95% CI 0.78–0.94). Adjusting for maternal co-

morbidity only marginally affected the estimates.

Discussion

This study confirmed previously reported associations of

discrepancies between pregnancy-dating methods and

characteristics such as obesity, maternal age, parity, fetal

sex, maternal height, smoking, and diabetes (6,8,9). Our

study population was partly overlapping with the popula-

tions in two of the studies (8,9). However, we included a

more recent and longer time period and also assessed

other possible risk factors for discrepancies in dating

methods, such as snuff use, unemployment, living with-

out a partner, and preeclampsia in a former pregnancy.

Discrepancies could be the result of variation in men-

strual cycles or difficulties recalling the LMP, as well as

differences in early fetal growth and technical issues in

US biometry (1,2). In most situations, it may be difficult

to determine which of the estimates is biased. However,

the systematic effect of both fetal sex, attributable to the

smaller size of female fetuses, and maternal height,

because of genetic influence on fetal growth, is not likely

to be explained by unreliable LMP.

Only small average discrepancies between LMP-based

and US-based methods are expected because both meth-

ods predict EDD relatively well; US is the preferred

method, being more precise in the general population

(14). However, as average differences may not be clini-

cally meaningful, we compared pregnancies where a sub-

stantial difference was observed to those with minimal

differences. In this study, discrepancies exceeded one

week in more than one of six pregnancies (14% with neg-

ative and 4% with positive discrepancies). In addition,

large negative discrepancies were associated with obesity

and diabetes. These conditions, as well as large negative

discrepancies between pregnancy-dating methods, have

been associated with adverse outcomes (1,6,10,15,16). The

reason for the association between large negative discrep-

ancies between the dating methods and adverse outcomes

may be misclassifications of GA, resulting for example in

delayed post-term inductions (6,10). Another reason is

that a smaller-than-expected fetus at the time of US preg-

nancy dating may be growth-restricted (1,10).

Maternal age >30 years was associated with larger

fetuses than expected at the US scan, and a similar effect

of maternal age has been reported earlier (6). This is con-

sistent with another study relating maternal age to

increasing embryonic growth trajectories (17). However,

the follicular phase can be one day shorter in women

from 35 years of age, which could increase the probability

of earlier conception and a large-than-expected fetus at

the US scan (18). Tun�on et al. found that maternal age

affected the precision of EDD-US estimates but not of

EDD-LMP estimates, indicating an effect on fetal growth

(19). Age below 25 years was associated with higher odds

for both negative and positive large discrepancies, hypo-

thetically because of greater LMP uncertainty.

Maternal height systematically affected the odds for

large discrepancies; taller mothers were more likely to

have larger fetuses and shorter mothers to have smaller

fetuses than expected according to EDD-LMP. The effect

of height was expected, based on genetic influence rather

than menstrual cycle differences (5,20).

Obesity class III had the largest effect on large negative

discrepancies. Every increase in BMI class above the nor-

mal range increased the odds for large negative discrepan-

cies, and decreased the odds for large positive

discrepancies. It could be hypothesized that obese women

would have larger fetuses than expected at the US scan

because of associated macrosomia. The association

between high maternal BMI and negative discrepancies is,

however, in accordance with results of earlier studies

(6,9). In particular, in another study based on data from

the Swedish Medical Birth Register between 1992 and

2005, EDD was more often postponed among overweight

and obese women (9). One explanation could be pro-

longed menstruation cycles associated with obesity

(21,22). Other reasons might be due to the accuracy of

the US measurements of fetal size when examining obese

women, or a possible repressive influence of obesity on

early fetal growth. According to a study on assisted repro-

ductive technology pregnancies, there is a risk of underes-

timating the GA when it is based on US examination in

obese women (1). In Sweden, 13% of pregnant women in
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2010 were obese (6,10,23). Both maternal obesity and

negative discrepancies are known to be associated with

adverse pregnancy outcomes (6,10). Underweight women

were also at higher odds for large negative discrepancies,

as expected based on a higher risk for small-for-gesta-

tional-age infants and delayed ovulations (22,24).

Of the socioeconomic factors that were assessed, living

without a partner and being unemployed increased odds

for both negative and positive discrepancies. However,

the association between living without a partner and a

negative discrepancy was not significant after adjustment.

Even though Sweden offers free antenatal care for all

pregnant women, and living without a partner is a

socially accepted family structure, this group differs from

the rest of the population in terms of risk for discrepan-

cies for mostly unknown reasons.

Smoking and snuff tobacco use were associated with

higher odds for large negative discrepancies. There is a

well-known repressive effect on fetal growth caused by

smoking, with linear dose–response curves for increased

smoking in relation to shorter biparietal diameter and

femur length in the third trimester (25). Our results sug-

gested an effect of smoking also on early fetal growth,

which was in line with another study, where fetal crown

rump length was found to be shorter in women who

smoked 10 or more cigarettes per day as compared with

non-smokers (26).

Advanced parity increased the odds for large discrepan-

cies. These results are in line with a previous Swedish

study with data partly overlapping those included in this

study (8). The effect estimates in the current study

remained significant for large negative discrepancies after

adjustments; however, the associations with large positive

discrepancies were weaker after adjustments, strengthen-

ing the notion of a more complex association.

Fetal sex had a systematic effect on discrepancies. The

odds for large negative discrepancies were higher for

female fetuses, whereas the odds for large positive dis-

crepancies were higher for male fetuses. This could be

attributed to the smaller average size of female fetuses in

early pregnancy, and confirms results from earlier studies

(2,8,27). Although most fetuses are mildly misclassified, a

number of fetuses are misclassified by more than a week

because they are considerably larger (more often males)

or smaller (more often females) than the mean. This is

reflected in adversely affected odds for postmaturity-

related morbidity and mortality in post-term female

infants in a Swedish register study after introduction of –
predominantly second trimester – US pregnancy dating,

and also reflected in a successively increasing male-to-

female birth ratio in gestational weeks 41, 42, and 43

(28,29). According to a Norwegian study, this increased

post-term male–female ratio is normalized when estimates

are based on LMP or first trimester instead of second tri-

mester US (27).

The association of maternal diabetes with negative dis-

crepancies confirms the results of other studies (6,30). In

a Norwegian study, women with type 1 diabetes had neg-

ative discrepancies of seven or more days in 25% of preg-

nancies, and 14 or more days in 10% of pregnancies,

compared with a certain LMP date, with a risk of going

beyond the optimal pregnancy length because of system-

atic postponement of EDD-US (30).

Odds of negative discrepancies for those with a history

of hypertensive disease were not significant after adjust-

ments, which could indicate that the effect on fetal

growth occurs later in pregnancy, although hypertension

has also been associated with shorter crown rump length

measurements (7). A history of preeclampsia in former

pregnancy was associated with higher odds for negative

discrepancies and lower odds for positive discrepancies.

This is in accordance with the higher risk among these

women, also in the currently studied pregnancy, for

preeclampsia and intrauterine growth retardation, which

can be of early onset (31).

A history of anxiety disorders was associated with

higher odds for negative discrepancies. However, there

were no statistically significant associations with large

negative or large positive discrepancies when having a

history of hypothyroidism, systemic lupus erythematosus,

ulcerative colitis, Crohn’s disease or depressive disorders,

which could be the result of a later effect on growth.

The present large register-based cohort, which could be

considered population-based as more than 99% of all

births were registered, allowed for high external validity

compared with an earlier hospital-based study (6). In

comparison with two earlier Swedish register studies, the

current study includes a larger sample, addresses a more

recent time period and adds several other characteristics,

such as maternal medical history variables (for example

preeclampsia and diabetes in an former pregnancy), as

well as snuff use, unemployment, and living without a

partner (8,9). Detailed information was prospectively

recorded, minimizing recall bias. A limitation of the study

was that no information of regularity on menstrual cycles

was included in the register. There was also some missing

information on maternal weight, possibly introducing a

degree of inclusion bias.

Large discrepancies between the LMP and US methods

are not rare, and clinicians should be aware that one or

both methods may be unreliable. This is particularly

important in the extremes of pregnancy length, when GA

influences clinical decision-making. Early pregnancy dat-

ing is preferred – due to increasing growth variance with

advancing GA – and is optimally performed at 10 weeks

+ 0 days to 13 weeks + 6 days according to the
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recommendations of the International Society of Ultra-

sound in Obstetrics and Gynecology (32).

Increased awareness of maternal and fetal characteris-

tics that can bias GA estimates can be helpful in clinical

situations when large discrepancies between methods are

noted. A large discrepancy combined with characteristics

affecting early growth should lead to critical evaluation of

the GA estimate based on US, and additional informa-

tion, such as the date of the LMP or an assumed date of

conception, should be considered before decision-making.

As large negative discrepancies are associated with adverse

outcomes, these pregnancies may benefit from closer

monitoring in order to detect intrauterine growth retar-

dation and to avoid post-term pregnancies (14,33).

Conclusions

Maternal and fetal characteristics affect discrepancies

between pregnancy-dating methods based on LMP and

US. The US estimate is often regarded as the most reli-

able method and is used for clinical decision-making.

This study indicates that the precision of the US estimate

is systematically affected by characteristics such as mater-

nal height and fetal sex, and possibly partly by obesity. In

clinical settings, large discrepancies between GA estimates,

in combination with certain maternal or fetal characteris-

tics, can help clinicians identify pregnancies with high

risk for uncertain dating estimates in order to make

appropriate management decisions.
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