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Abstract
Objective
Monocyte distribution width (MDW) correlates with volume modifications of circulating monocytes upon activation.
Given the crucial role of monocyte activation in the pathogenesis of adult-onset Still’s disease (AOSD), we aimed to
examine the associations between MDW and disease activity or inflammatory parameters in this disease.

Methods
In 58 AOSD patients and 95 other patients with coronavirus disease 2019 (COVID-19) as disease control, MDW
and complete blood count were determined using a UniCel DxH800 analyser. C-reactive protein (CRP) levels were
measured by nephelometry, and ferritin levels by chemiluminescent immunoassay. AOSD activity was assessed using
a modified Pouchot score.

Results

MDW was significantly higher in active AOSD patients (median 28.3, interquartile range [IQR] 23.3-32.1) compared

with inactive AOSD (19.2, IQR 18.0-20.6, p<0.001) or non-severe COVID-19 patients (23.2, IQR 21.0-25.2, p<0.01).
MDW was positively correlated with AOSD activity scores, CRP, and ferritin levels (all p<0.001). Longitudinal follow-up

evaluation revealed that median MDW significantly declined (28.3 vs. 18.5, p<0.001) along with disease activity,
paralleling a decrease in CRP and ferritin levels. Severe COVID-19 and sepsis patients had elevated MDW, which were
not different from active AOSD patients. Multivariate analysis revealed MDW as a significant predictor of active AOSD,
and MDW threshold at 21.7 could predict an active status with a high sensitivity of 91.3% and specificity of 94.3%.

Conclusion
Elevated MDW and its positive correlation with inflammatory parameters in AOSD patients indicate MDW as a
novel activity indicator, with a high MDW value above 21.7 linked to a high probability of active AOSD.

Key words
monocyte distribution width, discriminative marker, activity indicator, COVID-1, adult-onset Still’s disease

Clinical and Experimental Rheumatology 2023; 41: 2062-2070.



MDW in AOSD / Y.-H. Lin et al.

Yun-Hsien Lin, MD*

Shih-Hsin Chang, MD*

Teng-Chieh Hsu, MD

Po-Ku Chen, PhD

Joung-Liang Lan, MD

Der-Yuan Chen, MD, PhD

*These authors contributed equally.
Please address correspondence to:
Der-Yuan Chen

Rheumatology and Immunology Center,
China Medical University Hospital,
No. 2, Yude Road,

Taichung 40447, Taiwan.

E-mail: dychenl957@gmail.com
Received on February 15, 2023; accepted
in revised form on June 12, 2023.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2023.

Competing interests: none declared.

Clinical and Experimental Rheumatology 2023

Introduction

Adult-onset Still’s disease (AOSD)
is a rare (1-2), multi-systemic auto-
inflammatory disorder characterised
by fever, skin rash, arthritis, increased
acute phase reactants, and hyperferri-
tinaemia (3-5). AOSD has been recog-
nised as an important cause of fever of
unknown origin (6). Increased innate
immunity and hyperinflammation may
produce cytokine storms (7-9) and even
cause life-threatening complications
like macrophage activation syndrome
(MAS) (10) in AOSD. Among the in-
nate immune responses, macrophage
activation is the hallmark of AOSD
pathogenesis (11). The activated mac-
rophages can stimulate ferritin release,
with elevated H-ferritin expressions in
lymph nodes and skin correlated with
AOSD activity (12-13).

Macrophages can also be activated in
severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) infection,
leading to increased proinflammatory
cytokine production, hyperinflamma-
tion, and even so-called cytokine storms
(14-16).  Various monocyte-derived
proinflammatory cytokines, such as in-
terleukin (IL)-1f, IL-6, and tumour ne-
crosis factor (TNF)-a., were elevated in
coronavirus disease 2019 (COVID-19)
patients (15-16), suggesting a pathogen-
ic role of monocyte-related immunity
in this disease. Although recent stud-
ies revealed different cytokine profiles
between COVID-19 and active AOSD
(17-18), a clear distinction between
them is still challenging.

Monocyte distribution width (MDW) is
a novel cytometric parameter that cor-
relates with volume modifications of
circulating monocytes upon activation
(19). Since monocytes are the first re-
sponders to infection and display volu-
metric heterogenicity (20), MDW has
been revealed as a valuable sepsis in-
dicator (21-22). Polilli et al. found that
a combination of MDW at values >22.0
and procalcitonin (PCT) levels >1.0ng/
mL was associated with sepsis (23). As
in bacterial infections, monocytes may
be activated and promote subsequent
systemic hyperinflammation in COV-
ID-19 disease (24). MDW could be an
inflammatory marker with prognostic
significance in this disease (25-27).

Given the pathogenic role of monocyte
activation in AOSD (8-9,11), monocyte
anisocytosis, quantifiable with MDW,
may be a useful marker for disease ac-
tivity monitoring. Monocyte activation
and hyperinflammation are common in
both AOSD and COVID-19, which also
share similar clinical and laboratory
features such as fever, increased acute
phase reactants, and hyperferritinaemia
(1-3, 17-18, 28-29). It would be inter-
esting to compare the difference in the
clinical utility of MDW between these
two diseases.

In this pilot study, we analysed MDW,
other leukocyte characteristics, and in-
flammatory parameters; we also inves-
tigated the ability of MDW to predict
AOSD disease activity and compared
that with other markers. Given the simi-
lar immune response with hyperinflam-
mation in COVID-19 and AOSD, we
enrolled COVID-19 as disease control.
Given the diagnosis of AOSD is made
by excluding infectious diseases and
other rheumatic diseases, we also en-
rolled sepsis, systemic lupus erythema-
tosus (SLE), and rheumatoid arthritis
(RA) as the disease controls. The as-
sociations between MDW and inflam-
matory parameters were also examined
in AOSD and COVID-19 patients.
Besides, we longitudinally evaluated
MDW dynamics during the clinical
evolution of AOSD.

Methods

Patients and study design

In this retrospective and single-centre
cohort study, fifty-eight AOSD patients
fulfilling the Yamaguchi criteria (30)
and having a negative result of IgG/IgM
for SARS-CoV-2 were consecutively
enrolled. Patients with infections, malig-
nancies, or autoimmune diseases were
excluded. Systemic disease activity was
assessed using a modified Pouchot score
(31), with active AOSD defined as sys-
temic activity score =4 (32). This score
(range, 0—12) assigns one point to each
of 12 manifestations: fever, evanescent
rash, sore throat, arthralgia or arthritis,
myalgia, pleuritis, pericarditis, pneumo-
nitis, lymphadenopathy, hepatomegaly
or abnormal liver function, elevated
leukocyte count =15,000/mm?, and se-
rum ferritin levels >3000ug/L. Twenty
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Table I. Demographic data and laboratory findings in AOSD patients and COVID-19 patients.

Variables Active AOSD Inactive severe COVID-19 Severe COVID-19 Non-severe COVID-19
(n=23) (n=35) (n=25) (n-70)

Age, years 45.1 £ 17.5%#:%5% 49.5 + 14 21555 729 +14.7 69.1 £235

Male, n (%) 5 (21.7%)""$ 11 (31.4%)""% 20 (80.0%) 41 (58.6%)

Body mass index 23.4 (20.1-27.0) 23.9 (21.6-284) 21.2 (18.7-25.3) 23.2 (20.0-27.0)

MDW 28.3 (23.3-32.1)%:#:*55 19.2 (18.0-20.6) ##:55 25.1 (22.6-28.3) 232 (21.0-25.2)

WBC, x1000/mm?
Neutrophil (%)
Lymphocyte (%)

CRP levels, mg/dL
Ferritin levels, ng/mL
Drugs at study entry
Corticosteroids, n (%)
Methotrexate, n (%)

23 (100%)

19 (82.6%)

HCQ, n (%) 16 (69.6%)
Cyclosporine, n (%) 8 (34.8%)
IL-6R inhibitor, n (%) 8 (34.8%)
Mortality rate, n (%) 1 (4.3%)

11.6 (75-16.5)
872 (82.1-91.0)
74 (38-11.7)°
NLR 119 (7.0-232)

57 (2.4-11.8)%%*
2851 (899-4598)%#:#555

9.5 (7.7-15.0)%
82.3 (72.4-89.2)°
11.1 (5.5-16.5)

74 (44-16.1)

1.2 (0.6-2.4)"s
145 (119-224)

21 (60.0%)

20 (57.1%)
18 (51.4%)
3 (8.6%)
2 (5.7%)
0 (0.0%)

12.7 (7.6-16.9)%
83.6 (67.5-88.7)
8.0 (4.6-17.6)
10.6 (4.0-19.0)
8.1 (3.9-15.1)%
705 (218-987)
24 (96.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
10 (40.0%)
14 (56.0%)

6.4 (5.1-9.4)
72.0 (62.0-82.6)
143 (7.3-22.7)

53 (2.7-11.6)

3.1 (1.2-6.7)
236 (124-389)

20 (28.6%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

Data are presented as mean + SD, number (%), or median (25" -75" quartile range); AOSD: adult-onset Still’s disease; COVID-19: coronavirus disease
2019; WBC: white blood cell count; MDW: monocyte distribution width; NLR: neutrophil-to-lymphocyte ratio; CRP: C-reactive protein; HCQ: hydroxy-

chloroquine; IL-6R: interleukin-6 receptor.

*p<0.05, ¥¥p<0.001, vs. inactive AOSD, as determined by Mann-Whitney U-test.
#p<0.05, #p<0.01, #p<0.001, vs. severe COVID-19, as determined by Mann-Whitney U-test.
$p<0.05, %3p<0.001, vs. non-severe COVID-19, as determined by Mann-Whitney U-test.

patients fulfilling the 1997 revised cri-
teria for SLE (33), twenty-two patients
fulfilling the 2010 classification criteria
for RA (34), and twenty-three patients
fulfilling the 2015 clinical criteria for
sepsis (35) were included as AOSD dis-
ease controls. SLE disease activity was
determined using calculating the SLE
disease activity index-2K score (SLE-
DAI-2K) (36), and active SLE was de-
fined as a SLEDAI-2K score of at least
6. RA disease activity was assessed us-
ing the 28-joint disease activity score-
erythrocyte sedimentation rate (DAS28-
ESR) (37), and active status was defined
as DAS28 =3.2.

We also enrolled 95 Taiwanese patients
with laboratory-confirmed COVID-19,
which were positive results of poly-
merase-chain-reaction assay of nasal or
pharyngeal swab specimens. According
to the WHO-China Joint Mission on
COVID-19, the severity of COVID-19
patients was divided into mild (consti-
tutional symptoms without pneumonia),
moderate  (COVID-19 pneumonia),
and severe (severe dyspnoea requiring
mechanical ventilation, shock, other
organs failure requiring intensive care,
or mortality) (38); mild or moderate
COVID-19 was considered non-severe.
The hospital’s Institutional Review
Board approved this study (CMUH110-
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REC2-106), and the written consent
was waived because this is a retrospec-
tive analysis.

The patients’ data reviewed herein in-
cluded demographics, medical history,
clinical and laboratory assessment re-
sults, and the use of medications, in-
cluding conventional synthetic disease-
modifying anti-rheumatic drugs (cs-
DMARDS) and the biologic DMARDs.

Determination of MDW and

other inflammatory parameters

In this study, with a non-interventional
design, MDW was assessed along with
routine complete blood cell (CBC) count
testing. The whole blood samples were
withdrawn and collected in phlebotomy
tubes, which contained di-potassium
ethylenediaminetetraacetic acid (K2
EDTA) anticoagulant. They were then
analysed using the UniCel DxH 800
haematology analyser (Beckman Coul-
ter, Inc. Brea, CA, USA). MDW was
determined in conjunction with routine
complete blood count testing within 2
hours of blood collection. MDW was
automatically calculated as the stand-
ard deviation (SD) of monocyte volume
divided by the mean monocyte volume
and multiplied by 100 to present value
as a percentage, as previously reported
(21-23). The neutrophil-to-lymphocyte

ratio (NLR) was calculated as preopera-
tive neutrophil count/lymphocyte count
in peripheral blood (39).

Determination of serum levels of
C-reactive protein (CRP) and ferritin
All serum samples were obtained
through centrifugation and then assayed
immediately or stored at -20°C until in-
vestigation. According to the manufac-
turer’s instructions, CRP levels were
measured by nephelometry (Behring,
Behring, Germany) and serum ferritin
light-chain levels by ELISA (eBiosci-
ence, San Diego, CA, USA).

Determination of serum levels of
IL-1§3 and IL-18 in AOSD patients

The ELISA kits for IL-1p (RayBiotech
Inc., Norcross, GA, USA) and IL-18
(Medical & Biology Laboratories Co,
Ltd., Naka-Ku, Nagoya, Japan) were
used to determine the serum levels of in-
flammasome-related cytokines, accord-
ing to the manufacturer’s instructions.

Statistical analysis

The results were presented as the mean
+ SD or median (interquartile range).
We performed a chi-squared test to ex-
amine the between-group difference of
categorical variables. The Kruskal-Wal-
lis test was used to compare the levels
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Fig. 1. Comparison of MDW, leukocyte parameters, CRP, and ferritin levels among AOSD and COV-
ID-19 patients.

The difference in values of (A, B) MDW, (C) ferritin levels, (D) CRP, (E) WBC count, (F) neutrophil
percentage, (G) lymphocyte percentage, and (H) NLR among the enrolled participants.

AOSD: adult-onset Still’s disease; COVID-19: coronavirus disease 2019; SLE: systemic lupus ery-
thematosus; RA: rheumatoid arthritis; MDW: monocyte distribution width; CRP: C-reactive protein;
WBC: white blood cells; NLR: neutrophil-to-lymphocyte ratio.

Data are presented as box-plot diagrams, with the box encompassing the 25" percentile (lower bar) to
the 75" percentile (upper bar). The horizontal line within the box indicates median value respectively for
each group. *p<0.05, *¥p<0.01, ***p<0.001, determined by Mann-Whitney U-test.

of MDW, CRP, ferritin, and leukocyte
parameters. When this test showed a
significant difference, the exact p-value
was determined using the Mann-Whit-

Clinical and Experimental Rheumatology 2023

ney U-test. The correlation coefficient
was obtained through Spearman’s rank
correlation test. A multivariate logistic
regression model was used to evalu-

ate the powers of MDW, leukocyte
parameters, and inflammatory markers
to predict an active state of AOSD or
mortality in COVID-19. The receiver-
operating characteristic (ROC) curve
analysis was performed to determine
the area under the ROC curve (AUC),
sensitivity, and specificity using Med-
Calc v.14. The missing values were ex-
cluded from the statistical analysis. A
two-sided probability of less than 0.05
was considered significant.

Results

Clinical characteristics of AOSD
patients and COVID-19 patients
Among the enrolled patients, 23 (39.7%)
had active AOSD, and 25 (26.3%) had
severe COVID-19. Patients with COV-
ID-19, particularly severe COVID-19
(72.9+14.7 years), were older than those
with active (45.1+17.5 years) or inac-
tive AOSD (49.5+14.2 years); besides,
they were predominantly male (64.2%
vs. 27.6%, p<0.05, Table I). As illus-
trated in Supplementary Table S1, sep-
sis patients were significantly older than
AOSD, RA, or SLE patients. A signifi-
cantly higher proportion of males was
also observed in sepsis patients than in
active AOSD, SLE, and RA patients.
Fever was the most common manifes-
tation in patients with sepsis, active
AOSD, or COVID-19 (100%, 91.3%,
and 77.9%, respectively). The distinct
characteristics of AOSD patients in-
cluded a higher proportion of skin rash
(87.0% vs. 8.4%, p<0.001), arthralgia
or arthritis (69.6% vs. 17.9%, p<0.01),
sore throat (60.9% vs. 32.6%, p<0.05),
and liver dysfunction (47.8% vs. 11.6%,
p<0.05), but a lower proportion of pul-
monary involvement (4.3% vs. 57.9%,
p<0.01).

Comparison of MDW, leukocyte
parameters, CRP and ferritin levels
among all the enrolled patients

As shown in Figure 1A, MDW val-
ues were significantly higher in active
AOSD patients compared with inactive
AOSD patients and non-severe COV-
ID-19 (p<0.001 and p<0.01, respec-
tively). Like active AOSD patients, se-
vere or non-severe COVID-19 patients
also had significantly higher MDW
than inactive AOSD patients; however,
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there was no significant difference in
MDW between severe and non-severe
COVID-19 patients. Compared with
the disease control of AOSD, MDW
values were also significantly higher
in active AOSD patients than in ac-
tive SLE or active RA patients (both
p<0.001, Fig. 1B). However, there was
no significant difference in MDW val-
ues between active AOSD and sepsis
patients. Sepsis patients also had sig-
nificantly higher MDW values than ac-
tive SLE or RA patients (both p<0.001)
(Fig. 1B and Suppl. Table S1).

As illustrated in Figure 1C-1H, ac-
tive AOSD patients had significantly
higher ferritin levels and CRP than in-
active AOSD patients. However, there
was no significant difference in white
blood cell (WBC) count, percentages
of neutrophils or lymphocytes, or NLR
between active and inactive AOSD pa-
tients. Severe COVID-19 patients had
significantly higher CRP and ferritin
levels than inactive AOSD patients
and significantly higher CRP levels
and WBC count than non-severe COV-
ID-19 patients. However, there was no
significant difference in MDW, WBC
count, percentage of neutrophil or lym-
phocytes, NLR, and serum levels of
CRP or ferritin between active AOSD
and severe COVID-19 patients.

Correlation between

MDW and disease activity

or inflammatory markers

As shown in Figure 2A, MDW values
were positively correlated with activ-
ity scores (p<0.001), ferritin levels
(p<0.001), CRP levels (p<0.001), neu-
trophil percentage (p<0.01), and NLR
(p<0.01), while were negatively cor-
related with lymphocyte percentage
(»<0.01) in AOSD patients. Among
COVID-19 patients, MDW values were
positively correlated with CRP levels
(i<0.01) (Fig. 2B).

Based on the link between increased
MDW and inflammasome activation in
sepsis patients (40), we also examined
the correlation between MDW values
and inflammasome-related cytokines,
including IL-1p and IL-18, in AOSD
patients. Our results revealed a positive
correlation between MDW and IL-1f3
(r=0.728, p<0.001) as well as IL-18
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Fig. 2. Correlation matrix between MDW and inflammatory parameters in patients with (A) AOSD or
(B) COVID-19. The correlation coefficient was obtained through the Spearman’s rank correlation test.
MDW: monocyte distribution width; CRP: C-reactive protein; AOSD: adult-onset Still’s disease;

COVID-19: coronavirus disease 2019.

(r=0.701, p<0.001) in 24 patients with
AOSD.

Changes in MDW, disease

activity, and inflammatory markers

in AOSD patients

As shown in Figure 3, MDW signifi-
cantly declined (median 28.3,1QR 23.3-
32.1 vs. 18.5,IQR 17.6-19.9, p<0.001)

in AOSD patients after 6-12 months
of therapy, paralleling the decreases
in systemic activity scores (median
5.0,IQR 5.0-6.0 vs. 2.0, IQR 1.0-20,
p<0.001), CRP levels (median 5.8 mg/
dL, IQR 2.9-12.3 mg/dL vs. 0.20 mg/
dL, IQR 0.04-0.64 mg/dL, p<0.001),
and ferritin levels (median 2851 ng/mL,
IQR 899-4598 ng/mL vs. 154 ng/mL,

Clinical and Experimental Rheumatology 2023
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Table II. Logistic regression analysis of MDW, leukocyte parameters, and inflammatory
parameters to predict active state in patients with adult-onset Still’s disease.

Baseline variables

Univariate model

Multivariate model

OR 95%CI1 p-value  OR 95%CI1 p-value
Age, years 0.98 (0.95-1.02) 0.297
Gender
Male ref.
Female 1.65 (0.49-5.60) 0422
MDW 7.27 (1.42-37.2) 0.017 7.68 (1.46-40.37)  0.016
WBC count, x1000/mm3 1.00 (0.92-1.09) 0.979
Neutrophil (%) 1.06 (1.00-1.13) 0.068
Lymphocyte (%) 0.94 (0.86-1.01) 0.107
NLR 1.02 (0.98-1.07) 0.350
Haemoglobin, g/dL. 0.88 (0.64-1.21) 0.420
Platelet, x1000/mm3 1.00 (1.00-1.01) 0421
Ferritin levels, ng/mL 1.01 (1.00-1.01) 0.002
CRP levels, mg/dL 1.48 (1.18-1.86) 0.001

OR: odds ratio; 95% CI: 95% confidence interval;

MDW: monocyte distribution width; WBC: white

blood cell count; NLR: neutrophil-to-lymphocyte ratio; CRP: C-reactive protein.

Variables in multivariable logistic regression: age,
matory parameters.

gender, baseline disease activity score and inflam-

IQR 76-333 ng/mL, p<0.001). In ten
patients with untreated active AOSD,
MDW also significantly declined (me-
dian 28.4, IQR 26.4-32.2 vs. 19.1,IQR
17.2-20.3, p<0.01) after 6-12 months
of combination therapy with corticos-
teroids and DMARDs, paralleling the
decreases in systemic activity scores
(median 6.0, IQR 5.0-6.3 vs. 2.0, IQR
1.8-3.0, p<0.01).

Clinical and Experimental Rheumatology 2023

Logistic regression analysis

for predicting active state in

AOSD patients

As illustrated in Table II, the univari-
ate regression analysis identified that
baseline MDW, ferritin, and CRP lev-
els were significant predictors of active
AOSD. The multivariate regression
analysis also identified baseline MDW
as a significant predictor of an active

MDW in AOSD / Y.-H. Lin et al.

state of AOSD. Regarding the predic-
tion for the severity of COVID-19 pa-
tients, the univariate regression analy-
sis identified that baseline MDW, CRP
levels, WBC counts, and NLR were
significant predictors; however multi-
variate regression analysis did not re-
veal any significant predictor for COV-
ID-19 severity.

Receiver operating characteristic
(ROC) curve analysis

Using ROC curve analysis, we evalu-
ated the performance of MDW, ferri-
tin levels, and CRP in discriminating
between active and inactive AOSD
patients. As shown in Figure 4A, the
prediction of AOSD activity by MDW
showed a better performance (AUC
0.984) than ferritin (AUC 0.97) and
CRP (AUC 0.84). MDW at the cut-
off value of 21.7 revealed the highest
predictive power, with sensitivity of
91.3%, specificity of 97.1%, and accu-
racy of 94.8% (p<0.001). The optimal
cut-off value of MDW for predicting
COVID-19 severity was 24.1, with
an AUC of 0.659, 64.0% sensitivity,
41.4% specificity, and 60.0% accuracy
(p<0.05) (Fig. 4B).

Discussion

With the advent of cytometry-based
analysis of cell volume distribution
within a single group of immune cells
(24), MDW can be determined along
with routine CBC evaluation. The pre-
sent study is the first to demonstrate
elevated MDW in both active AOSD
patients and severe COVID-19 patients
relative to inactive AOSD patients.
There was also a positive correlation
between MDW values and disease
activity, including systemic activity
scores, serum ferritin, and CRP levels,
in AOSD patients. The multivariate
logistic regression analysis revealed
MDW as a significant predictor of
active AOSD. The ROC curve analy-
sis also demonstrated that the MDW
threshold at 21.7 could predict an active
status of AOSD with a high sensitivity
of 91.3% and specificity of 94.3%. Be-
sides, the decrease in MDW paralleled
the improvement in disease activity in
AOSD patients. These observations
suggest that MDW is a useful predictor
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Fig. 4. ROC curves analysis of MDW and inflammatory markers for predicting (A) AOSD activity or

(B) COVID-19 severity.
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AUC: area under ROC curve; 95% CI: 95% confidence interval; AOSD: adult-onset Still’s disease;

COVID-19: coronavirus disease 2019.

of an active state of immune response
in AOSD.

It is well known that monocyte activa-
tion plays a crucial role in innate immu-
nity and hyperinflammation in AOSD
(9-11). Melnikov et al. reported that
activated monocytes could transport
circulating CRP through monocyte-de-
rived exosomes to maintain inflamma-
tory response (41). We thus speculated
a link between MDW, a monocyte acti-
vation marker, and AOSD’s disease ac-
tivity. Our results showed significantly
higher MDW in active AOSD patients
than in inactive AOSD patients. The
MDW values were positively correlated
with AOSD disease activity and inflam-
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matory parameters, including serum
ferritin and CRP levels. Besides, there
was a significant decrease in MDW af-
ter effective therapy in AOSD patients,
paralleling the clinical remission and
the decrease in inflammatory param-
eters. Iwamoto et al. similarly revealed
that elevated ferritin from macrophage
activation was correlated with the dis-
ease activity of AOSD (42). Herein, the
multivariate logistic regression analysis
revealed MDW as the most discrimina-
tory parameter among leukocyte mark-
ers and inflammatory parameters for
the active status of AOSD. Using ROC
curve analysis, MDW was also the
most discriminatory parameter among

all the studied activity indicators: a
high MDW value above 21.7, set as an
AUC-ROC threshold, was linked to a
high probability of active AOSD, with
a high sensitivity, specificity, and accu-
racy. Hence, MDW could be a useful,
novel activity indicator for AOSD.
Given the diagnosis of AOSD is made
by excluding infectious diseases and
other rheumatic diseases (30), we en-
rolled sepsis, SLE, and RA as disease
controls of AOSD. Consistent with the
findings of previous studies (22-23), we
reveal an elevated MDW in sepsis pa-
tients. Our results also showed no sig-
nificant difference in MDW values be-
tween sepsis patients and active AOSD
patients. Compared with patients with
active SLE or RA, we show signifi-
cantly higher values of MDW in active
AOSD patients, suggesting the role of
MDW for discriminating AOSD from
other rheumatic diseases.

As in active AOSD, activated mono-
cytes promote proinflammatory cy-
tokine production and may even cause
the so-called cytokine storm in COV-
ID-19 (14-15). Elevated MDW has been
reported in COVID-19 patients, particu-
larly in severe patients (25-27), and
MDW was revealed as a novel inflam-
matory marker in COVID-19 patients
(26-27). Accordingly, we observed a
positive correlation between MDW and
CRP levels in COVID-19 patients. Be-
sides, a high MDW value above 24.1,
an AUC-ROC threshold, was linked to
a high probability of severe COVID-19.
The result resonates with recent reports
showing that MDW correlated with the
clinical severity of COVID-19 (26).
Arya et al. similarly reported that a cut-
off value (24.0) of MDW could help
identify multisystemic inflammatory
syndrome in children, the severe form
of COVID-19 (43). Since monocyte
activation with hyperinflammation is
common in both AOSD and COVID-19,
we revealed no significant difference in
MDW between active AOSD patients
and severe COVID-19 patients.

The mechanisms underlying the in-
creased MDW in AOSD remain un-
clear. Viewing that inflammasome acti-
vation plays a pivotal role in the transi-
tion from localised infection to sepsis,
Eisinger et al. investigated the effects of
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inflammasome activation on the mono-
cyte size distribution and MDW by us-
ing in vitro sepsis model (40). They re-
vealed that inflammasome stimulation
by lipopolysaccharide would activate
caspase-1, which cleaved gasdermin-D
to form oligomeric pores in the plasma
membrane of monocytes and facilitated
the release of IL-1f and IL-18. The in-
creased MDW in sepsis patients may
reflect the presence of swollen mono-
cytes undergoing inflammasome-relat-
ed pyroptosis (40). Our study similarly
revealed a positive correlation between
MDW and serum levels of inflammas-
ome-related IL-1f and IL-18 in patients
with AOSD, an inflammasome-related
autoinflammatory disease (44) with the
elevated levels of gasdermin-D (45).
Nevertheless, the exact mechanism for
the increased MDW in active AOSD
awaits further investigation.

Despite the novel findings, there are
some limitations in our study. The ret-
rospective nature of our study did not
allow for obtaining all the needed in-
formation from the enrolled patients.
The lack of statistical significance in
the multivariate regression analysis of
MDW for predicting severity or mor-
tality could be due to the small sample
size of severe COVID-19 patients. Be-
sides, the selection of the cut-off level
of MDW for predicting an active state
of AOSD awaits further external valida-
tion. Therefore, there is a need for future
prospective studies which enrol more
AOSD patients and include those with
sepsis (46) as another disease control.

Conclusion

MDW was elevated and positively cor-
related with disease activity and inflam-
matory parameters in AOSD, showing
that MDW might be a novel activity
indicator. Because MDW is a useful
and easily accessible parameter, MDW
testing could help timely adjust the
therapeutic agents for AOSD patients
in clinical practice.
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