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Abstract: Introduction: Hemodialysis patients represent a highly vulnerable population,
given that the treatment condition alters and modifies their daily interaction with their
environment, limiting their activities. Objective: To establish the relationship between post-
hemodialysis complications and quality of life in patients in a national hospital in Peru, in
the city of Huancayo. Materials and Methods: Quantitative approach and correlational scope,
with participation of 140 people by census sampling type, which guaranteed the
representativeness of the sample by collecting all the population units that undergo
hemodialysis in the Daniel Alcides Carrién Hospital of Huancayo. The SF-36 Health
Questionnaire was applied, and a self-report data collection form was used to evaluate post-
hemodialysis characteristics such as arterial hypertension, arterial hypotension, nausea,
vomiting, headache and cramps. Results: The study found that there is a moderate significant
correlation between the variables (p = 0.000; Rho = -0.451), indicating that as patients
present greater complications, their perception of quality of life is lower. In addition,
significant correlations were found between hemodialysis patient’s complications and their
physical health (p = 0.000; Rho = -0.479), and mental health (p = 0.000; Rho = -0.366).
Conclusions: Higher indicators of post-hemodialysis complications had a negative impact
on the perception of quality of life, which underscores the need to develop and program
campaigns focused on strengthening quality of life in physical and mental terms to facilitate
adherence to treatment.
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Resumen: Introduccion: Los pacientes en hemodialisis representan una poblacion altamente
vulnerable, dado que la condicion de tratamiento altera y modifica su interaccién diaria con
su medio, limitando sus actividades. Objetivo: Establecer la relacion entre las
complicaciones poshemodialisis y la calidad de vida en pacientes de un hospital nacional de
Per(, en la ciudad de Huancayo. Materiales y Métodos: Enfoque cuantitativo y de alcance
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correlacional, con participacion de 140 personas por tipo de muestreo censal, que garantizo
la representatividad de la muestra al recopilar todas las unidades poblacionales que se
realizan hemodidlisis en el Hospital Daniel Alcides Carrion de Huancayo. Se aplico el
cuestionario de Salud SF-36 y se utilizé una ficha de recoleccion de datos a modo de
autorreporte para evaluar las caracteristicas de la poshemodialisis como hipertension arterial,
hipotension arterial, nduseas, vomitos, cefalea y calambres. Resultados: El estudio encontré
que existe una correlacién significativa moderada entre las variables (p = 0.000; Rho = -
0.451), lo que indica que a medida que los pacientes presentan mayores complicaciones, su
percepcion de calidad de vida es menor. Ademas, se encontraron correlaciones significativas
entre las complicaciones del paciente en hemodidlisis y su salud fisica (p = 0.000; Rho = -
0.479), y mental (p = 0.000; Rho =-0.366). Conclusiones: Mayores indicadores de
complicaciones poshemodialisis tuvieron una repercusion negativa en la percepcion de
calidad de vida, lo que recalca la necesidad de desarrollar y programar campafas enfocadas
en fortalecer la calidad de vida en términos fisicos y mentales para facilitar la adherencia al
tratamiento.

Palabras clave: unidades de hemodialisis en hospital; insuficiencia renal cronica; calidad de
vida.

Resumo: Introducdo: Os pacientes em hemodialise representam uma populacao altamente
vulneravel, uma vez que a condic¢do de tratamento altera e modifica sua interacdo diaria com
0 meio, limitando suas atividades. Objetivo: Estabelecer a relacdo entre as complicacdes
p6s-hemodidlise e a qualidade de vida em pacientes de um hospital nacional do Peru, na
cidade de Huancayo. Materiais e Métodos: Enfoque quantitativo e de alcance correlacional,
com participacdo de 140 pessoas por tipo de amostragem censitaria, 0 que garantiu a
representatividade da amostra ao coletar todas as unidades populacionais que fazem
hemodialise no Hospital Daniel Alcides Carrién, em Huancayo. Aplicou-se o questionario
de Saude SF-36 e utilizou-se uma ficha de coleta de dados em forma de autorrelato para
avaliar as caracteristicas da pos-hemodialise, como hipertensdo arterial, hipotenséo arterial,
nauseas, vomitos, cefaleia e cdibras. Resultados: O estudo constatou que ha uma correlacao
significativa moderada entre as varidveis (p = 0,000; Rho =-0,451), indicando que, a medida
que 0s pacientes apresentam maiores complicacdes, sua percepcdo de qualidade de vida é
menor. Além disso, foram encontradas correlagdes significativas entre as complicacdes dos
pacientes em hemodialise e sua saude fisica (p = 0,000; Rho = -0,479) e mental (p = 0,000;
Rho =-0,366). Conclus@es: Indicadores mais altos de complicacfes pos-hemodialise tiveram
um impacto negativo na percepcao de qualidade de vida, ressaltando a necessidade de
desenvolver e programar campanhas focadas no fortalecimento da qualidade de vida em
termos fisicos e mentais para facilitar a adesdo ao tratamento.

Palavras-chave: unidades de hemodialise em hospital; insuficiéncia renal cronica; qualidade
de vida.

Received: 12/21/2024 Accepted: 04/18/2025



Enfermeria: Cuidados Humanizados, January-June 2025;14(1):4424 Relationship Between Complications and
doi: 10.22235/ech.v14i1.4424 Quality of Life Among Hemodialysis Patients
at a National Hospital in Huancayo, Peru, 2022

How to cite:

Inga-Romero  ME, Huaman-Untiveros S, Arellan-Bravo L. Relationship Between
Complications and Quality of Life Among Hemodialysis Patients at a National Hospital in
Huancayo, Peru, 2022. Enfermeria: Cuidados Humanizados. 2025;14(1):e4424. doi:
10.22235/ech.v14i1.4424

Correspondence: Maricruz Elisa Inga-Romero. E-mail: mari.artint@gmail.com
Introduction

In recent decades, successive changes in the lifestyles of contemporary adults have
led to significant consequences, including reduced physical activity, dietary restrictions,
unbalanced nutritional intake, and increased body mass.

Chronic kidney disease (CKD) is defined as a reduction in kidney function, indicated
by an estimated glomerular filtration rate (GFR) of less than 60 mL/min per 1.73 m2, or the
presence of markers of kidney damage such as albuminuria, hematuria, or abnormalities
detected through laboratory tests or imaging studies persisting for at least three months.

Globally, it is estimated that 9 % of the population is affected by chronic kidney
disease (CKD), @ positioning it as one of the leading causes of morbidity and mortality.
CKD accounts for over one million deaths annually, placing it among the 15 leading causes
of death worldwide. ©® Moreover, during the COVID-19 pandemic, it was observed that
patients with CKD exhibited significantly higher rates (OR = 5.81; p = 0.000). ¥

The prevalence of chronic kidney disease (CKD) in Latin America and the Caribbean
is estimated at around 10 %, which is slightly higher than the global average. ® This is
worrisome, as CKD directly exacerbates the economic burden on already strained public
health budgets. ©® Studies have shown that its prevalence is significantly higher among older
adults and individuals with lower socioeconomic status, with poverty being a major
contributing factor to the increased incidence of CKD in challenged countries. ©)

In Peru, reports indicate that the overall prevalence of CKD ranges from 11 % to
13.2 % in the general population. () In urbanized regions, however significantly higher rates
have been observed, reaching up to 20.7 %. ® Likewise, CKD has resulted in the loss of
31,924 years of life due to premature deaths, calculated by multiplying the number of
registered deaths by life expectancy. Additionally, it has caused approximately 16,117 years
lived with disability, estimated by multiplying the number of cases by the severity and
duration of disability. ©

In this regard, the scientific community has focused on comparing interventions to
assess the quality of evidence for their implementation in CKD treatment, primarily through
meta-analyses of randomized clinical trials. These studies have demonstrated that
hemodialysis is a highly credible procedure for reducing mortality. 9 However, prolonged
exposure to regular hemodialysis sessions and increased hospitalization rates have
negativ?l))/ impacted the health of CKD patients, posing an ongoing challenge for public
health. (1

In that sense, patients undergoing renal replacement therapy may experience a
number of complications after hemodialysis, such as cardiovascular issues resulting from
electrolyte imbalances and fluid overload 2 as well as secondary conditions like mineral
and bone disorders. These can lead to complications such as renal osteodystrophy,
significantly affecting patients’ quality of life and mobility. ¥
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In this regard, numerous studies have emerged aiming to elucidate the biological
determinants of chronic renal failure. @ Likewise, biopsychosocial factors such as stress,
mental health and social support can influence quality of life and access to care in a
bidirectional manner, affecting the patient’s physical health through the disease process. %

At the center of efforts to explain the complications arising from CKD, the
biopsychosocial model has become a key focus for the interdisciplinary community due to
its integration of quality-of-life considerations. *® This model emphasizes individuals’
ability to perceive and perform various activities, which is closely associated with a
favorable state of health. Quality of life, in this context, is based on two interrelated
dimensions: physical health and mental health. )

In relation to physical health, the focus is on bodily functioning and includes aspects
such as physical functioning, role limitations due to physical health, bodily pain and general
health perceptions. ‘% 1) On the other hand, mental health emphasizes understanding and
exploring the human experience, including emotional well-being, psychological resilience
and cognitive function. 617

Despite its significant as a public health issue, Peruvian hospitals lack sufficient
capacity to meet the high demand of patients with kidney failure. As a result, several private
clinics in Peru have been contracted directly by the Ministry of Health (MINSA), through
the Intangible Solidarity Health Fund (FISSAL), to provide hemodialysis services to
patients. Despite these efforts, between 2015 and 2022, only 1,009 patients received a
transplant, while 727 patients are currently on the waiting list.

As a result of research into the complications associated with CKD and their impact
on quality of life, studies have aimed to address theoretical gaps. Bodessova et al. 8
highlighted that physical activity levels, disease severity, and the socio-labor situation of
hemodialysis patients are significant factors that directly affect their quality of life.

Along these lines, Lovaton and Chalco, @ concluded that the majority of patients
who had been on hemodialysis treatment for more than two years reported a good to fair
level of quality of life. They emphasized the importance of protective factors, such as the
support of family and friends, and the crucial role of health professionals in maintaining
quality of life.

Bayhakki et al. ®? noted that intra-hemodialysis complications have a significant and
negative effect on the quality of life of CKD patients (p=0.015). Armiyati et al. @*) confirmed
these findings, noting that such complications comprehensively compromise the condition
of patients and significantly decrease their quality of life

Accordingly, Ali et al. ® noted that post-hemodialysis procedures can lead to
increased anxiety and depression, which correlate with lower quality of life scores.
Therefore, the psychological impact of these complications highlights the need for holistic
treatment strategies that address both physical and mental health. Similar findings were
corroborated by Jafari et al. ®® who reported that the burden of care experienced by
hemodialysis caregivers may indirectly affect patients’ quality of life

The aim of our study is to establish the relationship between post-hemodialysis
complications and quality of life in patients at a national hospital in Huancayo, Peru.
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Methodology

Participants

The sample for this study consists of 140 prevalent patients with CKD undergoing
hemodialysis at the Daniel Alcides Carrién Hospital in Huancayo, Peru. These patients were
financed by FISSAL and attended the hospital between February 13, 2023 and August 17,
2023. Inclusion criteria for the sample were as follows: the presence of a medical history,
consistent exposure to hemodialysis procedures, age range over 18 years, and the signing of
informed consent. Exclusion criteria were limited to cases where participants did not
complete the measurement instruments or were not consistently receiving the intervention
procedures. Consequently, a census sampling method was used, as it included the entire
population to ensure representativeness, facilitated by logistical, economic and practical
conditions.

Study design

This study framed within a quantitative approach, as hypotheses are established
based on objectively measurable data that provide a concrete representation of reality
through the empirical verification of facts, allowing for the calculations of the statistical
probability of their occurrence. ?¥ An analytical typology was used to break down intra-
hemodialysis or post hemodialysis complications and quality of life into dimensions,
establishing relationships and interaction parameters among them. ?®

In this sense, the study was established as a cross-sectional research design, as the
measurements were taken at a specific time, place and within a defined context for sample
units that make up the participants. ¢®

Measuring instruments

The SF-36 Health Questionnaire, developed by Ware and Sherbourne ?® was used
to assess quality of life by measuring physical function, physical role, bodily pain, general
health, vitality, social function, emotional role and mental health. The questionnaire consists
of 36 items and was administered to individuals over the age of 14, either individually or
collectively.

The SF-36 has been validated by Bartolo and Limaylla, ®” in the province of
Huancayo for patients with chronic kidney disease. This validation was conducted through
the evaluation of four specialized judges, with average scores of 91.5, 90.5, 79.5 and 84.5,
placing it in the “very good” category and confirming its applicability in the clinical
population. In this study, reliability was corroborated through internal consistency, with a
coefficient o of 0.935, indicating acceptable reliability.

Regarding the evaluation of post-hemodialysis complications, a record card was
created to document information during dialysis sessions over a period of one month. This
record included the presence of conditions such as arterial hypertension, arterial
hypotension, nausea, vomiting, headache and cramps. The data were then recorded by the
nursing and medical staff in the clinical history of each patient.

The reliability of the information recording card was evaluated based on the binary
standardization of the card’s items, allowing for the summation of symptoms per session.
Internal consistency reliability was calculated using the o coefficient, which was found to be
0.710, indicating an acceptable level of reliability for the application of the instrument in this
study.
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Data collection procedure

Data collection was carried out at the Daniel Alcides Carrion Hospital in Huancayo,
Peru, with the consent of the administrative staff. The professionals in charge were instructed
to ask patients to complete the informed consent form and the SF-36 at the beginning of the
sessions, as well as to fill out the information registration form during the sessions. The
instruments were then stored in a package for each patient and transferred for digitization
into a Microsoft Excel spreadsheet (version 2023). Following this, the database was cleaned
using decision rules to identify missing values and data outside the established range for
each measuring instrument.

Data analysis

First, the spreadsheet was imported into SPSS 23.0 statistical software to perform the
statistical procedures. Second, an exploratory data analysis was conducted to describe the
characteristics of the sample. Third, the Kolmogorov-Smirnov normality test was performed,
given the robustness of the test for sample sizes greater than 50 units, which indicated the
absence of normality. As a result, nonparametric tests were deemed appropriate for
inferential analysis. Fourth, the Spearman’s Rho nonparametric correlation test was applied,
using the following cut-off points proposed by Akoglu (2018): spurious (r or rho = 0); weak
(x0.1 (tz%)i 0.3); moderate (£ 0.4 to + 0.6); strong (£ 0.7 to £ 0.9); and perfect (r or Rho = =
1.00).

Ethical aspects

The study was supervised and approved by the Ethics Committee of the Universidad
Continental under Official Document No. 0206-2022-VI-UC. Authorization was obtained to
conduct the surveys at the Clinica San Andrés, the Centro Médico Especializado en Rifidn,
and the Hospital Regional Docente Clinico Quirdrgico Daniel Alcides Carrion, with
approval from the respective management teams. All participants were informed about the
nature of the study and signed the informed consent form, ensuring the confidentiality and
privacy of their data.

Results

Participants

The patients surveyed ranged in age from 18 to 83 years, with a mean age of 54.16 +
13.32 years. Of the total, 79 participants (56.43 %) were male. Table 1 presents the
population characteristics in relation to educational level, marital status, and type of vascular
access used.
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Table 1 — General characteristics

Characteristics N %
Sex
Male 79 56.43
Female 61 43.57
Educational level
Primary 26 18.57
Secondary 57 40.71
No grade 17 1214
Non-University Superior 30 21.43
University 10 7.14
Marital status
Married 34 24.30
Cohabitant 31 22.10
Divorced 8 571
Single 45 32.19
Widower 22 15.70
Type of vascular access
Long Term Central Venous Catheter (LTCVC) 84 60
Temporary Central Venous Catheter (CVCT) 25 17.86
Arteriovenous Fistula (AVF) 31 22.14

Descriptive analysis

The analysis revealed a significant relationship between educational level and
perceived quality of life, with higher educational levels associated with better quality of life
perceptions (p < 0.05). Table 2 shows this result.

Table 2 — Relationship between level of education and perceived quality of life

Perceived quality of life

Compromised Moderate Stable
quality of life  quality of life quality of life
n (%) n (%) n (%)
No grade 6 (4.3) 6 (4.3) 5(3.6)
Primary 9(6.4) 17 (12.1) 0 (0)
Educational Secondary 12 (8.6) 37 (26.4) 8 (5.7) 0.002
level Non-university superior 1(0.7) 24 (17.1) 5(@3.6) '
University 0 (0) 10 (7.1) 0(0)

The most common etiologies of CKD in this group were diabetes and arterial
hypertension, which together accounted for 56 % of the cases, while other causes were less
frequently reported (Table 3).
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Table 3 — Frequency of Etiology

Etiology N %
Hypertension 40 29
Diabetes 38 27
Other causes 17 12
Congenital hereditary cystic congenital disease 13 9
Interstitial nephritis pyelonephritis 13 9
Neoplasia tumors 10 7
Glomerulonephritis 8 6
Primary glomerulonephritis 1 1
Total 140 100

Relational analysis

Spearman’s correlation analysis revealed a significant, moderate negative correlation
between the study variables (Rho = -0.451, p = 0.000), indicating that post-hemodialysis
complications may contribute to a decline in quality of life, particularly affecting patients’
ability to carry out daily activities (Table 4).

Table 4 — Relationship between post-hemodialysis complications and quality of life

Quality of life Complications
Quality of life Rho 1.000 _451
p-value - 000

The analysis of the physical and mental health dimensions also revealed correlation
coefficients indicating a moderate negative relationship with physical health (Rho = -0.479)
and a weak negative relationship with mental health (Rho = -0.366). Thus, greater post-
hemodialysis complications result in a lower perception of physical and mental health. This
result suggests that the physical and mental health of patients tends to improve as perceived
complications decrease (Table 5). However, it was evident that there was a greater impact
on the physical sphere, so that more complications may have a lower impact on the
perception of physical health.
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Table 5 — Relationship between post-hemodialysis complications and physical/mental
health

Physical health Mental health
Complications Rho -479 -.366
p-value .000 .000

The analysis of the global quality of life score showed significant negative
correlations in several dimensions of the SF-36 test (Table 6). General health has a
correlation of -0.504, physical function -0.432, physical role -0.440, emotional role -0.361
and mental health -0.407. Vitality has a correlation of -0.287 with a significance of 0.001.
However, social role and bodily pain show weaker correlations of -0.120 and -0.164
respectively; social role does not reach statistical significance (p = 0.156) and bodily pain is
borderline (p = 0.052).

Table 6 — Relationship between complications and SF-36 dimensions

GH PF PR ER SF BP \Y MH

Complications Rho -504 432 -440 -361 -120 -164 -287 -407

p-value .000 .000 .000 .000 .156 .052 .001  .000

Note. GH: general health; PF: physical function; PR: physical role; ER: emotional role; SF:
social function; BP: bodily pain; V: vitality; MH: mental health.

Table 7 illustrates the relationship between specific post-hemodialysis complications
and perceived quality of life. Arterial hypotension (p = 0.014), nausea (p = 0.020), and
headache (p = 0.038) showed statistically significant associations with quality of life,
suggesting that these complications may negatively influence patients’ well-being. In
contrast, arterial hypertension (p = 0.407), vomiting (p = 0.720), and cramps (p = 0.193) did
not demonstrate significant correlations, indicating a comparatively lesser impact on
patients’ quality of life.
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Table 7 — Relationship between complications in hemodialysis patients and perceived
quality of life

Perceived quality of life
Compromised Compromised Compromised
quality of life quality of life  quality of life

n (%) n (%) n (%)
Arterial No 15 (10.7) 57 (40.7) 8(5.7) 407
hypertension  yes 13 (9.3) 37 (26.4) 10(7.1)
Arterial No 9 (6.4) 58 (41.4) 12 (8.6) 014
hypotension  Yes 19 (13.6) 36 (25.7) 643)
N 5(@3.6 40 (28.6 10 (7.1
Nausea ° 3.6 (28.6) (7.1) .020
Complication Yes  23(164) 54 (38.6) 8(5.7)
N 20 (14.3 74 (52.9 14 (10
Vomiting ° (14.3) (529) (10) 720
Yes 8 (5.7) 20 (14.3) 4(2.9)
N 8 (5.7 44 (31.4 12 (8.6
Headache ° 6.7) (314) (86) .038
Yes 20 (14.3) 50 (35.7) 6 (4.3)
No 11(7.9) 47 (33.6) 12 (8.6)
Cramps
Yes 17 (12.1) 47 (33.6) 6 (4.3)
Discussion

Scientific evidence has established the evaluation of quality of life as a key cross-
cutting element in mitigating the impact of complications experienced by patients
undergoing hemodialysis.

The patients of the sample were predominantly male (56.43 %) and generally
younger compared to other studies (M 54.16 years). In terms of educational level, 40.71 %
had completed secondary education, while 7.14 % had completed or were currently
attending university. The most common type of vascular access among the participants was
the Long-Term Central Venous Catheter (LTCVC).

Descriptive findings indicated that diabetes and arterial hypertension were the
leading causes of CKD, accounting for 27 % and 29 % of cases respectively. These results
align with existing literature, which identifies these two conditions as the primary etiologies
of CKD. ®® This underscores the critical importance of preventing and effectively managing
these chronic diseases to reduce the risk of progression to CKD.

Other less common causes of CKD were also identified, including interstitial
nephritis pyelonephritis (9 %), congenital hereditary cystic diseases (9 %) and various other
conditions (9 %).

In relation to the type of vascular access used in hemodialysis, our sample was
characterized by a high rate of central venous catheters use and a very low rate of use of
definitive venous access use. Although catheters are a useful resource for immediate
access, ™ potential complications such as catheter orifice infections, thrombosis or

10
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tunnelitis and catheter-related bacteremia, were not the focus of this study. The high
prevalence of Long Term Central Venous Catheter (LTCVC) is attributed to its ease of effective
management in terms of infection control and maintenance, particularly in patients with
limited vascular access options, ?® compared to the use of Arteriovenous Fistula (AVF),
which are associated with latent problems such as maturation failure and thrombosis that
may limit their effectiveness. ©9

With respect to the main objective of the study, which was to analyze the relationship
between quality of life and hemodialysis complications, this research provides valuable
insight into the impact of health complications on the lives of CKD patients. A moderate,
negative correlation coefficient (Rho = -0.429) was found, indicating that as patients’
perceived health complications decrease, their perceived quality of life improves.

This finding is consistent with and aligns with previous research results that have
found complications are associated with a decrease in quality of life in hemodialysis
patients. @Y Furthermore, it was evidenced that there is a significant inverse effect on quality
of life and intra-hemodialysis complications among 105 regular hemodialysis patients from
three hemodialysis centers in Riau province, Indonesia (p = 0.015). @9

Health complications can affect patients in various ways, including deterioration of
their physical condition, limitation of their daily activities, and compromise the condition of
CKD patients undergoing hemodialysis, directly reducing their life expectancy. ¢

Complementary to the main findings, it has been shown that psychosocial support
and coping strategies improve the quality of life of patients with CKD, being a crucial aspect
highlighted in this study. Thus, it is emphasized that the psychosocial experiences of young
patients with CKD can significantly influence their quality of life. ® This suggests that, in
addition to medical interventions, it is essential to provide psychosocial support to help these
patients manage their disease.

This study also underscores the importance of using validated scales to assess quality
of life in people with advanced CKD, @7 allowing for more accurate comparison between
different groups of patients and over time, in order to identify specific areas of need and
target interventions more effectively.

The analysis of the findings allows us to identify a series of methodological aspects
that could reduce the probability of replicating the results. In this regard, the lack of control
over independent variables limits the ability to determine the experimental effect of
complications on the dimensions of quality of life among patients. Similarly, the sample size
for cross-sectional studies is a key methodological component, as it provides the power and
robustness needed for inferential tests to effectively contrast statistical hypotheses. These
limitations highlight the need to contextualize the findings for a comprehensive
interpretation of the data.

Conclusions

The results of this research showed that post-hemodialysis complications have a
negative impact on the quality of life of hemodialysis patients, implying that the greater
presence of indicators such as arterial hypertension, arterial hypotension, nausea, vomiting,
headache and cramps is associated with a lower perceived quality of life. This evidence
supports the importance of preventing and controlling complications in the care of patients
with chronic renal failure undergoing hemodialysis, in order to improve their quality of life.

11
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The practical implications of these conclusions lie in the need to promote intervention
procedures focused on improving quality of life to mitigate the progression or deterioration
of CKD patients on hemodialysis. At a methodological level, the findings provide a direct
basis for the predictive estimation of the impact of complications on quality of life and offer
scientific information to support the development of preventive tools at a moderate level.

Consequently, it is recommended to encourage the development of experimental
investigations with controlled groups to evaluate the statistical effect of complications on
the quality of life of CKD patients undergoing hemodialysis. Likewise, increasing the
sample size would enhance the efficacy of inferential statistical tests and allow for the
calculation of a coefficient of determination, providing a basis for linear regression studies
to further examine the role of the study variables.
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