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Purpose: This study aimed to assess High-density Lipoprotein (HDL)-based Inflammatory Indices and lipid profile changes in 
antipsychotic-naive first-episode schizophrenia (AN-FES) patients, chronic schizophrenia (CS) patients, and explore the clinical and 
predictive value of these parameters for schizophrenia.
Patients and Methods: The study cohort included 52 AN-FES patients, 46 CS patients, and 52 healthy controls (HCs), with an 
average age of 24 years. Upon admission, patients underwent complete blood count and lipid profile analyses. Various ratios were 
calculated, including neutrophil-to-HDL (NHR), monocyte-to-HDL (MHR), lymphocyte-to-HDL (LHR), and platelet-to-HDL (PHR), 
as well as lipid ratios like triglycerides/HDL, non-HDL/HDL, total cholesterol/HDL, and low-density lipoprotein/HDL. For the AN- 
FES group, these evaluations were repeated after two months of treatment with atypical antipsychotics. Statistical analyses included 
correlation analysis, Receiver Operating Characteristic (ROC) curve analysis, and univariate and multivariate regression.
Results: Compared to HCs, CS patients exhibited significantly higher MHR and NHR values, while AN-FES patients showed 
elevated levels of PHR, MHR, and NHR. No significant differences were observed in LHR or lipid ratios across the three groups. In 
the AN-FES cohort, MHR correlated positively with neutrophil counts, and NHR with monocyte counts. Additionally, white blood cell 
counts were positively associated with both MHR and NHR. Following treatment, NHR levels decreased, whereas TG/HDL ratios 
increased, with MHR and PHR remaining elevated. ROC analysis highlighted NHR as the most diagnostically valuable parameter 
(AUC = 0.799), with 86.5% specificity at an optimal cutoff of 3.534, outperforming MHR and PHR. Regression analyses recognized 
NHR (OR=2.225) as an independent risk factor for schizophrenia, even after adjusting for confounders.
Conclusion: HDL-based inflammatory indices, particularly NHR, may serve as valuable diagnostic and prognostic markers in young 
adults with schizophrenia, even though significant alterations in lipid ratios were not observed in this demographic.
Keywords: neutrophil-to-HDL ratio, NHR, monocyte-to-HDL ratio, MHR, platelet-to-HDL ratio, PHR, lipid ratios, schizophrenia, 
inflammatory indices

Introduction
Schizophrenia (SCZ) is a severe mental disorder that affects millions of people globally. It is characterized by cognitive 
disturbances, perceptual anomalies, and emotional blunting. Despite extensive research, the etiology of SCZ remains unclear, 
involving complex interactions between immune, environmental, and genetic factors.1,2 Recent studies indicate that inflam-
mation and immune dysfunction, both within the central nervous system and peripheral immune responses,3,4 along with 
oxidative stress, play significant roles in the pathophysiology of SCZ.5,6 Individuals with chronic schizophrenia (CS) or those 
experiencing their first episode of schizophrenia may exhibit systemic inflammation and disruptions in lipid metabolism.7–11 

Abnormal lipid metabolism may contribute to inflammation in various diseases,12 highlighting the importance of investigating 
the relationship between inflammatory and metabolic pathways in SCZ.13–15
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High-density lipoprotein cholesterol (HDL) is a crucial component of the blood lipid profile recognized for its anti-thrombotic, 
anti-inflammatory, and antioxidant properties, as well as its regulation of activated neutrophil functions.16–18 Decreased HDL 
levels were shown to be related to inflammation.19 Inflammatory responses can cause fluctuations in the levels of neutrophils, 
monocytes, lymphocytes, and platelets, all of which are easily measured through a complete blood count.20 Consequently, 
combined markers derived from peripheral blood cell measures and biochemical assays, such as the neutrophil-to-HDL ratio 
(NHR), lymphocyte-to-HDL ratio (LHR), monocyte-to-HDL ratio (MHR), and platelet-to-HDL ratio (PHR), are under scrutiny 
as potential indicators of inflammation across various diseases.21–23 Among these, MHR has recently emerged as a novel 
inflammatory marker in SCZ patients.24,25 A large retrospective study has also identified elevated NHR, LHR, MHR, and PHR 
values in SCZ patients,26 suggesting that these ratios could be valuable biomarkers for assessing inflammatory status in SCZ.

The diagnosis of SCZ primarily relies on clinical signs and symptoms, with a lack of established biomarkers for 
accurate diagnosis. Additionally, those evaluating inflammatory and lipid metabolic biomarkers over time in antipsycho-
tic-naive first-episode schizophrenic (AN-FES) patients, are limited. The impact of antipsychotic treatments on these 
biomarkers, especially in newly diagnosed patients, is not well understood. This study aims to compare various 
peripheral HDL-based Inflammatory Indices (including MHR, NHR, PHR, and LHR) and novel lipid ratios (such as 
triglycerides/HDL, non-HDL/HDL, total cholesterol /HDL, low-density lipoprotein cholesterol /HDL) in young AN-FES 
patients, CS patients, and healthy controls (HCs). Additionally, it also evaluates the potential of these indices as 
innovative inflammatory markers in AN-FES individuals and their responsiveness to short-term, two-month treatment 
regimens. A deeper understanding of the interplay between lipid profiles, inflammation, and SCZ could enhance the early 
detection and comprehension of the disorder.

Materials and Methods
Participants and Study Design
This single-center, prospective, observational study was conducted at Wenzhou Seventh People’s Hospital from 
January 2020 to December 2023. Informed consent was obtained from all participants. The study protocol was 
approved by the Institutional Ethics Committee of Wenzhou Seventh People’s Hospital, adhering to the Declaration 
of Helsinki and relevant national and international guidelines. Diagnoses of SCZ were confirmed via the Structured 
Clinical Interview based on DSM-IV criteria. The participants were Han Chinese individuals in the acute phase of 
illness requiring hospitalization. AN-FES patients were those experiencing their first episode, not previously exposed 
to antipsychotics, and with an illness duration of less than or equal to one year. CS patients had a history of medication 
non-compliance, had not received antipsychotic depot injections for at least one month, and had an illness duration of 
three years or more.

Exclusion criteria encompassed co-morbid psychiatric conditions, significant medical illnesses (eg, infections, head 
injuries, autoimmune diseases, epilepsy, heart failure, tumors), pregnancy, lactation, recent use of certain medications 
(immunosuppressants, antioxidants, or anti-inflammatories), and other conditions affecting inflammatory or immune 
status. HCs were demographically matched community members screened by psychiatrists to ensure they had no 
psychiatric history and were subject to the same exclusion criteria as the patient groups.

Laboratory Analysis
Blood samples for laboratory assessments were collected from both CS and AN-FES patients on the day following 
admission, typically during the acute phase of their illness. For the AN-FES group, a second blood sample was obtained 
after two months of treatment with atypical antipsychotics, including olanzapine (n=30), risperidone (n=10), quetiapine 
(n=6), aripiprazole (n=3), clozapine (n=2), and amisulpride (n=1). This sampling aimed to evaluate the effects of these 
medications on various biomarkers.

Venous blood was collected after a 12-hour fast into dry and EDTA tubes. Dry tubes were processed for biochemical 
assays, while EDTA samples facilitated complete blood counts utilizing a Sysmex XN-1000 automatic hematology 
analyzer (Sysmex Corporation, Kobe, Japan). This produced white blood cell (WBC), neutrophil (NEU), lymphocyte 
(LYM), platelet (PLT), and monocyte (MON) counts. Concurrently, lipid profile testing for triglycerides (TG), total 
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cholesterol (TC), low-density lipoprotein cholesterol (LDL), and HDL was conducted via an AU 5800 analyzer 
(Beckman Coulter Inc., Brea, CA, USA). Subsequently, inflammatory, and lipid-related ratios were calculated for 
comparison across groups. Specifically, MHR was calculated by dividing the MON count by the HDL level; NHR by 
dividing the NEU count by the HDL level; PHR by dividing the PLT count by the HDL level; and LHR by dividing the 
LYM count by the HDL level. Non-HDL cholesterol was calculated by subtracting HDL from TC, with the non-HDL 
/HDL ratio determined accordingly.

Statistical Analysis
Statistical analyses were performed using SPSS software version 27 (SPSS Inc., Chicago, IL, USA). The Kolmogorov– 
Smirnov test was employed to ascertain the normality of variable distributions. Variables adhering to normal distribution were 
presented as mean ± standard deviation (SD), whereas those deviating from normalcy were described using the median and 
interquartile range (IQR), and categorical data were expressed as percentages. Group comparisons for continuous and 
categorical variables utilized the Mann–Whitney and Chi-square tests, respectively. Multigroup analysis hinged on one- 
way ANOVA, with two-group comparisons via the independent t-test. Correlation assessments were conducted using 
Spearman’s rank correlation coefficient, excluding covariant indicators from analyses (eg, MHR was excluded from correla-
tion analysis with monocytes and HDL-C). In logistic regression analyses for AN-FES, variables with P < 0.1 in univariate 
models were adjusted for confounders in multivariate analyses. MHR as a continuous variable, was transformed (x10^8/ 
mmol) for regression. Receiver Operating Characteristic (ROC) curve analysis identified optimal cut-off values via the 
Youden index. A two-tailed P < 0.05 indicated statistical significance, denoted as follows: ***p < 0.001, **p < 0.01, *p < 0.05.

Results
Analysis of Clinicodemographic Characteristics and Laboratory Indicators in AN-FES, 
CS, and HC Groups
A total of 150 participants were involved in the study, consisting of 52 individuals with AN-FES, 46 with CS, and 52 HCs. 
Gender distribution was comparable across the groups without significant differences. Median ages were 25.0 years for the AN- 
FES group, 23.0 years for the CS group, and 25.1 years for the HCs group, with no significant variations observed (Table 1).

Cell counts analysis via ANCOVA revealed significant differences in WBC, Neu, Mon, Eos, and PLT counts among 
the three groups. Post hoc comparisons indicated that the AN-FES group had higher WBC, Neu, and Mon counts but 
lower Eos counts compared to HCs; the CS group demonstrated similarly increased Neu and Mon but decreased Eos. 
Additionally, PLT counts were significantly elevated in the AN-FES group when contrasted with the CS group (Table 1).

Significant differences were detected in the serum concentrations of TC and HDL across groups. The AN-FES group 
exhibited lower TC and HDL concentrations compared to HCs. The CS group also showed reduced HDL levels, though 
the difference between AN-FES and CS groups was not statistically significant (p = 0.319). Serum parameter distribu-
tions among study participants are further detailed in Table 1.

Comparisons of HDL-Based Inflammatory Indices and Lipid Ratios Among AN-FES, 
CS, and HC Groups
As depicted in Figures 1A–C, MHR, NHR, and PHR were significantly elevated in the AN-FES group ([MHR] 0.403 
[0.298, 0.526], [NHR] 4.157 [2.963, 5.625], [PHR] 206.015 [174.286, 242.500]) compared to HCs ([MHR] 0.269 [0.214, 
0.350], [NHR] 2.200 [1.638, 2.953], [PHR] 171.538 [128.859, 193.125]). In the CS group, MHR and NHR were also 
elevated, with respective values of [MHR] 0.391 [0.244, 0.455] and [NHR] 2.991 [2.025, 4.432] when compared to HCs. 
However, no significant difference in PHR was found between CS patients (170.339 [143.571, 214.000]) and HCs, 
indicating increases of 45% and 36% in MHR and NHR, respectively, within the CS group. There were no significant 
differences in MHR, NHR, and PHR between the AN-FES and CS groups. In contrast, LHR values did not vary 
significantly among the groups, with medians of 1.550 (AN-FES group), 1.380 (CS group), and 1.430 (HCs group) 
respectively, as shown in Figure 1D.
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Analyses of lipid ratios, such as TG/HDL, non-HDL/HDL, TC/HDL, and LDL/HDL, displayed no substantial 
divergence across groups, as depicted in Figures 1E-H.

Correlation Analysis of MHR, NHR, and PHR with Other Indicators in AN-FES 
Patients
The relationships between MHR, NHR, and PHR with other indicators were analyzed using Spearman correlation in AN-FES 
patients. Significant correlations were observed between MHR (r = 0.470, p < 0.001) (Figure 2B) and NHR (r = 0.846, p < 
0.001) (Figure 2A) with WBC counts. Furthermore, a positive correlation was noted between NHR and Mon counts (r = 0.405, 
p = 0.003) (Figure 2C), while MHR demonstrated a significant association with Neu counts (r = 0.451, p = 0.001) (Figure 2D).

Table 1 Comparison of Demographic and Laboratory Variables Among an-FES, CS, and HCs Groups Upon Admission

Variable HC (n=52) AN-FES (n=52) CS (n=46) p P1 P2 P3

Gender, female (%) 24 (46) 25 (48) 18 (39) 0.650 0.844 0.483 0.373

Age (years) 25.1[23.0,26.7] 25.0[20.0,29.0] 23.0[20.0,27.0] 0.346 0.723 0.110 0.432

Complete blood cell count

WBC (×109 /L) 5.870[5.280,7.480] 7.760[5.920,9.620] 7.240[5.280,8.400] <0.001* <0.001* 0.071 0.710

NEU (×109 /L) 3.300[2.720,4.340] 5.300[3.800,6.800] 3.900[2.800,6.000] <0.001* <0.001* 0.01* 0.050

LYM (×109 /L) 2.100[1.700,2.370] 2.000[1.300,2.400] 1.900[1.600,2.200] 0.155 0.130 0.07 0.918

MON (×109 /L) 0.400[0.340,0.500] 0.500[0.400,0.600] 0.500[0.400,0.570] 0.002* 0.005* 0.015* 0.535

EOS (×109 /L) 0.110[0.070,0.190] 0.070[0.020,0.130] 0.060[0.030,0.160] 0.002* 0.001* 0.12 0.597

BAS (×109 /L) 0.030[0.020,0.040] 0.030[0.010,0.040] 0.030[0.010,0.050] 0.655 0.385 0.757 0.534

PLT (×109 /L) 244.000[215.5,287.0] 258.500[228.300, 310.800] 243.957[201.000,268.000] 0.030* 0.058 0.249 0.030*

Serum lipid level

TC (mmol/L) 4.500[4.100,5.400] 4.100[3.640,4.500] 4.100[3.690,5.100] 0.034* 0.007* 0.210 0.320

TG (mmol/L) 0.940[0.730,1.340] 0.980[0.730,1.560] 1.050[0.750,1.490] 0.642 0.661 0.351 0.605

LDL(mmol/L) 2.580[2.270,3.090] 2.420[2.030,2.830] 2.460[2.060,2.940] 0.229 0.127 0.166 0.745

HDL(mmol/L) 1.530[1.300,1.730] 1.240[1.100,1.430] 1.290[1.100,1.500] 0.002* <0.001* 0.016* 0.319

Notes: Data are presented as mean ± standard deviation, median [25th–75th percentile], or number (percentage). *P < 0.05. 
Abbreviations: HC, Healthy controls; AN-FES, antipsychotic-naive first-episode schizophrenia; CS, chronic schizophrenia; WBC, white blood cell; LYM, lymphocyte; MON: 
monocytes; NEUT, neutrophil; EOS, Eosinophil; BAS, Basophil; PLT, Platelet; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; P, comparison among AN-FES group, cs, and HC group; P1, comparison between AN-FES and HC group; p2, comparison between CS and HC group; p3, 
comparison between AN-FES and CS group.

Figure 1 Comparison of MHR (A), NHR (B), PHR (C), LHR (D), TG/HDL (E), non-HDL/HDL (F), TC/HDL (G), and LDL/HDL (H) in AN-FES, CS and HC group. **P< 0.01; 
***P< 0.001. 
Abbreviations: HC, Healthy controls; AN-FES, antipsychotic-naive first-episode schizophrenia; CS, chronic schizophrenia; MHR, monocyte to high-density lipoprotein 
ratio; NHR, neutrophil to high density lipoprotein ratio; PHR, platelet to high density lipoprotein ratio; LHR, low density lipoprotein to high density lipoprotein ratio.
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Predictive Factors for an-FES Occurrence: Univariate and Multivariate Logistic Regression 
Analysis
To investigate the potential contribution of HDL-based indices to AN-FES occurrence, a multivariable logistic regression 
analysis was conducted. This approach adjusted for covariates including WBC, EOS, and TC, which differed between 
control and AN-FES groups. Variables with a P-value below 0.1 in the univariate analysis, such as WBC, EOS, TC, 
MHR, NHR, and PHR, were incorporated into the multivariable model. Notably, NHR was independently associated 
with AN-FES occurrence, doubling the risk (OR=2.225, P < 0.001) (Table 2).

Diagnostic Potential of MHR, NHR, and PHR for an-FES
ROC curve analysis evaluated the diagnostic utility of MHR, NHR, and PHR for AN-FES, with AUC values detailed in 
Table 3. NHR was the most effective discriminator between AN-FES patients and HCs, showing an AUC of 0.799 (95% 
CI 0.713–0.886, P < 0.001), a sensitivity of 63.50%, and a specificity of 86.5% at the optimal threshold of 3.534. MHR 
and PHR also demonstrated respectable diagnostic value, with AUCs above 0.7 and sensitivity values of 76.90%.

Changes in Hematological Parameters and Lipid Profile Following Antipsychotic 
Administration Intervention in an-FES Patients
After a two-month treatment with atypical antipsychotics, AN-FES patients exhibited significant reductions in WBC, 
NEU, MON, and PLT counts, whereas EOS count increased. LYM and BAS counts remained unchanged. Additionally, 
a significant increase in the concentration of TG was observed (Table 4).

Figure 2 Correlation between NHR and WBC (A), MHR and WBC (B), NHR and MON (C), MHR and NEU (D). r, Spearman correlation coefficient; p, associated P-value. 
Abbreviations: MHR, monocyte to high-density lipoprotein ratio; NHR, neutrophil to high density lipoprotein ratio; PHR, platelet to high density lipoprotein ratio; LHR, 
low density lipoprotein to high density lipoprotein ratio; WBC, white blood cell; MON, monocytes; NEUT, neutrophil.
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Regarding HDL-based inflammatory Indices and lipid ratios, there was a notable decrease in NHR levels from 2.908 
(2.216, 4.578) to a value trending towards normal at 2.200 (1.638, 2.953) (Figure 3B). However, MHR and PHR levels 
remained elevated (Figure 3A and C). No significant changes were found in the LHR (Figure 3D), non-HDL/HDL, TC/HDL, 

Table 2 Univariate and Multivariate Logistic Regression Analysis for the Influencing Factors for the 
Occurrence of an-FES

Univariate Regression Multivariate Regression

Odds Ratio (OR) 95% CI P value Odds Ratio (OR) 95% CI P value

WBC (×109 /L) 1.568 [1.248,1.97] < 0.001*

EOS (×109 /L) 0.005 [0.0,0.619] 0.031* 0.002 [0.0,0.401] 0.028

TC (mmol/L) 0.616 [0.405,0.936] 0.023*

MHR (109/mmol) 1.887 [1.346,2.645] < 0.001*

NHR (109/mmol) 1.011 [1.004,1.019] 0.002* 2.225 [1.596,3.31] < 0.001

PHR (109/mmol) 2.309 [1.611,3.31] < 0.001*

Notes: *Parameters with P value <0.10 were included in multivariate analysis. Level of significance was accepted at P < 0.05. 
Abbreviations: CI, confidence interval, WBC, white blood cell; EOS, Eosinophil; TC, total cholesterol; MHR, monocyte/ high-density 
lipoprotein ratio; NHR, neutrophil/ high-density lipoprotein ratio; PHR, platelet/ high-density lipoprotein ratio.

Table 3 ROC Curve Analysis of MHR, NHR, and PHR for an-FES

Parameter AUC P Value 95% CI Cutoff Value Sensitivity Specificity

MHR 0.745 <0.001 0.650–0.840 0.294 0.769 0.635

NHR 0.799 <0.001 0.713–0.886 3.534 0.635 0.865

PHR 0.710 <0.001 0.611–0.809 173.387 0.769 0.577

Note: The P value is significant if <0.05. 
Abbreviations: ROC, Receiver operating characteristic; AUC, Area under the curve, MHR, monocyte/high- 
density lipoprotein ratio; NHR, neutrophil/ high-density lipoprotein ratio; PHR, platelet/ high-density lipoprotein 
ratio; 95% CI, 95% Confidence Interval.

Table 4 The Changes of Peripheral Hematological Parameters and Lipid Profile Before and 
After Atypical Antipsychotic Treatment in Patients with AN-FES

BT(n=52) AT(n=52) p

Complete Blood Cell Count

WBC (×109 /L) 7.760[5.920,9.620] 6.350[5.100,6.840] <0.001*

NEU (×109 /L) 5.300[3.800,6.800] 3.640[2.920,4.300] 0.002*
LYM (×109 /L) 2.000[1.300,2.400] 1.829[1.200,2.410] 0.347

MON (×109 /L) 0.500[0.400,0.600] 0.440[0.300,0.530] 0.046*

EOS (×109 /L) 0.070[0.020,0.130] 0.100[0.040,0.140] 0.029*
BAS (×109 /L) 0.030[0.010,0.040] 0.020[0.010,0.040] 0.661

PLT (×109 /L) 258.500[228.300, 310.800] 239.923[208.00, 290.800] <0.001*

Serum lipid level
TC (mmol/L) 4.100[3.640,4.500] 4.300[3.700,4.800] 0.971

TG (mmol/L) 0.980[0.730,1.560] 1.430[1.020,1.980] <0.001*

LDL-C (mmol/L) 2.420[2.030,2.830] 2.420[2.220,2.800] 0.699
HDL-C (mmol/L) 1.240[1.100,1.430] 1.255[1.200,1.400] 0.629

Notes: Data are presented as mean ± standard deviation, median [25th–75th percentile], or number (percentage). *P < 0.05. 
Abbreviations: BT, before treatment; AT, after treatment. P, comparison before and after treatment in patients with AN- 
FES; WBC, white blood cell; LYM, lymphocyte; NEUT, neutrophil; MON, monocytes; EOS, Eosinophil; BAS, Basophil; PLT, 
platelet; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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and LDL/HDL (Figure 3F-H), while the TG/HDL ratio significantly increased from 0.783 (0.559, 1.389) to 1.216 (0.680, 
1.871) (Figure 3E).

Discussion
This study investigated HDL-based inflammatory indices and unconventional lipid ratios in young patients with AN-FES 
and CS. We found that MHR, NHR, and PHR were significantly elevated in the AN-FES group, while only MHR and 
NHR showed similar elevation in the CS group compared to controls. Notably, NHR levels decreased significantly 
following a two-month antipsychotic intervention in AN-FES patients, while MHR and PHR remained elevated. The 
predictive capability of these markers in diagnosing AN-FES was evaluated using ROC analysis, indicating that NHR, 
MHR, and PHR effectively predicted AN-FES, with NHR exhibiting the highest AUC and specificity. Moreover, NHR 
emerged as an independent factor for predicting the onset of AN-FES. Unconventional lipid ratios at baseline showed no 
significant difference between AN-FES, CS patients, and HCs, except for a slight elevation in TG/HDL following 
antipsychotic treatment in AN-FES patients. Collectively, these results highlight the complex interplay between immune 
markers and lipid metabolism in SCZ.

MHR is a novel inflammatory marker representing the ratio of Mon counts to HDL values.27 Its level has been 
revealed to be related to hypertensive complications,28 coronary heart disease,29 fatty liver disease,30 acute ischemic 
stroke,31 and Sleep Apnea Syndrome.32 MHR reflects the balance between inflammatory responses and lipid metabolism, 
both implicated in the pathophysiology of SCZ.24,26,33 Monocytes, key players in the innate immune response, secrete 
pro-inflammatory cytokines essential for immune defense during infection and inflammatory diseases.34 Previous studies 
have highlighted increased macrophage/monocyte inflammatory activation patterns in SCZ.35,36 Elevated MON counts 
and MHR values have also been reported in patients with SCZ.24,37 Our study extends these findings by revealing 
consistent dysregulation of MON counts and HDL levels across different illness stages, showing increased monocytes, 
HDL, and MHR observed in both AN-FES and CS groups. The significant correlations between MHR and WBC/NEU 

Figure 3 Change of HDL- based Indices before and after two-month treatment with atypical antipsychotic in patients with AN-FES. (A) MHR, (B) NHR, (C) PHR, (D) LHR, 
(E) TG/HDL, (F) non-HDL/HDL, (G) TC/HDL, and (H) LDL/HDL. **P< 0.01; ***P< 0.001. 
Abbreviations: MHR, monocyte to high-density lipoprotein ratio; NHR, neutrophil to high density lipoprotein ratio; PHR, platelet to high density lipoprotein ratio; LHR, 
low density lipoprotein to high density lipoprotein ratio; BT, before treatment average; AT, after treatment average. The arrow on the left of each graph represents the trend 
in HDL-based Indices when comparing BT among HC. The arrow on the right of each graph represents the trend in HDL-based Indices for BT relative to AT.
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count in AN-FES indicate a potential link between systemic inflammation and immune cell profile levels in the early 
stages of the SCZ.

NHR serves as a biomarker of systemic inflammatory response, calculated by dividing the absolute number of 
neutrophils by HDL levels.27 Neutrophils, the most abundant type of white blood cell, are crucial in the innate immune 
system’s initial defense against infections. Studies have shown a close relationship between HDL and neutrophils, where 
HDL can hinder the activation, adhesion, movement, and migration of neutrophils, while activated neutrophils can 
impact HDL function.38,39 NHR emerges as a robust biomarker due to its amalgamation of HDL’s anti-inflammatory and 
antioxidant effects with neutrophils’ pro-inflammatory actions.40 In our study, we observed increased NEU counts and 
NHR values in both AN-FES and CS patients compared to HCs. At an optimal cutoff of 3.534, NHR exhibited a high 
specificity of 86.5% for diagnosing AN-FES, highlighting its utility in clinical settings. Supporting our findings, 
a retrospective study by Wei et al also identified an independent association between NHR and SCZ risk, though with 
a lower cutoff of 2.47 and a specificity of 51.05%.26 Our findings support the use of NHR as a valuable inflammatory 
marker in evaluating inflammation in AN-FES patients, reinforcing the hypothesis that inflammation and immune 
responses contribute to SCZ pathogenesis.

PHR is determined by dividing the PLT value by the HDL value. Platelets play a key role in the inflammatory 
response, regulating endothelial cell permeability and the recruitment of neutrophils, macrophages, and their effectors.41 

Activated platelets have inflammatory functions in several physiological and pathological conditions. Previous studies 
have suggested a potential link between platelets and mental diseases through inflammatory responses.42,43 Wei et al have 
demonstrated that SCZ patients exhibit higher PHR values and lower PLT counts compared to healthy controls.26 

Another study indicated significantly higher PLT and PHR values in the aggressive group than in the non-aggressive 
group.33 In our study, PHR levels were also elevated in AN-FES patients compared to HCs, while no significant 
differences were observed between CS and HCs. Interestingly, the AN-FES group had higher PLT counts than the CS 
group, suggesting a protective role for platelets in CS. This could be related to the regulation of 5-hydroxy tryptamine by 
platelets, which plays a key role in SCZ episodes.

LHR is a calculated metric derived from the LYM count divided by the HDL level and is often considered a potential 
inflammation indicator. Previous research reported higher LHR values in SCZ groups compared to healthy controls, 
although it was not independently associated with SCZ in multivariate analysis.26 In our study, we did not observe 
significant differences in LYM levels or LHR among the studied groups. This lack of difference may be attributed to the 
physiological role of lymphocytes in inflammation. Unlike neutrophils, which are the primary responders to inflamma-
tory stimuli and exhibit marked fluctuations, lymphocytes are primarily involved in the adaptive immune response, 
resulting in more stable levels. Such stability may limit the sensitivity of LHR in detecting inflammatory changes, 
especially in acute conditions. Our study focused on patients in the acute phase of SCZ, where rapid inflammatory 
changes are more common, suggesting that LHR may not effectively capture these changes. Another consideration is the 
relatively small sample size and the variability in clinical characteristics, which may have reduced the statistical power to 
detect subtle differences in LHR, potentially masking true associations.

The short-term changes of HDL-based inflammatory Indices following antipsychotic treatment in our study exhibited 
a significant decrease in NHR, supporting the inflammation hypothesis of SCZ, which suggests that inflammatory 
processes play a critical role in the disease’s development. However, the persistent elevation of MHR and PHR levels 
post-treatment indicates that while some inflammatory markers respond positively to antipsychotic medications, others 
remain elevated, reflecting ongoing immune dysregulation in individuals with SCZ. This finding highlights the complex-
ity of immune responses in SCZ and suggests that antipsychotic treatment alone may not fully address the inflammatory 
component of the disorder. Consequently, these results underscore the necessity for sustained interventions targeting 
inflammation in SCZ, such as adjunctive anti-inflammatory therapies or tailored lifestyle modifications, to effectively 
manage persistent immune dysregulation in patients.

Another important finding of our study was the alteration of lipid metabolism in SCZ. Specifically, when compared to 
HCs, TC and HDL were found to be lower in the acute-onset young AN-FES group. However, there were not any 
significant variances in lipid ratios between AN-FES and HC groups at the baseline, contrasting with certain previous 
reports. For instance, a study conducted in Taiwan involving participants with acute-phase SCZ indicated lower HDL, 
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higher LDL, and increased ratios of TC/HDL and LDL/HDL compared to HCs.44 Another study reported similar TC and 
TG levels in drug-naive psychosis patients compared to HCs, with slightly lower HDL levels45 Discrepancies in findings 
could be attributed to differences in the studied population and sample sizes.

The changes in lipid metabolism seen in individuals with SCZ, especially those receiving treatment with atypical 
antipsychotics, present a notable clinical concern. In our study of AN-FES patients, we observed a significant increase in 
TG levels and the TG/HDL ratio following 2-month atypical antipsychotics, with 58% of patients receiving olanzapine. 
This finding supports the hypothesis that atypical antipsychotics can disrupt normal lipid homeostasis, likely through 
mechanisms such as insulin resistance, altered appetite regulation, and direct effects on lipid metabolism.46 Consistent 
with our findings, A previous meta-analysis by Pillinger et al similarly reported that quetiapine, olanzapine, and 
clozapine were associated with elevated TG levels.47 These results underscore the necessity for vigilant monitoring of 
lipid profiles in patients receiving atypical antipsychotics, given the potential for rapid and clinically significant 
metabolic alterations.

Studies comparing CS patients with healthy individuals have yielded varying results. While some research shows no 
significant differences in TC and LDL levels,48 other studies indicate higher levels of TC, LDL-C, and TC/HDL-C 
without significant changes in TG and HDL concentrations.49 An investigation focusing on male inpatients with SCZ 
found lower TC and LDL levels but no significant difference in HDL.50 Conversely, a retrospective study revealed 
reduced levels of TC, HDL, and LDL in SCZ patients.26 Our study observed only a decrease in HDL levels in the CS 
group compared to HCs, possibly influenced by the younger age of our patient group. We postulate that different 
inflammatory processes might be at play in younger individuals with AN-FES versus those with CS.

While interpreting the findings, it is essential to acknowledge certain limitations and exercise caution. The relatively 
small sample size may limit the generalizability of results. Potential confounding factors such as comorbidities or 
concomitant medications not accounted for could influence outcomes. Additionally, the short duration of antipsychotic 
treatment and lack of long-term follow-up data to assess the sustainability of changes in HDL-based Indices are notable 
limitations. Despite these limitations, our results support the inflammatory hypothesis of schizophrenia, suggesting MHR, 
NHR, and PHR as potential biomarkers with clinical utility in SCZ patients. Further research in this area may offer 
insights into personalized therapeutic strategies targeting immune-inflammatory pathways in SCZ management.

Conclusion
In conclusion, our study identified significant increases in the MHR by 45% and the NHR by 36% in individuals with CS 
compared to HCs. More notably, AN-FES patients exhibited a 50% increase in MHR, an 89% increase in NHR, and 
a 20% increase in PHR relative to HCs. Among these biomarkers, NHR demonstrated the highest specificity and emerged 
as an independent risk factor for the onset of AN-FES, highlighting its potential utility in early diagnosis and risk 
assessment. Notably, after a 2-month course of antipsychotic treatment, NHR levels decreased significantly, while MHR 
and PHR remained elevated, suggesting persistent low-grade inflammation in individuals with SCZ. Despite the lack of 
significant baseline differences in lipid ratios between AN-FES patients and HCs, antipsychotic treatment led to 
substantial increases in TG levels and the TG/HDL ratio. These findings highlight the complex interplay between lipid 
metabolism, inflammation, and schizophrenia, emphasizing the need for further research into how immune-inflammatory 
pathways could inform the clinical management of SCZ.
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