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Abstract

Background: Hypoxemia is a grave sequel of pneumonia, and an important predictor of a fatal outcome. Pneumonia in the
neonatal period is often associated with lack of breast feeding. However, there is no published report on the impact of the
cessation of breast feeding in the neonatal period on the development of pneumonia and hypoxemia. The purpose of our
study was to assess the impact of non-breast feeding or stopping breast feeding during the neonatal period (henceforth to
be referred to as non-breast fed) on clinical features of pneumonia and hypoxemia in 0-6-month-old infants with diarrhea
admitted to an urban hospital in Bangladesh.

Methods: We prospectively enrolled all infants (n=107) aged 0 to 6 months who were admitted to the Special Care Ward
(SCW) of the Dhaka Hospital of the International Centre for Diarrhoeal Disease Research Bangladesh (ICDDR,B) with diarrhea
and pneumonia from September 2007 through December 2007.We compared the clinical features of pneumonia and
hypoxemia of breast fed infants (n=34) with those who were non-breast fed (n=73).

Results: The median (inter-quartile range) duration of hypoxemia (hours) in non-breast-feds was longer than breast-fed
infants [0.0 (0.0, 12.0) vs. 12.0 (0.0, 21.75); p=0.021]. After adjusting for potential confounders such as inability to drink,
fever, head nodding, cyanosis, grunting respiration, and lower chest wall in drawing, the non-breast-fed infants with
pneumonia along with diarrhea had a higher probability of cough (OR 9.09; Cl 1.34-61.71; p = 0.024), hypoxemia (OR 3.32; Cl
1.23-8.93; p=0.017), and severe undernutrition (OR 3.42; Cl 1.29-9.12; p=0.014).

Conclusions and Significance: Non-breast feeding or cessation of breast feeding during the neonatal period may
substantially increase the incidence of severe malnutrition, incidence of cough, and both the incidence and duration of
hypoxemia in young infants presenting with pneumonia and diarrhea. The findings emphasize the paramount importance
of the continuation of breast feeding in the neonatal period and early infancy.
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Introduction

Pneumonia and diarrhea are the two leading causes of death
and morbidity in under-five children in developing countries [1,2].
Among the 8.8 million global deaths in children under five in
2008, 18% and 15% occurred from pneumonia and diarrhea,
respectively [1]. The death rate is even higher when children with
pneumonia also present with hypoxemia [3,4]. An increased
incidence of breastfeeding is one of the important protective
factors known to reduce deaths from pneumonia and diarrhea —
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the target is to reduce the under-five childhood mortality by two-
thirds between 1990 to 2015 for achieving the MDG-4 [5,6].
Despite attention and prioritization of improving the rate of
breastfeeding, this remains one of the under achieved global
targets for both developed and developing countries [7,8,9].
Continuation of breast-feeding at least during the first 6 months of
life is important for adequate immunity against infection [10,11].
Cessation of breast feeding within this period, especially during the
neonatal period, is associated with a number of illnesses including
diarrhea [12], pneumonia [13,14,15], and malnutrition [16].
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Hypoxemia is one of the most dangerous sequels and an important
risk factor of deaths from pneumonia [3,4]. Management of
hypoxemia requires adequate supplementation of oxygen which is
often not accessible in resource limited settings [4]. Nevertheless,
the need for oxygen therapy could be reduced by reducing the
overall incidence of pneumonia. A recent study reported that
young infants suckling on breast milk were better able to maintain
oxygenation but desaturation occurred when they were not
suckling [17]. We failed to identify any published literature
showing the impact of cessation of breastfeeding during neonatal
period on the development of hypoxemia in early infancy. A large
number of young infants attend the Dhaka Hospital of
International Centre for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) with diarrhea each year, and some of them also have
pneumonia and hypoxemia. The aim of our study was to assess the
influence of the lack of breast feeding during the neonatal period
on the subsequent development of clinical features of pneumonia,
and hypoxemia in early infancy.

Materials and Methods

Patient enrollment

Infants of both genders, aged 0-6 months, admitted to the
Special Care Ward (SCW) of the Dhaka Hospital of ICDDR,B
with diarrhea and pneumonia from September through December
2007 were included into the study. Each year, this hospital
provides care and treatment to over 120,000 patients of all ages.
The majority of the patients come from a poor socio-economic
background living in urban and peri-urban Dhaka. This being
mainly a diarrhea treatment facility, essentially all patients have
diarrhea with or without associated complications, but some may
have other health problems. The majority of the patients are
under-five children and malnutrition and pneumonia are the most
common co-morbidities. On arrival to the hospital triage nurses
obtain the medical history and make a quick assessment of the
patients, focusing on the severity and complications of diarrhea
and dehydration but also look for associated health problems.
Following this, patients are referred either to the emergency
physician for re-assessment or are admitted to an appropriate
ward of the hospital. Patients with severe illnesses, including those
with abnormal mental status, severe and very severe pneumonia,
hypoxemia, cyanosis, suspected sepsis, and convulsions are
admitted to the SCW for further assessment, closer observation,
and appropriate laboratory workup and management. After
admission to the SCW, attending physicians re-evaluate the
patients, commence required work ups, and prescribe a manage-
ment plan.

Originally this data has been obtained from a prospective
hospital audit which was initially designed to defend the thesis in
Masters of Medicine (MMed) of the primary author in the
University of Melbourne (UOM), Melbourne, Australia. Although
the clinical audit has been done prior to the approval by the
Ethical Review Committee (ERC) of ICDDR,B because that was
the routine clinical audit to assess the quality of hospital care,
finally approval was obtained from the ERC: after the completion
of the clinical audit to defend the thesis of the primary author
under the UOM.

Study design

In this study, we prospectively enrolled all the diarrheal infants
aged O to 6 months of both genders, who were admitted to the
SCW with clinical and radiological evidence of pneumonia along
with diarrhea from September 2007 through December 2007.
Comparison of the clinical features of pneumonia, hypoxemia, and
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malnutrition was made between non-breast-fed and breast-fed
infants. Non-breast-fed was defined as an infant who was never
breast-fed or if breast feeding was stopped during the neonatal
period. Breast-fed was defined as an infant who was exclusively or
partially breast-fed from birth until the admission to the hospital.
Pneumonia was clinically diagnosed according to the WHO
criteria [18] and subsequently confirmed by radiological evidence
of consolidation or patchy opacities. Hypoxemia was defined if the
arterial oxygen saturation (SpOs) was below 90% according to the
recommendation by WHO [19]. Diarrhea was defined as the
passage of three or more abnormally loose or watery stool in the
previous 24 hours. Relevant clinical information was collected
soon after their enrollment into the study, after confirmation of
oral consents by the attending physician from the parents/care-
givers.

Standard guidelines of the hospital were followed in the clinical
management of the study patients, which included correction of
dehydration using either oral rehydration salt solution (for those
with some dehydration) or intravenous fluids (for those with severe
dehydration and also those who were unable to drink due to any
reason); appropriate antimicrobial therapy; appropriate feeding,
micronutrients, vitamins and minerals as and when indicated.
Management of severe protein-energy malnutrition was done in
accordance with the hospital’s protocolised guidelines [20,21].

Statistical Methods

We developed case report forms (CRF), and pretested and
finalized them for data acquisition. All data were entered onto a
personal computer and edited before analysis using SPSS for
Windows (version 15.0; SPSS Inc, Chicago) and Epi Info (version
6.0, USD, Stone Mountain, GA). Differences in proportions were
compared by the Chi-square test or Iisher Exact test and
differences of means were compared by Student’s t-test or
Mann-Whitney test, as appropriate. A probability of less than
0.05 was considered statistically significant. Strength of association
was determined by a calculating odds ratio (OR) and its 95%
confidence intervals (CI). We have these statistics both in our
univariate analyses and logistic regression. Characteristics ana-
lyzed include age, weight, severe undernutrition [z score for weight
for age <—3 of the median of the WHO anthropometry], distance
from the hospital (km), cough with duration, fever with duration,
inability to drink and its duration, hypoxemia with duration,
respiratory rate (counted in one minute in a calm child), lower
chest wall indrawing (indrawing of the bony structures of the lower
chest wall during inspiration), head nodding, cyanosis, grunting
respiration, and outcome. Initially, we performed univariate
analyses of these characteristics to identify factors that were
significantly associated with non-breast feeding and finally, we
performed logistic regression analysis of the factors significantly
associated with non-breast feeding after adjusting with potential
confounders to identify the actual impact of non-breast feeding on
clinical features of pneumonia and hypoxemia.

Results

In total 107 infants were enrolled in the study of whom 73 were
breast-fed and 34 were non-breast fed. The age (months) (mean *
standard deviation) and weight (kg) (mean * standard deviation) of
the breast-fed and non-breast fed infants were 2.9%1.5, 3.9%1.4
and 3.4*1.7, 3.6 1.3 respectively. All hypoxemic infants received
oxygen therapy. The median (inter quartile) duration of
hypoxemia (hours) in non-breast fed infants was longer compared
to those in breast-feds [12.0 (0.0, 21.75) vs. 0.0 (0.0, 12.0);
p=0.021] (Table 1). The lowest SpOg recorded at admission for
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Table 1. Comparison of characteristics of breast-fed and non-breast-fed infants with pneumonia and diarrhea.

Characteristic Non-breast-fed (n=34) Breast-fed (n=73) P
Age (months) (mean * SD) 34x17 29%15 0.124
Weight (kg) (mean = SD) 36+1.3 39+14 0.322
Distance from the hospital (km) [Median (IQR)] 18.0 (8.0, 25.0) 10.0 (8.0, 23.75) 0.331
H/o duration (hours) of fever at admission [Median (IQR)] 48.0 (21.0, 96.0) 72.0 (42.0, 120.0) 0.187
H/o duration (hours) of cough at admission; [Median (IQR)] 72.0 (36.0, 96.0) 72.0 (27.0, 144.0) 0.615
H/o duration (hours) inability to drink at admission; [Median (IQR)] 0.5 (0.0, 48.0) 0.0 (0.0, 24.0) 0.508
Respiratory rate (mean = SD) 6626 59+14 0.194
Total duration (hours) of hypoxemia (SPO2<90%) from admission [Median (IQR)] 12.0 (0.0, 21.75) 0.0 (0.0, 12.0) 0.021
Duration of hospitalization in days (mean * SD) 47%3.7 54+%3.2 0.254
Death (%) 4(12) 4 (6) 2.3 (0.4-11.9)*

0.261

IQR =inter quartile range, SD = standard deviation,
*0Odds ratio (Confidence interval).
doi:10.1371/journal.pone.0025817.t001

the non-breast-fed and breast-fed infants were 63% and 70% on
air respectively. After adjusting potential confounders, the non-
breast fed infants had a higher incidence of cough, hypoxemia,
and severe undernutrition (Table 2). The proportion of infants
having a fatal outcome was higher among the non-breast fed
infants but the difference was not statistically significant (Table 1).
Parents with poor socio-economic status, illiteracy and age of
mother, number of siblings and presence of smoker who smokes
inside the house were comparable in both the groups (Table 3).
Moreover, there were no significant differences in relation to
distance from the hospital (km), fever (=38° Celsius), duration of
fever prior to admission, duration of cough prior to admission,
inability to drink, duration of inabillity to drink prior to admission,
respiratory rate, lower chest wall indrawing, head nodding,
grunting respiration, cyanosis, and duration of hospitalization
among the non-breast fed and breast-fed infants (Tables 1 & 2).

Discussion

We observed a higher incidence of hypoxemia among non-
breast-fed infants than breast-fed infants presenting with pneu-
monia and diarrhea. It is a novel and interesting finding for which

we do not have a ready explanation. However, we may offer a
number of potential explanations. Cessation of breast feeding in
the neonatal period or non-breast feeding since birth is strongly
assoclated with pneumonia [13]. Not all of our study infants with
pneumonia were hypoxemic. Nonetheless, hypoxemia is one of the
common sequels of severe pneumonia [4]. Non-breast-fed infants
often have reduced immunity resulting from prolonged depriva-
tion of highly immunogenic breast milk [22]. Breast milk contains
certain factors, especially transforming growth factor (TGF)-p1
that is related to production of elastin [23,24] which is needed for
normal structural and functional development of the lungs [10,25].
It is possible that non-breast-fed infants in our study had under
developed and less well functioning lungs and pneumonia caused
further deterioration of lung function leading to ventilation
perfusion mismatch, the end result being hypoxemia. Obstructive
sleep apnea-related hypoxemia that has a strong association with
cessation of breast milk in neonatal period [26] could not be ruled
out as one of the potential contributing factors for our observation
as we did not have any data on that. The lowest observed SpO, at
admission was recorded in a non-breast-fed infant and non-breast-
fed infants in our study more often remained hypoxemic than
breast fed infants after Oy supplementation, which could also be

Table 2. Impact of breast feeding on clinical signs of pneumonia and hypoxemia in children also having diarrhea.

Non-breast-fed breastfed
Variables (n=34) n (%) (n=73)n (%) Non-adjusted Adjusted
OR (95% CI) P OR (95% CI) P

Fever (=38°C) 26 (77) 63 (86) 0.52 (0.16-1.64) 0.323 0.41 (0.12-1.48) 0.175
Cough 32 (94) 60 (82) 3.47 (0.68-23.77) 0.136 9.09 (1.34-61.71) 0.024
Inability to drink 15 (44) 33 (45) 0.96 (0.36-2.35) 0918 0.95 (0.38-2.39) 0917
Lower chest wall indrawing 28 (82) 60 (82) 1.01 (0.31-3.36) 0.802 0.64 (0.16-2.55) 0.521
Head nodding 1) 4 (6) 0.52 (0.02-5.31) 1.00 0.51 (0.05-5.72) 0.585
Grunting respiration 3(9) 5(7) 1.32 (0.23-6.91) 0.707 2.95 (0.42-20.46) 0.275
Cyanosis 6 (18) 8 (11) 1.74 (0.48-6.24) 0.366 2.04 (0.46-9.01) 0.347
Hypoxemia 25 (74) 36 (49) 2.85 (1.08-7.68) 0.032 3.32 (1.23-8.93) 0.017
Undernutrition (weigh for age <—3 z score) 25 (74) 35/71 (49) 2.86 (1.08-7.71) 0.033 3.42 (1.29-9.12) 0.014
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Figure represents n (%), unless specified otherwise; OR=0dds ratio; Cl=Confidence interval.
doi:10.1371/journal.pone.0025817.t002
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Table 3. Comparison of parental socioeconomic status and environment of breast-fed and non-breast-fed infants with pneumonia

Variables Non-breast-fed (n=34) Breast-fed (n=73) OR (95% CI) p
Poor socio-economic status [(monthly 20 (61) 42 (58) 1.10 (0.44-2.77) 0.995
income <5000 taka (US$ 67)]

llliterate mother 15 (45) 33 (46) 0.98 (0.40-2.44) 0.861
Employed mother 6 (18) 12 (16) 0.76 (0.22-2.54) 0.824
Smoker in the family (inside the bed room) 15 (45) 42 (58) 0.60 (0.24-1.48) 0.308
Age of the mother in years (mean * SD) 24.6+5.8 24.2+5.0 - 0.750
Number of siblings (mean = SD) 1.5+0.7 1.4+0.7 - 0.948

Figure represents n (%), unless specified otherwise.
doi:10.1371/journal.pone.0025817.t003

due to their under developed and poorly functioning lungs. Ours
was an observational study, and a well designed mechanistic future
study is likely to provide an explanation for our findings.

The non-breast-fed infants more often presented with severe
undernutrition. Anorexia in diarrheal neonates may reduce energy
intake by 5 to 40% [27]; however, breast feeding usually remains
unabated and intake may even increase during diarrhea [27,28].
Therefore, lack of breast feeding during diarrhea further impacts
nutrient and energy intake [27,28]. However, the strong
association of severe malnutrition with the cessation of breast
feeding in early infancy has also been reported earlier [16]. The
observation of a higher incidence of cough among our non-breast-
fed study infants potentially signifies the protective effect of breast
feeding on cough which has also been reported previously [29].

The case fatality was higher among non-breast-fed infants,
although statistically insignificant. A number of previous studies
have revealed a significantly higher death rate among non-breast-
fed infants compared to those who were breast-fed [30,31], and
failure to attain statistical significance in our study is likely due to
the small sample size, as reflected in wide 95% CI. Our
observation of indifferent distribution of parental socioeconomic
and environmental status among the non-breast-fed and breast-fed
infants might also be due to same reason.

The main limitation of the study is the small sample which
prevents further gain of statistical significant difference among the
groups.

References

1. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, et al. (2010) Global,
regional, and national causes of child mortality in 2008: a systematic analysis.
Lancet 375(9730): 1969-1987.

2. Chisti MJ, Ahmed T, Faruque AS, Abdus Salam M (2010) Clinical and
laboratory features of radiologic pneumonia in severely malnourished infants
attending an urban diarrhea treatment center in Bangladesh. Pediatr Infect Dis J
29(2): 174-177.

3. Subhi R, Adamson M, Campbell H, Weber M, Smith K, et al. (2009) The
prevalence of hypoxaemia among il children in developing countries: a
systematic review. Lancet Infect Dis 9(4): 219-227.

4. Duke T, Mgone J, Frank D (2001) Hypoxaemia in children with severe
pneumonia in Papua New Guinea. Int J Tuberc Lung Dis 5(6): 511-519.

5. Mulholland K (2007) Childhood pneumonia mortality-a permanent global
emergency. Lancet 370(9583): 285-289.

6. Sazawal S, Black RE (1992) Meta-analysis of intervention trials on case-
management of pneumonia in community settings. Lancet 340(8818): 528-533.

7. Ryan AS, Zhou W, Arensberg MB (2006) The effect of employment status on
breastfeeding in the United States. Womens Health Issues 16(5): 243-251.

8. Major V, Lenaerts CH, Cowan JS, Lawrence SM (2002) Mannel R.
Breastfeeding: a public health challenge. J Okla State Med Assoc 95(11):
711-715.

9. Baker EJ, Sanei LC, Franklin N (2006) Early initiation of and exclusive
breastfeeding in large-scale community-based programmes in Bolivia and
Madagascar. ] Health Popul Nutr 24(4): 530-539.

@ PLoS ONE | www.plosone.org

In conclusion, our data suggest that non-breast feeding or
cessation of breast feeding during the neonatal period may
substantially increase the incidence and duration of hypoxemia in
association with pneumonia, as well as the incidence of cough and
severe malnutrition in young infants presenting also with diarrhea.
Our study identified as a new danger: the lack of breast feeding, or
its discontinuation in the neonatal period, further highlighting the
need for effective interventions to improve the rate of breast
feeding and its continuation. A community-based prospective
study with an adequate sample size is required to strengthen our
observations.

Acknowledgments

We would like to express our sincere thanks and gratitude to all physicians
including clinical fellows, nurses, members of feeding team, cleaners of
SCW, and the care-givers of the study participants for their invaluable
support and contribution during patient enrollment and data collection.

Author Contributions

Conceived and designed the experiments: MJC MAS JHS TA HA PKB
MACP. Performed the experiments: MJC MAS JHS TA HA PKB MACP.
Analyzed the data: MJC MAS HA. Contributed reagents/materials/
analysis tools: JHS TA HA PKB MACP. Wrote the paper: MJC MAS JHS
TA HA PKB MACP. Contributed to the writing of a number of drafts
during writing the manuscript: MJC MAS JHS TA HA PKB MACP.

10. Nagel G, Buchele G, Weinmayr G, Bjorksten B, Chen YZ, et al. (2009) Effect of
breastfeeding on asthma, lung function and bronchial hyperreactivity in ISAAC
Phase II. Eur Respir J 33(5): 993-1002.

11. Lopez-Alarcon M, Garcia-Zuniga P, Del Prado M, Garza C (2004) Breastfeed-
ing protects against the anorectic response to infection in infants: possible role of
DHA. Adv Exp Med Biol 554: 371-374.

12. Chisti MJ, Faruque AS, Khan WA, Das SK, Zabed MB, et al. (2010)
Characteristics of children with Shigella encephalopathy: experience from a large
urban diarrhea treatment center in Bangladesh. Pediatr Infect Dis ] 29(5): 444-447.

13. Castro-Rodriguez JA, Mallol J, Rodriguez J, Auger F, Andrade R (2008) Risk
factors for X-ray pneumonia in the first year of life and its relation to wheezing: a
longitudinal study in a socioeconomic disadvantaged population. Allergol
Immunopathol (Madr) 36(1): 3-8.

14. Libster R, Bugna Hortoneda J, Laham FR, Casellas JM, Isracle V, et al. (2009)
Breastfeeding prevents severe disease in full term female infants with acute
respiratory infection. Pediatr Infect Dis J 28(2): 131-134.

15. Chantry CJ, Howard CR, Auinger P (2006) Full breastfeeding duration and
associated decrease in respiratory tract infection in US children. Pediatrics
117(2): 425-432.

16. Chisti MJ, Hossain MI, Malek MA, Faruque AS, Ahmed T, et al. (2007)
Characteristics of severely malnourished under-five children hospitalized with
diarrhoea, and their policy implications. Acta Paediatr 96(5): 693-696.

17. Brady JP, Nathoo KJ (2000) Prevention of hypoxemia during feeding in infants
with bronchopneumonia. J Trop Pediatr 46(4): 200-201.

October 2011 | Volume 6 | Issue 10 | e25817



24.

. WHO, editor (1990) Acute respiratory infections in children: Case management

in small hospitals in developing countries. A manual for doctors and other senior
health workers. World Health Organization Geneva.

. WHO (2005) Pocket book for hospital care of children: guidelines for the

management of common illness with limited resources.

. WHO, editor (1999) Management of severe malnutrition: a manual for

physicians and other senior health workers World Health Organization Geneva.

. Ahmed T, Ali M, Ullah MM, Choudhury IA, Haque ME, et al. (1999) Mortality

in severely malnourished children with diarrhoea and use of a standardised
management protocol. Lancet 353(9168): 1919-1922.

. Kelly D, Coutts AG (2000) Early nutrition and the development of immune

function in the neonate. Proc Nutr Soc 59(2): 177-185.

. Letterio JJ, Geiser AG, Kulkarni AB, Roche NS, Sporn MB, et al. (1994)

Maternal rescue of transforming growth factor-beta 1 null mice. Science
264(5167): 1936-1938.

Ogawa J, Sasahara A, Yoshida T, Sira MM, Futatani T, et al. (2004) Role of
transforming growth factor-beta in breast milk for initiation of IgA production in
newborn infants. Early Hum Dev 77(1-2): 67-75.

@ PLoS ONE | www.plosone.org

Impact of Lack of Neonatal Breast Feeding on Pneumonia and Hypoxemia

27.

28.

29.

31

Guilbert TW, Stern DA, Morgan WJ, Martinez FD, Wright AL (2007) Effect of
breastfeeding on lung function in childhood and modulation by maternal asthma
and atopy. Am J Respir Crit Care Med 176(9): 843-848.

. Montgomery-Downs HE, Crabtree VM, Sans Capdevila O, Gozal D (2007)

Infant-feeding methods and childhood sleep-disordered breathing. Pediatrics
120(5): 1030-1035.

Brown KH, Perez I (1992) Determinants of dietary intake during childhood
diarrhea and implications for appropriate nutritional therapy. Acta Paediatr
Suppl 381: 127-132.

Marquis GS, Lopez T, Peerson JM, Brown KH (1993) Effect of dietary viscosity
on energy intake by breast-fed and non-breast-fed children during and after
acute diarrhea. Am J Clin Nutr 57(2): 218-223.

Raisler J, Alexander C, O’Campo P (1999) Breast-feeding and infant illness: a
dose-response relationship? Am J Public Health 89(1): 25-30.

. Majumder AK (1991) Breast-feeding, birth interval and child mortality in

Bangladesh. J Biosoc Sci 23(3): 297-312.

Ravelomanana N, Razafindrakoto O, Rakotoarimanana DR, Briend A,
Desjeux JF, et al. (1995) Risk factors for fatal diarrhoea among dehydrated
malnourished children in a Madagascar hospital. Eur J Clin Nutr 49(2): 91-97.

October 2011 | Volume 6 | Issue 10 | e25817



