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Early Caffeine Use in Very Low Birth Weight Infants and Neonatal 
Outcomes: A Systematic Review and Meta-Analysis

The use of caffeine citrate for treatment of apnea in very low birth weight infants showed 
short-term and long-term benefits. A systematic review and meta-analysis of the literature 
was undertaken to document the effect providing caffeine early (0-2 days of life) 
compared to providing caffeine late (≥ 3 days of life) in very low birth weight infants on 
several neonatal outcomes, including bronchopulmonary dysplasia (BPD). We searched 
MEDLINE, the EMBASE database, the Cochrane Library, and KoreaMed for this meta-
analysis. The quality of the included studies was assessed using the Newcastle-Ottawa 
Scale and Jadad’s scale. Studies were included if they examined the effect of the early use 
of caffeine compared with the late use of caffeine. Two reviewers screened the candidate 
articles and extracted the data from the full-text of all of the included studies. We included 
a total of 59,136 participants (range 58,997-59,136; variable in one study) from a total of 
5 studies. The risk of death (odds ratio [OR], 0.902; 95% confidence interval [CI], 0.828 to 
0.983; P = 0.019), bronchopulmonary dysplasia (BPD) (OR, 0.507; 95% CI, 0.396 to 
0.648; P < 0.001), and BPD or death (OR, 0.526; 95% CI, 0.384 to 0.719; P < 0.001) 
were lower in the early caffeine group. Early caffeine use was not associated with a risk of 
necrotizing enterocolitis (NEC) and NEC requiring surgery. This meta-analysis suggests that 
early caffeine use has beneficial effects on neonatal outcomes, including mortality and 
BPD, without increasing the risk of NEC.
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INTRODUCTION

Methylxanthines, caffeine citrate, or others have been used to 
reduce the frequency of apnea in preterm infants (1-3). Most 
neonates who are born at a gestational age < 29 weeks or a 
birth weight < 1,000 g experience apnea of prematurity (4), and 
caffeine is usually used until the post-menstrual age of 34 to 35 
weeks when apnea of prematurity resolves (5). In addition to 
reducing the frequency of apnea, the use of caffeine in preterm 
infants weighing less than 1,250 g showed additional short-
term and long-term benefits (5,6). Although caffeine acts as an 
antagonist of adenosine and has protective effects by reducing 
energy demands after cell injury or hypoxic stress (7), caffeine 
also shows a protective effect on the developing brain (8-10) 
and has anti-inflammatory effects (11-13). Moreover, the early 
initiation of caffeine therapy, earlier than 3 days of life, was as-
sociated with improved neonatal outcomes, including bron-
chopulmonary dysplasia (BPD), in recent reports (14-17). Due 
to these actions, early caffeine use may have beneficial effects 
in premature or immature organs during vulnerable periods. 
  We aimed to document the effect of the early initiation of caf-
feine on neonatal outcomes in this meta-analysis. 

MATERIALS AND METHODS

Method of searching and identifying studies
Medline, EMBASE, Cochrane Library, and KoreaMed were 
searched by using the terms “methylxanthine,” “aminophyl-
line,” “theophylline,” or “caffeine” and the MESH term “infant,” 
“infant, newborn disease,” or “infant, premature disease.” There 
were no restrictions on language, population, or publication 
year. The last search was performed on September 4, 2014. The 
titles and abstracts of the articles were initially screened, and 
the full-text articles were reviewed when any of the reviewers 
considered the abstract to be eligible. We excluded case reports, 
case series, review articles, editorials, and comments. All the 
studies were separately reviewed by two reviewers to determine 
their relevance in the meta-analysis by using specific selection 
criteria. 

Study selection 
The studies were included in this meta-analysis if they met the 
following criteria. 1) Study design: randomized controlled trial, 
case-control study, or prospective or retrospective matched co-
hort study; 2) Patients: very low birth weight (VLBW) infants 
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(birth weight < 1,500 g) who were treated with caffeine during 
hospitalization; 3) Interventions: the early use of caffeine (0-2 
days of life) vs. the late use of caffeine ( ≥ 3 days of life); and 4) 
Outcomes: death, BPD, and BPD or death, or secondary out-
comes of neonatal morbidity such as intraventricular hemor-
rhage (IVH), periventricular leukomalacia (PVL), retinopathy 
of prematurity (ROP) requiring laser photocoagulation, patent 
ductus arteriosus (PDA) requiring treatment, necrotizing en-
terocolitis (NEC) (medical or surgical), NEC requiring surgical 
treatment, and duration of mechanical ventilation. 
  Case reports, case series, or single arm cohort studies were 
excluded from the meta-analysis. 

Data extraction and quality assessment 
Two authors independently extracted the data from the full-text 
articles of all of the included studies. The following data were 
extracted: the first author, publication year, study design, study 
location, study period, study population, gestational age at 
birth, birth weight, sample size, proportion of males, duration 
of caffeine therapy, and all outcome measures (including 
death, BPD, PDA, NEC, PVL, IVH, ROP requiring laser photo-
coagulation, and duration of mechanical ventilation). Any dis-
crepancies in the interpretations of the data were resolved by 
discussion with a third reviewer.
  The two authors separately assessed the quality of the includ-
ed studies. Any disagreement was resolved by discussion with a 
third reviewer, after which the study was reevaluated. We evalu-
ated randomized controlled trials by using Jadad’s scale (18) 
and cohort studies by using the Newcastle-Ottawa Scale (19).
  The Newcastle-Ottawa Scale is composed of 8 items evaluat-
ing 3 domains: the selection (4 items), comparability (1 items), 
and outcome (3 items) in the cohort studies. Each domain that 
meets the criteria is given 1 star, except for the comparability 
domain wherein 2 stars can be given. Accordingly, the method-
ological quality of the studies was evaluated by using the total 
number of stars given, where the maximum total score was 9. A 
total score of ≤ 3 was considered to represent “low quality,” a 
score of 4 or 5 was considered to represent “moderate quality,” 
and a score of ≥ 6 was considered to represent “high quality.” 
Jadad’s scale assesses the quality of randomized control trials 
based on whether the study reported information on random-
ization, double blinding, and drop-outs. The total Jadad score 
ranges from 0 (bad) to 5 (good), and a total score of 4/5 corre-
sponds to a “good trial.” 

Data synthesis and analysis
We assessed the heterogeneity between studies by using I2 sta-
tistics. The value of I2 was expressed as a percentage of the total 
variation across studies, where I2 > 50% is representative of sig-
nificant heterogeneity. No heterogeneity was observed be-
tween studies, and the meta-analysis was performed by using a 

fixed effect model. If significant heterogeneity was noted be-
tween studies, a random effects model was used for the analy-
sis. Sensitivity analysis was performed by removing each study 
sequentially to evaluate the robustness of the combined esti-
mates and to examine its contribution to the results of the 
pooled odds ratio (OR). 
  The Begg and Mazumdar rank correlation test and Egger’s 
regression test were used to determine publication bias. Publi-
cation bias was also evaluated according to the distribution of 
the effect sizes against the standard errors of a graphically dis-
played funnel plot. The meta-analysis was performed using 
Comprehensive Meta-Analysis software version 2.0 (Biostat 
Inc., Englewood, NJ, USA). 

Definition of neonatal outcomes 
 The definitions of BPD used in the studies included the re-
quirement of oxygen or respiratory support at a post-menstrual 
age of 36 weeks in studies by Patel et al. (17) and Taha et al. (16). 
Based on the gestational age at birth, in Dobson’s study (15), 
infants born with a gestational age of < 32 weeks were defined 
as having BPD, whereas infants born with a gestational age of 
≥ 32 weeks were defined as requiring oxygen or respiratory 

support at 28-34 days of life. A diagnosis of NEC relied on the 
documentation of NEC in the patient charts or the documenta-
tion of surgery. PDA treatment was defined as pharmacologic 
treatment administered after 3 days of life, excluding the pro-
phylactic use of indomethacin, in 2 studies (15,17). In the CAP 
trial, Davis et al. (14) defined PDA treatment as the use of drugs 
without any limitation on the timing of medication or surgical 
ligation to close the PDA (5). 

RESULTS

Literature search and selection 
Fig. 1 shows how relevant studies were identified and why stud-
ies were excluded for this meta-analysis. Among a total of 1,316 
studies that were identified from the initial search, 222 dupli-
cates were removed. After reviewing the abstracts and titles of 
1,094 studies, 41 articles remained. Through the full text review, 
34 studies were excluded (the reasons are described in Fig. 1), 
and 5 reports were included in this meta-analysis. 

Characteristics of the included studies  
A total of 5 studies (14-17,20), 59,136 (range 58,997-59,136; a 
variable number of the study population among the reported 
outcomes from the study of Davis et al. (14), Table 1) infants 
born with a birth weight < 1,500 g met the inclusion criteria of 
this meta-analysis. For the BPD outcome analysis, 59,093 in-
fants (33,522 in the early caffeine group and 25,571 in the late 
caffeine group) were included. The characteristics of the in-
cluded studies for this meta-analysis of the effect of the early 
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initiation of caffeine therapy (before 3 days of life) on neonatal 
morbidity or mortality are shown in Table 1.
  Among the 4 retrospective cohort studies, the full text was 
available for 3 studies (15-17), and all were awarded 8 stars in 
the quality assessment by the Newcastle-Ottawa Scale, except 
for 1 study by Abbasi et al. (20), which was available as an ab-
stract only and was awarded 4 stars because of the limited in-
formation that was available (Table 2). We assessed the study of 
Davis et al. (14), which was based on the previously reported 
Caffeine therapy for Apnea of Prematurity (CAP) trial (5) that 
was a randomized controlled trial. The Jadad’s score for ran-
domized control trials (18) was 4 because the information for 
double blinding was not available. 
  In the 4 studies, except the Dobson study, the study popula-
tion had birth weights ≤ 1,250 g. Dobson’s study included in-

fants with birth weights < 1,500 g. All of the studies defined the 
initiation of caffeine therapy before 3 days of life as the early 
caffeine group and the initiation of caffeine 3 days or after as 
the late caffeine group. The inclusion criteria of the studies re-
stricted the timing of caffeine initiation to within 10 days of life 
in 2 studies (14-16). The study by Davis et al. (14) was a post hoc 
subgroup analysis of the previously reported CAP trial (5).

Primary outcome: BPD, death, and “BPD and death”
The percentage of mortality was 1,177 (3.8%) of 30,974 patients 
in the early caffeine group and 1,001 (4.2%) of 23,873 patients 
in the late caffeine group. The incidence of BPD was 6,667 of 
33,356 (20.0%) patients in the early caffeine group compared to 
8,785 (34.6%) of 25,405 in the late caffeine group. BPD or death 
occurred in 7,821 (23.7%) of 32,960 patients in the early caffeine 

Fig. 1. Flow diagram of the literature search and study selection process. The values in parentheses indicate the number of documents corresponding to each category.

1,310 records identified through database searching in PubMed 
(n=251), Embase (n=979), The Cochrane Library (n=64) + 

Koreamed (n=16)

Records after duplicates removed (n= 222)

Records screened for eligibility (n=1,094)

Full-text articles assessed for eligibility (n=41)

Studies included in meta-analysis (n=5)

Records excluded based on title or abstract (n= 1,053) 

          Full-text articles excluded, with reasons (n= 36)
· Review (n=23) and comment (n= 2)
· Publication with same data (n= 3) 
· No data for early caffeine use (n= 6)  
· No late caffeine use group as a comparison (n= 1)
· Inadequate data for analysis (n= 1)

Additional records identified through other 
sources (n= 6)

Table 1. Characteristics of the studies included in the meta-analysis

Authors/year Study design Location; study period Population
Gestational age at 
birth (median or 

mean, week)

Birth weight at birth 
(median or mean, g)

Duration of caffeine 
therapy (day)

Patel et al., 
   2013 (17) 

Retrospective cohort USA; Jan. 2008-June 
2010

Birth weight ≤ 1,250 g 
total: 104 (EC: 83, LC: 57)

Median, EC: 40,  
LC: 39.5

Median, EC: 940, 
LC:910

Median, EC: 40,  
LC: 39.5

Taha et al., 
   2014 (16) 

Retrospective cohort USA; June 2006-May 
2011

Birth weight ≤ 1,250 g treated with 
caffeine within 10 days of life  
total: 2,951 (EC: 1,986, LC: 965)

Mean, EC: 27.5,  
LC 27.2

Mean, EC: 938,  
LC: 899

Median, EC: 50, LC: 49

Dobson et al., 
   2014 (15)

Retrospective cohort USA; 1997-2010 Birth weight < 1,500 g total: 54,707 
(EC: 30,891, LC: 23,816)

Median, EC: 28.2, 
LC: 27.7

Median, EC: 1,076, 
LC:1,009

Median, EC: 36, LC: 30
Mean, EC: 37, LC: 33

Abbasi et al., 
   2010 (20)

Retrospective cohort, 
(abstract)

USA, multicenter gene 
targets IVH study; NA

Birth weight 500-1,250 g  
166 case/control pairs

NA NA NA

Davis et al., 
   2010 (14)

Randomized con-
trolled trial

Caffeine for Apnea of  
Prematurity (CAP) Trial 
Group (Canada, US, 
Australia, Europe and 
Israel; Oct. 11, 1999- 
Oct. 22, 2004)

Birth weight of 500 to 1,250 g treated 
with caffeine within 10 days of life 
post hoc analysis with CAP trial  
total: 867-1,006 (EC:348-413, LC: 
519-593, variable among reported 
outcomes)

NA NA NA

EC, early caffeine group; LC, late caffeine group; NA, not available.
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group versus 9,415 (37.9%) among 24,838 patients in the late 
caffeine group. The early use of caffeine was associated with a 
decreased incidence of death (OR, 0.902; 95% CI, 0.828 to 0.983; 
P = 0.019, Fig. 2A), BPD (OR, 0.507; 95% CI, 0.396 to 0.648; P <  
0.001, Fig. 2B), and BPD or death (OR, 0.526; 95% CI, 0.384 to 
0.719; P < 0.001, Fig. 2C). The results of the heterogeneity as-
sessment of BPD (P < 0.001; I2 = 85.48%) and BPD and death 
(P < 0.001; I2 = 89.92%) indicate a heterogeneous property, and 
thus, a random effect model was used for the meta-analysis. 
However, there was no heterogeneity between studies (P = 0.743; 
I2 = 0.0001%), so a fixed effect model was used for the meta-anal-
ysis for death.
  The sensitivity analysis did not show significant changes in 

the results with the sequential exclusion of individual studies 
for any of the primary outcomes, including BPD, death, and 
BPD and death. Inspection of the funnel plot did not rule out 
publication bias because of the small number of included stud-
ies. However, the Begg-Mazumdar rank correlation test and Eg-
ger’s regression test did not show evidence of publication bias 
for all of the primary outcomes.

Secondary outcomes
The incidence of the secondary outcomes was as follows: PVL 
(1.4% in the early caffeine group and 2.4% in the late caffeine 
group), PDA requiring treatment (8.8% in the early caffeine 
group and 19.3% in the late caffeine group), NEC (8.0% in the 
early caffeine group and 8.3% in the late caffeine group) and 
NEC requiring surgery (2.6% in the early caffeine group and 
2.4% in the late caffeine group). The risk of IVH (OR, 0.540; 95% 
CI, 0.364 to 0.801; P = 0.002, Fig. 3A), PVL (OR, 0.560; 95% CI, 
0.494 to 0.635; P < 0.001, Fig. 3B), ROP requiring laser photoco-
agulation (OR, 0.447; 95% CI, 0.223 to 0.897; P = 0.024, Fig. 3C), 
and PDA requiring treatment (OR, 0.402; 95% CI, 0.380 to 0.423; 
P < 0.001, Fig. 3D) were lower in the early caffeine group than 
in the late caffeine group. 
  However, the risks of NEC (OR, 0.976; 95% CI, 0.715 to 1.332; 
P = 0.879, Fig. 3E) in the random model analysis and NEC re-
quiring surgery (OR, 1.067; 95% CI, 0.652 to 1.747; P = 0.796, 
Fig. 3F) were not associated with the early use of caffeine. The 
results of the meta-analysis show that the early use of caffeine 
did not significantly reduce the duration of mechanical ventila-
tion as a continuous variable (standard mean difference, -0.168; 
95% CI, -0.447 to 0.111; P = 0.237, Fig. 3G). 
  The results of the heterogeneity of IVH (P = 0.004; I2 = 77.15%), 
duration of mechanical ventilation (P < 0.001; I2 = 97.99%), and 
ROP requiring laser photocoagulation (P < 0.001; I2 = 88.92%) 
showed heterogeneity among the included studies, and we used 
the random effect model for the meta-analysis. The analysis for 
PVL (P = 0.230; I2 = 30.63%), PDA (P = 0.301; I2 = 16.62%), and 
NEC requiring surgery (P = 0.166; I2 = 47.99%) did not show 
heterogeneity, and a fixed effect model was used for the meta-
analysis. For the analysis of the NEC risk (P = 0.058; I2 = 64.79%), 

Table 2. Newcastle-Ottawa scale for the risk of bias and the quality assessment of the included studies

Authors Year

Selection Comparability Outcome

Total scoreRepresentative-
ness of the 

exposed cohort

Selection of the 
non-exposed 

cohort

Ascertainment 
of exposure

Demonstration 
that outcome 

of interest was 
not present at 
start of study

Comparability 
of cohorts on 
the basis of 

the design or 
analysis

Assessment of 
outcome

Length of 
follow-up

Adequacy of 
follow-up of 

cohorts

Patel et al. (17) 2013 * * * * * * * 8
Taha et al. (16) 2014 * * * * * * * 8
Dobson et al. (15) 2014 * * * * * * * 8
Abbasi et al. (20) 2010 NA * NA NA NA * * * 4

NA, not available.

Fig. 2. Meta-analysis for the relationship between the timing of caffeine therapy initi-
ation (early vs. late) and the primary outcomes. (A) Death. (B) Bronchopulmonary dys-
plasia (BPD). (C) BPD or death.

A

Death

B

Bronchopulmonary dysplasia (BPD)

C

BPD or death
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Fig. 3. Meta-analysis for the relationship between the timing of caffeine therapy initi-
ation (early vs. late) and the secondary outcomes. (A) Intraventricular hemorrhage. (B) 
Periventricular leukomalacia. (C) Retinopathy of prematurity. (D) Patent ductus arterio-
sus. (E) Necrotizing enterocolitis (NEC). (F) NEC requiring surgical treatment. (G) Du-
ration of mechanical ventilation. 

A

Intraventricular hemorrhage

B

Periventricular leukomalacia

C

Retinopathy of prematurity requiring laser photocoagulation

D

Patent ductus arteriosus requiring treatment

E

Necrotizing enterocolitis (NEC)

F

NEC requiring surgical treatment

G

Duration of mechanical ventilation

both a fixed effect model and a random effect model were used 
in this meta-analysis; however, there was no significant differ-
ence in the results of the analysis using the random (OR, 0.976; 
95% CI, 0.715 to 1.332; P < 0.879) and fixed effect models (OR, 
0.971; 95% CI, 0.195 to 1.032; P = 0.347).
  We cannot assess the publication bias with tools such as the 
Begg-Mazumdar rank correlation test and Egger’s regression 
test for PVL, NEC requiring surgery, and the duration of me-
chanical ventilation among the secondary outcomes because 
of the small number of included studies. None of the other out-
comes showed a publication bias in the Begg-Mazumdar rank 
correlation test and Egger’s regression test. 

DISCUSSION

Methylated xanthines, such as theopylline, aminophylline and 
caffeine, and doxapram, have been used as respiratory stimu-
lants to treat apnea of prematurity via the inhibition of the ade-
nosine receptor (3,6,12) after Aranda et al. (21) first reported 
the efficacy of caffeine in reducing the frequency of apnea in 
preterm infants.  

  Although no difference was observed in the treatment failure 
rate between caffeine citrate and theophylline (2,3), caffeine ci-
trate is superior to theophylline for apnea of prematurity be-
cause of the once daily dose, lack of need of monitoring the 
drug level, early onset of the effect, and minimal side effects (2-
6). The use of doxapram could be harmful in the developing 
brain, with the possibility of cerebral dysfunction (7). 
  All of the included studies (14-17,20) in this meta-analysis 
used caffeine citrate to treat apnea of prematurity in infants 
weighting < 1,500 g at birth. The dosage of caffeine was usually 
administered intravenously, with a loading dose of 20 mg/kg, 
followed by 5 mg/kg/day maintenance doses (2,4,14,21). Only 
one study (14) mentioned the dosage of caffeine in a previous 
report, the CAP trial (5).
  Caffeine has the effect of reducing the frequency of apnea 
and improving respiratory function because, as a bronchodila-
tor, it reduces diaphragmatic fatigue, it increases respiratory 
muscle strength, and it reduces resistance and increases com-
pliance (2,21-25). Recently, the beneficial effects of caffeine in 
preterm infants, both in the long-term and short-term, have 
been reported. In addition, its effects on respiratory function, 
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including apnea (5,6,10) and the efficacy of the early com-
mencement of caffeine therapy (14,17,20), have also been re-
ported. The beneficial effect of caffeine on other neonatal mor-
bidities may result from the anti-inflammatory and immuno-
modulatory properties of caffeine (26,27) and the effect of caf-
feine during a critical period of disease progression or organ 
development in preterm infants (17). The use of caffeine in pre-
term infants could affect neonatal outcomes by reducing the 
frequency of apnea and intermittent hypoxia, which can acti-
vate the pro-inflammatory cascade (11,12,28) and the anti-in-
flammatory action of caffeine itself (11-13). 
  In the CAP trial (6), the death rates did not differ between the 
caffeine group and the non-caffeine group, but early caffeine 
use was associated with a reduced risk of death compared to 
late caffeine use in this meta-analysis (OR, 0.902; 95% CI, 0.828 
to 0.983; P = 0.019, Fig. 2A). Patel et al. (17) suggested that the 
early initiation of caffeine could decrease the incidence of BPD 
and BPD or death, especially in high-risk infants weigh-
ing < 750 g. The proposed possible mechanism of caffeine of 
reducing the risk of BPD is the blockade of the adenosine 2 re-
ceptor, which acts on inflammation and increases permeability 
and remodeling in the lung (9). An increased number of neu-
trophils in bronchoalveolar lavage fluid was found soon after 
birth and within 4 days of life (29), and early initiation of caf-
feine treatment blocked the initiation of BPD development. 
  Schmidt et al. (5) reported that the evidence of brain injury 
on ultrasound did not significantly differ between the caffeine 
group and the non-caffeine group. However, the results of this 
meta-analysis showed a significant reduction of the risk of IVH 
(OR, 0.540; 95% CI, 0.364 to 0.801; P = 0.002, Fig. 3A) and PVL 
(OR, 0.560; 95% CI, 0.494 to 0.635; P < 0.001, Fig. 3B). Recently, 
in an animal study, Kilicdag et al. (8) found that the mechanism 
by which caffeine reduces brain injury in the developing brain 
was its ability to decrease neuronal apoptosis after a hypoxic-
ischemic brain injury. Although adenosine is known to be neu-
roprotective, the use of caffeine (an adenosine antagonist) 
showed a neuroprotective effect in the developing brain via a 
blockade of the premature differentiation of oligodendrocyte 
precursor cells in PVL and decreased capillary leakage in the 
blood-brain barrier or reduced cerebral blood flow in IVH (9, 
10,30). Because it is the period of greatest vulnerability to brain 
injury, the protective effect of caffeine may only manifest in the 
early caffeine group (9,10). 
  The incidence of ROP in infants weighing 1,250 g or less was 
estimated to be 50%, and 10% of those experienced stage 3 ROP 
(2). Aranda et al. (2) reported the preliminary results of an ani-
mal study that found that the effect of caffeine on ROP preven-
tion occurred through the up-regulation of the Shh (sonic 
hedgehog) signaling pathway via vascular endothelial growth 
factor and insulin-like growth factor and resulted in the preser-
vation of retinal growth and angiogenesis. As shown by the re-

sults of this meta-analysis, early caffeine use was associated 
with a decreased risk of ROP requiring laser photocoagulation 
(OR, 0.447; 95% CI, 0.223 to 0.897; P = 0.024, Fig. 3C). 
  This meta-analysis showed a decreased incidence of PDA re-
quiring treatment (OR, 0.402; 95% CI, 0.380 to 0.423; P < 0.001, 
Fig. 3D), similar to the report by Schmidt et al. (5). Patel et al. 
(17) explained that the decreased risk of PDA requiring treat-
ment was due to the diuretic effect of caffeine and the improve-
ment of lung function. 
  The use of caffeine was not associated with a difference in 
the incidence of NEC compared to the non-caffeine group (5, 
31), but there was no information on the time of initiation of 
caffeine therapy. The early initiation of caffeine did not reduce 
the risk of NEC (2) and was not associated with an increased 
risk of NEC (16). In this meta-analysis, early caffeine use did 
not increase the risk of NEC (OR, 0.976; 95% CI, 0.715 to 1.332; 
P = 0.879, Fig. 3E) or NEC requiring surgery (OR, 1.067; 95% CI, 
0.652 to 1.747; P = 0.796, Fig. 3F) compared to the late caffeine 
group. 
  Methylxanthine prophylaxis increased the success of extuba-
tion compared to the placebo group in preterm infants (32), 
and the mean duration of mechanical ventilation was shorter 
in the early caffeine group than in the late caffeine group (23.7 
days and 21 days, respectively) in two studies included in this 
meta-analysis (15,16). However, the results of the meta-analysis 
found no significant difference in the duration of mechanical 
ventilation between the early and late caffeine groups (standard 
mean difference, -0.168; 95% CI, -0.447 to 0.111; P = 0.237, Fig. 
3G) in the random effect model analysis. The day of caffeine 
initiation (mean value) was 0.9 days and 1 day in the early caf-
feine group and 5.3 days and 13 days in the late caffeine group 
in the two included studies (15,16). In the study by Taha et al. 
(16), infants who used caffeine starting after 3 days of life and 
earlier than 10 days of life were included in the late caffeine 
group, and thus, caffeine was started relatively early in life, even 
in the late caffeine group. Therefore, the duration of mechani-
cal ventilation was shortened with early caffeine therapy (stan-
dard mean difference, -0.041; 95% CI, -0.058 to -0.025; P < 0.001, 
the forest plots of the fixed model analysis are not shown) in the 
meta-analysis using the fixed model. Four studies (14-17) men-
tioned the duration of positive ventilation and were included in 
the meta-analysis on the duration of mechanical ventilation, 
and two studies (14,17) were excluded because they described 
the post-menstrual age at the last positive pressure ventilation 
or only mentioned the median value of mechanical ventilation. 
Only two studies were included in this meta-analysis on the 
duration of mechanical ventilation, and inconsistent results 
were shown between the random and fixed effect model. There-
fore, further studies are needed to assess the effect of caffeine 
on the duration of mechanical ventilation. 
  The improvement of neonatal outcomes with the early initia-
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tion of caffeine may result from the synergistic interaction 
among the reduced risks of neonatal morbidities, including 
BPD, NEC, ROP, and PDA. The side effects following caffeine 
use did not differ compared to the placebo group, except for a 
temporary weight reduction (5,33) that was postulated to be an 
effect of the diuretic effect of caffeine (34). Therefore, Caffeine 
use was found to have short-term and long-term benefits in 
preterm infants (5,6). Early commencement of caffeine therapy, 
especially in preterm infants born at a gestational age of < 29 
weeks or with birth weights < 1,000 g who were at high risk of 
apnea of prematurity and neonatal morbidities, such as BPD (4, 
17), could be helpful for improving clinical outcomes as well as 
for preventing apnea of prematurity.  
  Some limitations of the present study need to be addressed. 
First, only one RCT study (8) regarding the effects of the early 
administration of caffeine was included, and we used a retro-
spective study in the meta-analysis. Second, we could not re-
port the effect of early caffeine use on the treatment of apnea. 
The analysis could not be performed for the effect on apnea 
due to the nature of the meta-analysis because the studies in-
cluded did not report apnea as an outcome. 
  In conclusion, this meta-analysis suggests that early caffeine 
use ( < 3 days of life) in VLBW infants has beneficial effects on 
neonatal outcomes, including mortality, BPD, IVH, PVL, ROP 
laser photocoagulation, and PDA requiring treatment, without 
increasing the risk of NEC. Further studies, specifically well-de-
signed randomized controlled trials, are needed to evaluate the 
effect of early and late caffeine use on neonatal outcomes, in-
cluding long-term outcomes.
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