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Objective: To develop an algorithmic model predicting caregiver systemic burden 

by evaluating the complex, non-linear intersections between a care-recipient’s 

neuroticism and the couple’s dyadic coping mechanisms. 

Methods and Materials: A cross-sectional, dyadic study design was utilized, 

comprising 214 caregiver/care-recipient dyads managing chronic illness in 

Yerevan, Armenia. Psychometric data were collected using the Zarit Burden 

Interview (ZBI) for caregiver burden, the Big Five Inventory-2 (BFI-2) for care-

recipient neuroticism, and the Dyadic Coping Inventory (DCI) for dyadic coping. 

Predictive modeling was conducted using a Gradient Boosting Machine (GBM) 

algorithm with the dataset partitioned into training (80%) and testing (20%) 

subsets, while SHapley Additive exPlanations (SHAP) were employed to extract 

feature importance and interaction effects. 

Findings: The GBM model exhibited strong predictive performance, accounting 

for 64%of the variance in caregiver systemic burden on the test set (𝑅2 = 0.64), 

with a Root Mean Square Error (𝑅𝑀𝑆𝐸) of 9.58. SHAP analyses identified care-

recipient neuroticism as the most potent predictor of burden (Mean ∣ 𝑆𝐻𝐴𝑃 ∣=
4.72), followed by caregiver engagement in negative dyadic coping (Mean ∣
𝑆𝐻𝐴𝑃 ∣= 3.15) and illness duration (Mean ∣ 𝑆𝐻𝐴𝑃 ∣= 2.09). Interaction analyses 

revealed that the detrimental impact of partner neuroticism was exponentially 

amplified by negative dyadic coping and significantly buffered by active supportive 

dyadic coping. 

Conclusion: Algorithmic modeling effectively demonstrates that caregiver 

systemic burden is a deeply interdependent phenomenon, highlighting that the 

psychological toll of a partner’s neuroticism is highly conditional upon the couple’s 

underlying dyadic coping architecture. 
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1. Introduction 

he global epidemiological transition from acute to 

chronic diseases has fundamentally restructured the 

landscape of modern healthcare, shifting a profound degree 

of responsibility from formal medical institutions to the 

informal family unit. Consequently, family caregivers have 

emerged as the invisible backbone of chronic illness 

management. However, this critical role is frequently 

accompanied by severe, multidimensional distress, 

collectively conceptualized as caregiver systemic burden. 

This burden is not a monolithic experience; rather, it 

manifests uniquely across a vast spectrum of socio-

demographic contexts and clinical diagnoses. For instance, 

caregivers supporting older women experiencing poverty 

navigate intersectional disadvantages that severely limit 

their access to essential resources, exacerbating their 

objective and subjective burden (Chica‐Pérez et al., 2025). 

Similarly, parents caring for adult children with autism 

spectrum disorder face prolonged, lifelong trajectories of 

care that uniquely strain financial and emotional reserves 

(Marsack‐Topolewski et al., 2025), a challenge that begins 

early in childhood as caregivers struggle with daily routines, 

such as maintaining the oral hygiene of autistic children 

(Karuna et al., 2024). The chronicity and severity of the 

patient’s condition directly dictate the caregiver’s 

psychosocial reality. Caregivers of patients with highly 

demanding physiological needs, such as individuals 

requiring lower-limb amputations (Rodrigues et al., 2025) or 

those managing transfusion-dependent conditions like 

thalassemia (Sikandar et al., 2024), face distinct physical and 

psycho-social challenges that require highly specialized 

empowerment strategies. 

Furthermore, the environmental and systemic context in 

which caregiving occurs can exponentially amplify this 

baseline burden. The recent COVID-19 pandemic vividly 

illustrated how external disruptions to healthcare access and 

social support systems catastrophically compounded the 

caring challenges faced by family members of oncology 

patients (Sharbafchi et al., 2025). In even more extreme 

contexts, research investigating caregivers in regions 

experiencing profound, protracted conflict and mass trauma 

underscores that severe environmental stressors threaten 

fundamental psychological survival, creating a devastating 

intersection between caregiving duties and extreme mental 

health deterioration (Veronese et al., 2025). Even in stable 

environments, the continuous demands of caring for 

vulnerable populations, such as disabled elderly individuals, 

frequently precipitate a downward psychological spiral, 

culminating in high levels of compassion fatigue and severe 

burnout, while simultaneously eroding compassion 

satisfaction (Yang et al., 2025). 

While the general strain on family members is well-

documented, the dynamics of caregiving within the context 

of a spousal or romantic partnership warrant distinct clinical 

and theoretical attention. Partner caregiving fundamentally 

alters the pre-existing equilibrium of the romantic dyad, 

forcing a transition from an egalitarian partnership to an 

asymmetric caregiver and care-recipient dynamic. This shift 

routinely disrupts the equitable distribution of household 

tasks, directly correlating with increased subjective burden 

(Otobe et al., 2023). More profoundly, the intrusion of 

chronic illness deeply affects the emotional and physical 

intimacy of the couple, a phenomenon well-documented in 

the context of Alzheimer’s disease and related dementias 

(Harris et al., 2011). The psychological distress experienced 

by spousal caregivers is often severe and enduring. Partners 

providing care to veterans with chronic post-traumatic stress 

disorder (PTSD) exhibit substantial caregiver burden and 

psychological distress, driven by the unpredictable 

behavioral symptoms of the patient (Calhoun et al., 2014). 

Similarly, women caring for partners with traumatic brain 

injury (TBI) frequently report diminished perceived health 

and heavily compromised quality of life (Saban et al., 2016). 

In the realm of severe neurological and oncological 

conditions, the suffering of the caregiver is inextricably 

linked to the patient’s decline. Spousal caregivers of partners 

with brain tumors report profound existential and 

psychological suffering (Francis et al., 2021), while 

longitudinal studies in lung cancer reveal a reciprocal cycle 

of distress, wherein the patient’s anxiety and depression 

continuously exacerbate the spouse’s distress and overall 

burden (Milbury et al., 2013). Consequently, sudden medical 

events, such as a partner’s stroke, precipitate an immediate 

and sustained drop in the caregiver’s life satisfaction, 

necessitating targeted interventions during and after 

inpatient rehabilitation (Ostwald et al., 2009). 

To navigate this systemic burden, caregivers and family 

systems deploy a wide array of coping mechanisms, the 

efficacy of which largely determines long-term 

psychological outcomes. The adoption of positive coping 

styles is consistently linked to enhanced family resilience, 

acting as a crucial buffer against caregiver burden in chronic 

conditions such as Chronic Obstructive Pulmonary Disease 

(COPD) (Zhang et al., 2024). The cognitive framing and 

emotion regulation strategies utilized by the caregiver are 

T 
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paramount; specifically, a caregiver’s emotion regulation 

capacity directly mediates the relationship between their 

own pain-related beliefs and the subsequent coping 

strategies adopted by the patient (Alinajimi et al., 2023). 

Across different developmental and psychiatric landscapes, 

coping profiles vary significantly. Caregivers of young 

adults with developmental disabilities exhibit specific 

coping styles that directly dictate their overall well-being 

(Singer et al., 2023). In the context of chronic psychiatric 

conditions, family caregivers of patients with schizophrenia 

(Tengku Mohd Saifuddin Tengku et al., 2022) and other 

severe mental disorders (Marzban et al., 2024) employ 

diverse, and sometimes maladaptive, coping strategies to 

manage the episodic unpredictability of the illness. 

Conversely, highly adaptive strategies, such as spiritual 

coping, have emerged as vital protective factors for 

caregivers of relatives with severe mental illness, prompting 

the development of specific nursing interventions to foster 

this domain (Casaleiro et al., 2024). Even following the 

ultimate loss of the care-recipient, the coping process 

continues; bereaved family caregivers rely heavily on 

positive meaning reconstruction within the dual-process 

model of grief to navigate their bereavement (Tey & Lee, 

2022). 

Recognizing that coping does not occur in a vacuum, 

contemporary psycho-oncology and behavioral medicine 

have increasingly shifted focus from the individual caregiver 

to the family system as a whole. Family resilience has been 

identified as a critical determinant of psychosocial 

adaptation, particularly in highly stressful contexts such as 

adolescent and young adult hematological malignancies, 

where the entire family’s systemic response dictates clinical 

outcomes (Zhang et al., 2025). Consequently, modern 

therapeutic interventions are increasingly designed to target 

systemic and dyadic mechanisms. Approaches such as 

Acceptance and Commitment Therapy (ACT) are being 

broadly implemented to simultaneously support patients 

with advanced progressive illnesses, their family caregivers, 

and the clinical staff (Watt, 2023). Emotion-focused family 

therapy seeks to directly engage caregivers, improving 

parental reflective functioning to better serve the 

psychological needs of the patient (Radosavljevic, 2025). 

The immediate, real-time dynamics of these familial 

interactions are now being captured using advanced 

methodologies like Ecological Momentary Assessment 

(EMA), providing granular insights into the daily lives of 

adolescents with anorexia nervosa and their caregivers 

undergoing family-based treatment (Singh et al., 2025). This 

emphasis on systemic interaction highlights that the 

emotional environment created by the caregiver—

specifically caregiver emotion socialization—profoundly 

impacts the psychosocial adjustment of the child or patient, 

as observed in pediatric cancer contexts (Guthrie et al., 

2025). Recognizing the unique vulnerabilities of the dyadic 

unit, specific randomized trials are now focusing on 

resilience-based interventions exclusively designed to 

fortify psychologically distressed partner caregivers (Genter 

et al., 2021). 

Despite the extensive literature documenting caregiver 

burden and coping, a critical theoretical and methodological 

gap remains regarding the intersecting influence of the care-

recipient’s personality traits and the couple’s shared coping 

processes. While individual coping strategies are well 

understood, chronic illness within a partnership is managed 

through dyadic coping—the interplay of stress signals and 

coping responses between partners. However, the efficacy of 

dyadic coping is highly susceptible to the psychological 

disposition of the care-recipient. Specifically, the 

personality trait of neuroticism, characterized by a pervasive 

tendency toward negative emotionality, anxiety, moodiness, 

and emotional instability, acts as a profound disruptor within 

the dyadic system. When a care-recipient exhibits high 

levels of neuroticism, their chronic state of distress 

continuously saturates the dyadic environment, demanding 

disproportionate emotional labor from the caregiver. It is 

hypothesized that the toxic effect of a patient’s neuroticism 

does not simply add to caregiver burden; rather, it 

fundamentally alters the effectiveness of the couple’s dyadic 

coping mechanisms, creating a compounding systemic 

burden that is poorly understood in current literature. 

Methodologically, the bulk of existing psycho-social 

research relies on traditional linear statistical frameworks, 

such as multiple regression analysis, typically represented 

by the general linear model 𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2+. . . +𝜖. 

While these models are effective for isolating the 

independent main effects of isolated variables, they are 

inherently limited in their capacity to map complex, non-

linear relationships and high-order, multidimensional 

interactions. The reality of human relational dynamics—

particularly the intricate interplay between a specific 

personality phenotype (neuroticism) and a multifaceted 

interpersonal process (dyadic coping)—is rarely linear. For 

instance, the destructive impact of a care-recipient’s 

neuroticism on the caregiver’s mental health may remain 

relatively dormant until a specific threshold of negative 

dyadic coping is breached, at which point the burden may 
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escalate exponentially rather than additively. To accurately 

capture the variance (𝑅2) in caregiver burden driven by these 

complex, conditional intersections, a paradigm shift toward 

algorithmic modeling and machine learning is required. 

Algorithmic approaches, such as gradient boosting or 

random forests, operate without pre-specified assumptions 

about the data’s distribution or linearity. They are 

mathematically designed to detect latent, non-linear 

interaction effects, thereby providing a more highly 

resolved, ecologically valid architecture of how burden is 

actually generated within the dyad. By integrating advanced 

algorithmic modeling into psycho-social research, we can 

move beyond generalized risk factors to generate precise, 

personalized predictive models of systemic distress. 

Therefore, the aim of this study was to develop an 

algorithmic model to predict caregiver systemic burden by 

examining the complex intersections between care-recipient 

neuroticism and dyadic coping mechanisms. 

2. Methods and Materials 

2.1. Study Design and Participants 

This investigation employed a cross-sectional, dyadic 

study design to examine the interplay of individual and 

relational factors contributing to caregiver burden. The study 

sample was recruited from multiple outpatient clinics and 

patient support networks within Yerevan, Armenia, ensuring 

a diverse representation of chronic health conditions. 

Participants were recruited through purposive sampling, 

targeting couples where one partner was diagnosed with a 

significant chronic illness and the other self-identified as the 

primary informal caregiver. Inclusion criteria for the dyads 

stipulated that the care-recipient must have received a formal 

diagnosis of a chronic condition (e.g., cancer, chronic heart 

failure, multiple sclerosis, advanced diabetes) for a 

minimum of six months prior to the study, both partners had 

to be over 18 years of age, cohabiting for at least one year, 

and fluent in Armenian. Exclusion criteria included the 

presence of severe cognitive impairment in either partner 

that would preclude informed consent or reliable self-report, 

or situations where the caregiver received formal financial 

compensation for their role. After providing written 

informed consent, a final sample of 214 dyads, comprising a 

total of 428 individuals, completed the full battery of 

assessments. The participants were instructed to complete 

the questionnaires independently to ensure the privacy and 

honesty of their responses. 

2.2. Measures 

Data were collected using a structured questionnaire 

packet translated into Armenian following a rigorous back-

translation protocol to ensure semantic and cultural 

equivalence. The packet included several validated 

psychometric instruments. To measure the primary outcome 

variable, caregiver systemic burden, the Armenian version 

of the Zarit Burden Interview (ZBI) was administered. This 

22-item scale assesses the level of perceived burden across 

various domains, including the caregiver’s health, 

psychological well-being, finances, and social life, with 

responses rated on a 5-point Likert scale. The care-recipient 

partner’s neuroticism was assessed using the Neuroticism 

subscale of the Big Five Inventory-2 (BFI-2). This subscale 

consists of items that evaluate the extent of negative 

emotionality, such as anxiety, moodiness, and irritability. 

Both partners completed the BFI-2, but only the care-

recipient’s neuroticism score was utilized as a primary 

predictor in the model, consistent with the study’s aim. To 

capture the relational dynamics, the Dyadic Coping 

Inventory (DCI) was administered to both partners. The DCI 

is a comprehensive measure that assesses how couples cope 

with stress together. It yields scores for several dimensions, 

including Supportive Dyadic Coping (e.g., providing 

practical and emotional support), Common Dyadic Coping 

(e.g., joint problem-solving), and Negative Dyadic Coping 

(e.g., hostile or ambivalent support). Finally, a custom-

developed sociodemographic and clinical questionnaire was 

used to collect essential information, including participant 

age, gender, educational level, relationship duration, type of 

chronic illness, and duration since diagnosis. 

2.3. Data Analysis 

All statistical analyses were conducted using the R 

programming language for statistical computing. The initial 

phase of analysis involved data cleaning and screening for 

missing values, which were handled using multiple 

imputation techniques where appropriate. Descriptive 

statistics, including means, standard deviations, and 

frequencies, were calculated for all demographic, clinical, 

and psychosocial variables. Internal consistency reliability 

for each scale’s score in the current sample was assessed 

using Cronbach’s alpha (𝛼). The central analysis to address 

the study’s primary objective involved the development of 

an algorithmic model to predict caregiver systemic burden. 

A Gradient Boosting Machine (GBM) approach was 

selected for this purpose due to its high predictive accuracy 
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and its inherent ability to model complex, non-linear 

relationships and high-order interactions between variables 

without pre-specification. The total ZBI score served as the 

continuous outcome variable. Predictor variables included 

the care-recipient’s neuroticism score, the various subscale 

scores from both partners’ DCI reports, and key 

demographic and clinical covariates (e.g., caregiver age, 

illness duration). To prevent model overfitting and to 

evaluate its generalizability, the dataset was randomly 

partitioned into a training set (80% of the sample) and a 

testing set (20% of the sample). The model was trained on 

the training data, and its predictive performance was 

evaluated on the unseen testing data using metrics such as 

the Root Mean Square Error (𝑅𝑀𝑆𝐸) and the coefficient of 

determination (𝑅2). To interpret the complex GBM model 

and understand the precise impact of each predictor, 

SHapley Additive exPlanations (SHAP) values were 

calculated. The SHAP framework allowed for the 

quantification of each variable’s contribution to the 

prediction of caregiver burden for each individual case, 

thereby illuminating how the intersection of partner 

neuroticism and specific dyadic coping mechanisms drives 

the model’s output. 

3. Findings and Results 

The final sample consisted of 214 dyads. The 

sociodemographic and clinical characteristics of the 

caregivers and care-recipients are detailed in Table 1. 

Caregivers were predominantly female (71.0%) with a mean 

age of 53.8 years (𝑆𝐷 = 12.1), while care-recipients had a 

more balanced gender distribution (48.1% female) and a 

mean age of 56.2 years (𝑆𝐷 = 11.5). The average duration 

of the dyadic relationship was 28.3 years (𝑆𝐷 = 14.2). The 

chronic illnesses represented in the care-recipient sample 

were varied, with the most common being cardiovascular 

diseases (34.6%), various forms of cancer (25.2%), and 

advanced diabetes mellitus (18.7%). The mean duration 

since the primary diagnosis was 5.7 years (𝑆𝐷 = 4.9). 

On average, caregivers reported a moderate level of 

systemic burden, with a mean Zarit Burden Interview (ZBI) 

score of 38.4 (𝑆𝐷 = 16.5), indicating a significant impact on 

their well-being. The mean score for care-recipient 

neuroticism was 3.1 (𝑆𝐷 = 0.9) on a 5-point scale, 

suggesting a tendency toward negative emotionality within 

this group. Regarding relational dynamics, both partners 

reported relatively high levels of supportive dyadic coping 

and common dyadic coping, while reports of negative dyadic 

coping were, on average, low. However, substantial 

variability was observed across all coping subscales, 

suggesting a wide range of coping effectiveness within the 

sample. 

Table 1 

Sociodemographic, Clinical, and Psychosocial Characteristics of the Study Sample (N = 214 Dyads) 

Characteristic Caregivers (n=214) Care-Recipients (n=214) 

Demographics 

  

Age, M (SD) 53.8 (12.1) 56.2 (11.5) 

Gender, n (%) 

  

    Female 152 (71.0) 103 (48.1) 

    Male 62 (29.0) 111 (51.9) 

Relationship Duration (years), M (SD) 28.3 (14.2) 28.3 (14.2) 

Clinical Variables 

  

Illness Duration (years), M (SD) N/A 5.7 (4.9) 

Illness Type, n (%) N/A 

 

    Cardiovascular Disease 

 

74 (34.6) 

    Cancer 

 

54 (25.2) 

    Diabetes Mellitus 

 

40 (18.7) 

    Other (Neurological, Renal, etc.) 

 

46 (21.5) 

Psychosocial Variables, M (SD) 

  

Caregiver Systemic Burden (ZBI) 38.4 (16.5) N/A 

Neuroticism (BFI-2) 2.5 (0.8) 3.1 (0.9) 

Supportive Dyadic Coping (DCI) 3.9 (0.7) 3.8 (0.8) 

Common Dyadic Coping (DCI) 3.7 (0.9) 3.7 (0.9) 

Negative Dyadic Coping (DCI) 1.8 (0.6) 1.7 (0.5) 
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Preliminary correlational analyses were conducted to 

examine the direct relationships between caregiver burden, 

care-recipient neuroticism, and the various dyadic coping 

subscales. As presented in Table 2, caregiver systemic 

burden demonstrated a strong and significant positive 

correlation with care-recipient neuroticism (𝑟 = .51, 𝑝 <

.001), providing initial support for the hypothesis that a 

partner’s negative emotional disposition is a key factor in 

caregiver distress. Furthermore, caregiver burden was 

significantly and positively associated with both the 

caregiver’s (𝑟 = .48, 𝑝 < .001) and the care-recipient’s 

(𝑟 = .41, 𝑝 < .001) report of negative dyadic coping. 

Conversely, burden was negatively correlated with 

supportive dyadic coping as reported by both the caregiver 

(𝑟 = −.35, 𝑝 < .001) and the care-recipient (𝑟 = −.39, 𝑝 <

.001). These findings highlight that while dysfunctional 

coping patterns are linked to higher burden, supportive 

interactions are associated with lower burden. 

Table 2 

Pearson Correlation Matrix of Key Study Variables 

Variable 1 2 3 4 5 6 

1. Caregiver Systemic Burden — 

     

2. Care-Recipient Neuroticism .51** — 

    

3. CG Supportive DC -.35** -.29** — 

   

4. CR Supportive DC -.39** -.33** .62** — 

  

5. CG Negative DC .48** .40** -.25** -.21* — 

 

6. CR Negative DC .41** .45** -.19* -.28** .58** — 

 

The Gradient Boosting Machine (GBM) model 

demonstrated strong predictive performance in explaining 

the variance in caregiver systemic burden. When applied to 

the unseen test set (20% of the sample), the final model 

accounted for 64% of the variance in ZBI scores (𝑅2 = .64), 

with a Root Mean Square Error (𝑅𝑀𝑆𝐸) of 9.58. This 

indicates that the model’s predictions were, on average, 

within approximately 9.6 points of the actual caregiver 

burden scores, a notable level of accuracy given the ZBI’s 

range of 0 to 88. 

To deconstruct this predictive performance and 

understand the drivers of the model, SHapley Additive 

exPlanations (SHAP) were employed. The overall 

importance of each predictor, quantified by the mean 

absolute SHAP value, is presented in Table 3. The analysis 

revealed that care-recipient neuroticism was, by a 

considerable margin, the most influential single predictor of 

caregiver burden. This was followed by the caregiver’s own 

report of negative dyadic coping and the duration of the care-

recipient’s illness. The care-recipient’s perception of 

supportive dyadic coping also emerged as a significant 

protective factor, ranking fourth in importance. These top 

predictors collectively illustrate that caregiver burden is 

algorithmically best understood as a function of the ill 

partner’s disposition, the functionality of the couple’s 

coping interactions, and the chronicity of the stressor itself. 

 

Table 3 

Predictor Importance Ranking for the Gradient Boosting Model Based on Mean Absolute SHAP Values 

Rank Predictor Variable Mean |SHAP| Value 

1 Care-Recipient Neuroticism 4.72 

2 Caregiver-Reported Negative Dyadic Coping 3.15 

3 Illness Duration (years) 2.09 

4 Care-Recipient-Reported Supportive Dyadic Coping 1.88 

5 Caregiver Age 1.45 

6 Caregiver-Reported Supportive Dyadic Coping 1.21 

 

A deeper examination of the SHAP values revealed 

critical interaction effects, which were central to the study’s 

objective. The detrimental impact of care-recipient 

neuroticism was not uniform across all contexts; its effect 

was significantly moderated by the dyadic coping 

environment. Specifically, in dyads where caregivers 
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reported high levels of negative dyadic coping (e.g., hostile 

or ambivalent responses to stress), high care-recipient 

neuroticism exerted a potent, amplified effect, strongly 

pushing the model’s prediction toward severe burden. 

Conversely, in the presence of low negative dyadic coping, 

the same level of partner neuroticism had a substantially 

weaker impact on predicted burden. Similarly, the protective 

effect of care-recipient-reported supportive coping was most 

pronounced when their partner’s neuroticism was high. This 

suggests that active, supportive coping by the ill partner may 

act as a crucial buffer that mitigates the stress generated by 

their own negative emotional tendencies, thereby shielding 

the caregiver from more extreme levels of burden. 

4. Discussion 

The primary objective of this study was to move beyond 

traditional linear paradigms by developing an algorithmic 

model to predict caregiver systemic burden, specifically 

examining the complex intersections between care-recipient 

neuroticism and dyadic coping mechanisms. The utilized 

Gradient Boosting Machine (GBM) demonstrated 

exceptional predictive capability, accounting for a 

substantial 64% of the variance (𝑅2 = .64) in caregiver 

systemic burden. This robust predictive accuracy validates 

the utility of machine learning approaches in capturing the 

multidimensional, non-linear realities of psychosocial 

distress. In alignment with our central hypothesis, the 

algorithmic extraction of variable importance via SHAP 

values revealed that care-recipient neuroticism was the most 

potent predictor of caregiver burden, followed closely by the 

caregiver’s own engagement in negative dyadic coping and 

the chronicity of the illness. Crucially, the model illuminated 

significant interaction effects, demonstrating that the 

destructive psychological impact of a partner’s negative 

emotionality is not absolute; rather, it is heavily amplified or 

buffered by the specific coping architecture of the marital 

dyad. 

The finding that a care-recipient’s neuroticism serves as 

the primary driver of caregiver systemic burden highlights 

the deeply intertwined emotional realities of chronic illness 

within a romantic partnership. Neuroticism, characterized by 

a persistent vulnerability to anxiety, irritability, and 

emotional volatility, essentially creates a pervasive 

environment of chronic stress that the caregiver must 

continuously navigate. This continuous exposure drains the 

caregiver’s emotional reserves, frequently accelerating the 

onset of severe burnout and compassion fatigue, while 

systematically eroding compassion satisfaction (Yang et al., 

2025). Our results strongly align with previous longitudinal 

research in psycho-oncology, which demonstrated that a 

patient’s psychological distress inevitably cascades into 

their spouse’s psychological framework, creating a 

reciprocal cycle of heightened burden (Milbury et al., 2013). 

Similar destructive emotional contagion has been observed 

in partners of veterans suffering from chronic post-traumatic 

stress disorder, where the unpredictable and volatile 

behavioral symptoms associated with the patient’s condition 

drastically elevate the caregiver’s psychological distress 

(Calhoun et al., 2014). When a partner experiences intense 

existential and physical suffering, such as in the context of 

brain tumors, the caregiver’s own psychological equilibrium 

is severely threatened (Francis et al., 2021). The algorithmic 

prominence of neuroticism in our model mathematically 

confirms that managing the physical symptoms of a disease 

is often secondary to the invisible, exhausting labor of 

managing a partner’s chronic negative affect. 

Furthermore, our findings highlight the critical role of 

relational functionality, specifically the detrimental impact 

of negative dyadic coping and the protective power of 

supportive dyadic coping. The model indicated that hostile, 

ambivalent, or superficial coping responses (negative dyadic 

coping) from the caregiver ranked as the second most 

influential predictor of burden. This suggests that when 

couples fail to tackle the illness as a unified front and instead 

resort to frustration or emotional withdrawal, the systemic 

burden exponentially increases. The adoption of specific 

coping strategies is heavily mediated by the individual’s 

underlying emotional regulation capacities and their illness-

related beliefs (Alinajimi et al., 2023). Dysfunctional coping 

styles are frequently reported among caregivers managing 

severe mental disorders, significantly compounding their 

daily challenges (Marzban et al., 2024), as well as in 

schizophrenia caregiving contexts, where maladaptive 

strategies are linked to heightened distress (Tengku Mohd 

Saifuddin Tengku et al., 2022). Conversely, the SHAP 

analysis revealed that when the care-recipient actively 

engaged in supportive dyadic coping—acknowledging the 

caregiver’s stress and offering emotional reciprocity—it 

served as a powerful algorithmic buffer against the toxic 

effects of their own neuroticism. The presence of positive, 

supportive coping mechanisms is consistently associated 

with fostering robust family resilience, effectively 

mitigating the psychological weight of chronic conditions 

like COPD (Zhang et al., 2024). By prioritizing shared 

meaning and mutual support, couples can significantly alter 

https://portal.issn.org/resource/ISSN/3041-8798


 Naseem et al.                                                                                                                                                Applied Family Therapy Journal 7:2 (2026) 1-11 

 

 8 
E-ISSN: 3041-8798 

the trajectory of their psychosocial outcomes, a dynamic 

similarly crucial in maintaining well-being among 

caregivers of young adults with developmental disabilities 

(Singer et al., 2023). 

The model also identified illness duration as a central 

predictor, underscoring that caregiving is a chronic, 

unfolding trajectory rather than an acute event. The 

chronicity of illness systematically disrupts the foundational 

elements of the dyad. Over time, prolonged caregiving 

forces a radical renegotiation of domestic roles, negatively 

skewing the sharing ratio of household tasks and steadily 

increasing subjective burden (Otobe et al., 2023). As 

illnesses progress, particularly conditions like Alzheimer’s 

disease, the foundational intimacy and reciprocal nature of 

the couple’s relationship are profoundly degraded (Harris et 

al., 2011). The long-term temporal demands are 

exceptionally draining in lifelong conditions, such as caring 

for adult children with autism (Marsack‐Topolewski et al., 

2025), or managing the relentless daily care routines 

required for autistic children (Karuna et al., 2024). Similarly, 

chronic physiological demands, such as those faced by 

caregivers of lower-limb amputees (Rodrigues et al., 2025) 

or patients with transfusion-dependent thalassemia 

(Sikandar et al., 2024), require sustained, long-term 

empowerment strategies to prevent caregiver collapse. The 

sudden onset of a chronic trajectory, such as following a 

partner’s stroke, causes an immediate deterioration in the 

caregiver’s life satisfaction that persists long after formal 

rehabilitation concludes (Ostwald et al., 2009). Importantly, 

this temporal burden does not exist in a vacuum; it is highly 

sensitive to external socio-environmental pressures. The 

systemic burden is drastically magnified when caregiving 

intersects with socioeconomic vulnerabilities, such as older 

women experiencing poverty (Chica‐Pérez et al., 2025), 

during systemic healthcare disruptions like the COVID-19 

pandemic (Sharbafchi et al., 2025), or under the devastating 

environmental trauma of mass conflict zones (Veronese et 

al., 2025). 

Finally, the non-linear interactions mapped by our 

algorithm strongly advocate for a systemic, family-centered 

approach to psychological intervention. Because the 

emotional socialization within the family unit directly 

dictates individual adjustment (Guthrie et al., 2025), 

isolating the caregiver for treatment while ignoring the 

patient’s neuroticism or the couple’s coping dynamics is 

clinically insufficient. The protective buffering effect of 

supportive coping observed in our model strongly supports 

the integration of dyadic-level interventions. Approaches 

such as Acceptance and Commitment Therapy (ACT), 

which can be simultaneously applied to patients, caregivers, 

and clinical staff, offer a promising framework for fostering 

relational flexibility (Watt, 2023). Emotion-focused family 

therapy, which directly enhances the reflective functioning 

and emotional engagement of the family unit, is essential for 

rewriting maladaptive interactive scripts (Radosavljevic, 

2025). Cultivating shared family resilience is particularly 

critical in high-stakes oncology settings (Zhang et al., 2025), 

and randomized trials evaluating resilience-based 

interventions specifically tailored for distressed partner 

caregivers are demonstrating significant efficacy (Genter et 

al., 2021). To capture the granular shifts in these relational 

dynamics, advanced methodologies like Ecological 

Momentary Assessment (EMA) are increasingly vital (Singh 

et al., 2025). Even in the face of inevitable loss, adaptive 

dyadic functioning lays the groundwork for healthier 

bereavement, allowing surviving partners to effectively 

utilize positive meaning reconstruction strategies (Tey & 

Lee, 2022). Furthermore, encouraging transcendent or 

spiritual coping mechanisms can provide profound 

existential relief for families navigating the darkest realities 

of severe mental illness (Casaleiro et al., 2024). 

5. Conclusion 

This study successfully utilized a Gradient Boosting 

Machine algorithmic model to decode the complex, systemic 

architecture of caregiver burden within the context of 

chronic illness. The findings unequivocally demonstrate that 

a care-recipient’s neuroticism is the primary catalyst for 

caregiver distress, exerting a profound emotional toll that 

supersedes standard clinical and demographic variables. 

However, the application of SHAP interaction analysis 

revealed that this psychological burden is not deterministic; 

rather, its severity is highly conditional upon the dyadic 

coping environment. High levels of negative, hostile coping 

from the caregiver act as a catalyst, exponentially worsening 

the burden, whereas active, supportive dyadic coping from 

the ill partner functions as a vital psychological buffer. By 

mapping these non-linear interactions, this study shifts the 

conceptualization of caregiver burden from a solitary, 

individual experience to a deeply interdependent, dyadic 

phenomenon, highlighting that the psychological disposition 

of the patient and the relational mechanics of the couple are 

inextricably linked to the caregiver’s ultimate well-being. 

https://portal.issn.org/resource/ISSN/3041-8798
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6. Suggestions and Limitations 

Despite the robust predictive capabilities of the 

algorithmic model, several limitations must be 

acknowledged. Primarily, the cross-sectional nature of the 

study design precludes the establishment of definitive causal 

relationships between partner neuroticism, dyadic coping, 

and subsequent caregiver burden. While the model 

accurately predicts variance, it captures only a single 

temporal snapshot, failing to account for how these complex 

relational dynamics evolve as the chronic illness inevitably 

progresses. Furthermore, the reliance on self-reported 

psychometric assessments introduces the potential for 

shared method variance and social desirability bias, 

particularly regarding sensitive topics such as negative 

dyadic coping and subjective burden. Geographically, the 

sample was restricted to dyads within Armenia, and while 

this provides valuable data on an underrepresented 

population, it limits the broader cross-cultural 

generalizability of the findings, as coping mechanisms and 

familial obligations are heavily influenced by cultural 

norms. Finally, while the GBM framework is highly 

sophisticated, such machine learning models can be 

susceptible to capturing sample-specific noise if not 

carefully interpreted, although strict train-test partitioning 

was utilized to mitigate this risk. 

Future investigations should prioritize longitudinal, 

prospective study designs to capture the dynamic, 

fluctuating nature of caregiver burden and dyadic coping 

over the extended trajectory of a chronic illness. 

Implementing advanced data collection techniques, such as 

Ecological Momentary Assessment (EMA) or daily diary 

methods, would allow researchers to track real-time 

emotional contagion and micro-interactions between 

partners, providing a much higher resolution of how 

neuroticism disrupts daily coping. Additionally, future 

algorithmic models should be expanded to include a broader 

spectrum of personality dimensions beyond neuroticism, 

such as examining how high partner conscientiousness or 

agreeableness might actively facilitate adaptive dyadic 

coping. There is also a critical need for cross-cultural 

replication of these algorithmic models to determine whether 

the interaction effects between negative emotionality and 

dyadic coping hold true across different socio-cultural 

landscapes and diverse healthcare systems. Lastly, clinical 

trials should be designed to test whether interventions 

specifically aimed at modifying the identified high-risk 

interaction pathways mathematically reduce the predicted 

burden in real-world settings. 

Clinically, these findings strongly advocate for a 

paradigm shift from individualistic caregiver support to 

comprehensive, dyadic-focused psychosocial care. 

Healthcare providers must recognize that treating the 

physiological symptoms of a chronic illness is insufficient if 

the psychological environment of the marital dyad is highly 

toxic. Routine clinical practice should incorporate brief 

screenings not only for caregiver burden but also for the 

care-recipient’s baseline neuroticism and negative 

affectivity, allowing clinicians to preemptively identify at-

risk caregivers before severe burnout occurs. 

Psychoeducational programs and therapeutic interventions 

should explicitly target the relational unit, teaching couples 

concrete supportive dyadic coping skills, such as active 

empathetic listening, joint problem-solving, and the 

deliberate reduction of hostile or ambivalent 

communication. By equipping both the patient and the 

caregiver with the tools to navigate emotional distress 

collaboratively, clinical practitioners can effectively buffer 

the systemic stress of chronic illness, ultimately preserving 

the mental health and caregiving capacity of the healthy 

partner. 
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