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ABSTRACT

Introduction: There is little information about
survival of spinal muscular atrophy (SMA)
patients into adulthood, in particular from
population-based samples. We estimated and
compared age-specific, all-cause mortality rates
in patients with SMA and matched controls in a
large, retrospective cohort study using elec-
tronic health records (EHRs) from the pre-
treatment era.
Methods: The US Optum� de-identified EHR
database contains EHRs for * 104 million per-
sons (study period: January 1, 2007–December
22, 2016). SMA cases were identified by one or
more International Classification of Diseases,

Ninth/Tenth Edition codes for SMA. Controls
with no SMA diagnosis code were matched 10:1
to SMA cases based on birth year, gender, and
first diagnostic code date. For both
groups, C 1 month of observation and (if
deceased) a valid date of death were required for
inclusion. Age-specific mortality rates per per-
son-year (PY) and hazard ratios were calculated.
Results: Five thousand one hundred seventy-
nine SMA cases and 51,152 controls were ana-
lyzed. The overall hazard ratio comparing cases
with controls was 1.76 (95% CI 1.63–1.90). In
patients with SMA type III diagnostic codes
only, the all-age mortality rate was
1059/100,000 PYs in cases and 603/100,000 PYs
in controls. In older age groups (13–20, 21–30,
31–40, 41–50, 51–60, and[ 60 years), age-
specific mortality rates for cases consistently
exceeded those of controls. Limitations of this
study included the inability to confirm the SMA
diagnosis or SMA type by genetic or clinical
confirmation.
Conclusion: Patients with SMA of all ages,
including adults and type III patients, had a
higher all-cause mortality rate as compared to
age-matched controls during the pre-treatment
era.
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Key Summary Points

Why carry out this study?

There is little information about survival
of spinal muscular atrophy (SMA) patients
into adulthood, and it is commonly
accepted that patients with later-onset
SMA, who often live to older ages, have a
mortality rate similar to the general
population.

We estimated and compared age-specific,
all-cause mortality rates in patients with
SMA and matched controls in a large,
retrospective cohort study using
electronic health records from the pre-
treatment era.

What was learned from the study?

SMA cases had a 1.8-fold higher mortality
rate than matched controls.

In patients with SMA type III diagnostic
codes only, mortality rates in cases also
exceeded controls.

In SMA patients of older ages (13–20,
21–30, 31–40, 41–50, 51–60, and[60
years), age-specific mortality rates for
cases consistently exceeded those of
controls.

Patients with SMA, including those with
type III SMA and older patients, had a
higher all-cause mortality compared with
controls during the pre-treatment era.

INTRODUCTION

Spinal muscular atrophy (SMA) is a neuromus-
cular disease characterized by the degeneration
of motor neurons in the anterior horn of the
spinal cord caused by deletions or mutations of
the survival motor neuron 1 (SMN1) gene [1, 2].
The disease results in progressive muscular
weakness and can be fatal for untreated patients

with the severe phenotype [1, 2]. Classification
is based on age of symptom onset and highest
achieved motor function, which correlates with
the number of survival motor neuron 2 (SMN2)
gene copies [1–3]. Infants diagnosed with SMA
type 0, who have only one SMN2 gene copy, are
the most severe; if untreated, they only survive
for a few months after birth [3]. Infants with
type I make up the majority of incident SMA
cases, have symptom onset at age B 6 months,
are typically associated with two SMN2 gene
copies, are unable to sit or roll independently,
and eventually have difficulty swallowing and
require assisted ventilation [1–3]. Children with
SMA type II have symptom onset between 6 and
18 months of age, can have 2–4 SMN2 gene
copies, and can sit unassisted but may not walk
independently [1–3]. Patients with SMA type III
have symptom onset after age 18 months and
are able to stand and walk unassisted [1, 2].
Patients with SMA type IV have a milder, adult-
onset form of SMA, and affected individuals can
walk independently [1, 2].

Despite being a rare disease, SMA was the
most common monogenetic cause of death in
infants [4, 5]. Prior to the approval of nusin-
ersen in 2016, untreated SMA type I was asso-
ciated with early mortality and severe disability
in survivors [1–3, 6]. The approvals of
onasemnogene abeparvovec and risdiplam have
led to additional treatment options for patients
[7, 8]. Studies have also indicated a shortened
life expectancy in children with SMA type II
[9–11], whereas it is often reported that the
lifespan is normal in patients with SMA type III
and IV, who often live to older ages [1, 12, 13].
In prior studies examining survival among
patients with SMA in the pre-treatment era,
normal survival probabilities were reported for
patients with SMA types III and IV when fol-
lowed up until the age of * 40 years, but a
decline in survival was observed in SMA type II
[14]. Earlier reports of mortality among patients
with SMA were from smaller, specialist centers;
studies of survival of patients with SMA in larger
and more diverse medical settings are rare [15].
Furthermore, most prior studies examined sur-
vival only in patients with SMA and did not
perform a comparison with healthy controls
[14].
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In this study, we estimated and compared
the age-specific, all-cause mortality rates in
patients with SMA and matched control
patients in a large, retrospective cohort study
based on US electronic health records (EHRs)
collected prior to the approval of nusinersen.

METHODS

Patients were identified from the US Optum�

EHR de-identified database, which contains
EHRs for * 104 million persons. The database
contains extensive clinical encounter data from
a network of more than 140,000 providers at
more than 700 hospitals and more than 7000
clinics across the US. The database encapsulates
all demographics and US census divisions and
regions, and includes patients with all types of
insurance in the US, both private and public.
Patients are enrolled based on their insurance
coverage and, therefore, patients may enter or
exit the database at different time points
depending on their insurance coverage. The
study period was January 1, 2007–December 22,
2016 (the time period prior to the approval of
nusinersen in the United States). The case defi-
nition of SMA was a patient having one or more
International Classification of Diseases, Ninth
and/or Tenth Edition (ICD-9/ICD-10) codes for
SMA appearing as primary, admission, or dis-
charge diagnoses (335.0, 335.10, 335.11,
335.19, G12.0, G12.1, G12.8, and G12.9) (Sup-
plementary Table SI). Included diagnostic codes
for SMA were specific to Werdnig–Hoffmann
disease (SMA type I), Kugelberg–Welander dis-
ease (SMA type III), and unspecified SMA. The
date of the first diagnostic code was defined as
the date of the first recorded SMA code in the
database. A stratified analysis of patients with
diagnosis codes for type III SMA only was con-
ducted (defined as patients with one or more
ICD-9 code 335.11 and no other SMA diagnostic
codes).

Females with a record of a pregnancy (based
on ICD-9 and ICD-10 diagnostic codes) in the
1-year time period before or after the SMA first
diagnostic code date were excluded from the
case definition. This was done to reduce the risk
of erroneously classifying women with babies

that were diagnosed with SMA as SMA cases
themselves (Supplementary Table SII).

Controls with no SMA diagnosis code at any
time in the history of the database were mat-
ched 10:1 to SMA cases based on birth year,
gender, and the date of the first diagnosis code
for the SMA cases (for the purposes of a matched
longitudinal follow-up). For both
groups, C 1 month of observation and (if
deceased) a valid date of death were required for
inclusion. All study participants were followed
for death due to any cause. Age-specific, all-
cause mortality rates per 100,000 person-years
(PYs), 95% confidence intervals (CIs), and haz-
ard ratios (HRs) were calculated among cases
versus controls using SAS software (SAS Institute
Inc., Cary, NC, USA). As a comparison with the
general population, age-specific, all-cause mor-
tality rates at the midpoint of the study period
(2012) were also calculated for the US popula-
tion based on data from the Centers for Disease
Control and Prevention WONDER Online
Database [16]. Data for these analyses were
made available to the authors through a third-
party license from Optum, a commercial data
provider in the US. Ethics committee approval
was not required for this study due to the use of
secondary de-identified data.

RESULTS

A total of 5179 patients who met the SMA case
definition were identified and matched to
51,152 controls. Approximately 12% of patients
with SMA were age\13 years at the first SMA
diagnostic code date, and 31% were
age[60 years (Table 1). Over half (53%) of SMA
cases were male, 80% were non-Hispanic, and
77% were Caucasian. SMA cases and controls
had a mean (standard deviation) of 7.7 (3.8)
years of observation time from the first diag-
nostic code date. A total of 746 (14%) patients
with SMA died during the follow-up period,
compared with 4227 (8.3%) deaths in the con-
trol group. There were 66 patients with type III
SMA only (Table 1). Among those patients, the
mean age was 38.9 years and approximately half
were female.
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The overall all-cause mortality rate was 1926
per 100,000 PYs (95% CI 1792–2069) for SMA
cases and 1099 per 100,000 PYs (95% CI
1066–1132) for controls (Fig. 1; Table 2). The HR
comparing SMA cases with matched controls was
1.76 (95% CI 1.63–1.90). Among females with
SMA, the all-cause mortality rate was 1786 per
100,000 PYs (95% CI 1606–1987) and 970 per
100,000 PYs (95% CI 926–1015) among female
controls. The mortality rate was also higher in
males with SMA than in male controls (2061 vs.
1223 per 100,000 PYs) (Table 2). The gender-
specific HR comparing SMA cases with controls
was 1.85 (95% CI 1.65–2.08) and 1.69 (95% CI
1.52–1.88) for females and males, respectively.

Every age-specific mortality rate in SMA cases
exceeded that in controls, and the HRs com-
paring SMA cases with controls were statistically
significant in all age groups (Fig. 1; Table 2). The
largest HR was observed in the\ 1 year age
group [HR 43.96 (95% CI 19.25–100.36)], which
is not surprising given that these were mostly
patients with SMA type I, who have poor sur-
vival when untreated. In older patients, every
age-specific mortality rate (13–20, 21–30, 31–40,
41–50, 51–60, and[60 years) in SMA cases

Table 1 Analysis sample characteristics of all SMA cases,
type III SMA cases, and matched controls

All SMA
cases
(N = 5179)

Matched
controls
(N = 51,152)

Type III
SMA cases
(N = 66)

Age at first diagnostic code date, years

Mean

(SD)

45.1 (23.5) 45 (23.4) 38.9 (21.8)

Median 45 45 38

Range 0–86 0–86 2–82

Age at first diagnostic code date, years (%)

\ 1 86 (1.7) 859 (1.7) 0 (0.0)

1 to\ 2 104 (2.0) 1040 (2.0) 0 (0.0)

2 to\ 13 427 (8.2) 4179 (8.2) 9 (14.0)

13–20 313 (6.0) 3087 (6.0) 9 (14.0)

21–30 420 (8.1) 4189 (8.2) 8 (12.0)

31–40 910 (17.6) 9063 (17.7) 10 (15.0)

41–50 639 (12.3) 6348 (12.4) 7 (11.0)

51–60 688 (13.0) 6824 (13.0) 13 (20.0)

[ 60 1592 (31.0) 15,563 (30.0) 10 (15.0)

Gender, n (%)

Female 2457 (47.4) 24,324 (47.6) 32 (48.0)

Male 2722 (52.6) 26,828 (52.4) 34 (52.0)

Ethnicity, n (%)

Hispanic 263 (5.1) 2937 (5.7) 0 (0.0)

Non-

Hispanic

4167 (80.5) 39,601 (77.4) 53 (80.0)

Unknown 749 (14.5) 8614 (16.8) 13 (20.0)

Race, n (%)

Asian 177 (3.4) 1056 (2.1) 0 (0.0)

Black/

African

American

374 (7.2) 4840 (9.5) 6 (9.1)

White 3967 (76.6) 37,171 (72.7) 51 (77.0)

Other/

unknown

661 (12.8) 8085 (15.8) 9 (14.0)

Table 1 continued

All SMA
cases
(N = 5179)

Matched
controls
(N = 51,152)

Type III
SMA cases
(N = 66)

Time in database, years

Mean

(SD)

7.7 (3.8) 7.7 (3.8) 8.9 (3.6)

Median 7.8 7.8 10.0

Range 0.2–13.8 0.2–13.8 0.6–13.7

Died during follow-up, n (%)

No 4433 (85.6) 46,925 (91.7) 60 (91.0)

Yes 746 (14.4) 4227 (8.3) 6 (9.1)

First diagnostic code date in patients with SMA was defined
as the date of the first recorded SMA code. Controls were
matched 10:1 to SMA cases based on birth year, gender,
and first diagnostic code date. Type III SMA cases are
patients with diagnostic codes for ICD-9 335.11 only
SD standard deviation, SMA spinal muscular atrophy
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exceeded the rate observed in controls, with
HRs ranging between 1.26 and 11.66. Among
patients in the oldest age group ([ 60 years),
mortality in SMA cases was 3476 per 100,000
PYs, as compared to 2788 per 100,000 PYs in
controls [HR 1.26 (95% CI 1.14–1.39)].

In patients with SMA type III only, the all-
age mortality rate was 1059/100,000 PYs in
cases and 603/100,000 PYs in controls [HR 1.76
(0.74–4.20)].

All-cause mortality in the US population
compared with SMA cases and controls is shown
in Fig. 1 and Table 2. The overall mortality rate
in SMA cases (1926 per 100,000 PYs) was two-
fold higher than that in the US population (810
per 100,000 PYs); the rate among the study
controls (1099 per 100,000 PYs) was also higher
than—but comparatively more similar to—that
in the US population.

DISCUSSION

This large US database study, conducted during
the pre-treatment era, found that all-cause
mortality was twofold higher among SMA cases
compared with their matched non-SMA con-
trols. The higher mortality rate was observed in
every age group examined, including older age
groups ([ 13 years), as well as in patients with
SMA type III diagnostic codes only (although
the hazard ratio in this group did not reach
statistical significance). This finding suggests
that, in the pre-treatment era, SMA patients of
all ages have a higher mortality rate than the
general population, including older patients
who survive into adulthood and those with
SMA type III [1, 10, 11, 13]. This is one of the
first studies to examine mortality in patients
with SMA compared with a representative
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Fig. 1 All-cause mortality rate per 100,000 PYs among
SMA cases, matched controls, and the US general
population overall, for SMA Type III only, and by gender
and age at first diagnostic code date (grouped). See Table 2
for the 95% CIs for the US general population, which are

not visible in the figure. First diagnostic code date in
patients with SMA was defined as the date of the first
recorded SMA code. US mortality in 2012 is from the
CDC WONDER Online Database [16]. CI confidence
interval, PY person-year, SMA spinal muscular atrophy
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sample of age-matched controls in a large, real-
world sample. The current study examined over
5000 SMA patients, including 1592 patients
over 60 years of age. Prior studies of SMA mor-
tality had smaller sample sizes of\ 150 patients
and many have only followed patients up to
* 60 years of age [14].

In a prior matched cohort study using US
claims data conducted in the pre-SMA treat-
ment era, 296 patients with later-onset SMA
(defined as a first diagnosis of SMA after 3 years
of age) were matched to controls without SMA
over a similar 10-year study timeframe (January
2006–March 2016) [17]. The mortality rate in
the later-onset SMA cohort was 5.4% compared

with 2.3% in controls. The average time from
index date (defined as the date of the first SMA-
related diagnosis code) to death was
26.2 ± 19.75 and 36.4 ± 23.13 months in the
later-onset SMA cohort and non-SMA cohort,
respectively. Although the mortality rate was
higher in SMA cases, no statistically significant
differences in mortality risk were found
between the two groups based on a Kaplan-
Meier analysis [17]. In contrast, the present
study observed a statistically significant increase
in mortality among SMA cases compared with
controls, likely due to the larger sample size of
this population-based study, which included 10
matched controls for every SMA case. The

Table 2 All-cause mortality rate per 100,000 PYs among SMA cases, matched controls, and the US general population
overall, for SMA type III only, and by gender and age at first diagnostic code date

SMA cases
(N = 5179)

Matched controls
(N = 51,152)

HR comparing SMA cases to
controls

US mortality in
2012 [16]

Rate (95% CI) Rate (95% CI) HR (95% CI) Rate (95% CI)

Overall 1926 (1792–2069) 1099 (1066–1132) 1.76 (1.63–1.90) 810 (809–811)

SMA type III

onlya
1059 (476–2358) 603 (431–844) 1.76 (0.74–4.20) NA

Female 1786 (1606–1987) 970 (926–1015) 1.85 (1.65–2.08) 796 (795–798)

Male 2061 (1870–2271) 1223 (1175–1273) 1.69 (1.52–1.88) 825 (823–826)

Age at first diagnostic code date, years

\ 1 9620 (6685–13,843) 208 (99–437) 43.96 (19.25–100.36) 599 (592–607)

1 to\ 2 5114 (3428–7630) 0b – 41 (39–43)

2 to\ 13 640 (418–982) 25 (12–49) 26.0 (11.52–58.70) 14 (14–15)

13 to B 20 599 (355–1011) 51 (29–91) 11.66 (5.39–25.20) 44 (43–44)

21 to B 30 724 (467–1123) 105 (73–151) 6.89 (3.90–12.18) 94 (94–95)

31 to B 40 425 (287–630) 128 (102–160) 3.33 (2.12–5.23) 133 (132–134)

41 to B 50 935 (701–1249) 236 (196–283) 3.99 (2.83–5.61) 283 (282–285)

51 to B 60 1916 (1584–2318) 661 (597–732) 2.90 (2.34–3.61) 644 (641/6–646)

[ 60 3476 (3173–3808) 2788 (2699–2881) 1.26 (1.14–1.39) 2338 (2334–2343)

First diagnostic code date in patients with SMA was defined as the date of the first recorded SMA code. US mortality in 2012
was taken from the CDC WONDER Online Database [16]
CI confidence interval, HR hazard ratio, NA not applicable, PY person-year, SMA spinal muscular atrophy, Type III SMA
only are patients with SMA diagnostic codes for ICD-9 335.11 only (i.e., no other SMA diagnostic codes)
aN = 66 SMA type III only cases and N = 631 matched controls
bThere were no deaths among the 1040 controls aged 1 to\ 2 years
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present study also compared mortality in
patients with SMA to the mortality rate in the
general population.

In a recent study of survival in a population-
based cohort of 307 treatment-naive patients
with SMA in the Netherlands, patients with
SMA types I–IV were enrolled between Septem-
ber 2010 and August 2014 [14]. Shortened sur-
vival was observed in SMA types I and IIa, but
not in types IIb, III, and IV [14]. The majority of
patients with SMA type I require mechanical
ventilation from an early age and typically die
from respiratory failure, while patients with
SMA types II–III vary in their use of ventilatory
support [9, 14]. The use of noninvasive venti-
latory support has been available to SMA
patients since the early 1990s and most likely
did not have an impact on the survival scores in
this cohort, since the study period started in
2007 [18]. The data indicated close-to-normal
survival probabilities for SMA types IIb, III, and
IV within the first 50–60 years of life but did not
follow patients beyond that age [14]. The pre-
sent study examined a larger sample of SMA
patients, including over 4000 adults aged
21 years and older.

Mortality rates among controls in our sample
were similar to—but slightly higher than—
those in the general US population, as reported
by the Centers for Disease Control and Preven-
tion [16]. The higher mortality in the control
group likely reflects differences in the age and
gender distribution of controls compared with
the US population (for example, 53% of SMA
cases and controls were males, while the gender
distribution was slightly different (49% were
males) in the 2010 census data for the general
US population) [19]. Furthermore, the controls
in this study were derived from an EHR data-
base; patients in the database may be more
likely to receive medical care and may require
more medical care than those in the general
population.

The limitations of this analysis include the
use of diagnostic codes to define SMA, a lack of
information on the specific SMA phenotype/
SMA type, and the lack of information on the
age at first diagnosis of SMA. In this study we
were unable to confirm the SMA diagnosis by
genetic or clinical confirmation. There is no

validated diagnostic algorithm for using codes
for SMA in databases; however, we used SMA-
specific ICD codes to ensure that those with
other neuromuscular disorders were not cap-
tured. In addition, we examined patients with
SMA type III diagnostic codes only to examine
this subgroup of SMA patients. Prior studies
have used a similar methodology to identify
SMA patients from healthcare records [20]. As
such, there is the possibility of misclassification
of cases in the SMA group. We did not evaluate
individual causes of death in this study, but this
topic could be addressed in future studies.

The strengths of this study include the use of
a large real-world sample of patients with SMA
from diverse medical care settings, which may
have less selection bias than previous, smaller
studies of patients from specialist centers. While
the Optum database may not be representative
of the entire US population, SMA patients in
this database represent a wider range of patients
than those in samples from specialist centers or
single medical institutions because they are
patients receiving care from healthcare facilities
across the nation and patients with different
types of health insurance. In this study, SMA
cases were matched to a large population of
controls, providing sufficient power to observe
statistically significant differences. The cohort
in this study included SMA cases with a wide
range of ages at first diagnostic code date,
allowing for the evaluation of both adult and
pediatric SMA patients. This study also utilized
an EHR database, which provides a more com-
prehensive profile of patient health records
than administrative claims data.

CONCLUSIONS

The findings of this study indicate that the SMA
disease state, even for patients surviving to
older ages and those who have SMA type III, is
associated with decreased life expectancy in the
pre-treatment era. In the future, it is recom-
mended that mortality studies of patients with
SMA include a detailed analysis of cause of
death and genetic confirmation of SMA, which
will provide detailed mortality rates in clinical
studies and elucidate the potential reason for
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higher mortality in SMA patients. Our results
suggest the need for improvements in the care
and management of patients with SMA,
regardless of age or SMA type.
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