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The effect of advanced maternal age and gestational weight gain 
on newborns
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INTRODUCTION
Advanced maternal age (AMA) is defined as the mother being 
≥35 years of age at the time of birth1,2. When the birth statistics 
of the Turkish Statistical Institute are examined, the birth rate 
for those aged 35 years and over was 14.27% in 2015, which 
increased to 15.89% in 20213. The Organization for Economic 
Co-operation and Development (OECD) reported that since 
2000, while fertility rates decreased for women under 30 years 
of age, the reverse was true for those aged ≥30 years4. Literature 
search revealed that AMA is associated with numerous adverse 
pregnancy and neonatal outcomes5-7.

Gestational weight gain (GWG) is the difference between 
the weight measurements of the pregnant woman at prenatal 
follow-up just before birth and at pre-conception or at the begin-
ning of the first trimester8. It is known that excessive weight 
gained during pregnancy or, conversely, inadequate weight has 
adverse consequences for both the newborn and the mother. 
For example, weight gain above recommendations has been 

associated with increased macrosomia, large-for-gestational-age 
newborns (LGA), and cesarean delivery9.

This study is the first in Turkey in which Z-score measure-
ments of birth weight, birth length, and birth head circumfer-
ence were calculated using Intergrowth 21 standards of new-
borns of mothers whose GWG was categorized according to 
IOM and age group.

In the thesis study conducted by Akgün in 2013, the effects 
of maternal body mass index (BMI) and GWG on neonatal 
outcomes were examined, similar to our study. However, in our 
study, GWG categories were also subcategorized according to 
age and evaluated as <35 years of age and ≥35 years of age10.

The aim of this study was to classify the pre-pregnancy BMIs 
of pregnant women according to the WHO criteria, evaluate 
their gestational weight gain according to the pregnancy weight 
gain guide recommendations published by IOM in 2009, and 
examine the effects of maternal age and gestational weight gain 
on newborn outcomes.
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SUMMARY
INTRODUCTION: Advanced maternal age is defined as the mother being ≥35 years of age at the time of birth. Gestational weight gain is the difference 

between the weight measurements of the pregnant woman at prenatal follow-up just before birth and at pre-conception or at the beginning of the 

first trimester. In our study, we examined the effects of maternal age and gestational weight gain on neonatal outcomes.

METHODS: This study was conducted, in the Rize province between April 2022 and January 2023, on pregnant women registered in seven Family 

Health Centers in the last 5 years and their resulting newborns. In total, this study analyzed the data of 642 pregnant women and their 642 newborns. 

Data records in the study are pregnant-puerperal follow-up form, newborn-child follow-up form, and family medicine information system.

RESULTS: The probability of newborns of mothers with excessive gestational weight gain being large-for-gestational-age was found to be 1.81 times 

higher in univariate analysis and 1.72 times higher in multivariate analysis. While the effect of gestational weight gain status on birth weight Z-score 

was significant, gestational age had no significant effect (p=0.001 and p=0.136, respectively).

CONCLUSION: In this period, when obesity, which is a disease of our age, is widespread and the gestational age has moved to older ages, there is a 

need for more extensive research on this subject in future studies.
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METHODS

Data collection
This study was conducted, in the Rize province between April 
2022 and January 2023, on pregnant women registered in 34 
Family Medicine Units (FMU) of 7 Family Health Centers 
(FHC) in the last 5 years and their resulting newborns.

In total, 320 pregnant women aged ≥35 years were included 
in the study. Data pertaining to 322 pregnant women under 
the age of 35 years were collected in a similar fashion. In total, 
this study analyzed the data of 642 pregnant women and their 
642 newborns.

Inclusion criteria
Pregnant women aged 18 years and over, whose birth week was 
known according to the last menstrual period, were included 
in the study. In addition, pregnant women who applied for 
the first follow-up before the 8th week of gestation, whose 
height and weight were measured by the nurse on duty at 
the FHC, and who were followed up at least four times in 
total or at least once in each trimester were included. In cases 
where the same person had different pregnancies within a 
5-year period, the last pregnancy period and information 
were included in the study.

Exclusion criteria
Pregnant women with multiple pregnancy status, pre-preg-
nancy hypertension, gestational hypertension or preeclamp-
sia, pre-gestational diabetes mellitus or gestational diabetes 
mellitus, thromboembolic complications during pregnancy, a 
history of polyhydramnios or oligohydramnios during preg-
nancy, hypothyroidism, and chronic kidney disease were not 
included in the study.

Data records of pregnant women and newborns included 
in the study

1.	 Pregnant-puerperal follow-up form (PPFF)
2.	 Newborn-child follow-up form (NCFF)
3.	 Family Medicine Information System (FMIS)

The PPFF begins to be recorded as of the day the person 
applies for the first pregnancy monitoring by the nurse in the 
FMU to which the person is affiliated. Personal information 
such as the pregnant woman’s date of birth, marital status, edu-
cation level, smoking status, and employment status are pro-
vided here. Obstetric history, last menstrual period in the cur-
rent pregnancy, first follow-up week, weight and height of the 
pregnant woman measured by the nurse or midwife at the first 
and last follow-up, gestational week at the end of pregnancy, 

birth time according to week, and delivery method are among 
the data obtained here.

The NCFF will be filled out by the nurse at the FHC to 
which the newborn is brought for follow-up in the first week 
after birth. Included in the form are the newborn’s gender, 
mode of birth, birth weight, birth length, head circumference 
at birth, and congenital malformation status, and the results 
of the newborn data were analyzed in the study.

Pre-pregnancy maternal BMI analysis
BMI is calculated by dividing a person’s weight in kilograms 
by the square of their height in meters (kg/m2)11. This mea-
sure is independent of age, race, ethnicity, parity, and muscle 
mass in adults.

Gestational weight gain
It has been reported in the literature that there is a strong 
correlation between the pre-pregnancy period and the first 8 
weeks of pregnancy in terms of maternal BMIs12. In order to 
minimize the impact of the limitation on the study, pregnant 
women who applied for the first follow-up before the 8th week 
of pregnancy were included.

In our study, recommended total weight gain ranges in sin-
gleton pregnancies according to the BMI category calculated 
based on the WHO BMI classification in the 2009 IOM cri-
teria were used. The recommended total weight gain ranges 
are 12.5–18 kg for underweight women, 11.5–16 kg for nor-
mal-weight women, 7–11.5 kg for overweight women, and 
5–9 kg for obese women.

Effect on neonatal outcomes
Newborns are classified as preterm, term, and postterm accord-
ing to the week of gestation they are born. Preterm birth is 
used to describe newborns born alive before completing the 
37th week of gestation. Postterm birth refers to the birth of 
live newborns after the 42nd week of gestation13. Birth weight 
percentile measurement of newborns was calculated using 
International Fetal and Newborn Growth Consortium for the 
21st Century (INTERGROWTH-21st) standards specific to 
gestational age and gender14. Newborns were categorized as 
small-for-age (SGA) newborns, gestational-age-appropriate 
(AGA) newborns, and LGA newborns based on the classifica-
tion of the American Academy of Pediatrics. SGA is defined as 
birth weight below the 10th percentile for gestational age, and 
LGA as birth weight above the 90th percentile15. Newborns 
were also classified by birth weight, regardless of gestational 
age. In our study, weights of 4,000 g and above were classified 
as macrosomia.
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Z-score measurements of newborns
Birth anthropometers of newborns were determined based 
on INTERTGROWTH-21st standards. Z-scores of the new-
born were evaluated by entering the data into the calculation 
section on the INTERGROWTH-21st website using gender, 
birth week, birth weight, height, and head circumference16.

Statistical analysis
The SPSS 21.0 package program was used in the analysis of 
the study. The suitability of the data for normal distribution 
was evaluated with the Kolmogorov-Smirnov test and coeffi-
cient of variation. Continuous variables were shown with their 
mean, standard deviation, minimum, and maximum values. 
Categorical variables are shown with frequency and percent-
age. The chi-square test or Fisher’s exact test was used for cate-
gorical variables for comparisons between groups. Assessment 
of continuous variables was made by Student’s t test between 
the two groups and one-way analysis of variance (ANOVA) 
test between more than two groups. Binomial logistic regres-
sion analysis was performed to evaluate preterm and LGA risk 
of newborns, and and the data were presented as odds ratios 

(OR) and 95% confidence intervals (CIs). The results were 
evaluated at a 95% confidence level, and the significance level 
was accepted as p<0.05.

RESULTS

Demographic characteristics of maternal and 
infant characters
Among pregnant women aged ≥35 years, the rates of adequate, 
inadequate, and excessive GWG states were 35, 28, and 37%, 
respectively. When evaluated according to the GWG, the LGA 
rate in the newborns of mothers aged ≥35 years with excessive 
GWG was higher than that of mothers with inadequate and 
adequate GWG, but this difference was insignificant (Table 1).

Effect of maternal age and gestational weight 
gain on newborn outcomes
The probability of newborns of mothers with excessive GWG 
being LGA was found to be 1.81 times higher in univariate 
analysis (crude OR 1.81 [95%CI 1.15–2.85]) and 1.72 times 

Table 1. Maternal and infant characteristics and demographics according to maternal age and gestational weight gain categories.

 
Inadequate Adequate Excessive

(n=173) p (n=233) p (n=236) p

  <35 ≥35   <35 ≥35   <35 ≥35  

Maternal characteristics n=84 n=89   n=121 n=112   n=117 n=119  

Parity 

Primipara 26 (31) 8 (9) <0.001* 44 (36.4) 13 (11.6) <0.001* 40 (34.2) 11 (9.2) <0.001*

Primary-
Secondary

23 (27.4) 39 (43.8) 0.031* 36 (29.8) 46 (41.4) 0.176* 26 (22.2)a 53 (44.9)b 0.001*

Education 
High School 25 (29.8) 27 (30.3)   37 (30.6) 29 (26.1)   40 (34.2)a 31 (26.3)a  

University 36 (42.9) 23 (25.8)   48 (39.7) 36 (32.4)   51 (43.6)a 34 (28.8)b  

Smoking 
status

Smoker 1 (1.2) 5 (5.6) 0.112** 11 (9.1) 2 (1.8) 0.015** 8 (6.8) 9 (7.6) 0.829*

Infant  characteristics n=84 n=89   n=121 n=112   n=117 n=119  

Gender Female 38 (45.2) 47 (52.8) 0.319* 61 (50.4) 51 (45.5) 0.457* 50 (42.7) 57 (47.9) 0.426*

Birth Time 
Preterm 14 (16.7) 23 (25.8) 0.141* 14 (107) 19 (17) 0.238* 12 (10.3) 17 (14.3) 0.346*

SGA 3 (3.6) 3 (3.4) 0.533** 3 (2.5) 4 (3.6) 0.213** 3 (2.6) 5 (4.2) 0.849**

Fetal AGA 70 (83.3) 69 (77.5)  
103 

(85.1)
85 (75.9)   83 (70.9) 84 (70.6)  

Growth 
LGA 11 (13.1) 17 (19.1)   15 (12.4) 23 (20.5)   31 (26.5) 30 (25.2)  

<2500 0 6 (6.7) 0.046** 4 (3.3) 2 (1.8) 0.352** 1 (0.9) 2 (1.7) 0.089**

Birth 2500-4000 80 (95.2) 79 (88.8)  
110 

(90.9)
98 (87.5)   96 (82.1)

107 
(89.9)

 

Weight >4000 4 (4.8) 4 (4.5)   7 (5.8) 12 (10.7)   20 (17.1) 10 (8.4)  

*Chi-squared test, **Fisher’s exact test.  GWG: gestational weight gain; SGA: small-for-age; AGA: gestational-age-appropriate; LGA: large-for-gestational-age. 
Same superscript letter denotes a subset of categories whose column value do not differ significantly form each other at the 0.05 level.
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higher in multivariate analysis (adjusted OR 1.72 [95%CI 
1.08–2.74]) (Table 2).

Relationship between newborn Z-scores 
according to maternal age and gestational 
weight gain status
Both the GWG status of the pregnant women and the gesta-
tional age significantly affected the birth length Z-score (p=0.004 
and p<0.001, respectivel).

DISCUSSION

Demographic characteristics
In our study, it was determined that the distribution of preg-
nant women into GWG categories according to age was sim-
ilar among themselves. In the study conducted by Xiao et al., 
in pregnant women aged ≥35 years, the rates of inadequate 
and adequate weight were, respectively, 18.3 and 46.3%17. 

Chinese BMI categories have different value ranges than those 
of WHO BMI categories18. We can explain the high rate of 
people with adequate weight gain according to BMI by using 
BMI values categorized according to their own race.

Neonatal outcomes
In our study, we evaluated the relationship between neonatal 
outcomes, such as LGA and preterm birth with GWG, and 
maternal age. Consistent with the literature, we found that 
excessive GWG significantly increased the risk of LGA. In a 
meta-analysis consisting of selected studies similar to ours, 
it was reported that pregnant women with excessive GWG 
had a higher risk of LGA (OR 1.85 [95%CI 1.76–1.95]). 
In the same study, the risk of LGA was also found to be 
lower in pregnant women with inadequate GWG (OR 0.59 
[95%CI 0.55–0.64])9.

In our study, the relationship between neonatal Z-score 
measurements and GWG was evaluated. As GWG increased, 
birth weight Z-score and birth length Z-score also increased. 

Table 2. Assessment of maternal age and gestational weight gain status on neonatal outcomes.

 

Preterm LGA

 n (%)
Crude Adjusteda

n (%)
Crude Adjustedb

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Variables

Age

<35 40 (40.4) Ref. (1) Ref. (1) 57 (44.9) Ref. (1) Ref. (1)

≥35 59 (59.6) 1.6 (1.04–2.47) 1.34 (0.82–2.20) 70 (55.1) 1.32 (0.89–1.95) 1.27 (0.81–1.98)

Adequate 37 (37.4) Ref. (1) Ref. (1) 28 (22) Ref. (1) Ref. (1)

GWG
Inadequate 33 (33.3) 1.64 (0.98–2.75) 1.65 (0.98–2.8) 38 (29.9) 0.997 (0.58–1.70) 0.94 (0.55–1.62)

Excessive 29 (29.3) 0.85 (0.5–1.44) 0.80 (0.47–1.38) 61 (48) 1.81 (1.15–2.85) 1.72 (1.08–2.74)

aNagelkerke R2: 0.047; bNagelkerke R2: 0.057.  Other variables included in the models: Gravida, newborn gender, and smoking status. LGA: large-for-gestational-
age; OR: odds ratio; CI: confidence interval; GWG: gestational weight gain.

Table 3. Newborn birth weight Z-score, birth length Z-score, and birth head circumference Z-score measurements according to age group and 
gestational weight gain status.

 
Birth weight 

Z-score
p-value

Birth length 
Z-score

p-value
Birth head 

circumference  
Z-score

p-value

Age
 

<35 0.42±0.92 0.136* 0.38±089 <0.001* 1.01±0.96 0.326*

≥35 0.53±1   0.64±0.92   1.08±1.04  

GWG 

Inadequate 
(n=173)

0.31±0.96a 0.001** 0.39±0.92a 0.004** 0.97±1.03 0.303**

Adequate 
(n=233)

0.41±0.92a   0.44±0.88a   1.02±1  

Excessive 
(n=236)

0.66±0.97b  0.66±0.93b  1.12±0.98  

*Student’s t-test, **one-way ANOVA. GWG: gestational weight gain. The same superscript letter denotes a subset of GWG categories that do not differ 
significantly from each other at the 0.05 level.
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