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Abstract
Objectives This study aims to investigate the relationship between baseline skeletal muscle area and
infections or death in elderly AAV patients with renal involvement.

Results A total of 57 AAV patients with renal involvement older than 65 years from a single center in
China were enrolled. The mean age was 72.4 ±5.6 years. The baseline BVAS score was 17.04 ±4.40, and
eGFR was 18.64 (7.63, 33.79) ml/min×1.73m2. Skeletal muscle area was calculated on CT at the third
lumbar vertebra level. The mean muscle area was 102.68 ±24.41 cm2. After a median follow-up of 555
days, 29 patients experienced 36 episodes of severe infections. The median time to infection was 30 (15,
63) days. Ten patients died of infection, and two of fatal bleeding. The median time to death was 59 (26,
77) days. The muscle area correlates with age and BMI. Univariate Logistic regression showed that age
(OR 1.11, P=0.044), muscle area (OR 0.97, P=0.008) and hsCRP (OR 1.01, P=0.017) were predictors of
severe infection. In the multivariate Cox regression, muscle area (HR 0.97, P=0.022) independently
predicted one-year mortality.

Conclusion Elderly AAV patients have a high rate of infection and death during the �rst year following
induction. Muscle area measured at L3 vertebrae level on non-contrast-enhanced CT is an independent
predictor of 1-year infection and mortality.

Background
Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is an important cause of rapid
progressive glomerular nephritis in elder patients [1]. The peak incidence is in those aged 65–74 years [2].
Despite aggressive treatment with glucocorticoid and immunosuppressants, the mortality of AAV patients
remains high in this group of patients. The �rst-year-mortality was 37% in patients older than 65 years,
and close to 50% in those older than 80 years [3]. Infection is still the leading cause of death during the
�rst year following induction therapy [4].

Skeletal muscle mass decrease with aging, which makes frailty a pervasive problem among elderly
patients. The prevalence of sarcopenia in hospitalized patients older than 65 years is as high as 40%[5].
Patients with less muscle mass have consistently been shown with worse clinical outcomes[6]. However,
quantifying skeletal muscle mass in elderly patients with a debilitating disease such as AAV is not an
easy task and has not been done routinely. Anthropometric measures are prone to error [7] and the
�uctuating �uid status may limit some imaging modalities[8]. Recently computed tomography (CT) scan
provides a practical measurement of muscle mass in hospitalized patients. The muscle area at the third
lumbar vertebra (L3) level on non-contrast-enhanced CT associates well with whole-body skeletal muscle
volume [9]. This method has been used to estimate the muscle mass in patients with cancer, heart failure,
chronic kidney disease (CKD), and in ICU patients, and muscle mass has been shown to correlate with
mortality [10]. However, the relationship between muscle area and severe infection or death in patients
with vasculitis is still not clear.
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In the present study, we aim to identify the relationship between muscle area as measured at L3 vertebra
level on non-contrast-enhanced CT in elderly AAV patients with clinical outcomes of infection and death.

Methods
Patient Selection

We performed a single-center retrospective study at Peking Union Medical College Hospital, a tertiary care
hospital in Beijing, China. Consecutive patients aged 65 or older, diagnosed with AAV and renal
involvement, with a CT scan done in PUMCH within 10 days of admission from June 2014 to June 2019,
were included.

The diagnosis of AAV with renal involvement was made according to the following criteria. A positive
serology for ANCA (indirect immuno�uorescence, or an antigen-speci�c immunoassay for MPO-ANCA or
PR3-ANCA), a rapidly elevated serum creatinine, or the presence of hematuria (≥10 red blood cells per
high power �eld, or red cell casts) with or without proteinuria ( >0.5 g/24 h). Detailed patient selection and
�owchart was shown in Figure 1. The time of diagnosis was de�ned as the date of the �rst ANCA-positive
assay. The study protocol was approved by the ethics committee of PUMCH. All methods were carried out
in accordance with relevant guidelines and regulations.

Clinical Data Collection

Clinical and laboratory data were obtained from hospital records. Demographics and history of major
comorbidities (hypertension, coronary heart disease, diabetes mellitus, and pulmonary disease) along
with the anthropometric measures were collected. The Birmingham Vasculitis Activity Score (BVAS)
(version 3) was calculated by scoring symptoms in 9 organ systems (general, cutaneous, mucus
membranes/eyes, ear nose and throat, chest, cardiovascular, abdominal, renal, and nervous system)
using the information at the time of diagnosis. Baseline laboratory data including hemoglobin level,
lymphocyte count, albumin level, serum creatinine level (for dialysis patient a pre-dialysis level was
recorded), high sensitivity C reactive protein, immunoglobulin G level, 24-hour urine protein, hematuria, the
type and level of ANCAs were also collected. The estimated GFR (eGFR) was calculated with the CKD-EPI
equation[11].

The type, initial dosage, and duration of treatments for AAV including the use of steroids,
cyclophosphamide (CYC), rituximab (RTX), other immunosuppressants, and plasmapheresis were
recorded. Pulse steroid was de�ned as an intravenous dose of 250 mg per day or more. The �rst
immunosuppressive agent used in addition to glucocorticoids de�ned the induction treatment.

All records of follow-up visits were reviewed, and all infectious episodes were recorded. Serious infection
was de�ned as an infectious episode that required intravenous antibiotics or hospitalization.Diagnoses
of infections were made according to clinical, radiological manifestations, and microorganism cultures.

Muscle area calculation
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Skeletal muscle area was calculated from the �rst CT scan which was done within 10-days of admission.
Non-contrast enhanced CT images with a 5-mm slice thickness were used. Scan parameters were 120 kV
and approximately 147 mAs. All scans were made in the supine position. The transverse image at the L3
level most clearly displaying both vertebral transverse processes was selected. The selected image had to
include all muscle at the level without any artifacts and the image had to be able to differentiate between
muscle from surrounding tissues. Total muscle cross-sectional areas (cm2) were calculated with a
previously published method using NIH ImageJ software. Muscles were quantified within a Hounsfield
unit (HU) range of -29 to +150 HU [12].

Two individuals (Z.X.X, and Z.G.M.Y) were trained to correctly identify and quantify the lumbar vertebrae
and the muscle areas. Each observer made three calculations and the mean value from the two observers’
measurements was used as each patient's muscle area. Any patient identi�er was erased from the CT
scan so that the observers were blinded to patients’ clinical survival status.

An example of an analyzed CT slice is shown in Figure 2, in which analyzed muscles were delineated.

Follow-up and endpoints

The inception time begins at the beginning of induction therapy. The last follow-up corresponded to the
patient’s death, up to 1-year follow-up, or the last visit before the end of the study (June 30th, 2019).

The primary outcome was time to death due to all causes during the 1-year follow-up, and the secondary
outcome was the incidence of severe infections during the 1-year follow-up.

Statistical analysis

Baseline data were presented as mean ± SD for normally distributed data or as median (IQR 25 percentile,
75 percentile) for non-normally distributed data. Characteristics between patients with or without
endpoint events were compared by Student’s t-test or Mann-Whitney U-test for continuous data and Chi-
square test or Fisher’s exact test for categorical data.

Pearson and Spearman correlation coe�cients were used to analyze the relationship between parametric
variables and nonparametric variables. We used univariate and multivariate logistic regression to identify
predictors of severe infection and the results were presented as odds ratio (OR) [95% con�dence interval
(CI)]. Univariate and multivariate Cox regressions were used to analyze the risk factors of death and
presented as hazard ratio HR [95% con�dence interval(CI)]. Variables with P values less than 0.1 in
univariate analysis and factors reported in previous researches came into the multivariate analysis. We
also used the Kaplan-Meier method to delineate the survival curve. All tests were two-tailed, and a P-
values of < 0.05 were considered signi�cant. Con�dence intervals (CIs) were calculated at the 95% level.
Statistical analyses were performed using SPSS (24.0) software.

Results
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The study population
Fifty-seven patients (47.4% male) with the age of 72.4 ± 5.6 years at diagnosis were included. The
majority of the cohort tested positive for MPO-ANCA (n = 49, 85.9%), and four patients (7.0%) tested
positive for PR3-ANCA. Two patients had nonspeci�c ANCA on immuno�uorescence assay. Sixteen
patients underwent renal biopsy and the results all supported the diagnosis of pauci-immune
glomerulonephritis. The mean baseline BVAS score was 17.04 ± 4.40. The mean baseline eGFR was
18.64 ml/min × 1.73 m2 (7.63, 33.79). Ten patients needed dialysis at the time of diagnosis. The baseline
demographics and clinical data were summarized in Table 1.
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Table 1
Baseline Clinical characteristics of AVV patients.

  Total n = 57 Patient with infection
(n = 29)

Patient without
infection (n = 28)

P value

Demographics and muscle parameters

Age, years 72.38 ± 5.55 73.91 ± 6.21 70.90 ± 4.44 0.037*

Male, n (%) 27 (47.3%) 13 (44.8%) 14 (50%) 0.700

BMI, kg/m2 23.30 ± 3.86 23.84 ± 4.70 22.76 ± 2.77 0.298

Muscle area, cm2 102.68 ± 
24.41

94.55 ± 22.80 111.09 ± 23.49 0.009**

Comorbidities, n(%)        

Diabetes 14 (24.6%) 6 (20.7%) 8 (28.6%) 0.490

Pulmonary
diseases#

17 (29.8%) 8 (27.6%) 9 (32.1%) 0.707

Hypertension 33 (57.9%) 9 (75.0%) 24 (53.3%) 0.177

Vasculitis Disease Activity

BVAS 17 ± 4 17 ± 4 17 ± 5 0.440

Pulmonary
vasculitis

35 (61.4%) 18 (62.1%) 17 (60.7%) 0.916

Baseline Lab results      

Lymphocyte,×109/L 1.14 ± 0.48 1.07 ± 0.45 1.20 ± 0.51 0.357

Hemoglobulin, g/L 95.4 ± 16.30 95.6 ± 16.1 95.3 ± 16.8 0.945

Scr, µmol/L 261.0 (149.5,
520.5)

310.0 (160.0, 526.5) 237.5 (134.3, 490.8) 0.793

eGFR, ml/min × 
1.73 m2

18.64 (8.31,
3.59)

12.49 (7.35, 31.82) 19.30 (7.87, 44.01) 0.221

Abbreviation: # COPD, chronic obstructive pulmonary disease and other pulmonary disease; BVAS,
Birmingham Vasculitis Activity Score (version 3); BMI, Body Mass Index; Scr, Serum Creatinine; eGFR:
Estimated Glomerular Filtration Rate; IgG, Immunoglobulin G; hsCRP, high-sensitivity C-reactive protein;
MPO ANCA, Myeloperoxidase-antineutrophil Cytoplasmic Antibodies; GC, glucocorticoid; PE,
Plasmapheresis.

±: All ANCA titers were measured by antigen-speci�c immunoassay, 200 RU/mL is the upper limit of
ANCA titer.

* P value < 0.05

** P value < 0.01
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  Total n = 57 Patient with infection
(n = 29)

Patient without
infection (n = 28)

P value

Albumin, g/L 33.1 ± 4.7 32.0 ± 4.9 34.7 ± 4.3 0.05*

Ig G, g/L 13.26 (10.74,
18.31)

13.26 (10.73, 15.50) 14.07 (10.75, 19.02) 0.269

hsCRP, mg/L 23.22 (2.11,
99.39)

46.55 (12.70, 134.40) 5.61 (1.57, 68.49) 0.018*

ANCA titer±, RU/mL 159.0 (87.0,
200.0)

159.0 (89.0, 200.0) 159.0 (86.0, 200.0) 0.822

Treatment        

Pulse GC, n (%) 21 (36.8%) 10 (34.5%) 11 (39.3%) 0.707

PE, n (%) 15 (26.3%) 9 (31.0%) 6 (21.4%) 0.410

Abbreviation: # COPD, chronic obstructive pulmonary disease and other pulmonary disease; BVAS,
Birmingham Vasculitis Activity Score (version 3); BMI, Body Mass Index; Scr, Serum Creatinine; eGFR:
Estimated Glomerular Filtration Rate; IgG, Immunoglobulin G; hsCRP, high-sensitivity C-reactive protein;
MPO ANCA, Myeloperoxidase-antineutrophil Cytoplasmic Antibodies; GC, glucocorticoid; PE,
Plasmapheresis.

±: All ANCA titers were measured by antigen-speci�c immunoassay, 200 RU/mL is the upper limit of
ANCA titer.

* P value < 0.05

** P value < 0.01

Muscle Area
The muscle area at the third lumbar vertebrae level was 102.68 ± 24.41 cm2. Muscle area correlated with
age (r= -0.40, P = 0.002) and BMI (r = 0.39, P = 0.003), while age and BMI were also correlated (r= -0.34, P = 
0.01). The difference in muscle areas between males and females was signi�cant with a mean muscle
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area of 114.16 ± 23.63 cm2 for males and 92.34 ± 20.40 cm2 for females (P < 0.0001). There was no
signi�cant correlation between muscle area and other baseline characteristics, including whether having
diabetes or pulmonary comorbidities, baseline serum albumin, creatinine, hemoglobulin, and lymphocyte
level. There was also no correlation between muscle area and dialysis status, whether receiving plasma
apheresis or glucocorticoid pulse therapy (Supplementary table).

Treatments
All patients received glucocorticoid therapy. The regimen usually consists of 40 to 80mg·d − 1 intravenous
methylprednisolone for a week and subsequent oral methylprednisolone or prednisone at an initial
dosage of 0.80 mg·kg − 1·d − 1 with tapering. Most patient received cyclophosphamide (CYC) for induction
therapy (n = 52, 91.1%). CYC was administered either by intravenous infusion of 0.4 to 0.6 g every week or
an oral dose of 0.05 g to 0.1g·d − 1. Two patients were treated with Rituximab given as 500 mg and
1000 mg once.

Twenty-one patients (36.8%) with rapidly progressive renal failure and/or severe vasculitis involving other
systems received three intravenous pulses of methylprednisolone (0.25–1 g/day) before the induction
therapy.

Fifteen patients (26.3%) with severe disease underwent plasma exchanges. Maintenance therapy was
with oral cyclophosphamide in most patients (96.6%) during follow-up.

Risk Factors For Infection And Death
After a median follow-up of 555.0 (125.5, 970.5) days, twenty-nine patients experienced thirty-six
episodes of serious infections, and ten infections resulted in ICU admission. The median time to the �rst
infection was 26.5 (IQR: 10.5, 60.0) days from induction therapy. Pneumonia (n = 29) and CMV viremia (n 
= 7) were most common infections.

We split the cohort into patients with and without severe infections and compared the demographic
characteristics, muscle areas, comorbidities, disease severity, and baseline laboratory results between
groups (Results shown in Table 1). Patients with infections were older with a mean age of 73.9 years
compared to a mean of 70.9 years in those without infections (P < 0.05) and have a lower muscle area
(94.55 ± 22.80 cm2 verse 111.09 ± 23.49 cm2, P < 0.05). However, the BMIs between these two groups
were not signi�cantly different. Other parameters compared shown that patients with severe infections
had higher hsCRP (P < 0.05) level at baseline and a trend toward lower albumin levels (P = 0.05).

In univariable logistic regression analysis, only increased age (OR = 1.11, CI 1.00 to 1.23, P = 0.04)
decreased skeletal muscle area (OR = 0.98, CI 0.94 to 0.99, P = 0.008) and increased baseline hsCRP level
(OR = 1.01, CI 1.00 to 1.02, P = 0.017) predicted serious infections during one year follow up. The other
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non-signi�cant variables were BMI, BVAS score, eGFR at the onset of disease, diabetes, pulmonary
comorbidities, vasculitis affecting the respiratory system, glucocorticoid pulse therapy, and baseline
nutritional markers. Multiple logistic regression models didn’t �nd a signi�cant relationship between
muscle area, BVAS, baseline hsCRP, nor eGFR with severe infection (see Table 2).

Table 2
Univariate and multiple Logistic regression analysis of risk factors for serious infections

Variable Unadjusted

OR [95%CI]

P value Adjusted§

OR [95% CI]

P value

Age 1.11 [1.00 to 1.23] 0.044*    

Male 0.70 [0.25 to 1.99] 0.503    

Muscle area 0.97 [0.94 to 0.99] 0.008** 0.98 [0.97 to 1.01] 0.169

BMI 1.05 [0.91 to 1.21] 0.480    

Diabetes 0.72 [0.21 to 2.42] 0.590    

Pulmonary comorbidities 0.63 [0.20 to 1.99] 0.633    

BVAS 1.05 [0.93 to 1.19] 0.397 1.04 [0.95 to 1.14] 0.439

Pulmonary Vasculitis 0.94 [0.32 to 2.74] 0.916    

Dialysis at baseline 0.64 [0.16 to 2.56] 0.527    

ANCA titer 1.00 [0.99 to 1.01] 0.954    

eGFR 0.98 [0.96 to 1.02] 0.306 0.98 [0.96 to 1.00] 0.089

Lymphocyte 0.71 [0.23 to 2.19] 0.555    

Immunoglobulin G level 0.96 [0.86 to 1.08] 0.511    

Albumin 0.89 [0.79 to 1.01] 0.899    

Hemoglobin 1.01 [0.97 to 1.04] 0.722    

hsCRP 1.01 [1.00 to 1.02] 0.017* 1.01 [0.99 to 1.01] 0.099

Plasmapheresis 1.82 [0.55 to 6.01] 0.329    

Methylprednisolone Pulse 0.91 [0.31 to 2.67] 0.862    

Abbreviations: BMI body mass index, BVAS Birmingham Vasculitis Activity Score (version 3), ANCA
Antineutrophil Cytoplasmic Antibodies, eGFR estimated glomerular �ltration rate, hsCRP high
sensitivity C-Reactive Protein

§ Variables included in multiple Logistic regression model: muscle area, BVAS, eGFR and hsCRP level

* P value < 0.05
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A total of twelve death occurred in our cohort, with a mortality rate of 21.1% for the �rst year. Ten patients
died of infection, one died of gastrointestinal bleeding and one died of a ruptured aortic aneurysm. The
median time to death was 59 (IQR 26.3, 75.0) days from diagnosis. The Kaplan-Meier survival plot was
shown in Fig. 3. Except for the muscle area (P = 0.008), there are no signi�cant differences in the clinical
markers between the dead and survived patients. Patients who died within the �rst year had a trend
toward older age (P = 0.051) and higher baseline hsCRP (P = 0.075).

In univariable Cox regression, age (HR = 1.14, CI 1.03 to 1.26, P = 0.014), skeletal muscle area (HR = 0.96,
CI 0.94 to 0.99, P = 0.016), and undergoing plasmapheresis (HR = 3.43, CI 1.10 to 10.65, P = 0.03)
signi�cantly predicted 1-year mortality. In multiple Cox regression model because that muscle area
correlates with age (see supplementary table) and our end events are limited we constructed the model
with muscle area, BVAS and the status of plasmapheresis. Multiple Cox regression models indicated that
muscle area (HR = 0.96, CI 0.94 to 0.98, P = 0.02) was an independent predictor of death, when adjusted
by BVAS, and whether undergoing plasmapheresis (See Table 3).
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Table 3
Predictors of 1 year mortality in univariable and multiple Cox regression analysis

Variable Unadjusted

HR [95%CI]

P value Adjusted§

HR [95% CI]

P value

Age 1.14 [1.03 to 1.26] 0.014*    

Male 0.71 [0.23 to 2.23] 0.556    

Muscle area 0.96 [0.94 to 0.99] 0.016* 0.96 [0.94 to 0.98] 0.02*

BMI 0.97 [0.83 to 1.15] 0.751    

Diabetes 1.49 [0.45 to 4.95] 0.515    

Pulmonary comorbidities 0.21 [0.03 to 1.59] 0.130    

BVAS 1.07 [0.94 to 1.23] 0.309 1.12 [0.97 to 1.29] 0.11

Pulmonary Vasculitis 1.00 [0.32 to 3.17] 0.990    

Dialysis at baseline 0.42 [0.06 to 3.27] 0.410    

ANCA titer 1.00 [0.99 to 1.01] 0.590    

eGFR 0.99 [0056 to 1.03] 0.639    

Lymphocyte 0.71 [0.19 to 2.76] 0.628    

IgG level 0.99 [0.87 to 1.13] 0.931    

Albumin 0.98 [0.89 to 1.11] 0.833    

Hemoglobin 0.99 [0.95 to 1.02] 0.444    

hsCRP 1.06 [0.99 to 1.01] 0.140    

Plasmapheresis 3.43 [1.10 to 10.65] 0.03* 2.87 [0.89 to 9.23] 0.077

Methylprednisolone Pulse 0.83 [0.25 to 2.75] 0.758    

Abbreviations: BMI body mass index, BVAS Birmingham Vasculitis Activity Score (version 3), ANCA
Antineutrophil Cytoplasmic Antibodies, eGFR estimated glomerular �ltration rate, hsCRP high
sensitivity C-Reactive Protein

§ Variables included in multiple Cox regression model: muscle area, BVAS score and whether
receiving plasmapheresis treatment

* P value < 0.05

** P value < 0.01

Discussion
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In this retrospective cohort study, we reported the clinical characteristics, risk factors of infections, and
prognosis in elderly patients with AAV. To our knowledge, this is the �rst study to examine the muscle area
in elderly AAV patients and showed that muscle area is an independent predictor for both infection and
death.

Our cohort consists of elderly patients with a fairly high BVAS score at baseline. In our study, the 1-year
mortality rate was high at 21.1% which was comparable with a survival rate of 72–88% in previous
cohorts [3, 13, 14]. The rate of serious infection was also high with half the patients experiencing at least
one episode of serious infection during 1 year follow up which was higher than previously reported by
Yang et al. in another Chinese cohort [15]. This may be explained by the older age and higher baseline
BVAS score of our cohort. Most deaths were due to serious infections. Both death and infection rates
were the highest during the �rst 6 months starting from induction therapy and was in line with previous
studies [16].

In the present study, we focused on the impact muscle mass at baseline have on infections and
prognosis. Many factors relating to patient, disease severity, or treatment strategy had been identi�ed as
risk factors for infections and mortality in previous studies of AAV patients. In most studies, age has
consistently been identi�ed as a strong predictor of worse outcomes [3, 13, 15]. The human body
undergoes many changes with aging. An important change is the loss of muscle mass and muscle
function which is predictive of adverse health outcomes, such as longer hospital admission, poorer
quality of life, and mortality [17]. When superimposed on other chronic medical conditions, such as
cancer, heart failure, chronic obstructive pulmonary disease or chronic kidney disease, elderly patients
with lower muscle mass have worse outcomes. For acutely ill patients, higher muscle mass on CT scan
was also associated with better survival [10].

But to date, there have been no studies focusing on quantifying muscle mass in AAV patients nor the
relationship between muscle reserve and clinically important outcomes. One reason for this may be a lack
of an appropriate evaluating method for muscle mass in critically ill patients with excessive water load.
This is the �rst study to use muscle area at L3 on non-contrast CT to quantify muscle. This method has
been shown to have a good correlation with modalities such as dual-energy X-ray absorptiometry (DXA)
[9] while providing more details on speci�c muscles, adipose tissues, and organs. The results of the
present study suggest that

baseline skeletal muscle area on CT scan correlates with BMI but was a more powerful prognostic
marker. This showed that using CT done routinely can be a practical way to obtain muscle areas and can
provides additional prognostic information to complement traditional risk factors.

The results of our study showed that muscle area is related to infection and is an independent predictor
for death. Muscle reserve is important in �ghting infections. Studies have shown that skeletal muscle
mass is a predictor of mortality in ICU patients and patients with aspiration pneumonia [18]. A decrease in
muscle mass and strength especially in swallowing related muscles may affect the prognosis of
pneumonia in older patients [19]. The majority of infections in our study were pneumonia and the most



Page 13/19

deaths were due to infections. It may be postulated that muscle area affects the prognosis of infections
through in�uencing older patients’ ability to clear pathogens and recover from infections. Moreover, the
Skeletal muscle has been shown to be a major immunoregulatory organ and produces a range of soluble
factors, which have anti-in�ammatory and immunoprotective effects[20]. These myokines may help
regulate the body’s defense against infections especially in autoin�ammatory diseases. The underlying
mechanisms linking low muscle area to worse outcome especially in systemic in�ammatory diseases
need to be addressed by more basic and clinical researches.

The cut-off values for muscle area on CT scan have been proposed for various diseased populations
which were often based on optimal strati�cation for survival [21]. Due to a lack of data on patients with
glomerulonephritis and rheumatic diseases. It was not possible to compare our results with a similar
population. There haven’t been any population-wide studies to establish a distribution of muscle area to
allow for the calculation of Z score. However, values have been reported for a healthy Caucasian
population of 20 to 82 years of age and the lower �ve percentile was 134.0 cm2 for males and 89.2 cm2

for females [22]. Fifty-six percent (female n = 12, male n = 20) of our cohort had low skeletal muscle at
baseline according to this cut off value. The survival curve of patients with high and low muscle area
separates though not reaching a statistically signi�cant level by log-rank test (P = 0.19) as shown in
supplement Fig. 1. The result indicates a cross of these survival curves with the patient of less muscle
having a worse survival after the �rst 2 months. This may indicate that baseline skeletal muscle is a
better marker of muscle reserve and have more predictive values for survival after the acute phase of the
disease. Larger sample size and longer follow-up are needed to verify this. However, we have to be
cautious in interpreting this cut-off value because it is made for the Caucasian population and may not
re�ect the muscle area changes in the Asian population.

Considering the high infection rate and mortality rate, it is prudent to weight the risk of infection when
deciding on treatment strategies. Recent �ndings from a randomized trial show that a dose reduced
glucocorticoid was noninferior as maintenance therapy[23]. Therefore, identifying risk factors of
infections and death to personalize the intensity of treatment and to identify patients who might bene�t
more from modi�ed treatment regimens is of great clinical importance. Skeletal muscle area may be
valuable in this sense. We can stratify patients by this parameter and adapt the intensity of treatment
accordingly.

There are limitations to this study. First, this was a retrospective study from a single center therefore may
not be representative of all vasculitis patients. Second, due to the sample size, there were not enough
endpoint events to accommodate the analysis of more predictors and the impact muscle area may have
on long term survival. Third, this study only focused on muscle area but not muscle quality or function.
The evolving de�nition of sarcopenia relies more on the functional decline of muscle as opposed to a
mere change in muscle mass. More investigations are needed in the area of muscle quantity and quality
in patients with systemic in�ammatory diseases.

Conclusions
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Elderly patients with AAV have a high rate of infection and death during the �rst year following
immunosuppressive treatment. Muscle area as measured at the L3 vertebrae level on non-contrast-
enhanced CT is an independent predictor of 1-year mortality in elderly AAV patients.
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Figure 1

Study Flowchart Showing the Selection of Eligible Patients
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Figure 2

Steps of Measuring Muscle Area on Computed Tomography Scan a. The transverse image at the third
lumbar vertebra level most clearly displaying both vertebral transverse processes was selected b. Outer
perimeter of abdominal muscle is selected at threshold of -250 HU (Houns�eld unit) c. Changing the
threshold to -29 to +150 HU to outline abdominal muscle and organs d. Inner perimeter of abdominal
muscle is selected and the muscle area is calculated as the area inside threshold between outer and inner
perimeters
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Figure 3

Kaplan-Meier Curve of One Year Survival
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