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Background: Although oral and inhaled glucocorticoid ther- 
apy may impair growth in children with asthma, the effect of 
glucocorticoid therapy and asthma on attained adult height 
has not been extensively studied in representative children in 
the community. 
Objectives: The study was designed to compare the attained 
adult height of children with asthma with the attained adult 
height of nonasthmatic children and to compare the attained 
adult height of asthmatic children treated with glucocorti- 
coids with the attained adult height of asthmatic children 
who did not receive glucocorticoids. 
Methods: Residents of Rochester, Minnesota, with onset of 
asthma from 1964 to 1987 and age- and sex-matched non- 
asthmatic residents of Rochester were studied. Glucocorti- 
coid exposure was assessed from medical records. The mean 
of 5 stadiometer measurements of adult height, adjusted for 
sex and parental height, was analyzed. 
Results: One hundred fifty-three patients with asthma (mean 
age at onset, 6.1 _+ 4.8 years) and 153 age- and sex-matched 
nonasthmatic subjects were studied. Adult height of patients 
with asthma (mean age at measurement, 25.7 -+ 5.2 years) 
was not significantly different from the adult height of non- 
asthmatic subjects; the overall difference, adjusted for mid- 
parental height, was -0 .20 cm (95% confidence interval from 
-0.27 to 1.64). The adult height of asthmatic children treated 
with glucocorticoids was not significantly different from the 
adult height of patients with asthma not treated with glu- 
cocorticoids; the difference after adjusting for mid-parental 
height was -0 .2  cm (95% confidence interval from -0 .1  to 
0.6). 
Conclusions: We conclude that the attained adult height of 
patients with asthma is not different from the adult height of 
age- and sex-matched nonasthmatie subjects and that the 
attained adult height of asthmatic children treated with glu- 
coeorticoids is not significantly different from the adult 
height of children not treated with glucoeorticoids. (J Allergy 
Cliu Immunol 1997;99:466-74.) 
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Asthma is a common condition with a prevalence in 
Rochester, Minnesota, of approximately 8%. 1 The inci- 
dence of asthma is highest in the early years of life, and 
asthma may be active throughout a child's growing years. 
Children with asthma have been reported to have 
shorter stature and smaller increase in height for age 
(slower height velocity) than children without asthma? 
Although it is well recognized that daily and alternate- 
day administration of glucocorticoids may impair 
growth, 3-6 shorter stature for age has been observed in 
children with asthma who have not been treated with 
glucocorticoids. 7-1° Mechanisms other than the effect of 
glucocorticoid treatment have been postulated to ex- 
plain the shorter stature of children with asthma includ- 
ing chronic hypoxia, diminished lung function, chronic 
infection, undernutrition, sleep disturbance, and long- 
term stress. 11-13 

In addition to growth retardation, children with 
asthma have been reported to have delayed matura- 
tion as measured by time of appearance of secondary 
sexual characteristics and by skeletal age. 7,14 Some 
investigators have found that although change in 
height (i.e., height velocity) is transiently reduced, 
catch-up growth occurs, 7 and asthmatic children attain 
normal adult height? °, ~4, 15 Other investigators have 
not found evidence of catch-up growth? 6, 17 Whether 
the attained adult height of children with asthma, 
especially children who have received glucocorticoids, 
is equal to predicted height and comparable to at- 
tained adult height of children without asthma is 
controversial. 

With increasing recognition of the importance of the 
role of inflammation in asthma and the efficacy of 
glucocorticoid therapy in reducing inflammation, glu- 
cocorticoids are presently prescribed more often and 
earlier in the treatment of patients with asthma. Inhaled 
glucocorticoid therapy is often used to avoid the adverse 
effects of long-term oral glucocorticoid treatment? 8 
Beclomethasone and triamcinolone have not been asso- 
ciated with reduced height or growth in previous stud- 
ies?9, 20 However, a recent randomized clinical trial of 
aerosol beclomethasone compared with oral theophyl- 
line in treatment of children, ages 6 to 17 years, with 
mild to moderately severe asthma demonstrated re- 
duced growth in the beclomethasone group compared 
with the oral theophylline group. 21 No population-based 
study, however, has reported the adult height of children 
treated with glucocorticoids. 
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We previously identified a population-based cohort  of 
Rochester ,  Minnesota, residents with onset of asthma 
between 1964 and 1983.1 This cohort, updated through 
1987, includes 778 children with definite asthma whose 
symptoms began during childhood and who have now 
attained their adult height. An  advantage of studying 
this retrospective cohort  is that the subjects will have 
already experienced the outcome of interest (i.e., at- 
tained adult height). For  this study we invited all avail- 
able members  of this cohort  to participate in a study of 
asthma and adult height. We evaluated whether patients 
with onset of asthma during childhood have shorter 
adult height than nonasthmatic subjects and whether  
patients with asthma who received glucocorticoids for 
t reatment  of their asthma during childhood had shorter 
adult height than patients with asthma who did not 
receive glucocorticoids. 

METHODS 
Study setting 

Rochester, Minnesota, is located 90 miles southeast of Min- 
neapolis and is centrally located in Olmsted County. In 1990 the 
population of Rochester was 70,745 (94% white). With the 
exception of a higher proportion of residents employed in the 
health care industry, the characteristics of Rochester are similar 
to those of the U.S. white population. Population-based epide- 
miologic research is possible in this setting because essentially 
all medical care for Rochester residents is provided by the 
Mayo Clinic and its affiliated hospitals, by the Olmsted Medical 
Group and its affiliated hospital, and by a small number of other 
physicians. The medical diagnoses and surgical procedures for 
all providers are recorded in automated databases, and the 
original medical records of all providers are available for review 
through the resources of the National Institutes of Health- 
funded Rochester E pidemiology Project. 

Study design 
The first study aim was to compare the adult height of 

asthmatic children with the adult height of children without 
asthma. For this aim, a retrospective cohort study design was 
selected to compare the outcome of adult height of the cohort 
with asthma with the adult height of an age- and sex-matched 
cohort of nonasthmatic subjects. The second study aim was to 
compare the adult height of asthmatic children who received 
glucocorticoids with the adult height of asthmatic children who 
did not receive glucocorticoids. For this aim, a retrospective 
cohort study design was also selected in which the exposure of 
interest was glucocorticoid therapy and the outcome was at- 
tained adult height. 

Subjects 
We previously identified the cohort of Rochester residents 

with onset of asthma from 1964 through 19831 and have 
partially updated the cohort through 1987. For this study, 
Rochester residents with definite asthma, by the predetermined 
criteria used for the previous study of the epidemiology of 
asthma, 1 who experienced the onset of their asthma during 
childhood and who attained adult height (age -<17 years for 
girls and -<19 years for boys) were eligible and were asked to 
participate. With the resources of the Rochester Epidemiology 
Project, an age- and sex-matched subject without asthma who 
resided in Rochester in the same year as the onset of asthma for 

the corresponding asthmatic study subject was identified from 
the list of Rochester residents who had ever received care at the 
Mayo Clinic and was invited to volunteer for the study. All 
subjects gave informed consent to be enrolled in the study. The 
study was approved by the Mayo Clinic Institutional Review 
Board. 

Data collection 
Information for the study was collected from three sources: 

(1) directly from study subjects by means of a pretested 
structured questionnaire, (2) from nurse abstractor review of all 
inpatient and outpatient medical records of Rochester provid- 
ers of care for study subjects, and (3) from direct measurements 
of adult height for all study subjects and pulmonary function 
test results for study subjects. Date of birth and gender of all 
subjects were available from the medical records. All asthma 
medications listed anywhere in the medical record from onset 
of asthma until age of attaining adult height were recorded for 
all subjects. All data concerning the date, dose, route, fre- 
quency, amount prescribed, and number of refills were re- 
corded. The recorded height and the date the height was 
recorded were abstracted from medical records for at least one 
visit each year for all years in which there was a clinic visit until 
the study subject attained adult height or was lost to follow-up. 
When more than one measurement was available, the first 
measurement in each year was recorded. All subjects were 
asked to accurately report their current height and the height of 
their natural parents and to estimate their parents' height in 
relation to their own height. 

Measurement of adult height 
All subjects had a stadiometer measurement of standing 

height with shoes removed measured by the same study nurse, 
using a single stadiometer that was calibrated periodically 
against a known standard. The measurements were repeated 
five times, and the mean of five recordings was analyzed. 

Data analysis 
For each study subject, mid-parental height was used to 

adjust for subject's mother's and father's height. 2z 23 The for- 
mula used was: 

Mid-parental height (boys) 

= (Mother's height + Father's height + 13 cm) + 2 

Mid-parental height (girls) 

= (Mother's height + Father's height - 13 cm) + 2 

The height of asthmatic subjects was compared with the height 
of nonasthmatic subjects in two ways, both of which adjusted for 
survey-reported mid-parental height. The first comparison ig- 
nored the matching and assessed the relationship between the 
mean of the five measurements of adult height and asthma 
status by means of analysis of covariance. The second compar- 
ison used a paired analysis to account for the matching. Here, 
the difference between a subject's mean measured height and 
mid-parental height was calculated. This difference from mid- 
parental height was compared between the asthmatic subjects 
and the age- and sex-matched nonasthmatic subjects by using a 
signed-rank test. 

Among asthmatic subjects, the relationship between mean 
measured adult height and glucocorticoid exposure was as- 
sessed by using analysis of covariance. Each subject's glucocor- 
ticoid exposure was classified as any chart-recorded exposure or 
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TABLE I. Patient and parental height for asthmat ic cohort  and age- and sex-matched nonasthmat ic  cohort  

Asthmatic cohort Nonasthmat ic  cohort 

Variable & sex n M e a n  -+ SD n M e a n  -+ SD p Va lue*  

Mean measured height (cm) 
Female 78 165.9 -+ 6.1 78 165.1 + 6.6 0.60 
Male 75 179.1 -+ 7.0 75 179.4 _+ 6.1 0.80 

Survey-reported father's height (cm) 
Female 73 175.4 _+ 6.0 69 174.0 _+ 7.5 0.24 
Male 68 176.7 + 6.1 68 177.2 +_ 7.1 0.66 

Survey reported mother's height (cm) 
Female 76 161.3 -+ 6.0 72 160.7 +- 6.3 0.75 
Male 70 161.5 -+ 6.4 70 161.9 +_ 5.2 0.65 

Mid-parental height (cm) 
Female 73 161.9 + 4.8 68 161.1 _+ 5.1 0.47 
Male 68 175.6 + 5.0 68 176.1 _+ 4.5 0.70 

*Rank sum test. 

no chart-recorded exposure and separately classified as any 
chart-recorded oral exposure, only inhaled glucocorticoid expo- 
sure recorded in the chart, or no chart-recorded exposure. 
Additionally, the relationship between mean measured adult 
height and cumulative glucocorticoid exposure was assessed in 
an analysis of covariance model. Cumulative childhood expo- 
sure to glucocorticoids was calculated by using all recorded 
exposures before subjects attained adult height (age 17 years 
for girls and age 19 years for boys). For each episode of 
glucocorticoid use, exposure was calculated by multiplying the 
dose in milligrams by the number of doses per day and by the 
total number of days exposed. A tapering dose was treated as 
half the initial dose multiplied by the number of days over which 
the dose was tapered. All of the individual episodes of glucocor- 
ticoid exposure were then added together to yield a cumulative 
exposure to glucocorticoids. In an additional analysis, glucocor- 
ticoid potency adjustment was made by adjusting each specific 
glucocorticoid exposure by the potency of the glucocorticoid 
relative to the potency of prednisone; all adjusted exposures 
were then summed to arrive at a cumulative adjusted exposure. 
Cumulative glucocorticoid exposure and cumulative adjusted 
glucocorticoid exposure were also separately calculated for 
subjects with any oral glucocorticoid exposure and for subjects 
with only inhaled glucocorticoid exposure. The distributions of 
cumulative glucocorticoid exposure and cumulative adjusted 
glucocorticoid exposure were highly skewed, and accordingly, 
the natural logarithms of cumulative glucocorticoid exposure 
and adjusted glucocorticoid exposure were used in the analysis 
of covariance models. Analyses were performed by using SAS 
software (SAS Institute). A p value less than 0.05 was consid- 
ered statistically significant. 

RESULTS 

At the time the study was initiated, 778 members of 
the updated asthma cohort had experienced onset of 
asthma during childhood and had attained adult height 
(age 17 in girls and age 19 in boys) and were therefore 
eligible for the study. Fifty-six members of the original 
cohort were excluded because of unavailable current 
addresses (37 cases), revised diagnoses (4 cases), deaths 
(2 cases), or other miscellaneous reasons (13 cases). The 
remaining 722 Rochester residents with onset of asthma 
before attaining adult height were invited to participate. 

Letters to 99 cohort members were returned from the 
post office as "unclaimed," indicating that a current 
address for these patients was not available. Thus 623 
members of the original cohort were assumed to have 
been contacted. Sixty-two (10%) declined to participate, 
300 (48%) did not respond, and 261 (42%) completed 
the study questionnaire. One  hundred fifty-three (25%) 
were available for height measurement,  were enrolled in 
the study, and comprise the asthma cohort. 

There were 153 study subjects with asthma, 78 women 
(51%) and 75 men (49%). The asthmatic subjects' mean 
age at onset of asthma was 6.1 _+ 4.8 years (median, 5.2 
years). The asthmatic subjects' mean age at first glu- 
cocorticoid exposure was 12.5 -+ 3.9 years; the mean 
interval between onset of asthma and first glucocorticoid 
exposure was 7.3 -+ 4.8 years. The mean  age at last 
glucocorticoid exposure before attaining adulthood was 
14.6 _+ 3.7 years, and the mean  interval between first and 
last glucocorticoid exposure was 7.3 ± 4.8 years. Age at 
time of measurement  of adult height was 25.7 _+ 5.2 
years. Table I summarizes the mean of the five stadiom- 
eter measurements  of adult height, the reported father's 
height and mother's height, and the calculated mid-paren- 
tal height for the asthmatic cohort and for the age- and 
sex-matched comparison cohort of Rochester residents 
without asthma. The measured height, survey-reported 
father's height and mother 's  height, and calculated 
mid-parental  height of the asthmatic cohort were not  
significantly different from corresponding values for the 
nonasthmatic cohort as determined by the rank-sum 
test. Note that the mean  measured height was greater 
than the mean  mid-parental  height for women and men  
for both the cohort with asthma and the comparison 
cohort. 

Asthma and adult height 

In the unmatched analysis, the height of patients with 
asthma, after adjusting for sex and mid-parental  height, 
was not  significantly different from the height of nonas- 
thmatic subjects (p = 0.82). The adult height of the 



J ALLERGY CUN IMMUNOL Si lvers te in  et al. 469 
VOLUME 99, NUMBER 4 

O 
O 
C,I 

z= 
- r  
X3 O 

f~ 
d~ 

O ~D 

I•D 
[] O • 

O • ~C 

• D i ~ 

i•i•e• 
i. iD~ I 
D D 

i 

9 

0 

o ° o ~o o 
o o o 

elC 
• i• c 

u o~ 

]m°ii • • 

~e d p e l l  • 

D 

D 

o 

0 0 

°•o e ~  • 
O0 

0 0  o 

o 

• / /  / 

• .......... Males, Asthmatics 
© . . . . .  Males, Non-asthmatics 
• . . . .  Female, Asthmatics 
[ ]  Female, Non-Asthmatics 

150 160 170 180 190 200 

Mid-Parental Height (cm) 

FIG. 1. Adult height of men and women with asthma and age- and sex-matched nonasthmatic subjects by 
mid-parental height. Lines indicate the fol lowing equation: Adult height = 48.2 cm + (0.15 cm) × Asthma + 
(3.44 cm) × Male + (0.73 cm) x Mid-parental height, where Asthma = 1 if asthmatic, 0 if nonasthmatic; Male = 
1 if male, 0 if female, 

asthmatic cohort and the age- and sex-matched nonas- 
thmatic cohort by mid-parental height, and the lines 
indicating predicted adult height, are shown in Fig. 1. 
After adjustment for sex and mid-parental height, pa- 
tients with asthma were 0.15 cm (0.06 inches) taller than 
nonasthmatic subjects. The difference in the measured 
height between the asthmatic subjects and matched 
nonasthmatic subjects was only 0.21 _+ 9.42 cm (p = 
0.95). The measured heights of both the cohort with 
asthma and the nonasthmatic comparison cohort are 
greater than their expected mid-parental heights (3.7 -+ 
5.4 cm and 3.6 -+ 5.8 cm, respectively; both p < 0.01). 
Finally, the paired comparison of difference in the 
measured adult height (adjusted for mid-parental 
height) of the asthmatic subjects compared with the 
nonasthmatic subjects was only 0.20 _ 8.17 cm; p = 
0.78). In all comparisons results were consistent for both 
women and men. 

Glucocorticoids and adult height of patients with 
asthma 

Overall, 58 (38%) of the patients with asthma had 
exposure to glucocorticoids recorded in their medical 
records. Glucocorticoid exposure was similar for women 
(28 of 78 or 36%) and men (30 of 75 or 40%). The 
patients with asthma who received inhaled glucocorti- 
coids had a mean of 3.3 doses (median, 4 doses) 
prescribed per day. The patients with asthma who re- 
ceived oral or parenteral glucocorticoids had a mean of 

2.4 courses (median, 1 course) of oral or parenteral 
glucocorticoids during their childhood years. The mean 
of the five measurements of adult height, survey-re- 
ported parental height, mid-parental height, and differ- 
ence between measured height and mid-parental height 
for women and men by any glucocorticoid exposure or 
no glucocorticoid exposure is shown in Table II. Among 
the 58 patients with asthma who were exposed to 
glucocorticoids, 40 had received oral glucocorticoids (19 
women and 21 men), and 18 had received only inhaled 
glucocorticoids (9 women and 9 men). 

The adult height of patients with asthma treated with 
glucocorticoids was not significantly different from the 
adult height of patients with asthma who did not receive 
glucocorticoids. After adjusting for mid-parental height, 
the adult height of patients with asthma treated with 
glucocorticoids was approximately 1.2 cm (approximate- 
ly 0.5 inch) less than the height of patients with asthma 
not treated with steroids. The 95% confidence interval 
for glucocorticoid therapy was (-3.1 cm, 0.6 cm). The 
adult height of patients with asthma by mid-parental 
height and the lines indicating predicted adult height for 
those with any glucocorticoid therapy and those with no 
glucocorticoid therapy are shown in Fig. 2. 

In the analysis that classified glucocorticoid exposure 
as any oral glucocorticoid use, inhaled glucocorticoid use 
only, or no glucocorticoid use, neither exposure to oral 
glucocorticoids (ever) nor exposure to inhaled glucocor- 
ticoids only was associated with adult height after ad- 
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FIG. 2. Adult height of patients with asthma who received any glucocorticoid therapy during childhood or 
adolescence and patients with asthma who received no glucocorticoid therapy during childhood or adoles- 
cence by mid-parental height. Lines indicate the fol lowing equation: Adult height = 23.2 cm - (1.26 cm) x 
Glucocorticoid + (0.89 cm) × Mid-parental height, where Glucocorticoid = 1 if glucocorticoid recorded in 
medical recorded, 0 if no glucocorticoid therapy recorded in medical record. 

TABLE II. Pat ient  and paren ta l  he igh t  o f  pa t ien ts  w i th  as thma  by g lucoco r t i co id  use and sex  

Glucocorticoid use No glucocorticoid use 

Variable n Mean -~ SD n Mean + SD p Value* 

Measured adult height (cm) 
Female 28 166.3 + 6.4 50 165.6 + 6.0 0.61t 
Male 30 178.1 + 7.3 45 179.7 _+ 6.8 0.33 

Calculated mid-parental height (cm) 
Female 27 163.3 ± 4.9 46 161.0 ± 4.6 0.05 
Male 25 174.8 ± 6.0 43 176.1 _+ 4.4 0.33t 

Difference in measured height and 
mid-parental height (cm) 

Female 27 3.0 ± 4.9 46 4.8 -+ 5.8 0.18 
Male 25 2.8 ± 4.2 43 3.6 -+ 6.0 0.48t 

*t test. 
tRank sum test. 

justing for mid-parental height. In an analysis that 
adjusted for mid-parental height, the adult height of 
patients with asthma who received oral glucocorticoids 
(ever) was 1.4 cm less than the height of patients with 
asthma not treated with steroids. The 95% confidence 
interval of the difference was (-3.5 cm, 0.7 cm). The 
adult height of patients with asthma who received only 
inhaled glucocorticoids was 0.9 cm less than the height 
of patients with asthma not treated with glucocorticoids. 
The 95% confidence interval of the difference was (-3.8 

cm, 2.0 cm). The adult height of patients with asthma by 
mid-parental height and the lines indicating predicted 
adult height of those who received oral or parenteral 
glucocorticoids, inhaled glucocorticoids only, or no glu- 
eocorticoid therapy are shown in Fig. 3. 

C u m u l a t i v e  g l u e o c o r t i c o i d  e x p o s u r e  a n d  

a d u l t  h e i g h t  

Glucocorticoid exposure is summarized for all pa- 
tients with asthma and for those who received oral 
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FIG. 3. Adult height of patients with asthma who received oral or parenteral glucocorticoid therapy during 
childhood or adolescence, patients with asthma who received only inhaled glucocorticoids during childhood 
or adolescence, and patients with asthma who had no glucocorticoid exposure by mid-parental height. Lines 
indicated the following equation: Adult height = 23.0 cm - (1.40 cm) × Oral - (0.90 cm) × Inhaled + (0.89 cm) 
× Mid-parental height, where Oral = 1 if any glucocorticoid exposure, 0 if no exposure to oral glucocorticoids; 
and Inhaled = 1 if only inhaled glucocorticoid exposure, 0 if no exposure to any inhaled steroids. 

TABLE III. Cumula t i ve  ch i ldhood  g lucocor t i co id  exposure  and g lucocor t i co id  po tency -ad jus ted  exposure  af ter  

onset  o f  as thma unti l  a t ta in ing adu l t  he ight  

Cumulative glucocorticoid exposure Adjusted cumulative glucocorticoid exposure 

Median Mean _+ SD Median Mean -+ SD 
n (total mg) (total mg) n (total mg) (total mg) 

All glucocorticoid use 
Women 28 78 667 ± 1403 28 171 939 ± 2070 
Men 30 293 490 _+ 632 30 364 979 + 1628 

Oral glucocorticoids (any) 
Women 19 280 960 ± 1632 19 280 1262 _~ 2445 
Men 21 400 632 ± 699 21 411 1086 -+ 1794 

Inhaled glucocorticoids (only) 
Women 9 8 47 ± 91 9 43 257 + 498 
Men 9 15 157 ± 226 9 83 729 ± 1205 

o f  the 19 women in the oral glucocorticoid group, 12 also received inhaled glucocorticoids. For these 12 women, the mean -+ SD cumulative inhaled 
glucocorticoid exposure was 264 + 523 mg (median, 28 mg); the cumulative inhaled potency-adjusted glucocorticoid exposure was 1015 -+ 2304 mg 
(median, 87 rag). Of the 21 men in the oral glucocorticoid group, 10 also received inhaled glucocorticoids. For these 10 men, the mean _+ SD 
cumulative inhaled glucocorticoid exposure was 353 -+ 578 mg (median, 83 rag); the cumulative inhaled potency-adjusted glucocorticoid exposure was 
1281 + 2217 mg (median, 459 mg). 

g lucocor t i co ids  (ever)  o r  i nha l ed  g lucocor t i co ids  only  for  
m e n  and  w o m e n  in Tab le  III.  T h e  d i s t r ibu t ion  o f  expo-  
sures  is qu i t e  skewed ,  and  t h e r e f o r e  m e d i a n  and  m e a n  ± 
SD are  r e p o r t e d .  N o t e  tha t  pa t i en t s  wi th  a s t h m a  w h o s e  
t r e a t m e n t  i nc luded  courses  o f  ora l  g lucocor t ico ids  gen-  
eral ly h a d  h ighe r  cumula t ive  exposu re  (p = 0.003) and  

ad jus ted  cumula t ive  exposu re  (p = 0.03) to  g lucocor t i -  
colds  t han  pa t i en t s  wi th  a s t h m a  w h o  rece ived  only  
inha l ed  g lucocor t ico ids .  A f t e r  ad jus t ing  for  m i d - p a r e n t a l  
he ight ,  m e a s u r e d  adul t  he igh t  was  n o t  statist ically sig- 
nif icantly assoc ia ted  wi th  cumula t ive  g lucocor t i co id  ex- 
p o s u r e  or  wi th  cumula t ive  g lucocor t i co id  exposu re  ad-  
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justed for glucocorticoid potency (p = 0.89 and 0.79, 
respectively). The relationship between measured 
height, adjusted by mid-parental height, and glucocorti- 
cold exposure is shown in Fig. 4. 

Height of asthma cohort and enrolled subjects 

This study enrolled patients from a population-based 
cohort of Rochester residents with onset of asthma 
before attaining adult height. To assess whether the 
sample of patients enrolled in the study differs from 
original cohort members not enrolled, adult height 
reported in the medical records of enrolled patients was 
compared with the adult height reported in the medical 
records of members of the original cohort not enrolled 
in the study. The medical record height of enrolled 
women (mean, 165.6 -+ 5.9 cm; n = 72) and men (mean, 
179.0 -+ 7.7 cm; n = 54) was not significantly different 
from the medical record height of cohort women (mean, 
164.1 _+ 6.7 cm; n = 134) and men (mean, 178.4 _+ 7.5 
cm; n = 160) not enrolled in the study. To assess 
whether the sample of patients who completed question- 
naires but did not enroll in the study differed from 
enrolled subjects who completed questionnaires and had 
a stadiometer measurement of adult height, we com- 
pared the self-reported height of enrolled subjects with 
the self-reported height of those who only responded to 
the questionnaire. The self-reported height of enrolled 
women (mean, 163.2 +- 6.6 cm; n = 78) and men (mean, 
177.1 _+ 7.0 cm; n = 75) was not significantly different 
from the self-reported height of women (mean, 162.6 +_ 
6.2 cm; n = 50) and men (mean, 177.5 + 5.3 cm; n = 57) 
who only responded to the questionnaire. 

DISCUSSION 

This study used a population-based incidence cohort 
of patients with asthma as a sampling frame to enroll 
subjects with onset of asthma before attaining adult 
height. The adult height of patients with asthma, ad- 
justed for parental height, was not significantly different 
from the height of nonasthmatic subjects, suggesting 
that, overall, asthma does not have an important effect 
on attained adult height. The attained adult height of 
patients with asthma who received glucocorticoids was 
not significantly different from the adult height of pa- 
tients with asthma not treated with glueocorticoids. The 
actual magnitude of the observed difference, 1.22 cm or 
approximately 0.48 inch, was small, suggesting no clini- 
cally important differences in adult height. Analyses of 
the attained adult height of patients with asthma who 
had received any oral or parenteral glucocorticoid treat- 
ment and patients with asthma who had received only 
inhaled glucocorticoid treatment compared with pa- 
tients with asthma not treated with glucocorticoids also 
confirmed that differences in height were not statistically 
significant. The actual magnitudes of any differences 
were small (1.4 cm or 0.55 inch and 0.90 cm or 0.35 inch, 
respectively) and are not likely to be clinically important. 
Finally, additional analyses based on cumulative glu- 
cocorticoid exposure and glucocorticoid potency-ad- 

justed exposure showed no significant dose-response 
effect. Our findings are reassuring in that they suggest 
that, overall, asthma per se and glucocorticoid treatment 
of asthma do not have a clinically important impact on 
attained adult height. 

Our findings suggest that, overall, patients with 
asthma treated with glucocorticoids may be 1.2 cm (0.5 
inch) shorter than patients with asthma not treated with 
glucocorticoids. We can use the 95% confidence interval 
to interpret the range that may include the actual 
difference. Thus patients with asthma treated with glu- 
cocorticoids could be as much as -3.1 cm (1.2 inches) 
shorter or 0.6 cm (0.2 inches) taller than patients with 
asthma not treated with steroids. Our best estimate of 
the difference in attained adult height (1.2 cm or approx- 
imately 0.5 inch) is small and in our judgment not 
clinically important. The lower limit of the 95% confi- 
dence interval, 3.1 cm, is less than one half of the 
standard deviation of adult height. Our study had a 96% 
power to detect a difference of 2 inches between the two 
groups but only a 47% power to detect a difference of 1 
inch between the two groups. 

Our findings are not inconsistent with results of 
studies that document impaired growth during glucocor- 
ticoid exposure. The effect of glucocorticoids on attained 
adult height may depend on the particular glucocorti- 
colds used, route of delivery dose, duration of use, and 
whether glucocorticoids were given continuously or in- 
termittently during childhood and adolescence. Our 
findings indicate that for most patients with asthma, the 
actual use of glucocorticoids in management of asthma 
was not associated with a clinically important effect on 
attained adult height. It is possible that the glucocorti- 
cold exposure of patients with asthma may be too small 
to produce a substantial effect on attained adult height 
or that patterns of use in courses of glucocorticoids with 
intervening periods without glucocorticoid exposure in- 
cluded adequate periods of growth to allow children and 
adolescents to attain expected adult height. 

Glucocorticoid exposure was assessed from review of 
all the inpatient and ambulatory medical records of all 
providers of care for the patients with asthma. Access to 
the patients' original records, which is available through 
the Rochester Epidemiology Project, assures a high level 
of ascertainment of glucocorticoid prescriptions. Medi- 
cal record documentation of glucocorticoid use may 
underestimate actual use because refills may not be 
completely recorded in the medical record. Conversely, 
medical record documentation of glucocorticoid use 
may overestimate actual use because of noncompliance. 
Unfortunately, we are not able to directly verify actual 
medication exposure in this long-term observational 
study. Nevertheless, we believe that the striking effec- 
tiveness of glucocorticoids in treatment of asthma, clin- 
ical concerns about adverse effects of high doses or 
prolonged glucocorticoid use, and general concern 
about treatment with medication in children result in 
reasonably accurate documentation of glucocorticoid 
exposure for the analyses of the relationship of any 
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FIG, 4. Difference between measured adult height of patients with asthma and mid-parental height versus 
logarithm of cumulative potency-adjusted glucocorticoid from onset of asthma to age of adult height (17 y e a r s  

for girls and 19 years for boys). 

exposure, type of exposure, or cumulative exposure to 
attained adult height. 

To evaluate potential selection bias in recruitment 
and enrollment of study subjects, we compared the 
medical record adult height of the eligible patients from 
the original cohort and the medical record adult height 
of enrolled study subjects and found no significant 
differences. We also compared self-reported adult 
height of potential subjects who completed the question- 
naire with the self-reported height of enrolled study 
subjects and again found no significant differences. Thus 
we believe that enrolled study subjects are a represen- 
tative selection of children treated with glucocorticoids. 

Interestingly, both patients with asthma and nonasth- 
matic subjects exceeded their expected (mid-parental) 
height; patients with asthma were 3.7 cm (approximately 
1.5 inches) taller than expected, and nonasthmatic sub- 
jects were 3.6 cm (approximately 1.4 inches) taller than 
expected. This increase in stature has been observed 
historically in the United States 24 and has been observed 
recently in the Japanese population. 25 

We enrolled subjects from a population-based cohort 
with onset of asthma from 1964 through 1983 who had 
attained adult height by December 1992. During this 
period, there were changes in physicians' use of glu- 
cocorticoids for treatment of childhood asthma. In the 
1960s and 1970s, oral glucocorticoids were used in the 
lowest possible dosages for only the most severe cases; 
whereas in the 1980s and 1990s, inhaled glucocorticoids 

with less potential for inducing systemic effects were 
used in children with mild to moderate asthma. Al- 
though generally regarded as safe at conventional doses, 
higher doses of inhaled glucocorticoids may not be 
risk-free. 26 In addition, suppression of growth velocity 
has been reported in some children receiving recom- 
mended pharmacologic doses of these prepara- 
tions.6, 21, 27 29 

Findings from our retrospective study are consistent 
with those of previously published prospective studies 
involving fewer children but more homogeneous treat- 
ment regimens. In a long-term study involving 66 asth- 
matic children, 29 required treatment with 400 to 600 
p~g/day of beclomethasone dipropionate, 33 required 
treatment with cromolyn sodium, and four required only 
bronchodilator therapy. 7 Of the 60 children who were 
followed up until they attained adult height, all eventu- 
ally attained normal predicted final adult height, al- 
though the report did not list group mean or individual 
data. A recently reported meta-analysis of the effect of 
oral and inhaled glucocorticoids on the growth of asth- 
matic children included 21 studies and 810 patients. 3° As 
expected, significant weak growth impairment was ob- 
served for prednisone and other oral glucocorticoids, but 
a significant moderate tendency was observed for in- 
haled beclomethasone dipropionate therapy to be asso- 
ciated with attaining normal stature. In particular, there 
was no statistical evidence for beclomethasone dipropi- 
onate to be associated with growth impairment at higher 
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doses ,  for  l o n g e r  t h e r a p y  d u r a t i o n ,  o r  a m o n g  p a t i e n t s  

wi th  m o r e  s e v e r e  a s t h m a .  

O u r  s t u d y  was  l i m i t ed  by r e l i ance  o n  m e d i c a l  r e c o r d  

d o c u m e n t a t i o n  o f  ora l  g lucoco r t i co id  e x p o s u r e ,  r ec ru i t -  

m e n t  o f  on ly  2 5 %  o f  el igible  c o n t a c t e d  m e m b e r s  o f  t h e  

or ig ina l  cohor t ,  a n d  u s e  o f  s e l f - r e p o r t e d  p a r e n t a l  he igh t .  

O u r  s t u d y  h a d  seve ra l  s t r e n g t h s .  T h e  cl inical ly r e l e v a n t  

e n d  p o i n t  o f  a t t a i n e d  adu l t  h e i g h t  was  a c c u r a t e l y  m e a -  

su red .  A d u l t  h e i g h t  o f  p a t i e n t s  w i t h  a s t h m a  was  c o m -  

p a r e d  wi th  t h e  adu l t  h e i g h t  o f  age-  a n d  s e x - m a t c h e d  

n o n a s t h m a t i c  sub jec t s .  P a r e n t a l  h e i g h t  was  u s e d  to ad -  

j u s t  m e a s u r e d  he igh t .  G l u c o c o r t i c o i d  e x p o s u r e  was  a n a -  

lyzed by r o u t e  o f  g l ucoco r t i co i d  e x p o s u r e ,  c u m u l a t i v e  

e x p o s u r e ,  a n d  p o t e n c y - a d j u s t e d  c u m u l a t i v e  e x p o s u r e .  

Final ly ,  it s h o u l d  be  n o t e d  t ha t  p r o s p e c t i v e  s t ud i e s  o f  t h e  

i m p a c t  o f  g lucoco r t i co ids  o n  t h e  cl inical ly r e l e v a n t  e n d  

p o i n t  ( a t t a i n e d  a d u l t  h e i g h t )  a re  un l ike ly  to be  fo r th -  

c o m i n g  in t h e  n e a r  f u t u r e  b e c a u s e  o f  t h e  m a n y  y e a r s  

n e e d e d  to  fo l low u p  a c o h o r t  un t i l  t h e  e n d  p o i n t  o f  f inal  

adu l t  h e i g h t  is a t t a ined .  T h u s  we  be l i eve  t h a t  o u r  

r e t r o s p e c t i v e  c o h o r t  p r o v i d e s  a u n i q u e  o p p o r t u n i t y  to 

a s se s s  t h e  effect  o f  g lucoco r t i co id  e x p o s u r e  o n  a d u l t  

he igh t .  

O u r  f ind ings  s h o u l d  r e a s s u r e  phys ic ians ,  p a r e n t s ,  a n d  

p a t i e n t s  t h a t  g lucocor t i co ids ,  as c o m m o n l y  p r e s c r i b e d  

for  t r e a t m e n t  o f  c h i l d h o o d  a s t h m a ,  do  n o t  h a v e  a n  

i m p o r t a n t  i m p a c t  o n  adu l t  he igh t .  
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