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Inter-relationships of risk factors and pathways associated with all-cause mortality in patients with chronic schizophrenia
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Introduction: Of all psychiatric disorders, schizophrenia is associated with the highest risk of all-cause mortality. This study aimed to investigate independent risk factors for all-cause mortality in patients with chronic schizophrenia. In addition, the possible causal inter-relationships among these independent risk factors and all-cause mortality were also explored.

Methods: We conducted an analysis of 1,126 patients with chronic schizophrenia from our psychiatric department from April 2003 to August 2022, and retrospectively reviewed their medical records. The study endpoint was all-cause mortality. Baseline clinical characteristics including sociodemographic data, biochemical data, lifestyle factors, comorbidities and antipsychotic treatment were examined with Cox proportional hazards analysis.

Results: The all-cause mortality rate was 3.9% (44 patients). Multivariate Cox regression analysis revealed that several factors were independently associated with all-cause mortality, including diabetes mellitus (DM), hypertension, heart failure, gastroesophageal reflux disease (GERD), peptic ulcer disease, ileus, underweight, fasting glucose, triglycerides, albumin, and hemoglobin. Structural equation modeling (SEM) analysis revealed that several factors had statistically significant direct effects on all-cause mortality. Heart failure, hypertension, underweight, age at onset, and ileus showed positive direct effects, while albumin and hemoglobin demonstrated negative direct effects. In addition, several factors had indirect effects on all-cause mortality. GERD indirectly affected all-cause mortality through ileus, and peptic ulcer disease had indirect effects through albumin and ileus. Ileus, underweight, DM, and hypertension also exhibited indirect effects through various pathways involving albumin, hemoglobin, and heart failure. Overall, the final model, which included these factors, explained 13% of the variability in all-cause mortality.

Discussion: These results collectively suggest that the presence of DM, hypertension, heart failure, GERD, peptic ulcer disease, ileus, and underweight, along with lower levels of albumin or hemoglobin, were independently associated with all-cause mortality. The SEM analysis further revealed potential causal pathways and inter-relationships among these risk factors contributing to all-cause mortality in patients with chronic schizophrenia.
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Introduction

Schizophrenia is a multidimensional disorder that encompasses various subtypes, each with distinct neurobiological underpinnings (1–3). Recognized as a chronic and severe mental disorder, schizophrenia is a psychiatric syndrome characterized by positive, negative, and disorganized symptoms (4). While schizophrenia has an estimated heritability of 79%, it can also be influenced by various factors, including genetics, environment, exposure to viruses, infection, prenatal malnutrition, birth complications, psychosocial factors, migrant status, and urbanicity (5–7). The highest burden of schizophrenia is observed among individuals aged 25–54 years, encompassing their most productive years (8).

Schizophrenia is a global disorder (9), affecting an estimated 24 million people [~1 in 300 people (0.32%)] worldwide. Among adults, the prevalence of schizophrenia is estimated to be 1 in 222 people (0.45%) according to the Institute of Health Metrics and Evaluation (10). With a lifetime prevalence ranging from approximately 0.5% to 1%, schizophrenia is a significant global public health concern (11). According to the Global Burden of Disease 2019, the raw prevalence, incidence, and burden of schizophrenia have increased since 1990, and no reduction has been observed in age-adjusted estimates (12). Regional studies in the United States, China, India, and South Korea have suggested a steady increase in the annual incidence of schizophrenia (13–15). In Taiwan, the 1-year prevalence rate of schizophrenia is 3.34 per 1,000 people, with a 6-year (cumulative) prevalence rate of 6.42 per 1,000 people from 1996 to 2001 (16). Of all psychiatric disorders, schizophrenia is associated with one of the highest risks of mortality (17), with an all-cause mortality rate 2 to 3-fold higher than that in the general population, and a substantially shorter life expectancy (18–20). Consequently, studies on the risk factors affecting mortality in patients with chronic schizophrenia are warranted.

The modifiable risk factors associated with mortality in patients with schizophrenia include limited access to physical care, poor lifestyle behaviors, and whether or not antipsychotic medications are prescribed (21, 22). Schizophrenia has also been associated with elevated frequencies of comorbidities, with the majority of excess deaths being attributed to chronic diseases including type II diabetes mellitus (DM) (23), hypertension (24), cardiovascular diseases (25), respiratory diseases (26), stroke (27), and cancer (28), with unnatural causes such as suicide accounting for <15% (29). In addition, a previous study demonstrated a high cardiometabolic risk in patients with schizophrenia spectrum disorders. This underscores the importance of proper management, ranging from lifestyle modifications to addressing risk factors, and including the careful selection of antipsychotic drugs with a favorable cardiometabolic profile (30). However, few studies have investigated the effect of demographics, clinical characteristics, lifestyle factors, comorbid illnesses, and biochemical factors on all-cause mortality in patients with chronic schizophrenia. Moreover, Peritogiannis et al. demonstrated a complex interplay of factors that synergistically contribute to physical morbidity in patients with chronic schizophrenia, ultimately leading to increased mortality (31). Furthermore, another study reported that the association between schizophrenia and cardiometabolic risk factors is complex and influenced by an interplay of environmental factors, genetic vulnerability, and disease-related factors (32). Thus, we hypothesized that to comprehend the effects of inter-relationships and causal pathways of risk factors on all-cause mortality in patients with chronic schizophrenia, various aspects need to be considered.

To test this hypothesis, the aims of this study were: (1) to conduct a retrospective study assessing the associations among risk factors at baseline including demographics, clinical characteristics, lifestyle factors, comorbid illnesses [e.g. DM, chronic kidney disease (CKD), hypertension, gastrointestinal diseases, liver diseases, heart failure, anemia, cardiovascular diseases, cardiac arrhythmias, chronic obstruction pulmonary disease/asthma, cancer, peripheral arterial occlusion disease, obesity status], and biochemical factors with all-cause mortality in patients with chronic schizophrenia; and (2) use a structural equation model (SEM) to determine possible causal inter-relationships among the aforementioned risk factors and all-cause mortality. In addition, to emphasize the importance of regular screening for risk factors in patients with chronic schizophrenia.



Methods and materials


Patients

In this retrospective study, we conducted an analysis of 1,684 consecutive patients using the electronic database of Taipei Veterans General Hospital, Yuli Branch, from April 2003 to August 2022. The entire dataset was de-identified, delinked, and encrypted before being made available for analysis. The inclusion criteria were patients with: (1) chronic schizophrenia who were >18 years of age at the diagnosis, (2) schizophrenia diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders IV, (3) complete clinical and follow-up data. The exclusion criteria were: (1) a diagnosis of major affective disorders (including mania, major depression, bipolar disorder and schizoaffective disorder), and (2) patients without complete clinical and follow-up data. In addition, as our psychiatric ward does not admit patients with substance and alcohol abuse or dependence, these patients were not included in this study. Moreover, patients with a poor treatment response and those with suicidal intention or behavior were also excluded from the study to mitigate the impact of these factors. Although some of the patients had a history of treatment resistance or suicidal behavior, those included in this study were in a stable and chronic condition. In our hospital, we use the Clinical Global Impression Severity (CGI-S) score (33) and Mini-Mental State Examination (MMSE) test to assess the psychological and intellectual clinical status of patients. The CGI-S is rated on a 7-point scale as follows: 1 = normal, not at all ill; 2 = borderline mentally ill; 3 = mildly ill; 4 = moderately ill; 5 = markedly ill; 6 = severely ill; 7 = among the most extremely ill patients. In general, none of the patients at our institution have a low CGI-S score, because all of our patients are chronic and have been transferred from other psychiatric wards in Taiwan. Those with higher CGI-S scores were initially admitted to the acute ward and subsequently excluded from our study. Consequently, the CGI-S scores of the patients included in this study at the time of inclusion ranged between 3 and 4, which is equivalent to positive and negative syndrome scale scores of 55 to 78. In addition, the median MMSE score (interquartile range) of the patients was 23.0 (17.0-27.0) (Table 1).


TABLE 1 Baseline clinical characteristics of the study participants by survival status.
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Data collection

Clinical information collected for subsequent analysis included: (1) sociodemographic factors: age, sex, and age at onset; (2) lifestyle factors: former/current smokers compared to non-smokers [ceased smoking ≥1 year], and former/current alcohol drinkers compared to non-drinkers [ceased drinking ≥1 year]; (3) anthropometric variables: weight, height, body mass index (BMI); and blood pressure (after a 5-min rest); (4) comorbidities: DM, hypertension, hyperlipidemia, anemia, CKD, cardiovascular diseases, heart failure, cardiac arrhythmias, peripheral arterial occlusion disease, gastroesophageal reflux disease (GERD), peptic ulcer disease, Ileus, cancer, hepatitis B virus (HBV)/hepatitis C virus (HCV) infections, chronic obstruction pulmonary disease/asthma; (5) obesity status according to the Ministry of Health and Welfare, Taiwan, definitions (all values given as BMI in kg/m2) (34): severe obesity (≥35), moderate obesity (30≤-<35), mild obesity (27≤-<30), overweight (24≤-<27), normal weight (18.5≤-<24), underweight (<18.5); (6) antipsychotic treatment: (typical antipsychotics and atypical antipsychotics); and (7) biochemical data: HbA1C, fasting glucose, albumin, total protein, uric acid, lipid profile, liver and renal function parameters, total and differential leukocyte counts, and hematological parameters.

Detailed data were retrieved from Taipei Veterans General Hospital, Yuli Branch Psychiatric Database. Two research assistants (P.-L.L. and P.-Y.T.) collected the data, all of which were checked by a study author (F.-M.C.).



Ethical considerations

This study was conducted according to the principles of the Declaration of Helsinki and was approved by the Human Research Ethics Committee of Kaohsiung E-Da Hospital (EMRP61110N and EMRP66111N). To ensure the protection of any potentially identifiable personal data of the subjects, the entire dataset has been de-identified and encrypted before being made available for analysis. This process aligns with national legislation and institutional requirements. As such, written informed consent from the participants was not required.



Statistical analysis

Categorical variables are given as frequency (percentage), while continuous variables are given as mean (±standard deviation). Comparisons in baseline variables between survivors and non-survivors were performed with the Student's t test or χ2 test. We defined the outcome as the duration from diagnosis to death. Univariate and multivariate Cox proportional hazard analyses were performed to evaluate relationships between baseline biochemical and clinical risk factors with all-cause mortality, and the results are presented as hazard ratio (HR) with 95% confidence interval (CI). JMP (version 7.0, SAS Institute) was used for all other statistical analyses. Two-sided p < 0.05 were considered significant. In addition, we also used IBM SPSS AMOS version 24 (Amos Development Corporation, Meadville, PA, USA) to fit the path model and SEM. We used root mean square error of approximation <0.08, standardized root mean square residual <0.06, and comparative fit index (CFI) >0.90 to assess the fit of the data to the models (35). Furthermore, model fit was estimated using the maximum likelihood method. The findings are presented as standardized path coefficients along with the corresponding statistical significance.




Results

Of the 1,684 patients with chronic schizophrenia initially screened from April 2003 to August 2022, 558 were excluded from the study (90 with higher CGI-S scores and 468 without complete clinical and follow-up data). The final study population included 1,126 consecutive patients (586 men and 540 women; mean age, 56.7 ± 11.7 years), and they were followed until October 31, 2022 (median follow-up, 26.3 months; range, 2–230 months). At the end of the study, 44 patients (3.9%) had died of all causes, of whom four were related to choking, three to coronavirus disease 2019 (COVID-19) infection, one to hepatocellular carcinoma, 21 to sepsis due to pneumonia and urinary tract infections, and 15 to sudden cardiac death.


Baseline characteristics

At baseline, the median age of the patients was 57 (range, 23–94) years, 196 (17.4%) patients had DM, 209 (18.6%) had hyperlipidemia, and 410 (36.4%) had hypertension (Table 1). The non-survivors were older, had an older age at onset, and lower diastolic blood pressure and BMI values than the survivors. In addition, more of the non-survivors were female, and they had higher rates of DM, hypertension, anemia, heart failure, GERD, peptic ulcer disease, ileus, cancer, HBV and HCV infections, and underweight, and lower rates of overweight and mild obesity than the survivors (Table 1).



Baseline biochemical characteristics

The non-survivors had higher baseline alkaline phosphatase and eosinophil count, and lower fasting glucose, total cholesterol, LDL-cholesterol, albumin, lymphocyte count, red blood cell count, hemoglobin, and hematocrit than the survivors (Table 2).


TABLE 2 Baseline biochemical data of the study participants by survival status.
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Associations of the baseline clinical variables with all-cause mortality

Univariate Cox regression analysis showed that age, age at onset, diastolic blood pressure, BMI, DM, hypertension, anemia, heart failure, GERD, peptic ulcer disease, ileus, HBV/HCV infections, and underweight were associated with all-cause mortality. Multivariate Cox regression analysis showed that DM [HR 4.02 (1.83–8.52), p = 0.001], hypertension [HR 3.45 (1.66–7.35), p = 0.001], heart failure [HR 4.31 (1.13–12.90), p = 0.035], GERD [HR 2.48 (1.13–5.19), p = 0.025], peptic ulcer disease [HR 3.18 (1.15–7.50), p = 0.028], ileus [HR 2.80 (1.19–6.01), p = 0.020], and underweight [HR 3.91 (1.10–18.46), p = 0.034] were independently associated with all-cause mortality (Table 3).


TABLE 3 Cox proportional hazard model of baseline clinical risk factors for the development of all-cause mortality in the whole cohort.
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Associations of the baseline biochemical variables with all-cause mortality

Univariate Cox regression analysis showed that fasting glucose, total cholesterol, LDL-cholesterol, albumin, lymphocyte count, red blood cell count, hemoglobin, and hematocrit were associated with all-cause mortality. Multivariate Cox regression analysis showed that fasting glucose [HR 0.96 (0.93–0.99), p = 0.044], triglycerides [HR 0.98 (0.96–0.99), p = 0.048], albumin [HR 0.10 (0.03–0.28), p < 0.0001], and hemoglobin [HR 0.33 (0.12–0.92), p = 0.035] were independently associated with all-cause mortality (Table 4).


TABLE 4 Cox proportional hazard model of baseline biochemical risk factors for the development of all-cause mortality in the whole cohort.
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SEM analysis

As with the Cox proportional hazard model described above (Tables 3, 4), we designed an SEM model to assess the effects of DM, hypertension, heart failure, GERD, peptic ulcer disease, ileus, underweight, albumin, and hemoglobin on all-cause mortality. The results showed that the model fit the data well, with a CFI of 0.958, a root mean square error of approximation of 0.027, and a standardized root mean square residual of 0.030 (Figure 1). Heart failure (β = 0.079), hypertension (β = 0.066), underweight (β = 0.222), age at onset (β = 0.146), and ileus (β = 0.058) had statistically significant positive direct effects on all-cause mortality. In addition, albumin (β = −0.096) and hemoglobin (β = −0.070) had statistically significant negative direct effects on all-cause mortality. Moreover, GERD indirectly affected all-cause mortality through ileus (β = 0.113). Peptic ulcer disease indirectly affected all-cause mortality through albumin (β = −0.059) and ileus (β = 0.138). Ileus indirectly affected all-cause mortality through albumin (β = −0.092) and underweight (β = 0.142). Underweight indirectly affected all-cause mortality through albumin (β = −0.132) and hemoglobin (β = −0.131). DM indirectly affected all-cause mortality through heart failure (β = 0.071) and hemoglobin (β = −0.059). Age at onset indirectly affected all-cause mortality through albumin (β = −0.089), heart failure (β = 0.114), and hypertension (β = 0.114). Albumin indirectly affected all-cause mortality through hemoglobin (β = 0.217) and heart failure (β = −0.061). Hemoglobin indirectly affected all-cause mortality through heart failure (β = −0.073). Hypertension indirectly affected all-cause mortality through heart failure (β = 0.074). The model explained 13% of the variability in all-cause mortality (Figure 1).


[image: Figure 1]
FIGURE 1
 Structural equation model for all-cause mortality in patients with chronic schizophrenia. Comparative fit index (CFI), 0.958; goodness of fit index (GFI), 0.992; root mean square error of approximation (RMSEA), 0.027; standardized root mean square residual (SRMR), 0.030. *p < 0.05, **p < 0.01, and ***p < 0.001. Path loadings are standardized coefficients. GERD, gastroesophageal reflux disease.





Discussion

In this study, we investigated associations among baseline risk factors with all-cause mortality in patients with chronic schizophrenia. There are two key findings in this study. First, multivariate Cox regression analysis showed that DM, hypertension, heart failure, GERD, peptic ulcer disease, ileus, underweight, fasting glucose, triglycerides, albumin, and hemoglobin all contributed to the risk of all-cause mortality in the enrolled patients with chronic schizophrenia. Second, the causal relationships of DM, hypertension, heart failure, GERD, peptic ulcer disease, ileus, underweight, albumin, and hemoglobin on all-cause mortality were confirmed by SEM analysis.

A previous study reported a 2.9-fold higher risk of all-cause mortality in patients with schizophrenia compared to the general population, and a 1.6-fold higher risk compared to controls matched for physical diseases (36). Although several risk factors including cardiovascular diseases (37), stroke (37, 38), smoking (39), physical fitness and inactivity (40), obesity (41), dyslipidemia (42), any cancer (43), and suicide (44) have been associated with all-cause mortality in patients with schizophrenia, the exact pathophysiological mechanisms have yet to be clarified.

We also found associations between all-cause mortality with DM, hypertension, heart failure, GERD, peptic ulcer disease, ileus, underweight, fasting glucose, triglycerides, albumin, and hemoglobin in our study cohort (Tables 3, 4). Previous studies have reported a 2 to 3-fold higher prevalence of type 2 DM in patients with schizophrenia compared to the general population, with a rate ranging from 6% to 21% (45, 46). Patients with schizophrenia have a high mortality rate, and metabolic abnormalities including type 2 DM are important causes. Possible etiologies of the development of diabetes in schizophrenic patients include: (a) inherited susceptibility to both schizophrenia and diabetes (47); (b) antipsychotic medications that affect dopaminergic, serotonergic, and histaminergic receptors, and hypothalamic regulation (48), and influence leptin resistance and pancreatic muscarinic receptors (48); (c) neuroendocrine pathways, elevated cortisol and hypothalamic axis dysregulation (49), and nutritional deficiency (50, 51); (d) many environmental factors, such as limited availability of quality food and poor diet (52), and insufficient physical activity due to social isolation and symptoms (52, 53), which are related to both diabetes and schizophrenia. However, we found that lower fasting glucose and triglycerides were associated with higher all-cause mortality in our study cohort. Consistent with our results, a previous study reported a significantly higher prevalence of hypotriglyceridemia in underweight schizophrenic patients (54). The poor diet in patients with schizophrenia could partially explain the higher prevalence of metabolic abnormalities (55).

A previous study reported a possible link between severe mental illnesses including schizophrenia with an increased risk of alterations in left ventricular function and structure due to the early onset of cardiovascular disease and other factors including smoking, obesity, hypertension, myocardial infarction and DM (56). These factors could lead to a greater decrease in left ventricular ejection fraction and more severe heart failure compared to the general population (57, 58). In addition, in a study of approximately 22,000 schizophrenic patients, Kilbourne et al. reported that hypertension was a major risk factor for cardiac death (59). These findings support the association between hypertension and heart failure with all-cause mortality in the present study (Table 3). Similarly, we also found that peptic ulcer disease, GERD, and ileus were related to all-cause mortality. This is in agreement with other studies which have reported an association between schizophrenia with peptic ulcer disease, GERD, and ileus (60–62). Liao et al. suggested that schizophrenic patients are at a slightly elevated risk of peptic ulcer disease compared to the general population (60). This may be due to higher rates of Helicobacter pylori infection, smoking, alcohol consumption, taking anxiolytics and hypnotics, anti-depressants, or non-steroidal anti-inflammatory drugs among these patients. Furthermore, Kasap et al. suggested that schizophrenic patients who smoke and drink alcohol may have a higher rate of reflux symptoms (61). Moreover, Nielsen et al. suggested that female sex, older age, treatment with high-potency first-generation antipsychotic drugs, clozapine, anticholinergics, tricyclic antidepressants, and opioids may be associated with a higher risk of ileus in patients with schizophrenia (62). In the present study, we also found that underweight status was related to all-cause mortality. This finding was also reported in a previous study, in which all-cause mortality was associated with underweight status compared with normal weight status (HR: 1.33, 95% CI: 1.01–1.76), potentially due to frailty in older age groups (41).

Multivariate Cox regression analysis of the biochemical risk factors in this study showed associations between albumin and hemoglobin with all-cause mortality (Table 4). Huang reported a significantly lower serum albumin level in Taiwanese schizophrenic patients during the acute phase compared to controls (63). In addition, serum albumin level has been proposed to be a prognostic indicator of mortality in older hospitalized patients (64), survival in women infected with immunodeficiency virus (65), and disease in patients with inflammation or injury (66). Regarding the association between hemoglobin and all-cause mortality, a previous study reported a higher prevalence of anemia among chronic psychiatric patients compared to the general population (67). This could be due to reasons including poor physical condition and lifestyle habits, drugs taken, and nutritional disorders. This may suggest that serum albumin and hemoglobin concentrations could also be used as markers of the clinical course in patients with schizophrenia.

To the best of our knowledge, this study is the first to investigate the causal relationships of DM, hypertension, heart failure, GERD, peptic ulcer disease, ileus, underweight, albumin, and hemoglobin with all-cause mortality in patients with schizophrenia. However, the exact mechanisms underlying the associations among these risk factors with all-cause mortality remain unclear. SEM analysis showed significant positive direct effects from heart failure, underweight, age at onset, ileus and hypertension on all-cause mortality. Furthermore, albumin and hemoglobin had significant negative direct effects on all-cause mortality. Previous studies have demonstrated associations between DM (36), hypertension (59), heart failure (68), and gastrointestinal diseases (e.g., GERD, peptic ulcer disease, and ileus) (36), underweight (41), age at onset (36), albumin (64), and hemoglobin (67) with all-cause mortality in patients with schizophrenia. We also found that GERD indirectly affected all-cause mortality through ileus, peptic ulcer disease indirectly affected all-cause mortality through low albumin and ileus, and that ileus indirectly affected all-cause mortality through low albumin and underweight. In addition, we found that underweight indirectly affected all-cause mortality through low albumin and low hemoglobin, DM and albumin indirectly affected all-cause mortality through heart failure and low hemoglobin, and that hemoglobin and hypertension indirectly affected all-cause mortality through heart failure. The most frequent clinical signs of ileus are a decrease in or no intestinal sounds and gastric reflux (69). Nielsen et al. showed that clozapine or anticholinergic treatment was associated with a higher risk of fatal ileus in patients with schizophrenia (62). Furthermore, emerging evidence has suggested relationships between a lower serum albumin level with peptic ulcer disease and bowel disease in patients with schizophrenia (63, 70). Notably, a previous study (63) reported that Taiwanese inpatients with schizophrenia had lower serum albumin levels, suggesting that patients in the acute phase of disease have similar systemic responses, as also shown in other studies (71, 72). Moreover, the combination of hypoalbuminemia and low BMI has been proposed to potentially be a useful marker of high mortality in older people (73). Kamruzzaman found that underweight women were more likely to be anemic (74). In addition, anemia has been shown to have a cumulative additive effect on left ventricular function and global strain in patients with type 2 DM (75). Furthermore, anemia is a common comorbidity in patients with heart failure, and is associated with poor outcomes (76). Chronic hypertension and cardiac structural and functional changes can predispose to the development of heart failure (77). Therefore, it is reasonable to suggest that GERD, peptic ulcer disease, ileus, underweight, DM, albumin, hemoglobin, and hypertension may be involved in common pathways contributing to all-cause mortality in patients with chronic schizophrenia.


Limitations

The limitations of this study include the relatively few cases of all-cause mortality. In addition, the length of follow-up (median, 26.3 months) may be insufficient to reveal cases of late all-cause mortality. Moreover, the single-center nature of this retrospective study may limit the application of our results to other Taiwanese patients with schizophrenia. Further larger-scale studies with patients of different ethnicity and longer follow-up periods are needed to verify our findings. In addition, there was a long duration between the age at onset and the start of follow-up. This extended duration raises the possibility that factors influencing mortality patterns along the treatment trajectory in individuals with schizophrenia may not align with the highest risk period for suicide in this population, and this may have influenced our findings. Finally, only patients with stable and chronic schizophrenia were included into this study. This limitation may affect the generalizability of our results to other subtypes of schizophrenia or to patients with acute conditions and high CGI-S scores.



Conclusions

In summary, we found that DM, hypertension, heart failure, GERD, peptic ulcer disease, ileus, underweight, lower circulating albumin and hemoglobin levels were associated with all-cause mortality in patients with chronic schizophrenia. In addition, SEM delineated inter-relationships of the risk factors and potential pathways that may contribute to all-cause mortality in patients with chronic schizophrenia. These findings provide valuable insights for improving clinical practice, and the identified risk factors could serve as important indicators for clinicians to closely monitor and manage individuals with chronic schizophrenia. Regular screening for DM, hypertension, and heart failure, along with vigilant management of gastrointestinal issues such as GERD and peptic ulcer disease may help to prevent adverse outcomes. In addition, efforts should be directed toward optimizing nutritional status, including addressing underweight and ensuring adequate levels of albumin and hemoglobin. Moreover, in terms of integrative care, a multidisciplinary approach could be beneficial, and collaborative efforts involving psychiatrists, primary care physicians, nutritionists, and other healthcare professionals would enhance the comprehensive care of individuals with schizophrenia. Integrated care models that focus on both mental and physical health, incorporating regular health assessments, lifestyle interventions, and patient education, may contribute to better outcomes. Mental health and medical providers should work together to develop personalized care plans that address the specific needs of individuals with schizophrenia, considering the identified risk factors for mortality. Furthermore, promoting patient engagement and self-management could play an important role in achieving holistic wellbeing in this population. Our findings suggest that a proactive and integrated approach to healthcare delivery, considering the complex interplay of risk factors, is essential for improving the overall health and longevity of individuals with chronic schizophrenia.
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(95% Cl) (95% Cl)
HbAIC 0.88 (0.49-1.38) 0.613
Fasting glucose 0.96 (0.94-0.98) <0.0001 0.96 (0.93-0.99) 0.044
Total cholesterol 0.98 (0.97-0.99) 0.002
Triglycerides 0.99 (0.99-1.00) 0.072 0.98 (0.96-0.99) 0.048
HDL-cholesterol 1.00 (0.98-1.02) 0.795
LDL-cholesterol 0.98 (0.97-0.99) 0.003
Albumin 0.13 (0.06-0.30) <0.0001 0.10 (0.03-0.28) <0.0001
Total protein 0.37(0.13-1.00) 0.051
Uric acid 0.88 (0.72-1.07) 0.198
Aspartate aminotransferase 1.00 (0.98-1.01) 0.627
Alanine aminotransferase 1.00 (0.98-1.01) 0.890
Alkaline phosphatase 1.01 (0.99-1.02) 0.067
Creatinine 0.83 (0.22-1.70) 0.709
eGFR 1.00 (0.99-1.01) 0.307
White blood cell 0.99 (0.99-1.00) 0.796
Neutrophil count 1.00 (0.99-1.00) 0.699
Monocyte count 1.00 (0.99-1.00) 0.970
Lymphocyte count 0.99 (0.99-1.00) 0.001
Eosinophil count 1.00 (0.99-1.00) 0.077
Basophil count 0.99 (0.97-1.01) 0.154
Red blood cell 0.35(0.21-0.59) 0.0001
Hemoglobin 0.58 (0.48-0.70) <0.0001 0.33 (0.12-0.92) 0.035
Hematocrit 0.87 (0.84-0.91) <0.0001
Mean corpuscular volume 0.97 (0.93-1.01) 0.149
Platelet 1.00 (0.99-1.00) 0.894

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate. Multivariate stepwise Cox regression analysis including all
the variables that demonstrated a p-value <0.1 in Univariate analysis listed in the table.
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Data are means % SD or median (interquartile range). HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGER, estimated glomerular filtration rate.
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(95% ClI) (95% CI)*
Age 1.08 (1.05-1.11) <0.0001 N -
Female gender 1.69 (0.91-3.25) 0.098 - o
Age at onset 1.04 (1.02-1.06) <0.0001 - -
Systolic blood pressure 0.98 (0.96-1.00) 0.097 - -
Diastolic blood pressure 0.96 (0.94-0.99) 0.002 - -
Body mass index 0.75 (0.70-0.82) <0.0001 - -
Smoking 0.56 (0.24-1.15) 0.119 - =
Drinking 0.58 (0.22-1.28) 0.190 - N
Diabetes mellitus 2.17 (1.09-4.07) 0.028 4.02 (1.83-8.52) 0.001
Hypertension 3.28 (1.79-6.17) 0.0001 3.45 (1.66-7.35) 0.001
Hyperlipidemia 1.41 (0.66-2.75) 0.360 1.89 (0.80-4.09) 0.139
Anemia 2.92 (1.55-5.35) 0.001 1.91 (0.90-3.98) 0.092
Chronic kidney disease 2.06 (0.50-5.72) 0.276 1.50 (0.24-5.08) 0.604
Cardiovascular disease 2.40 (0.72-5.96) 0.139 1.25 (0.35-3.44) 0.709
Heart failure 9.81 (3.35-9.07) 0.0003 4.31 (1.13-12.90) 0.035
Cardiac arrhythmias 1.96 (0.32-6.37) 0.401 1.33 (0.21-4.73) 0715
PAOD 4.05 (0.23-8.68) 0.259 1.85 (0.09-12.24) 0.623
GERD 4.09 (2.05-7.77) 0.0002 2.48 (1.13-5.19) 0.025
Peptic ulcer disease 3.35 (1.26-7.40) 0.018 3.18 (1.15-7.50) 0.028
Tleus 4.62 (2.06-9.35) 0.001 2.80 (1.19-6.01) 0.020
Cancer 2.34 (0.89-5.16) 0.081 1.67 (0.58-4.13) 0.321
HBV/HCV 2.32 (1.11-4.48) 0.026 1.58 (0.68-3.37) 0.271
COPD/asthma 1.05 (0.17-3.43) 0.945 1.26 (0.19-4.56) 0773
Obesity status
Underweight 11.02 (3.77-16.81) <0.0001 3.91 (1.10-18.46) 0.034"
Normal weight 2.00 (0.66-8.63) 0.239 0.74 (0.22-3.43) 0.671"
Overweight 0.64 (0.12-3.45) 0.585 0.31 (0.05-1.79) 0.181"
Mild obesity 0.34 (0.02-2.64) 0312 025 (0.01-1.97) 0.1947
Moderate and severe obesity Ref Ref

*Adjusted for age, sex, age at onset, systolic blood pressure, diastolic blood pressure, body mass index, smoking, and drinking. " Adjusted for age, sex, age at onset, systolic blood pressure,
diastolic blood pressure, smoking, and drinking. PAOD, peripheral arterial occlusion discase; GERD, gastroesophageal reflux disease; HBY, hepatitis B virus; HCV, hepatitis C virus; COPD,
chronic obstruction pulmonary disease.
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Variable Total Dea Survival df p-value Effect size
No 1,126 44 1,082
Age 56.7 £ 117 66.6 % 12.6 563+ 115 - - <0.0001 -
Female gender 540 (48.0) 29 (65.9) 511(47.2) 5912 1 0.015 0.07
Age atonset 2404106 315£176 2374101 - - <0.0001 -
MMSE score 23.0 (17.0-27.0) 19.0 (15.5-27.5) 23.0 (17.0-27.0) - - 0318 -
Systolic blood pressure 123£15 120+ 18 123£15 - - 0256 -
Diastolic blood pressure 75411 70+ 12 76 £ 11 - - 0.001 -
Body mass index 23747 192455 239+46 - - <0.0001 -
Smoking 347 (30.8) 8(18.2) 339 (31.3) 3442 1 0.064 —0.06
Drinking 253 (22.5) 6(13.6) 247 (22.8) 2.059 1 0.151 —0.04
Diabetes mellitus 196 (17.4) 13 (29.6) 183 (16.9) 4.678 1 0.031 0.07
Hypertension 410 (36.4) 26 (59.1) 384 (35.5) 10.139 1 0.002 0.10
Hyperlipidemia 209 (18.6) 10 (22.7) 199 (18.4) 0521 1 0.470 0.02
Anemia 231 (205) 17 (38.6) 214 (19.8) 9.197 1 0.002 0.09
Chronic kidney disease 51(45) 3(6.8) 48 (4.4) 0552 1 0457 0.02
Cardiovascular disease 57 (5.1) 5(11.4) 52 (4.8) 3.775 1 0.052 0.06
Heart failure 23 (2.0) 5(11.4) 18 (1.7) 19.858 1 <0.0001 0.13
Cardiac arrhythmias 27 (2.4) 2(46) 25(2.3) 0.900 1 0343 0.03
PAOD 7(0.6) 1(23) 6(0.6) 2017 1 0.156 0.04
GERD 146 (13.0) 13 (29.6) 133 (12.3) 11129 1 0.001 0.10
Peptic ulcer disease 65(5.8) 6(13.6) 59 (5.5) 5195 1 0.023 0.07
Tleus 82(7.3) 9(20.5) 73 (6.8) 11.745 1 0.001 0.10
Cancer 72 (6.4) 6(13.6) 66 (6.1) 4.003 1 0.045 0.06
HBV/HCV 154 (13.7) 11(25.0) 143 (13.2) 4.959 1 0.026 0.07
COPD/asthma 58(5.2) 2(4.6) 56 (5.2) 0.035 1 0.852 —0.01
Obesity status
Underweight 121 (10.8) 20 (45.5) 101 (9.3) 58.889 1 <0.0001 025
Normal weight 428 (38.0) 16 (36.4) 412 (38.1) 0.013 1 0911 —0.003
Overweight 250 (22.2) 3(6.8) 247 (22.8) 5970 1 0.015 —0.08
Mild obesity 164 (14.6) 1(23) 163 (15.1) 5393 1 0.020 —0.07
Moderate and severe 163 (14.5) 3(6.8) 160 (14.8) 2028 1 0.154 —0.04
obesity
Antipsychotics
Typical antipsychotics 382 (33.9) 16 (36.4) 366 (33.8) 0255 1 0.614 0.02
Atypical antipsychotics 744 (66.1) 28 (63.6) 716 (66.2)

Data are presented as means  SD, number (percentage), or median (interquartile range). MMSE, Mini-Mental State Examination; PAOD, peripheral arterial occlusion disease; GERD,
gastroesophageal reflux disease; HBV, hepatitis B virus HCV, hepatitis C virus; COPD, chronic obstruction pulmonary disease.
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