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Abstract 
 
Introduction: Small‐for‐gestational‐age (SGA) neonates are defined as those born below the 10th per‐

centile for their gestational age. SGA neonates are a major concern in obstetrics due to their association 
with adverse neonatal outcomes. The objective of this study was to investigate the risk factors for SGA 
neonates. 

Material and methods: This retrospective case‐control study was conducted from September 2024 to 
January 2025 at the Third Obstetrics and Gynecology Clinic of the Medical School of Aristotle University 
of Thessaloniki, Greece. The study included women with low‐risk pregnancies and women who gave birth 
to SGA neonates. Medical records were retrieved and underwent statistical analysis. 

Results: A total of 46 women participated in the study. Of these, 23 had uncomplicated pregnancies 
and appropriate‐for‐gestational‐age (AGA) neonates, while the remaining 23 gave birth to SGA neonates. 
SGA neonates underwent induction of labor more often than the AGA ones (0,036), while smoking was 
identified as an independent risk factor for SGA neonates (OR: 8.430, 95% CI: 1,902 – 37,357, p=0.005). 
Of note, maternal age, parity, body mass index and aspirin use during pregnancy were not significantly 
associated with SGA. 

Conclusion: Our study highlighted the association between smoking and SGA neonates. The recom‐
mendation for smoking cessation has been shown to be crucial in reducing the incidence of SGA neonates.  
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Introduction  
 
The incidence of small for gestational age (SGA) 

neonates has remained a significant concern in re‐
cent decades, with an increasing recognition of its as‐
sociation with adverse neonatal outcomes. SGA 
refers to neonates with birthweight below the 10th 
percentile for their gestational age and it is common, 
especially in low‐ and middle – income countries. [1] 
Risk factors include maternal health conditions such 
as hypertension, diabetes, and smoking, as well as 
placental insufficiency and pregnancy complications 
such as premature membrane rupture. [2] 

In 2020, 23.4 million livebirths were small‐for‐
gestational‐age (SGA), representing approximately 
16.3% of global livebirths.  [3] The global prevalence 
of SGA is influenced by several factors, including ma‐
ternal age, socioeconomic status, prenatal care and 
access to healthcare services. In addition, maternal 
undernutrition or overnutrition, chronic diseases, 
and substance use are also known to significantly in‐
crease the risk of having an SGA neonate. [4, 5] 

SGA neonates face an increased risk of perinatal 
mortality, neonatal morbidity, long‐term develop‐
mental delays, and cognitive impairments. These in‐
fants are more likely to experience complications 
such as respiratory distress syndrome (RDS), hypo‐
glycemia, and infections. Additionally, SGA infants 
often face difficulties in adapting to extrauterine life, 
with a higher incidence of admission to neonatal in‐
tensive care unit (NICU) compared to appropriate for 
gestational age (AGA) neonates. [6, 7] 

Because of the serious risks associated with SGA 
pregnancies, early detection through routine screen‐
ing and appropriate surveillance is essential to im‐
prove outcomes. Yet, despite advances in prenatal 
care, SGA neonates continue to require a high level 
of neonatal support and long‐term follow‐up to ad‐
dress potential developmental concerns. 

The aim of this study was to investigate the risk 

factors for SGA neonates in an Academic obstetric 
department of a tertiary hospital. 

 
Material and methods 
 
This was a retrospective case‐control study con‐

ducted from September 2024 to January 2025 at the 
Third Department of Obstetrics and Gynecology, 
School of Medicine, Faculty of Health Sciences, Aris‐
totle University of Thessaloniki, Greece. The study 
included low risk pregnancies and uncomplicated 
deliveries of AGA and SGA neonates. 

All medical files were reviewed and digitized data 
were retrieved. The criteria for selecting the cases 
were that the patients had undergone ultrasound 
scans in the 1st and 2nd trimesters to reduce the 
likelihood of genetic syndromes. Additionally, there 
had to be documentation regarding the use or non‐
use of aspirin and smoking habits, as well as the cal‐
culation of the mother’s booking body mass index 
(BMI), along with the number of previous deliveries. 

Regarding the selection criteria for the analysis on 
the fetal/neonatal side, only fetuses that, based on 
birthweight and using the ASTRAIA computer soft‐
ware (NEXUS/ASTRAIA GmbH, Munich, Germany), 
were between the 3rd and 10th percentile for birth‐
weight at delivery were included. Newborns below 
the 3rd percentile for birthweight at delivery, i.e., 
those with severe fetal growth restriction, were not 
included in the study. Furthermore, deliveries for 
which there was incomplete documentation of the 
mother's history and characteristics were excluded. 
Pregnancies that were expected to result in SGA 
neonates based on the third trimester ultrasound, 
but this was not confirmed at delivery, were also ex‐
cluded. Additionally, pregnancies that were either 
unmonitored or partially monitored were excluded, 
as well as moderately or extremely preterm new‐
borns. 

All women consented to participate in the study, 
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willingly and the data were directly anonymized dur‐
ing statistical analysis, after first retrieval. Under no 
circumstances were any incentives provided to any of 
the participants. In accordance with standard proto‐
cols (https://www.hra.nhs.uk/approvals‐amend‐
ments/what‐approvals‐do‐i‐need/)  for observational 
studies that do not involve interventions or modifica‐
tions to routine patient care the study was exempt 
from institutional board review. [8] 

Categorical variables are expressed as n(%) and 
continuous variables as mean (SD). Continuous vari‐
ables such as maternal age and BMI were treated as 
numeric variables and were expressed as means with 
standard deviations. Categorical variables such as the 
smoking habit, the use of aspirin and mode of deliv‐
ery were coded as binary variables. Univariate analy‐
ses of qualitative variables were conducted using the 
chi‐square or Fisher’s exact test; univariate analyses 
for continuous variables were conducted using the 
independent samples t‐test. A multivariate logistic re‐
gression model (Enter method) was employed to 
identify factors independently associated with SGA. 
Estimated associations were reported as odds ratios 
(OR) with 95% confidence intervals (CIs). Statistical 
significance was set at 0.05 and all analyses were car‐
ried out using the Statistical Package SPSS v. 28.0. 

 
Results   
 
In total, 46 women were found eligible to partici‐

pate. 23 pregnancies were normal and uneventful, 
with AGA neonates, while the remaining 23 women 
gave birth to SGA neonates (Table 1). 

Following multivariate logistic regression analysis, 
by using SGA outcome as a dependent categorical 
variable, smoking was identified as an independent 
risk factor for small for gestational age neonates (OR: 
8,430; 95% CI: 0,902‐ 37,357; p=0,005). Advancing 
maternal age (OR: 0,958; 95% CI: 0,848 – 1,083; 
p=0,494), parity (OR: 1,241; 95% CI: 0,635 – 3,427; 
p=0,528), advancing BMI (OR: 1,027; 95% CI: 0,929 
– 1,135; p=0,607) and aspirin use (OR: 2,032; 95% 
CI: 0,428 – 9,648; p= 0,372) were not associated with 
SGA (Table 2). 

 
Discussion 
 
The main findings of this study were: i) smoking 

is associated with SGA neonates and ii) pregnancies 
complicated by SGA are more likely to undergo in‐
duction of labor. 

Our findings support previous literature on the im‐
pact of smoking during pregnancy, highlighting it as 
a significant risk factor for SGA neonates. [9] Smoking 
was found to be associated with an increased likeli‐
hood of delivering an SGA infant, consistent with the 
well‐established body of research demonstrating the 
detrimental effects of tobacco use on fetal growth. 
[10, 11, 12] Smoking is known to restrict blood flow 
to the placenta, leading to lower oxygen and nutrient 
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Table 1. The demographic and obstetric characteristics of the sample population 
                                                                                       AGA                                                                     SGA                                                     P VALUE 
Maternal age                                                         31,6 (5,3)                                                          30,7 (6,5)                                                   0,586 
BMI                                                                           27,8 (6,6)                                                          27,9 (7,1)                                                   0,945 
Parity                                                                            2 (1)                                                                    2 (1)                                                        0,897 
Smoking                                                                 4 (17,3%)                                                        13 (56,5%)                                                   0,01 
Aspirin                                                                    5 (21,7%)                                                           6 (26%)                                                    0,730 
Cesarean Section                                                 9 (39,1%)                                                        11 (47,8%)                                                 0,552 
Induction of labor                                                 6 (26%)                                                            13 (56,5)                                                   0,036 
NICU                                                                                 0                                                                           0                                                           0,999 
 



supply to the fetus, which impairs its growth and de‐
velopment. [13] The observed association in our 
study adds further weight to the growing consensus 
that smoking cessation is a critical intervention for 
reducing the incidence of SGA births. 

Additionally, we found that SGA neonates were 
more likely to experience induction of labor, a result 
that aligns with clinical practice where healthcare 
providers often opt for induction, since it is fre‐
quently recommended for cases where fetal well‐
being is compromised as it can reduce the risks of 
stillbirth or perinatal complications. However, this 
association is more of a clinical response to the pres‐
ence of SGA rather than a direct risk factor contribut‐
ing to fetal growth restriction.[14] 

This study did not find a significant link between 
maternal body mass index (BMI), maternal age, or 
aspirin use and the occurrence of SGA in the specific 
sample. This result contrasts with previous research 
suggesting that maternal obesity is associated with 
a decreased risk of having an SGA neonate and low 
maternal BMIs is associated with the risk of deliver‐
ing a SGA neonate. [15, 16] However, it is important 
to note that the relationship between BMI and fetal 
growth is complex and may be influenced by factors 
such as the severity of maternal obesity or the pres‐
ence of comorbidities like gestational diabetes. Our 
lack of significant findings on BMI may reflect the rel‐
atively homogenous nature of the sample in terms of 
weight and statistical errors due to the small sample. 
As for the advancing maternal age and parity, this 
study does not associate these factors with SGA 
neonate, however this contradicts previous results 

and is subjected to the limitations of this study.  [17] 
Similarly, while aspirin use is often linked to im‐

proved pregnancy outcomes in high‐risk pregnancies, 
particularly in cases at high‐risk for preeclampsia, 
our study did not find a statistically significant asso‐
ciation with SGA. [18, 19] 

This study has limitations due to its retrospective 
design, the small sample size, the inclusion of partic‐
ipants from a single center in Greece and its re‐
stricted geographic scope, which may affect the 
broader applicability of the results. 

 
Conclusion 
 
This study underscores the significant impact of 

smoking on the risk of SGA and the likelihood of in‐
duction of labor in these pregnancies. However, the 
lack of significant associations with maternal BMI, 
maternal age, and aspirin use suggests that other, 
more complex factors may be at play in determining 
fetal growth. Future studies with larger sample sizes 
and more comprehensive data on maternal health, 
lifestyle, and prenatal care are needed to further elu‐
cidate the multifactorial nature of SGA and its asso‐
ciated risk factors. Moreover, interventions targeting 
smoking cessation during pregnancy remain essen‐
tial for reducing the incidence of SGA neonates and 
improving overall maternal and fetal health out‐
comes. 
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Table 2. Multivariate logistic regression analysis 
                                                                            P value                                                      OR                                                          95% CI 
Maternal age                                                     0,494                                                     0,958                                                  0,848 – 1,083 
Parity                                                                   O,528                                                     1,241                                                  0,635 – 2,427 
BMI                                                                       0,607                                                     1,027                                                  0,929 – 1,135 
Smoking                                                              0,005                                                     8,430                                                 1,902 – 37,357 
Aspirin use                                                         0,372                                                     2,032                                                  0,428 – 9,648 



Funding 
 
None. 
 
References 
 

1. Katz, J., Lee, A. C., Kozuki, N., Lawn, J. E., Cousens, 
S., Blencowe, H., Ezzati, M., Bhutta, Z. A., 
Marchant, T., Willey, B. A., Adair, L., Barros, F., 
Baqui, A. H., Christian, P., Fawzi, W., Gonzalez, R., 
Humphrey, J., Huybregts, L., Kolsteren, P., 
Mongkolchati, A., CHERG Small‐for‐Gestational‐
Age‐Preterm Birth Working Group (2013). Mor‐
tality risk in preterm and small‐for‐gestational 
‐age infants in low‐income and middle‐income 
countries: a pooled country analysis. Lancet (Lon‐
don, England), 382(9890), 417–425. https:// 
doi.org/10.1016/S0140‐6736(13) 60993‐9 

2. Liu, Q., Yang, H., Sun, X., & Li, G. (2019). Risk factors 
and complications of small for gestational age. 
Pakistan journal of medical sciences, 35(5), 1199–
1203. https://doi.org/10.12669/pjms.35.5.253 

3. Lawn, J. E., Ohuma, E. O., Bradley, E., Idueta, L. S., 
Hazel, E., Okwaraji, Y. B., Erchick, D. J., Yargawa, 
J., Katz, J., Lee, A. C. C., Diaz, M., Salasibew, M., Re‐
quejo, J., Hayashi, C., Moller, A. B., Borghi, E., 
Black, R. E., Blencowe, H., Lancet Small Vulner‐
able Newborn Steering Committee, 
WHO/UNICEF Preterm Birth Estimates Group, 
… Subnational Vulnerable Newborn Measure‐
ment Group (2023). Small babies, big risks: 
global estimates of prevalence and mortality for 
vulnerable newborns to accelerate change and 
improve counting. Lancet (London, England), 
401(10389), 1707–1719. https://doi.org/ 
10.1016/S0140‐6736(23)00522‐6 

4. Falcão, I. R., Ribeiro‐Silva, R. C., de Almeida, M. 
F., Fiaccone, R. L., Silva, N. J., Paixao, E. S., Ichi‐
hara, M. Y., Rodrigues, L. C., & Barreto, M. L. 
(2021). Factors associated with small‐ and 

large‐for‐gestational‐age in socioeconomically 
vulnerable individuals in the 100 Million Brazil‐
ian Cohort. The American journal of clinical nu‐
trition, 114(1), 109–116. https://doi.org/ 
10.1093/ajcn/nqab033 

5. Glassman, Danielle C. et al.Maternal smoking 
and small for gestational age births in the US 
American Journal of Obstetrics & Gynecology, 
Volume 222, Issue 1, S193 – S194 

6. Hwang I. T. (2019). Long‐term care, from 
neonatal period to adulthood, of children born 
small for gestational age. Clinical pediatric en‐
docrinology : case reports and clinical investi‐
gations : official journal of the Japanese Society 
for Pediatric Endocrinology, 28(4), 97–103. 
https://doi.org/10.1297/cpe.28.97 

7. Abali, S., Beken, S., Albayrak, E., Inamlik, A., 
Bulum, B., Bulbul, E., Eksi, G. Z., Ay, Z. A., Karabay, 
M., Kaya, D., Halici, M., Semiz, S., & Korkmaz, A. 
(2021). Neonatal Problems and Infancy Growth 
of Term SGA Infants: Does "SGA" Definition 
Need to Be Re‐evaluated?. Frontiers in pedi‐
atrics, 9, 660111. https://doi.org/10.3389 
/fped.2021.660111 

8. Wade DT. Ethics, audit, and research: all shades 
of grey. Bmj. 2005;330:468‐71. 

9. Mitta, K., Tsakiridis, I., Drizou, S., Michos, G., Kalo‐
giannidis, I., Mamopoulos, A., Christodoulaki, C., 
Panagopoulos, P., & Dagklis, T. (2025). Smoking 
Status in Pregnancy: A Retrospective Analysis in 
Northern Greece. Journal of clinical medicine, 
14(2), 431.  https://doi.org/10.3390/jcm14020431 

10. Ko, T. J., Tsai, L. Y., Chu, L. C., Yeh, S. J., Leung, C., 
Chen, C. Y., Chou, H. C., Tsao, P. N., Chen, P. C., & 
Hsieh, W. S. (2014). Parental smoking during 
pregnancy and its association with low birth‐
weight, small for gestational age, and preterm 
birth offspring: a birth cohort study. Pediatrics 
and neonatology, 55(1), 20–27. 
https://doi.org/10.1016/j.pedneo.2013.05.005 

VOLUME 24, ISSUE 3 JULY-SEPTEMBER 2025

Risk factors for small-for-gestational-age neonates: A retrospective study in Northern Greece

216



11. Kabir, Z., Daly, S., Clarke, V., Keogan, S., & Clancy, 
L. (2013). Smoking ban and small‐for‐gesta‐
tional age births in Ireland. PloS one, 8(3), 
e57441. https://doi.org/10.1371/journal.pone. 
0057441 

12. Kobayashi, S., Sata, F., Hanaoka, T., Braimoh, T. 
S., Ito, K., Tamura, N., Araki, A., Itoh, S., 
Miyashita, C., & Kishi, R. (2019). Association be‐
tween maternal passive smoking and increased 
risk of delivering small‐for‐gestational‐age in‐
fants at full‐term using plasma cotinine levels 
from The Hokkaido Study: a prospective birth co‐
hort. BMJ open, 9(2), e023200. https://doi.org/ 
10.1136/bmjopen‐2018‐023200 

13. Niu, Z., Xie, C., Wen, X., Tian, F., Ding, P., He, Y., Lin, 
J., Yuan, S., Guo, X., Jia, D., & Chen, W. Q. (2015). 
Placenta mediates the association between ma‐
ternal second‐hand smoke exposure during 
pregnancy and small for gestational age. Pla‐
centa, 36(8), 876–880. https://doi.org/10.1016 
/j.placenta.2015.05.005 

14. Melamed, N., Baschat, A., Yinon, Y., Athanasiadis, 
A., Mecacci, F., Figueras, F., … Hod, M. (2021). 
FIGO (International Federation of Gynecology 
and Obstetrics) initiative on fetal growth: Best 
practice advice for screening, diagnosis, and 
management of fetal growth restriction. Inter‐
national Journal of Gynecology & Obstetrics, 
152(S1), 3–57. doi:10.1002/ijgo.13522 

15. Goetzinger, K. R., Cahill, A. G., Macones, G. A., & 
Odibo, A. O. (2012). The relationship between 
maternal body mass index and tobacco use on 
small‐for‐gestational‐age infants. American 
journal of perinatology, 29(3), 153–158.15. 
https://doi.org/10.1055/s‐0031‐1284224 

16. Liu, L., Ma, Y., Wang, N. et al. Maternal body mass 
index and risk of neonatal adverse outcomes in 
China: a systematic review and meta‐analysis. 
BMC Pregnancy Childbirth 19, 105 (2019). 
https://doi.org/10.1186/s12884‐019‐2249‐z   

17. Palatnik, A., De Cicco, S., Zhang, L., Simpson, P., 
Hibbard, J., & Egede, L. E. (2020). The Associa‐
tion between Advanced Maternal Age and Di‐
agnosis of Small for Gestational Age. American 
journal of perinatology, 37(1), 37–43. 
https://doi.org/10.1055/s‐0039‐1694775 

18. Hastie, R., Tong, S., Wikström, A. K., Walker, S. P., 
Lindquist, A., Cluver, C. A., Kupka, E., Bergman, 
L., & Hesselman, S. (2022). Low‐Dose Aspirin 
for Preventing Birth of a Small‐For‐Gestational 
Age Neonate in a Subsequent Pregnancy. Ob‐
stetrics and gynecology, 139(4), 529–535. 
https://doi.org/10.1097/AOG.000000000000
4696 

19. Tan, M. Y., Poon, L. C., Rolnik, D. L., Syngelaki, A., 
de Paco Matallana, C., Akolekar, R., Cicero, S., 
Janga, D., Singh, M., Molina, F. S., Persico, N., Jani, 
J. C., Plasencia, W., Greco, E., Papaioannou, G., 
Wright, D., & Nicolaides, K. H. (2018). Prediction 
and prevention of small‐for‐gestational‐age 
neonates: evidence from SPREE and ASPRE. Ul‐
trasound in obstetrics & gynecology: the official 
journal of the International Society of Ultra‐
sound in Obstetrics and Gynecology, 52(1), 52–
59. https://doi.org/10.1002/uog.19077 

 
 
 
 
 

VOLUME 24, ISSUE 3 JULY-SEPTEMBER 2025

Kripouri et al

217

Received 6‑2‑2025 
Revised 25‑2‑2025 
Accepted 3‑3‑2025 


