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Abstract (words count: 233/250) 

Objective: To quantify trends in caffeine use in infants born at <32 weeks’ 

gestational age (GA), and to investigate the effects of early vs. late caffeine on 

neonatal outcomes.  

 

Study design: Retrospective propensity score matched cohort study using routinely 

recorded data from the National Neonatal Research Database of infants born at <32 

weeks’ GA admitted to neonatal units in England and Wales (2012-2020). 

 

Results: 89% (58,913/66,081) of infants received caffeine. In 70%, caffeine was 

started early (on the day of birth or the day after), increasing from 55% in 2012 to 

83% in 2020. Caffeine was given for a median (IQR) of 28 (17-43) days starting on 

day 2 (1-3) and continued up to 34 (33-34) weeks postmenstrual age.  

 

In the propensity score matched cohort of 13,045 pairs of infants, the odds of 

preterm brain injury (early caffeine, 2,306/13,045 (17.7%) vs. late caffeine, 

2,528/13,045 (19.4%), OR=0.89 (95% CI 0.84 to 0.95)) and BPD (early caffeine, 

4,020/13,045 (32.8%) vs. late caffeine, 4,694/13,045 (37.7%), OR=0.81 (95% CI 

0.76 to 0.85)) were lower in the group that received early caffeine compared to those 

who received it later. 

 

Conclusions: Early use of caffeine has increased in England and Wales. This is 

associated with reduced risks of BPD and preterm brain injury. Randomised trials 

are needed to find the optimal timing of caffeine use and the groups of infants who 

will benefit most from early administration of caffeine. 
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neurodevelopment 

 

Abbreviations: BPD, bronchopulmonary dysplasia; CAP trial, Caffeine in Apnoea of 

Prematurity trial; CI, confidence interval; IQR, inter-quartile range; IVH, 

intraventricular haemorrhage; MV, mechanical ventilation; NEC, necrotising 

enterocolitis; NIV, non-invasive ventilation; NMR-2000, neonatal mortality risk score 

among neonates weighing 2000 g or less; NNRD, National Neonatal Research 

Database; PHVD, post-haemorrhagic ventricular dilatation; PVL, periventricular 

leukomalacia; ROP, retinopathy of prematurity; ODN, Operational Delivery Networks; 

OR, odds ratio; SD, standard deviation.  
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What’s known on this subject 

• In very low birth weight infants, caffeine reduces exposure to positive airway 

pressure and the risk of bronchopulmonary dysplasia (BPD). 

• Infants who receive caffeine have improved rates of survival without 

neurodevelopmental impairment. 

• Early caffeine use is associated with reduced risk of BPD and adverse 

neurodevelopment.  

 

What this study adds 

• In very preterm infants in England and Wales, use of caffeine increased 

between 2012 and 2020 with use of caffeine within 2 days of birth increasing 

from 55% to 83%. 

• Infants who received caffeine early had higher odds of death but lower odds 

of preterm brain injury, BPD, and the composite outcome of death/brain 

injury/BPD when compared to those who had caffeine later.  

•  

How this study might affect research, practice, or policy 

• This study demonstrates the drift in practice towards using caffeine earlier in 

preterm infants. 

• It supports observational evidence that early use of caffeine may improve 

respiratory and neurological outcomes in preterm infants. 

• It highlights the need for randomised controlled trials to investigate which 

group of preterm infants would benefit from early caffeine and the optimal time 

of starting caffeine.  
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Introduction 

Caffeine is the most frequently prescribed medicine in neonates[1]. The Caffeine for 

Apnea of Prematurity (CAP) trial showed that, in very low birth weight infants, 

caffeine reduces the risk of bronchopulmonary dysplasia (BPD), and improves the 

rate of survival without neurodevelopmental impairment at 18-21 months of age[2]. 

Further follow-up revealed no improvement in survival without disability at 5 years[3] 

or the combined risk of academic, motor and behavioural impairments at 11 years, 

although there was reduced risk of motor impairment[4] and improved expiratory flow 

rate at 11 years[5]. Secondary analyses of data until hospital discharge showed a 

differential treatment effect of caffeine depending on the age at which the infants 

were randomised. Those who received caffeine at <3 days had lower risk of BPD 

compared to those who received caffeine at  ≥3 days[6]. These were post-hoc 

analyses and the allocation of infants to early vs. late caffeine was not random.  

 

Observational studies show increase in use of caffeine and association of early use 

with reduced risk of BPD[7] and better neurodevelopment at 18-24 months[8] 

although on there are contrasting results on the duration of mechanical ventilation 

and death[9] . Following this, there has been an increase in the use of early caffeine 

therapy[7]. The 2019 European guidelines on management of respiratory distress 

syndrome recommended that early caffeine should be considered for babies at high 

risk of needing mechanical ventilation (MV), including those on non-invasive 

ventilation (NIV)[10]. 

 

In the UK, the percentage of infants born at <32 weeks’ gestational age (GA) who 

received caffeine increased from 77% in 2010 to 92% in 2017[1], but no studies have 
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evaluated early use of caffeine and its impact on clinical outcomes. We aimed to 

quantify the change in caffeine use in the UK in infants born at <32 weeks’ GA, 

between 2012 and 2020, and to investigate the effects of early vs. late caffeine on 

neonatal outcomes. We hypothesised that caffeine use has increased, more infants 

are started on caffeine early, and that early use is associated with reduced risk of 

preterm brain injury and BPD.  
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Methods 
 
We carried out a retrospective cohort study using routinely recorded electronic 

patient record data. We used data from the UK National Neonatal Research 

Database (NNRD), as previously described[11], for infants born at 22-31 weeks’ GA 

admitted to neonatal units in England and Wales from 01 January 2012 to 31 

December 2020. 

 

Exclusions  

Infants were excluded if they had missing data on sex, birthweight, final discharge 

destination or had missing records for one or more episodes of care. We also 

excluded infants with implausible birthweight for GA z-scores >4 standard deviations 

(SD) or <-4 SD or who were admitted >24 hours after birth. Finally, infants with major 

congenital anomalies, oro-facial or respiratory system anomalies or anomalies 

requiring urgent surgical intervention were excluded (Supplementary Table 1). 

 

Exposures 

From daily records, we identified infants who were prescribed caffeine at least once. 

We identified the first calendar day on which caffeine was prescribed (taking the day 

of birth as day 1) and divided infants into those who first received caffeine early (on 

day 1 or 2) and those who first received caffeine later (on or after day 3) 

(Supplementary Table 2). 

 

Outcomes 

We pre-specified two co-primary outcomes, based on the National Neonatal Audit 

Programme definitions[12]: preterm brain injury, defined as intraventricular 
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haemorrhage (IVH) of any grade identified by imaging on or before day 28, cystic 

periventricular leukomalacia (PVL) or post haemorrhagic ventricular dilatation 

(PHVD) identified by any imaging during neonatal stay; and BPD, defined as 

receiving any mode of respiratory support at 36 weeks postmenstrual age (PMA). 

For BPD analyses, we excluded infants who died before 36 weeks PMA. We also 

pre-specified several secondary outcomes, including composite outcomes of preterm 

brain injury or death, BPD or death, and preterm brain injury or BPD or death 

(Supplementary Table 3). 

 

Statistical analysis 

All data management and analyses were performed using Stata, version 17 

(StataCorp, College Station, Tx). After exclusions, we calculated the percentage of 

infants who received caffeine, overall and by year of admission and gestational age 

group (<28 weeks’ GA and 28-31 weeks’ GA). In infants who received caffeine, we 

described its use, compared the characteristics of infants who received caffeine early 

and late (demographic characteristics, characteristics of pregnancy and delivery and 

the NMR-2000 score to describe infants’ risk of in-hospital mortality[12]) and 

described changes over time by year of admission and individual GA week in the use 

of early and late caffeine. 

 

We identified pairs of infants by propensity score matching (one who received 

caffeine early and one who received caffeine later) with similar demographic and 

clinical characteristics using the methods outlined by Imbens and Rubin[13]. We 

used nearest neighbour matching, with a calliper width of 0.2 times SD of the logit of 

the propensity scores[14]. Detailed description is given in the supplementary material 
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(Supplementary Figure 1 and Supplementary tables 4 and 5). In the resulting 

matched cohort, we used logistic regression for binary variables and quantile 

regression for continuous variables to explore the association between receiving 

caffeine early versus late and the outcomes. We used a Bonferroni adjustment to 

account for multiple hypothesis testing. We conducted two sensitivity analyses in the 

full, non-matched, cohort to explore the impact of the matching process: 1) we used 

traditional multivariable logistic regression to calculate adjusted odds ratios (aOR) 

and median differences for adverse outcomes and 2) we used inverse probability 

weighting to weight the calculation of the measures of effect, such that all infants 

contributed to the analysis, with their contribution inversely proportional to their 

propensity score. 
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Results 
 
Of 68,934 22-31 weeks’ GA infants admitted from 2012 to 2020, 66,081 were 

included (Supplementary Figure 2). 58,913 (89.2%) received caffeine. This 

increased from 6,101/7,425 (82.2%) in 2012 to 6,070/6,439 (94.3%) in 2020 (<28 

weeks’ GA, 84.3% to 94.3%; 28-31 weeks’ GA, 81.1% to 94.2%). Characteristics 

and differences between infants who received caffeine and those who did not are 

given in Supplementary Table 6. Infants who did not receive caffeine were born at a 

later gestation and higher birthweight than infants who did receive caffeine. 

However, 30% (n=2,139/7,168) of infants who did not receive caffeine died, on 

median (IQR) day 2 (1-4) of life.  

 

Caffeine was given for a median of 28 (17-43) days starting on day 2 (1-3) and 

continued up to 34 (33-34) weeks PMA. Infants born at <28 weeks’ GA received 

caffeine for longer compared to those who were born at 28-31 weeks’ GA (Table 1). 

The overall duration of caffeine treatment increased slightly amongst both the <28 

weeks’ GA infants (48 (36-60) days in 2012 to 52 (41-64) days in 2020) and the 28-

31 weeks’ GA infants (21 (13-31) days in 2012 to 24 (17-33) days in 2020).  

 

Table 1. Caffeine use in infants born at <32 weeks’ gestational age in England 

and Wales (2012-2020) 

 All infants 
<28 weeks’ 
gestational 

age 

28-31 
weeks’ 

gestational 
age 

p-value 

Number of infants 58,913 18,780 40,133  

Total days of caffeine,  
median (IQR) 

28 (17-43) 50 (39-63) 22 (15-32) <0.001 

Day of life when caffeine 
was started, median (IQR) 

2 (1-3) 2 (1-3) 1 (1-3) <0.001 
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PMA (in weeks) when 
caffeine was started, 
median (IQR) 

29 (27-31) 26 (25-27) 30 (29-31) <0.001 

Received caffeine early, n 
(%) 

41,163 
(69.9) 

12,961 
(69.0) 

28,202 
(70.3) 

0.002 

Highest mode of respiratory support on the day caffeine was started, n (%) 

 
Mechanical 
ventilation 

29,007 
(49.2) 

14,947 
(79.6) 

14,060 
(35.0) 

<0.001 
 

Non-invasive 
ventilation 

23,082 
(39.2) 

3,637 (19.4) 
19,445 
(48.5) 

 Supplemental oxygen 367 (0.6) 32 (0.2) 335 (0.8) 
Day of life when caffeine was 
stopped, median (IQR) 

32 (20-49) 57 (46-70) 25 (18-35) <0.001 

PMA (in weeks) when 
caffeine was stopped, 
median (IQR) 

34 (33-34) 34 (33-35) 33 (33-34) <0.001 

Number of days between last 
caffeine use and discharge 
home, median (IQR) 

22 (14-33) 32 (21-46) 19 (13-28) <0.001 

On caffeine within 7 days of 
discharge home, n (%) 

4,067 (7.7) 517 (3.6) 3,550 (9.3) <0.001 

 

Caffeine use to support extubation and NIV 

Among the 29,007 infants who were mechanically ventilated when caffeine was 

started, 9,536 (32.9%) were extubated on the same day and 6,916 (23.8%) on the 

day after. Of those who were mechanically ventilated when caffeine was started, the 

percentage extubated within 2 days decreased over the study period: <28 weeks’ 

GA, 45.2% in 2012 to 35.1% in 2020; 28-31 weeks’ GA, 80.8% in 2012 to 73.8% in 

2020. 17,115 infants were receiving NIV when caffeine was started and had not 

been mechanically ventilated before. Of these, 4,163 (24.3%) went on to be 

mechanically ventilated, 2,823 (16.5%) within 7 days. 

 

Early vs. late caffeine use 

Of the 58,913 infants who received caffeine, the drug was started early in 41,163 

(69.9%), increasing from 3,333/6,101 (54.6%) in 2012 to 5,012/6,070 (82.6%) in 

2020 (<28 weeks’ GA infants: from 973/2,004 (48.6%) in 2012 to 1,642/1,929 
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(85.1%) in 2020; 28-31 weeks’ GA infants: from 2,360/4,097 (57.6%) in 2012 to 

3,370/4,141 (81.4%) in 2020). The trend, as a percentage of the population, is 

demonstrated in Figure 1A while use by GA at birth is shown in Figure 1B.   

 

Compared to infants who received caffeine late, those who received caffeine early 

were more premature and smaller, more likely to be female, one of a multiple birth, 

have received antenatal steroids, been born by Caesarean section, been at medium 

risk of in-hospital mortality, and admitted first to a Neonatal Intensive Care Unit but 

were less likely to have been mechanically ventilated on day 1 and to have had early 

onset sepsis (Supplementary Table 7).  

 

Adverse outcomes 

Preterm brain injury was identified in 11,727/66,081 (17.8%) infants, including 

10,711 (18.2%) infants who received caffeine. BPD was present in 21,104/60,980 

(34.6%) infants alive at 36 weeks postmenstrual age, including 20,395 (36.5%) of 

those who received caffeine. 

 

In the propensity score matched cohort of 13,045 pairs of infants, the odds of 

preterm brain injury and BPD were lower in those who received early caffeine 

compared to those who received it later (preterm brain injury: early caffeine, 

2,306/13,045 (17.7%) vs. late caffeine, 2,528/13,045 (19.4%), OR=0.89 (95% CI 

0.84 to 0.95) and BPD: early caffeine, 4,020/13,045 (32.8%) vs. late caffeine, 

4,694/13,045 (37.7%), OR=0.81 (95% CI 0.76 to 0.85)) (Table 2 and Figure 2). In the 

matched cohort, the point estimates for all pre-specified secondary outcomes, except 
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death before discharge, were lower in those who received early caffeine compared 

to those who received it later (Table 2 and Figure 2). 

 

Table 2. Odds ratios and median differences outcomes in 13,405 propensity 

score matched pairs of infants born at <32 weeks’ gestational age in England 

and Wales (2012-2020) who received early caffeine and those who received it 

later.  

 

Outcome 
Early caffeine 

(n=13,045) 
Late caffeine 

(n=13,045) 

Odds ratio or 
median 

difference 
(95% CI) 

Pre-specified primary outcomes    

Preterm brain injury, n (%) 2,306 (17.7) 2,528 (19.4) 
0.89 (0.84 to 

0.95)b 

BPD, n (%) 4,020 (32.8) 4,694 (37.7) 
0.81 (0.76 to 

0.85)b 

Secondary outcomes    

Death before discharge, n (%) 864 (6.6) 719 (5.5) 
1.22 (1.10 to 

1.35)b 
Preterm brain injury or death, n 
(%) 

2,717 (20.8) 2,904 (22.3) 0.92 (0.87 to 0.97) 

BPD or death, n (%) 4,806 (36.8) 5,297 (40.6) 
0.85 (0.81 to 

0.90)b 
Preterm brain injury, BPD or death, 
n (%) 

5,645 (43.3) 6,172 (47.3) 
0.85 (0.81 to 

0.89)b 

IVH grade 3/4 and/or PVL, n (%) 837 (6.4) 959 (7.4) 
0.86 (0.78 to 

0.95)b 

Received postnatal steroids, n (%) 955 (7.3) 1,155 (8.9) 
0.81 (0.74 to 

0.89)b 

Pneumothorax, n (%) 575 (4.4) 730 (5.6) 
0.78 (0.70 to 

0.87)b 

ROP requiring treatment, n (%) 836 (6.4) 992 (7.6) 
0.83 (0.76 to 

0.92)b 

PDA treated surgically, n (%) 220 (1.7) 301 (2.3) 
0.73 (0.61 to 

0.87)b 

Severe NEC, n (%) 334 (2.6) 416 (3.2) 
0.80 (0.69 to 

0.92)b 

Late onset sepsis, n (%) 4,117 (31.6) 4,552 (34.9) 
0.86 (0.82 to 

0.91)b 
Total number of days of respiratory 
support, median (IQR) 

13 (4-57) 19 (5-67) -6 (-7 to -5)b 
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Number of days of invasive 
ventilation, median (IQR) 

1 (0-6) 2 (0-10) -1 (-1 to -1)b 

Number of days of non-invasive 
ventilation, median (IQR) 

8 (2-34) 9 (3-37) -1 (-1 to -1)b 

bp<0.05 after Bonferroni adjustment 
BPD, bronchopulmonary dysplasia; IVH, intraventricular haemorrhage; NEC, necrotising 
enterocolitis; PDA, patent ductus arteriosus; PVL, periventricular leukomalacia; ROP, 
retinopathy of prematurity 

 
 
 
The sensitivity analyses using the full cohort showed similar results to the propensity 

score matched analysis (Supplementary Table 8). 
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Discussion  

Caffeine use, in <32 weeks’ GA infants in England and Wales, has increased 

between 2012 and 2020 with a substantial increase in the use of caffeine within 2 

days of birth. We found that the odds of BPD and evidence of preterm brain injury 

were lower among infants who received caffeine early when compared to those who 

received it after day 2.  

 

Dobson et al.[7] found lower incidence of BPD, but greater incidence of death, 

among those who received caffeine in the first 3 days. We also found that the odds 

of death were higher in the early caffeine group but that this difference did not persist 

if we excluded infants who died within the first 3 days i.e., before the time they could 

have been started on caffeine “late”.  

 

Post-hoc analyses of the CAP trial data that first suggested benefits of early caffeine 

explored the potential mechanisms of action and found that 49% of the benefit was 

accounted for by early discontinuation of positive pressure ventilation[6]. 

Borszewska-Kornacka et al. used 143 propensity score-matched pairs of ≤32 weeks’ 

GA infants and found that those who received caffeine within 24 hours required 

shorter duration of MV when compared to those who had caffeine later, but there 

was no difference in rates of BPD[15]. Although we found lower odds of BPD in 

those who received caffeine early, they only had one fewer day of MV and two fewer 

days of NIV compared to those who received caffeine later.  

 

Caffeine may have neuroprotective effects[16]. We found reduced odds of preterm 

brain injury among those who received caffeine early. For the primary analysis, we 
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used a broad definition of preterm brain injury but the magnitude of reduction in odds 

was similar for the most severe brain injury (IVH 3/4 and/or PVL). Lodha et al.,[8] 

investigated <29 weeks’ GA infants who received caffeine within two days and found 

that the odds of neurological injury at discharge and significant neurodevelopmental 

impairment at 2 years were reduced compared to those in the late caffeine group, 

although the odds of any neurodevelopmental impairment were similar. Association 

between lower rates of BPD and preterm brain injury and early caffeine use has 

been reported in other studies[17,18] [19][20,21]. 

 

The NNRD does not record the indication, dose, or dosing intervals. We were unable 

to differentiate between early use for prophylaxis of apnoea of prematurity and/or 

neuroprotection and that for treatment of apnoea of prematurity or for facilitating 

extubation. With increasing use of NIV[11], it is possible caffeine is given early to 

support spontaneous breathing and prevent MV. Patel et al.,[22] investigated the 

effect of caffeine started on the day of birth vs. started after day 1 on rates of CPAP 

failure among very low birthweight infants who were not mechanically ventilated. 

There was no difference in CPAP failure between the two groups. We were also not 

able to explore the answers to other important clinical questions such as the optimal 

dose and dosing interval for caffeine. 

 

Our results and previous reports [7] show an increase in early administration of 

caffeine. Other reports have shown that centres in the UK initiate caffeine earlier 

than in Germany [23]. This practice, supported by results from several cohort 

studies, is not based on robust evidence which needs to come from RCTs. Amaro et 

al.[24] conducted a double-blind, placebo-controlled RCT comparing the effect of 
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early caffeine vs. caffeine immediately before extubation. The study was stopped 

after interim analyses due to an increasing trend for higher mortality in the early 

caffeine group. There was no reduction in age at first successful extubation, duration 

of MV, or incidence of BPD. Katheria et al.[25] investigated caffeine administration in 

the first 2 hours vs. at 12 hours for reducing the risk of intubation within the first 12 

hours. They found that fewer infants who had early caffeine were intubated but MV 

for longer when compared to those who had caffeine later. 

 

Increasing use of early caffeine is driven by observational data. However, all 

observational studies, including ours, have inherent limitations [26]. Nylander et al. 

conducted a systematic review of studies comparing early vs. late caffeine but were 

unable to draw conclusions from 12 cohort studies due to methodological problems 

[26]. We attempted to minimise these. There was baseline imbalance between the 

comparison groups which we minimised by using propensity score matching and 

sensitivity analyses using traditional adjustment methods and inverse probability 

weighting. We found that the results were similar. We followed established methods 

for propensity score matching [27] and the model was well-balanced across those 

variables that were included but these only account for measured confounders. Use 

of routinely collected data reduces risk of ascertainment bias, and despite missing 

data for some covariates, the study size, and size of the propensity score matched 

cohort, are larger than previous studies. 

We included infants who died at ≤3 days which could have introduced a survivorship 

bias that may underlie the higher odds of death in the early caffeine group. We 

categorised risk of mortality using the NMR-2000 score and found that a smaller 

percentage of infants in both high and low risk categories had caffeine early while 
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more of those in the moderate risk category had early caffeine. It may be that those 

who are very sick soon after birth are not given caffeine as they are unlikely to 

survive while those who are very well are perceived as not needing it.   

 

Preterm infants are not a homogeneous group. With increasing use of NIV[11], a 

large number are not mechanically ventilated. Early use of caffeine among these 

infants is aimed at reducing the need for ventilation and trials should compare the 

effect of starting caffeine early, sometimes as early as in the delivery suite[28], on 

respiratory and neurodevelopmental outcomes. There are, however, thousands of 

infants who require MV from birth. It is unclear if giving caffeine early while the 

infants are on MV will improve neurodevelopment compared to giving it immediately 

prior to extubation. There is also a third group who do not require any respiratory 

support. To consider giving early caffeine in this group we need to ask: does early 

caffeine have neurodevelopmental benefits independent of its respiratory benefits? 

 

Our results suggest an association between early use of caffeine and improved 

outcomes at discharge. Randomised trials are required, however, to confirm the 

efficacy of caffeine in improving respiratory or neurodevelopmental outcomes, 

particularly in the longer term. 
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Figure legends 
 

Figure 1. Trends in use of any, early (on day of birth or day after), and late (at or 

after day 3) in infants born at ≤32 weeks’ gestational age in England and Wales. A:  

 

  



 25 

Figure 2: Odds and 95% confidence intervals of outcomes until discharge among 

propensity matched cohort of ≤32 weeks’ gestational age infants in England and 

Wales (2012-2020) who received caffeine early (on day of birth or day after) vs. late 

(at or after day 3). 

 

(CI, confidence interval; IVH, intraventricular haemorrhage; NEC, necrotising 

enterocolitis; PDA, patent ductus arteriosus; PHVD, post-haemorrhagic ventricular 

dilatation; PVL, periventricular leukomalacia; ROP, retinopathy of prematurity) 

 


