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Abstract

In this retrospective cohort study, we characterize the health profile of preterm males 

with Duchenne muscular dystrophy. Major clinical milestones (ambulation cessation, assisted 

ventilation use, and onset of left ventricular dysfunction) and corticosteroids use in males 

with Duchenne muscular dystrophy identified through a population-based surveillance system 

were analyzed using Kaplan-Meier survival curves and Cox proportional hazards modeling. The 

adjusted risk of receiving any respiratory intervention among preterm males with Duchenne 

muscular dystrophy was 87% higher than among the corresponding full-term males with 

Duchenne muscular dystrophy. The adjusted risks for ambulation cessation and left ventricular 

dysfunction were modestly elevated among preterm compared to full-term males, but the 95% 
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confidence intervals contained the null. No difference in the start of corticosteroid use between 

preterm and full-term Duchenne muscular dystrophy males was observed. Overall, the disease 

course seems to be similar between preterm and full-term males with Duchenne muscular 

dystrophy; however, pulmonary function seems to be affected earlier among preterm males with 

Duchenne muscular dystrophy.
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Introduction

Duchenne muscular dystrophy is an X-linked recessive disorder with a prevalence of 1 

in 3600 to 6000 live male births.1 Duchenne muscular dystrophy is the result of the 

disruption of dystrophin in the dystrophin-glycoprotein complex.2 Males with Duchenne 

muscular dystrophy experience a progressive loss of muscle function resulting in a number 

of physical challenges, such as a decline in mobility with eventual need for a wheelchair 

by age 12 years, limitations in performing daily activities, and respiratory and/or cardiac 

complications.3-5

Preterm birth is defined as delivery before 37 completed weeks of gestation. In 

2018, preterm birth affected about 1 in 10 infants born in the United States.6 

Babies born prematurely are vulnerable to a wide array of long-term conditions, 

such as neurodevelopmental disabilities, chronic diseases including chronic respiratory 

complications, cognitive impairment, visual and hearing impairments, behavioral and 

socioemotional problems, and poor health and growth.7-10

We hypothesized that because of the increased vulnerability to health problems, preterm 

males with Duchenne muscular dystrophy may reach impaired clinical milestones (loss of 

ambulation, use of assisted ventilation, and left ventricular dysfunction) at a younger age. 

In addition, in a previous study, we observed that a definitive Duchenne muscular dystrophy 

diagnosis was determined 8 months earlier among preterm than full-term males.11 Earlier 

diagnosis may be beneficial by allowing earlier initiation of corticosteroid treatment, which 

has a significant beneficial effect on slowing disease progression. We hypothesized that 

preterm males with Duchenne muscular dystrophy may start corticosteroid treatment earlier 

than full-term males with Duchenne muscular dystrophy.12 To test these hypotheses, our 

study compared males with Duchenne muscular dystrophy who were born prematurely to 

those born full-term on these clinical milestones as well as the timing of corticosteroid 

treatment.

Materials and Methods

Study Design

We conducted a retrospective cohort study to evaluate and compare 3 major clinical 

milestones of Duchenne muscular dystrophy—loss of ambulation, use of assisted 

ventilation, and left ventricular dysfunction—and the start of corticosteroid treatment 
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between males with Duchenne muscular dystrophy who were born preterm to those born 

full-term.

Study Population and Data Sources

The study sample consisted of preterm and full-term males with Duchenne muscular 

dystrophy identified through the Muscular Dystrophy Surveillance Tracking and Research 

Network (MD STARnet). The surveillance methodology of MD STARnet has previously 

been described.13 Briefly, the MD STARnet is a population-based surveillance system 

consisting of individuals with childhood-onset (before age 21 years) Duchenne or Becker 

muscular dystrophy born between January 1, 1982, and December 31, 2011, who resided in 

surveillance regions in Arizona, Colorado, Iowa, Georgia, Hawaii, and a 12-county area in 

western New York State during any part of that time period.

Individuals with Duchenne or Becker muscular dystrophy were identified through multiple 

sources of data: neuromuscular clinics, hospitals and hospital discharge databases, private 

physicians, service sites for children with special care needs, and birth defects surveillance 

programs. Once identified, trained abstractors collected data from medical records on 

demographic characteristics (date and place of birth, race/ethnicity, gestational age at birth, 

vital status, and date of death), clinical data, family history of muscular dystrophy, and 

diagnostic tests such as creatine kinase, muscle biopsy, or genetic tests. Data managers 

linked eligible individuals to birth certificate records, and where available, birth certificate 

records were the preferred data source for demographic characteristics.

For individuals identified before September 2011, follow-up abstraction was conducted 

annually until December 2011, or time of death, or until the person moved outside of the 

MD STARnet site catchment areas. To ensure at least 1 year of follow-up, individuals 

identified between September 2011 and December 2011 were followed through December 

2012. Data collection was approved through the public health authorities in Colorado, 

Georgia, Iowa, and western New York State and by the Institutional Review Board at the 

University of Arizona and the Hawaii State Department of Health.

Neuromuscular physicians reviewed clinical data to classify cases as definite, probable, 

possible, or asymptomatic. For the purpose of this study, we included only males with 

a definite or probable classification of Duchenne muscular dystrophy.14 The definite case 

classification was assigned if there were documented clinical symptoms referable to a 

childhood-onset dystrophinopathy and direct support of the diagnosis by at least 1 of 

the following: (1) a positive genetic test for dystrophin mutation; (2) a muscle biopsy 

demonstrating abnormal dystrophin; or (3) an elevated creatine kinase and an affected 

maternal male relative with a positive muscle biopsy or a dystrophin mutation. The probable 

case classification was assigned using the following criteria: documented clinical symptoms 

referable to a dystrophinopathy, elevated creatine kinase, and a family history of X-linked 

dystrophinopathy but no confirmatory genetic testing. We used age at loss of mobility, 

molecular testing results, and age at symptom onset to classify individuals as having 

Duchenne muscular dystrophy as described by Andrews et al.15
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Figure 1 shows the exclusion criteria for our study cohort. We excluded residents of 

Hawaii because of incomplete case ascertainment and follow-up, asymptomatic individuals 

or those with a possible case classification, individuals with severe comorbid conditions 

that could potentially influence the decline in ability to ambulate (eg, cerebral palsy, 

spina bifida, microcephaly, encephalopathy), siblings of first-born males with Duchenne 

muscular dystrophy to maintain independence between observations, males with Becker 

muscular dystrophy, individuals with missing data on gestational age, and individuals not 

born in MD STARnet site catchment areas or with inconsistent data on ambulation due 

to incomplete follow-up data. The analytic sample comprised 399 males with Duchenne 

muscular dystrophy, of which 43 were preterm and 356 were full-term. Among the preterm 

group, 8 (18.6%) were very preterm (28-31 weeks of gestation) and 35 (81.4%) were 

moderately preterm (32-36 weeks of gestation).

Variables

Using gestational age at birth as recorded in the birth certificate or medical record, we 

created a preterm variable (yes [gestational age at birth <37 weeks] / no [gestational age at 

birth ≥37 weeks]). We analyzed the following clinical events as they were documented in the 

medical record: age at loss of ambulation, age at first pulmonary intervention (noninvasive 

ventilation, use of mechanical insufflation-exsufflation devices, tracheostomy, or any 

intervention), age at onset of left ventricular dysfunction (defined as an ejection fraction 

below 55% or, if missing, shortening fraction below 28%), and age at first corticosteroid 

use. We defined corticosteroid use (yes/no) as use for 1 or more days regardless of the 

type of corticosteroid. We used date of birth and dates at first documentation of each 

clinical event to estimate time to the event. To calculate time to first documented use of 

corticosteroid, we used the date of definitive diagnosis and the date of the first documented 

use of corticosteroid. We determined the age at diagnosis to be the minimum value of the 

age at first abnormal creatine kinase, age at muscle biopsy, or age at positive DNA test.

Censoring and Loss to Follow-up

An individual was considered lost to follow-up if his last clinic visit was more than 3 years 

prior to the end of the surveillance period and he was alive at the end of the study. For 

deceased individuals, if their last clinic visit was more than 3 years before their date of 

death, they were considered lost to follow-up. Males who did not have the specific clinical 

event being analyzed and who were not lost to follow-up were right-censored using age 

at the end of the surveillance period. Observations for males who were lost to follow-up 

and alive at the end of the study were censored at the date of the last clinic visit, whereas 

observations for males who were deceased were censored at date of death.

Statistical Analysis

We used Fisher exact test to compare the distribution of categorical variables. Because the 

age of preterm males with Duchenne muscular dystrophy at various milestones was not 

normally distributed, we used median, interquartile range, and minimum and maximum 

values to describe continuous outcomes, and the Wilcoxon rank-sum test to compare 

median values. We used the log-rank test from Kaplan-Meier curve estimation to assess 

time-to-event differences for each clinical milestone and corticosteroid use. We used Cox 
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proportional hazard models to estimate crude and adjusted hazards ratios with full-term 

males as the referent group. Based on the findings in the bivariable analysis, we adjusted 

for surveillance site (Arizona, Colorado, Georgia, Iowa, western New York State). To check 

for violations of the proportional hazard assumption, we assessed the influence of time 

by including the product of surveillance site and time in the model. The product term 

was not statistically significant in any of the Cox proportional hazard models. To evaluate 

whether very preterm males with Duchenne muscular dystrophy are at a higher risk for any 

pulmonary intervention, we conducted subanalyses among a subset that included only very 

preterm males and with full-term males as the referent group. We set the significance level 

for all statistical tests to α = 0.05. Analyses were conducted using SAS 9.4 software (SAS 

Institute, Cary, NC).

Results

Table 1 shows the distribution of race/ethnicity, MD STARnet site, and use of corticosteroid 

treatment for preterm and full-term males. The distributions were similar for race/ethnicity 

and corticosteroid use. Higher percentages of preterm pregnancies were identified in 

Arizona and Georgia; the lowest percentage was from Iowa.

Median ages at loss of ambulation, any pulmonary intervention, left ventricular dysfunction, 

and corticosteroid use were not significantly different for preterm and full-term males 

(Table 2). For specific types of pulmonary interventions, only the median age at which the 

use of mechanical insufflation-exsufflation devices was initiated differed significantly for 

preterm and full-term males. Because of small counts among preterm males for individual 

pulmonary interventions, we only included any pulmonary intervention in our time-to-event 

analyses. Median age at the last clinical visit was 2 years earlier for preterm males compared 

to full-term, whereas median age at diagnosis was 10 months earlier for preterm males 

compared to full-term; the differences were not statistically significant.

Figures 2 through 5 show the Kaplan-Meier curves that compare the risk of a clinical event 

between preterm and full-term males for (1) loss of ambulation; (2) pulmonary intervention; 

(3) left ventricular dysfunction; and (4) start of corticosteroid use. Although none of the log-

rank tests were statistically significant, the median time to loss of ambulation for full-term 

males was 8 months longer than preterm males. Conversely, median times to pulmonary 

intervention and left ventricular dysfunction were 13 and 7 months earlier, respectively, 

among preterm compared with full-term males. Compared with preterm males, full-term 

males received corticosteroid treatment on average 18 months earlier. Figure 6 shows the 

Kaplan-Meier curves that compare time from birth to diagnosis for preterm and full-term 

males with Duchenne muscular dystrophy. The median time to diagnosis was 9 months 

earlier among preterm compared to full-term males; however, the log-rank test was not 

statistically significant.

Adjusting for surveillance site, Cox proportional modeling showed preterm males were 1.87 

times as likely as full-term males to have a pulmonary intervention. The Cox proportional 

hazard model estimate of the analysis conducted on the subset including only the very 

preterm males was as follows: adjusted hazard ratio = 2.85, 95% confidence interval: 
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0.61, 1.42. In addition, adjusted hazard ratios for ambulation cessation and left ventricular 

dysfunction were modestly elevated among preterm compared to full-term males; however, 

the confidence intervals contained the null. No time difference in the start of corticosteroid 

use was observed between preterm and full-term males with Duchenne muscular dystrophy 

(Table 3).

Discussion

We conducted a retrospective cohort study to characterize the health profile of preterm males 

with Duchenne muscular dystrophy and to investigate whether major clinical milestones 

(loss of ambulation, use of assisted ventilation, and left ventricular dysfunction) or 

corticosteroid use differed between preterm and full-term males.

Age at Loss of Ambulation

The absence of or a defect in dystrophin in males with Duchenne muscular dystrophy 

results in muscle degeneration and loss of ambulation. About 63% of full-term and 65% of 

preterm males with Duchenne muscular dystrophy in our sample had lost ambulation, and 

the median age at loss of ambulation was about 10 years for individuals in both groups. 

The loss of ambulation at age 10 years among full-term males in our study is consistent 

with the age of loss at ambulation among males with Duchenne muscular dystrophy in most 

other studies,16-19 but lower than the median age at loss of ambulation of 13 years observed 

among individuals in the UK NorthStar Network and data base.20 The difference could be 

due to differences in demographic characteristics between the 2 study samples (data not 

shown in the study by Ricotti et al). Our study showed a modest but not significantly higher 

risk of losing ambulation within the study period among preterm compared to full-term 

males with Duchenne muscular dystrophy.

Age at Intervention for Pulmonary Function

Decline in respiratory function in males with Duchenne muscular dystrophy is a major cause 

of morbidity and mortality resulting from progressive respiratory muscle failure, decreased 

lung volume and chest wall compliance, atelectasis and fibrosis, and airway obstruction.21,22 

In time, individuals with Duchenne muscular dystrophy are unable to inhale and exhale fully 

or to cough effectively.23 As vital capacity decreases, mechanical insufflation-exsufflation 

devices are considered standard of care.21

In our cohort, the first use of noninvasive ventilation was reported at about 16 years of age 

in both preterm and full-term males with Duchenne muscular dystrophy, which corresponds 

to the early nonambulatory stage. In the late nonambulatory stage, coughing in individuals 

with Duchenne muscular dystrophy becomes weak and requires manual and mechanical 

assistance.21 Though we observed the use of mechanical insufflation-exsufflation devices 

at a median age of 18 years among full-term males with Duchenne muscular dystrophy, 

corresponding to the late nonambulatory stage, the median age for mechanical insufflation-

exsufflation device use among preterm individuals with Duchenne muscular dystrophy was 

14 years. Cox proportional hazards modeling showed an 87% increase in the risk of any 

respiratory intervention within the study period among preterm males compared to full-term 
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individuals with Duchenne muscular dystrophy. In addition, the risk was even higher among 

early preterm males (adjusted hazard ratio = 2.85); however, the estimate was imprecise 

because of the small number of early preterm males with Duchenne muscular dystrophy in 

our analytic sample.

One explanation of our findings could be that, in general, preterm individuals are 

at a higher risk of developing chronic respiratory complications than their full-term 

counterparts. Although mostly the early preterm infants are at an increased risk of 

developing bronchopulmonary dysplasia, moderate preterm infants are also at increased 

risk of adverse health effects across the life span.8 Even late preterm infants have increased 

respiratory complications and lung function impairment that persist in childhood and into 

early adulthood.24 Lung immaturity and diminished oxygen exchange capacity resulting 

from preterm birth may worsen the impact of Duchenne muscular dystrophy on pulmonary 

function; however, further investigation into the existence and biological mechanism of an 

additive effect of Duchenne muscular dystrophy and prematurity on pulmonary functioning 

is warranted. Alternatively, males who were born preterm could have had more interactions 

with the health care system and/or a higher level of attention on the part of clinicians who 

may worry that being preterm will hasten Duchenne muscular dystrophy–related decline and 

therefore be more proactive in providing pulmonary function support.

Age at Onset of Left Ventricular Dysfunction

Along with respiratory issues, cardiovascular complications contribute to both morbidity 

and mortality among males with Duchenne muscular dystrophy.25 Most individuals with 

Duchenne muscular dystrophy develop left ventricular dysfunction between 10 and 15 years 

of age.26 In our study, 32% of full-term and 26% of preterm males with Duchenne muscular 

dystrophy developed left ventricular dysfunction. The median age at first documentation of 

left ventricular dysfunction was about 15 years for both full-term and preterm males with 

Duchenne muscular dystrophy. Similar findings were observed by Connuck et al (mean age 

14.4 years) and van den Bergen et al (mean age 15 years).19,27

Preterm birth is associated with an increased risk of cardiovascular comorbidities, including 

changes in cardiovascular structure and function.28,29 Preterm birth may have a direct effect 

on myocardial tissue characterized by reduction in myocardial functional reserve, mainly 

among babies born before 31 weeks of gestation.28 However, our Cox proportional hazard 

models showed no higher risk of left ventricular dysfunction in the study period among 

those with preterm birth compared to full-term birth. One explanation of the null hazard 

ratio could be the lack of statistical power because of the small number (n = 8) of very 

preterm males with Duchenne muscular dystrophy in our data set.

Age at Start of Corticosteroid Use

Corticosteroids are used in individuals with Duchenne muscular dystrophy to improve 

muscle strength, motor function, and pulmonary function, as well as to delay left ventricular 

dysfunction.30 In our analytic sample, 62% of full-term and a slightly lower percent (58%) 

of preterm males with Duchenne muscular dystrophy reported corticosteroid use, and the 

median age at the start of corticosteroid treatment was about the same for both groups (6.5 
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years). The results are consistent with other studies that have reported the average age of 

corticosteroid initiation as 6.5 years19 and 5.9 years.31 For our analytic sample, the hazard 

for corticosteroid use was similar between preterm and full-term males with Duchenne 

muscular dystrophy (hazard ratio = 0.93, 95% confidence interval: 0.61, 1.42).

No previous studies have compared time to the major clinical milestones between preterm 

and full-term males with Duchenne muscular dystrophy, and thus, our findings cannot be 

directly compared with findings from other studies.

Strengths

To our knowledge, this is the first study that investigates whether a history of preterm birth 

is associated with reaching the major clinical milestones of Duchenne muscular dystrophy 

(loss of ambulation, use of assisted ventilation, and left ventricular dysfunction) at a younger 

age. We used a comprehensive population-based surveillance system to ascertain cases of 

males with Duchenne muscular dystrophy. Clinical data were reviewed by experienced 

neuromuscular physicians who assigned case definition consistently across all participant 

sites. In addition, diagnosis was confirmed by laboratory data and/or family pedigree. We 

obtained clinical data through abstraction of medical records, and thus, minimized recall 

bias.

Limitations

Our findings are not representative of the entire Duchenne muscular dystrophy population in 

the United States, as the participant sites in the MD STARnet cohort are from selected areas 

of the country. Because of the small number of preterm males with Duchenne muscular 

dystrophy in our study, we likely did not have the statistical power to detect differences with 

respect to the clinical milestones between the preterm and full-term males with Duchenne 

muscular dystrophy.

Conclusion

Owing to the decline in muscle function, males with Duchenne muscular dystrophy face 

numerous health challenges. Although these challenges may be amplified by prematurity, 

it appears that among males with Duchenne muscular dystrophy, preterm individuals cease 

ambulation, develop left ventricular dysfunction, and start using corticosteroids at about 

the same age as full-term individuals. However, the median age of cough machine use 

was 4 years younger among preterm males than full-term males; in addition, the risk 

of intervention for respiratory function among preterm is 87% higher than the hazard of 

intervention among full-term individuals with Duchenne muscular dystrophy. Clinicians 

may need to have heightened awareness of the potential need for respiratory support in 

males born preterm.
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Figure 1. 
Sample exclusion criteria for males from the Muscular Dystrophy Surveillance, Tracking, 

and Research Network (MD STARnet) cohort.
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Figure 2. 
Kaplan-Meier survival curves for the time to ambulation cessation among preterm and 

full-term born males with Duchenne muscular dystrophy, Muscular Dystrophy Surveillance, 

Tracking and Research Network.

Soim et al. Page 12

J Child Neurol. Author manuscript; available in PMC 2024 March 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Kaplan-Meier survival curves for the time to intervention for pulmonary function among 

preterm and full-term born males with Duchenne muscular dystrophy, Muscular Dystrophy 

Surveillance, Tracking and Research Network.
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Figure 4. 
KaplanMeier survival curves for the time to first documentation of left ventricular 

disfunction among preterm and full-term born males with Duchenne muscular dystrophy, 

Muscular Dystrophy Surveillance, Tracking and Research Network.
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Figure 5. 
Kaplan-Meier survival curves for the time from definitive diagnosis to first documentation 

of steroid use among preterm and full-term born males with Duchenne muscular dystrophy, 

Muscular Dystrophy Surveillance, Tracking and Research Network.
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Figure 6. 
Kaplan-Meier survival curves for the time from birth to definitive diagnosis for preterm and 

full-term born males with Duchenne muscular dystrophy, Muscular Dystrophy Surveillance, 

Tracking and Research Network.
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Table 1.

Sociodemographic Characteristics by Preterm Birth Status for Males With Duchenne Muscular Dystrophy in 

the MD STARnet Cohort, 1982-2011.

Full-term
males
(n = 356)

Preterm
males
(n = 43)

Sociodemographic characteristics n % n % P valuea

Race/ethnicity .53

White non-Hispanic 231 64.9 28 65.1

Black non-Hispanic 30 8.4 2 4.7

Hispanic or Latino 67 18.8 7 16.3

Otherb 28 7.9 6 13.9

MD STARnet site .16

Arizona 70 19.7 14 32.5

Colorado 71 19.9 7 16.3

Georgia 102 28.7 13 30.2

Iowa 55 15.5 2 4.7

Western New York State 58 16.3 7 16.3

Corticosteroid use

Never 135 37.9 18 41.9 .62

Ever 221 62.1 25 58.1

Abbreviation: MD STARnet, Muscular Dystrophy Surveillance Tracking and Research Network.

a
Fisher exact test.

b
Other includes Asian or Hawaiian or Pacific Islander, multiple, Native American or American Indian or Alaska Native, other, unknown.
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Table 3.

Crude and Adjusted Hazard Ratios of the Association Between Preterm Birth Status and Time to major 

Clinical Milestones among Males With Duchenne Muscular Dystrophy, MD STARnet, 1982-2011.

Cox proportional hazard
modelsa cHR (95% CI) aHR (95%)b

Time from birth to loss of ambulation 1.36 (0.92, 2.01) 1.28 (0.86, 1.91)

Time from birth to first respiratory intervention 1.50 (0.84, 2.67) 1.87 (1.02, 3.42)

Time from birth to onset of LVD 1.06 (0.60, 1.97) 1.13 (0.60, 2.13)

Time from diagnosis to first corticosteroid use 0.91 (0.60, 1.38) 0.97 (0.64, 1.48)

Abbreviations: aHR, adjusted hazard ratio; cHR, crude hazard ratio; CI, confidence interval; LVD, left ventricular dysfunction; MD STARnet, 
Muscular Dystrophy Surveillance, Tracking, and Research Network.

a
Reference: full-term birth.

b
Adjusted for: surveillance site (reference: Georgia).
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