
Page 1/11

Is Maternal Obesity Associated With Fetal
Congenital Lung Malformations?
Linden Stocker  (  l.stocker@soton.ac.uk )

University of Southampton, Faculty of Medicine, Academic Unit of Human Development and Health, UK
Diana Wellseley 

Southampton University Hospitals NHS Trust: University Hospital Southampton NHS Foundation Trust
Rajeswari Parasuraman 

Southampton University Hospitals NHS Trust: University Hospital Southampton NHS Foundation Trust
Michael Stanton 

Southampton University Hospitals NHS Trust: University Hospital Southampton NHS Foundation Trust
David Howe 

Southampton University Hospitals NHS Trust: University Hospital Southampton NHS Foundation Trust

Research article

Keywords: Respiratory, Obesity, Epidemiology

Posted Date: September 23rd, 2020

DOI: https://doi.org/10.21203/rs.3.rs-76743/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-76743/v1
mailto:l.stocker@soton.ac.uk
https://doi.org/10.21203/rs.3.rs-76743/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/11

Abstract
Background

Previous data demonstrated an increased incidence in congenital lung malformations (CLM) and
hypothesised a link with maternal obesity.

Method

A retrospective case-control study (1994-2017) including all cases of CLM and matched controls (N=114
pregnancies). For each diagnosis of a baby diagnosed antenatally with CLM, two controls were
selected. Primary outcome measure was mean Body Mass Index of women of affected pregnancies.

Results

The women in affected pregnancies had a greater BMI (26.7 ±5.2kg/m2 (n=38)) than the control women
(24.6±4.7 kg/m2 (n=76)) (p=0.03). 60.5% (n=46) of women in the control group and 39.5% (n=15) women
in the CLM group had a normal BMI (<25kg/m2). Women with a BMI > 25kg/m2 had a 1.53 relative risk
(RR) of having an affected baby (p=0.02, 95% CI 1.05-2.24).

Conclusion

Obesity is not associated with increased rates of CLM. There is a small clinical difference in the BMI of
women affected by CLM.

Introduction
Maternal obesity (de�ned as a Body Mass Index (BMI) of 30 kg/m2 or more at the �rst antenatal
consultation) increases health risks for the mother and is known to have implications for the developing
fetus 1. Half of all women of childbearing age in England are either overweight or obese 2 and the
resulting prevalence of obesity in pregnancy has seen an increase from 9–10% in the early 1990s to 16–
19% in the 2000s 34. 

Several congenital malformations are known to be associated with maternal obesity, even when
adjusting for confounders such as socio-economic status and education 5. The most commonly quoted
of these are neural tube and cardiac and cardiac defects, but abnormalities in the fetal chest have
received little attention. In a recent review of congenital abnormalities in obese women, only three of 39
studies studied the fetal chest and all of these examined only congenital diaphragmatic hernia.

Congenital lung malformations (CLM), comprise mainly of congenital pulmonary airway malformation
(CPAM, formally known as cystic adenomatoid malformation) and broncho-pulmonary sequestration
(BPS) 67 and they arise during abnormal embryological development 89. Whilst the underlying
mechanism is not fully understood, altered airway morphogenesis in CLM leads to characteristic
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dysplastic airway formation 10. If maternal body mass or diet disrupts the regulation of organogenesis at
a cellular level, this may in�uence the incidence of CLM.

Over the past two decades, an increase in the rate of antenatally detected CLM of up to three-fold has
been described 11. This increased incidence persists despite adjustments made for increased detection
rate due to better antenatal recognition because of improved ultrasound resolution and operator
experience.

Objective
To assess whether there is an association with obesity at the beginning of pregnancy and the rate of
Congenital Lung Malformations (CLM).

Methods
A search was performed using the regional congenital anomaly register WANDA (Wessex Antenatally
Detected Anomalies) and the tertiary Fetal Medicine Unit records (1994-2018). The geographical area
covered by WANDA was the former Wessex Health Region including ten maternity services in central
southern England and the Channel Islands. Data was collected prospectively from the regional fetal
medicine unit and sonographers in each maternity unit of all suspected fetal anomalies which are
potentially diagnosable in utero. Each centre reported back to a primary database, managed locally, and
to a central database EUROCAT (European Surveillance Of Congenital Abnormalities). Cases with
intrauterine fetal death, termination of pregnancy and postnatal death are included where there was an
antenatal abnormality identi�ed, or a new postnatal diagnosis made. Follow up was performed until one
year of life in the majority of cases. Additional information was obtained from the wider multi-disciplinary
team, including surgeons, neonatologists and pathologists. Routine anomaly scans were performed
using speci�c protocols in all but one of the hospitals until 2008, and all units subsequently.

All recorded antenatal congenital anomalies classi�ed as lung or thoracic anomalies diagnosed in live
births, stillbirths and terminations of pregnancy were included. The records were hand-searched to
ascertain whether this was a CLM. The total number of babies born with CLM were recorded and for each
baby born with CLM, two controls were selected by choosing the baby born immediately preceding and
following the affected baby (cases) from the local birth register of the Princess Anne Hospital. Maternal
and fetal demographics were collected from the hospital electronic delivery summary for each woman
and her baby. This included a height and weight measurements which was recorded at the woman’s
initial �rst trimester appointment. A woman only has this information recorded in the tertiary centre if she
either books or delivers in that hospital, and therefore only these women could be included and so
outborn babies were excluded.

Ethical approval to maintain and use this data has been obtained from the Trent Multicentre Research
Ethics Committee (Ethics number 09/H0405/48).



Page 4/11

Statistics
Data handling was performed using PRISM Version 6.0a (2012) and SPSS Version 21 (2012). Student’s T
Test was used for comparisons of linear dependence. Statistical signi�cance was de�ned as p<0.05.
Results are presented as either range or mean ± standard deviation.

Odd ratio (OR) was calculated by the method described by Altman 1999 12 (OR= DeNn/DnNe (where D is
‘diseased’, or CLM, N is ‘normal’ or control, n is ‘non-exposed’ or BMI <25/<30, e is ‘exposed’ or
BMI>25/>30)13).

Results
Between 1994 and 2018, 137 isolated cases of antenatally diagnosed echogenic congenital lung lesions
were recorded in the Wessex area. The overall prevalence was 0.2/1000 births (1994-2017, population
data for 2018 not yet available). We had complete data for 38 women who delivered locally (at the
Princess Anne Hospital). The remaining women booked and delivered at their local maternity unit so we
had no demographic data for them and so they could not be included. Three (7.8%) cases occurred in one
fetus of a twin pregnancy and the remainder were singletons (n=35, 96.2%). 37 (97.4%) babies were
diagnosed postnatally with Congenital Pulmonary Airway Malformation (CPAM), and one with
bronchopulmonary sequestration (2.6%). There were complete data recorded for 76 control pregnancies.

The mean BMI of the study population (women with CLM affected babies and controls) was 25.2kg/m2

(17.5-43.6 ± 4.9, range ± standard deviation). This was comparative to the mean BMI of all delivered
women 2008-2018, compiled from the local hospital database (25.9kg/m2, 15.1-63.1 ± 5.68). The women
in the affected pregnancies had a greater BMI (26.7 ±5.2kg/m2 (n=38)) than the control women (24.6±4.7
kg/m2, mean ± standard deviation (n=76)) (p=0.03) see Figure 1. Rates of BMI >25 were signi�cantly
higher among cases than controls (23/38 or 60.5% vs 30/76 or 39.4%, P=0.03). Using the proportion of
women with a normal BMI compared with the proportion of women with a BMI above 25kg/m2 in each
group (ELL vs controls) there is a 2.35 odds ratio (OR) of having an affected baby (p=0.04, 95% CI 1.06-
5.22). The percentage of obese mothers (BMI>30) was 26.3% in the CLM (n=10) affected pregnancies
and 18.4% (n=14) in the control group. Although there were more obese women in the pregnancies
affected by CLM, this was non-signi�cant (OR 1.58, p=0.33).

The mean age of all women was 29.0 years (17.5-43.6 ± 4.9) with no difference between cases
(29.7±6.1) and controls (28.7±5.6) (p=0.40) (Table 1). Of the pregnancies affected by CLM, mean
gestation at delivery was 38.9 completed weeks (range 34-41), with no difference between the mean
gestation of case and control pregnancies (controls, mean gestation controls, 39.1 completed weeks,
range 29-42) (p=0.43). There was no difference between the cases and controls in mode of delivery,
female:male ratio, birthweight, maternal smoking status or ethnicity. For details see Table 1. 56 (49.1%)
of babies born were female and 58 (50.9%) male, with no gender difference between women with babies
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having CLM and controls (p=0.51). The mean birthweight was 3300.3g (920.0-4320.0 ± 620.2), again
with no difference between babies born with (3268.8 ± 716.6) or without CLM (3316.1 ± 570.5) (p=0.70).

Discussion
We describe an association between maternal BMI in the �rst trimester of pregnancy and the incidence of
CLM. Women with pregnancies affected by CLM had a greater BMI, 26.7 ±5.2kg/m2 (n=38) compared
with women with unaffected pregnancies 24.6±4.7 kg/m2 (n=76) (p=0.03) but this effect was not, ‘dose-
dependent’ and CLM were not more common in obese women. There was no difference in the gestation,
smoking status nor age of these women. Birthweight was not different between cases and controls.

This study used high-quality population-based data from a 24-year period and investigates the
association between the occurrence of CLM and maternal weight. The diverse population studied covers
a large geographical area inhabited by almost three million, displaying a range of social classes, cultural
practices and behavioural norms. This increases the generalisability of our data to the population at
large.

Some infants diagnosed with CLM postnatally may not have been recognised until months or years after
birth and not be reported to the registry. This would arti�cially reduce the prevalence of CLM but we would
expect this to be at least equivalent in cases and controls, if not more common in obese women as
maternal obesity might contribute to cases being missed antenatally because of impaired ultrasound
views. In addition, our dataset is limited by small sample size (only 24 women were obese).

Pre-pregnancy obesity is associated with a wide range of adverse pregnancy outcomes, including birth
defects. The aetiology of these are likely complex and multifactorial. Speci�c cell-adhesion molecules are
important during the process of lung development in utero. In CLM these processes are dysfunctional and
result in a failed interaction between the mesenchyme and epithelium 14 with a resultant lack of
maturation and bronchial atresia 15. It is thought that altered gene expression of regulatory embryonic
transcription factors, notably a member of the Homeobox (HOX) gene family, HOXB5, is exhibited in CLM
16-18. HOX proteins control the formation of speci�c structures in the area where they are expressed, they
are involved in the construction of the embryo along the anterior-posterior axis 1920. Increased expression
of HOXB5 gene is associated with the occurrence of CLM, whilst aberrant HOX proteins are part of the
mechanism involved in the development of CLM 17. The encoded protein functions as a sequence-
speci�c transcription factor that is involved in lung and gut development.

In obesity, impaired adipose tissue function may promote disease through ectopic lipid accumulation and
excess release of adipokines, resulting in systemic low-grade in�ammation, insulin resistance and organ
dysfunction21. Homeobox transcription factors act as important regulators of adipose tissue function,
and HOXB has been suggested to have a role in obesity and is associated with elevated BMI 2223. A
disruption in the exposure to genes which predominates in the ‘adult’ fat stores may dysregulate the
functioning off the offspring, predating birth. No data exists to prove or disprove this hypothesis, but it is
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a plausible link which warrants consideration in molecular studies. This may, in part explain why
maternal BMI was higher, in the CLM affected pregnancies, although this was not seen when examining
the obese groups alone. Whilst the number of obese women were not statically signi�cantly different
between the CLM affected pregnancies and the control women, the numbers in this study were small and
in a larger sample size may become increasingly relevant.

The long-term effects of maternal obesity have profound implications, and this public health problem is
only likely to worsen. Increasing evidence implicates maternal obesity as a major determinant of
offspring health during childhood and later adult life, as may be the case with the increased incidence of
congenital abnormalities. Raised BMI in pregnancy is associated with complex metabolic and
in�ammatory changes, which could affect organogenesis 24, whilst epigenetic processes may alter fetal
and infant development when exposed to an ‘obesogenic’ environment 25.

Conclusion
For the �rst time the association between maternal BMI in the �rst trimester and the incidence of CLM
has been described, but a link with matenrla obesity has not been proven. Further work is needed to
determine the relationship between maternity adiposity and CLM.

Declarations
Acknowledgements

The authors would like to thank Lysa Styles for her maintenance of the WANDA database and Sally
Boxall for her help with data retrieval.

Ethics

Ethical approval to maintain and use this data has been obtained from the Trent Multicentre Research
Ethics Committee (Ethics number 09/H0405/48).

Con�ict of Interest statement

No authors have con�icts of interest to declare and all authors can take responsibility for the integrity of
the data. We a�rm that the manuscript is an honest, accurate, and transparent account of the study
being reported and that no important aspects of the study have been omitted. This manuscript contains
only original unpublished work and is not being submitted for publication elsewhere.

Funding

No funding was received.

Contributions to authorship



Page 7/11

LJS developed the idea, performed data extraction and statistical analysis, interpreted data and wrote the
manuscript. DTH conceived the idea, led the project and performed revision of the manuscript. RP, MPS
and DGW contributed to interpretation of data, revised the manuscript critically, and all authors approved
the version for publication.

All authors had full access to all of the data (including statistical reports and tables) in the study and can
take a�rms that the manuscript is an honest, accurate, and transparent account of the study being
reported and that no important aspects of the study have been omitted.

Data

The anonymised datasets used and analysed during the current study are available from the
corresponding author on reasonable request.

References
1. Ganu RS, Harris RA, Collins K, et al. Early origins of adult disease: approaches for investigating the

programmable epigenome in humans, nonhuman primates, and rodents. Ilar J 2012;53(3-4):306-21.

2. England PH. http://www.noo.org.uk/NOO_about_obesity/maternal_obesity_2015 2016 [

3. Vahratian A, Zhang J, Troendle JF, et al. Maternal prepregnancy overweight and obesity and the
pattern of labor progression in term nulliparous women. Obstet Gynecol 2004;104(5 Pt 1):943-51.
doi: 10.1097/01.AOG.0000142713.53197.91

4. Usha Kiran TS, Hemmadi S, Bethel J, et al. Outcome of pregnancy in a woman with an increased
body mass index. BJOG 2005;112(6):768-72. doi: 10.1111/j.1471-0528.2004.00546.x

5. Marchi J, Berg M, Dencker A, et al. Risks associated with obesity in pregnancy, for the mother and
baby: a systematic review of reviews. Obes Rev 2015;16(8):621-38. doi: 10.1111/obr.12288

�. Barret J, Chitayat D, Sermer M, et al. The prognostic factors in the prenatal diagnosis of the
echogenic fetal lung. Prenatal diagnosis 1995;15(9):849-53. [published Online First: 1995/09/01]

7. Lacy DE, Shaw NJ, Pilling DW, et al. Outcome of congenital lung abnormalities detected antenatally.
Acta Paediatr 1999;88(4):454-8. [published Online First: 1999/05/26]

�. Hutchin P, Friedman PJ, Saltzstein SL. Congenital cystic adenomatoid malformation with anomalous
blood supply. The Journal of thoracic and cardiovascular surgery 1971;62(2):220-5.

9. McLean SE, Pfeifer JD, Siegel MJ, et al. Congenital cystic adenomatoid malformation connected to
an extralobar pulmonary sequestration in the contralateral chest: common origin? Journal of
pediatric surgery 2004;39(8):e13-7. [published Online First: 2004/08/10]

10. Riedlinger WFJ, Vargas SO, Jennings RW, et al. Bronchial atresia is common to extralobar
sequestration, intralobar sequestration, congenital cystic adenomatoid malformation, and lobar
emphysema. Pediatr Dev Pathol 2006;9(5):361-73.

http://www.noo.org.uk/NOO_about_obesity/maternal_obesity_2015


Page 8/11

11. Stocker LJ, Wellesley DG, Stanton MP, et al. The increasing incidence of foetal echogenic congenital
lung malformations: an observational study. Prenatal diagnosis 2015;35(2):148-53. doi:
10.1002/pd.4507

12. Altman DG. Practical statistics for medical research. Boca Raton, Fla.: Chapman & Hall/CRC 1999.

13. Szumilas M. Explaining odds ratios. J Can Acad Child Adolesc Psychiatry 2010;19(3):227-9.
[published Online First: 2010/09/16]

14. Di Prima FA, Bellia A, Inclimona G, et al. Antenatally diagnosed congenital cystic adenomatoid
malformations (CCAM): Research Review. Journal of prenatal medicine 2012;6(2):22-30.

15. Volpe MV, Chung E, Ulm JP, et al. Aberrant cell adhesion molecule expression in human
bronchopulmonary sequestration and congenital cystic adenomatoid malformation. Am J Physiol
Lung Cell Mol Physiol 2009;297(1):L143-52.

1�. Wilson RD, Hedrick HL, Liechty KW, et al. Cystic adenomatoid malformation of the lung: review of
genetics, prenatal diagnosis, and in utero treatment. American journal of medical genetics Part A
2006;140(2):151-5. doi: 10.1002/ajmg.a.31031 [published Online First: 2005/12/15]

17. Volpe MV, Pham L, Lessin M, et al. Expression of Hoxb-5 during human lung development and in
congenital lung malformations. Birth Defects Res A Clin Mol Teratol 2003;67(8):550-6.

1�. Wang X, Wolgemuth DJ, Baxi LV. Overexpression of HOXB5, cyclin D1 and PCNA in congenital cystic
adenomatoid malformation. Fetal diagnosis and therapy 2011;29(4):315-20. doi:
10.1159/000322738

19. Boucherat O, Guillou F, Aubin J, et al. [Hoxa5: a master gene with multifaceted roles]. Med Sci (Paris)
2009;25(1):77-82. doi: 10.1051/medsci/200925177

20. Singh S, Rajput YS, Barui AK, et al. Fat accumulation in differentiated brown adipocytes is linked with
expression of Hox genes. Gene Expr Patterns 2016;20(2):99-105. doi: 10.1016/j.gep.2016.01.002

21. Dankel SN, Fadnes DJ, Stavrum AK, et al. Switch from stress response to homeobox transcription
factors in adipose tissue after profound fat loss. PLoS One 2010;5(6):e11033. doi:
10.1371/journal.pone.0011033

22. Brad�eld JP, Taal HR, Timpson NJ, et al. A genome-wide association meta-analysis identi�es new
childhood obesity loci. Nat Genet 2012;44(5):526-31.

23. Dankel SN, Fadnes DJ, Stavrum A-K, et al. Switch from stress response to homeobox transcription
factors in adipose tissue after profound fat loss. PLoS One 2010;5(6):e11033.

24. Godfrey KM, Reynolds RM, Prescott SL, et al. In�uence of maternal obesity on the long-term health of
offspring. Lancet Diabetes Endocrinol 2017;5(1):53-64. doi: 10.1016/S2213-8587(16)30107-3

25. Murray R, Bryant J, Titcombe P, et al. DNA methylation at birth within the promoter of ANRIL predicts
markers of cardiovascular risk at 9 years. Clin Epigenetics 2016;8:90. doi: 10.1186/s13148-016-
0259-5

Tables



Page 9/11

Table 1 The maternal and pregnancy demographic differences between the CLM affected pregnancies
and controls. *p< 0.05
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  Control (n=76) Case (n=38) P value

BMI 24.6 (17.5-37.2) 26.7 (19.5-43.6) 0.03*

Maternal age (years) 28.7 (17.0 -40.0) 29.7 (18.5-43.0) 0.40

Gestation at delivery (completed
weeks)

39.3 (29.0-42.0, ±
2.1)

38.9 (33.0-42.0
±2.0)

0.43

Baby weight (kg) 3317.7 (1265.0-
4315.0 ± 552.3)

3268.8 (1485.0-
4320.0 ± 716.6)

0.70

Female:Male (ratio) 39:37 17:21 0.60

Induced labour (yes) 17 (22.3%) 7 (18.4) 0.62

Mode of Delivery     Vaginal birth
vs LSCS

Spontaneous vaginal delivery 49 (64.5) 23 (60.5) 0.14

Ventouse 4 (5.3) 1 (2.6)

Forceps 8 (10.5) 2 (5.3)

Emergency Lower segment
Caesarean Section (LSCS)

12 (15.8) 8 (21.1)

Elective Lower segment Caesarean
Section

3 (3.9) 4 (10.5)

Parity (%)   Nulliparous vs
parous

0 26 (44.8) 15 (39.5) 0.16

1 18 (31.0) 16 (42.1)

2 11 (19.0) 1 (7.9)

<3 3 (5.2) 4 (10.5)

Smoking status (%)     Smoker vs
non-smoker

During pregnancy 15 (19.7) 7 (18.4) 0.87

Never 43 (56.6) 21 (55.3)

Stopped >1 year ago 9 (11.8) 4 (10.5)

Stopped in last year 2 (2.6) 3 (7.9)

Stopped when pregnant 7 (9.2) 3 (7.9)

Ethnicity (%)      

White British 51 (67.1) 32 (84.2)  
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White other 11 (14.5) 1 (2.6)  

Asian 8 (10.4) 2 (5.2)  

African 1 (1.3) 0  

Other 4 (3.9) 0  

Not stated 1 (1.3) 3 (8.0)  

Figures

Figure 1

A box and whisker plot to show the mean BMI of women of affected babies compared with control
women


