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Abstract

:

Background: Breastfeeding is associated with lower risk of infectious diseases, leading to fewer hospital admissions and pediatrician consultations. It is cost saving for the health care system, however, it is not usually estimated from actual cohorts but via simulation studies. Methods: A cohort of 970 children was followed-up for twelve months. Data on mother characteristics, pregnancy, delivery and neonate characteristics were obtained from medical records. The type of neonate feeding at discharge, 2, 4, 6, 9 and 12 months of life was reported by the mothers. Infectious diseases diagnosed in the first year of life, hospital admissions, primary care and emergency room consultations and drug treatments were obtained from neonate medical records. Health care costs were attributed using public prices and All Patients Refined–Diagnosis Related Groups (APR–DRG) classification. Results: Health care costs in the first year of life were higher in children artificially fed than in those breastfed (1339.5€, 95% confidence interval (CI): 903.0–1775.0 for artificially fed vs. 443.5€, 95% CI: 193.7–694.0 for breastfed). The breakdown of costs also shows differences in primary care consultations (295.7€ for formula fed children vs. 197.9€ for breastfed children), emergency room consultations (260.1€ for artificially fed children vs. 196.2€ for breastfed children) and hospital admissions (791.6€ for artificially fed children vs. 86.9€ for breastfed children). Conclusions: Children artificially fed brought about more health care costs related to infectious diseases than those exclusively breastfed or mixed breastfed. Excess costs were caused in hospital admissions, primary care consultations, emergency room consultations and drug consumption.
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1. Introduction


Breastfeeding is one of the most efficacious tools for preventing diseases and for promoting health in both mothers and children [1,2,3,4]. The World Health Organization recommends: “exclusive breastfeeding for the first six months and breastfeeding complemented until two years or more” [5]. Global costs of not breastfeeding have been estimated as about $302 billion [6] and local/state studies have also provided cost saving estimates of breastfeeding [7]. Investment in deeds favoring breastfeeding onset and continuation has been proved to be not only healthy but also cost saving [8,9,10,11].



The benefits of breastfeeding on maternal and neonatal health result in lower demand for health services in both primary and specialized care, decreasing the number of hospital admissions and drug treatments [12,13,14,15,16,17]. Regarding infectious diseases, breastfeeding has been associated with lower risk of, especially, diarrhea and pneumonia, but also bronchiolitis and otitis, although this association is less consistent in high-income countries [18]. On the other hand, children artificially fed suffer higher morbidity and mortality, eventually leading to higher social and economic costs [19,20,21,22,23,24].



As no cohort study has been carried out in Spain regarding costs associated to type of feeding, the aim of this study is to calculate the economic repercussions of breastfeeding via decreasing infectious disease incidence in the first year of life. To this purpose, we followed-up a cohort of consecutive neonates in Cantabria, North of Spain.




2. Methods


2.1. Participants and Recruitment


We carried out a cohort study by recruiting 970 consecutive neonates in the University Hospital Marqués de Valdecilla (HUMV), Santander, Spain, from 1 January 2018, on. The HUMV is a public hospital part of the Cantabria Health System (Servicio Cántabro de Salud, (SCS)). It attends about 3000 deliveries per year. Details on design and recruitment have been published elsewhere [25]; this manuscript is a further analysis of that sample after following children for one year.




2.2. Information


Medical records of both mothers and neonates were reviewed in order to gather information on maternal age, educational level, occupational situation and smoking habits. Regarding neonate information, we recorded gestational age, birth order and nursery attendance. Type of feeding (exclusive breast feeding, mixed and exclusive artificial feeding) was recorded at hospital discharge and at 2, 4, 6, 9 and 12 months of life. It was considered that WHO’s definition for “exclusive breastfeeding” is defined as no other food or drink, not even water, except breast milk (including milk expressed or from a wet nurse) for 6 months of life, but allows the infant to receive ORS, drops and syrups (vitamins, minerals and medicines) since birth [26].




2.3. Follow-Up


To estimate health care costs associated to type of feeding via infectious diseases, we recorded each infectious disease occurring in the first 12 months and each health care system utilization due to those infectious diseases in the first year of life. These included number of consultations with primary care pediatricians, number of consultations with hospital pediatricians, drug treatment, lab tests, number of visits to emergency room and number of hospital admissions.




2.4. Cost Estimation


Only direct health care costs were estimated from the health service perspective. Costs of hospital admissions were estimated using the All Patients Refined–Diagnosis Related Groups (APR–DRGs) version 35 [27]. Costs of primary care consultations, emergency room and drug treatment were obtained from the SCS public prices [28]. From here on, costs refer to the aggregated cost in the first 12 months of life due to infectious diseases.




2.5. Statistical Analysis


Results are expressed as mean ± standard deviation for continuous variables and number (percentage) for categorical variables. The relationships between the type of newborn feeding and health care costs were analyzed using multiple linear regression. We carried out a regression analysis for each type of cost as an outcome, introducing type of feeding as a categorical regressor; all regression models were adjusted for maternal smoking, maternal educational level, maternal occupational status, twin pregnancy, gestation length, birth order, nursery attendance (yes/no) and age of starting nursery attendance. Its results are presented as marginal means in euros with 95% confidence intervals (CI). Regarding interpretation of marginal means, let us suppose results were 200, 250 and 300€ for exclusive breastfeeding, mixed and artificial feeding, respectively. This would mean that if the whole sample had been exclusively breastfed, the average cost would have been 200€; if the whole sample had been mixed fed, the average cost would have been 250€ and if the whole sample had been artificially fed, the average cost would have been 300€.




2.6. Ethical Considerations


This project was approved by the Ethics Committee for Clinical Research of Cantabria in July 2017 (Ethical approval code 2017.142). The parents signed an informed consent for participating in the study. The project was carried out according to the Spanish laws on biomedical research, the European Union regulations on the protection of natural persons with regard to the processing of personal data and the Declaration of Helsinki on ethical principles for medical research involving human subjects.





3. Results


The cohort recruited 970 neonates born from 948 women. Average maternal age was 33.7 ± 5.2 years, 36.9% women had university studies, 69.6% were workers and 12.5% were smokers. Pregnancy length was 39.1 ± 2.0 weeks. Only 6.2% births were preterm (i.e., born before week 37), and 8.7% neonates weighed less than 2500 g. At hospital discharge, 54.0% of neonates were breastfed, 28.0% were fed with mixed breastfeeding and artificial and 17.9% were fed only artificially (Table 1).



3.1. Neonate Type of Feeding and Consultations in Primary Care


Neonates with exclusive breastfeeding at hospital discharge (n = 524) consulted 1217 times in primary care due to infectious diseases in their first year of life (ratio = 2.3), which costed 197.9€/neonate on average (95% CI: 177.0–218.8). Neonates with artificial feeding (n = 174) consulted 683 times in primary care (ratio = 3.9), costing on average 295.7€ (95% CI: 258.5–332.8) (Table 2). Neonates fed with mixed natural + artificial feeding had intermediate values (number of consultations/number of neonates ratio = 2.7; average cost: 223.2€, 95% CI: 194.8–251.6). As time went by, some mothers abandoned exclusive breastfeeding, so the number of neonates with mixed or artificial feeding increased. Then differences in costs generated in primary care consultations decreased as shown in Table 2.




3.2. Neonate Type of Feeding and Consultations in Emergency Room


Ratios of number of consultations in emergency room/number of neonates according to type of feeding at hospital discharge were 1.0 for breastfeeding, 1.3 for mixed feeding and 1.6 for artificial feeding. Costs associated to consultations in emergency room were higher in neonates with artificial feeding at hospital discharge than in neonates breastfed (260.1€, 95% CI: 206.7–313.6 in artificially fed and 196.2€, 95% CI: 165.3–227.0 in breastfed neonates, p = 0.05), with neonates fed with mixed generating midway costs. When studying costs associated with type of feeding at two, four and six months of life, differences remained about the same (Table 3).




3.3. Neonate Type of Feeding and Admissions for Infectious Disease


Admissions to hospital due to infectious diseases are described in Supplementary Table 1, including APR–DRG code, APR–DRG description, disease severity, DRG weight according to Spanish rules, normalized cost in €/patient, number of patients and total cost for each APR–DRG. There were 39 admissions in the first year of life, with respiratory syncytial virus pneumonia being the most frequent cause (n = 10). According to feeding at hospital discharge, the quotient number of admissions/number of neonates was 1.3% for breastfed neonates, 6.3% for mixed fed neonates and 8.6% for artificially fed neonates (Table 4). Average costs per neonate were 86.9€ in breastfed neonates and 791.6€ per artificially fed neonate (Table 4).




3.4. Neonate Type of Feeding and Health Care Costs


Table 5 summarizes health care costs associated to infectious diseases in the first year of life; this is the result of adding costs due to primary care consultations (Table 2), emergency room consultations (Table 3), admissions to hospital (Table 4) and treatment with drugs (Supplementary Table 2). When considering type of feeding at hospital discharge, neonates breastfed and those fed with mixed produced similar costs (443.5€, 95% CI: 193.7–694.0 for breastfeeding vs. 571.4€, 95% CI: 235.0–907.8 for mixed feeding; p = 0.56). Neonates fed with artificial feeding, however, used more resources of the health care system due to infectious diseases (1339.5€, 95% CI: 903.0–1775.0, p = 0.001).





4. Discussion


According to our results in a cohort of 970 infants, neonates fed with artificial feeding at hospital discharge use more resources of the health care system due to infectious diseases: they have more consultations in primary care and emergency room, more admissions to hospital and produce more health care costs than neonates exclusively or partially breastfed. At the end of their first year of life, their health care cost associated to infectious diseases is about 900€ higher than that of exclusively breastfed infants. This result is higher than that previously reported by Santacruz-Salas et al. in a smaller Spanish cohort [29], although they compared exclusive vs. non-exclusive breastfeeding until six months, while we have separated the last group into mixed breastfeeding + artificial feeding and only artificial feeding. Taking into account that 18% of neonates in our cohort were fed with artificial feeding, if our study could be extrapolated to the 373,000 newborns in Spain in 2018, it could result in an excess health care cost of about 60.5 million Euro. In the Spanish public health system, costs of hospital admission or emergency room/primary care consultations are fully covered by the health system, while drug costs are partially supported by the parents. Therefore, most of the excess costs attributed to artificial feeding founded in our analysis is funded with taxes.



International figures are hard to compare as unit costs would be different from country to country. However, when Pokhrel et al. [16] carried out a simulation on costs saved in the United Kingdom by exclusive breastfeeding in only five diseases (gastrointestinal illness, acute otitis media, lower respiratory tract infection, necrotizing enterocolitis and breast cancer), they used £1078 as a baseline cost for hospital admission due to lower respiratory tract infection, which is not far from the Spanish cost estimate (1856€ per case in APR–DRG number 240—non-bacterial gastroenteritis, nausea and vomiting, severity 1, Table S1). Pokhrel et al. results stated that exclusive breastfeeding for four months would have saved £11 million per year [16]. Walters et al. developed a tool for estimating costs attributable to suboptimal breastfeeding [24]. They estimated global health care costs due to childhood diarrhea to be $196.19 million and costs due to childhood pneumonia to be $696.69 million [24]. It is noteworthy that both Pokhrel et al. and Walters et al. were simulation studies, not actual cohorts as our study is.



As shown in Table 2, Table 3, Table 4 and Table 5, health care cost differences between types of feeding tend to decrease when type of feeding is determined at 2, 4, 6, 9 and 12 months.



Our study has some limitations. Firstly, our study is based on information gathered from medical records. Therefore, its quality is conditioned by exhaustivity and reliability of records, which could not be tested. In order to minimize this problem, we chose variables usually recorded in a systematic and objective way in electronic medical records. We presume non-recorded data would equally affect children, whatsoever their type of feeding; therefore, we conjecture that the differences in costs we have found could be scarcely affected by this limitation. Secondly, our study is observational in nature and causal relationships cannot be established. In this regard, we cannot rule out that our results could have been due to unmeasured confounding factors. The health care cost difference we have found between exclusive breastfeeding and artificial feeding is, however, so important that a confounder able to explain it should have a very strong relationship with both type of feeding and health care costs, which makes such a confounding factor unlikely. Thirdly, we have attributed health care costs in the first year of life to types of breastfeeding as recorded in different times (at discharge, 2, 4, 6, 9 and 12 months). Temporal precedency can only be stated for feeding at discharge; therefore, inverse causality (i.e., infectious diseases and health care costs influencing type of feeding) cannot be excluded regarding data at 2, 4, 6, 9 and 12 months. Our study has some strengths too. Firstly, it is based on a cohort recruited in the main hospital in Cantabria (Spain), were more than 90% births in the region took place. Secondly, most studies on type of feeding costs are simulations [8,16,21,24], not actual cohorts. Simulation studies are important for generalizing, but they are based on indirect data and so are prone to bias in the extrapolation process.



Summarizing, our results indicate that health care costs due to infectious diseases in neonates fed with artificial feeding were about 900€ per child in the first year of life. As 18% of neonates in our cohort were fed with artificial feeding at hospital discharge, further efforts should be made to increase both initiation and continuation of breastfeeding.








Supplementary Materials


The following are available online at https://www.mdpi.com/1660-4601/17/13/4719/s1, Table S1: Admissions to hospital in the first year of life. All patient refined—Diagnosis Related Groups, severity, weight, and cost, Table S2: Relationship between type of feeding and costs due to treatment with drugs.





Author Contributions


Conceptualization, C.L.-M., M.P.-Z., J.L. and M.J.C.-P.; Data curation, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P.; Formal analysis, C.L.-M., M.P.-Z., J.L. and M.J.C.-P.; Funding acquisition, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P.; Investigation, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P.; Methodology, C.L.-M., M.P.-Z., J.L. and M.J.C.-P.; Project administration, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P.; Resources, C.L.-M., M.S.d.A.H., E.C.d.R., S.M.S. and M.J.C.-P.; Software, C.L.-M., M.P.-Z., J.L. and M.J.C.-P.; Supervision, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P.; Validation, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P.; Visualization, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P.; Writing—original draft, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P.; Writing—review & editing, C.L.-M., M.P.-Z., M.S.d.A.H., E.C.d.R., S.M.S., J.L. and M.J.C.-P. All authors have read and agreed to the published version of the manuscript.




Funding


This research has been subsidized by the Valdecilla Health Research Institute (IDIVAL). Project awarded as the best project to be developed in Cantabria in the 19th call for research projects “Enfermería Valdecilla”. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gertosio, C.; Meazza, C.; Pagani, S.; Bozzola, M. Breastfeeding and its gamut of benefits. Minerva Pediatr. 2016, 68, 201–212. [Google Scholar]

	



World Health Organization (WHO). Short-Term Effects of Breastfeeding: A Systematic Review on the Benefits of Breastfeeding on Diarrhoea and Pneumonia Mortality. Available online: https://apps.who.int/iris/bitstream/handle/10665/95585/9789241506120_eng.pdf?sequence=1&isAllowed=y (accessed on 1 June 2020).

	



Horta, B.L.; Loret de Mola, C.; Victora, C.G. Long-Term Consequences of Breastfeeding on Cholesterol, Obesity, Systolic Blood Pressure and Type 2 Diabetes: A Systematic Review and Meta-Analysis. Available online: https://onlinelibrary.wiley.com/doi/epdf/10.1111/apa.13133 (accessed on 1 June 2020).

	



Islami, F.; Liu, Y.; Jemal, A.; Zhou, J.; Weiderpass, E.; Colditz, G.; Boffetta, P.; Weiss, M. Breastfeeding and breast cancer risk by receptor status–A systematic review and meta-analysis. Ann. Oncol. 2015, 26, 2398–2407. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). Global Strategy for Infant and Young Child Feeding. Available online: https://apps.who.int/iris/bitstream/handle/10665/42590/9241562218.pdf?sequence=1 (accessed on 1 June 2020).

	



Rollins, N.C.; Bhandari, N.; Hajeebhoy, N.; Horton, S.; Lutter, C.K.; Martines, J.C.; Piwoz, E.G.; Richter, L.M.; Victora, C.G. Why Invest, and What It Will Take to Improve Breastfeeding Practices? Available online: https://www.borstvoedingsraad.nl/siteAssets/PDF/Lancet%202016%20rollins%20Why%20invest%20and%20what%20it%20will%20take%20to%20improve%20breastfeeding%20practices.pdf (accessed on 1 June 2020).

	



Ma, P.; Brewer-Asling, M.; Magnus, J.H. A case study on the economic impact of optimal breastfeeding. Matern Child Health J. 2013, 17, 9–13. [Google Scholar] [CrossRef]

	



Bartick, M.C.; Stuebe, A.M.; Schwarz, E.B.; Luongo, C.; Reinhold, A.G.; Foster, E.M. Cost analysis of maternal disease associated with suboptimal breastfeeding. Obstet. Gynecol. 2013, 122, 111–119. [Google Scholar] [CrossRef]

	



Ball, T.M.; Bennett, D.M. The economic impact of breastfeeding. Pediatr. Clin. North Am. 2001, 48, 253–262. [Google Scholar] [CrossRef]

	



Bartick, M.; Reinhold, A. The burden of suboptimal breastfeeding in the United States: A pediatric cost analysis. Pediatrics 2010, 125, 1048–1056. [Google Scholar] [CrossRef]

	



Bartick, M.C.; Jegier, B.J.; Green, B.D.; Schwarz, E.B.; Reinhold, A.G.; Stuebe, A.M. Disparities in Breastfeeding: Impact on Maternal and Child Health Outcomes and Costs. J. Pediatr. 2017, 181, 49–55. [Google Scholar] [CrossRef]

	



Chola, L.; Fadnes, L.T.; Engebretsen, I.M.; Nkonki, L.; Nankabirwa, V.; Sommerfelt, H.; Tumwine, J.K.; Tylleskar, T.; Robberstad, B. Cost-Effectiveness of Peer Counselling for the Promotion of Exclusive Breastfeeding in Uganda. PLoS ONE 2015, 10, e0142718. [Google Scholar] [CrossRef]

	



Hansen, K. Breastfeeding: A smart investment in people and in economies. Lancet 2016, 387, 416. [Google Scholar] [CrossRef]

	



Hawkins, S.S.; Griffiths, L.J.; Dezateux, C.; Law, C. The impact of maternal employment on breast-feeding duration in the UK Millennium Cohort Study. Public Health Nutr. 2007, 10, 891–896. [Google Scholar] [CrossRef]

	



Victora, C.G.; Bahl, R.; Barros, A.J.D.; França, G.V.A.; Horton, S.; Krasevec, J.; Murch, S.; Sankar, M.J.; Walker, N.; Rollins, N.C. Breastfeeding in the 21st century: Epidemiology, mechanisms, and lifelong effect. Lancet 2016, 387, 475–490. [Google Scholar] [CrossRef]

	



Pokhrel, S.; Quigley, M.A.; Fox-Rushby, J.; McCormick, F.; Williams, A.; Trueman, P.; Dodds, R.; Renfrew, M.J. Potential economic impacts from improving breastfeeding rates in the UK. Arch. Dis. Child. 2015, 100, 334–340. [Google Scholar] [CrossRef]

	



Drane, D. Breastfeeding and Formula Feeding: A Preliminary Economic Analysis. Available online: https://www.crd.york.ac.uk/CRDWeb/ShowRecord.asp?ID=21997007370&ID=21997007370 (accessed on 1 June 2020).

	



Davisse-Paturet, C.; Adel-Patient, K.; Forhan, A.; Loiret, S.; Annesi-Maesano, I.; Heude, B.; Charles, M.A.; de Lauzon-Guillain, B. Breastfeeding initiation or duration and longitudinal patt ernsof infections up to 2 years and skin rash and respiratory symptoms up to 8 years in the EDEN mother-child cohort. Matern Child Nutr. 2020, 16, e12935. [Google Scholar] [CrossRef] [PubMed]

	



Hoddinott, J.; Alderman, H.; Behrman, J.R.; Haddad, L.; Horton, S. The economic rationale for investing in stunting reduction. Mater Child Nutr. 2013, 9, 69–82. [Google Scholar] [CrossRef]

	



Walters, D.; Horton, S.; Siregar, M.A.Y.; Pitriyan, P.; Hajeebhoy, N.; Mathisen, R.; Phan, L.T.H.; Rudert, C. The cost of not breastfeeding in Southeast Asia. Health Policy Plan. 2016, 31, 1107–1116. [Google Scholar] [CrossRef] [PubMed]

	



Colaizy, T.T.; Bartick, M.C.; Jegier, B.J.; Green, B.D.; Reinhold, A.G.; Schaefer, A.J.; Bogen, D.L.; Schwarz, E.B.; Stube, A.M. Impact of Optimized Breastfeeding on the Costs of Necrotizing Enterocolitis in Extremely Low Birthweight Infants. J. Pediatr. 2016, 175, 100–105. [Google Scholar] [CrossRef] [PubMed]

	



Colchero, M.A.; Contreras-Loya, D.; Lopez-Gatell, H.; Gonzalez de Cosio, T. The costs of inadequate breastfeeding of infants in Mexico. Am. J. Clin. Nutr. 2015, 101, 579–586. [Google Scholar] [CrossRef]

	



Siregar, A.Y.M.; Pitriyan, P.; Walters, D. The annual cost of not breastfeeding in Indonesia: The economic burden of treating diarrhea and respiratory disease among children (<24 mo) due to not breastfeeding according to recommendation. Int. Breastfeed J. 2018, 13, 10. [Google Scholar] [CrossRef]

	



Walters, D.D.; Phan, L.T.H.; Mathisen, R. The cost of not breastfeeding: Global results from a new tool. Health Policy Plan. 2019, 34, 407–417. [Google Scholar] [CrossRef]

	



Lechosa-Muñiz, C.; Paz-Zulueta, M.; Del Río, E.C.; Sota, S.M.; Sáez de Adana, M.; Perez, M.M.; Perez, C.M.J. Impact of Maternal Smoking on the Onset of Breastfeeding versus Formula Feeding: A Cross-Sectional Study. Int. J. Environ. Res. Public Health 2019, 16, 4888. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). Indicators for Assessing Infant and Young Child Feeding Practices. Part 1: Definitions. Available online: https://apps.who.int/iris/bitstream/handle/10665/43895/9789241596664_eng.pdf?sequence=1 (accessed on 1 June 2020).

	



3MTM APR DRG Software. Available online: https://www.3m.com/3M/en_US/company-us/all-3m-products/~/3M-APR-DRG-Software/?N=5002385+3290603192&rt=rud (accessed on 1 June 2020).

	



Consejería de Sanidad del Gobierno de Cantabria. Orden SAN/35/2017. Boletín Oficial de Cantabria Núm. 248. Available online: https://boc.cantabria.es/boces/verAnuncioAction.do?idAnuBlob=320839 (accessed on 1 June 2020).

	



Santacruz-Salas, E.; Aranda-Reneo, I.; Hidalgo-Vega, Á.; Blanco-Rodriguez, J.M.; Segura-Fragoso, A. The Economic Influence of Breastfeeding on the Health Cost of Newborns. J. Hum. Lact. 2019, 35, 340–348. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Main characteristics of participants in the study.
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	Pregnant Women
	n = 948
	%
	Range





	Maternal age in years. Mean and standard deviation
	33.7
	5.2
	17–52



	Twin gestation
	
	
	



	No
	926
	97.7
	



	Yes
	22
	2.3
	



	Maternal smoking
	
	
	



	No
	830
	87.6
	



	Yes
	118
	12.5
	



	Cigarettes/day. Mean and standard deviation
	7.2
	5.3
	



	Maternal educational level
	
	
	



	Primary studies
	214
	22.6
	



	Secondary studies
	111
	11.7
	



	Foundation degree
	273
	28.8
	



	University studies
	350
	36.9
	



	Occupational status
	
	
	



	Working
	660
	69.6
	



	Unemployed
	162
	17.1
	



	No active
	116
	12.2
	



	Student
	10
	1.1
	



	Neonates
	n= 970
	%
	Range



	Gender
	
	
	



	Male
	490
	50.5
	



	Female
	480
	49.5
	



	Pregnancy length in weeks. Mean and standard deviation
	39.1
	2.0
	25–42



	≥37 weeks
	910
	93.8
	



	34–36 weeks
	39
	4.0
	



	<34 weeks
	21
	2.2
	



	Birthweight in grams. Mean and standard deviation
	3244.5
	572.3
	870–4840



	2500–4000 g
	806
	83.1
	



	>4000 g
	80
	8.3
	



	<2500 g
	84
	8.7
	



	Feeding at hospital discharge
	
	
	



	Exclusive breastfeeding
	524
	54.0
	



	Mixed breastfeeding + artificial feeding
	272
	28.0
	



	Artificial feeding
	174
	17.9
	



	Nursery attendance
	
	
	



	No
	763
	78.7
	



	Yes
	132
	13.6
	



	Unknown
	74
	7.6
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Table 2. Relationship between type of feeding and costs due to consultations in primary care.
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Time

	
Type of Feeding

	
n Consultations/n Neonates *

	
Average Cost (€) **

	
95% CI **

	
p **






	
Hospital discharge

	
Exclusive breastfeeding

	
1217/524

	
197.9

	
177.0

	
218.8

	




	
Mixed breastfeeding and artificial

	
744/272

	
223.2

	
194.8

	
251.6

	
0.17




	
Artificial

	
683/174

	
295.7

	
258.5

	
332.8

	
<0.001




	
2 months

	
Exclusive breastfeeding

	
1032/427

	
173.4

	
149.4

	
197.4

	




	
Mixed breastfeeding and artificial

	
499/183

	
223.8

	
188.2

	
259.4

	
0.02




	
Artificial

	
1124/299

	
257.8

	
228.5

	
287.0

	
<0.001




	
Missing

	
134

	

	

	

	




	
4 months

	
Exclusive breastfeeding

	
815/354

	
166.2

	
139.5

	
192.9

	




	
Mixed breastfeeding and artificial

	
442/164

	
222.3

	
184.4

	
260.2

	
0.02




	
Artificial

	
1398/387

	
249.0

	
222.5

	
275.6

	
<0.001




	
Missing

	
181

	

	

	

	




	
6 months

	
Exclusive breastfeeding

	
531/238

	
141.3

	
110.4

	
172.3

	
-




	
Mixed breastfeeding and artificial

	
467/183

	
155.7

	
121.0

	
190.3

	
0.53




	
Artificial

	
1657/483

	
206.2

	
182.8

	
229.7

	
<0.001




	
Missing

	
66

	

	

	

	




	
9 months

	
Exclusive breastfeeding

	
0

	

	

	

	




	
Mixed breastfeeding and artificial

	
759/318

	
170.9

	
142.7

	
199.1

	




	
Artificial

	
1874/573

	
221.5

	
199.2

	
243.8

	
0.004




	
Lost to follow-up

	
79

	

	

	

	




	
12 months

	
Exclusive breastfeeding

	
0

	

	

	

	




	
Mixed breastfeeding and artificial

	
553/239

	
180.1

	
147.8

	
212.4

	




	
Artificial

	
2060/642

	
226.6

	
205.8

	
247.3

	
0.01




	
Missing

	
89

	

	

	

	








* Total number of neonates does not add up to 970 due to missing data in the follow-up. ** Marginal means adjusted for maternal smoking, maternal educational level, maternal occupational status, twin pregnancy, gestation length, birth order, nursery attendance (yes/no) and age of starting nursery attendance.
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Table 3. Relationship between type of feeding and costs due to consultations in emergency room.






Table 3. Relationship between type of feeding and costs due to consultations in emergency room.





	
Time

	
Type of Feeding

	
n Consultations in ER/n Neonates

	
Average Cost (€) *

	
95% CI *

	
p *






	
Hospital discharge

	
Exclusive breastfeeding

	
543/524

	
196.2

	
165.3

	
227.0

	




	
Mixed breastfeeding and artificial

	
362/272

	
212.8

	
171.3

	
254.3

	
0.53




	
Artificial

	
276/174

	
260.1

	
206.7

	
313.6

	
0.05




	
2 months

	
Exclusive breastfeeding

	
441/427

	
181.8

	
148.6

	
215.0

	




	
Mixed breastfeeding and artificial

	
187/183

	
170.4

	
120.7

	
220.2

	
0.71




	
Artificial

	
537/299

	
281.0

	
241.1

	
320.8

	
<0.001




	
4 months

	
Exclusive breastfeeding

	
335/354

	
170.2

	
133.6

	
206.8

	




	
Mixed breastfeeding and artificial

	
178/164

	
182.5

	
130.0

	
235.0

	
0.71




	
Artificial

	
652/387

	
264.3

	
229.1

	
299.5

	
<0.001




	
6 months

	
Exclusive breastfeeding

	
219/238

	
164.2

	
119.8

	
208.7

	




	
Mixed breastfeeding and artificial

	
180/183

	
173.8

	
124.2

	
223.4

	
0.78




	
Artificial

	
764/483

	
250.4

	
219.1

	
281.8

	
0.002




	
9 months

	
Exclusive breastfeeding

	
0

	

	

	

	




	
Mixed breastfeeding and artificial

	
299/318

	
171.0

	
132.7

	
209.3

	




	
Artificial

	
855/573

	
240.9

	
212.2

	
269.6

	
0.005




	
12 months

	
Exclusive breastfeeding

	
0

	

	

	

	




	
Mixed breastfeeding and artificial

	
228/239

	
175.7

	
131.4

	
220.0

	




	
Artificial

	
925/642

	
235.8

	
208.8

	
262.9

	
0.02








* Total number of neonates does not add up to 970 due to missing data in the follow-up. ** Marginal means adjusted for maternal smoking, maternal educational level, maternal occupational status, twin pregnancy, gestation length, birth order, nursery attendance (yes/no) and age of starting nursery attendance.
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Table 4. Relationship between type of feeding and costs due to admissions for infectious disease.






Table 4. Relationship between type of feeding and costs due to admissions for infectious disease.





	
Time

	
Type of Feeding

	
n Admissions/n Neonates

	
Average Cost (€) *

	
95% CI *

	
p *






	
Hospital discharge

	
Exclusive breastfeeding

	
7/524

	
86.9

	

	
328.8

	




	
Mixed breastfeeding and artificial

	
17/272

	
166.5

	

	
491.0

	
0.70




	
Artificial

	
15/174

	
791.6

	
372.9

	
1210

	
0.005




	
2 months

	
Exclusive breastfeeding

	
7/427

	
152.4

	

	
416.0

	




	
Mixed breastfeeding and artificial

	
5/183

	
94.1

	

	
416.0

	
0.81




	
Artificial

	
58/299

	
424.0

	
107.2

	
740.8

	
0.21




	
4 months

	
Exclusive breastfeeding

	
4/354

	
126.6

	

	
416.7

	




	
Mixed breastfeeding and artificial

	
7/164

	
93.8

	

	
510.4

	
0.90




	
Artificial

	
26/387

	
383.8

	
104.4

	
663.1

	
0.22




	
6 months

	
Exclusive breastfeeding

	
2/238

	
85.6

	

	
438.1

	
-




	
Mixed breastfeeding and artificial

	
7/183

	
136.9

	

	
529.9

	
0.85




	
Artificial

	
28/483

	
330.4

	
82.0

	
578.8

	
0.85




	
9 months

	
Exclusive breastfeeding

	
0

	

	

	

	




	
Mixed breastfeeding and artificial

	
4/318

	
163.9

	

	
467.6

	




	
Artificial

	
32/573

	
286.8

	
59.4

	
514.3

	
0.53




	
12 months

	
Exclusive breastfeeding

	
0

	

	

	

	




	
Mixed breastfeeding and artificial

	
4/239

	
163.9

	

	
514.3

	




	
Artificial

	
33/642

	
279.5

	
65.5

	
493.5

	
0.58








* Total number of neonates does not add up to 970 due to missing data in the follow-up. ** Marginal means adjusted for maternal smoking, maternal educational level, maternal occupational status, twin pregnancy, gestation length, birth order, nursery attendance (yes/no) and age of starting nursery attendance.
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Table 5. Relationship between type of feeding and all costs due to infectious diseases.






Table 5. Relationship between type of feeding and all costs due to infectious diseases.





	
Time

	
Type of Feeding

	
n

	
Average Cost (€) *

	
95% CI *

	
p *






	
Hospital discharge

	
Exclusive breastfeeding

	
524

	
443.5

	
193.7

	
694.0

	




	
Mixed breastfeeding and artificial

	
272

	
571.4

	
235.0

	
907.8

	
0.56




	
Artificial

	
174

	
1339.5

	
903.0

	
1775.0

	
0.001




	
2 months

	
Exclusive breastfeeding

	
427

	
480.3

	
207.5

	
753.1

	




	
Mixed breastfeeding and artificial

	
183

	
463.3

	
54.2

	
872.4

	
0.95




	
Artificial

	
299

	
948.5

	
619.8

	
1277.2

	
0.04




	
4 months

	
Exclusive breastfeeding

	
354

	
435.4

	
135.0

	
735.8

	




	
Mixed breastfeeding and artificial

	
164

	
476.9

	
46.0

	
907.7

	
0.88




	
Artificial

	
387

	
881.1

	
591.7

	
1170.6

	
0.04




	
6 months

	
Exclusive breastfeeding

	
238

	
378.8

	
14.3

	
743.3

	




	
Mixed breastfeeding and artificial

	
183

	
466.2

	
58.7

	
873.7

	
0.75




	
Artificial

	
483

	
790.1

	
532.9

	
1047.3

	
0.08




	
9 months

	
Exclusive breastfeeding

	
0

	

	

	

	




	
Mixed breastfeeding and artificial

	
318

	
482.0

	
167.8

	
796.3

	




	
Artificial

	
573

	
734.3

	
498.5

	
970.1

	
0.21




	
12 months

	
Exclusive breastfeeding

	
0

	

	

	

	




	
Mixed breastfeeding and artificial

	
239

	
491.4

	
128.2

	
854.7

	




	
Artificial

	
642

	
720.2

	
498.4

	
942.1

	
0.30








* Total number of neonates does not add up to 970 due to missing data in the follow-up.** Marginal means adjusted for maternal smoking, maternal educational level, maternal occupational status, twin pregnancy, gestation length, birth order, nursery attendance (yes/no) and age of starting nursery attendance.
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