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ABSTRACT
Objective To characterise the association between 
sepsis and postnatal weight growth when accounting for 
the degree of growth restriction present at birth.
Design Retrospective matched cohort study using 
data from the Postnatal Growth and Retinopathy of 
Prematurity study. Participants were born with birth 
weights of <1500 g or gestational ages of <32 weeks 
between 2006 and 2011 at 29 neonatal centres in 
the USA and Canada. Sepsis was defined as a culture- 
confirmed bacterial or fungal infection of the blood or 
cerebrospinal fluid before 36 weeks’ postmenstrual age 
(PMA). Growth was assessed as the change in weight 
z- score between birth and 36 weeks’ PMA.
Results Of 4785 eligible infants, 813 (17%) developed 
sepsis and 693 (85%) were matched 1:1 to controls. 
Sepsis was associated with a greater decline in weight z- 
score (mean difference −0.09, 95% CI −0.14 to −0.03). 
Postnatal weight growth failure (decline in weight z- 
score>1) was present in 237 (34%) infants with sepsis 
and 179 (26%) controls (adjusted OR 1.49, 95% CI 1.12 
to 1.97). Longitudinal growth trajectories showed similar 
initial changes in weight z- scores between infants with 
and without sepsis. By 3 weeks after sepsis onset, there 
was a greater decline in weight z- scores relative to birth 
values in those with sepsis than without sepsis (delta 
z- score −0.89 vs −0.77; mean difference −0.12, 95% CI 
−0.18 to −0.05). This significant difference persisted 
until 36 weeks or discharge.
Conclusion Infants with sepsis had similar early 
weight growth trajectories as infants without sepsis but 
developed significant deficits in weight that were not 
apparent until several weeks after the onset of sepsis.

INTRODUCTION
Very preterm infants are at high risk for multiple 
neonatal morbidities including sepsis and post-
natal growth failure.1–3 Sepsis is a leading cause of 
mortality among this population.4 Postnatal growth 
failure is associated with increased risk of later 
adverse outcomes, including neurodevelopmental 
impairment in childhood5–8 and cardiovascular 
disease, diabetes and obesity in adulthood.9 10

Prior studies demonstrate an association between 
sepsis and postnatal growth failure among preterm 
infants.5 11 It is unclear whether this apparent 
relationship will persist after accounting for the 
degree of growth restriction present at birth. The 
temporal association between sepsis and growth is 
also poorly described. For instance, it is uncertain 

whether poor prenatal or early postnatal growth 
are antecedent events that predispose infants to 
develop sepsis or whether subsequent postsepsis 
growth failure occurs. Improved understanding of 
the determinants of postnatal growth is important 
to identify infants at high risk of poor growth and 
to develop strategies and interventions that prevent 
and treat growth failure.12 13 Better characterisa-
tion of growth trajectories among infants with and 
without sepsis, after accounting for intrauterine 
growth, may inform the nature and timing of such 
interventions.14

The objectives of this study were to examine the 
association between sepsis and postnatal weight 
growth failure in very preterm infants using defi-
nitions that account for growth status at birth and 
to compare growth trajectory patterns over time 
between infants with and without sepsis during the 
birth hospitalisation. We hypothesised that infants 
who develop sepsis will demonstrate worse postin-
fection weight growth when compared with similar 
infants without sepsis.

PATIENTS AND METHODS
Data source and study population
We performed a secondary matched analysis using 
data from the multicentre Postnatal Growth and 
Retinopathy of Prematurity (G- ROP) study.15 16 

What is already known on this topic?

 ► Sepsis predisposes preterm infants to significant 
morbidities, including poor growth and 
development.

 ► The temporal relationship between sepsis 
and postnatal growth, however, is not well 
established, and prior studies infrequently 
accounted for growth status at birth.

What this study adds?

 ► Sepsis was associated with an increased risk of 
poor postnatal weight growth in very preterm 
infants.

 ► Infants with sepsis had similar early weight 
growth trajectories as those without but 
developed significant deficits in growth that 
were not apparent until several weeks after the 
onset of sepsis.
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G- ROP enrolled infants at 29 neonatal centres in the USA and 
Canada who underwent eye examinations and had a known 
outcome for retinopathy. Clinical data including frequent weight 
measurements were collected at regular intervals from birth.

We analysed infants born between January 2006 and December 
2011, with birth weights of <1500 g or gestational ages of <32 
weeks, who survived to 36 weeks’ postmenstrual age (PMA) or 
were discharged between 34 and 36 weeks’ PMA. All evaluated 
infants had at least one non- birthweight weight entry within 14 
days after birth, at least 20 total weights and a final weight at 
≥34 weeks’ PMA. Infants with known chromosomal abnormal-
ities, syndromic diagnoses or surgical necrotising enterocolitis 
were excluded.

Study exposure and outcome definitions
Sepsis was defined as a culture- confirmed blood or cerebro-
spinal fluid infection from a bacterial or fungal organism before 
36 weeks’ PMA. Suspected contaminants and ‘culture- negative 
sepsis’ episodes were not considered sepsis events.

We analysed the outcome of postnatal weight growth relative 
to growth status at birth in multiple ways.2 First, we assessed 
change in weight z- score from birth to 36 weeks’ PMA or 
discharge, if it occurred between 34 and 36 weeks’ PMA, as a 
continuous variable. Second, we characterised poor postnatal 
weight growth as a dichotomous outcome using three previ-
ously reported cut- offs for growth failure: decrease in weight 
z- score greater than 1 (ie, a change in z- score values of <−1), 

1.5 and 2 from birth to 36 weeks’ PMA or discharge.17 Third, 
we performed a longitudinal comparison of delta z- score values 
before and after sepsis onset. Weight z- scores were calculated 
using sex- specific median and SD values using Olsen growth 
curves: (observed weight−expected weight)/SD.18 The expected 
weight at each PMA was defined as the median birth weight 
at the corresponding gestational age.18 For example, if a baby 
was discharged at 34 weeks’ PMA, the discharge weight was 
compared with the median BW at 34 weeks’ GA.18 Delta z- scores 
were calculated by subtracting the weight z- score at birth from 
the z- score at 36 weeks’ PMA or discharge (if between 34 and 36 
weeks’ PMA), consistent with previous reports.17

We assessed for differences in rates of enteral feeding in the 
week before and after sepsis onset between the two groups. 
Caloric and volume intake data were not available.

Statistical analysis
To minimise confounding, infants with sepsis were matched 1:1 
to infants without sepsis by sex, completed gestation weeks, 
birth weight (within 100 g), delivery mode and race/ethnicity. 
Descriptive statistics and standardised mean differences were 
calculated to compare characteristics of infants with sepsis and 
their matched controls.

Univariable and multivariable logistic and linear mixed effects 
models were used to evaluate the association between sepsis and 
postnatal growth outcomes. Models included random intercepts 
for both centre- level clustering and case–control matching to 

Figure 1 Flow diagram demonstrating patients included in the analysis. CSF, cerebrospinal fluid; GA, gestational age; PMA, postmenstrual age.
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adjust for their correlations. Multivariable models were adjusted 
for birth weight and gestational age as continuous variables 
because these are known risk factors for growth failure, and exact 
matching was not performed for these covariates. An interaction 
term between sepsis status and the timing of sepsis onset (first 3 
days vs after 3 days) in the infected infant of the matched pair 
was added to assess for effect modification by the occurrence of 
‘early’ versus ‘late’ onset sepsis. A post hoc analysis compared 
the risk for decrease in weight z- score of >1 between infants 
with one episode of sepsis to those with two or more episodes. 
All analyses that considered the time of sepsis onset used data 
from the first sepsis episode.

We assessed longitudinal differences in weight growth before 
and after sepsis onset between the matched groups using locally 
estimated scatterplot smoothing. The day of sepsis diagnosis in 
the infected infant defined the time point of sepsis onset for each 
matched pair. As these plots demonstrated non- linear temporal 
changes in delta z- score values, we compared delta z- scores 
between the groups at weekly intervals using mean differences 
and corresponding 95% CIs. We only included days with at least 
100 weight data points for each group to enable reasonably unbi-
ased estimates of the mean delta z- scores.

All statistical analyses were performed using SAS V.9.4.

RESULTS
Study cohort
The G- ROP study evaluated 7483 infants with a known outcome 
for retinopathy.16 Among the original cohort, 4785 infants were 
eligible for inclusion in this analysis, including 813 (17%) infants 
who developed sepsis and 3972 (83%) who did not (figure 1). 
Of these, 693 (85%) with a history of sepsis were successfully 
matched to 693 without sepsis. Significant differences in the 
measured baseline characteristics between the groups were 

resolved by matching (table 1). Among the 693 matched infants 
with sepsis, 51 had early- onset sepsis and 642 had late- onset 
sepsis. On average, the first sepsis episode occurred 20.3 (SD 
15.3) days after birth, with a range of 0–89 days. A total of 124 
(18%) infants had more than one sepsis episode.

Sepsis was associated with a greater decline in weight z- score 
between birth and 36 weeks’ PMA or discharge when consid-
ering the outcome as continuous variable, (mean difference 
−0.09, 95% CI −0.14 to −0.03) (table 2). In total, 237 (34%) 
infants with sepsis vs 179 (26%) without sepsis demonstrated a 
decline in weight z- score of >1 from birth to 36 weeks’ PMA. In 
the adjusted analysis, sepsis was associated with a 49% increase 
in the odds of growth failure defined by this threshold (adjusted 
OR (aOR) 1.49, 95% CI 1.12, 1.97). The direction and magni-
tude of the association between sepsis and poor weight growth 
was similar when growth failure was defined using a decline in 
z- score of >1.5 and >2, although the CIs for the adjusted ORs 
for the >1.5 cut- off narrowly included the point of equivalence 
(table 2).

A post hoc analysis suggested greater risk of growth failure, 
defined as a decline in weight z- score of >1, among infants with 
two or more sepsis episodes (aOR 1.77, 95% CI 1.07 to 2.91) 
than one sepsis episode (aOR 1.43, 95% CI 1.06 to 1.92). There 
was no evidence of a significant subgroup effect when stratifying 
the cohort by the timing of sepsis (early onset vs late onset) for 
any of the study outcomes.

Figure 2 graphs the longitudinal weight growth trajectories 
before and after the time point of sepsis onset in the two study 
groups. While both groups demonstrated declines in weight 
z- scores over time, a more severe decrease in weight gain 
emerged after sepsis onset in those with sepsis. Comparisons 
of the delta z- scores at weekly intervals show similar growth 
patterns between the groups until 3 weeks after the diagnosis of 

Table 1 Comparison of original and matched samples

Characteristics

Original sample Matched sample*

With sepsis
(N=813)

Without sepsis
(N=3972) SMD

With sepsis
(N=693)

Without sepsis
(N=693) SMD

BW (g), mean (SD) 847.9 (250.5) 1028.0 (263.1) 0.70 859.8 (244.9) 861.9 (245.8) 0.01

BW z- score, mean (SD) −0.5 (1.0) −0.5 (0.9) 0.00 −0.5 (0.9) −0.5 (0.9) 0.00

Birth length (cm), mean(SD) 33.6 (3.5) 36.0 (3.5) 0.67 33.8 (3.5) 34.0 (3.4) 0.06

Birth HC (cm), mean(SD) 23.6 (2.4) 25.2 (2.3) 0.68 23.7 (2.4) 23.7 (2.2) 0.03

GA (weeks), mean(SD) 26.4 (2.0) 28.1 (2.1) 0.80 26.5 (2.0) 26.5 (2.0) 0.01

1 min APGAR score, mean(SD) 4.2 (2.4) 5.0 (2.5) 0.32 4.3 (2.4) 4.3 (2.5) 0.01

5 min Apgar score, mean(SD) 6.5 (2.1) 7.1 (1.9) 0.28 6.6 (2.0) 6.5 (2.1) 0.02

Female sex (%) 400 (49) 1963 (49) 0.00 333 (48) 333 (48) 0.00

Maternal ethnicity, Hispanic or Latino (%) 75 (9) 278 (7) 0.10 41 (6) 41 (6) 0.00

Maternal race 0.19 0.00

  White/Caucasian (%) 358 (44) 1949 (49) 326 (47) 326 (47)

  Black/African–American (%) 304 (37) 1277 (32) 276 (40) 276 (40)

  Others (%) 151 (19) 746 (19) 91 (13) 91 (13)

Vaginal delivery (%) 302 (37) 1268 (32) 0.11 244 (35) 244 (35) 0.00

Multiple gestation (%) 196 (24) 1090 (27) 0.08 175 (25) 168 (24) 0.02

Gestational diabetes (%) 44 (5) 295 (7) 0.08 31 (4) 41 (6) 0.11

Chorioamnionitis (%) 120 (15) 516 (13) 0.07 103 (15) 129 (19) 0.12

Prenatal steroids (%) 615 (76) 3162 (80) 0.10 525 (76) 550 (79) 0.08

SMDs are expressed as absolute values.
*Among the 1386 infants in the matched cohort, 1196 (86%) had a final weight determination at 36 weeks’ PMA and 190 (14%) had a final weight measured between 34 and 
36 weeks’ PMA. A similar proportion of infants were discharged between 34 and 36 weeks’ PMA in both groups (13% of infants with sepsis and 15% of infants without sepsis; 
difference of 2%, 95% CI −1% to 6%).
BW, birth weight; GA, gestational age; HC, head circumference; PMA, postmenstrual age; SMD, standardised mean difference.
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sepsis, at which point the delta z- score values were significantly 
lower in the infected group through 9 weeks after sepsis onset 
(table 3).

Although the G- ROP dataset includes limited information on 
nutritional intake, review of the available data suggests poten-
tially relevant differences in the rates of enteral feeding before 
and after sepsis onset in the two study groups. In the week 
before the diagnosis of sepsis, a similar number of infants were 
receiving at least some form of enteral nutrition (456 [66%] 
who developed sepsis vs 481 [69%] without sepsis; 4% differ-
ence, 95% CI −1.3 to 8.5). One week after sepsis onset, 455 
(66%) infants with sepsis received enteral feedings compared 
with 587 (85%) without sepsis (19% difference, 95% CI 14.6 
to 23.5).

DISCUSSION
Prior studies demonstrating an association between sepsis and 
postnatal weight growth failure infrequently accounted for 
the presence and severity of growth restriction at birth, which 
may bias the estimated association between these two postnatal 
morbidities.5 11 Moreover, the temporal relationship between 
sepsis and growth failure is not well established. To address 
these knowledge gaps, we conducted a matched cohort study 
that examined the association between sepsis and postnatal 
weight growth trajectories in very preterm infants. We assessed 
for changes in weight z- scores relative to birth indices to account 
for each infant’s growth status at the time of delivery. Our results 
suggest there is a significant negative relationship between sepsis 
and postnatal weight growth. Furthermore, a post hoc analysis 
indicates a dose–response relationship may exist, whereby addi-
tional episodes of sepsis predispose infants to a higher risk of 
growth failure. Notably, our examination of longitudinal weight 
growth patterns between matched infants with and without 
sepsis showed similar growth in the weeks immediately prior 
to the time of sepsis diagnosis. However, significant differences 
in weight growth were apparent by approximately 3 weeks 
following the onset of sepsis and persisted for at least 2 months 
after the diagnosis of sepsis.

In a cohort of over 6000 preterm infants, Stoll et al5 found that 
infection occurring in the newborn period was associated with 
impaired growth at 36 weeks’ PMA and during early childhood. 
This prior study defined small for gestational age and growth 
failure using growth cutoffs of less than the 10th percentile and 
adjusted the analyses for birth weight and gestational age.5 This 
approach provided important information about the potential 
association between sepsis and poor weight gain, but it may 
not fully account for the relationship between intrauterine and 
extrauterine growth. It is also unclear from these data whether 
sepsis increases the risk of growth failure and/or whether infants 
destined to have poor growth are at increased risk of sepsis.2 13 
We observed similar early weight growth patterns among infants 
who developed sepsis and matched controls who did not, but 
divergent patterns with significantly worse growth in the infected 
infants after the diagnosis of sepsis. This suggests that sepsis is 
likely an antecedent event that predisposes to poor subsequent 
growth.

Understanding growth trajectories in preterm infants is 
important for setting standards for optimal growth and weight 
gain, identifying infants at risk of impaired growth due to high- 
risk morbidities, and monitoring the effects of therapeutic 

Table 2 Univariable and multivariable analyses for association between sepsis and postnatal weight growth

Outcome
With sepsis
(n=693)

Without sepsis
(n=693) P value*

With sepsis compared with without sepsis

Unadjusted mean difference 
(95% CI)†

Adjusted mean difference 
(95% CI)†‡

Delta z- score,§ mean (SE)   −0.73 (0.05) −0.65 (0.05) −0.09 (−0.14 to −0.03) −0.09 (−0.14 to −0.03)

Postnatal growth failure   Unadjusted OR (95% CI)¶ Adjusted OR (95% CI)‡¶

  Decrease in z- score >1 237 (34%) 179 (26%) <0.001 1.40 (1.09 to 1.79) 1.49 (1.12 to 1.97)

  Decrease in z- score >1.5 92 (13%) 69 (10%) 0.02 1.37 (0.98 to 1.93) 1.41 (0.95 to 2.10)

  Decrease in z- score >2 40 (5%) 24 (4%) 0.04 1.64 (0.97 to 2.76) 1.94 (1.06 to 3.57)

*P value calculated using McNemar test.
†Linear mixed effects model with clinic and matched pairs modelled as random intercepts.
‡Adjusted for birth weight and gestational age.
§Calculated as z- score at 36 weeks’ postmenstrual age or discharge minus the z- score at birth.
¶Logistic regression model with clinic and matched pairs modelled as random intercepts.

Figure 2 Delta weight z- score comparison between infants with and 
without sepsis. Legend: Comparison of delta weight z- score before, at 
and after sepsis episode time point between matched subjects with 
and without sepsis. The day of the sepsis onset was assigned for each 
matched pair according to the day of sepsis diagnosis in the infected 
infant. Only days with at least 100 wt data points for each group are 
shown, and not all data points include matched pairs, as some pairs 
only had weight data in one group at certain time points. The daily 
values for the two groups (shown as o and +) represent means of the 
actual measurements, and the lines for the two groups represent the 
estimates determined from the locally estimated scatterplot smoothing 
analysis.
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interventions. Longitudinal growth curves of very preterm 
infants reported by Ehrenkranz et al11 showed that infants 
with major morbidities gained weight more slowly than infants 
without. Our results are congruent, and offer further insight into 
the association between sepsis and postnatal weight growth.

Our findings also have important clinical implications. Clini-
cians should be aware that very preterm infants who develop 
sepsis are at greater risk of poor postnatal weight gain and that, 
in some infants, this growth failure may be severe. It is biologi-
cally plausible that sepsis interferes with optimal growth. Infec-
tions trigger inflammation, increase metabolic demand and may 
lead clinicians to reduce patients’ enteral feedings and nutrient 
intake.19 Strategies to optimise growth among high- risk infants, 
particularly following sepsis onset, require continued study.20

Our analyses also advance understanding of the complex rela-
tionship between sepsis and postnatal weight growth. Visual 
display of longitudinal growth patterns reveals several key find-
ings. Extrauterine weight gain, when gauged according to intra-
uterine growth curves, decreased over time among infants who 
developed sepsis and matched controls who did not. Moreover, 
weight gain was generally similar between the groups in the 
weeks immediately prior to and after the time of sepsis diag-
nosis. However, we do observe a slight but not statistically signif-
icant worsening of the growth trajectory 1–2 weeks before sepsis 
onset followed by a modest uptick in growth 1–2 weeks after the 
sepsis diagnosis among the infected infants. These subtle changes 
in growth patterns may represent early signs of emerging physio-
logical instability followed by a ‘pseudo- improvement’ in growth 
related to fluid resuscitation and third spacing of intravascular 
volume. On average, it was not until 3 weeks after the diagnosis 
of sepsis that clear separation in growth between the groups was 
observed. Collectively, these findings raise concern that initial 
weight gain after sepsis onset may provide false reassurance and 
lead to delayed initiation of nutritional interventions until the 
full extent of the prolonged growth disparity becomes apparent 
in later weeks. As such, prophylactic administration of additional 
calories in the days or weeks after sepsis onset may be a fruitful 
area for future study. Lastly, it appears there may be early signs of 
catch- up weight gain at the end of the study period in the sepsis 

group. While these findings are reassuring, prior data suggest 
that growth failure associated with sepsis may persist into early 
childhood.5

The strengths of this study include the large and heteroge-
neous population of very preterm infants. More than 98% of 
infants had >20 wt measurements, which enabled a robust anal-
ysis of weight trajectories that accounted for growth status at 
birth. Our study does have limitations. All weights were assessed 
in reference to Olsen curves which define intrauterine, not 
extrauterine, growth standards.21 Longitudinal length and head 
circumference data were not available nor was detailed informa-
tion on nutritional or caloric intake. Future studies that collect 
robust nutrition data will enable an important mechanistic anal-
ysis to identify potential causes of our novel findings. We were 
unable to assess for growth outcomes after the study end point at 
36 weeks’ PMA, and our study data do not inform how deficits 
in growth after sepsis may affect long- term growth and devel-
opment. Lastly, as evolution of care over time may affect infant 
morbidity rates and growth patterns, replication of our findings 
using more contemporary data may have utility.

CONCLUSIONS
We found that sepsis was associated with an increased risk of 
poor postnatal weight growth in very preterm infants. Notably, 
infants with sepsis had similar early growth trajectories as infants 
without sepsis but developed significant deficits in growth that 
were not apparent until several weeks after the onset of sepsis. 
Strategies and interventions to optimise growth among preterm 
infants with sepsis should be an area of future study.
Twitter Dustin D Flannery @dus10flan
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Table 3 Comparison of delta z- score at weekly intervals between infants with sepsis and matched infants without sepsis

Days since sepsis episode time 
point

Paired subjects with delta z- score (N) Mean (SD) for delta z- score

Mean difference (95% CI)
With sepsis
(N=693)

Without sepsis
(N=693) With sepsis Without sepsis

−35 94 94 −0.53 (0.61) −0.64 (0.62) 0.11 (−0.02 to 0.24)

−28 154 154 −0.57 (0.66) −0.60 (0.61) 0.03 (−0.07 to 0.13)

−21 234 234 −0.56 (0.61) −0.58 (0.59) 0.02 (−0.05 to 0.10)

−14 352 352 −0.60 (0.60) −0.64 (0.57) 0.03 (−0.03 to 0.10)

−7 516 516 −0.68 (0.60) −0.65 (0.57) −0.03 (−0.08 to 0.02)

0 614 614 −0.73 (0.59) −0.67 (0.60) −0.06 (−0.11 to −0.01)

7 594 594 −0.76 (0.63) −0.73 (0.60) −0.03 (−0.09 to 0.03)

14 569 569 −0.81 (0.64) −0.76 (0.64) −0.05 (−0.11 to 0.005)

21 550 550 −0.89 (0.68) −0.77 (0.71) −0.12 (−0.18 to −0.05)

28 492 492 −0.93 (0.68) −0.79 (0.73) −0.14 (−0.21 to −0.07)

35 426 426 −0.94 (0.74) −0.81 (0.72) −0.13 (−0.21 to −0.05)

42 371 371 −0.99 (0.77) −0.81 (0.74) −0.18 (−0.26 to −0.10)

49 286 286 −1.02 (0.79) −0.84 (0.72) −0.17 (−0.27 to −0.07)

56 206 206 −1.02 (0.77) −0.85 (0.81) −0.18 (−0.30 to −0.06)

63 138 138 −1.06 (0.73) −0.89 (0.85) −0.17 (−0.33 to −0.01)

Only matched infants who both had weight data at the time point were included. Paired t- test was used to calculate the 95% CI of the mean difference.
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