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Abstract

Objectives: to identify trendand factors associated with adverse birth weight.

Methods: cross-sectional design. The analysis uses the 2009-2015 Uruguay Perinatal
Computer Systemdata on 303,625 newborns.

Results: the prevalence of macrosomia (> 3,999g) has increased from 7.0% to 8.4%. The
prevalence of low birth weight (LBW) (< 2,500g) decreased, standing at 6.6% in the last year.
The factors that determines more possibilities of LBW were preeclampsia (OR = 4.80;
CI195%= 4.57-5.05), inadequate controls (OR = 2.29; C195%= 2.20-2.39), shorter duration
of pregnancy (OR = 2.52; CI195%= 2.50-2.55), previous hypertension (OR = 2.11; CI195%=
1.96-2.27), hypertensive disease of pregnancy (OR = 1.82; C195%= 1.74-1.90), low pre-
maternal maternal weight (OR = 1.65; C195%= 1.58-1.74). Macrosomia was associated with
type 1 diabetes (OR = 2.21; C195%= 1.86-2.61), Type 2 or Gestational (OR = 1.78; C195%=
1.70-1.87), obesity maternal (OR = 2.33; C195%= 2.24-2.43) and longer gestation duration
(OR = 2.62; CI95%= 2.53-2.72).

Conclusions: the LBW decreases while the macrosomia increases. The health and nutri-
tional status of women at the beginning of pregnancy, pathologies of the last trimester,
smoking, shorter duration of pregnancy and inadequate controls are associated with BPN.
Overweight, obesity and metabolic diseases determine macrosomia.
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Introduction

Insofar as the right to health is an inclusive condi-
tion and is based on the principle of health as a
citizen’s right and duty of the state is not limited to
health care, it also includes taking into account the
determining factors that contribute to people's live
healthy life.! The size of the newborn determines the
health and proper growth and development of chil-
dren in the first months of life, for this reason it is
considered as a variable of importance and perma-
nent study as a marker of the health status in coun-
tries.2

The World Health Organization (WHO) defines
low birth weight (LBW) as the weight of the
newborn below 2,500g, regardless of gestational
age.3 The reported prevalence of LBW for Latin
America is on average 9%, ranging from 6% to 12%.
In the countries of the Southern Cone (Argentina,
Chile, and Uruguay), the prevalence is 7%, 6%, and
8%.24 Its importance goes beyond the first few
months as has been known the correlation between
LBW and increased rate of noncommunicable
diseases during adult life (cardiovascular, diabetes).5
Moreover, individuals with LBW and malnutrition
in postnatal life have been shown to have an
increased risk of cardiovascular mortality in adult
life.6,7

Macrosomia is defined as an infant's birth weight
of more than 4,000 g regardless of gestational age
and is the result of excess intrauterine growth.
Macrosomia prevalence data are scarce in deve-
loping countries. In developed countries, the preva-
lence is between 5 and 20% and in recent decades
there has been an increase of 15 to 25% due to the
increase in obesity and maternal diabetes.8 The
neighboring countries of the Southern Cone have 7%
and 9% macrosomia (Argentina and Chile respec-
tively).8 It is associated with childbirth with compli-
cations and an increased risk of overweight or
obesity in childhood, adolescence, and adult life and
numerous noncommunicable diseases which have
been an ever-frequent occurrence recently.9.10

The nutritional situation at birth (evidenced by
weight) is conditioned on multiple factors that
change over the years. Epidemiological studies on
the gestation, birth, and health of newborns
contribute to providing quality data to analyze the
causes of mortality, hospitalization, survival-related
factors, inequity and provide possible solutions to
the health problems of pregnant women and the
offspring.2.11

For many years, birth rates have remained
constant in Uruguay (13.4/1000 inhabitants as of
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2012), nutritional deficit problems have decreased,
and access to health care has improved, and excess
weight during pregnancy has increased.!2 Working
with national database data to associate maternal
variables with child morbidity is of central impor-
tance. The Ministry of Health of Uruguay defined
the National Strategic Goals 2015-2020 and among
these: decreased mortality and child morbidity,
reduction of the prevalence of stunting, and
decreased overweight and obesity in the population.

There are, however, no published studies of
national data on the determinants of low-weight and
macrosomia rates, which constitutes two situations
of vulnerability to health problems. The objective of
the study was to identify the trendand factors associ-
ated with adverse birth weight in Uruguay.

Methods

This study has a cross-sectional design. The study
population consisted of infants born in Uruguay
from 1 January 2009 to 31 December 2015. The data
belongs to the vital statistics registered in the
Uruguay- Perinatal Information System (SIP, the
Spanish-language acronym) that are collected annu-
ally by law. Monthly, each health institution
forwards the data of all births to the Ministry of
Public Health in digital format, according to its regu-
lations it is mandatory to refer 100% of births, being
the institutional technical management responsible
for the proper use of the SIP.12

For the analysis, we first identified missing and
outliers data for birth weight (less than 800g and
greater than 5,500g) in the universe of birth
(311,385), exclusion criteria were twin newborns,
duration of pregnancy less than 22 weeks and higher
than 42 weeks. The final number of participants was
303,625.

To analyze the adverse birth weight, the weight
at birth in grams was operationalized as a categorical
variable indicating: low weight (< 2,500g), normal
weight (2,500g 3,999g) and macrosomia
(=4,000g).3.9

The exposition variables considered for their
relationship with birth weight was: gestational dura-
tion, pathologies, substance use, pregnancy medical
care, pre-gestational nutritional status of the woman
and sex of the offspring.

Gestational age was linked to the health certifi-
cate records at birth instead of using the date of last
menstruation because the latter overestimates the
weight higher than or equal to 2,500g in preterm
birth, considering lower gestational age.!3

Maternal pre-gestational nutritional status of the



woman was operationalized with the body mass
index (BMI) before pregnancy [weight (kg) / height
(m) 2], which was categorized into four groups: low
weight (< 18.5 kg/m2), normal weight (18.5 — 24.9
kg/m?2), overweight (25.0-29.9 kg/m2) and obesity
(>30.0 kg/m2).14

Pregnancy controls were classified as adequate,
intermediate, and inadequate, using a measure of the
required number of visits according to the weeks of
gestation, where the higher gestational age requires
a higher number of prenatal care visits. This tech-
nique is an adaptation of the Kessner Index.15 The
citing index further includes the month in which the
prenatal care begins, for this study, no such discrimi-
nated information was available. Tobacco, alcohol,
and drug use was considered when the mother had
stated that it had been used in any trimester of preg-
nancy.

Statistical analysis: To describe the study popu-
lation, we used frequencies, variables with a normal
distribution are expressed as mean + standard devia-
tion, and variables with a non-normal distribution
are expressed as median and interquartile range.
Simple logistic regression models were utilized with
95% confidence intervals, to identify the factors
associated with LBW and macrosomia. The factors
analyzed were those that are harmful to fetal growth
and often occur in pregnancy (infections, hyperten-
sion, diabetes, smoking, alcohol and drug use, and
maternal malnutrition). Only exposures considered
a priori and showing a prevalence of more than 1%
were included in bivariate analyses. Logistic regres-
sion models were adjusted by confounder variables:
age and maternal schooling. Additionally, it was
adjusted per year of birth to show whether it could
be a factor influencing exposure and abnormal birth
weight. Adjustment variables were defined based on
the pattern of association with each exposure and
results identified based on literature and exploratory
analyses.

Since maternal morbidity could have an impact
on the duration of gestation and the number of
controls, the potential interactions between these
conditions in causing LBW and macrosomia were
measured on the logistic regression model. An inter-
action term for those maternal morbidities that could
change the duration of gestation and the number of
checks was tested, which were significant were
presented in the LBW and macrosomia models.

The data was collected from the universal birth
register files, therefore it was not necessary to
consider level of significance for the rejection of the
null hypothesis. However, a significance level
p=0.05 was used for the descriptive analysis of the
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number of births trends per year and birth anthro-
pometry per sex, because it was considered that each
subgroup could be a sample of the total period. In the
bivariate hypothesis contrast, we performed
Pearson's ji-square test for comparing birth ratios by
period and by sex. To analyze the differences in
anthropometry at birth by sex, the Kolmogorov-
Smirnov normality test was first performed and
confirmed that the distribution of the variable birth
weight was not normal (p<0.001). Differences in
birth anthropometry by sex were calculated using the
Wilcoxon Mann-Whitney U-test for independent
samples, which reflects the differences in medians of
2 populations when the variable does not have a
normal distribution. The data was processed using
SPSS Software version 22.

This is a secondary data analysis using data from
the government records. We obtained permission to
use this data from the area of Epidemiology of the
Ministry of Health, with identification of objectives
and commitment to use for scientific purposes.

Results

The numbers of births registered with the SIP
between 2009 and 2011 were around 41,000 per
year. In 2012 increased by 4,000 newborns, which
was 1% higher, and then these increasing remains.
This trajectory change reached statistical signifi-
cance (p<0.001) compared to the beginning of the
series (in 2009-2011).

A total of 303,625 birth data were included in the
analysis. The proportion of women who used to be
active smokers was one in five, 1% of mothers had
used drugs, and 0.9% alcohol. 7% did not meet the
minimum number of prenatal care visits for the
weeks of gestation. One in 20 women had anemia
before 20 weeks and increased to one in 10 in the
second half of pregnancy, 6.7% had hypertensive
pregnancy disease, 3.3% were pre-eclamptic, 12.8%
had at least one episode of bacteriuria. Diabetes
Mellitus I and Gestational Diabetes had a frequency
of 6.2%. One in 3 women started pregnancy over-
weight or obese and one in 15 had low pre-gesta-
tional weight. The descriptive characteristics of the
pregnancies are presented in the Table 1.

The median birth weight was 3,320 g, the length
at birth was 49 cm. The inferential analysis found a
statistically significant association between the sex
of the newborn with weight and length of birth
(»<0.001). The proportion of newborns with a birth
weight greater than 3,999g was 7.3%, and less than
2,500g was 6.9% over the whole period (Table 2). In
addition, the distributions of LBW and macrosomia
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were significantly different between the sexes
(»<0.001).

The prevalence of macrosomia (>3,999g)
increased since 7.0% (in 2009) to 8.4% (in 2015)
(p<0.001). The prevalence of LBW (<2,500g)
decreased since 2012, standing at 6.6% in the last
year. For both categories of adverse weight at birth,
there was a major change between 2011 and 2012
(Figure 1).

The factors that determines more possibilities of
LBW were maternal previous pathologies and during
pregnancy: preeclampsia (OR = 4.80; CI95%= 4.57-
5.05), previous hypertension (OR = 2.11; CI95%=
1.96-2.27), hypertensive disease of pregnancy (OR =
1.82; CI195%= 1.74-1.90). Inadequate control (OR =
2.29; CI195%= 2.20-2.39), low pre-maternal maternal
weight (OR = 1.65; C195%= 1.58-1.74), maternal
smoking (OR = 1.36; CI95% = 1.32-1.40) and
shorter duration of pregnancy (OR = 2.52; C195%=
2.50-2.55). The results also showed that there are
variables that interact with each other. The associa-
tion between LBW and hypertensive pregnancy
disease varies between gestation weeks (OR = 1.07;
CI95% = 1.03-1,11), the relationship with
preeclampsia varies according to weeks of gestation
(OR = 1.05; C195% = 1.01-1.11) and the number of
controls (OR = 1.04; C195% = 1.01-1.06) (Table 3).

Macrosomia was associated with type 1 diabetes

Table 1

(OR =2.21; CI95%= 1.86-2.61), maternal obesity
(OR =2.33; C195%= 2.24-2.43) and longer gestation
(OR = 2.62; CI95%= 2.53-2.72) (Table 4). Other
factors that predispose a newborn to macrosomia
including male sex (OR = 1.76; C195% = 1.71-1.81),
diabetes type 2 or Gestational (OR = 1.78; CI195%=
1.70-1.87), pre-gestational overweight (OR = 1.72;
CI95% = 1.66-1.78), hypertensive pregnancy disease
(OR = 1.08; CI95% = 1.03-1.14) and it was esti-
mated that for each cm of maternal size the proba-
bility of macrosomia increases (OR = 1.05; CI95%=
1.04-1.05). As for LBW, significant interaction terms
were found. The number of controls modifies the
effect between the antecedent of the mother of
diabetes (type 1, type 2 or gestational) and macro-
somia (OR = 1.10; CI95% = 1.03-1.16 and OR =
1.11; C195% = 1.09-1,12, respectively), the same
goes for hypertensive pregnancy disease (OR =1.04;
CI95% = 1.03-1.07) (Table 4).

Discussion

Uruguay is characterized by its low fertility rate and
low population growth.16 This study showed higher
number of births between 2011 and 2012, however,
this increasing did not continue in the period studied.
It would also be important to pinpoint the potential
problem with pre-2012 SIP files which was non-

Characteristics of mothers and their health conditions in the pregnancy of those born in the 2009-2015 period in

Uruguay.
Total population
N %

Education level

Primary and lower 72.870 24.0

Secondary and university 231.078 76.0
Smoking habit 56.677 18.6
Inadequate controls 20.943 6.9
Anemia

<20 weeks 14.541 5.5

220 weeks 28.082 9.3
Preeclampsia 8.648 33
Hypertension before pregnancy 5.903 2.2
Hypertensive disease of pregnancy 20.327 6.7
Bacteriuria 38.822 12.8
DMII and DG 16.435 6.2
Pregestational Nutritional Status N=257.501

Low weight 16.616 6.5

Normal 158.878 61.7

Overweight 53.818 20.9

Obesity 28.189 10.9

DMII= Diabetes Mellitus II; DG= Diabetes Gestacional.
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Table 2
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Characteristics of newborns according to sex in the period 2009-2015 in Uruguay.

Total population Girls Boys p
(N=303.625) (N=148.841) (N=154.472)
Median (IQR) Median (IQR) Median (IQR)
Birth weight (kg) 3.32 (3.00-3.63) 3.26 (2.95-3.56) 3.37 (3.05-3.69) <0.001 a
Birth length (cm) 49.0 (47.6-50.3) 49.0 (47.5-50.5) 49.5 (48.0-51.0) <0.001a
N % N % N %
Macrosomia 22.095 7.3 8.510 5.7 14.851 9.6 <0.001 b
LBW 21.106 6.9 11.101 7.5 9.917 6.4 <0.001b

LBW= low birth weight; IQR= interquartile range; aU-Mann Whitney Test; bPearson's Chi-square.

Figure 1

Annual prevalence of LBW and macrosomia in the 2009-2015 period in Uruguay.
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uniformity in data generation between institutions.
As a result of this problem is that the Ministry of
Health established more stringent regulations for the
collection and sending of information.12 It is
unlikely, however, that such insufficient information
will be differential regarding the weight of birth,
pregnancy morbidity, lifestyle and social status of
pregnant women, therefore the associations we
observe are valid.

This study found that in Uruguay the LBW is
declining and macrosomia is on the rise. The preva-
lence of LBW today is lower than previously
reported in the country and lower to that observed

in Latin America (which put the problem at 9%),
while the prevalence of LBW in other countries in
the region have decreased, which is desirable when
the short, medium and long-term LBW conse-
quences are known.2 Several components that can
cause LBW have been recognized and that over time
the relative weight of these factors in the problem is
changed from technological advances, greater
survival of neonates, and changes in the epidemio-
logical profile of the population.1,17-19

Complicated hypertension during pregnancy
(approximately 9% worldwide) is usually associated
with considerable morbidity and mortality, mainly
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Table 3

Association between maternal characteristics and those of newborns with low birth weight in the period 2009-2015 in Uruguay
(n=281.853).

OR crude Cl195% OR adjusted a Cl95% OR adjusted b Cl195%
Mothers characteristics
Tobacco use 1.41 1.36-1.46 1.36 1.32-1.40 1.36 1.32-1.40
Hypertensive disease of pregnancy (HDP) 2.16 2.05-2.28 1.82 1.74-1.90 1.82 1.75-1.90
Preeclampsia 5.13 4.87-5.40 4.80 4.57-5.05 4.80 4.57-5.03
HTA previa 2.25 2.06-2.46 2.11 1.96-2.27 2.11 1.96-2.26
Bacteriuria 1.08 1.03-1.14 1.00 0.96-1.04 1.00 0.97-1.05
Inadequate controls 2.52 2.42-2.62 2.29 2.20-2.39 2.28 2.19-2.37
Pregnancy consultations (n°) ¢ 1.30 1.29-1.31 1.28 1.28-1.29 1.28 1.28-1.30
Low pre-pregnancy maternal weight 1.63 1.55-1.71 1.65 1.58-1.74 1.65 1.57-1.73
Newborns characteristics
Gestation (weeks) ¢ 2.44 2.42-2.50 2.52 2.50-2.55 2.50 2.50-2.56
Female 1.14 1.10-1.16 1.19 1.16-1.22 1.19 1.16-1.22
Variable interaction
HDP * pregnancy consultations (n°) ¢ 1.02 1.00-1.03 1.01 1.00-1.03 1.01 0.99-1.03
HDP * gestation (weeks) ¢ 1.07 1.03-1.12 1.07 1.03-1.11 1.07 1.03-1.10
Preeclampsia * pregnancy consultations (n°) ¢ 1.03 1.01-1.05 1.04 1.01-1.06 1.04 1.01-1.06
Preeclampsia * gestation (weeks) ¢ 1.04 1.01-1.11 1.05 1.01-1.11 1.04 1.01-1.11

OR= odds ratio; HDP= hypertensive disease of pregnancy; HTA= arterial hypertension;
aAdjustment for age and maternal education; PAdjustment for age, maternal education and year of birth; <Converted to 1/ OR for better
presentation.

Referencia: Births weighing between 2,500g and 4,000g.
Newborns weighing more than 4,000g were excluded from this analysis.

Table 4

Association between maternal characteristics and those of newborns with macrosomia in the period 2009-2015 in Uruguay (n=282.842).

OR crude Cl95% OR adjusted 2 Cl195% OR adjusted b Cl95%
Mothers characteristics
DM | 2.37 2.00-2.81 2.21 1.86-2.61 2.20 1.86-2.62
DMIl and DG 1.90 1.82-2.00 1.78 1.70-1.87 1.78 1.70-1.87
Overweight pregestational 1.71 1.69-1.81 1.72 1.66-1.78 1.71 1.66-1.77
Obesidad pregestacional 2.39 2.30-2.48 2.33 2.24-2.43 2.32 2.23-2.42
Hypertensive disease of pregnancy (HDP) 1.12 1.06-1.17 1.08 1.03-1.14 1.08 1.03-1.14
HTA previa 1.03 0.93-1.13 0.94 0.85-1.03 0.94 0.85-1.03
Maternal height (cm) 1.05 1.05-1.06 1.05 1.04-1.05 1.05 1.04-1.05
Gestation greater than 40 weeks 2.54 2.45-2.63 2.62 2.53-2.72 2.62 2.53-2.72
Primigravity 1.10 1.01-1.19 1.08 1.00-1.17 1.10 1.00-1.19
Newborn characteristics
Male 1.74 1.69-1.79 1.76 1.71-1.81 1.76 1.71-1.81
Variable interaction
DMI * pregnancy consultations (n°)c 1.10 1.03-1.16 1.10 1.03-1.16 1.09 1.03-1.16
DMIl and DG * pregnancy consultations (n°)c 1.11 1.09-1.12 1.11 1.09-1.12 1.11 1.08-1.12
HDP * pregnancy consultations (n°)c 1.05 1.03-1.07 1.04 1.03-1.07 1.05 1.02-1.07

OR= od(ds ratio; HDP= hypertensive disease of pregnancy; HTA= arterial hypertension; DMI= diabetes mellitus 1; DMII: diabetes mellitus 2;
DG= diabetes gestacional; a Adjustment for age and maternal education; b Adjustment for age, maternal education and year of birth;
cConverted to 1/ OR for better presentation.

Referencia: Births weighing between 2,500g and 4,000g.
Newborns weighing less than 2,500g were excluded from this analysis.
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due to preeclampsia.20 Other analyses of the impact
of gestational hypertension showed that not only
impacts the newborn's situation, since the systematic
review by Davis and colleagues concluded that the
offspring of women with preeclampsia showed
higher blood pressure and BMI during early child-
hood and adulthood compared to those whose
mothers had not developed disease.21

This study therefore indicates the benefits or
advantages from the number of controls during preg-
nancy that are programmed to evaluate the course of
gestation and possibly detect abnormalities and
alterations in the growth of the fetus during
intrauterine development and maternal problems or
pathologies. A study in western China showed that at
least five controls during pregnancy were associated
with decreased in LBW, in the same study at least
eight controls showed a greater reduction.!! Another
study, conducted in Brazil showed that at least seven
visits were protective of LBW.22

Low maternal weight is an indicator of pre-
gestational malnutrition, which can predispose for
intrauterine malnutrition, visualized in the LBW.
This association has also been demonstrated by a
systematic review of 12 longitudinal studies.23

Understanding the factors associated with LBW
would help make effective health interventions in
women before and during pregnancy. In addition, the
analysis of variables interacting in their association
with LBW indicates that the effects found in the
exposures vary by week of gestation and number of
controls. The results show that for the effectiveness
of intervention approaches, they should include:
pregnancy planning (for women to start with good
nutritional status, health, and wellbeing), regular
contact with health equipment, and early detection
of the threat of preterm birth, or any risk that deter-
mines preterm birth.24 The evidence also supports
social determinants which set women most vulner-
able and for which community-based interventions
would be necessary.2> The results of the effects of
tobacco emphasizes the need for actions against
maternal and fetal exposure to tobacco smoke to
eliminate the harm this exposure demonstrates.26

This study found that macrosomia in newborns
was prevalent, especially in male neonates,
becoming an increasingly common problem.
Macrosomia has been associated with increased risk
of cesarean delivery, fetal dystocia with clavicular
and brachial plexus lesions, and a wide range of
health problems later in life, such as childhood
obesity, being the latter a risk factor for adult obesity
and noncommunicable diseases.27

This study showed a direct and positive associa-

Birth weight in Uruguay

tion between maternal excess malnutrition at the
beginning of pregnancy and macrosomia. It was also
shown, as well as previous publications, that women
with diabetes (Diabetes Mellitus Type I/II and
Gestational Diabetes) have a higher chance of fetal
macrosomia and this association increases as
controls decrease. Additionally, cohort studies have
provided evidence suggesting that the intrauterine
environment has a long-lasting impact on the child's
adiposity of the offspring.28-30 Therefore, the nutri-
tional and metabolic status of the mother can have
adverse effects on the body size of the newborn,
since it can heighten the risk of transgenerational
effects on obesity in her offspring.

Our study is not without limitations. All pre-
gestational data were self-reported. While analyzing
national data provides useful information to under-
stand reality and to recommend public health strate-
gies, according to the data available to carry out this
study, some unresolved issues remain. The associa-
tion of pre-pregnancy nutritional status with
abnormal birth weight is clear, however, what
happens to weight gain or nutritional status at the
end of pregnancy could not be analyzed. These data
are present on the pregnant woman's health records
card but are not lifted by the SIP, it would be impor-
tant to systematize all data.

Our study has several strengths. It is population-
based and included all the country's births for six
years and includes populations of all socioeconomic
strata, regions, cities, towns, and rural areas of the
country, which allowed us to properly quantify the
direct and indirect effects and approach national
reality.

In short, this study showed that the weight of
newborns is influenced by noncommunicable
diseases and pre-pregnancy nutritional status.
Potentially, the prevalence of LBW and macrosomia
could be modified with adequate pregnancy planning
and health control. The way to successfully address
this problem would be to universalize health care
assistance during pregnancy, therefore ensuring
pregnant women the right of trusted and qualified
care during gestation, focusing on a reduction in
LBW and macrosomia rates.
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