
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2023 May 6; 11(13): 2855-3113

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I May 6, 2023 Volume 11 Issue 13

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 11 Number 13 May 6, 2023

OPINION REVIEW

Long-term implications of fetal growth restriction2855

D'Agostin M, Di Sipio Morgia C, Vento G, Nobile S

REVIEW

Appraisal of gastric stump carcinoma and current state of affairs2864

Shukla A, Kalayarasan R, Gnanasekaran S, Pottakkat B

Burden of severe infections due to carbapenem-resistant pathogens in intensive care unit2874

Pace MC, Corrente A, Passavanti MB, Sansone P, Petrou S, Leone S, Fiore M

MINIREVIEWS

Individualized diabetes care: Lessons from the real-world experience2890

Khor XY, Pappachan JM, Jeeyavudeen MS

Clinical management of dural defects: A review2903

Dong RP, Zhang Q, Yang LL, Cheng XL, Zhao JW

Potential impact of music interventions in managing diabetic conditions2916

Eseadi C, Amedu AN

Implications of obesity and adiposopathy on respiratory infections; focus on emerging challenges2925

Lempesis IG, Georgakopoulou VE

ORIGINAL ARTICLE

Case Control Study

Association of C-reactive protein and complement factor H gene polymorphisms with risk of lupus 
nephritis in Chinese population

2934

Li QY, Lv JM, Liu XL, Li HY, Yu F

Retrospective Study

Comparison of the application value of transvaginal ultrasound and transabdominal ultrasound in the 
diagnosis of ectopic pregnancy

2945

Hu HJ, Sun J, Feng R, Yu L

Observational Study

Assessment of knowledge, cultural beliefs, and behavior regarding medication safety among residents in 
Harbin, China

2956

Liu XT, Wang N, Zhu LQ, Wu YB



WJCC https://www.wjgnet.com II May 6, 2023 Volume 11 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 13 May 6, 2023

SYSTEMATIC REVIEWS

Palliative oral care in terminal cancer patients: Integrated review2966

Silva ARP, Bodanezi AV, Chrun ES, Lisboa ML, de Camargo AR, Munhoz EA

META-ANALYSIS

Effect of preoperative inspiratory muscle training on postoperative outcomes in patients undergoing 
cardiac surgery: A systematic review and meta-analysis

2981

Wang J, Wang YQ, Shi J, Yu PM, Guo YQ

Efficacy and safety of intravenous tranexamic acid in total shoulder arthroplasty: A meta-analysis2992

Deng HM

CASE REPORT

Awake laparoscopic cholecystectomy: A case report and review of literature3002

Mazzone C, Sofia M, Sarvà I, Litrico G, Di Stefano AML, La Greca G, Latteri S

Bilateral malignant glaucoma with bullous keratopathy: A case report3010

Ma YB, Dang YL

Finger compartment syndrome due to a high-pressure washer injury: A case report3017

Choi JH, Choi SY, Hwang JH, Kim KS, Lee SY

Primary dedifferentiated chondrosarcoma of the lung with a 4-year history of breast cancer: A case report3022

Wen H, Gong FJ, Xi JM

Importance of proper ventilator support and pulmonary rehabilitation in obese patients with heart failure: 
Two case reports

3029

Lim EH, Park SH, Won YH

Multiple flexor tendon ruptures due to osteochondroma of the hamate: A case report3038

Kwon TY, Lee YK

Fractional flow reserve measured via left internal mammary artery after coronary artery bypass grafting: 
Two case reports

3045

Zhang LY, Gan YR, Wang YZ, Xie DX, Kou ZK, Kou XQ, Zhang YL, Li B, Mao R, Liang TX, Xie J, Jin JJ, Yang JM

Uterine artery embolization combined with percutaneous microwave ablation for the treatment of 
prolapsed uterine submucosal leiomyoma: A case report

3052

Zhang HL, Yu SY, Cao CW, Zhu JE, Li JX, Sun LP, Xu HX

Metachronous urothelial carcinoma in the renal pelvis, bladder, and urethra: A case report3062

Zhang JQ, Duan Y, Wang K, Zhang XL, Jiang KH

Unusual phenomenon-“polyp” arising from a diverticulum: A case report3070

Liew JJL, Lim WS, Koh FH



WJCC https://www.wjgnet.com III May 6, 2023 Volume 11 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 13 May 6, 2023

Idiopathic steno-occlusive disease with bilateral internal carotid artery occlusion: A Case Report3076

Hamed SA, Yousef HA

Solitary acral persistent papular mucinosis nodule: A case report and summary of eight Korean cases3086

Park YJ, Shin HY, Choi WK, Lee AY, Lee SH, Hong JS

Eosinophilic fasciitis difficult to differentiate from scleroderma: A case report3092

Lan TY, Wang ZH, Kong WP, Wang JP, Zhang N, Jin DE, Luo J, Tao QW, Yan ZR

Misdiagnosis of scalp angiosarcoma: A case report3099

Yan ZH, li ZL, Chen XW, Lian YW, Liu LX, Duan HY

Discrepancy among microsatellite instability detection methodologies in non-colorectal cancer: Report of 3 
cases

3105

Şenocak Taşçı E, Yıldız İ, Erdamar S, Özer L



WJCC https://www.wjgnet.com IX May 6, 2023 Volume 11 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 13 May 6, 2023

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Jina Yun, MD, PhD, Assistant Professor, Division of 
Hematology-Oncology, Department of Internal Medicine, Soonchunhyang University Bucheon Hospital, 
Soonchunhyang University School of Medicine, Bucheon 14584, South Korea. 19983233@schmc.ac.kr

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central, 
Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology 
Journal Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 
impact factor (IF) for WJCC as 1.534; IF without journal self cites: 1.491; 5-year IF: 1.599; Journal Citation Indicator: 
0.28; Ranking: 135 among 172 journals in medicine, general and internal; and Quartile category: Q4. The WJCC's 
CiteScore for 2021 is 1.2 and Scopus CiteScore rank 2021: General Medicine is 443/826. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Si Zhao; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

May 6, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 2855 May 6, 2023 Volume 11 Issue 13

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 May 6; 11(13): 2855-2863

DOI: 10.12998/wjcc.v11.i13.2855 ISSN 2307-8960 (online)

OPINION REVIEW

Long-term implications of fetal growth restriction

Martina D'Agostin, Chiara Di Sipio Morgia, Giovanni Vento, Stefano Nobile

Specialty type: Medicine, research 
and experimental

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Kumar S, India; 
Tolunay HE, Turkey

Received: January 27, 2023 
Peer-review started: January 27, 
2023 
First decision: February 17, 2023 
Revised: March 8, 2023 
Accepted: April 4, 2023 
Article in press: April 4, 2023 
Published online: May 6, 2023

Martina D'Agostin, Department of Pediatrics, University of Trieste, Trieste 34100, Italy

Chiara Di Sipio Morgia, Department of Woman and Child Health and Public Health, Università 
Cattolica del Sacro Cuore, Rome 00168, Italy

Giovanni Vento, Stefano Nobile, Department of Woman and Child Health and Public Health, 
Fondazione Policlinico Universitario A. Gemelli IRCCS - Università Cattolica del Sacro Cuore, 
Rome 000168, Italy

Corresponding author: Stefano Nobile, MD, MSc, PhD, Instructor, Staff Physician, Department 
of Woman and Child Health and Public Health, Fondazione Policlinico Universitario A. 
Gemelli IRCCS, Università Cattolica del Sacro Cuore, Largo Francesco Vito 1, Rome 00168, 
Italy. stefano.nobile@policlinicogemelli.it

Abstract
Fetal growth restriction (FGR), or intrauterine growth restriction (IUGR), is a 
complication of pregnancy where the fetus does not achieve its genetic growth 
potential. FGR is characterized by a pathological retardation of intrauterine 
growth velocity in the curve of intrauterine growth. However, the FGR definition 
is still debated, and there is a lack of a uniform definition in the literature. True 
IUGR, compared to constitutional smallness, is a pathological condition in which 
the placenta fails to deliver an adequate supply of oxygen and nutrients to the 
developing fetus. Infants with IUGR, compared to appropriately grown ges-
tational age infants, have a significantly higher risk of mortality and neonatal 
complications with long-term consequences. Several studies have demonstrated 
how suboptimal fetal growth leads to long-lasting physiological alterations for the 
developing fetus as well as for the newborn and adult in the future. The long-term 
effects of fetal growth retardation may be adaptations to poor oxygen and 
nutrient supply that are effective in the fetal period but deleterious in the long 
term through structural or functional alterations. Epidemiologic studies showed 
that FGR could be a contributing factor for adult chronic diseases including 
cardiovascular disease, metabolic syndrome, diabetes, respiratory diseases and 
impaired lung function, and chronic kidney disease. In this review we discussed 
pathophysiologic mechanisms of FGR-related complications and potential 
preventive measures for FGR.

Key Words: Fetal growth restriction; Intrauterine chronic hypoxia; Long-lasting 
physiological alterations; Cardiovascular disease; Metabolic syndrome; Obstructive 
pulmonary disease
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Core Tip: Fetal growth restriction (FGR) is a common complication of pregnancy where the fetus does not 
achieve its genetic growth potential. It is well known that FGR appears to be a contributing factor for adult 
chronic diseases including cardiovascular disease, metabolic syndrome, diabetes, dyslipidemia, and 
hypertension. Several studies demonstrated how suboptimal fetal growth leads to long-lasting 
physiological alterations for the developing fetus as well as for the newborn and adult in the future. 
Preventive measures and treatments should be assessed and adopted to prevent chronic diseases in FGR 
patients.

Citation: D'Agostin M, Di Sipio Morgia C, Vento G, Nobile S. Long-term implications of fetal growth restriction. 
World J Clin Cases 2023; 11(13): 2855-2863
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INTRODUCTION
Fetal growth restriction (FGR), or intrauterine growth restriction (IUGR), is a complication of pregnancy 
where the fetus does not achieve its genetic growth potential[1]. In FGR, intrauterine growth velocity is 
delayed, expressed by a characteristic kink in intrauterine curve of growth. Several definitions have 
been proposed and used in clinical practice. FGR has been defined as fetus with an estimated fetal 
weight or abdominal circumference of less than the 10th percentile for the specific gestational age[1]. 
There is variation among international society guidelines, with some including abdominal circum-
ference thresholds < 10th or ≤ 5th percentile alone as a diagnostic criteria[2-4]. Based on a survey of expert 
opinion, FGR is defined by a birth weight < 3rd percentile or the combination of three criteria: (1) Birth 
weight < 10th percentile; (2) Head circumference < 10th percentile; (3) Birth length < 10th percentile (4) 
Antenatal FGR diagnosis; and (5) Prenatal risk factors associated with FGR[5]. Frequently, FGR results 
in the birth of a small for gestational age (SGA) infant. However, an infant can be SGA without having 
FGR, and some growth restricted infants can have a birth weight above the 10th percentile. In the 
literature, IUGR and SGA were often used as interchangeable terms even though often used improperly.

Several factors are involved in the development of FGR, such as genetic abnormalities, intrauterine 
infections, fetal structural anomalies, multiple gestations, and ischemic placental diseases[6]. According 
to the various definition of FGR, almost 9% pregnancies in wealthy countries and almost 30% in poor 
countries are prone developing FGR[7,8].

FGR is well known to contribute to adult chronic diseases including cardiovascular disease (CVD), 
metabolic syndrome, diabetes and chronic kidney disease[9]. Several studies have demonstrated how 
suboptimal fetal growth leads to long-lasting physiological alterations for the developing fetus as well 
as for the newborn and adult in the future. The primary cause of fetus growth restriction is a decreased 
oxygen and nutrient supply, which causes chronic hypoxia. As a response, the fetus redistributes the 
cardiac output to the brain, the heart, and the adrenals in order to preserve function in these vital organs
[10] (Figure 1). Potentially, all the organs may be affected by growth restriction.

This review focuses on the long-term impacts of FGR on the cardiovascular, metabolic, and 
respiratory systems and discusses pathophysiologic mechanisms and preventive measures for FGR.

LONG-TERM METABOLIC IMPLICATIONS OF FGR
Several studies have reported the association between FGR and subsequent development of disease, like 
obesity, metabolic syndrome, CVD and cancer. A possible explanation has been proposed by develop-
mental origin of health and disease concept[9]. According to this hypothesis, fetuses developing in an 
adverse intrauterine environment adapt through changing their endocrine-metabolic status to save 
energy and redirect nutrients to essential organs. The reprogramming at hepatic level predisposes to 
future dyslipidemia, vascular modifications induce endothelial damage and future hypertension, and 
insulin resistance contributes to the development of metabolic syndrome (dyslipidemia, fatty liver, 
arterial hypertension, and type 2 diabetes mellitus)[11].

The proposed pathophysiologic factors underlying these changes include epigenetic modifications of 
the expression of genes[12]. These modifications could induce appetite dysregulation and increase food 
intake and adipogenesis, resulting in future obesity and cardiovascular risk. The increased risk of 
metabolic syndrome and CVD may also be found during childhood, particularly in cases of rapid 
weight gain during infancy[13,14]. In a recent study from Singapore, a rapid weight gain from 0 to 2 

https://www.wjgnet.com/2307-8960/full/v11/i13/2855.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.2855
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Figure 1 Long-term implications of fetal growth retardation.

years, with or without prior fetal growth deceleration, was associated with unfavorable cardiometabolic 
markers at 3 years of life[15]. Similarly, Norris et al[16] reported that the adverse consequences of rapid 
infant weight gain in the first 2 years of life may occur regardless of FGR occurrence.

Other important determinants of adult anthropometric and inflammatory alterations are fetal growth 
trajectories, as reported in a relatively small Australian cohort[17]. A relationship between small fetal 
head and abdominal circumference and higher adult blood pressure was described, independent of 
confounding variables, such as adult adiposity[17]. In a later report, a significant association between 
fetal growth patterns and markers of adiposity [body mass index (BMI), waist circumference] and 
inflammation [C-reactive protein (CRP)] was found in 27-year-old subjects. Good growth in early 
gestation had a protective effect on adiposity in later life, whereas reduced early growth was associated 
to adiposity. For example, a very-low-to-rising femoral length trajectory was associated with higher 
adult BMI, as confirmed by other studies in different populations[18].

Average or above-average abdominal growth from early-mid pregnancy with later deceleration was 
associated with lower adult BMI and abdominal circumference. Decreased waist circumference during 
gestation was related to higher CRP level in adulthood, while increased abdominal and head circum-
ference was associated with lower CRP, even after adjustments for several factors, including postnatal 
lifestyle factors and maternal and pregnancy covariates. These effects were more pronounced in females 
than in males. However, it should be noted that obesity is a complex phenomenon involving multiple 
genetic and environmental factors, and the reported observations do not clarify the pathophysiology of 
adult obesity in former FGR individuals.

Potential preventive measures and treatments for the onset of metabolic complications include breast-
feeding, adequate nutrition and physical exercise starting from early childhood, growth hormone, and 
metformin[10]. However, the studies have included small numbers of patients and need to be replicated 
in larger cohorts. Moreover, in the follow-up of FGR children, pediatricians should perform routine 
blood pressure monitoring, advice on healthy diet, and encourage physical activity.

LONG-TERM CARDIOVASCULAR IMPLICATIONS OF FGR
FGR compared to normal growth is associated with a significantly higher incidence of CVD later in life
[19]. FGR is also associated with metabolic syndrome and the effect of IUGR on cardiovascular system 
may be mediated by diabetes, dyslipidemia, or hypertension. An increased risk of high systolic blood 
pressure, arterial stiffness, and reduced renal functional reserve have been described in young adults 
born after FGR[20]. Hypertension, coronary disease, cardiomyopathy, and heart failure have been found 
extensively in adulthood and older age[21]. However, growing evidence suggests that FGR is the direct 
cause of cardiovascular alterations independently from pre-existing metabolic disease[22], which can 
increase the level of mortality and morbidity among IUGR patients.

Several studies have examined the relationship between FGR and the development of CVD later in 
life[9,19]. Leon et al[23] were the first to conduct a large epidemiological study of about 15000 births in 
Sweden and reported a statistically significant relationship between low birth weight and mortality 
from CVD in male individuals aged > 65 years. Moreover, another cohort study showed an inverse 
correlation between birth weight and systolic pressure in 50-year-old patients in the United Kingdom
[24].
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Cardiovascular impairment may already exist in growth restricted children preclinically in 
childhood, before the clinical development of CVD in adulthood. Long-term exposure to hypoxemia 
may be associated with permanent alterations in the structure and function of the cardiovascular 
system. To date, available evidence suggests that chronic hypoxemia in utero induces physiological 
modifications of autonomic nervous system function, oxidative stress, impaired secretion of hormones, 
and functional and structural modifications of the blood vessels[25]. A more spherical shape is typically 
evident in the heart of a restricted fetus, which can evolve into hypertrophy in the most severe cases
[26]. Furthermore, prenatal echocardiography shows reduced longitudinal myocardial motion, 
abnormal transmitral E/A ratios (a marker of left ventricular function and late diastolic filling), 
prolonged isovolumic relaxation time, and decreased diastolic annular peak velocities. These modific-
ations are functional to ensure an efficient stroke volume output and tolerance to pressure overload[27].

Interestingly, biomarkers of cardiac dysfunction and damage, such as B-type natriuretic peptide and 
troponin[27,28], have been found to be increased in the cord blood of FGR fetuses, potentially 
explaining the cardiac impairment caused by a suboptimal intrauterine environment. The altered 
prenatal echocardiographic findings were also confirmed in the 1st days after birth[29]. In fact, 
decreased absolute “E” and “A2 wave velocities”, higher “E/A” ratio, a prolonged isovolumic 
relaxation time, and reduced contractility and cardiac output have been described in these neonates, 
leading to increased blood pressure and both diastolic and systolic dysfunction[30].

The same findings were also identified by other studies including infants from FGR pregnancies aged 
3-4 months[31]. Interestingly, a prospective study of 150 infants conducted by Crispi et al[32] compared 
cardiovascular morphology of 3-year-old to 6-year-old FGR infants with a control group. The authors 
showed that FGR children were more likely to present globular-shaped hearts, increased cardiac output, 
and left ventricular thickening. Similar findings were found by Rodríguez-López et al[33] in children 
aged 8-12 years. Altered vascular elastin and collagen content, extracellular matrix remodeling, and 
endothelial dysfunction are some of the prenatal circulatory modifications found in growth restricted 
offspring[25]. Multiple molecular mechanisms are involved in the pathogenesis of endothelial 
dysfunction in FGR patients such as the disruption in placental-mTORC and transforming growth factor 
beta signaling cascades, and changes in expression of endothelial nitric oxide synthase, as clearly 
explained in a recent review by Amruta et al[34]. Vascular changes may persist after birth and cause 
early onset preclinical atherosclerosis in children. For example, carotid artery thickness was found by 
Martin et al[35] in 3-year-old to 6-year-old children, and this evidence was confirmed by autopsy studies
[36].

It is important to underline that other factors may influence the development of CVD in FGR patients. 
For example, pre-eclampsia, obesity, maternal diabetes, and prematurity are independent risk factors of 
hypertension during childhood.

To summarize, even if epidemiologic studies showed an association between FGR and late complic-
ations, the underlying mechanisms may be numerous. Some of these have recently been described and 
may coexist. Finally, there is an urgent need for studies for the evaluation of preventive measures in the 
FGR population.

LONG-TERM RESPIRATORY IMPLICATIONS OF FGR
Lung development occurs through several stages, namely embryonic, pseudoglandular, canalicular, 
saccular, and alveolar[37]. In many growth restricted infants, placental insufficiency occurs in late 
pregnancy in parallel with distal lung development (acinar and alveolar structures), suggesting that 
FGR may especially impact distal lung development[38]. Clinical observations in newborns show that 
SGA infants have a more severe early respiratory course and increased risk of developing bronchopul-
monary dysplasia[39,40].

The long-term effects of FGR may be due to adaptations to poor oxygen exposure and nutrient 
supply that might result in structural or functional alterations[41]. FGR impacts lung function through 
molecular and cellular events, involving parenchyma, airway, and vasculature[38]. In fact, evidence 
showed that perinatal undernutrition changed the hormonal environment, which has an important 
impact on lung development and function, conditioning a higher risk for lung pathology in adulthood. 
Particularly, a deficit of retinol, cholecalciferol, leptin, ghrelin, and GLP-1 could be present in undernu-
trition in pregnancy and play a role in lung development, suggesting a correction of these deficiencies 
with diet supplementation during gestation[42,43].

Epidemiological studies showed that changes in lung development impacted both lung function and 
respiratory disease in early life, as well as in adulthood, particularly reduced forced expiratory volume 
in 1 s (FEV1) and chronic obstructive lung disease[38,44].

Much of our understanding of the relationship between FGR and lung development comes from 
animal studies. Maritz et al[45] showed that structural alterations induced by growth restriction during 
fetal lung development were still evident in adult sheep and were similar both qualitatively and 
quantitatively to those observed at 8 weeks, suggesting that restricted growth may induce permanent 
alterations in the morphology of the offspring's lungs as well as faster lung aging[46]. Adult FGR 
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animals have fewer alveoli (larger than in controls), thickening of the interalveolar septa and basement 
membrane due to the accumulation of extracellular matrix[46], and inhibition of surfactant maturation
[47]. FGR rats experienced significant pulmonary arterial hypertension and pulmonary vascular 
remodeling secondary to epigenetic mechanisms and pulmonary artery endothelial cell dysfunction
[48]. Another study in sheep demonstrated that chronic placental insufficiency and subsequent FGR 
during late gestation resulted in alveolar simplification after birth, without concomitant alteration in 
lung weight and reduced septation[49]. This observation was in contrast to a previous study from the 
same group[50] in which lungs were inspected for a short time after the onset of placental insufficiency 
and FGR, supporting the concept that prolonged exposure to chronic hypoxia negatively influences 
lung growth, whereas exposure for short time did not.

Other studies have evaluated the relationship of FGR and functional respiratory values. A recent 
study showed a lower FEV1 Z-score in subjects aged 8-15 years who were born preterm and with a 
diagnosis of FGR, suggesting a worse conducting airway function. In this study, confounding factors, 
potentially contributing themselves to the lung function impairment, were prematurity and 
bronchodysplasia[51]. The study of Nikolajev et al[52] showed that FGR has its most pronounced effect 
on airway dynamics. Particularly, no differences were found in FEV1 or peak expiratory flow between 
FGR children and controls, but mid-expiratory flow measurements were significantly lower, suggesting 
that FGR has a more pronounced effect on airway development than on lung volumes. FGR has an 
impact on lung function not fully understood, as current evidence is mainly based on studies in children 
born SGA or low birth weight but not necessarily with FGR.

In a recent systematic review, different lung function trajectories were described, and low birth 
weight was associated with subnormal lung function trajectories[53]. Karmaus et al[54] described a 
relationship between ‘low’ FEV1 trajectories in both genders and ‘low’ FEV1/forced vital capacity (FVC) 
trajectories in females between ages 10 years and 26 years, whereas other authors reported ‘low’ FEV1, 
FVC, and FEV1/FVC trajectories in FGR individuals aged 15 to 22[55]. However, other studies found 
only modest associations for low birth weight[56]. Stein et al[57] studied the potential association 
between fetal growth and adult lung function in South India. They found an association between low 
birth weight/small head circumference at birth and reduced FEV1, independent from age and current 
stature; FVC was similarly associated with low birth weight. Canoy et al[58] followed a large population 
from fetal period until adulthood showing that adult FEV1 and FVC increased linearly with birth 
weight, and that the reduction in lung function was more pronounced in adults with lower birth weight.

Several studies showed that low birth weight is an important determinant for later development of 
chronic obstructive pulmonary disease[59,60]. On the other hand, a meta-analysis reported a significant 
association between birth weight and adult FVC, indicative of restrictive pattern, and weaker evidence 
for airflow obstruction[61].

A crucial point to investigate is the relationship between FGR and the subsequent risk of asthma. Käll
én et al[62] found that FGR is associated with an increased risk of asthma, even if a stronger predis-
posing factor is prematurity. A study evaluated the association between fetal growth and childhood 
asthma, showing that it is independent of gestational age, familial context, and genetic factors[63]. In 
fact, a cohort study of twins described the association between lower birth weight and increased risk of 
asthma, suggesting that this association is not influenced by shared environmental or genetic factors as 
twins are theoretically exposed to the same factors[64].

Further studies are required to evaluate the impact of FGR, based on a consensus-defined definition, 
and long-term pulmonary outcomes. In fact, the confusion between IUGR, SGA, and low birth weight 
confound the interpretation of the literature, and there is the risk of over/underestimating the 
relationship between the two entities. Several animal studies demonstrated the impact of FGR on both 
short-term and long-term structure and function of the lung. The association between FGR and 
impaired functional respiratory values is controversial, and it is still not clear whether the impairment, 
if any, is mainly due to a restrictive or obstructive pattern.

PREVENTIVE MEASURES
Several preventive measures have been identified and considered to promote long-term health in 
former FGR individuals (Table 1). A useful antenatal measure is an improved identification of subjects 
with increased risk of complications (i.e. earlier/more frequent ecographic growth assessment). Other 
strategies could include the promotion of dietary modifications during gestation to facilitate normal-
ization of body weight, micronutrient levels, glycemia and blood pressure, lifestyle measures (i.e. 
avoidance of alcohol and smoke, enhancement of maternal education, reduction of stress and exposure 
to pollution), and control of chronic diseases. Some of these are currently being evaluated by clinical 
studies[65-68].

Postnatal early-life interventions include: Breastfeeding promotion, provision of adequate nutrition 
and growth, follow-up of high risk patients, and appropriate resource distribution[41]. Maternal and 
offspring microbiota modifications (i.e. dietary supplementation with docosahexaenoic acid and 
arachidonic acid to improve neurodevelopmental outcomes)[65], pre-probiotics are a potential 
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Table 1 Potential preventive measures to avoid chronic diseases in fetal growth restriction patients

Prenatal interventions Postnatal interventions

Early detection of fetal growth restriction Breastfeeding

Dietary modifications/supplementations during pregnancy Adequate nutrition in childhood

Normalization of body weight, glycemia and blood pressure control during 
pregnancy

Growth follow-ups and blood pressure monitoring

Lifestyle measures (i.e. avoidance of alcohol and tobacco, maximization of maternal 
education, reduced stress)

Lifestyle measures (i.e. avoidance of alcohol and tobacco, reduced 
stress, avoid overweight)

Management of maternal chronic diseases Pharmacological interventions: Growth hormone, metformin

interventions needing further studies. Lactoferrin and stem cell administration are under investigation.

CONCLUSION
In this review, we reported the most important complications of FGR with their proposed 
pathophysiology, according to the most recent literature. FGR is not only a complication of pregnancy 
but a condition with relevant short- and long-term unfavorable outcomes for children and adults. 
Potential benefits from the research in this area could include reduced stillbirths and neonatal deaths 
and improved outcomes in pregnancies affected by FGR. Moreover, the prevention, detection, and 
treatment of FGR might have important positive reflections on public health worldwide, and it is 
expected that these themes will be on the next research agenda. Indeed, in recent years a number of 
government agencies extensively funded research studies in this area (i.e. European Commission’s 7th 
Framework Programme, United States National Institutes of Health, among others).

Moreover, the interplay between FGR and other environmental exposures (i.e. microbiome, smoking, 
pollution, malnutrition, etc.) will be another interesting area of research likely to be covered by future 
studies.
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