1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Neuropsychology. Author manuscript; available in PMC 2016 September 26.

-, HHS Public Access
«

Published in final edited form as:
Neuropsychology. 2015 July ; 29(4): 603-609. doi:10.1037/neu0000158.

Latent Growth-Curve Analysis Reveals That Worsening
Parkinson’s Disease Quality of Life Is Driven by Depression

Jacob D. Jones,
Department of Clinical and Health Psychology and Center for Movement Disorders and
Neurorestoration, McKnight Brain Institute, University of Florida

Michael Marsiske,
Department of Clinical and Health Psychology, University of Florida

Michael S. Okun, and
Department of Neurology and Center for Movement Disorders and Neurorestoration, McKnight
Brain Institute, University of Florida

Dawn Bowers
Department of Clinical and Health Psychology, Department of Neurology, and Center for
Movement Disorders and Neurorestoration, McKnight Brain Institute, University of Florida

Abstract

Objective—Parkinson’s disease (PD) is a neurodegenerative disorder resulting in a wide variety
of symptoms. The current study examined the influence of apathy, depression and motor
symptoms on quality of life (QoL) in PD patients. Information was drawn from an 18-month
period.

Method—Participants (N = 397) were assessed for apathy (Apathy Scale; Starkstein et al., 1992),
depression (Beck Depression Inventory-I1; Beck, Steer, Ball & Ranieri, 1996), motor severity
(Unified Parkinson’s Disease Rating Scale, Part 11l; UPDRS; Fahn, Elton & Committee, 1987),
and QoL (Parkinson’s Disease Questionnaire-39; Jenkinson, Fitzpatrick, Peto, Greenhall, &
Hyman,1997) at 3 time points: an initial clinical evaluation (baseline), a 6-month follow-up, and
an 18-month follow-up. Latent growth-curve models were used to determine the influence of
apathy, depression, and motor symptoms on QoL trajectories.

Results—Greater difficulties with QoL at baseline showed the strongest relationship to more
severe depression symptoms, followed by more severe motor symptoms, younger age, and less
education (all p values < .001). Worsening of QoL over the 18-month period was only predicted by
a worsening of depression (p = .003). The relationship between QoL and depression symptoms
remained significant in a subsample of nondepressed PD patients.

Conclusion—Overall, findings from the current study suggest that self-reported QoL among PD
patients is primarily related to depression. Future efforts to improving clinical care of PD patients
may benefit by focusing on improving psychosocial adjustment or treatments targeting depression.

Correspondence concerning this article should be addressed to Dawn Bowers, Clinical & Health Psychology, College of Public Health

& Health Professions, PO Box 100165, 101 South Newell Drive, University of Florida, Gainesville, FL 32601,
dawnbowers@phhp.ufl.edu.
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Method

Parkinson’s disease (PD) is a neurodegenerative movement disorder characterized by a loss
of dopamine in the substantia nigra and degeneration of multiple motor and honmotor
circuits. Dopaminergic depletion leads to a disruption of multiple cortical-striatal-
thalamocortical circuits (Alexander, Delong & Strick, 1986). Disruption of these circuits
leads to a wide variety of symptoms including motor, mood, cognitive, and autonomic
complaints.

Mood symptoms in PD include apathy (a loss of motivated goald-irected behavior) and
depression, which overlap but are dissociable from each other (Kirsch-Darrow, Fernandez,
Marsiske, Okun & Bowers, 2006). Although symptoms of depression and apathy may
overlap, previous studies have suggested that apathy and depression have separate
underlying mechanisms, different trajectories/progressions, and varying contributions to
general well-being/quality of life (QoL; Aarsland, Pahlhagen, Ballard, Ehrt&Svenningsson,
2012; Zahodne, Marsiske et al., 2012; Jones et al., 2014) in PD patients. Specifically, when
compared with depression, apathy has been shown to be more related to other symptoms that
are heavily influenced by dopamine loss in PD, such as frontal-executive cognitive
functioning and severity of motor symptoms (Zgaljardic et al., 2007; Butterfield, Cimino,
Oelke, Hauser & Sanchez-Ramos, 2010; Zahodne, Marsiske et al., 2012).

Despite the fact that apathy and motor symptoms may be more directly related to striatal
dopamine depletion (a hallmark pathological characteristic of PD), depression may be more
important in terms of self-reported QoL (Karlsen, Larsen, Tandberg & Meland, 1999;
Kuopio, Marttila, Helenius, Toivonen, & Rinne, 2000). Examining the independent
influences of motor symptoms and apathy versus depression on QoL is important because
typical treatments of PD may differentially target these symptoms (Zahodne, Bernal-
Pacheco et al., 2012).

In the current study, we sought to examine the influence of apathy, depression, and motor
symptoms on QoL among PD patients over an 18-month period. Based on past observations
of QoL being primarily related to depression, it was predicted that the trajectory of QoL
would show the strongest relationship to depressive symptoms (Karlsen et al., 1999; Kuopio
et al., 2000; Jones et al., 2014).

Study Design and Participants

A longitudinal design was used and included a convenience sample of PD patients receiving
care at the University of Florida (UF) Center for Movement Disorders and Neurorestoration
in Gainesville. The study was approved by the Institutional Review Board (IRB) of UF and
all participants provided written expression of informed consent and were registered in an
IRB-approved database (INFORM).
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Data were collected from the INFORM clinical research database, consisting of 7,963
movement-disordered patients and including 2,960 PD participants. A diagnosis of
idiopathic PD was based on the UK Brain Bank criteria by a movement-disorder neurologist
(Hughes, Daniel, Kilford, & Lees, 1992). A query of the INFORM database was conducted
to include PD participants seen between July, 2002 and April, 2014 who met the following
criteria: (a) an initial appointment (baseline), (b) a 6-month follow-up, and (c) an 18-month
follow-up. Exclusion criteria included prior history of brain surgery (e.g., deep-brain
stimulation, pallidotomy), severe psychiatric disturbance (e.g., schizophrenia), or severe
sensory defects (e.g., blindness, deafness). Results from the query resulted in a final sample
size of 397 participants.

Motor symptoms were assessed by the Motor subscore (Part 111) of the Unified Parkinson’s
Disease Rating Scale (UPDRS; Fahn, Elton & Committee, 1987). Scores on the motor scale
of the UPDRS range from 0 to 56, with higher scores representing greater motor-symptom
severity. All UPDRS scores were obtained while patients were “on” their normal
dopaminergic medication regimen.

Depression symptoms were assessed by the Beck Depression Inventory-11 (BDI-II; Beck,
Steer, Ball &Ranieri, 1996). The BDI-II has been shown to be a valid measure of
depression-symptom severity among individuals with PD (Leentjens, Verhey, Luijckz,
&Troost, 2000). Scores range from 0 to 63, with higher scores representing greater
depression-symptom severity. A cut-off score of 14 or 15 has been recommended as an
indicator of clinically significant depression in individuals with PD, with higher scores
representing greater depression severity.

Apathy was assessed by the Apathy Scale (AS; Starkstein et al., 1992). Scores on the AS
range from 0 to 42, with higher scores reflecting greater apathy symptoms. The AS has been
shown to be a valid measure of apathy in PD, with a recommended cut-off score of 13 or 14;
higher scores represent greater apathy (Leentjens et al., 2008).

The Parkinson’s Disease Questionnaire-39 (PDQ-39) was used as a measure of QoL
(Jenkinson, Fitzpatrick, Peto, Greenhall, & Hyman,1997). The PDQ-39 measures QoL
across eight separate domains: Mobility (10 items), Activities of Daily Living (ADLSs; six
items), Emotional Well-Being (six items), Stigma (four items), Social Support (three items),
Cognition (four items), Communication (three items), and Bodily Discomfort (three items).
Scores range from 0 to 100, with higher scores indicating greater difficulties or complaints
in QoL.

Using SPSS AMOS Graphics 21, latent growth-curve (LGC) models were used to analyze
data. Full-information, maximum-likelihood parameter estimation was used to account for
missing data. The dependent variable (QoL) was examined for outliers (i.e., values greater or
less than 3 SDs outside the mean). Like all outlier criteria, 3 SDs is arbitrary. We selected it
to reduce the impact of only the most extremely implausible values (values beyond what we
would expect from 99% of the population) so that the distributions could be left as unaltered
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as possible. Outliers were trimmed and set to closest allowable value (mean + 3 SDs). The
dependent variable was additionally Blom-transformed to normalize the distribution.

Model fit was inspected using x 2, comparative fit index (CFI), normed fit index (NFI), and
root mean-square error of approximation (RMSEA). Smaller values of x2 and RMSEA
represent better fit (values below .05 are recognized as good fit, although a .08 cutoff value
has been suggested as being reasonable; Joreskog & Sérbom, 1993). Larger CFI and NFI
values (above .90) are indicative of adequate fit (Hu & Bentler, 1999). Fit differences
between models were evaluated using the change in x 2 tests.

An initial unconditional univariate model was conducted to examine intercept (between) and
slope (within) variance in QoL. The linear growth term was computed from three mean-
centered time points, —0.67 (BASELINE), —0.17 (6-month follow-up), and 0.87 (18-month
follow-up; Aiken & West, 1991). Univariate models were repeated for time-varying
predictors (i.e., apathy, depression, and motor symptoms).

A conditional latent growth model was computed in which the intercept term (i.e., baseline)
of the three independent variables (i.e., depression [BD-I111], apathy [AS], and motor
symptoms [UPDRS Part 111]) was allowed to predict the intercept terms of the dependent
variable (QoL). In addition, the linear growth terms of the predictors were allowed to predict
the linear growth of QoL. A fully recursive model resulted in an inadmissible negative
variance estimate; therefore this reduced model was used to account for all unexplained
random variance in rate of change. Three static covariates (age, gender, and education) were
included in the final model and predicted the QoL intercept and growth terms. All predictors
were allowed to correlate with each other, as were the uniquenesses of the latent dependent
variables. Presented models allow for heterogeneity of variance over time (i.e., residuals of
the measured variables were not constrained to equality over measurement occasions).

The sample included 397 Parkinson patients. The sample characteristics are shown in Table
1.

Overall, participants were in their mid-60s with approximately 3 years of college education,
and predominantly male (66%). Results for mood symptoms revealed that 13%, 13.5%, and
18.2% of the sample had depression symptoms that exceeded clinical cut-off (raw score of
15) on the BDI-II at baseline, 6 months, and 18 months, respectively. Clinically meaningful
apathy was present in 31.3%, 35%, and 37.8% of the sample (using a 14 point cut-off) at
baseline, 6 months, and 18 months, respectively.

Unconditional Univariate Growth Models

An initial univariate model was computed to examine the intercept and linear slope of QoL.
The model revealed a significant amount of variance in the intercept (p < .001) and slope
terms (trend; p = .057) unexplained by the growth model. The linear term was not significant
(ns). Models were repeated for depression, apathy, and motor symptoms. Findings are
summarized in Table 2.
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Briefly, there was a significant amount of variance between (intercepts) and within (slope)
unexplained by the model for motor symptoms, apathy (trend for random-variance of slope),
and depression (trend for random-variance of slope).

Conditional Multivariate Growth Model

The conditional growth model is depicted in Figure 1.

Briefly, the model included the intercept and linear growth terms of QoL (the dependent
variable), which was predicted by motor symptoms, depression, and apathy. Static covariates
(age, education, and gender) were additionally entered as predictors of QoL. The overall
model demonstrated appropriate fit, y2(df = 54, N = 397) = 174.01, p < .001; RMSEA =.
075, p =.001; CFI = .948; NFI =.928, and explained 80% of the variance between subjects
and fully explained all of the variance within subjects. This suggests that the unexplained
slope variance in QoL reported from the unconditional univariate model is fully accounted
for by the current conditional model.

Correlations of latent predictors (see Table 3) revealed that the motor, depression, and apathy
intercept terms were positively correlated with each other; meaning that individuals who, on
average, experienced greater amounts of one symptom tended to also experience greater
amounts of the other two symptoms. In addition, the linear slope terms of motor symptoms,
depression, and apathy were significantly and positively correlated with each other.
Individuals who experienced worsening of one symptom tended to experience worsening of
the other two symptoms.

Williams’ t tests were computed to examine whether motor symptoms (intercept and slope
terms) were significantly more correlated with apathy or depression (intercept and slope
terms). Results from the Williams’ t tests revealed that the correlation between motor
symptoms and apathy was significantly stronger than the correlation of motor symptoms and
depression. This was true for both intercept/between-subject terms, Williams’ t(394) = 3.04,
p =.002, and slope/within-subject terms, Williams’ t(394) = 4.09, p < .001. Results suggest
that motor symptoms have a stronger correlation with apathy than depression, both between
and within subjects.

Inspection of the multivariate conditional model revealed that, on average (i.e., between
subjects), poorer QoL was related to more severe depression and motor symptoms (but not
to apathy). Moreover, poorer QoL was also associated with younger age and female gender.
The linear slope of QoL was predicted by the depression slope, such that individuals who
experienced a worsening of QoL also experienced a worsening of depression. Figure 2
depicts the influence of depression and motor symptoms on QoL. No other predictors of
change in QoL reached statistical significance (see Table 4).

Conditional Multivariate Growth Model in Nondepressed PD Participants

To examine the relationship of motor and mood symptoms to QoL in nondepressed PD
patients, the conditional multivariate growth model was repeated in a subsample of PD
patients without depression at baseline (BDI-II cut off of 15). The overall model
demonstrated appropriate fit, x 2(df = 54, N = 345) = 146.01, p <.001; RMSEA = .069, p = .
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010; CFI =.952; NFI = .929, and explained 80% of the variance between subjects and fully
explained all of the variance within subjects. As mentioned above, this suggests that the
unexplained within variance in QoL reported from the unconditional univariate model is
fully accounted for by the current conditional model.

Inspection of the multivariate conditional model revealed that findings in the subsample of
nondepressed PD patients were generally consistent with that of the total sample.
Specifically, poorer QoL between subjects was related to more severe depression (f = .762,
p <.001) and motor symptoms (B = .179, p < .001), but not to apathy. Poorer QoL was also
associated with younger age (B = —.094, p =.021) and female gender (g =.085, p = .047).
The linear slope of QoL was predicted by the depression slope (B = .889, p <.001) and
gender (p =.192, p =.040), such that individuals who experienced a worsening of QoL also
experienced a worsening of depression and tended to be female.

Discussion

We examined the relationship of apathy, depression, motor symptoms, and QoL over an 18-
month period in the current study of 397 PD patients. Our main finding suggests that QoL is
largely related to depressive symptoms among PD patients, regardless of whether individuals
with PD experience clinical levels of depression. This finding is consistent with past studies
of motor and nonmotor predictors of QoL in PD (Antonini et al., 2012; Kuopio et al., 2000;
Karlsen et al., 1999; Jones et al., 2014). In addition to depression, QoL had a smaller
relationship to motor symptoms, gender, and age. Apathy was not related to QoL.

The strong influence of depression, rather than motor symptoms and apathy, on QoL is
important because it points to differences in underlying biological mechanisms. Specifically,
apathy and motor symptoms have been shown to be related to striatal-dopamine depletion (a
defining characteristic of PD), which disrupts frontal cortical regions involved with
motivation, initiation, and motor functioning (Cummings, 1993). Depression, however, has
been shown to be related to the disruption of additional neurotransmitter systems (serotonin
or norepinephrine) or psychosocial factors (Aarsland et al., 2012). The idea of apathy, motor
symptoms, and depression reflecting different underlying mechanisms is consistent with past
studies showing the separate symptoms to have dissociable trajectories (Zahodne, Marsiske
et al., 2012). The findings from the current study support the view that QoL in PD may be
primarily related to depressive symptoms, which may not be specific to striatal-dopamine
dysfunction.

In terms of demographic predictors, female gender and younger age were associated with
worse QoL over the 18-month period. Compared with men, women have previously reported
greater difficulties with functioning, which may contribute to worse QoL (Kuopio et al.,
2000).The relationship between younger age and worse QoL among PD patients is
consistent with previous findings and may reflect older individuals having greater adaptation
to PD (Kuopio et al., 2000).

Despite being highly correlated with depression (which was the strongest predictor of QoL),
apathy was not a significant predictor of QoL. This finding is consistent with previous
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studies showing apathy to have only a minimal influence on QoL, independent of depression
(Jones et al., 2014; Leroi et al., 2011). It is possible that apathy may be more detrimental to
QoL among caregivers, rather than patients. Preliminary studies have shown that patient
apathy is related to caregiver burden among those caring for individuals with PD or other
neurodegenerative diseases (Leroi et al., 2012; Merrilees et al., 2013; Ricci et al., 2009).

Correlations among latent predictors (motor symptoms, apathy, and depression) showed
mild to moderate correlations within and between subjects. A previous LGC modeling study
revealed that Parkinsonian motor symptoms (indicated by UPDRS motor scores) and apathy
follow similar trajectories, but that depression followed a divergent trajectory (Zahodne,
Marsiske et al., 2012). As mentioned above, the rationale for the divergent trajectories
relates to separate underlying neurotransmitter mechanisms for apathy and motor-symptom
severity (i.e., dopamine mediated) versus depression (i.e., heterogeneous neurotransmitter
systems). Although this study showed UPDRS motor scores to correlate with both
depression and apathy, there was a pattern of motor-symptom severity showing a
significantly higher correlation with apathy symptoms than depression.

Limitations in the current study include the sample consisting of a convenience recruitment
of PD patients seen at an outpatient center over an 18-month period, possibly affecting the
generalizability of the findings. We were not able to assess the influence of mood and motor
symptoms on caregiver burden, nor did we examine the influence of anxiety or cognitive
functioning on QoL. Regarding the latter, past studies have suggested cognitive functioning
to have only a mild impact on QoL relative to depression (Karlsen et al., 1999). Also, we did
not assess participants’ use of antidepressants. It is unknown whether the use of
antidepressants moderates the relationship between depression and QoL ; however, results
from a previous randomized controlled trial did not include a significant relationship
between tricyclic or selective-serotonin reuptake inhibitor (SSRI) antidepressant use on QoL
in PD (Menza et al., 2009). Differences in Parkinsonian medications, as well as differences
in on—off medication status, were not accounted for in the current study. Different PD
medications may have an influence on apathy or depression and should be addressed in
future studies. In terms of statistical analyses, we were not able to assess the influence of
predictors on quadratic or nonlinear changes in QoL. Future studies could benefit from
addressing these limitations, as well as investigating possible biological mechanisms (i.e.,
neurotransmitter systems) of predictors to increase our knowledge of the trajectories of
mood and motor symptoms.

Overall, findings from the current study suggest that self-reported QoL among PD patients is
primarily related to depression. Future efforts to improving clinical care of PD patients may
benefit by focusing on improving psychosocial adjustment or treatments targeting multiple
neurotransmitter systems, in addition to the traditional management of dopamine-mediated
symptoms. Such an idea is consistent with a previous Movement Disorder Society task force
statement emphasizing the high occurrence of misdiagnosis of nonmotor symptoms and the
paucity of efficacious treatments for nonmotor symptoms (Seppi et al., 2011).
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Figure 1.
Depiction of final conditional latent grrowth model. PDQ = Parkinson’s Disease

Questionnaire-39; AS = Apathy Scale; BDI = Beck Depression Inventory-I1; QoL = Quality
of Life. Measures were assessed at baseline (BL), a 6-month follow up (6) and an 18-month
follow up (18). Latent predictors (motor, apathy, and depression terms) and static predictors
(age, education, and gender) were allowed to correlate with each other (correlations not
shown in figure).
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Figure2.
Influence of depression and motor symptoms on quality of life in the conditional

multivariate model. Figure depicts the intercept differences in QoL (higher values = greater
difficulties in QoL) among individuals with high (=1 SD above the mean) and low (=1 SD
below the mean) numbers of depressive and motor symptoms. The top figure shows the
slope of individuals who experience =1 SD reduction/decrease of depressive symptoms, and
the bottom figure reflects individuals who experience =1 SD worsening/increase of
depressive symptoms. Standardized (Blom-transformed) values of the PDQ = Parkinson’s
Disease Questionnaire-39 (PDQ-39) are depicted; BL = baseline; 6 mo = 6-month follow-
up; 18 mo = 18-month follow-up.
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Sample Characteristics: N = 397 PD patients, no DB, 267 Men (66.5%), 133 Women (33.5%)

Variable Baselinemean (SD; range) 6-month mean (SD; range)  18-month mean (SD; range)
Age (years) 66.7 (10)

Years of education 151 (3)

Years with symptoms 6.4 (6)

UPDRS Motor score, on medication 27.1 (10; 3-56) 26.5 (11; 1-56) 27.9 (12; 1-56)
BDI-II 8.6 (6; 0-31) 8.2 (6; 0-37) 9.0 (7; 0-33)

Apathy Scale 11.8 (6; 0-28) 12.3 (7; 0-33) 12.8 (7; 0-31)
PDQ-39 24.2 (16; 1-79) 215 (15; 1-75) 24.4 (16; 1-70)

Note. DBS = deep-brain stimulation; UPDRS = Unified Parkinson’s Disease Rating Scale; BDI-II = Beck Depression Inventory-Il; PDQ-39 =

Parkinson’s Disease Questionnaire-39.
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Table 4

Regression Estimates in the Conditional Multivariate Growth Model

Independent variable  Standardized B Significance

Dependent variable = QoL intercept

Depression intercept 0.757 <.001
Motor intercept 0.209 <.001
Apathy intercept 0.071 ns
Age -.097 <.001
Gender 0.083 0.03
Education -.003 ns

Dependent variable = QoL linear slope

Depression linear slope 0.869 0.002
Motor slope 0.244 ns
Apathy slope -.216 ns
Age -.003 ns
Gender -.118 ns
Education -.187 ns

Note. QoL = quality of life
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