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Abstract
Background. Antibiotic exposure in term infants has been associated with later obesity. Premature, very-
low-birth-weight (birth weight ≤1500 grams) infants in the neonatal intensive care unit frequently are
exposed to antibiotics. Our hypothesis was that in preterm infants, there is a positive linear and dose-
dependent relationship between antibiotic exposure and growth from birth through 12 months’ corrected
age.

Methods. Retrospective analysis of prospectively collected data of all antibiotic use among inborn,
preterm (≤32 weeks’ gestation), very-low-birth-weight infants admitted to the neonatal intensive care unit
at Parkland Memorial Hospital and followed in the Low Birth Weight Clinic at Children’s Medical Center,
Dallas, TX. Antibiotic use was quanti�ed by days of therapy which was compared with weight and length
parameters at birth, 36 weeks’ postmenstrual age, and 2, 4, 6, and 12 months’ corrected age.  The change
in weight and length z-scores from birth to all subsequent age points was calculated. Stepwise
multivariate regression analysis was performed for weight, length, and weight-for-length delta z-scores at
each age point. 

Results. During the 18-month study, 161 infants received a median of 11 (IQR, 5.5-19.5) antibiotic days of
therapy which was not associated with weight or length delta z-scores from birth through 12 months’
corrected age.

Conclusion. Association of prolonged antibiotic use and neonatal morbidities and mortality may override
the potential association with increased weight gain in the NICU and beyond.  

Background
Antibiotic exposure in early infancy has been associated with later obesity, presumably from alteration of
the intestinal microbiome that leads to modulation of host metabolism.(1, 2) Antibiotic therapy also may
result in long-lasting perturbations of metabolic pathways, thereby increasing the risk for metabolic
syndrome and increased adiposity in adult life.(3–5) Although such outcomes have been associated with
low birth weight,(6–8) the impact of antibiotic exposure in the neonatal intensive care unit (NICU) on
growth among preterm infants is not known. Therefore, the objective of this study was to determine the
effect of antibiotic use on weight and growth patterns in preterm, very-low-birth-weight (VLBW, birth
weight ≤ 1500 grams) infants in the NICU. We hypothesized that during a period of critical bacterial
microbiome development, there is a positive linear and dose-dependent relationship between antibiotic
exposure and growth from birth through 12 months corrected age.

Methods
This study was a retrospective analysis of prospectively collected data of all antibiotic use among inborn,
preterm (≤ 32 weeks’ gestation), and VLBW infants admitted to the NICU at Parkland Memorial Hospital,
Dallas, TX, from 7/1/2011 to 12/31/2012 and subsequently followed in the Low Birth Weight Follow-up
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Clinic at Children’s Medical Center (CMC), Dallas as their medical home. Antibiotic use was quanti�ed by
days of therapy (DOT) which was determined by multiplying the number of antibiotic doses by the dosing
interval, then dividing by 24 hours (i.e., 4 doses of ampicillin administered every 8 hours = 1.33 DOT).(9)

DOT were compared with weight and length parameters that were obtained at birth, 36 weeks’
postmenstrual age, and approximately 2, 4, 6, and 12 months’ corrected age.

Pertinent clinical, laboratory, microbiologic, and outcome data were collected on all infants from the
electronic health record. Severity of illness was calculated for all infants using the Clinical Risk Index for
Babies (CRIB)-II score, a validated risk-adjustment instrument for prediction of mortality among VLBW
infants that incorporates gestational age, birth weight, gender, temperature on admission, and initial base
de�cit.(10) CRIB-II scores range from 0–27 with higher scores predictive of greater mortality risk. For
example, scores of 0, 5, 10, and 15 predict a mortality risk of 0.2%, 1.4%, 12.2%, and 56.8%, respectively.
The daily weight of each infant was obtained by the bedside nurse and weekly length measurement was
performed by the NICU dieticians using a standardized measuring board. In addition, the following data
were obtained on each infant during the NICU stay: total number of days that the infant was NPO which
was de�ned as ≤ 1 feeding per 24-hour period, total number of days that the infant received total
parenteral nutrition, and the caloric density of enteral feeds that the infant received at 36 weeks’
postmenstrual age. A standardized feeding protocol was utilized throughout the study period, and there
was no use of donor human milk.

Intrauterine growth restriction (IUGR) was de�ned as a ponderal index < 10% for gestational age(11) while
small for gestational age was de�ned as birth weight < 10%. Sepsis was de�ned as a positive culture of a
clinically relevant bacterial or fungal pathogen from a normally sterile site and for which the infant
received an antimicrobial agent for ≥ 5 days.(12) Sepsis was considered to be early or late-onset if it
occurred at ≤ or > 72 hours postnatal age, respectively. Bronchopulmonary dysplasia (BPD) was de�ned
as need for oxygen at 36 weeks’ postmenstrual age.(13) The diagnosis of a patent ductus arteriosus
(PDA) required con�rmation by echocardiography and treatment with indomethacin or surgical closure.
Necrotizing enterocolitis (NEC) was de�ned as modi�ed Bell stage IIa or greater.(14)

Weight and length z-scores at birth and 36 weeks’ postmenstrual age were calculated using the 2013
Fenton growth chart.(15) The WHO Anthropometric calculator was used to calculate weight-for-length z-
scores, adjusted for gestational age, from weight and length measurements obtained on follow-up visits
at 1–3 months, 3–5 months, 5–8 months, and 10–14 months chronologic age, which corresponded to
pediatric care provider visits at approximately 2, 4, 6, and 12 months corrected age.(16) The change in
weight z-score and length-z-score from birth to 36 weeks postmenstrual age, and birth to 2, 4, 6, and 12
months corrected age was then calculated.

Statistical analyses. Descriptive analyses, including mean and standard deviation or median and
interquartile range, were performed as indicated. All tests were two-tailed, and a p-value < 0.05 was
considered signi�cant. Univariate linear regression was used to evaluate the relationship between change
in z-score for weight and length from birth to each subsequent age point and demographic and clinical
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variables, including days of antibiotic therapy. A stepwise multivariate regression model was performed
for weight, length and weight-for-length delta z-scores at each age point. Pearson correlations were
calculated for all variables; p-value < 0.05 was considered signi�cant. To control for severity of illness,
bronchopulmonary dysplasia, patent ductus arteriosus, necrotizing enterocolitis, and late onset sepsis
were included in the multivariate analysis. Post hoc power analysis showed that a sample size of 126
patients produced a two-sided con�dence interval with a lower limit of 0.13 and an upper limit of 0.45
when the sample correlation was 0.30.

The study was approved by the Institutional Review Board of the University of Texas Southwestern
Medical Center with waiver of informed consent.

Results
During the 18-month study period, 187 inborn, preterm, VLBW infants were admitted to the NICU. Of these
187 infants, 23 died and 3 were transferred to the cardiovascular intensive care unit at CMC before 36
weeks’ postmenstrual age and were excluded from the study. The clinical characteristics of the remaining
161 infants are shown in Table 1. The majority of infants were singleton, born by cesarean delivery,
appropriate for gestational age, and did not have PDA, NEC, BPD, or late-onset sepsis. None of the infants
had early-onset sepsis. Of the 161 infants, 157 received at least 48 hours of antibiotics and the median
antibiotic DOT received was 11 (IQR, 5.5–19.5).
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Table 1
Characteristics of the study population

Number of infants 161

Gestational age (weeks, mean ± SD) 28.5 ± 1.97

Delivery by caesarean section 124 (77%)

Singleton, twin, triplet gestation 117 (73%), 39 (24%), 5 (3%)

Male gender 81 (50%)

Birth weight (grams; mean ± SD) 1130 ± 229

Birth length (cm; mean ± SD) 37 ± 3

Ponderal index (mean ± SD) 2.22 ± 0.28

Intrauterine growth restriction 14 (9%)

Small for gestational age 9 (6%)

CRIB-II score (mean ± SD) 7.4 ± 2.9

Antibiotic exposure (median; IQR)* 11 (5.5–19.5)

Bronchopulmonary dysplasia 29 (18%)

Patent ductus arteriosus 40 (25%)

Necrotizing enterocolitis (Bell stage ≥ 2) 8 (5%)

Late-onset sepsis 1 episode, 19 (12%); 2 episodes, 9 (6%)

SD, standard deviation; cm, centimeter; IQR, interquartile range

*Antibiotic exposure de�ned as days of therapy (DOT).

Of the 161 infants, 155 (96%) had at least 1 follow-up visit to the CMC Low Birth Weight Follow-up clinic.
Complete weight and length data were available for 151 (94%) infants at ∼2-month visit, 134 (83%)
infants at ∼4 months, 136 (84%) infants at ∼6 months, and 129 (80%) infants at ∼12 months. Weight
alone was available for an additional 1 infant at 2 months, 1 infant at 4 months, 3 infants at 6 months,
and 1 infant at 12 months.

The weight and length z-scores at birth were within the standard range for gestational age by the Fenton
curves, with the average weight and length z-scores being 0.074 ± 0.91 and 0.096 ± 0.93, respectively. The
weight and length z-scores decreased by an entire standard deviation from birth to 36 weeks corrected
age, to -0.98 ± 0.92 and − 1.18 ± 0.82, respectively. After 36 weeks corrected age, there was a steady
increase toward a normal average z-score of zero for both weight and length, although the length z-score
remained lower than the weight z-score. At 2 months corrected age, there was an elevated weight-for-
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length z-score of 0.997 ± 1.08 but by 12 months corrected age, the average weight-for-length z-score
approached zero.

Univariate linear regression was performed to evaluate the impact of antibiotic exposure as well as
demographic features and clinical diagnoses on growth patterns (Table 2, 3). There was a negative
correlation between antibiotic exposure and weight delta z-score at only 36 weeks and 2 months
corrected age. A negative correlation with weight z-scores also was seen at 36 weeks corrected age in
males, at 2 months corrected age for late-onset sepsis, at 36 weeks, 2 months, and 4 months for total
days of TPN, and at 36 weeks and 2 months for total days NPO. CRIB-II score and BPD had a negative
relationship with change in weight z-score at multiple time points (Table 2). A positive correlation with
weight z-scores was seen in infants who were SGA, especially at 4, 6, and 12 months corrected ages.
Gestational age showed a persistently strong positive correlation with weight delta z-score, indicating that
infants born later in gestation had improved catch-up weight gain through the �rst-year post-term.
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Table 2
Weight delta z-scores from birth to subsequent age points by univariate linear regression analysis#

  Weight Delta Z-score at Age of Evaluation

∼36
weeks

∼2
months

∼4
months

∼6
months

∼12
months

No. of infants 161 151 134 136 129

Gestational age 0.274* 0.477* 0.446* 0.445* 0.479*

Mode of delivery 0.270*+ 0.177*+ 0.121 0.130 0.111

Multiple gestation 0.091 0.081 0.034 0.022 0.025

Gender -0.208**♦ -0.111 -0.072 -0.091 -0.040

IUGR 0.052 0.194* 0.163 0.164 0.162

SGA 0.059 0.078 0.191* 0.247* 0.250*

CRIB-II score -0.206** -0.379** -0.334** -0.310** -0.321**

Antibiotic exposure -0.375* -0.295* -0.151 -0.080 -0.119

BPD -0.294** -0.262** -0.195** -0.127 -0.209**

PDA -0.138 -0.107 -0.077 -0.053 -0.112

NEC -0.174 -0.023 0.051 0.069 0.035

Late-onset sepsis -0.074 -0.192** -0.129 -0.052 -0.075

TPN (total days) -0.397** -0.356** -0.206** -0.131 -0.127

Total days of NPO -0.367** -1.313** -0.177 -0.092 -0.109

Caloric density (36 weeks,
kcal/ounce)

-0.024 0.066 0.022 0.018 0.006

IUGR, intrauterine growth restriction; SGA, small for gestational age; CRIB, Clinical Risk Index for
Babies; BPD, bronchopulmonary dysplasia; PDA, patent ductus arteriosus; NEC, necrotizing
enterocolitis; TPN, total parenteral nutrition; NPO, nothing per oral

# Pearson correlation

* Positive correlation, P < 0.05

+ Positive correlation with delivery by caesarean section

** Negative correlation, P < 0.05

♦ Negative correlation with male gender
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Table 3
Length delta z-score from birth to subsequent age points by univariate linear regression analysis#

  Length Delta Z-score at Age of Evaluation

  ∼36
weeks

∼2
months

∼4
months

∼6
months

∼12
months

No. of infants 161 151 134 136 129

Gestational age 0.042 0.281* 0.329* 0.222* 0.251*

Delivery mode 0.159*+ 0.191*+ 0.118 0.052 0.073

Multiple gestation 0.015 0.076 0.061 0.042 0.086

Gender -0.069 -0.116 -0.014 -0.018 -0.016

IUGR 0.253** 0.091 0.041 0.070 0.043

SGA 0.106 0.039 0.219* 0.283* 0.291*

CRIB-II score 0.263 0.244** 0.232** 0.130 0.118

Antibiotic exposure 0.021 -0.144 -0.092 -0.040 -0.077

BPD -0.120 -0.216** -0.217** -0.138 -0.130

PDA -0.153 -0.171** -0.151 0.008 0.018

NEC -0.020 0.015 -0.002 0.073 0.003

Late-onset sepsis 0.244* -0.019 -0.056 -0.049 0.007

TPN (total days) 0.033 -0.216** -0.159 -0.073 -0.112

Caloric density (36 weeks,
kcal/ounce)

-0.070 0.003 0.012 0.015 0.081

IUGR, intrauterine growth restriction; SGA, small for gestational age; CRIB, Clinical Risk Index for
Babies; BPD, bronchopulmonary dysplasia; PDA, patent ductus arteriosus; NEC, necrotizing
enterocolitis; TPN, total parenteral nutrition; NPO, nothing per oral

# Pearson correlation

*Positive correlation, P < 0.05

+ Positive correlation with delivery by caesarean section

**Negative correlation, P < 0.05

Factors associated with a change in length z-score from birth to each subsequent age-point also were
assessed. Antibiotic exposure had no relationship with length delta z-score at any age point. IUGR, CRIB-II
score, BPD, PDA and total days of TPN all showed small negative relationships for at least one of the
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early age points: 36 weeks, 2 months and/or 4 months corrected age. Gestational age and SGA had a
positive relationship with length delta z-score at all age points except 36 weeks’ corrected age, indicating
that infants born at older gestational ages or SGA had improved catch-up growth over the �rst year of
age.

Stepwise multivariate regression analysis was performed to predict weight delta z-scores from birth to
each subsequent age point using the variables that were signi�cant on at least one time point by
univariate analysis (antibiotic exposure, gestational age, gender, delivery mode, IUGR, SGA, CRIB-II score,
BPD, late-onset sepsis, total days of TPN, and total days NPO; Table 4). Antibiotic exposure was not
associated with weight delta z-scores at any age point in the multivariate model. The strongest positive
predictor for weight at all age points was length with the converse also true. Gestational age remained a
moderate predictor of weight but not length. Total duration of TPN was a strong negative predictor for
weight delta z-score from birth to 36 weeks’ corrected age. The change in z-score for weight, length, and
weight-for-length between each consecutive age point had no signi�cant predictors (data not shown).

Table 4. Weight (a) and length (b) delta z-scores from birth to subsequent age points by stepwise
multivariate regression analysis#  

a) The total days of parenteral nutrition showed a strong negative correlation with weight z-scores at 36
weeks’ postmenstrual age, while positive associations were seen with gestational age, length, and IUGR
status. Antibiotic exposure was not signi�cant at any time point. P-value was ≤ 0.05 for all displayed z-
score values.

  Delta Weight z-Score

∼36
weeks

∼2
months

∼4
months

∼6
months

∼12
months

No. of infants 161 151 134 136 129

Length 0.359 0.476 0.562 0.599 0.606

Gestational age - 0.346 0.242 0.272 0.316

IUGR 0.137 0.174 0.138 0.151 0.119

Total parenteral nutrition (total
days)

-0.349 - - - -

Delivery mode 0.174 - - - -

Late-onset sepsis - -0.153 - - -

PDA - 0.143 - - -

b) Positive associations were seen with the length delta z-score and late-onset sepsis (p<0.05).
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  Delta Length z-Score

∼36 weeks ∼2 months ∼4 months ∼6 months ∼12 months

Weight delta z-score 0.444 0.568 0.644 0.674 0.701

Late-onset sepsis 0.152 - - - -             

# Pearson correlation

Discussion
Unlike other studies that have associated antibiotic use in term infants, older children, and animals with
increased weight, length, and BMI, (1, 2, 17–19) there was no correlation between antibiotic exposure and
changes in weight or length z-scores from birth through 12 months corrected age among preterm VLBW
infants in the NICU in this study. The strongest predictor of increased weight gain at all age points was
higher gestational age, a �nding that remained signi�cant after controlling for severity of illness and
clinical factors. This study also demonstrated the overall poor weight and length gain for VLBW infants
when compared to in-utero growth patterns, but the only variable associated with a signi�cant negative
change in weight z-scores was duration of TPN use.

The substantial decrease in weight and length percentiles during the NICU hospitalization is a well-
documented phenomenon in premature infants, and it is believed to be due to inadequate nutritional
intake in combination with co-morbidities such as BPD, NEC, late-onset sepsis, and PDA which increase
metabolic demand.(20, 21) Inadequate nutrition leading to poor growth in VLBW infants has been
associated with neurodevelopmental impairment.(20, 22) Both SGA and appropriate for gestational age
VLBW infants who are below the 10th percentile for height or weight at 2 years of age have signi�cantly
lower mental development (MDI) and psychomotor development indices (PDI) scores as well as higher
rates of cerebral palsy.(23) Ehrenkranz et al.(20) demonstrated that in-hospital growth velocity was
associated signi�cantly with growth after discharge, cerebral palsy, MDI < 70, and PDI < 70 at 18–
22 months corrected age. Despite antibiotics being among the most frequently prescribed medications in
the NICU, (24), (25, 26) they did not augment either the weight or length of preterm infants in this study.
Similarly, the lack of improved or rapid weight gain in our patients makes the contribution of antibiotics to
development of metabolic syndrome unlikely.(27)

The lack of correlation between antibiotic exposure and weight gain may be due to low overall use of
antibiotic therapy as measured by DOT or the type of antibiotics used.(1, 28, 29), We previously have shown
that antibiotic DOT was signi�cantly less in the study inborn NICU at PMH than in our Level 4 outborn
NICU at CMC, although comparison with other similar inborn NICUs has not been performed.(9, 30, 31) The
more common use of ampicillin and gentamicin than the third-generation cephalosporin and carbapenem
agents may have affected the results of this study. It would be important to determine whether similar
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�ndings are seen in NICUs with higher antibiotic use and exposure to broader spectrum antimicrobial
agents.

One of the limitations of this study is its retrospective analysis, although the information on antibiotic use
was obtained prospectively and included every agent used during the study period. Moreover, the optimal
metric to study antibiotic use in the NICU is not known, and it is possible that other measures may yield
different results. However, DOT has been used in adult and neonatal populations and encompasses not
only the days that the infant received antibiotic therapy, but the quantity utilized. The study also did not
account for antibiotic therapy that the infant may have received after discharge from the NICU. Another
limitation was that complete weight and length data were available for only 84% and 80% of infants at
∼6 and 12 months corrected age, respectively, and longer follow-up may be necessary to detect
alterations in growth percentiles especially with respect to obesity. In addition, there currently is no
universally accepted and validated measure for body mass index, weight-for-length, or ponderal index in
the neonatal population.(32) Strengths of the study include use of a standardized protocol for initiation
and advancement of enteral feeds as well as TPN use throughout the study period that should minimize
the effect of clinician variability on overall growth patterns. However, information on such variables as
timing of initial enteral feeding, use of maternal milk or formula, and composition of TPN was not
addressed.

Conclusion
In conclusion, among the study population of VLBW infants ≤ 32 weeks’ gestational age, the study
hypothesis of a linear and dose-dependent relationship between antibiotic exposure and weight or length
z-scores from birth through 12 months corrected age was not con�rmed. The previously described
negative association of prolonged antibiotic use and increased risk of NEC, late-onset sepsis, BPD,
retinopathy of prematurity, invasive fungal disease, neurodevelopmental impairment, and death likely
override any potential bene�t with improved weight gain in the NICU and beyond.(33–39)

Abbreviations
NICU, neonatal intensive care unit; VLBW, very low birth weight; NEC, necrotizing enterocolitis; PDA, patent
ductus arteriosus; BPD, bronchopulmonary dysplasia; TPN, total parenteral nutrition; NPO, nothing per os;
PMA, post menstrual age; VLBW, very-low-birth-weight; PMH, Parkland Memorial Hospital; CMC, Children’s
Medical Center
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