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Abstract  

BACKGROUND: Hypertension, atherogenicity and insulin resistance are major risk factors of 

cardiovascular disorder (CVD), which shows a strong comorbidity with major depression (MDD) 

and bipolar disorder (BD). Activated oxidative and nitrosative stress (O&NS), inflammatory 

pathways, and increased atherogenicity are shared pathways underpinning CVD and mood 

disorders. 

METHODS: The current study examined the effects of lipid hydroperoxides (LOOH), superoxide 

dismutase (SOD), nitric oxide metabolites (NOx), advanced oxidation protein products (AOPP), 

and malondialdehyde (MDA) on systolic (SBP) and diastolic (DBP) blood pressure in 96 mood 

disordered patients and 60 healthy controls.  

RESULTS: A large part of the variance in SBP (31.6%) was explained by the regression on a z 

unit-weighted composite score (based on LOOH, AOPP, SOD, NOx) reflecting nitro-oxidative 

stress toxicity (NOSTOX), coupled with highly sensitive C-reactive protein, body weight and use 

of antihypertensives. Increased DBP was best predicted (23.8%) by body mass index and 

NOSTOX. The most important O&NS biomarkers predicting an increased SBP were in descending 

order of significance: LOOH, AOPP and SOD. Higher levels of the atherogenic index of plasma, 

HOMA2 insulin resistance index and basal thyroid-stimulating hormone also contributed to 

increased SBP independently from NOSTOX. Although there were no significant changes in 

SBP/DBP in mood disorders, the associations between NOSTOX and blood pressure were 

significant in patients with mood disorders but not in healthy controls. 
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CONCLUSIONS: Activated O&NS pathways including increased lipid peroxidation and protein 

oxidation, which indicates hypochlorous stress, are the most important predictors of an increased 

BP, especially in patients with mood disorders. 

 

Keywords: major depression, oxidative and nitrosative stress, antioxidants, inflammation, neuro-

immune, biomarkers   
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Introduction 

Hypertension is the most common risk factor that contributes to cardiovascular disorder 

(CVD) and its morbidity and mortality (Kearney et al., 2005). About 90% of hypertension cases 

are classified as essential hypertension with unknown cause (Dinh et al., 2014). There is significant 

comorbidity between hypertension or CVD and mood disorders either major depressive episode 

(MDD) or bipolar disorder (BD) (Goldstein et al., 2015). Hypertension and depression increase 

the risk of incident CVD and accelerate the progression of CVD (Baronaite-Dudoniene et al., 

2015). Moreover, a recent meta-analysis demonstrated a 42% increased risk of hypertension in 

depressed patients, especially in those with a diagnosis made three years earlier (Rubio-Guerra et 

al., 2013). MDD results in a 1.3-fold increased risk of hypertension (Boal et al., 2016) whilst BD 

is associated with a 1.5- to 2.5-fold increased risk of CVD mortality and hypertension (Ösby et al., 

2001).  

This strong comorbidity between CVD and hypertension and mood disorders may be 

explained by shared pathophysiological processes including activated immune-inflammatory 

pathways, increased oxidative and nitrosative stress (O&NS), lowered levels of antioxidants, 

increased atherogenicity and maybe insulin resistance (de Melo et al., 2017; Maes et al., 2011b). 

Increased plasma levels of oxidative and nitrosative stress (O&NS) biomarkers are frequently 

observed in MDD and BD (Liu et al., 2015; Maes et al., 2019a, 2011a). Important O&NS 

biomarkers are increased levels of superoxide dismutase (SOD) indicating a compensatory 

mechanism to neutralize reactive oxygen species (ROS), lipid hydroperoxides (LOOH), indicating 

lipid peroxidation, malondialdehyde (MDA), indicating aldehyde formation following lipid 

peroxidation, advanced oxidation protein products (AOPP), indicating protein oxidation as a 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 May 2020                   doi:10.20944/preprints202005.0258.v1

https://doi.org/10.20944/preprints202005.0258.v1


6 

 

 

 

consequence of chlorinative stress, and increased levels of nitric oxide metabolites (NOx) 

indicating increased nitrative and nitrosative stress (Liu et al., 2015; Maes et al., 2011a). Moreover, 

mood disorders are also characterized by lowered levels of antioxidants including high-density-

lipoprotein (HDL) cholesterol, paraoxonase 1 (PON1) activity, catalase, as well as vitamin E (Liu 

et al., 2015; Maes et al., 2011a, 2011b). The same activated inflammatory and O&NS pathways 

are also associated with CVD and in fact are etiological factors in increased atherogenicity (Berk 

et al., 2011; Maes et al., 2011b). Moreover, serum reactive oxygen metabolites correlate with brain 

inflammatory markers, including high-sensitivity C-reactive protein (hsCRP) and endothelial 

function (flow-mediated dilation) and predict endothelial damage and CVD (Sugiura et al., 2011). 

Increased levels of oxidative stress biomarkers are also closely associated with increased carotid 

intima-media thickness, an indication of atherosclerosis (Montezano et al., 2015; Montezano and 

Touyz, 2012).   

There is also some evidence that patients with hypertension show excess ROS generation, 

decreased antioxidant defenses and increased oxidative stress toxicity (Montezano et al., 2015; 

Montezano and Touyz, 2014). Hypertensive patients show reduced activity of key antioxidant 

enzymes including SOD, glutathione peroxidase, and catalase (Ward et al., 2004). Decreased 

levels of vitamins A, C, and E and biomarkers of oxidative stress are associated with (untreated) 

hypertension (Montezano et al., 2015; Montezano and Touyz, 2014; Ward et al., 2004). In patients 

with essential hypertension, systolic and diastolic blood pressure assessments correlate positively 

with endothelial dysfunction in association with increased vascular ROS production, oxidative 

stress toxicity, and vascular inflammation (Ahmad et al., 2013; Carrizzo et al., 2013; Ward et al., 

2004). 
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Approximately 30% of subjects with a diagnosis of hypertension show indicants of insulin 

resistance (Gupta et al., 2019; Ormazabal et al., 2018) and depressed people have a 37%–60% 

increased risk of developing diabetes (Fugger et al., 2019; Yu et al., 2015). Moreover, most 

patients with diabetes have multiple comorbidities, especially hypertension and CVD (Fugger et 

al., 2019). Some (Calkin et al., 2015) but not all authors (Bonifácio et al., 2017; Shen and 

Bergquist-Beringer, 2013) showed that insulin resistance and type 2 diabetes (T2DM) are common 

among bipolar disorder patients and are associated with an unfavorable clinical course and poor 

treatment outcome (Kan et al., 2013). Baseline levels of thyroid stimulating hormone (TSH) are 

positively associated with systolic and diastolic blood pressure and hypertension (Hildrum et al., 

2007). 

Nevertheless, there are no data whether hypertension in mood disorders is associated with 

increased O&NS above and beyond the effects of atherogenicity, insulin resistance and basal TSH. 

Hence, the aim of the present study was to delineate the associations between blood pressure and 

SOD, LOOH, MDA, AOPP, catalase, PON1 and HDL-cholesterol among clinically stable patients 

with MDD and BD and healthy controls (HCs). The a priori hypotheses are that mood disorders 

are accompanied by increased blood pressure and that the latter is accompanied by activated 

O&NS pathways and lowered antioxidant levels. 

 

Subjects and Methods 

Participants 

In this cross-sectional study we included 66 healthy controls (HCs) and 96 patients with 

mood disorders, namely 37 patients with MDD and 59 with BP. All participants were Brazilian of 
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both genders and aged 20 to 60 years old. All participants with mood disorders were outpatients 

admitted to the Psychiatry outpatient clinics at the University Hospital of the Universidade 

Estadual de Londrina (UEL), Parana, Brazil. They were all in remission or partial remission and 

the index episode in BD patients was not of (hypo)manic polarity. The HC sample was derived 

from the same catchment area. The following exclusion criteria were applied for patients and 

controls: a) subjects with medical illness, including HIV infection, hepatitis B and C virus 

infection, neuro-immune and neurodegenerative disorders (e.g. Parkinson’s disease, Alzheimer’s 

disease, multiple sclerosis,), chronic kidney disease, heart failure, stroke, chronic obstructive 

pulmonary disease, adrenal and thyroid disorders, cancer, autoimmune diseases such as 

rheumatoid arthritis and type 1 diabetes, b) subjects with other axis-1 diagnoses according to DSM-

IV-TR criteria, including schizophrenia, schizo-affective disorder, autism, psycho-organic 

syndromes, c) subjects who were treated with interferon, glucocorticoids, antioxidants such as N-

acetylcysteine, herbal supplements and omega-3 polyunsaturated fatty acids during the past 4 

weeks before to study enrollment, and d) pregnant and lactating women. Some patients with MDD 

and BD were treated with antipsychotics (n=27), antidepressants (n=44), anticonvulsants (n=26), 

lithium (n=19), antihypertensives (n=35) and statins (n=18). All participants provided written 

informed consent to take part in the current study, whose experimental procedures were previously 

approved by the Research Ethics Committee at UEL (protocol number: CAAE 

34935814.2.0000.5231). 

 

Methods 
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The clinical diagnosis of MDD and bipolar type 1 (BP1) and type 2 (BP2) was made by a 

research psychiatrist using the validated Brazilian Portuguese version of the structured clinical 

interview for the DSM-IV interview (SCID) axis I (Del-Ben et al., 2001) in accordance to the 

Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision (DSM-IV-TR) 

diagnostic criteria (American Psychiatric Association, 2000). Moreover, all participants completed 

a semi-structured interview comprising socio-demographic and clinical data. We used the 17-item 

Hamilton Depression Rating Scale (HAM-D) to assess severity of depression, translated and 

adapted for use with Brazilian individuals (Moreno and Moreno, 1998). 

Systolic and diastolic blood pressure (SBP and DBP) were assessed using a mercury 

sphygmomanometer on the right arm and we used the mean value of two measurements carried 

out 5 min apart. We measured body weight using a digital scale with an accuracy of 0.1 kg, and 

body height using a portable wooden stadiometer with an accuracy of 0.1 cm. Body mass index 

(BMI) was assessed using the following formula: weight (in kg) divided by the square of height 

(in m2). The diagnosis of metabolic syndrome (MetS) was made according to the International 

Diabetes Federation criteria (Alberti et al., 2005), namely presence of three out of the following 

criteria: (a) abdominal obesity (waist circumference ≥ 90 cm for men and ≥ 80 cm for women in 

South Asian and South Americans and ≥ 94.0 cm for men and ≥ 80.0 cm for women in Caucasians); 

(b) low HDL-cholesterol (<40 mg/dL in men and <50 mg/dL in women) or use of hypolipidemic 

drugs; (c) hypertriglyceridemia (triglycerides >150 mg/dL) or use of hypolipidemic agent; (d) 

increased fasting glucose (>100 mg/dL) or use of oral antidiabetic medications; (e) increased 

average blood pressure (130/85 mm Hg) or currently taking antihypertensive medication. The 

diagnosis of nicotine dependence was made using DSM-IV-TR criteria.  
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Assays 

Peripheral fasting (12 hours) blood was sampled at 8 a.m. the same day as the diagnosis 

was made and clinical data were collected. We measured the concentrations of LOOH, NOx, 

MDA, and AOPP, and the activities of superoxide dismutase (SOD), catalase (CAT) and 

paraoxonase 1 (PON-1) as explained previously (Bonifácio et al., 2017; Maes et al., 2019a, 2018). 

LOOH was assayed by chemiluminescence (CL-LOOH) (Flecha et al., 1991; Panis et al., 2012). 

NOx levels were assessed indirectly by determining the plasma nitrite concentration using an 

adaptation of the technique described by Navarro-Gonzalvez et al. (Navarro-Gonzálvez et al., 

1998). MDA levels were measured through complexation with two molecules of thiobarbituric 

acid (TBA) using MDA estimation through high-performance liquid chromatography (Bastos et 

al., 2012). AOPP was quantified using the method described by Hanasand et al. (Hanasand et al., 

2012). SOD activity in erythrocytes was determined using the pyrogallol method described by 

Marklund and Marklund (Marklund and Marklund, 1974). Measurement of catalase activity was 

estimated through the difference between the initial reading and the reading conducted 30 seconds 

after the addition of 200 mM H2O2 30%. The total plasmatic activity of PON1 was determined by 

the method described by Richter et al. (Richter et al., 2008). Insulin and basal thyroid-stimulating 

hormone levels were determined by MEIA (AXSYM, Abbott® Laboratory, Germany). Serum 

levels of hsCRP were determined using a turbidimetric assay (ARCHITECT c8000, Architect, 

Abbott Laboratory, Abbott Park, IL, USA). The inter-assay coefficients of variability for all 

analytes were less than 5%. Insulin resistance (HOMA-2IR), was calculated using the HOMA 

calculator©, Version 2.2.3 (Diabetes Trials Unit of University of Oxford) (Bonifácio et al., 2017). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 May 2020                   doi:10.20944/preprints202005.0258.v1

https://doi.org/10.20944/preprints202005.0258.v1


11 

 

 

 

Total cholesterol, triglyceride and glucose were assayed using an automated clinical chemistry 

system (Dimension® RxL, Siemens Healthcare Diagnostics Inc, USA). HDL cholesterol was 

measured directly with the same methods and without sample pretreatment or centrifugation steps. 

Low-density lipoprotein (LDL) was calculated using Friedewald’s equation (total cholesterol-

(triglycerides/5+HDL cholesterol). 

Raw O&NS biomarker data were converted in z scores and consequently used to compute 

z-unit weighted composite scores reflecting different pathways as explained previously (Maes et 

al., 2019a, 2018). In the current study we examined 5 oxidative stress composite scores, namely 

LOOH (zLOOH)+zSOD; zLOOH+zSOD+zNOx; zLOOH+zSOD+zNOx+zMDA; 

zLOOH+zSOD+zNOx+zMDA+zAOPP; and zLOOH+zSOD+zNOx+zAOPP (Maes et al., 2019a) 

and found that the latter was, in all analyses, the most significant predictor of blood pressure 

measurements. Therefore, in the current study, we show two indices: a) 

zLOOH+zSOD+zNOx+zAOPP (denoted as nitro-oxidative stress toxicity or NOSTOX) reflecting 

increased nitro-oxidative stress leading to protein oxidation (AOPP) via increased ROS and 

peroxynitrite production coupled with increased myeloperoxidase activity and hypochlorous acid 

production; and b) zPON1+zCAT+zHDL-c reflecting antioxidant potential (ANTIOX) whereby 

CAT catalyzes peroxides into water and removes peroxides while PON1 and HDL-cholesterol 

protect lipids against oxidation and PON1 may neutralize peroxides (Maes et al., 2019a). In 

addition, we computed two atherogenic indices, namely z total cholesterol – z HDL cholesterol 

(zTC-zHDL, reflecting the Castelli risk index 1) and z triglycerides – z HDL  cholesterol (zTRY-

zHDL, reflecting the atherogenic index of plasma).  
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Statistical analyses 

We used analysis of contingency tables (χ2 test) to assess associations between categorical 

variables and analysis of variance (ANOVAs) to assess differences in scale variables between 

different classes. Relationships among continuous variables were calculated employing Pearson’s 

product-moment and partial correlations. Automatic stepwise multivariate regression analysis was 

conducted to assess the best prediction of the blood pressure data using biomarkers, body weight, 

BMI, and metabolic syndrome while allowing for the effects of background variables (e.g. age, 

sex, drug state). All regression analyses were checked for multicollinearity using tolerance and 

VIF values. Automated stepwise logistic regression analysis was performed in order to assess the 

best predictors of the group of patients with increased blood pressure. In these regression analyses, 

we allowed for the possible effects of the above-mentioned confounder variables. Tests were two-

tailed and an alpha level of 0.05 indicated statistically significant results. 

Multilayer perceptron neural network (NN) modeling was employed to delineate the 

associations between blood pressure entered as output variable and NOSTOX, BMI, body weight, 

hsCRP, TSH, HOMA2IR, and both atherogenic indices. We trained the model with an automated 

feedforward architecture model with two hidden layers with up to 8 nodes, gradient descent, 250 

epochs and minibatch training. One consecutive step with no decrease in the error term was used 

as stopping rule.  We considered three samples: a) the training sample to estimate the NN 

parameters (46.67% of all cases); b) the testing sample to prevent overtraining (20.0% of all cases), 

and c) the holdout sample to delineate the predictive validity of the trained model (33.33%). 

Consequently, error and relative error as well as importance and relative importance of the input 

variables were computed, and the latter were displayed in an importance chart. Finally, we 
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computed the association between the predicted values and the actual blood pressure scores using 

Spearman rank order correlation coefficients. All statistical analyses were conducted using IBM 

SPSS windows, version 25. 

 

Results 

Descriptive statistics 

 Table 1 shows the demographic, clinical, blood pressure and biomarker data in the subjects 

divided into two subsamples, namely those with higher and lower systolic (SBP) + diastolic (DBP) 

blood pressure. Toward this end we have computed a z-unit weighted composite score of both z-

transformed blood pressure measurements as z score SBP (zSBP) + zDBP (zSDBP) and 

consequently divided the sample in those with higher ≥ q75 versus lower < q75 zSDBP values. 

Subjects with a higher composite zSDBP score show significantly higher values on both blood 

pressure measurements as compared with those with a lower zSDBP value (see Table 1). We did 

not use p-corrections to compare differences in clinical and biomarker data between both groups 

(see Table 1) because the univariate tests are shown in Table 1 and the correlation matrices between 

the variables are only employed to select the primary explanatory variables and the relevant 

background variables to be subsequently used in the ultimate multivariate analyses. Nevertheless, 

Table 1 suggests that there are no significant differences in age, education and income between 

both groups. Subjects with higher zSDBP values show more men, higher body weight, waist 

circumference, body mass index and a higher incidence of MetS than those with lower zSDBP 

values. The NOSTOX index was significantly higher in subjects with increased zSDBP values as 

compared with those with lower values, while the ANTIOX score was significantly lower. There 
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were also significant differences in both lipid indices (reflecting the AIP and Castelli risk index 

1), hsCRP, HOMA2IR index and baseline TSH between both study groups. There was no 

significant association between the zSDBP groups and clinical diagnoses (MDD, BP2, BP1 and 

controls), TUD and HAM-D. There were no significant associations between the zSDBP groups 

and use of different types of drugs, except for antihypertensive drugs, which are higher in those 

with an increased BP, reflecting that patients with increased zSDBP are more likely to be treated 

with these drugs. Therefore, we decided to perform two types of analyses, namely with and without 

the inclusion of the use of antihypertensive drugs as an additional confounding variable. 

 

Prediction of SBP/DBP by O&NS and immune biomarkers 

 In order to examine the associations between the different biomarkers and SBP/DBP we 

have performed automatic stepwise multiple regression analyses with SBP or DBP as dependent 

variables and the biomarkers, age, sex, body weight, BMI and diagnosis (BD and MDD entered as 

dummy variables) as explanatory variables, while adjusting (or not) for the use of 

antihypertensives. Table 2, regression #1a shows that 28.3% of the variance in SBP was explained 

by the regression on NOSTOX, body weight and hsCRP (all positively associated).  Figure 1 

shows the partial regression of SBP on the NOSTOX score. Introduction of use of antihypertensive 

drugs (regression #1b) showed that these drugs increased the prediction by only 3.3% and that the 

biomarker data and weight remained significant. Regression #2a and #2b show that 23.8% of the 

variance in DBP is explained by NOSTOX and BMI, and that entry of antihypertensive drugs 

improves the prediction by 4.2%. Regression #3 shows that 33.5% of the variance in zSDBP is 

explained by the regression on NOSTOX, BMI, hsCRP and use of antihypertensives. 
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 Consequently, we have entered the O&NS variables separately in regression analyses. 

LOOH (t=+3.40, p=0.001) was the most significant predictor together with BMI (t=+4.19, 

p<0.001) and antihypertensive drugs (t=+3.03, p=0.003) explaining around 28.5% of the variance 

in the zSDBP data (F=16.23, df=3/122, p<0.001). The next most significant O&NS predictor 

variable was AOPP (t=+2.66, p=0.009), which together with BMI and antihypertensive drugs 

explained 26.7% of the variance in the zSDBP data (F=14.93, df=3/123, p<0.001). Also, SOD was 

a significant predictor (t=+2.01, p=0.047), while NOx and MDA were not significant. 

 In order to examine the associations between increased zSDBP values and the different 

biomarkers, we have performed automatic stepwise binary logistic regression analyses with higher 

zSDBP values (as defined in table 1) as dependent variable and the biomarkers, age, sex, diagnosis, 

body weight, BMI and MetS as explanatory variables, while adjusting (or not) for the use of 

antihypertensives. Table 3 shows the results of the logistic regression analyses. Model #1 shows 

that the group with zSDBP values > q75 was significantly predicted by NOSTOX and hsCRP, 

with (X2=26.42, df=2, p<0.001; Nagelkerke=0.257) or without (X2=15.86, df=2, p<0.001; 

Nagelkerke=0.161) use of antihypertensive drugs. In this regression analyses, body weight, BMI, 

MetS, age and sex are not significant. 

  

Effects of HOMA2IR, basal TSH and atherogenicity indices 

 In order to examine possible effects of lipid indices, HOMA2IR index, and basal TSH, we 

performed the same regression analysis as shown in table 2 but now without body weight, BMI 

and hsCRP as explanatory variables, while introducing the lipid indices, HOMA2IR or basal TSH 

in the analyses. We found that these biomarkers were significantly associated with BMI or body 
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weight and, therefore, introducing BMI/body weight together with these biomarkers would yield 

inconclusive results in part due to multicollinearity. Thus, a multivariate GLM analysis shows a 

strong association between BMI and those three biomarkers (F=33.20, df=3/140, p<0.001), while 

tests for between-subject effects show significant positive associations between BMI and zTRY-

zHDL (F=39.68, df=1/142, p<0.001), HOMA2IR index (F=69.84, df=1/142, p<0.001) and basal 

TSH (F=11.87, df=1/142, p=0.001). In addition, correlation analysis showed also a significant and 

positive correlation between BMI and hsCRP (r=0.503, pp<0.001, n=153). 

 Table 4, regression #1 shows that 24.3% of the variance in SBP was explained by the 

regression on NOSTOX, zTRY–zHDL and use of antihypertensive drugs (all positively 

associated). Regression #2 shows that 22.1% of the variance in SBP was explained by NOSTOX, 

use of antihypertensive drugs and HOMA2IR index (positively associated). Regression #3 shows 

that also basal TSH was positively associated with SBP together with the NOSTOX index and use 

of antihypertensives.  

 

Differences between mood disorder patients and controls 

 Although the automatic stepwise regressions in Tables 2-4 allowed for the effects of 

diagnosis (entered as dummy variables reflecting HC, BP1, BP2 and MDD), these variables were 

not among the significant predictors. Forced entry showed that these dummy variables did not have 

a significant effect on any of the blood pressure data. Figure 2 shows the zSDBP, SBP and DBP 

values (all in z scores) in controls, MDD, BP1 and BP2 patients. Univariate GLM analysis adjusted 

for age and sex did not show any significant differences in zSCBP (F=0.50, df=3/156, p=0.681), 
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SBP (F=0.30, df=3/156, p=0.829) and DBP (F=0.73, df=3/156, p=0.538) between the 4 study 

groups. 

We have also examined whether the association between NOSTOX and blood pressure 

data differed between patients with mood disorders and healthy controls. In controls there were no 

significant partial correlations (adjusted for age, sex, BMI, body weight and use of 

antihypertensives) between NOSTOX and SBP (r=0.167, p=0.384, n=52), DBP (r=0.100, 

p=0.388) and zSDBP (r=0.141, p=0.309), whereas in patients with mood disorders significant 

correlations were found between NOSTOX and SBP (r=0.384, p=0.001, n=76), DBP (r=0.388, 

p<0.001) and zSDBP (r=0.422, p<0.001). Nevertheless, these differences in correlation 

coefficients between both study samples were not significant. We have also performed stepwise 

multiple regression in both patients and controls separately (Table 4). Regression #4 shows that in 

normal controls 34.8% of the variance in zSDBP was explained by the regression on body weight 

and zTC_zHDL. Regression #5 shows that in mood disorder patients, 36.9% of the variance in 

zSDBP was explained by NOSTOX, body weight and use of antihypertensive drugs. 

 

Effects of background variables on BP data. 

 Tables 1-4 show that there were no significant effects of age on the BP data while Table 1 

shows a very modest association between gender and the BP groups (higher in males). Table 2-4 

show that gender was not among the significant predictors after considering the effects of BMI or 

body weight and the IO&NS biomarkers. Table 2 shows the significant positive associations 

between BP data and body weight or BMI. Although Table 1 shows a modest association between 

BP groups and MetS, the latter was not included in the final models while body weight or BMI 
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were significant predictors (see table 2). Thus, body weight or BMI appear to be more strongly 

associated with BP than MetS. GLM analysis did not show a significant effect of tobacco use 

disorder on the zSDBP data (F=0.58, df=1/122, p=0.447). Univariate GLM analyses did not show 

any significant effects of antidepressants (F=0.18, df=2/140, p=0.837), antipsychotics (F=0.99, 

df=2/140, p=0.374), lithium (F=0.56, df=2/140, p=0.58) and mood stabilizers (F=0.15, df=2/140, 

p=0.860) on the BP data. 

 

Results of neural networks 

Table 5 shows the results of three NN models with zSDBP, SBP, and DBP as output 

variables. This table shows the network information (number of units, rescaling method, number 

of hidden layers, number of units in hidden layers 1 and 2, activation functions in the hidden layer 

and output layer as well as the error term) and model summary (sum of squares error, and relative 

errors in the three samples) and the correlations between the predicted and actual blood pressure 

data for each of the three NN models. We trained all neural networks with 8 units, one (DBP) or 

two (SBP and zSDBP) hidden layers, with 7 units in layer 1 and five (SBP and zSDBP) or three 

(DBP) units in layer 2. In all three models, hyperbolic tangent was the activation function in the 

hidden layer, while identity (zSDBP and DBP) or hyperbolic tangent (SBP) were the activation 

functions in the output layer. In the models, the sums of squares error terms were lower in the 

testing than in the training set indicating that the trained models learnt to generalize from the trend. 

We have deleted age and sex from the final analyses as these input data were always non-

significant. Figure 3 shows the (relative) importance chart indicating that body weight and 

NOSTOX, were the major determinants of the predictive power of the NN#1 model (with zSDBP 
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as output variable), followed at a distance by hsCRP and the AIP index, and again at a distance by 

ANTIOX. Figure 4 shows that NOSTOX and body weight were the major determinants of SBP 

followed at a distance by hsCRP. Figure 5 shows that NOSTOX and BMI were the major 

determinants of the predictive power of the NN model with DBP as output variable. 

 

Discussion 

The first major finding of this study is that the blood pressure measurements were not 

significantly different between patients with mood disorders (MDD or BP1 and BP2) and healthy 

controls. These findings contrast with our a priori hypothesis. Shinn et al. (2001) found no 

significant relationships between depression and the development of hypertension over a four-year 

time frame (Shinn et al., 2001). In a study of 2992 normotensive subjects (25 to 64 years) who 

were followed for 6 to 7 years, high scores of depressive symptoms doubled the risk for 

hypertension (Scalco et al., 2005). A meta-analysis showed that individuals experiencing 

depression are at high risk for developing hypertension, as well as being predisposed to stroke and 

ischemic heart disease (Rubio-Guerra et al., 2013). In contrast, Licht et al (2009) found an 

association between depression and decreased blood pressure, suggesting that the association 

between depression and CVD may not be attributed to effects of hypertension (Licht et al., 2009). 

Importantly, although hypertension and MDD are not associated, they can interact to alter grey 

matter volumes in areas implicated in the regulation of emotional and autonomic functions (Meurs 

et al., 2015).  

The second major finding of this study is that a) NOSTOX was an important predictor of 

increased blood pressure; and b) LOOH and AOPP were the most significant predictors of the 
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variance in the blood pressure data followed by increased SOD. Interestingly, the composite score 

combining the effects of SOD + LOOH + AOPP + NOx was a much better predictor than any other 

biomarker separately (including MDA) or other combinations of the biomarkers. This suggests 

that the pathway from superoxide and NO production to lipid peroxidation and chlorinative stress 

with increased production of AOPP may in part underpin the pathophysiology of hypertension. 

We will now discuss the impact of those O&NS factors on blood pressure and hypertension.  

Ceriello (2008) showed that higher production of hydrogen peroxide may be observed in 

treated and untreated hypertensive subjects relative to normotensive subjects, with a significant 

correlation between hydrogen peroxide levels and systolic blood pressure. In addition, both 

malignant and nonmalignant hypertensive subjects have higher LOOH levels relative to control 

subjects (Ceriello, 2008). Furthermore, Niroumand et al. (2015) demonstrated that lipid 

peroxidation plays a key role in atherosclerosis. Hydroperoxides have toxic effects on cells both 

directly and indirectly through the formation of highly toxic hydroxyl radicals (Niroumand et al., 

2015). Peroxidation of lipids produces highly reactive aldehydes, including MDA, which are 

highly associated with hypertension (Ahmad et al., 2013; Pawluk et al., 2017; Tiwari et al., 2013). 

Significantly higher values of LOOH and thiobarbituric acid-reactive substances (TBARS) in red 

blood cells as well as in serum and decreased erythrocyte antioxidant enzyme activities have been 

reported in patients with elevated blood pressure (Niroumand et al., 2015). Nevertheless, in the 

present study we observed that MDA, in contrast to LOOH and AOPP, was not associated with 

increased hypertension. Interestingly, Cracowski et al. (2002) found that in never-treated mild-to-

moderate hypertension, lipid peroxidation was not increased, suggesting that this process may not 

be critical in the early stages and is more important in severe hypertension (Cracowski et al., 2002). 
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Increased AOPP levels were established in patients with hypertensive nephropathy (Conti 

et al., 2019) whilst levels of modified AOPP were also increased in peritoneal dialysis patients (Xu 

et al., 2015). Nevertheless, no significant alterations in AOPP levels were established in peritoneal 

dialysis patients with and without hypertension (Demirci et al., 2011). AOPP measures increased 

levels of oxidized proteins, such as albumin and fibrinogen, and oxidized fibrinogen is a key 

molecule responsible for the AOPP reaction in human plasma (Selmeci et al., 2006; Xu et al., 

2015). AOPPs are also pro-inflammatory and pro-oxidative compounds that accumulate in aging 

patients with diabetes and play a major role in increasing the prevalence of endothelial dysfunction 

and subsequent cardiovascular disease (Tiwari et al., 2013).  

Gómez-Marcos et al. (2016) reported an association between serum SOD levels and 

parameters of vascular function in hypertensive and diabetic patients, indicating that oxidative 

stress significantly affects blood pressure (Gómez-Marcos et al., 2016) SOD catalyzes the partition 

of superoxide radicals into oxygen and hydrogen peroxides, which are further degraded into H2O 

by catalase. SOD is a major protective antioxidant enzyme against the damaging effects of 

increased superoxide levels and additionally protects against peroxynitrite formation (Fukai and 

Ushio-Fukai, 2011). Nevertheless, SOD activity is accompanied by increased formation of 

hydrogen peroxides, which can generate other ROS, including the very reactive hydroxyl or metal-

associated radicals (Maes et al., 2018). Moreover, oxidative stress and inflammatory triggers may 

enhance SOD activity as well as its de novo synthesis especially in the early stages of an injury 

(Terrazzano et al., 2014). In mood disorders, increased SOD indicates a compensatory mechanism 

to neutralize increased ROS production (Maes et al., 2019a). Alterations in redox-related 

intracellular signaling (including mitogen-activated protein kinases and transcription factors) may 
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lead to endothelial dysfunction, increased contraction, and structural re-modeling, causing 

increased peripheral resistance and elevated blood pressure (Xu et al., 2015). 

Increased NOx levels indicate increased production of NO by endothelial cells and 

activated nitration and nitroslylation processes (Roomruangwong et al., 2017), which are key 

components of mood disorders (Maes et al., 2019b, 2011a, 2011b). In animal models, increased 

nitrosylation is a critical mechanism leading to vascular dysfunction and hypertension (Choi et al., 

2011). Moreover, increased nitration and nitrosylation may be accompanied by functional NO 

deficiency (Roomruangwong et al., 2017) while the latter phenomenon is associated with 

hypertension (Vaziri et al., 2002) and enhanced atherosclerosis (Schulz et al., 2011). Finally, the 

half-life of NO and its biological activity is decisively determined by ROS such as superoxide 

anions, which rapidly bind to NO to form the highly reactive intermediate ONOO (Schulz et al., 

2011) which has implications for the vascular pathology in hypertension (Guzik et al., 2002).  

Not only NOSTOX was significantly associated with the increased blood pressure but also 

hsCRP. Numerous clinical trials reported that hypertensive patients, both males and females of 

varying ages, have increased plasma CRP levels (Tran et al., 2009; Xu et al., 2008). 

Prehypertensive patients generally have higher plasma CRP levels than normotensive patients, and 

higher baseline CRP levels are reportedly associated with a higher risk of developing overt 

hypertension, consistent with the concept that systemic low-grade inflammation may precede 

hypertension (Dauphinot et al., 2009). Low-grade inflammation defined as a 2- to 3-fold increase 

in plasma levels of pro-inflammatory cytokines, which stimulate the production of CRP, are 

frequently reported in hypertension (Dinh et al., 2014; Tkacova, 2010). 
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In addition to the role of nitro-oxidative stress and CRP, we observed that also weight or 

BMI contribute to increased blood pressure. There is a significantly higher risk for elevated BP 

and prehypertension in people with high BMI (Hossain et al., 2019; Nafiu et al., 2014). Li et al. 

(2019) showed the importance of the interactions of different anthropometric indicators of obesity 

in assessing the risk of hypertension (Li et al., 2019). Obesity can increase hypertension through 

multiple mechanisms, including activation of the sympathetic nervous system, insulin resistance 

and sodium retention (Crump et al., 2016; Li et al., 2019). 

We also found that 3 biomarkers associated with increased body weight or BMI are 

associated with increased blood pressure, namely increased atherogenicity (as measured using AIP 

or Castelli 1 indices), insulin resistance (as assessed using HOMA2IR index) and subclinical 

hypothyroidism (as assessed with increased TSH values). The AIP, an index of increased 

atherogenicity, was not significantly associated with hypertension (Niroumand et al., 2015). 

Nevertheless, there is evidence of a bidirectional relationship between hypertension and 

endothelial dysfunction, which is in part associated with increased atherogenicity indexes 

(Shimizu et al., 2017). Insulin resistance is associated with increased risk to develop hypertension 

(Ärnlöv et al., 2005), especially in nonobese persons and in analyses not accounting for obesity 

(Lytsy et al., 2014). Reaven et al. (2011) reported that patients with essential hypertension are 

insulin-resistant and that the latter process predicts the development of essential hypertension 

(Reaven, 2011). The long-term influences of insulin resistance may result in vascular hypertrophy 

and remodeling and renal effects (Ärnlöv et al., 2005). TSH is another biomarker that may be 

associated with an elevated blood pressure (Alderman, 2011). Thyroid hormone metabolism may 

impact hypertension via several mechanisms including effects on peripheral arteries, increased 
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arterial stiffness, increased systemic vascular resistance, lowered cardiac output, and gene 

expression (Berta et al., 2019). 

The third major finding of this study is that while there were no significant differences in 

blood pressure assessments between patients with mood disorders and controls, the association 

between both factors may differ between these groups. In controls, body weight and the Castelli 

risk index 1 were the best predictors of increased blood pressure, whereas in mood disorders 

NOSTOX and body weight were the most important determinants. By inference, the nitro-

oxidative stress toxicity associated with mood disorders (Maes et al., 2019a, 2018, 2011a) may 

underpin increments in systolic and diastolic blood pressure measurements in those patients.    

This study has some limitations that must be considered in the interpretation of the results. 

First, this is a cross-sectional and correlational study and, therefore, we cannot draw firm 

conclusions on causal associations. Second, it would have been more interesting if we had also 

measured indices of endothelium dysfunction including carotid intima media thickness and other 

biomarkers associated with hypertension including adhesion molecules. Third, some participants 

used antihypertensive drugs, which could interfere with the results. However, our study showed 

that the effects of NOSTOX and immune-inflammatory biomarkers on BP were independent of 

the use of antihypertensives, and that the latter was positively associated with an increased BP 

reflecting the increased use of these drugs in cases with hypertension. Moreover, Levi-Marpillat 

et al (2014) showed that antihypertensive drugs may have different effects on short-term BP 

variability independently from the effects of major confounders such as BP level, age, gender, 

heart rate, etc (Levi-Marpillat et al., 2014). 
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In conclusion, our results suggest that blood pressure in mood disorder patients is highly 

predicted by increased lipid peroxidation, protein oxidation, body weight or BMI, HOMA2IR, 

hsCRP, AIP, and basal TSH values. These biomarkers may cause hypertension through different 

mechanisms including O&NS, immune-inflammatory processes, hypothalamus–pituitary–thyroid 

axis dysregulation, increased atherogenicity and insulin resistance. Although the blood pressure 

measurements were not significantly different between patients with mood disorders and controls, 

blood pressure was differentially modulated in both groups with a greater impact of nitro-oxidative 

stress in patients with mood disorders than in controls. 
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Table 1. Socio-demographic, clinical and biomarker data of the study population classified according to the sum of the z score obtained for their 

systolic blood pressure and for their diastolic blood pressure into lower (i.e., < median) and higher (i.e., > median) blood pressure.  

Variables z systolic + z diastolic BP F/X2 Df P 

< q75 values ≥q75 values 

Sex (Female/Male) 81/19 41/21 4.55 1 0.033 

Age (years) 42.3 (11.5) 43.0 (10.6) 0.15 1/160 0.700 
Education (years) 11.4 (5.4) 11.1 (4.9) 0.21 1/159 0.651 
Income (Brazilian minimum salaries) 3.33 (1.4) 3.37 (1.4) 0.04 1/158 0.846 
Systolic pressure (mm Hg) 109.2 (9.5) 130.2 (13.6) 134.55 1/160 <0.001 
Diastolic pressure (mm Hg) 68.8 (5.9) 83.7 (7.7) 191.71 1/160 <0.001 
Body weight (kg) 66.9 (13.3) 77.3 (14.9) 21.26 1/160 <0.001 
Waist circunference (cm) 89.0 (12.5) 98.0 (12.1) 17.63 1/143 <0.001 
Body Mass Index (kg/m2) 25.1 (4.5) 28.6 (4.7) 21.72 1/159 <0.001 
Metabolic Syndrome (No/Yes) 68/32 30/32 6.16 1 0.013 
NOSTOX (z scores) -0.49 (1.94) 0.59 (2.53) 8.08 1/138 0.005 
ANTIOX (z scores) 0.21 (1.89) -0.44 (1.83) 4.00 1/138 0.047 
zTRY-zHDL (z scores) -0.30 (1.72) +0.50(1.46) 8.57 1/148 0.004 
zTC-zHDL (z scores) -0.24 (1.33) +0.39 (1.33) 8.02 1/148 0.005 

hsCRP (mg/L)* 3.18 (4.00) 5.50 (7.17) 7.99 1/148 0.005 

HOMA2IR 1.06 (0.54) 1.48 (1.09) 10.06 1/143 0.002 
Basal TSH (µUI/mL) 1.98 (1.17) 2.97 (4.26) 4.72 1/145 0.031 
Diagnosis (HC/BP2/BP1/MDD) 39/26/13/22 27/12/8/15 1.00 2 0.802 
Hamilton Depression Rating Scale 7.2 (6.4) 7.4 (7.3) 0.05 1/160 0.816 
Tobacco Use Disorder (No/Yes) 39/61 33/29 3.14 1 0.077 
Antidepressants (No/Yes) 68/26 41/18 0.14 1 0.705 
Antipsychotics (No/Yes) 76/18 50/9 0.38 1 0.538 
Lithium (No/Yes) 84/9 49/10 1.75 1 0.186 
Anticonvulsants (No/Yes) 79/14 47/12 0.71 1 0.399 
Statins (No/Yes) 91/9 53/9 1.18 1 0278 
Antihypertensives (No/Yes) 80/12 35/23 14.08 1 <0.001 
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Continuous variables are shown as mean (±SD) and were analyzed by ANOVA whereas nominal variables are shown as frequency and were 

analyzed by Chi-Square test. BP: blood pressure.  

NOSTOX or zLOOH+AOPP+NOx+SOD: sum of z transformation of LOOH (lipid hydroperoxides), AOPP (advanced oxidation protein products), NOx 

(nitric oxide metabolites) and SOD (superoxide dismutase); ANTIOX or zPON1+CAT+HDL-c: sum of z transformation of PON1 (paraoxonase 1 

activity), CAT (catalase) and HDL; 

zTRY-zHDL: reflects the atherogenic index of plasma computed as z triglycerides – z high-density-lipoprotein cholesterol; zTC-zHDL: reflects Castelli 

risk index 1 and is computed as z total cholesterol – zHDL.  

hsCRP: highly sensitive C-reactive protein; HOMA2IR: homeostasis model assessment of insulin resistance; TSH: thyroid-stimulating hormone; HC: 

healthy controls; BD: bipolar disorder types BP1 and BP2; MDD: major depressive disorder. 

*Processed in Ln transformation 
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Table 2. Results of automatic stepwise multiple regression analyses with blood pressure (BP) as dependent variable. 

 

Dependent 
variable 

Explanatory variables β t P R2 
(model) 

F  df P 

#1a. SBP 

 

Body weight 

NOSTOX 

hsCRP 

0.225 

0.339 

0.225 

+2.61 

+4.34 

+2.64 

0.010 

<0.001 

0.009 

28.3% 16.04 3/122 <0.001 

#1b. SBP  Body weight 

NOSTOX 

Antihypertensives 

hsCRP 

0.217 

0.320 

0.189 

0.184 

+2.55 

+4.16 

+2.43 

2.16 

0.012 

<0.001 

0.017 

0.032 

31.6% 13.98 4/121 <0.001 

#2a. DBP 

 

BMI 

NOSTOX 

0.371 

0.277 

+4.68 

+3.50 

<0.001 

0.001 

23.8% 19.26 2/123 <0.001 

#2b. DBP  

 

BMI 

NOSTOX 

Antihypertensive drugs 

0.308 

0.262 

0.214 

+3.81 

+3.38 

+2.65 

<0.001 

0.001 

0.009 

28.0% 15.81 3/122 <0.001 

#3 zSDBP  BMI 

NOSTOX 

0.221 

0.325 

+2.48 

+4.33 

0.015 

<0.001 

33.5% 15.25 4/121 <0.001 
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Antihypertensive drugs 

hsCRP 

0.194 

0.179 

+2.48 

+2.05 

0.014 

0.043 

 
 

SBP and DBP: systolic and diastolic blood pressure, respectively; zSDBP: sum of the z transformation of systolic and diastolic blood pressures. 

BMI: body mass index; hsCRP: highly sensitive C-reactive protein (processed in Ln transformation) 

NOSTOX or zLOOH+zAOPP+zNOx+zSOD: sum of z transformations of LOOH (lipid hydroperoxides) + z AOPP (advanced oxidation protein products) 

+ z NOx (nitric oxide metabolites) + z SOD (superoxide dismutase). 
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Table 3. Results of automatic stepwise binary logistic regression analyses with the group with increased blood pressure (see Table 1) as 

dependent variable. 

 

NOSTOX or zLOOH+zAOPP+zNOx+zSOD: sum of z transformations of LOOH (lipid hydroperoxides) + z AOPP (advanced oxidation protein products) 

+ z NOx (nitric oxide metabolites) + z SOD (superoxide dismutase). 

hsCRP: highly sensitive C-reactive protein (processed in Ln transformation) 

 

Dependent variables 
Significant explanatory 

variables 

B SE 
Wald df p OR CI - 95% 

#1. Model without anti-

hypertensives  

NOSTOX 

hsCRP 

0.282 

0.584 

0.106 

0.213 

7.12 

7.54 

1 

1 

0.008 

0.006 

1.33 

1.79 

1.08-1.63 

1.18-2.72 

#2. Model with anti-

hypertensives  

NOSTOX 

hsCRP 

Antihypertensives 

0.268 

0.470 

1.489 

0.109 

0.222 

0.470 

6.07 

4.47 

10.03 

1 

1 

1 

0.014 

0.035 

0.002 

1.31 

1.60 

4.43 

1.06-1.62 

1.04-2.47 

1.76-11.14 
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Table 4. Results of multiple regression analysis with blood pressure variables as dependent variable. 

  

Dependent variable Explanatory variables β t p R2 (model) F  df p 

#1. SBP 

 

NOSTOX 

Antihypertensive drugs 

zTRY-zHDL 

0.296 

0.240 

0.197 

+3.67 

+3.02 

+2.41 

<0.001 

0.003 

0.017 

24.3% 13.30 3/124 <0.001 

#2. SBP NOSTOX 

Antihypertensive drugs 

Homa2IR 

0.335 

0.214 

0.181 

+4.15 

+2.54 

+2.16 

<0.001 

<0.012 

0.032 

22.1% 11.38 3/120 <0.001 

#3. SBP NOSTOX 

Antihypertensive drugs 

TSH 

0.367 

0.265 

0.166 

+4.55 

+3.32 

+2.06 

<0.001 

0.001 

0.042 

23.40% 12.32 3/121 <0.001 

#4. zSDBP in healthy 

controls* 
Body weight 

zTC-zHDL 

0.396 

0.304 

+3.13 

+2.55 

0.002 

0.014 

34.8% 14.70 2/55 <0.001 

#5 zSDBP in mood 

disorder patients* 
Antihypertensive drugs 

NOSTOX 

Body weight 

0.385 

0.349 

0.246 

+4.37 

+4.00 

+2.79 

<0.001 

<0.001 

0.007 

36.9% 16.17 3/83 <0.001 
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SBP: systolic blood pressure; zSDBP: sum of the z transformation of systolic and diastolic blood pressures. 

NOSTOX or zLOOH+zAOPP+zNOx+zSOD: sum of z transformations of LOOH (lipid hydroperoxides) + z AOPP (advanced oxidation protein products) 

+ z NOx (nitric oxide metabolites) + z SOD (superoxide dismutase). 

zTRY-zHDL: reflects the atherogenic index of plasma computed as z triglycerides – z high-density-lipoprotein cholesterol; zTC-zHDL: reflects Castelli 

risk index 1 and is computed as z total cholesterol – zHDL; HOMA2IR: homeostasis model assessment of insulin resistance; TSH: thyroid-stimulating 

hormone. 

*These regression analyses are conducted in selected study groups after replacing missing values with series means. 
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Table 5. Results of neural networks (NN) with blood pressure data as output variables and biomarkers as input variables 

 

  

 Models 
NN#1 

zSDBP 

NN#2 

SBP 

NN#3 

DBP 

Input Layer 
Number of units 8 8 8 

Rescaling method Normalized Normalized  Normalized 

Hidden 

layers 

Number of hidden layers 2 2 1 

Number of units in hidden layer 1 7 7 7 

Number of units in hidden layer 2 5 5 3 

Activation Function 
Hyperbolic 

tangent 

Hyperbolic 

tangent 

Hyperbolic 

tangent 

Output 

layer 

Dependent variables zSDBP   SBP DBP  

Number of units 1 1 1 

Activation function Identity 
Hyperbolic 

tangent 
Identity 

Error function Sum of squares Sum of squares  Sum of squares 

Training 
Sum of squares error term 22.315 4.645 23.770 

Relative error   0.603 0.709 0.670 

Testing 
Sum of Squares error 9.938 1.354 15.569 

Relative error 0.621 0.769 0.792 

Holdout 
Relative error 0.990 0.913 0.804 

Correlation with predicted value 0.634 0.547 0.545 

 

zSDBP: sum of the z transformation of systolic and diastolic blood pressures. 

SBP and DBP: systolic and diastolic blood pressure, respectively. 
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Figure 1. Partial regression of systemic blood pressure on the NOSTOX index score, indicating nitro-oxidative stress and computed as  

sum of z transformations of LOOH (lipid hydroperoxides) + z AOPP (advanced oxidation protein products) + z NOx (nitric oxide 

metabolites) + z SOD (superoxide dismutase). 
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Figure 2. Bar diagram with the z transformed scores of systolic (SBP) and diastolic (DBP) blood pressure measurements as well as the integrated 

zSBP+zDBP index in healthy controls (HC), and patients with bipolar 1 (BP1) and BP2 disorder and major depression (MDD). 
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Figure 3 Results of a neural network model showing the relative importance chart with an integrated index of blood pressure (z systolic + z 

diastolic blood pressure) as output variable. Shown are the importances of the input variables. NOSTOX (nitro-oxidative stress toxicity index); 

hsCRP: high sensitive C-reactive protein C; AIP: reflecting the atherogenic index of plasma; ANTIOX: an index of antioxidant capacity; TSH: basal 

thyroid hormone stimulating hormone; HOMA2IR: index of insulin resistance; Castelli: reflecting the Castelli risk index 1.  
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Figure 4. Results of a neural network model showing the relative importance chart with systolic blood pressure as output variable. Shown are 

the importances of the input variables. NOSTOX (nitro-oxidative stress toxicity index); hsCRP: high sensitive C-reactive protein C; AIP: reflecting 

the atherogenic index of plasma; ANTIOX: an index of antioxidant capacity; TSH: basal thyroid hormone stimulating hormone; HOMA2IR: index 

of insulin resistance; Castelli: reflecting Castelli risk index 1.  
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Figure 5. Results of a neural network model showing the relative importance chart with diastolic blood pressure as output variable. Shown are 

the importances of the input variables. NOSTOX (nitro-oxidative stress toxicity index); hsCRP: high sensitive C-reactive protein C; AIP: reflecting 

the atherogenic index of plasma; ANTIOX: an index of antioxidant capacity; TSH: basal thyroid hormone stimulating hormone; HOMA2IR: index 

of insulin resistance; Castelli: reflecting Castelli risk index 1.  
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