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Summary 

Bronchopulmonary dysplasia (BPD) may adversely affect the postnatal growth 
of the extremely premature infant; however, most studies have not controlled for 
birth weight. We studied 90 Black premature infants (mean birth weight 989 & 148 
g). Weight was recorded biweekly until discharge and at 4, 8, and 12 months of age 
corrected for prematurity. Infants with BPD (N = 23) were contrasted with infants 
without BPD (N = 67). Data were modeled using the Count model: Stage I birth to 
term and Stage II term to 12 months. Birth weight was considered part of growth 
beginning in utero and multivariate analyses were used to control for BPD, gesta- 
tional age, duration of hospitalization and socioeconomic status. After adjustment 
for birth weight, BPD did not explain the growth pattern. A lower gestational age 
was associated with a slower establishment of steady growth (P < O.Ol), while an 
increased duration of hospitalization was associated with a lower growth rate (P < 
0.05). Growth in stage II was not explained by study variables. ‘Catch-up’ growth 
was seen in both infants with and without BPD. We conclude that differences in 
growth among infants with BPD are mainly attributable to birth weight. We specu- 
late that poorer growth may be seen in a sub-group of infants with severe BPD. 

bronchopulmonary dysplasia; growth; premature infant. 

Introduction 

The postnatal growth of extremely premature infants has been the subject of con- 
siderable research [l-5]. Data suggest long-term impact of some perinatal compli- 
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cations, especially bronchopulmonary dysplasia (BPD), on growth [6,7]. BPD is a 
chronic respiratory condition which results mainly from oxygen toxicity and baro- 
trauma to the immature lung [8]. The incidence of BPD is increasing with the 
increased survival of extremely premature infants. Although infants with BPD 
usually have many other associated conditions, most studies of growth have not con- 
trolled for birth weight or other differences between infants with and without 
bronchopulmonary dysplasia. In addition, most studies have involved mixed racial 
populations and very few reports have focused solely on extremely premature 
infants. 

This prospective study focused on the growth of extremely premature Black 
infants weighing < 1,200 g at birth and was designed to answer the following ques- 
tions: (1) Are the patterns of weight gain different for infants with bronchopulmon- 
at-y dysplasia as compared to those without bronchopulmonary dysplasia? (2) Do 
other factors, e.g. birth weight and gestational age, help explain the patterns? (3) Is 
there evidence during the first year of life that extremely premature infants ‘catch- 
up’ to full term infants; i.e., achieve weights within two standard deviations of the 
mean for their corrected age [9,10]? 

Patients and methods 

Patient population 
The subjects of this report include 90 premature Black infants with birth weights 

< 1,200 g admitted to the intensive care nursery between March 1979 and June 1983 
who survived and were discharged home. Only infants whose growth was appro- 
priate for gestational age were included in the study [ 111. Weight was measured at 
birth to the nearest 10 g (Toledo scale, Toledo, OH). Weights were recorded at birth 
and at every even numbered week until discharge, which usually occurred at 
postconceptional age 38-42 weeks, corrected for prematurity. Weights were then 
measured and recorded during each follow up visit at 4, 8, and 12 months age cor- 
rected for prematurity. BPD was defined using the criteria of Bancalari et al. [12] 
and socioeconomic status (SES) was assessed using the Hollingshead Four Factor 
Index [13], with classes l-3 (‘high’) contrasted with classes 4-5 (‘low’) SES 
(Table I). 

While hospitalized, the infants were generally managed by critical care nurse 
practitioners using nutritional protocols aimed at the provision of 100-120 kilocal/ 
kg/day either parenterally or enterally as dictated by the infant’s condition. 

Modeling of the growth data 
The growth data were modeled using the Count model [ 141. This model, which is 

widely used in the growth literature, is robust with respect to missing values, and has 
been used to describe the growth pattern of premature infants [15,16]. 

The growth of premature infants is characterized by a loss of weight over the first 
few days after birth, recovery to birth weight, and finally establishment of a linear 
increase. The model fits this pattern well and is generally expressed as: 

weight = B,, + Bi (time) + B2 In (time + 1) + E 
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where BP B, and B2 are the regression parameters and E is the random error. It fol- 
lows from this model that velocity or growth rate is given (as a function of time) as 
B, + B,/(time + 1) and acceleration, as - B,/(time + 1). B, can be interpreted as 
an indicator of the curvature in the curve specified by the Count model, or more 
precisely as the initial (time 0) deceleration or rate of weight loss after birth. In a plot 
of weight versus time, more pronounced curvature corresponds to larger absolute 
values of B2. As time increases, acceleration tends to zero, and velocity tends to sta- 
bilize at value B,. B, can simply be thought of as the expected weight at time zero. 

The model was fitted in two stages. The first stage was from birth to term (40 
weeks corrected age) or discharge if this occurred prior to 40 weeks; the second stage 
from 40 weeks to 12 months corrected age. Thus, for each individual, the full range 
of data points was fitted in two segments. The two curves were connected using the 
predicted week 40 weight from the first model as the intercept for the second model. 
This procedure reflects the relative importance attributed to the first stage model. 
Our models were therefore: 

Stage I 

Expected wt gain at agej = B,, + B, (agej) + B, In (agej + 1) 

Stage II 

Expected additional wt at time k = B, (time k) + B4 In (time k + 1) 

For stage I, age was postnatal age in weeks and for stage II, time k was weeks 
from term corrected age. Note that for stage I the first observation was considered 
to be at birth. In doing so, birth weight was considered not as a covariate but as part 
of the overall growth already occurring in utero prior to birth [ 171. 

After fitting the two stage model to each infant’s data, a second phase in the anal- 
ysis examined the influence of potential independent variables on the fitted curves. 
Variables examined included BPD, gestational age, duration of hospitalization, sex, 
and socioeconomic status. To do this, the estimated parameters for each individual 
were considered as a set of possibly-correlated random variables, i.e. as a 
multivariate observation. Using multivariate models it was possible to test whether a 
given covariate or set of covariates explained the set of estimates b,, . . . b,, (the least 
squares estimates of B,, . . . BJ All statistical computations were performed using 
SAS (SAS Institute Inc., Cary, NC) 

After the corrected age of 40 weeks, the growth of study infants was plotted on 
the Babson curve for preterm infants [18] and compared to a population of Black 
full-term infants who were followed in an affiliated health maintenance organiza- 
tion at the same medical center [ 191. 

Of the study infants, 64 contributed at least three data points to the modeling of 
stage II. The percent follow-up at each time point was: 77.5 (4 months), 68.5 (8 
months), and 64.0 (12 months). 
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Stage IModel 
The birth weights of 82.2% of the study infants fell between the 10th and 50th 

percentiles and the remaining 17.8% were between the 50 and 75th percentiles for 
gestational age [l 11. Sample characteristics are given in Table I. Perinatal variables 
for which infants with and without BPD differed are given in Table II. 

For the first stage model, values for b,, b,, and b, were obtained for each infant 
and due to their interpretations are referred to as birth weight, growth rate, and 
deceleration, respectively. One infant had insufficient data on which to fit the 
model, i.e. less than three measurements. As expected, the three parameter estimates 
were highly correlated (P < 0.001); birth weight and growth rate were positively cor- 
related, while birth weight was negatively correlated with deceleration, as were 
deceleration and growth rate. 

Multivariate test statistics were utilized to control for correlation among varia- 
bles. The results of the multivariate tests of the simultaneous effects of each covar- 
iate on the three parameter estimates are given in Table III. We also examined each 
of the covariates; BPD, gestational age and weeks hospitalization for their effects 
on growth rate and deceleration while controlling for the effect of birth weight 
(Table IV). The variable, weeks hospitalization, was highly correlated with both 
days of oxygen therapy (r = 0.54, P < 0.001) and days of mechanical ventilation 
(r = 0.66, P d O.OOl), and thus served as a marker of more severe BPD. 

Bronchopulmonary dysplasia 
The first set of tests showed BPD closely linked to birth weight, growth rate and 

deceleration (Table III). The plots of fitted curves for infants with and without BPD 
are shown in Fig. 1. When adjustment was made for birth weight, however, the 
effect of BPD was no longer significant (Table IV). Thus, BPD was related to birth 
weight but did not further explain the subsequent pattern of growth. 

Gestational age 
The effect of gestational age is given in Table III. When adjusted for birth 

weight, lower gestational age was related to greater rate of weight loss or a slower 
establishment of a steady growth rate (Table IV). The eventual growth rate appeared 
lower for the earlier babies (Table III); however, when birth weight was taken into 

TABLE I 

Sample characteristics (N = 90). 

Characteristic Finding 

Mean birth weight, g (S.D.) 
Mean gestational age, weeks (S.D.) 
Mean hospitalization, weeks (S.D.) 
Bronchopulmonary dysplasia, number (o/o) 
Socioeconomic status (class 4-5). number (o/o) 
Males number (olo) 

989 (148) 
28.5 (1.9) 
10.8 (3.9) 
23 (25.6) 
73 (85.9) 
43 (48.3) 
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TABLE II 

Perinatal variables for which risk groups differed. All comparisons were significant with P < 0.001. 

Perinatal variable Risk group 

No BPD 
(N = 67) 

BPD 
(N = 23) 

Mean birth weight-mean, (S.D.) 1031(121) 866 (153) 
Mean gestational age, weeks (S.D.) 28.9 (1.7) 27.2 (1.9) 
Mean hospitalization, weeks (SD.) 9.5 (3.0) 14.3 (3.9) 

account (Table IV), there was no longer a significant effect of gestational age on 
eventual growth rate. In this sense, an earlier born infant will achieve the same 
growth rate as a later born infant if the two infants have similar birth weights. 

Weeks hospitalized 
Although weeks hospitalized alone was significantly related to birth weight and 

growth rate (Table III), when adjusted for birth weight, weeks hospitalization was 
no longer significantly related to growth rate (Table IV). On the other hand, the 
multivariate test, which took into account the correlation between growth rate and 
deceleration, indicated that weeks hospitalization significantly affected the two vari- 
ables as a pair (P < 0.001). The two variable model with gestational age and weeks 
hospitalized (adjusted for birth weight) explained 33.0% of the variance for both 
growth rate and deceleration (Table V). 

Since weeks hospitalization was highly correlated with both duration of mechani- 
cal ventilation and oxygen therapy, we substituted these variables for weeks hospi- 
talization in the model. Similar results were obtained with duration of mechanical 
ventilation, explaining 35.3% of the variance in growth rate and 35.5% of the vari- 
ance in deceleration. Days oxygen therapy was also significant but explained less of 
the variance in growth rate and deceleration as compared to both weeks hospitaliza- 
tion and duration of mechanical ventilation. 

TABLE III 

Tests and parameter estimates of multivariate regression models each involving one explanatory variable. 

Covariate Test of covariate 
effects 

Estimate of covariate effects 
(070 variance) explained 

BPD 
Weeks 
hospitalization 

GA 
SES 

F-stat P-value BW 
11.5 0.0001 - 162.7** 
21.0 0.0001 - 18.5** 

42.7 0.001 42.3** 
1.5 0.22 

Growth rate Deceleration 
- 53.6** (16.1) 86.2* (4.7) 
- 6.4** (17.2) 2.0 (0.2) 

8.8** (7.9) 10.4 (1.3) 

GA, gestational age; SES, socio-economic status. 
*P< 0.05. 
**P6 0.01. 
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TABLE IV 

Tests and parameter estimates of multivariate regression models explaining growth rate and deceleration. 

Covariate Test of covariate Estimate of 
effects* covariate effects (% variance) 

F-stat P-value Growth rate Deceleration 

BPD 
GA 
Weeks 

hospitalization 

2.2 0.12 
22.4 0.0001 - 2.76 (0.6) 52.3’ (22.3) 
13.2 0.0001 - 3.05 (4.8) - 8.5 (2.6) 

‘Adjusted for birth weight. 
*psi 0.01. 

Conclusion 

Stage I 
The pattern of growth from birth to term (corrected age) was best explained by 

birth weight, gestational age, and duration of hospitalization. BPD was related to 
birth weight but did not further explain the pattern of growth. A lower gestational 
age was associated with a slower achievement of steady weight gain, while an 
increased duration of hospitalization was associated with a lower growth rate. 
Neither sex nor socioeconomic status affected the growth pattern. 

Stage II 
Since the stage II parameters were derived from a second Count model connected 
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Fig. 1. Fitted curves for infants with and without BPD : birth to term corrected age. 
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TABLE V 

Tests and parameter estimates of the best multivariate regression model. 

Two covariate Test of corvariate 
model effects’ 

Estimate of 
covariate effects 

F-stat P-value ‘Growthrate’ ‘Deceleration’ 

GA’ 
Weeks 
hospitalization 

16.6 O.oool - 5.38 51.2** 
8.2 O.oool - 3.78* - 1.6 

‘Adjusted for birthweight. 
??P< 0.05. 
**p< 0.01. 

to the first model, there were only two parameters in the model which indicated 
growth rate and acceleration. A similar analysis to that performed for the first stage 
failed to show any significant covariate effects on the growth pattern. When infants 
who dropped out were compared to those who remained in the study, there were no 
differences for duration of oxygen or ventilator therapy. Those infants who dropped 
out were more likely to have exhibited poorer growth at the preceeding visit; how- 
ever, the proportion of such infants did not differ for BPD and non-BPD groups. 

Tatch-Up’ 
Most infants ‘caught-up’ or achieved weights within two standard deviations of 

the mean for their corrected age over time. At 4 months corrected age, 65% of 
infants with BPD had weights more than 2 SD. below the mean compared to 40% 
of infants without BPD (P < 0.001, Fisher’s exact test, two-sided). At 8 and 12 
months, however, there was no difference between the groups. Growth of study 
infants in stage II, especially those without BPD, was fairly stereotyped and approx- 
imately 1 S.D. below the mean when plotted on the Babson chart or contrasted with 
a full-term comparison group (Fig. 2) [ 18,191. 

Discussion 

In this study of extremely premature Black infants of lower socioeconomic status, 
the differences in growth patterns from birth to term for infants with BPD as com- 
pared to infants without BPD were mainly attributable to the difference in birth 
weight in the two groups. When birth weight was taken into account, BPD did not 
appear to confer an added risk for poorer weight gain. On the other hand, gesta- 
tional age and weeks hospitalization had a significant impact on the pattern of 
growth from birth to term. A lower gestational age was associated with a slower 
achievement of steady weight gain, while an increased duration of hospitalization 
was associated with a lower growth rate. 

Duration of hospitalization may function as a marker for the severity of BPD. In 
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Fig. 2. Plot of fitted curves for infants with and without BPD and mean weights (+ 1 and 2 S.D.) for 
comparison infants during stage 2 - term to 12 months corrected age. Data for comparison infants 
adapted from Jung et al [19]. 

our study, the duration of hospitalization, days of oxygen therapy, and days of 
mechanical ventilation were all highly correlated. Furthermore, when duration of 
mechanical ventilation was substituted for weeks hospitalization, almost identical 
results were obtained. Perhaps further studies in which the severity of BPD is more 
precisely assessed will show a clearer impact of severe BPD on weight gain, even 
when other variables such as gestational age and birth weight are considered. This 
would not be surprising since a number of studies have shown increased work of 
breathing and increased oxygen consumption in infants with BPD [20,21]. 

We are unaware of any other studies of the impact of BPD on extremely 
premature Black infants of lower socioeconomic status. Although most studies of 
mixed populations have not included control groups of similar infants without BPD, 
several studies which have attempted to control for these factors have reached dif- 
ferent conclusions. Vohr et al. found no difference in growth between BPD and con- 
trol infants at 2 years of age [5]. On the other hand, Meisels et al. found poorer 
growth in infants with BPD as compared to infants with respiratory distress syn- 
drome and no BPD in the second year of life [6]. Suave et al. examined the growth 
of infants with BPD as compared to controls and also found evidence for poorer 
growth in the infants with BPD [8]. In both of the two preceding studies, however, 
infants with BPD had lower birth weights. As seen in our study and from data 
recently published by Sell and Vaucher [22], the pattern of growth for BPD infants 
does not appear significantly different from that of similar infants when birth 
weight is taken into account. Sell and Vaucher found that body weight prior to 8 
months of age explained 70-859’0 of the variance in subsequent weight [22]. 
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Recent data published by Kurzner et al. suggest that both birth weight and sever- 
ity of BPD are important [21]. Thirteen infants with BPD were studied at 6 months 
(corrected age). None were receiving supplmental oxygen. Seven had growth failure 
defined as weight less than tenth percentile of the Babson growth curve. Resting 
metabolic expenditure was increased among infants with both BPD and growth fail- 
ure as compared to typically growing infants with or without BPD. The authors 
speculated that the growth failure was related to increased metabolic demands 
associated with BPD. Although birth weights of infants with growth failure were 
significantly lower (P < 0.005) than those of infants without growth failure, no 
adjustment for birth weight was made. Further studies which control for other fac- 
tors, including clinical practices (e.g., diuretics, fluid restriction) are necessary. In 
addition, outcome variables other than weight gain alone, i.e., length and body 
composition, should be measured. 

Among infants with or without BPD, there is a tendency for fewer premature 
infants to fall below the tenth percentile over time. Whether this trend toward fewer 
infants falling below the tenth percentile represents ‘catch-up’ growth of the prema- 
ture infant to the normal full term population or simply ‘catch-up’ to growth pre- 
dicted by their birth size is a matter for further consideration and study. Garn and 
Shaw [23] have pointed out that for normal term infants, birth size is the most 
important single determinant of individual growth during the first 7 years of life. 
Others have linked low birth weight and the rate of intrauterine growth to later 
growth [17]. In a recent study, Binken et al. plotted growth curves for low birth 
weight infants by 500-g weight groups [24]. The growth curves were highly divergent 
during early infancy, but began to converge toward the end of the first year. The 
curves never converged, however, and became parallel throughout early childhood, 
suggesting a persistent effect of birth weight. Both our study and the literature 
support the need for further research to clearly define the relative contribution of 
BPD and birth weight to postnatal growth patterns of the extremely premature 
infant. 
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