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Introduction: Psychosocial factors frequently occur in kidney transplant recipients (KTRs), leading to behavioral alterations and reduced therapeutic adherence. However, the burden of psychosocial disorders on costs for KTRs is unknown. The aim of the study is to identify predictors of healthcare costs due to hospital admissions and emergency department access in KTRs.

Methods: This is a longitudinal observational study conducted on KTRs aged >18 years, excluding patients with an insufficient level of autonomy and cognitive disorder. KTRs underwent psychosocial assessment via two interviews, namely the Mini-International Neuropsychiatric Interview 6.0 (MINI 6.0) and the Diagnostic Criteria for Psychosomatic Research Interview (DCPR) and via the Edmonton Symptom Assessment System Revised (ESAS-R) scale, a self-administrated questionnaire. Sociodemographic data and healthcare costs for hospital admissions and emergency department access were collected in the 2016–2021 period. Psychosocial determinants were as follows: (1) ESAS-R psychological and physical score; (2) symptomatic clusters determined by DCPR (illness behavior cluster, somatization cluster, and personological cluster); and (3) ICD diagnosis of adjustment disorder, anxiety disorder, and mood disorder. A multivariate regression model was used to test the association between psychosocial determinants and total healthcare costs.

Results: A total of 134 KTRs were enrolled, of whom 90 (67%) were men with a mean age of 56 years. A preliminary analysis of healthcare costs highlighted that higher healthcare costs are correlated with worse outcomes and death (p<0.001). Somatization clusters (p = 0.020) and mood disorder (p < 0.001) were positively associated with costs due to total healthcare costs.

Conclusions: This study showed somatization and mood disorders could predict costs for hospital admissions and emergency department access and be possible risk factors for poor outcomes, including death, in KTRs.
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1. Introduction

Kidney transplantation (KT) is the most desired therapy for stage 5 chronic kidney disease as for these patients it represents the most cost-effective treatment, improving quality of life and prolonging survival (1, 2). In spite of being less costly than dialysis (3, 4), KT is however related to substantial costs (5–8), which can also derive not only from health problems such as cardiovascular disease, infections, graft rejections, and neoplastic disease (9–11) but also from the indirect effects of psychological conditions, such as depression or anxiety (12).

KT is often accompanied by high patient expectations, but it is indeed a stressful condition both physically and mentally that requires special adaptations encompassing changes in a patient's personal and financial life, meeting possibly unrealistic expectations, the possibility of rehospitalizations, infections, graft rejections, and the necessity of long-term immunosuppression therapy (13, 14). Indeed, 25 to 40% of KT recipients (KTRs) have been found to develop mood and anxiety disorders in the post-transplant period (15–21) according to the traditional Diagnostic and Statistical Manual of Mental Disorders (DSM) or the International Classification of Diseases (ICD). Furthermore, 60% of KTRs have shown some form of psychological distress when using the Diagnostic Criteria for Psychosomatic Research (DCPR) (22), a diagnostic and conceptual framework whose aim is to capture psychological dimensions and subthreshold syndromes (23, 24). These conditions are particularly relevant as they may generate dysfunctional illness behaviors (e.g., somatization, frequent attender behavior, and illness denial) that are associated with worse outcomes (12), medical non-adherence (25, 26), decreased quality of life, and increased costs (27, 28). More importantly, psychological conditions are both identifiable and treatable (22, 29–33), thus representing additional superfluous costs for the healthcare systems.

While many studies have highlighted the detrimental effects of psychosocial conditions on KTRs, this is the first study with the intent to directly investigate the contribution of psychiatric and psychosocial diagnoses as identified by both ICD and DCPR systems on healthcare use costs in KTRs. Specifically, using linear regression models, we aimed to identify predictors of total healthcare costs due to hospital admissions and emergency department access.



2. Methods

A monocenter prospective observational longitudinal study was performed at the kidney transplant center of the Ferrara University Hospital from 2016 to 2021. The study was conducted according to the 1995 Declaration of Helsinki and its revisions (34). The Ethical Committee of the local academic hospital approved the protocol of the study (Protocol n: 151297, 2016). All participants signed written informed consent.

Inclusion criteria were age ≥ 18 years and being a recipient of a kidney from a cadaveric or living donor. Exclusion criteria were an insufficient level of autonomy (Karnofsky Performance Status Scale <50) and the presence of cognitive disorders (Mini-Mental State Examination <24). Two individual interviews, namely the Mini-International Neuropsychiatric Interview (MINI6.0) (35) and the Diagnostic Criteria for Psychosomatic Research Semi-Structured Interview (36) were administered by the same psychiatrist, an expert in psychosomatic research (L.Z.). A self-reporting instrument, the Edmonton Symptom Assessment System revised (ESAS-Revised) in the Italian language, was also filled in by patients. The characteristics of the above tools were extensively described elsewhere (37, 38). Briefly, the MINI6.0 is a structured diagnostic interview for assessing the major psychiatric disorders in ICD-10, which was used to make a psychiatric diagnosis. A DCPR semi-structured interview evaluates the presence of 12 syndromes divided into three different clusters: (1) abnormal illness behavior (AIB) (i.e., Disease Phobia, Health Anxiety, Illness Denial, and Thanatophobia); (2) somatization (i.e., Functional Somatic Symptoms Secondary to a Psychiatric Disorder, Persistent Somatization, Conversion Symptoms, and Anniversary Reaction); and (3) personological and psychological dimensions frequently diagnosable in KTRs (39) (i.e., Alexithymia, Type A Behavior, Irritable Mood, and Demoralization).

The ESAS-R is a pragmatic patient-centered symptom assessment tool with a visual analog scale, designed to assist in the assessment of six physical (i.e., pain, tiredness, nausea, drowsiness, lack of appetite, and shortness of breath) and four psychological (i.e., depression, anxiety, feeling of not being well, and emotional distress) symptoms. In particular, the physical symptoms are assessed objectively (i.e., pain is based on a knowledge of pain behaviors; shortness of breath as accelerated respirations causing patient distress; tiredness as lack of energy; lack of appetite, nausea, and drowsiness as the presence of eating, retching/vomiting, and sleep, respectively). The items can be summed in order to create subscales of psychological, physical, and total distress, which can be used to monitor symptoms and screen for mental and psychological disorders. It has been validated in dialysis patients (40) and kidney transplant cohorts (41). The Italian version shows an acceptable level of validity and good psychometric properties in KTRs (33, 42).

All data, including clinical characteristics and routine biochemistry, were collected from digital patients' archives.

The following variables were used as a measure of outcome: total healthcare costs due to hospital admissions in the 2016–2021 period; and total healthcare costs due to emergency department access in the 2016–2021 period. Costs, covered by Italy's National Health Service, were expressed in euros (€), the Italian currency, and were extracted from a hospital software database, searching for each patient record both the type of medical service delivered and the related amount charged across the period from 2016 to 2021.

As predictors of healthcare costs, we used the following psychosocial determinants, all measured before the outcome: ESAS, as a severity measure of physical and physiological symptoms; symptomatic clusters as measured by the DCPR; and clinical diagnosis according to MINI6.0 within the mood, anxiety, and adjustment disorder spectrum. Age (years), sex (men versus women), body mass index (BMI; kg/m2), time under dialysis before the transplant (months), transplant vintage (months), estimated glomerular filtration rate (eGFR) (ml/min), blood creatinine (mg/dl), blood albumin (g/dl), blood hemoglobin (g/dl), blood phosphate (mg/dl), blood calcium (mmol/l), blood inactive vitamin D (ng/ml), and past psychopathology (positive history versus no history) were entered as covariates in the analysis to control for variables that can affect healthcare use or somatic outcomes of the kidney transplant.


2.1. Statistical analysis

Data were entered in Excel, then coded and analyzed using the Statistical Package for Social Sciences (SPSS) version 28. All tests were two-tailed, with alpha set at p < 0.05.

Descriptive statistics were reported as means with standard deviation and range, or as counts and percentages. A regression model to test the association of our predictors to the outcomes was used. A preliminary exploration of the association of each variable with the outcomes, using univariate linear regression models, was performed. Afterward, a stepwise multivariable regression model to evaluate the association of our predictors with the outcomes were tested, by taking into account the considered covariates with the significance level for removal fixed at p < 0.10. In the model, discrete variables were entered as continuous values while nominal variables were entered as dichotomous [absent (0) vs. present (1)] values.

The minimum required sample size for multiple regression, given a desired power of 80% at alpha = 0.05 with 21 predictors and aiming at detecting an effect size of f2 = 0.20, was 124 participants. The calculation was carried out according to Soper (43). Multicollinearity was measured with the variance inflation factor (VIF), using a cut-off of 2.5 as a threshold to consider the presence of multicollinearity that could affect the regression model (44). As an effect size of the linear regression model, we used Cohen's f2, according to the formula: f2 = R2/(1–R2). By convention (45), f2 effect sizes of 0.02, 0.15, and 0.35 are considered small, medium, and large, respectively.




3. Results

Overall, 134 kidney transplant recipients, of whom only 10 were from living donors, were included in the longitudinal study, of which 90 (67%) were men and 44 (33%) were women. Nine patients declined to participate (six for work or family reasons and three because of health reasons). Men and women did not differ in demographic characteristics, biochemical values, and healthcare costs except for eGFR, blood creatinine, and personological cluster (Table 1). In fact, eGFR was on average higher in women (76.8 ± 27.2) than in men (58.6 ± 21.02): t = 3.90; p < 0.001. Conversely, blood creatinine was on average higher in men (1.5 ± 0.5) than in women (1.2 ± 0.4): t = −3.49; p < 0.001. Men [n = 51 (57%)] were more likely than women (n = 15 (34%)] to have a personological cluster (χ2 = 5.15; df = 1; p = 0.023). Above all, kidney transplant patients were Caucasians, coming from local districts.


TABLE 1 Distribution in the sample (n = 134) of the variables included in the study according to sex.
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At the end of the 2016–2021 observational period, the sample included 28 participants (21%) who had died. In preliminary investigations, increasing costs were related to an increased chance of a worse outcome, such as death (Table 2). Hence, healthcare use costs, either for hospital admission or emergency department access, represented an indicator of pejorative trajectories after a kidney transplant; in other words, higher costs were associated with poorer health.


TABLE 2 Outcome of kidney transplant according to health care use costs in the 2015–2021 observational period.
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The results of the univariate linear regression model are reported in Table 3. The beta can be interpreted as the increase (or decrease) in the outcome for each score point of a discrete variable or the presence of a nominal variable. For example, each year of age imports an increase of €216.61 in the total healthcare cost for hospital admissions. Hence, older people had higher healthcare use for hospital admissions, and as higher total healthcare costs for hospital admissions were related to a higher risk of death, they were also exposed to a greater risk of death. The standardized beta describes the strength of the association between the predictor and the outcome, and it is measured in units of standard deviation. The role of age was non-negligible as the change of 1 standard deviation in its value corresponded to a 19.9% of standard deviation in the dependent variable. Overall, only a minority of the predictors were related to the outcomes in a statistically significant manner. The presence of a mood disorder had the greatest impact on the outcomes and was associated with the largest increase in healthcare costs for both hospital admissions and emergency department access. It also had the largest association with the outcomes.


TABLE 3 Factors associated with total healthcare costs due to hospital admissions and emergency department access in kidney transplant recipients in a univariate linear regression.
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We then proceeded to apply the stepwise multivariable model to evaluate the independent contribution of each predictor taking into account the covariates and the impact of the other predictors.

The model, concerning total healthcare costs due to hospital admissions and emergency department visits in the 2016-2021 period, extracted four variables as predictors of the outcome according to the predefined threshold for removal, with the other variables excluded for their negligible contribution (Table 4).


TABLE 4 Factors associated with total healthcare costs due to hospital admissions and emergency department access in kidney transplant recipients in a stepwise multivariable linear regression model.

[image: Table 4]

In this model, the presence of a mood disorder diagnosis, the presence of the somatization cluster, transplant vintage, and blood creatinine were associated with higher healthcare costs due to hospital use [F(4;128) = 7.88; p < 0.001; R2 = 19.6%; adjusted R2 = 17.1%; f2 = 0.244). Effect size, according to Cohen's f2, was estimated as medium to large. None of the variables in the model had a VIF higher than the suggested cutoff for multicollinearity.

Some diagnostic plots were used for testing the assumptions underlying the linear regression model by taking into account residual errors and fitted values. The model, which focused on total healthcare costs due to hospital use, showed a reasonable adaptation. In the residual vs. fitted plot, the residuals were spread equally around a horizontal line without distinct patterns (and the red line was approximately horizontal near zero), indicating a linear relationship. In the Q-Q plot, the majority of the residuals follow the straight dashed line. In the Scale-Location plot, there was a minor deviation from the homoscedasticity, confirmed by the Breusch–Pagan test (46): BP = 10.22, df = 4, p = 0.037. Just one point (case 19) was identified as influential based on Cook's distance (Supplementary Figure 1). We repeated the analysis by excluding this influential point (Table 5). In the new model, just the presence of a mood disorder diagnosis remained statistically related to healthcare costs due to hospital use, with a decrease in the overall effect size: F(4;127) = 3.06; p = 0.019; R2 = 8.7%; adjusted R2 = 5.9%; f2 = 0.095. According to the diagnostic plots, the model had a good fit, there was no influential point according to Cook's distance, and there was no more deviation from the homoscedasticity (BP = 2.53, df = 4, p = 0.639).


TABLE 5 Factors associated with total healthcare costs due to hospital admissions and emergency department access in kidney transplant recipients in a stepwise multivariable linear regression model after the exclusion of the influential point.
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4. Discussion

In this study, we found that some psychosocial variables and clinical dimensions influenced total healthcare costs, hence total healthcare use, in kidney transplant recipients. In particular, a propensity to somatization and the presence of a mood disorder increased healthcare use costs for emergency department visits and hospital admissions. Furthermore, greater access to the emergency department and a higher chance of admission to the hospital were related to a greater risk of death in KTRs. These findings underline the need to assess psychosocial dimensions, such as somatization and mood disorder as predictors of healthcare use in kidney transplant recipients and possible risk factors for poor outcomes until death, using the DCPR semi-structured interview and MINI6.0 structured interview, respectively.

Mood disorders were also shown to increase total healthcare costs due to emergency department access and hospital admission. Regarding the former, this is in line with the literature, as approximately 50% of frequent emergency department users have a mental health diagnosis (47) and patients with mood disorders have been found to carry a 3-fold risk of frequent emergency department use (48). Besides a possible increase in emergency department use, higher costs might also be the result of the harmful effect of the mood disorder itself, thus raising the total healthcare costs due to hospital admission. Depression, which represents the most common type of mood disorder, specifically represents a risk factor for graft failure and post-transplant mortality (12), and it is associated with poor adherence to immunosuppressive medication (49). Non-compliance to medications can dangerously affect the outcomes of kidney transplantation (50, 51) and, together with alcohol consumption and cigarette smoking (52, 53), is a hallmark of depression (54). The detrimental effect of mood disorders on physical health might be also explained by other mechanisms, such as autonomic dysfunction (55), impaired cellular immune response (56), heightened inflammation (57), and increased platelet aggregation (58). Finally, in patients affected by mood disorders, harm could also come from treatments, as there is evidence that antidepressant medication use, which represents the most prescribed drug for mood disorders, is associated with increased mortality and all-cause graft failure in the year following transplantation (59). Even though this could just represent an association, the consumption of other medications used to treat mood disorders, such as antipsychotics or lithium, represents instead a well-established risk for poorer physical health (60, 61). In our study, the presence of mood disorders remained a significant predictor of increased healthcare costs even when excluding the influential point.

Regarding somatization, it was found to be a predictor of higher costs. Compared with the general population, this tendency to experience and communicate somatic distress in response to psychosocial stress (and to seek medical help for it) has been associated with a higher hospital length of stay, higher inpatient costs, and more specialist visits (62). Patients with these conditions often present with vague and difficult-to-identify symptoms, leading to detrimental economic effects (63). In fact, the annual medical costs for “somatizers” have indeed been found to be 2.3 times that for a “non-somatizer', with three times as many hospitalizations (62). Furthermore, KTRs affected by this cluster of syndromes might be more exposed to iatrogenic harm (64–67), leading to a further increase in hospital stays, examinations, and costs.

Furthermore, some limitations of our study should be also mentioned. First, the lack of data regarding the costs of ambulatory care and their changes on the basis of psychosocial clinically significant conditions in KTRs. However, it is complex to quantify the economic burden of this activity as it requires the systematic quantification of the additional costs, which is not always comparable, due to the multiple medical and surgical procedures. Second, the absence of a control group with chronic kidney disease in other settings. Third, some demographics, such as the socioeconomic status (68) (a combined measure of education, income, and occupation) of KTRs, biochemical (69, 70), and ultrasound (71, 72) data were not available to better characterize the population. Additionally, the therapeutic protocols to treat chronic kidney rejection, including steroid dosage, and the economic contribution of physical activity levels, both modifiable risk factors of mental health (73–75), were not evaluated. Finally, no healthcare cost before the kidney transplant was collected.



5. Conclusion

This study demonstrated that higher healthcare costs for hospital admissions and emergency department access were strongly predicted by the DCPR diagnosis of somatization cluster and the ICD diagnosis of mood disorder, respectively. In addition, these healthcare costs were associated with a higher risk of poor outcomes until death in kidney transplant recipients. Further studies of cost analysis, cost-effectiveness, cost-benefit, and cost minimization analysis should be conducted to estimate the economic advantages of early diagnosis and treatment of psychosocial syndromes in kidney transplant recipients. Indeed, the healthcare allocation strategy, a pressing question in the transplantation community, should be rethought to invest accurately the resources that are even more limited; therefore, a comprehensive systematic economic analysis of the physical, physiological, and social aspects is needed.
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