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Introduction
Idiopathic inflammatory myopathies (IIMs) are 
systemic autoimmune disorders characterised by 
muscle weakness and inflammation.1 Some 
patients have a monocyclic disease course, but 
⩾50% of patients experience a chronic continu-
ous course.2 High-dose corticosteroids are the 
first line of treatment empirically in most IIM 
patients, but there are no clear evidence-based 

guidelines for tapering and discontinuing the use 
of corticosteroids even though various adverse 
events of long-term corticosteroid use have 
resulted in harmful effects on health outcomes.3 
Several studies have reported on the factors asso-
ciated with deterioration and death related to 
IIM, including malignancy, interstitial lung dis-
ease, pulmonary infection and old age.2,4,5 
However, there are few studies about factors 
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associated with steroid-free remission in IIM 
patients.

Anthropometric measures are widely used as 
indicators of health outcomes. Higher body mass 
index (BMI) values are associated with an 
increased risk of death from cardiovascular dis-
ease.6 Further, waist circumference (WC), which 
indicates abdominal fat mass, predicts a higher 
mortality risk than BMI.7,8 Even with a normal 
BMI, an increase in WC is associated with an 
increase in mortality.9 However, several studies 
have reported that overweight or mild to moder-
ate obesity is beneficial for mortality or clinical 
outcomes.10,11 In rheumatoid arthritis (RA), a 
higher WC was associated with a higher health 
assessment questionnaire score and a lower inci-
dence of remission;12 likewise, another study 
reported that a higher WC was associated with 
less disease severity at baseline and a better treat-
ment response.13

Height is also associated with health outcomes. 
Increased height in women is associated with a 
higher risk of cancer and death from cancer,14 but 
other studies reported that a shorter height was 
associated with a higher risk of cardiovascular dis-
ease or diabetes mellitus15,16 and severe disease 
activity and functional impairment in RA.17

However, no studies have evaluated the associa-
tion between anthropometric measures and treat-
ment outcomes in IIM patients. Thus, we 
investigated the various clinical factors, including 
body measurements, that affect treatment out-
come, that is, steroid-free remission in IIM.

Materials and methods

Study population
In this retrospective cohort study, we reviewed 
the electronic medical records of patients who 
were newly diagnosed with polymyositis (PM) or 
dermatomyositis (DM) and who had undergone 
an abdominal computed tomography (CT) scan 
between January 2000 and April 2018 at a tertiary 
referral hospital in Seoul, South Korea. IIM was 
diagnosed based on the fulfilment of three out of 
four of Bohan and Peter’s criteria.18 To identify 
patients with idiopathic inflammatory myositis 
meeting the inclusion criteria, we first searched 
the electronic medical records database for all 
those diagnosed with inflammatory myositis 
(ICD-10 codes of M33.x or M36.0) at 

our hospital and reviewed the patient records to 
confirm their eligibility. Included patients also 
met the 2017 EULAR/ACR classification criteria 
for adult and juvenile idiopathic inflammatory 
myopathies.19 Patients under 18 years of age at 
diagnosis were excluded. The index date was 
defined as the date of corticosteroid initiation 
after diagnostic work-up of IIM.

The following data were collected from the medi-
cal records at diagnosis: demographic informa-
tion, including age and sex; body measurements, 
including weight, height and BMI; comorbid 
medical conditions such as hypertension, diabe-
tes mellitus, interstitial lung disease based on high 
resolution CT finding with compatible pulmo-
nary function test (PFT), renal insufficiency and 
malignancy; presence of dysphagia was confirmed 
by video fluoroscopic swallowing study indicating 
a severity greater than moderate; drug exposure, 
including corticosteroids and immunosuppres-
sant within 1 month after diagnosis including 
methotrexate, azathioprine, calcineurin inhibi-
tors, mycophenolate mofetil and cyclophospha-
mide; and laboratory data, including creatine 
kinase, myoglobin, lactate dehydrogenase, aldo-
lase, erythrocyte sedimentation rate, C-reactive 
protein and autoantibodies (antinuclear antibody 
and anti-Jo-1 antibody). The study protocol was 
approved by the Institutional Review Board of 
Asan Medical Centre, Seoul, Korea (No. 2018-
1770). The informed consent requirement was 
waived because of the retrospective design.

Assessment of WC
Baseline WC was measured from a single cross-
sectional CT image that had been obtained within 
3 months before or 1 month after diagnosis of IIM 
at the mid portion of the third lumbar spine.20 A 
value of estimated abdominal perimeter deter-
mined from CT scan is a valid measure of WC.21 
After obtaining the cross-sectional image from 
the CT study, WC was automatically computed 
by applying image processing techniques using 
MATLAB software (MATLAB and Image 
Processing Toolbox R2018b, The MathWorks, 
Inc., Natick, MA, USA). First, the quality of the 
CT image was enhanced because the original 
image was not clear enough for automatic cir-
cumference computation. Then, to separate the 
object (i.e. the body part) from the background, 
we calculated a binary mask based on edge detec-
tion using a Sobel filter. Finally, WC was com-
puted from the boundary of the mask.
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Definition of treatment outcome
Steroid-free remission was defined as the discon-
tinuation of corticosteroids for at least 3 months 
with clinical improvement including improvement 
of muscle power or skin rash, or stabilisation of 
PFT.22 The physicians’ decisions to discontinue 
corticosteroids were based on clinical improve-
ment with gradual dose reduction without addi-
tional immunosuppressants and biochemical 
disease activity results showing normalisation of 
creatine kinase levels. The cases of discontinua-
tion of corticosteroids due to adverse event of cor-
ticosteroids, including steroid-induced myopathy 
or refractory to corticosteroids, were not consid-
ered as steroid-free remission.

Statistical analysis
The Chi-square and Fisher’s exact tests were 
applied to compare categorical data. Continuous 
variables were summarised by the mean (standard 
deviation) and analysed by Student’s t-test for par-
ametric data and the Mann–Whitney U test for 
non-parametric data. The values from anthropo-
metric measurements, including height, weight, 
BMI and WC, were divided into quartiles. Height 
and weight were also divided into sex-specific 
quartiles. The Cox proportional hazard model was 
applied to identify the factors associated with ster-
oid-free remission, and the hazard ratios (HRs) 
and 95% confidence intervals (CIs) were reported. 
The values used for height, weight, BMI and WC 
were those measured at diagnosis. Variables that 
had a p-value of <0.2 in the univariate analyses 
and variables considered clinically important for 
the treatment outcome were selected for the multi-
variable analysis; otherwise, a p-value of <0.05 was 
considered statistically significant in all analyses. 
Variables in the multivariable analysis were further 
selected by backward stepwise regression, and 
those with significant p-values remained in the 
final model. We used R (Version 3.5.1, The R 
Foundation for Statistical Computing, Vienna, 
Austria) for all statistical analyses.

Results

Comparison of clinical features according to 
steroid-free remission
Of the 172 patients with IIM who met the Bohan 
and Peter’s criteria, 106 patients were included; 66 
patients were excluded because of not having an 
abdominal CT scan. Abdominal CT scans were 
performed in the early stage of IIM between 

3 months before or 1 month after diagnosis. Of the 
106 IIM patients 70 had DM and 36 had PM, and 
the median follow-up duration was 35 months 
(range 0–178). All included patients met the 2017 
EULAR/ACR classification criteria (definite, 92; 
probable, 14). Most patients were identified in 
rheumatology clinics (83%, 88/106) and the rest 
were identified in neurology clinics (17%, 18/106). 
Table 1 shows the baseline clinical characteristics 
and laboratory data for all patients. Overall, 67% 
(71/106) of the patients were female. The mean age 
at diagnosis was 54.6 ± 14.2 years, and the mean 
symptom duration was 5.3 ± 11.6 months. 
Regarding body measurements, the mean weight, 
height, BMI and WC values were 57.6 ± 11.0 cm, 
159.7 ± 8.5 cm, 22.5 ± 3.6 kg/m² and 81.1 ± 10.3 cm, 
respectively. During the follow-up periods, 35 
patients achieved steroid-free remission; the median 
time to steroid-free remission was 17.3 months 
(range 4–80). There were no significant differences 
in the clinical features between the steroid-free 
remission group and the group that did not enter 
remission, but the frequency of cancer was lower in 
steroid-free remission patients than in those with-
out remission (2.9% (1/35) versus 22.5% (16/71), 
p = 0.021). The proportion of immunosuppressant 
use within 1 month after diagnosis was higher in 
steroid-free remission patients than in those with-
out remission (40.0% (14/35) versus 18.3% (13/71), 
p = 0.030). Thirty-eight patients were lost to follow-
up, including 11 who died during the study period. 
Among 35 patients who achieved steroid-free 
remission, 22 patients had retained steroid-free 
remission status during follow-up periods. The 
median duration of steroid-free remission status 
was 22 months (range 3–167).

Clinical factors associated with steroid-free 
remission in idiopathic inflammatory myositis 
patients
In the cumulative event curve, the proportion of 
patients who achieved steroid-free remission within 
5 years of treatment was significantly higher in 
patients who used an immunosuppressant within 
1 month after diagnosis than in those who did not 
(Figure 1(a)). Further, the proportion of patients 
achieving steroid-free remission was higher in 
those with DM than in those with PM (Figure 
1(b)). Interestingly, when stratified by WC, the 
proportion was the highest in the third quartile and 
the lowest in the fourth quartile (Figure 1(d)). For 
height, the proportion was the highest in the sec-
ond and third sex-specific quartiles but the lowest 
in the fourth sex-specific quartile (Figure 1(d)).
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A Cox proportional hazard regression analysis was 
performed to evaluate the clinical factors associ-
ated with steroid-free remission (Table 2). The 
early initiation of immunosuppressant therapy 
within 1 month after the diagnosis of IIM was 
strongly associated with steroid-free remission 
(HR 6.21, 95% CI 2.61–14.74, p < 0.001). 
However, PM rather than DM (HR 0.21, 95% CI 
0.09–0.53, p = 0.001) and the presence of dyspha-
gia (HR 0.15, 95% CI 0.05–0.50, p = 0.002) 
showed inverse associations with steroid-free 
remission. The fourth WC quartile was associated 
with a lower rate of steroid-free remission 

compared with the first quartile (HR 0.24, 95% CI 
0.07–0.85, p = 0.027). Further, the second (HR 
3.65, 95% CI 1.40–9.51, p = 0.008) and third (HR 
2.88, 95% CI 1.13–7.32, p = 0.027) sex-specific 
height quartiles were more positively associated 
with steroid-free remission than the first sex-spe-
cific height quartile. To evaluate the association 
between the single anthropometric measurement 
and steroid-free remission, model 2 was adjusted 
for WC and model 3 was adjusted for sex-specific 
height. For WC, the third quartile showed a posi-
tive association with steroid-free remission (HR 
2.74, 95% CI 1.08–6.92, p = 0.033). However, the 

Figure 1. The cumulative event curves for steroid-free remission according to (a) immunosuppressant use 
within one month, (b) type of myositis, (c) waist circumference quartiles and (d) sex-specific height quartiles.
Y, yes; N, no; DM, dermatomyositis; PM, polymyositis 
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fourth quartile showed an inverse association (HR 
0.25, 95% CI 0.07–0.87, p = 0.029). For sex-spe-
cific height, the second and third quartiles were 
associated with steroid-free remission when first 
quartile was used as reference. However, the fourth 
quartile tended to display an inverse association 
with steroid-free remission.

Discussion
We showed that immunosuppressant use within 
1 month after diagnosis was an important  
prognostic factor for the achievement of steroid-
free remission, but PM and dysphagia 

were associated with a lower rate of steroid-free 
remission. Further, amongst anthropometric 
measurements, WC quartiles and sex-specific 
height quartiles were significantly associated with 
steroid-free remission.

Limited studies have investigated the treatment 
outcomes of initial combination therapy with cor-
ticosteroids and immunosuppressive agents. The 
azathioprine and corticosteroids combination was 
associated with better functional ability than cor-
ticosteroids alone.23 Further, treatment with 
methotrexate in addition to corticosteroids 
showed long-term survival benefits and facilitated 

Table 2. Prognostic factors associated with steroid-free remission.

Model 1 Model 2 Model 3

Factor HR 95% CI p HR 95% CI p HR 95% CI p

Immunosuppressant use 
within one month

6.21 2.61–14.74 <0.001 4.26 1.93–9.41 <0.001 5.00 2.15–11.64 <0.001

Polymyositis 0.21 0.09–0.53 0.001 0.29 0.13–0.67 0.004 0.17 0.07–0.42 <0.001

Dysphagia 0.15 0.05–0.50 0.002 0.29 0.10–0.84 0.022 0.17 0.05–0.53 0.002

Waist circumference (cm), quartiles

  Q1 [male (n = 9), female 
(n = 18): 48.3–74.2]

Reference  

  Q2 [male (n = 4), female 
(n = 22): 74.2–79.9]

0.97 0.37–2.52 0.945 1.12 0.45–2.77 0.814  

   Q3 [male (n = 6), female 
(n = 20): 80.3–88.7]

2.21 0.83–5.87 0.111 2.74 1.08–6.92 0.033  

  Q4 [male (n = 16), 
female (n = 11): 
88.9–109.4)

0.24 0.07–0.85 0.027 0.25 0.07–0.87 0.029  

Height (cm), sex-specific quartiles

  Q1 [male (n = 10): 153–
164, female (n = 18): 
139–151]

Reference  

  Q2 [male (n = 8): 165–
167, female (n = 21): 
152–156]

3.65 1.40–9.51 0.008 2.96 1.13–7.75 0.027

  Q3 [male (n = 8): 169–
172, female (n = 15): 
157–160]

2.88 1.13–7.32 0.027 3.27 1.31–8.16 0.011

  Q4 [male (n = 9): 173–
178, female (n = 17): 
161–171]

0.31 0.06–1.50 0.144 0.24 0.05–1.17 0.077

CI, confidence interval; HR, hazard ratio; Q, quartile
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steroid tapering.24 Although a steroid-sparing 
immunosuppressive agent is generally initiated 
with corticosteroid treatment to reduce the cumu-
lative dose of prednisone, there are no standard-
ised therapeutic guidelines for the treatment of 
IIM, particularly due to the lack of randomised 
controlled trials and the rarity of the disease. 
Therefore, our findings, which are based on real-
world data, suggest that the early initiation of 
immunosuppressive therapy is related to steroid-
free remission.

Increased WC, which reflects true adiposity more 
accurately than increased BMI, has been sug-
gested as the best single indicator of cardiovascu-
lar risk factors.25 Moreover, WC is a better 
predictor of all-cause and cause-specific mortality 
than BMI.7 However, several studies have 
reported that a high body fat percentage is a pre-
dictor of good prognosis in coronary artery dis-
ease or acute lung injury patients.26,27 Further, 
WC showed a U-shaped association with cardio-
vascular outcomes, which indicated that mild to 
moderate obesity had a beneficial effect in patients 
who underwent a percutaneous coronary inter-
vention.28 The fourth WC quartile was associated 
with a lower rate of steroid-free remission than 
the first quartile; moreover, the probability of 
steroid-free remission was the highest in the third 
WC quartile and the lowest in the fourth WC 
quartile. These findings suggest that mild or 
moderate central obesity is a good prognostic fac-
tor in IIM patients whereas severe central obesity 
is a poor prognostic factor.

The relationship between height and mortality or 
treatment outcomes is diverse. Some studies sug-
gest that there is an inverse relationship between 
height and longevity.29,30 Further, increased height 
is associated with the risk of cancer and dying 
from cancer; this association is more prominent in 
females.14,31 However, a shorter height is known 
to be associated with a higher risk of cardiovascu-
lar disease or diabetes mellitus and worse disease 
activity and functional impairment of RA.15–17 
Interestingly, a previous study showed that the 
middle height group displayed better treatment 
outcomes for colorectal cancer than the extreme 
height group. This association may be explained 
by the increased insulin-like growth factor-1 (IGF-
1) concentration in taller patients.32 In our results, 
the second and third sex-specific height quartiles 
were associated with steroid-free remission when 
first quartile was used as reference, but the fourth 
quartile tended to display an inverse association 

with steroid-free remission. These results have a 
similar pattern to those for WC; a medium height 
was a good predictor of treatment outcomes, but 
the greatest height was associated with a lower 
rate of steroid-free remission. Possible mecha-
nisms for this finding include the higher concen-
tration of IGF-1 in taller patients, which might be 
associated with the treatment response in inflam-
matory disease, or the relatively insufficient immu-
nosuppressant dosage in taller patients compared 
with the middle height group. Future studies are 
necessary to identify the mechanisms responsible 
for the association between height and treatment 
outcomes in IIM.

The present study has some limitations. First, 
because the study design was retrospective and 
performed in a single referral tertiary centre, the 
number of patients in the cohort was relatively 
small and the potential for confounding bias and 
selection bias toward severely ill patients cannot 
be excluded. In fact, a considerable number of 
patients with IIM (38%) were excluded from the 
study because of not having an abdominal CT 
scan initially. However, there were no differences 
between the excluded and included patients in 
baseline characteristics (age, sex, symptom dura-
tion, type of IIM and comorbidities such as diabe-
tes mellitus, interstitial lung disease and cancer). 
Thus, the probability of selection bias might be 
low. Second, diverse clinical variables such as 
muscle power and the change of anthropometric 
measurement could not be evaluated. Individual 
physical change could also have a prognostic 
meaning but, single measurement at the initiation 
of treatment would be meaningful as a factor for 
evaluating treatment responsiveness.

To the best of our knowledge, this is the first 
study showing the prognostic factors for steroid-
free remission, which is very important for the 
long-term outcomes of patients with chronic 
inflammatory diseases. The findings also high-
light the additional prognostic value of some body 
measurements that are easily measurable in rou-
tine clinical practice on treatment outcomes in 
IIM patients.

Our results suggest that the early initiation of 
immunosuppressant therapy, type of myositis and 
presence of dysphagia are strong predictors of 
steroid-free remission in IIM. Moreover, meas-
urements of height and WC at baseline may pro-
vide an additional prognostic value for treatment 
outcomes.
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