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Abstract
Purpose: Family may play an important role in Hematopoietic stem cell transplantation (HSCT) recovery; however, little is known about the effect
of family functioning on an individual’s health. The purpose of this study was to examine the effect of family cohesion (family functioning) on the
trajectory of HSCT recipients’ symptom distress (symptom frequency and symptom bother) before, during, and after HSCT.

Methods: Secondary analysis was conducted using data collected from178 individuals who underwent HSCT. Longitudinal parallel-process (LPP)
modeling was used to examine how family cohesion and HSCT associated symptoms (symptom frequency and symptom bother) change over
time; and how these longitudinal changes relate to each other.  

Results: The trajectory of family cohesion predicted the trajectories of HSCT associated symptom frequency and bother. HSCT recipients who
experienced higher family cohesion at baseline (T1) showed lower symptom frequency (p<.01) as well as symptom bother (p<.01) at T1. This
trajectory analysis also showed that HSCT recipients who had improved family cohesion over time reported decrease in symptom frequency
(p<.01) as well as bother (p<.01) over time.

Conclusion: Findings indicate that higher family cohesion predicts decrease in symptom distress over the HSCT trajectory. Interventions aimed at
enhancing family cohesion have the potential to lower HSCT recipients’ symptom distress. Further research is needed to understand the critical role
of family cohesion and family functioning and their relationship with HSCT symptom distress prevention, early detection, and risk strati�cation. 

Introduction
Hematopoietic stem cell transplantation (HSCT) remains the only curative option for many patients with hematological cancers [1] and a variety of
non-neoplastic disorders [2]. However, this lifesaving treatment creates signi�cant distress for those who receive HSCT [3]. HSCT recipients report
physical, emotional, and social challenges before, during, and after transplant [4]. They experience psychological distress including uncertainty
regarding health outcomes and/or isolation before and during hospitalization admitted for transplant. In addition, they also report unstable moods
and physical distress including fatigue and/or pain throughout the course of transplant [5–7]. Consequently, this distress can diminish HSCT
recipients’ quality of life [6] and even increase their suicidal ideation [8].

To manage such distressing symptoms, HSCT recipients rely on their family (caregivers) for support and assistance [6]. Their family takes on
caregiving responsibilities such as providing emotional support, assessing side-effects resulting from HSCT, ensuring adherence to medication
regimens, and transporting the recipient for clinic appointments [6, 9]. Due to these high caregiving responsibilities, some recipients experience
con�ict with family members [10]; however, others report enhanced emotional bonding with each of the family members throughout HSCT
trajectories [11]. As such, family functioning may be altered, as they adapt to their new roles within the family unit.

Family functioning refers to structural and social properties of a family group, and this includes the pattern of interaction within the family [12, 13].
Effective family functioning occurs with cohesion among members of family, while ineffective family functioning occurs with high level of con�ict
[14]. Based on Bronfenbrenner’s social-ecological perspective, individual health can be in�uenced by the interaction between their immediate family
environment (e.g., family functioning, speci�cally family cohesion) and their internal characteristics (e.g., biological and personal attributes) [15]. A
large body of research supports this assertion by showing the in�uence of family con�icts (ineffective family functioning) on patient health
outcomes. For example, patients who experience family con�ict report an increased level of their depressive symptoms [12, 16].

In contrast to family con�ict, family cohesion shows positive effects on patients’ health outcomes. For example, when families display strong
cohesion, pediatric patients manifest a positive adaptation to their medical illness [17], less behavioral and psychological problems [18], and
resilience to the stress induced by HSCT [19]. Also, family cohesion has been reported as a protective factor against stressors including
psychological distress [20]. Taken together, family cohesion appears to be associated with decreasing distress that HSCT recipients experience;
however, to our knowledge, this effect has not been examined in the context of HSCT adult recipients.

Therefore, the purpose of this study was to examine the effects of family cohesion on the trajectory of HSCT recipients’ symptom distress before,
during, and after HSCT. Findings from this study are important for the development of evidence-based interventions to support transplant
recipients and their families.

Methods
Design and Sample

This study was a secondary analysis of data from an American Cancer Society-funded longitudinal study that explored family adaptation to stress
of HSCT [10, 21]. Study participants included 178 individuals who underwent either an allogenic or autologous transplant. Eligibility criteria of
participants were those who: 1) received a HSCT for the �rst time; and 2) were diagnosed with hematologic or lymphoid cancer such as leukemia,
lymphoma, germ cell tumor, or multiple myeloma. The study was conducted at a National Cancer Institute-designated Comprehensive Cancer
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Center. All 178 HSCT patients were used for this analysis with data collected at six-time points: baseline, 1-2 week before hospitalization for HSCT
(T1), during hospitalization for HSCT (T2), 1 month (T3), 4 months (T4), 8 months (T5), and 12 months (T6) following the initial hospital discharge
for HSCT.

Data collection and Measures

A detailed procedure of data collection was reported in the previously published studies [10, 21]. Brie�y, �rst-time recipients for allogeneic or
autologous transplant and their families that were interested in the original study to examine family adaptation and stress of HSCT were referred
from their healthcare provider to participate. HSCT recipients were provided information regarding the study in-person or over the phone as well as
provided all study details in writing. Survey data from HSCT recipients consenting to participate in the study were used in this analysis. 

Self-report questionnaires were completed by each participant at six-time points. The instruments included demographic questionnaires, family
cohesion, and HSCT symptom checklist including symptom frequency and symptom bother. Demographic questionnaires included recipients’ age,
race/ethnicity, gender, education, marital status, employment status, diagnosis, and date and type of HSCT. Family cohesion was measured by the
Moos Family environment sub-scale of cohesion. This is a 9-item subscale ranging 0-9, with higher score indicating greater cohesion. Cronbach’s
alpha of family cohesion is 0.78 [9]. Symptom frequency and Symptom Bother were measured by the HSCT symptom checklist which includes 16
prevalent cancer symptoms ranging from physical symptoms to social/psychologic symptoms [5]. Physical symptoms include nausea, vomiting,
mouth pain, di�culty swallowing, diarrhea, decreased appetite, fever, headache, nosebleed, di�culty sleeping, pain, hair loss; psychosocial
symptoms include boredom, tiredness, isolation, loneliness [5]. Participants were asked to indicate on a �ve-point scale how frequently they
experience each of these symptoms (i.e., symptom frequency) and how much those symptoms bother their everyday living (i.e., symptom bother).
The sum of items scores for each subscale (symptom frequency and symptom bother) ranges from 16 to 80, with higher scores indicating more
frequent symptom and greater bother. Cronbach’s alphas of symptom frequency and symptom bother are 0.81 and 0.80, respectively.

Statistical Analysis

Descriptive statistics were computed for sample characteristics and longitudinal variables (symptom distress-frequency and bother, and family
cohesion). Longitudinal parallel-process (LPP) modeling was used for data analysis [22, 23]. The LPP is a type of growth curve modeling that
combines multilevel modeling (MLM) and structural equation modeling (SEM). This two-step approach allows examination of the relationships
between two (or more) different longitudinal processes at the same time. This provides insight into how family cohesion and HSCT associated
symptoms (symptom frequency and symptom bother) change over time; and how these longitudinal changes relate to each other.

In the �rst step of the LPP modeling, the initial status at T1 (intercept) and the change over time (slope) of each variable (family cohesion,
symptom frequency, and symptom bother) were estimated separately by using MLM with SAS Proc Mixed. In this step, we treated HSCT recipients’
age and type of HSCT (allogeneic vs autologous) as covariates because much of the literature agreed on age as well as HSCT type as strong
predictors of HSCT-associated symptom distress [4, 7, 24-25]. SEM was then used in the second step to examine the effects of the trajectory
(characterized by the intercept and slope) of family cohesion on the trajectories of both symptom frequency and bother using IBM SPSS AMOS.
The SEM �t was evaluated using the model-�t indices of Chi-square of the estimated model (χ2), root mean square error of approximation
(RMSEA), goodness of �t index (GFI), normed �t index (NFI), incremental �t index (IFI), relative �t index (RFI), and comparative �t index (CFI). A non-
signi�cant Chi-square value (p > .05) suggests a good overall model �t to the data. GFI>0.90, NFI > 0.90, IFI>0.90, RFI>0.90, CFI>0.90, and
RMSEA<0.08 indicate an adequate �t [26]. The MLM approach in the �rst step automatically handled missing data issues. Missing values were
also found to be missing at random, thus having no negative effect on parameter estimation [27].

Results

Description of Sample Characteristics
The majority of patients were male (70.8%), white (90%), and married (93%). Patients in this study were on average 51.7 (SD = 12.00) years of age,
worked full-time (41.2%) and had at least a high school education (98%). In addition, patients who participated in this study were primarily treated
with autologous transplant (78.7%). Detailed demographic and clinical information of patients was summarized in Table 1.
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Table 1
Description of Sample Characteristics

Patient demographic (N = 178)

Age (years) Mean (SD)

  51.74 (12.00)

Gender  

Male 126 (70.8%)

Female 52 (29.2%)

Race/Ethnicity n

White 160 (89.9%)

Black or African American 8 (4.5%)

American Indian/Alaska Natives 2 (1.1%)

More than one race 7 (4.0%)

Missing 1 (0.5%)

Marital status n (%)

Married 166 (93.3%)

Living with Partner 9 (5.1%)

Divorced 2 (1.1%)

Widowed 1 (0.5%)

Employ status n (%)

Full-time 70 (39.3%)

Part-time 8 (4.5%)

Unemployed 12 (6.7%)

Disabled 44 (24.7%)

Retired 34 (19.1%)

Homemaker 2 (1.1%)

Missing 8 (4.5%)

Education n (%)

Eight grade or less 2 (1.1%)

High school 57 (32.0%)

Vocational/ technical school 20 (11.2%)

Some college 40 (22.4%)

Four-year college 34 (19.1%)

Graduate degree 19 (10.7%)

Missing 6 (3.5%)

Types of HSCT n (%)

Autologous 140 (78.7%)

Allogeneic 38 (21.3%)

Description of longitudinal variables
The means and standard deviations of symptom distress (frequency and bother) and family cohesion across the six time points are seen in
Table 2. Regardless of HSCT group, patients in both groups demonstrated a peak symptom distress (symptom frequency and bother) at T2 before
it decreased at the later time points. Also, patients in the autologous group showed a higher level of symptom distress at early phase (T1 and T2),
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whereas patients in the allogenic group showed a higher level of symptom distress at later phase (T3, T4, T5, and T6). There are no differences in
family cohesion in both groups over time. Also, there are no signi�cant differences in symptom frequency as well as bother over time between two
groups (autologous and allogenic; all p > 0.05) except for symptom frequency at T3 (p < 0.01).

Table 2
Description of Longitudinal Variables by Time and HSCT Type (N = 178)

Autologous

  T1 T2 T3 T4 T5 T6

  n M SD n M SD n M SD n M SD n M SD n M SD

Symptom
distress

-
Frequency

- Bother

139

138

31.2

29.2

7.8

8.1

135

130

41.5

37.9

9.5

9.7

30.8

7.2

28.2

28.3

7.2

8.3

130

129

25.9

24.8

8.4

8.4

120

118

24.8

23.6

8.2

8.6

117

117

24.0

22.9

8.5

8.6

Family
cohesion

136 7.7 1.7 130 7.7 1.5 128 7.7 1.5 130 7.7 1.5 119 7.7 1.7 117 7.8 1.7

Allogeneic

  T1 T2 T3 T4 T5 T6

  n M SD n M SD n M SD n M SD n M SD n M SD

Symptom
distress

-
Frequency

- Bother

37

36

26.6

25.2

8.0

7.8

34

34

39.2

36.0

9.4

10.8

27

27

31.9

30.1

10.8

10.3

26

26

29.5

29.0

7.9

8.6

22

22

27.8

26.2

9.7

8.1

19

19

26.3

26.7

8.8

9.5

Family
cohesion

37 7.4 1.5 34 7.7 1.6 27 7.7 1.6 26 7.7 1.7 22 7.2 2.4 19 7.1 2.5

Associations between Trajectories of Family Cohesion and Symptom Trajectories
The SEM model had an adequate �t of data with chi-square (χ2 = 5.39, p = 0.37), normed �t index (NFI) = 1.00, comparative �t index (CFI) = 1.00,
and root-mean-square error of approximation (RMSEA) = 0.02 (Fig. 1). As seen in Fig. 1, family cohesion at T1 (intercept) had a direct relationship
with symptom bother at T1 (intercept; β = − .21, p < .01) and over time (slope; β = .09, p < .01). Family cohesion at T1 (intercept) was also associated
with symptom frequency at T1 (intercept; β = − .18, p < .01), but not over time. Lastly, family cohesion over time (slope) was associated with the
slopes of symptom bother (β = − .15, p < .01) and symptom frequency (β = − .15, p < .01).

Discussion
To our knowledge, this is the �rst study to apply the longitudinal parallel-process (LPP) to the analysis of longitudinal associations between family
cohesion and symptom trajectories in HSCT adult recipients. From the results, we can broadly conclude that the trajectory of family cohesion
predicted the trajectories of HSCT associated symptom distress. This LPP approach is critical for this analysis as this provides insight into how
symptom distress changes over the trajectory of HSCT and how these changes are in�uenced by the changes in family cohesion. The obtained
�ndings using this LPP method suggests that appropriate intervention for enhanced family cohesion has the potential to lower HSCT recipients’
symptom distress.

For HSCT recipients who experienced higher quality of family cohesion at baseline (T1), their initial symptom bother was lower than those with
lower family cohesion. This suggests that family cohesion may be an important factor for cancer patients pre-HSCT. Similarly, we also found that
those recipients with higher quality of family cohesion at T1 also experienced a lower initial symptom frequency. This �nding is consistent to
previous research that has shown that family cohesion may reduce psychological distress [20], and indirectly reduce anxiety and depression in
healthy adults and adolescents [28]. Researchers have also noted that family cohesion played an important role in health-related quality of life in
the spouses of cancer survivors. In a study of 91 breast, colorectal and prostate cancer patients and their spouses, healthy family communication
mediated the impact between family cohesion and physical health-related quality. This work indicates that implementing interventions to promote
family communication and family cohesion may have bene�cial effects for families experiencing cancer [29].

Our analyses also indicated that family cohesion at T1 was not associated the degree of symptom frequency over time but was slightly related to
symptom bother overtime. It is possible that recipients sustained high level of symptom frequency over time without showing changes, thus failing
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to establish association with initial family cohesion. In addition, the level of symptom bother may also be attributed to severe complications that
often occur with the course of HSCT such as Graft versus host disease (GVHD) [4]. HSCT recipients often suffer from distressing symptoms over
the course of treatment (transplant) and therefore, baseline scores of family cohesion may not be the most robust indicator of those who will have
higher levels of bothersome symptoms. Future studies should evaluate how HSCT recipients’ symptom frequency and bother changes over time
and how these changes are associated with initial quality of family cohesion.

In examining family cohesion over time, it was clear that those who experienced greater family cohesion (slope), the severity of their HSCT
symptom bother as well as their symptom frequency decreased over time. This �nding is in line with previous literature showing that family is a
direct and important individuals’ social environment that affects their health [30, 31]. HSCT recipients living within a healthy family dynamic (i.e.,
family cohesion) would receive strong family support that may be helpful to deal with their symptom distress, which in turn will contribute to a
faster resolution of their health problems. This understanding will be foundational knowledge when developing interventions to improve symptom
distress in HSCT recipients. For example, it would be useful to assist the recipients to seek sources of support and to help them how to cope when
the family cohesion is not optimal.

To date, most interventions for those with symptom distress are primarily focusing on managing their internal clinical characteristics. A review of
the empirical literature revealed that physical exercise is an effective intervention in alleviating HSCT associated physical and psychological
symptom distress [32]. Based on the obtained �ndings from this study, it would be needed to develop family intervention with the aim of lowering
their symptom distress as well as improving their family members’ well-being. For example, family-based group tasks that help improve family
cohesion can be provided to HSCT recipients’ family members [33] as a part of the intervention for improving HSCT associated symptom distress.

Therefore, assessing whether or not the family has high cohesion is critical to symptom distress prevention, early detection, and risk strati�cation.
Systematic assessments of family environment are not typically performed in clinical settings; thus, health professionals may be missing
opportunities to offer supportive intervention to their family members. If health professionals intervene to enhance family cohesion, this may
contribute to improvement in family well-being, and also the symptom distress of HSCT recipients.

Strengths and Limitations of the Study

Several strengths of this study should be noted. First this is one of the few studies that examines the experience of HSCT patients over the
trajectory of care. This longitudinal approach allowed for modeling of factors over time and identifying the role of the family and family cohesion
on symptom frequency and bother in HSCT recipients. Results should be also examined in light of some limitations of this study. This study was a
secondary analysis of existing data and therefore, additional family or other symptoms could not be added. In addition, the sample was
homogenous in terms of sociodemographic and clinical diversity, which may impede the generalizability of the study �ndings. Future research is
needed that includes large heterogeneous sample to represent HSCT population.

Conclusion
Despite these limitations, this study is the �rst to examine the effects of family cohesion on the trajectory of HSCT-associated symptom distress.
Our �ndings suggest that family cohesion is helpful to predict the trajectory of HSCT-associated symptom distress. Thus, it heightens the necessity
of developing family-centered intervention aimed at improving HSCT-associated symptom distress as well as family functioning (family cohesion).
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Figures

Figure 1

Longitudinal parallel process model with standardized estimates describing the associations between the trajectory of family cohesion and the
trajectories of symptom frequency and bother (The error terms of endogenous variables and their correlations were omitted for clarity)


