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Background and Purpose: To investigate the association of monocyte to high-density
lipoprotein ratio (MHR) with disease severity and prognosis in patients with neuromyelitis
optica spectrum disorders (NMOSD).

Methods: This retrospective study included 125 patients with NMOSD. Demographic
and clinical parameters, including the MHR, were assessed. The initial Expanded
Disability Status Scale (EDSS) score and relapse rate were used to evaluate disease
severity and prognosis, respectively. Correlations between MHR and disease severity
and relapse rate were analyzed. The predictive value of MHR for prognosis was evaluated
using receiver operating characteristic (ROC) curve analysis.

Results: Compared with the low MHR group, the initial EDSS score (median 4.5 vs.
5.5%, P = 0.025) and relapse rate (51.61 vs. 30.16%, P = 0.015) were significantly
higher in the high MHR group. MHR was positively correlated with the initial EDSS
score (r = 0.306, P = 0.001). Multivariate analysis showed that MHR was significantly
associated with severity (odds ratio = 7.90, 95% confidence interval [Cl] = 1.08-57.82,
P =0.041), and it was a significant predictor of disease prognosis (hazard ratio = 3.12,
95% ClI = 1.02-9.53, P = 0.046). The median relapse interval of the high MHR group
was 24.40 months. When the MHR was higher than 0.565, the risk of relapse was
high [sensitivity, 33.3%; specificity, 91.9%; area under the ROC curve, 0.642 (95% CI
= 0.54-0.74, P = 0.007)).

Conclusion: MHR is a novel predictive marker of disease severity and prognosis
in patients with NMOSD. Early monitoring and reduction of MHR may allow earlier
intervention and improved prognosis.

Keywords: neuromyelitis optica spectrum disorders, monocyte to high-density lipoprotein ratio, prognosis,
severity, expanded disability status scale
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parameters, such as lymphocyte count, TG, LDL, ESR, and CRP,
were not significantly different between the two groups. There
was a significant difference in the initial EDSS score between
the two groups (5.5 vs. 4.5, P = 0.025). The relapse rate of the
high MHR group was higher than that of the low MHR group
(51.61 vs. 30.16%, P = 0.015). Other demographic and clinical
characteristics are shown in Table 1.

Correlations Between MHR and Disease
Severity in Patients With NMOSD

Spearman correlation analysis showed that the levels of
monocytes (r = 0.210, P = 0.019), HDL (r = —0.236, P =
0.008), and CRP (r = 0.237, P = 0.008) were significantly
correlated with the initial EDSS score of patients with NMOSD,
but the correlation was weak (Figures 2A-C). There was no
obvious correlation between the blood lymphocyte count, ESR,
blood lymphocyte to HDL ratio, and disease severity (P > 0.05)
(Table 2). In addition, the MHR was positively correlated with
the initial EDSS score (r = 0.306, P = 0.001) (Figure 2D).
Univariate logistic regression analysis showed that the MHR
was significantly correlated with disease severity (OR = 9.55,
95% CI = 1.35-67.77, P = 0.024). HDL levels (OR = 0.49,
95% CI = 0.20-1.22, P = 0.126) and MRI of the spinal cord
showing LETM (OR = 1.82, 95% CI = 0.82-4.03, P = 0.141)

had a moderate influence on the initial EDSS score. However,
age, gender, hypertension, anti-AQP4 antibody status, blood
monocytes, lymphocyte count, TC, TG, LDL, ESR, CRP, and
lymphocyte to HDL ratio were not significantly correlated with
the initial EDSS score. In the multivariate model, MHR was an
independent risk factor for disease severity (OR = 7.90, 95% CI
—1.08-57.82, P = 0.041) (Table 3).

TABLE 2 | Correlation analysis of clinical parameters and initial EDSS scores.

r P
Monocytes, x10°/L 0.210 0.019"
Lymphocytes, x10%/L -0.118 0.189
HDL, mmol/L —0.236 0.008*
ESR, mm/h 0.022 0.806
CRP, mg/L 0.237 0.008*
Lymphocytes/HDL 0.014 0.874
MHR 0.306 0.001*

EDSS, Expanded Disability Status Scale; HDL, high density lipoprotein; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein; MHR, monocyte to high-density
lipoprotein ratio.

*P < 0.05.

FIGURE 2 | Scatter plot of the correlation between monocytes (A), HDL (B), CRP (C), MHR (D) and initial EDSS scores. HDL, high-density lipoprotein; MHR,
monocyte to high-density lipoprotein ratio; CRP, C-reactive protein; EDSS, Expanded Disability Status Scale. *P < 0.05.
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Correlations Between MHR and Prognosis
in Patients With NMOSD

Kaplan-Meier analysis was used to evaluate the correlation
between MHR and the relapse rate of patients with NMOSD.

TABLE 3 | Binary logistic regression analysis of disease severity in patients with
NMOSD.

Univariate analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P

Age at onset 1.02 (0.99-1.04) 0.201
Gender, female 1.12(0.39-3.20) 0.837
Hypertension 1.66 (0.44-6.25) 0.456
Anti-AQP4 status, positive  1.03 (0.47-2.26) 0.936

Monocytes 2.72 (0.49-14.95) 0.251
Lymphocytes 1.02 (0.70-1.49) 0.922
TC 0.98 (0.74-1.31)  0.913
TG 1.05(0.68-1.64) 0.814
HDL 0.49 (0.20-1.22) 0.126
LDL 1.03 (0.70-1.52) 0.876
ESR 0.99 (0.97-1.02) 0.600
CRP 1.02 (0.97-1.09) 0.416 1.02 (0.96-1.08) 0.559
Lymphocytes/HDL 1.27 (0.78-2.08) 0.333
Monocytes/HDL (MHR) ~ 9.55 (1.35-67.77) 0.024* 7.90 (1.08-57.82) 0.041*

Spinal cord MRI, LETM ~ 1.82 (0.82-4.03) 0.141 1.66 (0.74-3.77) 0.222

OR, Odds ratio; Cl, confidence interval; AQP4, aquaporin-4, TC, total cholesterol; TG,
triglycerides; HDL, high density lipoprotein; LDL, low density lipoprotein; ESR, erythrocyte
sedimentation rate; CRF, C-reactive protein;, MRI, magnetic resonance imaging;
LETM, longitudinally extensive transverse myelitis;, MHR, monocyte to high-density
lipoprotein ratio.

*P < 0.05.
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FIGURE 3 | Kaplan-Meier curves categorized according to MHR. MHR,
monocyte to high-density lipoprotein ratio. *P < 0.05.

MHR was a significant predictor of disease prognosis (log-rank
P=0.046). The median relapse interval of the high MHR group
was 24.40 months, whereas 50% of patients in the high MHR
group relapsed 28.60 months after treatment (Figure 3).

Cox survival analysis was used to test the independent
influence of MHRs on the relapse rate of patients with NMOSD.
Univariate analysis showed that the MHR (HR = 3.01, 95% CI
= 1.19-7.60, p = 0.020) was significantly correlated with relapse
risk. However, there was no correlation between age, gender,
hypertension, anti-AQP4 antibody, blood lymphocyte count,
CRP, lymphocyte-to-HDL ratio, initial EDSS score, treatment
plan, and relapse rate (P > 0.05). Blood mononuclear cell
count, TC, TG, HDL, LDL, ESR, and MRI of the spinal
cord showing LTEM had a moderate influence on disease
relapse (Figure 4A). To eliminate these confounding factors, a
multivariate Cox analysis model was established to obtain the
corrected hazard ratio value. Because MHR is collinear with
blood mononuclear cell count and HDL, these parameters were
not included in the multivariate analysis. The results showed that
the above confounding factors had no significant influence on
the experimental results and that MHR was an independent risk
factor for disease relapse (HR = 3.12, 95% CI = 1.02-9.53, P =
0.046) (Figure 4B).

The ROC curve was used to analyze the predictive value of
MHR for disease prognosis. The area under the curve was 0.642
(95% CI = 0.54-0.74, P = 0.007), the best cutoff value was MHR
= 0.565, the sensitivity was 0.333, and the specificity was 0.919,
showing a good predictive ability for disease relapse. When the
MHR is higher than 0.565, the risk of relapse is high (Figure 5).

DISCUSSION

Previous studies have demonstrated the prognostic value of
the MHR in immune-mediated diseases, and in this study, we
evaluated the effect of the MHR on the disease severity and
prognosis of patients with NMOSD. We found that high MHR
was associated with more severe disease at onset and a higher
relapse rate, and the MHR at the onset of NMOSD was positively
correlated with the initial EDSS score. Further, MHR was found
to be an independent predictor of the severity and prognosis of
NMOSD, and the best cutoff value to predict prognosis was 0.565.

As important effector cells of the innate immune response,
monocytes have many functions, including antigen presentation,
phagocytosis, and cytokine production, and their role in
autoimmune diseases has attracted increasing attention (10—
13). The blood mononuclear cell count is closely related to the
early clinical severity of MS and can be used as a prognostic
index (11). In our study, the blood mononuclear cell count
was positively correlated with the NMOSD initial EDSS score.
Studies have shown that in NMOSD, anti-AQP4 antibodies can
stimulate astrocytes to release chemokines (14) and enhance
monocyte recruitment and activation. Activated monocytes
promote the production of inflammatory cytokines, such as
tumor necrosis factor a, interleukin (IL)-6, IL-1p, IL-12, and IL-
23 (38), and increase the expression of costimulatory molecules,
such as CD80, ICAM-1, and HLA-DR (39), whereas the level of
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Age at onset
Gender, female —
Hypertension —
AQP4(+) —

HR (95%CI) P

1.00 (0.98-1.01) 0.668
1.27 (0.62-2.62) 0.513
1.04 (0.37-2.91) 0.946
1.02 (0.58-1.78) 0.955
2.89 (0.93-8.97) 0.067

Monocytes
Lymphocytes
TC

HDL -+
LDL
ESR
CRP
Lymphocytes/HDL

1.09 (0.85-1.38) 0.502
1.15 (0.95-1.40) 0.151
1.27 (0.97-1.68) 0.084
0.54 (0.26-1.12) 0.099
1.30 (0.99-1.69) 0.057
1.01 (1.00-1.02) 0.151
1.00 (0.97-1.03) 0.991
1.14 (0.89-1.46) 0.289

MHR
MRI, LETM 1
Initial EDSS 4
Corticosteroid —e
Immunosuppressant —e

3.01 (1.19-7.60) 0.020%
1.81 (0.95-3.46) 0.072
0.97 (0.83-1.12) 0.640
0.69 (0.17-2.84) 0.607
0.77 (0.44-1.34) 0.357
0.87 (0.37-2.04) 0.746
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MRI, LETM T

HR (95%CI) P

0.89 (0.46-1.73) 0.737

1.02 (0.68-1.53) 0.919

1.54 (0.69-3.44) 0.295

1.01 (1.00-1.03) 0.165

1.70 (0.87-3.30) 0.120

MHR

3.12 (1.02-9.53) 0.046*

FIGURE 4 | Univariate (A) and multivariate (B) cox survival analysis of potential factors associated with relapse of NMOSD patients. NMOSD, neuromyelitis optica
spectrum disorders; AQP4, aquaporin-4; TC, total cholesterol; TG, triglycerides; HDL, high density lipoprotein; LDL, low density lipoprotein; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; MRI, magnetic resonance imaging; LETM, longitudinally extensive transverse myelitis; STM, short-segment transverse
myelitis; EDSS, Expanded Disability Status Scale; MHR, monocyte to high-density lipoprotein ratio; HR, hazard ratio; Cl, confidence interval. *P < 0.05.

8 10

anti-inflammatory cytokines (IL-10) decreases accordingly (40).
Among these cytokines, IL-6 plays a key role in the pathogenesis
of NMOSD, and treatment with IL-6 has shown clinical benefits
in patients with NMOSD (41). Anti-AQP4 antibody is the main
pathogenic antibody of NMOSD (42), but it alone is not enough
to cause the disease. AQP4-specific T cells, especially Th17, can
help peripheral blood B cells produce autoantibodies, induce
tissue inflammation, and promote further injury to the central
nervous system. IL-18 (43) induced by monocyte activation not
only promotes Th17 differentiation but also causes blood-brain
barrier leakage and enhances T cell migration (44); therefore,

monocytes may play an important role in the pathological
mechanism underlying NMOSD progression (45).

HDL is considered an anti-inflammatory factor that can
prevent the production of pro-inflammatory cytokines and affect
a series of immune cell reactions, including those involving
macrophages and B and T lymphocytes (21). HDL is closely
related to monocytes and can regulate the activation, adhesion,
and migration of monocytes (46, 47). Apolipoprotein A-1, the
main protein component of HDL, has a specific inhibitory effect
on the production of inflammatory cytokines by monocytes
through prevention of the activation of CD11b (48, 49). The
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FIGURE 5 | ROC curve analysis of the prediction of relapse based on MHR.
ROC curve, receiver operating characteristic curve; MHR, monocyte to
high-density lipoprotein ratio.

production of anti-AQP4 antibodies in patients with acute
NMOSD leads to the loss of astrocytes in specific areas
of the central nervous system through complement-mediated
cytotoxicity (50). It has been shown that astrocytes can produce
apolipoprotein A-I (51) in rats; hence, the extensive loss of
astrocytes leads to a significant decrease in the production of
apolipoprotein A-I and a decrease in HDL levels. Previous studies
have shown that the serum apolipoprotein A-1 levels in patients
with NMOSD are significantly lower than those in healthy
controls (22), and HDL levels are significantly lower during active
disease than during remission. Further, dyslipidemia with low
HDL is related to disease activity and disability in patients with
AQP4 positive NMOSD (21). Similar results were observed in
the present study. The lower the HDL levels, the higher the
initial EDSS score of patients with NMOSD. Although TC, TG,
and LDL had a moderate influence on disease prognosis in
univariate analysis, no significant correlation was observed in
multivariate analysis, and abnormal lipid metabolism in NMOSD
has been confirmed by many studies. Some studies have found
that compared with healthy controls, the levels of TC, TG,
and LDL in patients with NMOSD are higher, and the level
of TGs is positively correlated with poor recovery of first-time
patients with NMOSD (20, 52). This, combined with our research
results, suggests that early lipid-lowering treatment may play an
important role in improving prognosis.

Compared with single monocytes and HDL levels, combining
monocytes and HDL to form a new comprehensive inflammatory
index that incorporates both the injury mechanism and
protection mechanism, namely the MHR, may have greater
clinical value as this biomarker can reflect the degree of
inflammation and oxidative stress. Many studies have shown

that MHR is closely related to Parkinson’s disease (53), ischemic
stroke (54), cardiovascular disease (23), metabolic syndrome
(55), immune system disease (26), and rheumatic disease (27).
Related studies have also reported that the neutrophil-to-
lymphocyte ratio (NLR) was related to disease activity at the onset
of MS (56). However, another study provided results that did
not support the use of NLR as a marker of disease activity and
disability in MS patients (57). The association between NLR and
disease severity was also confirmed in NMOSD (58). However,
the effect of MHR on the pathogenesis and prognosis of patients
with NMOSD has not been previously reported. In our study,
we found that MHR was positively correlated with the EDSS
score of patients with NMOSD (r = 0.306, P = 0.001), and
patients with high MHR had a higher relapse rate, which was an
independent risk factor for disease severity and poor prognosis.
Recently, it has been reported that the MHR of patients with
multiple sclerosis with EDSS score >4 is significantly higher than
that of patients with EDSS score < 4, which proves that MHR
is related to the severity and disability of MS and can be used as
an independent indicator to predict disability (31). This previous
report, combined with our research, suggests the potential role
of MHRs in autoimmune demyelinating diseases of the central
nervous system, and can also be used for risk assessment in
the diagnosis and treatment of NMOSD. In our ROC curve
analysis, MHR > 0.565 was associated with a high risk of relapse;
therefore, intervention in the early stage of the disease process to
reduce the MHR may have therapeutic potential, improve disease
prognosis, and reduce the risk of relapse in clinical practice.

In our study, univariate analysis showed that spinal cord MRI
showing LETM had a moderate influence on the initial EDSS
score and prognosis of NMOSD, but there was no significant
correlation in multivariate analysis, and previous studies have
found that the length of spinal cord lesions is related to the initial
severity of the disease and residual disability (59). The ability of
MRI parameters to predict NMOSD prognosis requires further
exploration. Consistent with previous studies, we found that the
CRP was closely related to the disease, and the CRP level was
positively correlated with the initial EDSS score (r = 0.237, P =
0.008) (60). The serum CRP level of patients with NMOSD was
significantly higher than that of healthy individuals, which may
be related to the oxidative stress and inflammatory reactions that
occur during disease pathogenesis (61). CRP level is also related
to the destruction of the blood-brain barrier and is a useful index
for monitoring NMOSD disease activity (60, 61).

Our study also has several limitations worth noting. First, the
retrospective study design has inherent defects. Second, this was a
single-center cohort study with a relatively short follow-up time;
therefore, a larger multi-center study with a longer follow-up
period is warranted to confirm our results. Third, our hospital
did not evaluate MOG antibody levels prior to 2019, and the
lack of data prior to this date may have affected the research
results. Fourth, selection bias should be considered. Because
of incomplete test data, loss to follow-up, and other reasons,
we only studied a small number of patients (125/650). Finally,
some uncontrollable confounding factors may have affected the
research results, such as smoking, drinking, eating habits, and
drug intake.

Frontiers in Neurology | www.frontiersin.org

October 2021 | Volume 12 | Article 763793


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Zhang et al.

MHR Predictive Value in NMOSD

In conclusion, our results showed that MHR was correlated
with the severity of early NMOSD and could further predict
disease relapse. This new biomarker, which is simple, reliable,
economical, and easy to obtain, can also be used for NMOSD risk
assessment in clinical practice and may facilitate earlier treatment
and improvement of prognosis. Further studies are required to
elucidate the specific mechanisms underlying the effect of MHR
on NMOSD pathogenesis and disease progression.
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