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Abstract

Background The increasing birthweight trend stopped and even reversed in several high income countries

in the last 20 years, however the reason for these changes is not well characterized. We aimed to describe birthweight
trends of term deliveries in Hungary between 1999 and 2018 and to investigate potential maternal and foetal vari-
ables that could drive these changes.

Methods We analysed data from the Hungarian Tauffer registry, a compulsory anonymized data collection of each
delivery. We included all singleton term deliveries in 1999-2018 (n=1,591,932). We modelled birthweight trends
separately in 1999-2008 and 2008-2018 in hierarchical multiple linear regression models adjusted for calendar year,
newborn sex, maternal age, gestational age at delivery, and other important determinants.

Results Median birthweights increased from 3250/3400 g (girl/boy) to 3300/3440 g from 1999 to 2008

and decreased to 3260/3400 g in 2018. When we adjusted for gestational age at delivery the increase in the first
period became more pronounced (5.4 g/year). During the second period, similar adjustment substantially decreased
the rate of decline from 2.5 to 1.4 g/year. Further adjustment for maternal age halved the rate of increase to 2.4 g/year
in the first period. During the second period, adjustment for maternal age had little effect on the estimate.

Conclusions Our findings of an increasing birthweight trend (mostly related to the aging of the mothers)

in 1999-2008 may forecast an increased risk of cardiometabolic diseases in offsprings born in this period. In contrast,
the decreasing birthweight trends after 2008 may reflect some beneficial effects on perinatal morbidity. However,
the long-term effect cannot be predicted, as the trend is mostly explained by the shorter pregnancies.

Keywords Birthweight, Caesarean section, Gestational age, Labor induction, Maternal age, Obstetrical database,
Parity, Population-based study, Pregnancy, Week of delivery

Plain English Summary

Birthweights showed an increase followed by a decrease in several high income countries in the last 20 years, how-
ever the reasons for these changes is not well described. Thus, we aimed to investigate birthweight trends and their
potential explanatory factors in Hungary between 1999 and 2018. We used registry data of all deliveries from Hungary
in 1999-2018 (n=1 591 932). Birthweights increased from 3250/3400 g (girl/boy) to 3300/3440 g from 1999 to 2008
and decreased to 3260/3400 g until 2018. Maternal age explained approximately half of increase in the first period,
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while a substantial part of the decrease in the second period was explained by the presence of shorter pregnancies.
The increasing birthweights in 1999-2008 may forecast an increased risk of cardiometabolic diseases in offsprings
born in this period. In contrast, the decreasing birthweight trends after 2008 may reflect some beneficial effects

on perinatal morbidity. However, its long-term consequences cannot be predicted, as the trend is mostly explained

by the shorter pregnancies.

Background

Available evidence suggests that both low and high birth-
weights of term infants are major negative determinants
of newborn survival [1], while large infants are also more
prone to injuries related to traumatic deliveries [2]. Simi-
larly, there is some evidence for the association between
both small and large for gestational age and the risk of
an adverse cardiometabolic risk profile in childhood and
common chronic diseases (such as cardiometabolic, neu-
rological, immunological, gastrointestinal, and malignant
disorders) in adulthood [3-5].

Given the strong association between birthweight and
later chronic diseases, even small temporal changes in
the distribution of term newborns’ birthweights could be
of utmost public health importance. Indeed, an upward
birthweight trend was observed in several high income
countries and regions (such as the United States (US)
[6], Canada [6, 7], the United Kingdom (UK) [8, 9], Nor-
way [10], Sweden [11], Denmark [12], France [13], Aus-
tralia [14], Croatia [15], Poland [16], and the Faroese
Island [17]) at the end of the last century. In contrast, a
reverse trend was found in Japan [18, 19] and the increase
appeared to reverse in the US [20-25], China [26, 27],
Portugal [28], Norway [29, 30], and Germany [31] after
the 1990s. In a previous analysis of the Hungarian Tauffer
database we observed a similarly increasing birthweight
trend of term infants between 1996 and 2000, followed
by a slight decrease until 2015, however we did not look
for potential explanations of this phenomenon [32]. To
the best of our knowledge, there is no whole popula-
tion-based analysis on birthweight trends from Hungary
although results from a tertiary care centre in Szeged
show an increasing birthweight trend between 1989 and
2009 [33].

While birthweight changes are well described in the
literature, potential explanatory factors are much less
known and these factors explain only parts of the slope
of the birthweight trajectories. Most studies suggest that
the increasing trends are associated with older maternal
age [8, 9, 12-14, 19, 33], increasing maternal body mass
index (BMI) [11-14] and height [15, 19], longer gesta-
tions [10, 12, 13, 17, 19], decreases in smoking [11-14],
decreasing parity [13, 15, 17], changes in ethnicity [9] and
socioeconomic factors [9, 15], while the decreases could
be related to decreases in the length of gestation [18-20,

22, 25, 28], induction of labour [6, 20, 22, 24, 25], and
early term caesarean sections [6, 20, 22, 24], increases in
primiparity [18, 19], and decreased foetal growth [22, 23].

The purpose of the present analysis was to (1) extend
our previous birthweight trend analysis until 2018 and
(2) to investigate potential maternal and foetal variables
(including common pathologies) that could drive these
changes using data from the Hungarian Tauffer registry
of all pregnancies.

Methods

Setting and study design

The current study is a cross-sectional registry study of
all term deliveries in Hungary between 1999 and 2018.
We utilize the Tauffer database, which includes data
from the compulsory report of each delivery in Hun-
gary. After each parturition (24—43 weeks of gestation),
an anonymized standardized report form is filled in and
then collected by the National Healthcare Service Centre
[32].

A detailed description of the database was published
previously [32, 34-36]. In short, the nationwide Hun-
garian obstetrics database (“Obstetrics Regulation”) was
initiated by Vilmos Tauffer in the early 1930s. The vari-
ables collected were standardized and extended in 1993.
The Tauffer database was managed by the National Insti-
tute of Obstetrics and Gynaecology until 2010 when it
was succeeded by the National Institute for Quality and
Organizational Development in Healthcare and Medi-
cines (ref. 76/2004 ESzCsM, Decree on the Determina-
tion, Collection, Analysis of Health-related Unidentifiable
data; Ministry of Health Social and Family Affairs, Hun-
gary). To comply with privacy regulations, the database
contains anonymized records, which means that repeated
deliveries by the same woman cannot be identified.

For the period covered in the current analysis (01/
January/1999-31/December/2018), the Tauffer database
contains 1,784,654 live births (94.8%) of the 1,881,437
live births recorded by the Hungarian Central Statistical
Office [37].

The current analysis uses only unidentifiable infor-
mation collected according to Hungarian law in agree-
ment with European ethical directives. Thus, no
ethical approval or individual consent was required for
this analysis.
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Participants

Of the 1,784,654 deliveries we excluded non-term deliv-
eries (<37 or >41 weeks of gestation), stillbirths, and
multiple deliveries leaving 1,612,820 records eligible for
analysis. We further excluded records with missing birth-
weights and covariates as well as those with extreme
(likely erroneously recorded) birthweights leading to a
final analytical sample of 1,591,932 (98.7% of those eligi-
ble) deliveries [14] (Fig. 1).

Outcomes

The main outcome of the current analysis is birthweight
(a mandatory field in the database) measured in grams (g)
immediately after delivery on a calibrated scale according
to WHO recommendation.

Covariates
Date of delivery — we used year of each delivery as the
major covariate of interest in our analyses.

Maternal age was calculated as the difference between
the date of delivery and the date of the mother’s birth in
years. Furthermore, we created a categorical variable of
age for the interaction analysis to investigate whether
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changes in birthweight differentially affected mothers of
younger, usual or advanced ages (<25 years, 25—-34 years,
and > 35 years).

Gestational age at delivery (a mandatory field in the
database) was based on the woman’s last normal men-
strual period if it coincided within 1 week of the date
determined by crown-rump length determined by ultra-
sound done between 10 and 13 weeks of gestation, other-
wise we used the ultrasound estimates [38, 39].

Newborn sex (a mandatory field in the database) is
extracted from the discharge report and is based on the
phenotype at birth.

Maternal medical history was recorded by the treat-
ing physician at delivery. For the present analysis, we
included parity (number of living children).

Obstetrical interventions include data on the initiation
of labour (spontaneous / induced) as well as the mode of
delivery (coded as vaginal or caesarean section).

Statistical analysis

First, we visually investigated the time trends of birth-
weights by newborn sex using loess curves. We found
an increasing trend from 1999 with peak birthweights

n=1784 654

Number of deliveries between 1999-2018:

Exclusions:

Extreme gestational age or week n=544

Non mature or multiple delivery n=167 909

Eligible for analysis:

n=1612 820

Exclusions:

Missing covariates n=1 542

Final population:

n=1591932

Fig. 1 Flow-chart for the selection of study participants
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in 2008 followed by a decreasing trend until the end of
the observation period. To improve the interpretation
of models describing birthweight trends, we modelled
the period with increasing (1999-2008) and decreasing
trends (2008—-2018) separately.

For descriptive purposes, we selected deliveries in 1999
(lowest birthweight from the first period), 2008 (peak
birthweight), and 2018 (lowest birthweight in the second
period). For the comparison of different variables in the
selected years, chi2-tests for categorical variables and
one-way analysis of variance (ANOVA) for continuous
variables were used.

Then we modelled birthweight with multiple linear
regression using calendar year and newborn sex as pre-
dictors (Model 0). In subsequent models we serially
adjusted for other important predictors of birthweight.
Model 1 was further adjusted for gestational age at deliv-
ery, Model 2 for maternal age, and Model 3 for other
important determinants (parity, delivery induction, and
mode of delivery). For these models date of delivery was
centred at 2008, maternal age at 29 years, and gestational
age at 39 weeks. In separate linear regression models, we
investigated whether the inclusion of quadratic or cubic
terms of gestational age at delivery and maternal age
would improve the prediction of birthweight. Based on
these models, we used the linear and quadratic terms to
adjust for the effect of maternal age, and the linear, quad-
ratic, and cubic terms for the effect of age at delivery.
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Finally, we looked for interactions between calendar
year and selected parameters in separate models by add-
ing a calendar year by the given variable interaction to
Model 3. For this analysis, maternal age was categorized
(<25 years, 25—34 years, and > 35 years). We decided to
use this parameterization, so the interactions would be
easier to interpret for the non-specialist readers. Finally,
we calculated estimated marginal means from the inter-
action models for all those variables where a potential
interaction was likely (p-value for interaction <0.10) and
showed them graphically with their respective 95% confi-
dence intervals (CI).

All analyses were done using Statistical Package for the
Social Sciences (SPSS 25.0) software. Two-tailed P values
of <0.05 were considered statistically significant.

Results

Loess curves of birthweight over time

Mean birthweight increased almost linearly in both sexes
by approximately 30 g in 1999-2008, followed by a faster
decrease in 2008—2013 and a shallower decrease thereaf-
ter reaching a value within 10 g of the baseline in 1999
(Fig. 2).

Foetal, maternal, and delivery related characteristics

of pregnancies in 1999, 2008, and 2018

While there was no change in the sex distribution
of newborns with around 51-52% of boys, all other
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Fig. 2 Temporal changes of mean birth weight by newborn sex in Hungary between 1999 and 2018. Loess curves
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parameters showed significant increasing or decreas-
ing trends over the three selected years. Median birth-
weights were 3250/3400 g (girl/boy) in 1999, then
increased to 3300/3440 g in 2008 and decreased to
3260/3400 g in 2018 (Table 1).

Maternal age increased from 26.2 years in 1999 to
29.6 in 2008 and further to 30.5 in 2018. The propor-
tion of older mothers (>30 years of age) continuously
increased from 24 to 53%. The proportion of primipa-
ras increased from 46.4 to 49.6% while the frequency of
multiparity decreased (Table 1).

Mean gestational age at delivery decreased by > 1 day
between 1999 and 2018. The proportion of both
induced deliveries and Caesarean sections more than
doubled from 12.7 to 26.2% and 17.6 to 39.7%, respec-
tively (Table 1).
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The role of foetal, maternal, and delivery related variables
in the temporal changes of newborn birthweights
According to Model 0, birthweight significantly increased
by 4.1 g/year in boys and girls in 1999-2008, while
decreased by 2.5 g/year in 2008-2018 (Table 2).

When we adjusted for gestational age at delivery
(including linear, quadratic and cubic terms; Model 1)
the rate of increase in the first period became even more
pronounced (5.4 g/year). During the second period, simi-
lar adjustment for gestational age at delivery substan-
tially decreased the rate of decline from 2.5 to 1.4 g/year
(Table 2).

Further adjustment for maternal age (including linear
and quadratic terms; Model 2) halved the rate of increase
in birthweight from 5.4 to 2.4 g/year. During the second
period, adjustment for maternal age somewhat increased
the estimate of yearly change in birthweight (Table 2).

Table 1 Characteristics of singleton live births in Hungary in three selected years (1999, 2008, and 2018)

1999 2008 2018 P-value
Foetal parameters
Sex n (%) NS
boys 38,167 (51.8) 43,855 (51.8) 40,488 (51.4)
girls 35,523 (48.2) 40,732 (48.2) 38,282 (48.6)
Median birth weight g
boys 3400 (3100;3700) 3440 (3130;3750) 3400 (3100;3700) <0.0001
girls 3250 (2980;3550) 3300 (3000;3600) 3260 (3000;3550) <0.0001
Maternal parameters
Age year 26.2 (23.0,29.8) 29.6 (25.9;32.9) 30.5 (26.1,34.6) <0.0001
Age n (%) <0.0001
<20 years 6087 (8.3) 5263 (6.2) 4625 (5.9)
20-24.9 years 23,940 (32.6) 12,691 (15.0) 11,378 (14.5)
25-29.9 years 25,854 (35.2) 26,991 (32.0) 20,708 (26.3)
30-34.9 years 12,819 (17.4) 28,718 (34.0) 23,752 (30.2)
35-39.9 years 3916 (5.3) 9179 (10.9) 14,038 (17.9)
>40 years 915 (1.2) 1574 (1.9) 4117 (5.2)
Parity n (%) <0.0001
primiparous 34,215 (46.4) 40,556 (47.9) 39,077 (49.6)
multiparous 39,475 (53.6) 44,031 (52.1) 39,693 (50.4)
Delivery-related parameters
Time of delivery week 394 (38.5;40.1) 39.2 (38.4;,40.0) 39.1(38.3;39.9) <0.0001
Mode of delivery n (%) <0.0001
vaginal 60,740 (82.4) 60,320 (71.3) 47,224 (60.3)
caesarean section 12,950 (17.6) 24,267 (28.7) 31,108 (39.7)
Induced delivery n (%) <0.0001
no 64,348 (87.3) 71,002 (83.9) 58,103 (73.8)
yes 9342 (12.7) 13,585 (16.1) 20,667 (26.2)

Results are given as n (%) or median (IQR)
IQR Interquartile range

P-values are given for x*-tests for categorical variables, and one-way ANOVA for continuous variables
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Table 2 Hierarchical linear regression predicting birthweight (grams) of term newborns for the period 1999-2008 and 2008-2018

1999-2008 2008-2018
Beta SE 95% Cl P-value Beta SE 95% Cl P-value
Model 0
Intercept 3300 0.98 3298-3302 <0.0001 3291 1.06 3289-3293 <0.0001
Calendar year (year) 414 0.17 3.80-4.47 <0.0001 -248 0.15 -2.77-(-2.19) <0.0001
Boy 136.1 0.99 134.1-138.0 <0.0001 1404 0.94 138.6-142.3 <0.0001
Model 1
Intercept 3297 1.00 3295-3299 <0.0001 3288 1.06 3286-3290 <0.0001
Calendar year (year) 541 0.16 5.10-5.73 <0.0001 -142 0.14 -1.68-(-1.15) <0.0001
Boy 1415 092 139.7-1433 <0.0001 144.8 0.87 143.1-146.5 <0.0001
Week of delivery (week) 145.0 0.89 143.3-146.8 <0.0001 144.8 0.85 143.2-146.5 <0.0001
(week of delivery)? -19.85 034 -20.51-(-19.18) <0.0001 -18.46 033 -19.10-(-17.82) <0.0001
(week of deHvery)3 1.78 0.28 1.22-2.33 <0.0001 250 0.27 1.97-3.04 <0.0001
Model 2
Intercept 3319 1.04 3317-3321 <0.0001 3304 1.08 3301-3306 <0.0001
Calendar year (year) 236 0.16 2.05-2.68 <0.0001 -1.81 0.14 -2.08-(-1.55) <0.0001
Boy 141.2 091 139.4-143.0 <0.0001 144.9 0.86 143.2-146.6 <0.0001
Week of delivery (week) 143.3 042 141.6-145.1 <0.0001 145.3 0.83 143.7-147.0 <0.0001
(week of delivery)? -18.91 033 -19.57-(-18.25) <0.0001 -17.14 032 -17.77-(-16.51) <0.0001
(week of deHvery)3 1.80 0.28 1.25-2.34 <0.0001 1.95 0.27 1.42-2.48 <0.0001
Maternal age (year) 941 0.09 9.30-9.65 <0.0001 11.64 0.07 11.50-11.79 <0.0001
(maternal age)2 -091 0.01 -0.94-(-0.89) <0.0001 -0.71 0.01 -0.73-(-0.69) <0.0001
Model 3
Intercept 3296 1.21 3294-3298 <0.0001 3274 1.22 3271-3276 <0.0001
Calendar year (year) 262 0.16 2.30-2.93 <0.0001 -1.82 0.14 -2.09-(-1.56) <0.0001
Boy 141.0 0.91 139.3-142.8 <0.0001 144.8 0.86 143.1-146.5 <0.0001
Week of delivery (week) 144.2 0.88 142.5-146.0 <0.0001 148.0 0.84 146.4-149.6 <0.0001
(week of delivery)2 -18.62 0.34 -19.28-(-17.97) <0.0001 -16.49 032 -16.13-(-15.86) <0.0001
(week of deHvery)3 1.81 0.28 1.26-2.36 <0.0001 1.68 0.27 1.15-2.21 <0.0001
Maternal age (year) 830 0.09 8.12-848 <0.0001 1043 0.08 10.28-10.59 <0.0001
(maternal age)’ -0.90 0.01 -0.92-(-0.88) <0.0001 -0.71 0.01 -0.73-(-0.69) <0.0001
Multiparous 35.97 0.96 34.09-37.85 <0.0001 47.81 0.90 46.04-49.57 <0.0001
Induced delivery 0.25 149 -2.67-3.17 NS 10.52 1.27 8.04-10.01 <0.0001
Caesarean section. 13.99 1.25 11.54-1643 <0.0001 1157 1.08 9.45-13.69 <0.0001

For these models date of delivery was centred at 2008, maternal age at 29 years, and gestational age at 39 weeks

(week of delivery)? and (week of delivery)® refer to the quadratic and cubic terms of week of delivery. (maternal age)? refers to the quadratic term of maternal age

SE Standard error, C/ Confidence interval

Our final model (further adjusted for parity, induced
deliveries, and caesarean sections; Model 3) showed simi-
lar estimates to the ones in Model 2 (Table 2).

Interaction between selected maternal, foetal, and delivery
related characteristics and calendar year

In the first period (1999-2008), we found a significant
interaction between calendar time and maternal age
(»<0.0001), showing the fastest increase in birthweight
of mothers over 35 years of age (vs. a slower increase
in both groups of younger mothers) leading to similar

birthweights in all age groups by 2008. Similarly, there
was a strong interaction with parity, with widening
birthweight gap between multiparous and nulliparous
women (p<0.0001) resulting from a slower increase in
nulliparous and a faster increase in multiparous women.
The mode of delivery was also related to the temporal
increase in birthweights with a faster increase among
those born by caesarean section (p<0.0001). No inter-
action between newborn sex (p=0.801) or the mode of
induction (p=0.080) with calendar time on birthweights
was found (Figs. 3A and 4).
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Fig. 3 Yearly changes in birthweight of term newborns in 1999-2008 (a) and 2008-2018 (b). Birthweights in grams. All models are adjusted
for gestational age at delivery (using linear, quadratic and cubic terms), maternal age (using linear and quadratic terms), parity, induced delivery,

and caesarean section. Multiple linear regression. See further details in the Statistical Analysis section
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Fig. 4 Birthweights by maternal age (a), parity (b), mode of delivery (c), and mode of birth induction (d) in 1999-2008. Birthweights in grams,

shaded areas represent 95% confidence bands. Estimated marginal means for singleton term deliveries with the following characteristics: 48%
female newborns, 47% primiparas, 76% vaginal deliveries, 85% non-induced deliveries, maternal age 28.0 years, gestational age at delivery 39.2
weeks. See further details on the modelling approach in the Statistical Analysis section

In the second period (2008-2018), we found a signifi-
cant interaction with maternal age (p<0.009), however
the direction of the interaction was the opposite com-
pared to the previous period: newborns of the youngest
mothers showed the fastest decline in birthweight over
time. The interaction with parity (p <0.773) also changed,
both primiparas and multiparas had a similar decrease
in birthweights over time. Similarly to the first period,
no interaction with sex of the newborn (p<0.948) was
found. Furthermore, the rate of decrease in birthweight
was similar in both types of deliveries (p<0.672) and
was independent of presence or absence of induction
(p<0.059) (Figs. 3B and 5).

Discussion

Interpretation of main findings

An analysis of almost all full-term births in Hungary
in 1998-2018, clearly showed an increasing birth-
weight trend of 4.1 g/year until 2008, followed by a less
steep decline of 2.5 g/year in 2008-2018. During the
same period, important changes in maternal and deliv-
ery related characteristics were observed: gestational
age at delivery decreased, maternal age increased, the

proportion of first parities, the frequency of both caesar-
ean sections and induced deliveries increased.

According to our multivariate models, most of the
increase in birthweight in the first period was explained
by the increasing maternal age, while a substantial part
of the decrease in the second period was explained by
decreasing duration of pregnancies (i.e., decreasing
gestational age at delivery).

When we investigated interactions between preg-
nancy related factors and calendar time (i.e., subgroups
with the least and most changes over time), we found
that the most pronounced difference between the first
and second period was in mothers over 35 years of
age, who had the fastest increase in the first period fol-
lowed by a decrease similar to that of the younger age
groups and the mean yearly change. Furthermore, the
increase of birthweights in the first period was faster
in newborns delivered by caesarean sections compared
to vaginal deliveries, however no such interaction in
the second period was found. Similarly, the increase in
birthweights in the first period was more pronounced
in multiparas compared to primiparas, while no inter-
action by parity in the second period was found.
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Fig. 5 Birthweights by maternal age (a), and mode of birth induction (b) in 2008-2018. Birthweights in grams, shaded areas represent 95%
confidence bands. Estimated marginal means for singleton term deliveries with the following characteristics: 48% female newborns, 49%
primiparas, 66% vaginal deliveries, 80% non-induced deliveries, maternal age 29.9 years, gestational age at delivery 39.1 weeks. See further details

on the modelling approach in the Statistical Analysis section

Validity of results

Birthweight trends

The increasing birthweight trend observed in the first
period (1999-2008) parallels with similar observations
from other high income countries [6-14, 17] including
those from Croatia [15], Poland [40] and a regional data-
base analysis from Hungary [33].

During the second period we found declining birth-
weight trends. This is in line with observations from the
U.S., where the average birthweight of term pregnan-
cies declined from 3,315 g in 1990 to 3,247 g in 2013,
a decrease of 67 g [24]. The validity of this observation
was confirmed by other reports from Japan [18, 19], the

U.S [20-25]. , Norway [29, 30], Portugal [28], China [26,
27], Chile [41], and Germany [31]. Overall, a similar
decrease to the one observed in Hungary was also found
in most developed countries, however the decrease
started mostly a decade earlier than in Hungary. In con-
trast, birthweights did not change significantly in low and
middle-income countries from Africa, Asia and Central
America between 2013 and 2018 [42].

Decreasing gestational age at delivery

Gestational age at delivery declined by two days between
1999 and 2018. This trend is similar to other surveys,
however the magnitude of the decline varies between less
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than 1 to almost 3 days between 1990 and 2013 in the dif-
ferent studies [20, 24, 25, 31, 43—45]. Furthermore, there
is evidence at least from the US that the decreasing ges-
tational age at delivery is driven by labour inductions and
early term caesarean deliveries [43].

Increasing maternal age over time

We found that median maternal age at delivery increased
from 26.2 years in 1999 to 30.5 years in 2018, corre-
sponding to an increase in the proportion of older moth-
ers (>30 years) from 24 to 53%. An increasing trend in
maternal age is reported from most countries world-
wide [14, 46]. For example, the mean age of primipa-
ras increased from 24.9 years to 26.3 years in the U.S.
between 2000 and 2014 [47].

Decreasing parity over time

During the 20-year observation period, the proportion
of primiparas increased from 46.4 to 49.6%. Our results
are somewhat different from those in other developed
countries. For example, the proportion of primiparity
remained constant (43.3%) in France between 1998 and
2003 [13], while it decreased (37.3-33.7%) in the US
between 2000 and 2008 [23].

Increasing rates of caesarean sections and induced deliveries
The rate of caesarean sections and labour inductions
more than doubled (from 17.6 to 39.7% and from 12.7 to
26.2%, respectively) in Hungary between 1999 and 2018.
This is in line with observations from almost all coun-
tries. The rate of scheduled or induced deliveries almost
tripled reaching over 30% in the US between 1990 and
2013 [23, 24, 43]. Similar, but smaller increase (25.9—
33.6%) was observed in Scotland in 1988-2012 [48].
The rate of caesarean sections increased in the US [43]
and similarly in India (from 28.2 to 42.0% in 2010-2017)
[49] and Brazil (from 34.1 to 57% in 1997-2014) [50, 51],
while the increase was minimal in Norway (13.6-16.3%
in 1999-2016) [52].

Potential explanation for the increasing birthweight trends
in the first period
According to our hierarchical logistic regression models,
maternal age explained a large proportion (5.4 g/year vs.
2.4 gl/year — 55.5%) of the increasing birthweight trend
over time. This is in agreement with findings from other
studies from high-income countries [8, 9, 12-14, 19, 33].
While maternal age may be directly related to birth-
weight, it could be a marker of other determinants, such
as anthropometric, lifestyle or social factors that are
also reported to be related to the increasing birthweight
trends [9, 11-15, 19, 41]. For example, maternal smok-
ing might decrease with maternal age [9, 12]. Similarly,
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maternal weight increases with aging and maternal BMI
is a known predictor of newborn weight [53]. Indeed,
there is an increasing trend in obesity among fertile aged
women in Hungary in the last decades [54]. Furthermore,
older age is associated with better socioeconomic cir-
cumstances that is associated with larger birthweights
[55]. As advanced maternal age is also associated with
higher risk of adverse obstetrical and perinatal out-
comes [56], as well as elective deliveries [23] the changes
observed during the first period could be associated with
worsening pregnancy outcomes.

Potential explanation for the decreasing birthweight trends
in the second period

We found that a large proportion of the decreasing birth-
weight trend was explained by gestational age at deliv-
ery (i.e. length of pregnancy) similarly to other authors
[18-20, 22, 25, 28]. The decreasing length of gestation
over time is strongly related to the fact that the pro-
portion of induced deliveries and caesarean sections
more than doubled over the examination period. Other
authors that found similar decreasing birthweight trends
explained this observation by the increasing rates of early
term caesarean deliveries and induced labours [6, 20, 22,
24, 25]. This is supported by the fact that births became
much less likely to occur beyond gestational week 40 and
much more likely to occur during weeks 37-39 [7]. In
addition to shorter pregnancies, some authors proposed
that decreased foetal growth per se explain part of the
decreasing birthweight trend [22, 23].

It is plausible that the worsening short term pregnancy
outcomes associated with advanced maternal age is com-
pensated by early term pregnancies [25].

However, the question remains how the approach
to early term deliveries will modify long-term conse-
quences. It is known that caesarean sections are asso-
ciated with an increased risk of severe acute maternal
morbidity and mortality, and a higher risk of adverse out-
comes in subsequent pregnancies [57]. In terms of new-
born outcomes, caesarean sections are associated with
increased risks of foetal respiratory problems [58] and
long-term consequences (i.e. asthma, overweight, obe-
sity, allergy) [57].

Subgroups driving increasing and decreasing birthweight
trends

We found the fastest increase in birthweight among the
oldest mothers (>35 years of age), among those with
multiparity, and among newborns delivered by a caesar-
ean section in the first part of the observation period.
These findings may suggest that the approach to deliv-
eries was reactive by obstetricians: wait in the high-risk
groups (older mothers, multiparas) for delivery induction
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or caesarean delivery until the foetus becomes large. This
notion is supported by the Spanish observation that term
newborns from caesarean deliveries were larger than
from vaginal deliveries and newborns of multiparas were
larges than those of primiparas [59].

We found the fastest decline in birthweight among the
youngest mothers (<25 years of age) in the second part of
the observation period. Furthermore, newborns of mul-
tiparas and those of caesarean deliveries were no longer
associated with faster increases in birthweights. These
findings are compatible with the hypothesis of a proac-
tive management of delivery, where pregnancy is termi-
nated in high-risk women before foetal weight reaches
abnormal levels.

Strengths and limitations

Our analysis includes most Hungarian pregnancies with
an ascertainment rate of 94.8%. The huge number of
records allowed adjustment for several risk factors and to
provide narrow Cls. The data entry software comes with
detailed instructions that assures high quality of the col-
lected variables [34].

Our analyses are limited in several ways. First, there
is no way to measure changes in the obstetric decision-
making process in official administrative data. As with
other administrative databases, other limitations have
to be acknowledged: no data is available regarding race,
social status, bodyweight, and smoking habits — impor-
tant determinants of birthweight. Although there is a
possibility of misclassification, it should be noted that the
Tauffer database is not used for reimbursement limiting
the role of selective over- or under-reporting. The role
of unmeasured confounding cannot be downplayed. It is
possible that the increases and decreases in birthweights
were responding to unobserved factors. Individual meas-
ures of maternal behaviours, characteristics, and other
risk factors for obstetric interventions were also quite
limited. Potentially key details about maternal health risk
factors related to obstetric decisions (such as obesity)
may also be missing. This limitation is especially relevant
for our secondary objective (drivers of increasing and
decreasing birthweight trends over time), and thus our
results on this objective should be considered as hypoth-
esis generating only.

Conclusions

Given the strong association between large birthweight
and an adverse metabolic profile in children and young
adults [3, 4], our findings of an increasing birthweight
trend between 1999 and 2008 may forecast an increased
risk of cardiometabolic diseases in offsprings born in
this period. Our results also suggest that the changes in
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birthweights in this period are mostly related to the aging
of the mothers.

In contrast, after 2008, birthweights were decreasing.
While these changes may reflect some beneficial effects
in term of reduced perinatal morbidity [5], the long term
effect of this decreasing birthweight trajectory cannot
be predicted, as the trend is explained by the shorter
pregnancies (lower gestational age at delivery) and not
changes in other drivers of macrosomia (such as mater-
nal age or BMI). Furthermore, the increasing trend in the
age of the mothers is continuing unabated.

Abbreviations

ANOVA  Analysis of variance

BMI Body mass index

al Confidence Interval

g Gram

IQR Interquartile range

SE Standard error

SPSS Statistical Package for the Social Sciences
UK United Kingdom

us United States

Acknowledgements

Special thanks should be given to the late Gyorgy M. Csékényt (National
Healthcare Service Centre). He was the supervisor of Dr. Zsirai and provided
professional guidance and valuable support through useful and constructive
recommendations on this study.

Authors’ contributions

All named authors meet the International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this article. LZ and AGT developed
the study concept and design. All authors (LZ, AK, GAV, MMS, AGT, BAD) con-
tributed to the analysis and interpretation of the data. LZ and AGT drafted the
manuscript. All authors (LZ, AK, GAV, MMS, AGT, BAD) revised the manuscript
critically for important intellectual content. All authors approved the submit-
ted version of the manuscript. AGT is the corresponding author and guarantor
who had full access to all data used in the analyses and takes full responsibility
for the integrity of the data and the accuracy of the data analysis.

Authors’ information
Not applicable.

Funding

This study has not received any specific funding. Open access funding was
provided by Semmelweis University. Prof Tabak is supported by the UK Medi-
cal Research Council (S011676) and the Ministry of Innovation and Technology
of Hungary from the National Research, Development and Innovation Fund
(2021 Thematic Excellence Programme funding scheme, TKP2021-NKTA-47).
The sponsors had no role in study design, in the collection, analysis and inter-
pretation of data, in the writing of the report, and in the decision to submit
the article for publication.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The Tauffer database includes data from the compulsory report of each
delivery in Hungary. After each parturition (24-43 weeks of gestation), an
anonymized standardized report form is filled in and then collected by the
National Healthcare Service Centre. The current analysis uses only unidentifi-
able information collected according to Hungarian law in agreement with



Zsirai et al. Reproductive Health (2024) 21:52

European ethical directives. Thus, no ethical approval or individual consent
was required for this analysis.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
'Department of Gynaecology and Family Planning, Istenhegyi GeneDiag-

nostic Center, Budapest, Hungary. 2Department of Obstetrics and Gynaecol-

ogy, Tolna County Balassa Janos Hospital, Szekszard, Hungary. *Outpatient

Department of Obstetrics and Gynecology, Paks Health Centre, Paks, Hungary.

“Karoly Racz School of PhD Studies, Semmelweis University, Budapest, Hun-

gary. °Department of Internal Medicine and Oncology, Semmelweis University
Faculty of Medicine, 26 Ull6i Str, Budapest H-1085, Hungary. ®Bajcsy-Zsilinszky
Teaching Hospital, Budapest, Hungary. ”UCL Brain Sciences, University College

London, London, UK. ®Department of Public Health, Semmelweis University
Faculty of Medicine, Budapest, Hungary.

Received: 3 July 2023 Accepted: 5 April 2024
Published online: 12 April 2024

References

1. Moraitis AA, Wood AM, Fleming M, Smith GCS. Birth weight percentile
and the risk of term perinatal death. Obstet Gynecol. 2014;124:274-83.

2. Esakoff TF, Cheng YW, Sparks TN, Caughey AB. The association between
birthweight 4000 g or greater and perinatal outcomes in patients
with and without gestational diabetes mellitus. Am J Obstet Gynecol.
2009;200:e672671-674.

3. Chiavaroli V, Marcovecchio ML, de Giorgis T, Diesse L, Chiarelli F, Mohn A.

Progression of cardio-metabolic risk factors in subjects born small and
large for gestational age. PLoS ONE. 2014,9:e104278.

4. Renom Espineira A, Fernandes-Rosa FL, Bueno AC, de Souza RM, Moreira
AC, de Castro M, Barbieri MA, Bettiol H, Antonini SR. Postnatal growth and

cardiometabolic profile in young adults born large for gestational age.
Clin Endocrinol (Oxf). 2011;75:335-41.

5. Risnes KR, Vatten LJ, Baker JL, Jameson K, Sovio U, Kajantie E, Osler
M, Morley R, Jokela M, Painter RC, et al. Birthweight and mortality in
adulthood: a systematic review and meta-analysis. Int J Epidemiol.
2011;40:647-61.

6. Ananth CV, Wen SW.Trends in fetal growth among singleton gestations

in the United States and Canada, 1985 through 1998. Semin Perinatol.
2002;26:260-7.

7. Wen SW, Kramer MS, Platt R, Demissie K, Joseph KS, Liu S, Sauve R. Secular

trends of fetal growth in Canada, 1981 to 1997. Paediatr Perinat Epide-
miol. 2003;17:347-54.

8. Maher J, Macfarlane A. Trends in live births and birthweight by social
class, marital status and mother’s age, 1976-2000. Health Stat Q.
2004;23:34-42.

9. Ghosh RE, Berild JD, Sterrantino AF, Toledano MB, Hansell AL. Birth weight

trends in England and Wales (1986-2012): babies are getting heavier.
Arch Dis Child Fetal Neonatal Ed. 2018;103:F264-70.

10. Skjaerven R, Gjessing HK, Bakketeig LS. Birthweight by gestational age in

Norway. Acta Obstet Gynecol Scand. 2000;79:440-9.

11. Surkan PJ, Hsieh CC, Johansson AL, Dickman PW, Cnattingius S. Reasons
for increasing trends in large for gestational age births. Obstet Gynecol.

2004;104:720-6.

12. Schack-Nielsen L, Molgaard C, Sorensen Tl, Greisen G, Michaelsen KF.
Secular change in size at birth from 1973 to 2003: national data from
Denmark. Obes (Silver Spring). 2006;14:1257-63.

13. Dioufl, Charles MA, Blondel B, Heude B, Kaminski M. Discordant time

trends in maternal body size and offspring birthweight of term deliveries
in France between 1972 and 2003: data from the French National Perina-

tal surveys. Paediatr Perinat Epidemiol. 2011;25:210-7.

14. Hadfield RM, Lain SJ, Simpson JM, Ford JB, Raynes-Greenow CH, Morris
JM, Roberts CL. Are babies getting bigger? An analysis of birthweight
trends in New South Wales, 1990-2005. Med J Aust. 2009;190:312-5.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 12 of 13

. Vranes HS, Djakovic I. Length and weight of newborns in Croatia from

1985 to 2009. Wien Klin Wochenschr. 2015;127:685-90.

. Genowska A, Strukcinskiene B, Bochenko-Luczynska J, Motkowski R, Jami-

olkowski J, Abramowicz P, Konstantynowicz J. Reference values for birth
weight in relation to gestational Age in Poland and comparison with the
Global percentile standards. J Clin Med. 2023;12:5736.

. Olsen SH, Reynstind D, Hallgrimsson H, Kesmodel US. Birthweight and

gestational age in the Faroe Islands: a comparison between birthweight
and gestational age in the Faroe Islands and other nordic countries. Acta
Obstet Gynecol Scand. 2023;102:506-15.

. Kato N, Sauvaget C, Yoshida H, Yokoyama T, Yoshiike N. Factors associated

with birthweight decline in Japan (1980-2004). BMC Pregnancy Child-
birth. 2021;21:337.

. Terada M, Matsuda Y, Ogawa M, Matsui H, Satoh S. Effects of maternal

factors on birth weight in Japan. J Pregnancy. 2013;2013:172395.
Donahue SMA, Kleinman KP, Gillman MW, Oken E. Trends in birth weight
and gestational length among singleton term births in the United States:
1990-2005. Obstet Gynecol. 2010;115:357-64.

Gibson KS, Waters TP, Gunzler DD, Catalano PM. A retrospective cohort
study of factors relating to the longitudinal change in birth weight. BMC
Pregnancy Childbirth. 2015;15:344.

Oken E. Secular trends in birthweight. Nestle Nutr Inst Workshop Ser.
2013;71:103-14.

Morisaki N, Esplin MS, Varner MW, Henry E, Oken E. Declines in birth
weight and fetal growth independent of gestational length. Obstet
Gynecol. 2013;121:51-8.

Tilstra AM, Masters RK. Worth the Weight? Recent trends in Obstetric
practices, gestational age, and Birth Weight in the United States. Demog-
raphy. 2020;57:99-121.

Zhang X, Joseph KS, Kramer MS. Decreased term and postterm birth-
weight in the United States: impact of labor induction. Am J Obstet
Gynecol. 2010;203:2124121-127.

GuoYY, LiuY, He JR, Xia XY, Mo WJ, Wang P, Feng Q, Larson CP, Xia HM, Qiu
X. Changes in birth weight between 2002 and 2012 in Guangzhou, China.
PLoS ONE. 2014;9:115703.

He JR, LiWD, Lu MS, Guo Y, Chan FF, Lu JH, Zhang LF, Shen SY, Xia XY,
Wang P, et al. Birth weight changes in a major city under rapid socioeco-
nomic transition in China. Sci Rep. 2017;7:1031.

FusterV, Santos C. Determinants of birth weight in Portugal: 1988 to
2011. Anthropol Anz. 2016;73:33-43.

Carlsen EO, Magnus MC, Omsland TK, Magnus PM, Haberg SE, Wilcox

AJ. Stumped by the Hump: the curious rise and fall of Norwegian birth-
weights, 1991-2007. Epidemiology. 2020,31:587-94.

Grundt JH, Nakling J, Eide GE, Markestad T. Possible relation between
maternal consumption of added sugar and sugar-sweetened bever-
ages and birth weight-time trends in a population. BMC Public Health.
2012;12:901.

Schiessl B, Beyerlein A, Lack N, von Kries R. Temporal trends in pregnancy
weight gain and birth weight in Bavaria 2000-2007: slightly decreasing
birth weight with increasing weight gain in pregnancy. J Perinat Med.
2009;37:374-9.

Zsirai L, Csakany MG, Vegh G, Tabak GA. [Distribution of birth weights
between 2011 and 2015 and changes in percentile figures between 1996
and 2015. Analyis of the Tauffer database]. Orv Hetil. 2019;160:1426-36.
Kallo K, Lehoczki S, Just Z, Gyurkovits Z, Palfi G, Orvos H. A cross-sectional
study of newborns over a 20-year period in Szeged, Hungary. J Matern
Fetal Neonatal Med. 2015;28:540-3.

Csakany MG. The situation of quality of perinatal care in Hungary:
achievements and problems. In The Seventh Workshop on Quality Develop-
ment in Perinatal Care. Copenhagen: World Health Organization; 2020. p.
7-10.

Csakany MG. What about the Tauffer statistics? What is it and what is that
for? Magyar Orvos. 2007,9:33-5.

Zsirai L, Csakany GM, Vargha P, Fulop V, Tabak AG. Breech presenta-

tion: its predictors and consequences. An analysis of the Hungarian
Tauffer Obstetric Database (1996-2011). Acta Obstet Gynecol Scand.
2016;95:347-54.

Hungarian Central Statistical Office: Data of live births by settlement
population size. Live-births in reference year, in Hungary. 2023.

Salomon LJ, Alfirevic Z, Bilardo CM, Chalouhi GE, Ghi T, Kagan KO, Lau

TK, Papageorghiou AT, Raine-Fenning NJ, Stirnemann J, et al. ISUOG



Zsirai et al. Reproductive Health (2024) 21:52 Page 13 of 13

practice guidelines: performance of first-trimester fetal ultrasound scan. Publisher’s Note

Ultrasound Obstet Gynecol. 2013;41:102-13. Springer Nature remains neutral with regard to jurisdictional claims in pub-
39. Toth Z. Leadership of MSZNUT: recommendation for the unified lished maps and institutional affiliations.

application of ultrasound screening in obstetrics. Magy Noorv Lapja.

2016;79:1-11.

40. Genowska A, Motkowski R, Strukcinskaite V, Abramowicz P, Konstan-
tynowicz J. Inequalities in Birth Weight in relation to maternal factors: a
Population-based study of 3,813,757 live births. Int J Environ Res Public
Health. 2022;19:1384.

41. Garmendia ML, Mondschein S, Montiel B, Kusanovic JP. Trends and pre-
dictors of birth weight in Chilean children. Public Health. 2021;193:61-8.

42. Marete |, Ekhaguere O, Bann CM, Bucher SL, Nyongesa P, Patel AB, Hib-
berd PL, Saleem S, Goldenberg RL, Goudar SS, et al. Regional trends in
birth weight in low- and middle-income countries 2013-2018. Reprod
Health. 2020;17:176.

43. Masters RK, Tilstra AM, Coleman-Minahan K. Increases in Obstetric
interventions and changes in Gestational Age distributions of U.S. births.
JWomens Health (Larchmt). 2023:32:641-51.

44. Castello A, Rio |, Sandin-Vazquez M, Bolumar F. Shortening of gestational
length among native-born and immigrants in Spain (1997-2008). Eur J
Epidemiol. 2011;26:563-70.

45. Declercq E, Wolterink A, Rowe R, de Jonge A, De Vries R, Nieuwenhuijze
M, Verhoeven C, Shah N.The natural pattern of birth timing and gesta-
tional age in the U.S. compared to England, and the Netherlands. PLoS
ONE. 2023;18:e0278856.

46. United Nations. Department of Economic and Social Affairs, Population
Division: World Fertility Report 2015. 2017.

47. Mathews TJ, Hamilton BE. Mean Age of Mothers is on the rise: United
States, 2000-2014. NCHS Data Brief. 2016;232:1-8.

48. Rose A, Raja EA, Bhattacharya S, Black M. Intervention thresholds and
cesarean section rates: a time-trends analysis. Acta Obstet Gynecol Scand.
2018;97:1257-66.

49. Simmons E, Lane K, Rao SR, Kurhe K, Patel A, Hibberd PL. Trends in
cesarean section rates in private and public facilities in rural eastern
Maharashtra, India from 2010-2017. PLoS ONE. 2021;16:€0256096.

50. Nakamura-Pereira M, do Carmo Leal M, Esteves-Pereira AP, Domingues
RM, Torres JA, Dias MA, Moreira ME. Use of Robson classification to assess
cesarean section rate in Brazil: the role of source of payment for child-
birth. Reprod Health. 2016;13:128.

51. Silva AA, Batista RF, Simoes VM, Thomaz EB, Ribeiro CC, Lamy-Filho F, Lamy
ZC, Alves MT, Loureiro FH, Cardoso VC, et al. Changes in perinatal health
in two birth cohorts (1997/1998 and 2010) in Sao Luis, Maranhao State,
Brazil. Cad Saude Publica. 2015;31:1437-50.

52. Nedberg IH, Lazzerini M, Mariani |, Mollersen K, Valente EP, Anda
EE, Skjeldestad FE. Changes in maternal risk factors and their asso-
ciation with changes in cesarean sections in Norway between 1999
and 2016: a descriptive population-based registry study. PLoS Med.
2021;18:1003764.

53. GuntherV, Alkatout |, Vollmer C, Maass N, Strauss A, Voigt M. Impact of
nicotine and maternal BMI on fetal birth weight. BMC Pregnancy Child-
birth. 2021,21:127.

54. Rurik |, UngvariT, Szidor J, Torzsa P, Moczar C, Jancso Z, Sandor J. [Obese
Hungary. Trend and prevalence of overweight and obesity in Hungary,
2015]. Orv Hetil. 2016;157:1248-55.

55. Spencer N, Bambang S, Logan S, Gill L. Socioeconomic status and birth
weight: comparison of an area-based measure with the Registrar Gen-
eral’s social class. J Epidemiol Community Health. 1999;53:495-8.

56. Pinheiro RL, Areia AL, Mota Pinto A, Donato H. Advanced maternal
age: adverse outcomes of pregnancy, a Meta-analysis. Acta Med Port.
2019;32:219-26.

57. Keag OE, Norman JE, Stock SJ. Long-term risks and benefits associated
with cesarean delivery for mother, baby, and subsequent pregnancies:
systematic review and meta-analysis. PLoS Med. 2018;15:21002494.

58. Wilmink FA, Hukkelhoven CW, Lunshof S, Mol BW, van der Post JA, Papat-
sonis DN. Neonatal outcome following elective cesarean section beyond
37 weeks of gestation: a 7-year retrospective analysis of a national regis-
try. Am J Obstet Gynecol. 2010,202:2250251-258.

59. Teran JM, Varea C, Bernis C, Bogin B, Gonzalez-Gonzalez A. New birth-
weight charts according to parity and type of delivery for the Spanish
population. Gac Sanit. 2017;31:116-22.



	Birthweight trends and their explanatory factors in Hungary between 1999 and 2018: an analysis of the Hungarian Tauffer registry
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Setting and study design
	Participants
	Outcomes
	Covariates
	Statistical analysis

	Results
	Loess curves of birthweight over time
	Foetal, maternal, and delivery related characteristics of pregnancies in 1999, 2008, and 2018
	The role of foetal, maternal, and delivery related variables in the temporal changes of newborn birthweights
	Interaction between selected maternal, foetal, and delivery related characteristics and calendar year

	Discussion
	Interpretation of main findings
	Validity of results
	Birthweight trends
	Decreasing gestational age at delivery
	Increasing maternal age over time
	Decreasing parity over time
	Increasing rates of caesarean sections and induced deliveries
	Potential explanation for the increasing birthweight trends in the first period
	Potential explanation for the decreasing birthweight trends in the second period
	Subgroups driving increasing and decreasing birthweight trends

	Strengths and limitations

	Conclusions
	Acknowledgements
	References


