
Trajectories of depressive symptoms in patients undergoing 
interferon treatment are predicted by baseline sleep quality

Megan M. Marron, M.S.,
Department of Biostatistics, University of Pittsburgh Graduate School of Public Health, Pittsburgh, 
PA, USA

Stewart J. Anderson, Ph.D.,
Department of Biostatistics, University of Pittsburgh Graduate School of Public Health, Pittsburgh, 
PA, USA

Jessica Garrity, M.A.,
Department of Psychiatry, Western Psychiatric Institute and Clinic, University of Pittsburgh 
School of Medicine, Pittsburgh, PA, USA

Charles F. Reynolds III, M.D., and
Department of Psychiatry, Western Psychiatric Institute and Clinic, University of Pittsburgh 
School of Medicine, Pittsburgh, PA, USA

Francis E. Lotrich, M.D., Ph.D.
Department of Psychiatry, Western Psychiatric Institute and Clinic, University of Pittsburgh 
School of Medicine, Pittsburgh, PA, USA

Abstract

Objective—Some patients with hepatitis C (HCV) starting interferon-α (IFN-α) experience 

depression, although many patients do not develop depressive symptoms. We have found that poor 

sleep is associated with increased depressive symptoms on average. It is unknown whether this 

association holds generally or is driven by a specific, distinct subgroup. This investigation first 

determined whether patterns of change in depressive symptoms form clinically meaningful, 

distinct sub-groups; and then tested the extent to which sleep disturbances are associated with a 

less favorable depression trajectory.

Method—Group-based trajectory modeling was used on 124 HCV patients who started IFN-α 

therapy. The Pittsburgh Sleep Quality Index (PSQI) assessed pre-treatment sleep, the Beck 

Depression Inventory minus the sleep question (BDI-s) assessed depression over time, and the 

Structured Clinical Interview for DSM-IV provided categorical diagnoses.

Results—Three distinct subgroups were found, where each subgroup shared similar patterns of 

depressive symptoms over time. The groups were characterized as “non-depressed”, “slow 
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increase”, and “rapid increase”. The non-depressed subgroup (44.4%) experienced low depressive 

symptoms with little change over time. In comparison, all rapid increasers (11.3%) were 

diagnosed with a mood disorder by 12 weeks of treatment. The PSQI was strongly associated with 

group membership,. where the odds of developing a rapid increase was elevated 39% for every 

unit score increase in the PSQI compared to individuals who remained non-depressed (OR=1.39, 

95%CI=1.07–1.80, adjusted for depression at baseline).

Conclusion—Only a distinct sub-population of people is notably vulnerable to a developing a 

rapid increase in depression symptoms during IFN-α therapy. This group may be identifiable by 

their markedly poor sleep prior to IFN-α therapy.
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Major depressive disorder (MDD) is a leading cause of disability and suicide (1–5). Targets 

for preventive intervention include either mitigating pre-existing vulnerabilities or avoiding 

depression triggers such as traumatic stressors. Thankfully, most people are not vulnerable. 

Even when faced with medical stressors, the incidence of depression is less than 10% over 

several years (6–11) and less than 2% per year (12–14). The incidence of depression for 

newly diagnosed cancer patients is only 12% per year (15). Thus, the vast majority is not 

vulnerable even in the setting of severe medical stress. Similarly, the cumulative lifetime 

MDD prevalence of the general population is just 15–20% (16–18). We are therefore 

interested in identifying any modifiable resiliency factors that may be present in over 80% 

of the population, particularly focusing on those faced with medical co-morbidity.

One specific plausible trigger of depression is increased inflammation (19–23); and a 

particular instance of this is seen in patients who are given interferon-α (IFN-α) injections. 

IFN-α is an inflammatory cytokine that is an element of therapy for either hepatitis C (HCV) 

or melanoma (24–26). Inflammatory cytokines naturally elicit “acute sickness behaviors” 

(27) that very closely resemble MDD (28). In fact, IFN-MDD and MDD in general share 

similar pathophysiologies (29, 30). The depressive syndrome triggered by IFN-α (IFN-

MDD) develops in a subset of HCV patients by the third month of treatment (31–39). IFN-

MDD, when it occurs, has been implicated in suicide (40), discontinuation and thus 

inefficacy of treatment (41, 42), and overall lower quality of life (43, 44). To prevent IFN-

MDD, one option is to avoid IFN-α therapy in the first place. Towards this end, new 

medications for HCV are now available that drastically decrease the number of HCV 

patients who require IFN-α (45). Nonetheless, often times more expensive medications still 

need to be used in combination with IFN-α rather than as monotherapies (46–49). This 

highlights the importance of identifying who will be vulnerable to IFN-MDD (and thus who 

should avoid IFN-α) and who will be resilient. Equally importantly, lessons learned from 

IFN-MDD may plausibly inform efforts to predict and prevent MDD in other populations. 

The advantage of modeling the depression development after a very specific and potent 

medical stressor such as IFN-α (compared with general population-based research) is that it 

can be done using relatively small samples for limited time periods.

Marron et al. Page 2

Psychosom Med. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To date, two general statistical methods have been employed to evaluate the development of 

depression during IFN-α therapy. One set uses a categorical definition of “MDD” such as 

from a structured interview or a retrospective chart review, or from a self-report cut-off 

value. The second methodological approach quantitatively examines average depression 

scores. However, there is another possibility that has not been used in studies of IFN-MDD. 

In this third approach, distinct trajectories of depressive symptoms over time can be 

classified using data-driven techniques such as group-based growth mixture models (50–53). 

These depression trajectories are defined as changes in the course of an individual’s 

depressive symptoms over time, with the advantage of making it possible to detect changes 

at both the group level and the individual level. One major advantage of this third approach 

is that rather than examining changes in the population-average, and rather than using a 

consensus categorical diagnosis, distinct sub-groups with similar trajectories are identified 

empirically. It is very plausible that determining patterns of depression trajectories in HCV 

patients can help with understanding the latent constructs that underlie differences in 

individual progression.

Using this type of modeling, we examined the extent to which sleep quality before starting 

IFN-α therapy might be an important predictor of trajectory membership. We previously 

found that HCV patients who report poor sleep quality prior to starting IFN-α have an 

increase in average depression symptoms over the course of four months of treatment (54) 

and are more likely to develop DSM-IV-defined IFN-MDD (34). However, it is currently 

unknown whether this association holds generally among the entire HCV patient population 

or whether it is driven by a specific, distinct and vulnerable subgroup that could be targeted 

for clinical intervention. This investigation therefore addressed the following two aims: first, 

to determine whether patterns of change in depressive symptoms in patients treated with 

IFN-α therapy do form distinct sub-groups; and second, to test the extent to which sleep 

disturbances prior to starting treatment predict the development of specific depression 

trajectories. This information will be clinically useful in helping to (1) determine which 

specific patient subgroups should avoid IFN-α therapy and (2) identify vulnerabilities that 

may be modifiable for prevention of IFN-MDD in those who still need to be treated with 

IFN-α.

Methods

Participants

Patients with HCV were recruited at the University of Pittsburgh Medical Center for Liver 

Diseases prior to starting treatment with pegylated interferon-alpha2 (PEG-IFN-α2a: 135 

μg/week or PEG-IFN-α2b: 120 or 150 μg/week) and oral ribavirin (typically given at 

weight-based dose). Those who were recommended for IFN-α treatment by their 

hepatologist (from October 2005 and ended in August 2012) were asked to participate in a 

research study where they would be followed for up to four months in order to investigate 

the association of IFN-α and depression. All participants provided written informed consent 

as per protocol by the University of Pittsburgh Institutional Review Board.

We are primarily interested in risk for IFN-MDD incidence and not just prolongation or 

exacerbation of a pre-existing MDD episode. Therefore, exclusion criteria included an active 
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Axis-I disorder (e.g. mood, anxiety, psychotic, impulse control, or drug/alcohol use 

disorders) within six months prior to starting treatment. This was assessed using the 

Structural Clinical Interview for DSM-IV Axis I Disorders (SCID-I) (55). Additional 

exclusions included a recent depressive episode in remission for less than six months, 

known and active neurological disease, known and active inflammatory disorders other than 

HCV, or taking medications such as corticosteroids, anticonvulsants, and/or antipsychotics. 

Other than HCV, participants had medical burden that was comparable to those in their 40s 

without HCV, according to the Cumulative Illness Rating Scale-Geriatric (56). Individuals 

with remote past histories of mood disorders were included as long as they were in sustained 

remission. Participants who developed major mood disorder during treatment were given a 

psychiatric intervention (typically consisting of an antidepressant or mood-stabilizing 

medication), and subsequent data was censored. Some patients discontinued IFN-α for 

medical reasons (n=20), and data subsequent to stopping IFN-α was censored.

Measures

Depression was measured prior to starting treatment using the Beck Depression Inventory-II 

(BDI) (57). BDI questionnaires were also provided to participants at weeks 2, 4, 8, 12, and 

16 during treatment. The BDI consists of 21 questions (each scored 0–3), with a total range 

of 0–63. The BDI can be categorized into: 0–13 indicating minimal symptoms, 14–19 

indicating mild symptoms, 20–28 indicating moderate symptoms, and 29–63 indicating 

severe symptoms (58). Because BDI scores do not always correspond to a formal DSM-IV 

diagnosis, individuals who scored a 15 or higher on the BDI were administered an 

abbreviated SCID-I in order to diagnose whether a DSM-IV mood disorder was present. In 

order to account for sleep as a potential risk factor, BDI minus the sleep item (BDI-s) was 

used in analyses. The BDI sleep item responses include: I have not experienced any change 

(0), I sleep somewhat less/more than usual (1), I sleep a lot less/more than usual (2), and I 

wake up 1–2 hours early and can’t get back to sleep (3). Self-reported sleep quality was 

assessed prior to starting treatment using the Pittsburgh Sleep Quality Index (PSQI) (59). 

The PSQI ranges from 0–21, and scores below four typically indicate no problem sleep, 

scores above 4 are indicative of some problems, and a score of 10 or more is observed in 

people with primary insomnia (59–61).

Statistical Analysis

We employed group-based trajectory modeling, using SAS TRAJ procedure, which 

partitions a cohort into subgroups based on repeated measurements of a variable over time 

and baseline risk factors, thus describing heterogeneity that may exist in populations based 

on longitudinal trajectories (62, 63). This was implemented to determine distinct 

subpopulations, where each subpopulation consists of individuals who shared a similar 

trajectory of depressive symptoms. Group-based trajectory modeling is data-driven, 

allowing an exploratory analysis of the patterns that exist within a population that may be 

difficult to identify a priori. The first step in model selection was determining the optimal 

number of distinct subgroups using the Bayesian information criterion (BIC) (64). The BIC 

introduces a penalty for the number of parameters added. The model with the smallest 

absolute BIC is chosen. To compare models, the Bayes factor provides the posterior odds of 

a model actually being the correct model compared with a simpler model. The log Bayes 
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factor is approximated as being twice the change in BIC between models (63) (65). The 

number of distinct trajectories considered were five-, four-, three-, and two-group solutions 

using either linear or quadratic polynomials for each trajectory. When choosing the number 

of groups, the criteria were that the model had to have a significantly higher BIC than a 

model with a smaller number of groups and the number of individuals in each group had to 

be larger than 5%. After the optimal number of groups was determined, the degree of each 

trajectory was found by examining every permutation of linear and quadratic terms. Higher 

polynomial degree (i.e., >2) were not explored due to the number of subjects and time 

points. The BIC log Bayes factor approximation was similarly used to assess which 

polynomial degree for each trajectory resulted in the best model fit.

Model selection was conducted again, using group-based trajectory modeling, while 

adjusting for potential risk factors: sociodemographic confounders (age and sex) and PSQI. 

The SAS TRAJ procedure uses a multinomial modeling technique to estimate the 

associations between potential risk factors and group membership. Race was not included as 

a potential risk factor since there were a low number of non-whites in the sample. Once the 

best-fit model was obtained when including all risk factors, model selection was repeated 

including only risk factors that significantly differed among groups in order to obtain the 

most parsimonious model. We investigated whether the association of PSQI was 

independent of baseline depression symptom load by examining the association between 

PSQI and the group trajectories after adjusting for baseline depressive symptoms. Since 

PSQI was not administered repeatedly to all of these subjects during the course of treatment, 

we examined serial measures of the BDI seep item over time to explore the patterns of sleep 

disturbances across the subgroups. Descriptive statistics (mean (standard deviation) or %(n)) 

of baseline measures were reported by subgroup, to further illustrate similarities and 

differences.

Goodness of fit was assessed by examining posterior probabilities. All subjects were 

assigned a probability of belonging to each group given their BDI-s measurements over time 

and their measurements for risk factors included in the model. Each participant was then 

assigned the group where the posterior probability of membership was the largest. The 

closer the group average posterior probability is to one, the better the model fit, with the 

recommendation that every group have an average posterior probability that is at least 0.7 

(66).

Sensitivity analyses were performed including: reducing the number of groups in the final 

model to further evidence for all subgroups found, examining the best model when no risk 

factors were included to see if consistent results were found with the literature, and dropping 

the last two time points measured to examine if the same final model was found regardless 

of the dropout rate towards the end of the study.

Results

We examined 124 HCV patients who began IFN-α therapy, did not already have a baseline 

DSM-IV SCID diagnosis of depression, had a pre-treatment PSQI score available, and had 

serial BDI-s measures. Patients were mostly male (64.5% (n=80)) and white (90.3% 
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(n=112)) with a mean (standard deviation) age of 45.7 (12.3) years. A censored normal 

distribution was used to model BDI-s over time.

The depression trajectories among the HCV subjects undergoing IFN-α were best classified 

using three groups (Figure 1). The three groups were labeled as “non-depressed”, “slow 

increase”, and “rapid increase” (Table 1). The non-depressed and slow increase trajectories 

were best approximated as linear trajectories. A quadratic increase best described the rapid 

increase trajectory. The non-depressed group contained 44% of the sample, started out with 

a low overall group mean BDI-s of 2.75 at baseline, and experienced very little change over 

the course of treatment (Table 2). The slow increasers made up 44% of the sample, started 

out with an overall group mean BDI-s of 12.0 that steadily increased throughout the course 

of treatment, with several developing “mild” depression symptoms by week 12 of IFN-α 

treatment. The rapid increasers consisted of 11% of the sample. By 12 weeks into IFN-α 

treatment, all (100%) of the ‘rapid increasers’ were formally diagnosed with a mood 

disorder that necessitated antidepressant treatment. The three groups had similar average 

baseline age and proportions of females. There was a larger proportion of non-whites in the 

rapid increase subgroup and there was an increase in average baseline BDI-s and PSQI when 

going from the non-depressed, to slow increase, to rapid increase subgroup (Table 1).

Figure 1 further illustrates the difference in mean BDI-s at baseline between the three 

groups, although when examining subject-specific baseline BDI-s there is overlap among 

the three groups. Baseline depressive symptoms for the slow increasers were as low as 1 and 

for the rapid increasers were as low as 2. In fact, about one-third (31%) of rapid increasers 

start off with “minimal” depressive symptoms prior to starting IFN-α therapy. Conversely, 

23% of slow increasers had baseline depressive symptoms that could be categorized as 

higher than minimal depression (BDI≥14). Nonetheless, baseline BDI-s was a good 

predictor of group membership (Table 3). Thus, we statistically adjusted for baseline BDI-s 

as an important covariate in subsequent analyses. Age and sex were not associated with 

group membership, therefore excluding them from the three-group model reported did not 

drastically alter the results.

When conducting analyses without adjusting for baseline BDI-s, PSQI strongly predicted 

group membership. With one unit increase in PSQI, the odds of having a slow increase in 

depressive symptoms instead of no change (non-depressed group) increased by 31% 

(p<0.001) and the odds of having a rapid increase in depressive symptoms compared to no 

change increased by 56% (p<0.001). With one unit increase in PSQI, the odds of being a 

rapid increaser instead of a slow increaser went up by 19% (p=0.05). When adjusting for 

baseline depressive symptoms (BDI-s), the association between PSQI and group 

membership continued to be significant (Table 3) although attenuated. In pair-wise testing, 

the difference in baseline PSQI between slow increasers and the rapid increasers was no 

longer significant (p=0.14). However, the odds of having a rapid increase in depression 

symptoms compared to being in the non-depressed group still increased by 39% (p=0.01) 

with every unit increase in PSQI (Table 3).

Since there were a small number of rapid increasers, a sensitivity analysis was done by 

reducing the number of groups in the model. Consistent results were found with a two-group 
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model: PSQI remained a significant variable influencing group membership. The two-group 

model was made up of a group of rapid increasers and a group of non-depressed subjects. 

According to the BIC log Bayes factor approximation, there was “very strong” evidence 

supporting a three-group model (2loge(B10)≈79.1) (63). Therefore, even though the rapid 

increasers in the three-group model are made up of a small number of subjects, there exists 

strong evidence of its validity as a subgroup in the population.

Average BDI scores for subjects who had medical side effects necessitating discontinuation 

of IFN-α (n=20) were 7.9 at baseline, 7.2 by week 4, and 7.5 by week 8. Interestingly of 

these 20, 10% (n=2) developed mild symptoms of depression before stopping treatment. 

Thus, discontinuation of IFN-α treatment because of medical side effects did not affect our 

results.

We also examined trajectories when no covariates were included, and found that a 5-group 

model was the best-fit. There were two groups of non-depressed subjects (rather than just 

one), who only differed by their average baseline BDI-s scores, but who continued to have 

minimal symptoms throughout the 4 months. A third group started with minimal symptoms 

on average that slowly worsened and by the end had mild symptoms, while a fourth group 

started with mild symptoms on average but ended the study with minimal symptoms. This 

fourth group’s baseline BDI-s was actually higher than the “rapid increasers”, but was 

notable for a decline in depressive symptoms during treatment. This fourth group was 

resilient to any further worsening after starting IFN-α. As with the three-group solution, 

there continued to be a unique and clearly distinct rapid-increaser group who became 

severely depressed by 8 weeks on IFN-α. However, this five-group model became unstable 

when adding covariates as risk factors. Consequently, the three-group model was preferred 

as the most robust characterization of the data.

We also examined the effect of data censoring towards the end of the study. The last follow-

up time point was dropped and the analysis was re-run in order to determine whether the 

amount of censored subjects was affecting the results obtained. When doing so, a consistent 

model was found with only ten subjects who were re-assigned to a different group. Similar 

results were obtained after taking away the last two time points, but with one additional 

subject being re-assigned from a slow increaser to the non-depressed group. Thus, the final 

3-group model was robust even when the last two values per subject were dropped.

The rapid increasers were the only group to experience an average increase in the BDI sleep 

item over time, indicating an increase in sleep disturbances during the course of treatment. 

For this single question over the first two months of treatment, the non-depressed group 

went from a mean (standard deviation) of 0.46 (0.75) to 0.69 (0.76), the slow increaser 

group went from 1.12 (1.11) to 1.05 (0.93), while the rapid increaser group went from 0.91 

(1.0) to 2.5 (0.84). Unfortunately, similar prospective PSQI data in all these subjects was not 

available for this type of analysis. Finally, we examined whether the single sleep question on 

the BDI at baseline could predict subsequent symptoms. In unadjusted analysis, the sleep 

question did differentiate the slow increasers from the non-depressed group, but did not 

differentiate the rapid increasing group from the other two trajectories. Further, when 
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controlling for baseline BDI-s, the single sleep question was no longer predictive at all, 

unlike the PSQI.

Discussion

Patterns of change in depressive symptoms formed three meaningful distinct subgroups of 

patients treated with IFN-α. PSQI strongly influenced membership into these subgroups, 

where worse sleep was associated with a less favorable depression trajectory – in particular, 

those with the least favorable trajectory. The three groups consisted of (1) a large cluster of 

subjects with minimal depressive symptoms who remained non-depressed throughout the 

course of treatment (non-depressed), (2) a second cluster of subjects who started off with 

slightly higher BDI values that steadily increased to a mild depression symptom load (slow 

increasers), and (3) a clearly distinct group (11% of the subjects) that started out with an 

average mild depression load that rapidly increased to severe depression by 8 weeks of 

treatment (rapid increasers). On average, the rapid increasers also uniquely experienced a 

further worsening of sleep over time. In all of the rapid increasers, interventions were 

necessary to address the development of a severe mood disorder. This appears to be the 

subgroup that is most vulnerable to the depressogenic effect of IFN-α and the one most in 

need of identification. Comparatively, the slow increasers appear to have a more favorable 

trajectory, with some demonstrating a slow decline in symptoms. But it is important to note 

that 79% of the slow increasers reached the point where they were administered a SCID-I. 

Whether some of these subjects meet a categorical “diagnosis” of depression during 

treatment depends on the “MDD” definition used. However, they clearly have a different 

trajectory of response than either the rapid increasers or the resilient non-depressed group. 

They tended to have mild to moderate depression symptoms -- before, during, and 

throughout treatment.

The non-depressed group, slow increasers, and rapid increasers all differ in their mean BDI-

s at baseline; possibly suggesting that the groups can be identified simply based on the 

severity of depressive symptoms prior to starting IFN-α therapy. However, when examining 

individual subject trajectories it appears that it is not quite that simple, since individual 

baseline depression symptom load overlaps between all three groups. When adjusting for 

baseline depressive symptoms, the association between PSQI and the three trajectory groups 

was attenuated, but still significant, suggesting that PSQI adds additional information that is 

independent of baseline depression symptom load.

These results may potentially be useful to hepatology clinics, where patient’s sleep quality 

prior to starting treatment could necessitate a pharmacological or behavioral intervention to 

prevent IFN-MDD. If depression can be avoided in a patient who requires IFN-α, they could 

have a higher chance of being cured of HCV. Identifying the non-increasers is equally 

important, as this group might benefit from IFN-α therapy but have minimal psychiatric side 

effects. Unfortunately, using just the single sleep question from the BDI was not as capable 

as the PSQI in predicting trajectory. But using both baseline sleep (PSQI) and depression 

symptoms (BDI-s) can be informative.
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The three groups were comparable in age and sex; therefore, these covariates did not 

influence group membership. In the final model reported, there were 4 non-whites in each of 

the three trajectories. This is a limitation of our study, since there are a larger proportion of 

non-whites in the rapid increasers than the other groups, but due to the small cell count we 

were unable to test whether this difference meant that race statistically influenced group 

membership. Another limitation of the study is that some other sociodemographic variables, 

such as education, were not measured.

These results might generalize to other populations. A variety of studies in other clinical 

contexts have found a similar percentage of highly vulnerable people. Over a 16 year period, 

about 11% of subjects not depressed at baseline developed an increasing trajectory of 

depression symptoms over time (67). Likewise, most elderly have low stable depression 

scores, similar to our findings (52, 53, 68), but about 10% have minimal depression at 

baseline that increases over time (53). Similarly, 8% of elderly have mild depressive 

symptoms that subsequently increase over time (52). The vast majority of people don’t 

develop depression after a bombing attack, but about 8% do have a rapid trajectory and 

develop major depression within a month (69). Also, after a cancer diagnosis, about 12% 

newly develop increased depression by 6 and 12 months after diagnosis (15). Most pregnant 

mothers likewise do not develop depression, but about 10% have sub threshold symptoms 

during pregnancy and subsequently develop depression post-partum (70). Likewise, in 

mothers of children newly diagnosed with epilepsy, only a similar minority develop 

depression trajectories (71). Similarly, only an equally small subset of previously un-

depressed grandmothers developed depression after birth of the grandchild to their 

adolescent daughters (72). Again similar to our observations, three trajectories have been 

described in teens: low stable, high stable, and increasing (73), with only a limited 

percentage having increasing depression trajectories (74). Thus, across a large variety of 

potential depression precipitants, only about 8–12% of people are vulnerable, regardless of 

what triggered the depression. This estimated range might be slightly broader (75–77), but 

regardless, there appears to be a uniquely distinct subpopulation, identifiable with trajectory 

analyses, who may be ideally targeted for prevention interventions. Unfortunately, there has 

been limited study into what predicts trajectory of depression development. Herein, we 

report that poor sleep quality can predict rapid depression development. Because IFN-MDD 

has phenomenological resemblance to MDD diagnosis in other situations (78–81), findings 

in this clinical population with HCV may be applicable to other types of depression. 

Moreover, insomnia may be a modifiable risk factor. It is often co-morbid with medical 

conditions (82, 83), and can precede the future development of MDD in other clinical 

contexts (84–92).

Large epidemiologic studies of incidence have identified risk markers such as gender, age, 

cohort, family history, marital status, socioeconomic status, and stressful life events (14, 93). 

Whether these markers identify subpopulations with unique trajectories is less known. 

Previously, most other studies that examined trajectory membership focused on pre-existing 

depression (94, 95). As examples, an unremitting an chronic course is associated with 

cortisol differences (96), poor sleep (97), avoidant coping style (98), socioeconomic position 

(99), and childhood abuse and neglect (100). For example, childhood physical neglect 
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predicted chronic courses of depression (101) after depression had developed in those with a 

breast cancer diagnosis.

In summary, we report that there appears to be a uniquely distinct subgroup of people (about 

10%) who are extremely vulnerable to IFN-MDD, and who quickly develop increased 

depression symptoms. Inclusion in this group is strongly influenced by pre-existing poor 

sleep quality. Prevention of depression may rely on addressing this. Important for ongoing 

research on depression risk, we’ve further validated group-based trajectory analysis as a 

unique approach for empirically identifying vulnerable cohorts.
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Glossary

HCV Hepatitis C

IFN-α interferon-α

IFN-MDD interferon-induced depression

MDD major depressive disorder

PEG-IFN-α2 pegylated interferon-alpha2

SCID-I Structural Clinical Interview for DSM-IV Axis I Disorders

BDI Beck Depression Inventory

BDI-s Beck Depression Inventory minus the sleep item

PSQI Pittsburgh Sleep Quality Index

BIC Bayesian Information Criterion

2loge(B10) Bayesian Information Criterion log Bayes factor approximation
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Figure 1. 
Average observed and predicted trajectories of BDI-s at baseline and during IFN-α 

treatment of distinct subgroups found in the sample of 124 HCV patients, while adjusting for 

baseline PSQI scores and baseline BDI-s
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Table 1

Baseline Descriptive Statistics by subgroup for 124 HCV patients

Non-depressed N=55
Mean (SD) or % (n)

Slow Increase N=56
Mean (SD) or % (n)

Rapid Increase N=13
Mean (SD) or % (n)

Age 47.1 (13.0) 44.3 (12.0) 45.9 (10.7)

Sex: Female 40.0% (22) 33.9% (19) 23.1% (3)

Race: White 92.7% (51) 92.9% (52) 69.2% (9)

BDI-s at Baseline 2.65 (2.4) 9.59 (5.6) 17.5 (9.7)

PSQI at Baseline 4.87 (3.3) 8.11 (3.9) 10.1 (4.4)

Note. The three subgroups in the HCV sample had a similar average baseline age and proportion of female. There was a higher proportion of non-
whites in the rapid increase subgroup, although due to the low number of non-white participants in the HCV sample we were unable to test this 
further. As expected, there appears to be an increase in baseline BDI-s and PSQI scores as the subgroup becomes less favorable.
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Table 2

Mean and confidence intervals of BDI-s over time by subgroup for 124 HCV patients, adjusting for baseline 

PSQI and BDI-s using group-based trajectory analysis

Mean (95% CI) [n if reduced sample] Non-depressed
N=55

Slow Increase
N=56

Rapid Increase
N=13

Pre IFN-α Baseline 2.75 (2.4, 4.9) 9.42 (8.0, 11.4) 17.3 (14.2, 19.8)

During IFN-α Treatment

Week 2 3.84 (2.6, 4.9) [n=32] 9.64 (8.8, 11.8) [n=29] 22.7 (20.1, 24.6) [n=5]

Month 1 4.08 (2.8, 5.0) [n=51] 12.0 (9.6, 12.3) [n=42] 25.2 (23.6, 28.8) [n=9]

Month 2 4.03 (2.9, 5.4) [n=36] 12.3 (10.9, 13.6) [n=36] 31.6 (26.6, 35.8) [n=7]

Month 3 4.33 (2.8, 5.9) [n=31] 14.1 (11.9, 15.1) [n=21] 32.1 (27.9, 36.4) [n=3]

Month 4 3.56 (2.4, 6.9) [n=28] 13.5 (12.9, 17.0) [n=22] ------

Note. BDI-s was measured prior to starting IFN-α and at week 2, and month 1, 2, 3, and 4 during IFN-α treatment in order to assess the changes in 
depressive symptoms. Group-based trajectory modeling was used to determine distinct subgroups in the HCV sample, where within each subgroup 
participants shared similar patterns of depression symptoms over times. The non-depressed subgroup of the HCV sample starts off with a low BDI-
s and experiences little change throughout the course of treatment. The average BDI-s of the slow increase subgroup is categorized as minimal 
depression and steadily increases to mild depression by the third month of IFN-α. By the third month, all subjects in the rapid increase subgroup 
were diagnosed with a mood disorder and administered treatment. Sensitivity analyses were performed to ensure the rapid increase subgroup is a 
valid subpopulation of HCV subjects undergoing IFN-α.
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Table 3

Baseline PSQI as a risk factor of group membership for 124 HCV patients undergoing treatment using group-

based trajectory analysis while adjusting for baseline BDI-s

Reference Group: Non-depressed

Group Variable Estimate (standard error), p-value Odds Ratio (95% Confidence Interval)

Slow Increase

Constant −3.42 (0.88), p<0.001 ----

PSQI 0.193 (0.10), p=0.05 1.21 (0.996, 1.48)

BDI-s at baseline 0.417 (0.11), p<0.001 1.52 (1.23, 1.87)

Rapid Increase

Constant −8.17 (1.6), p<0.001 ----

PSQI 0.330 (0.13), p=0.01 1.39 (1.07, 1.80)

BDI-s at baseline 0.582 (0.12), p<0.001 1.79 (1.41, 2.27)

Reference Group: Slow Increase

Group Variable Estimate (standard error), p-value Odds Ratio (95% Confidence Interval)

Rapid Increase

Constant −4.75 (1.3), p<0.001 ----

PSQI 0.137 (0.09), p=0.14 1.15 (0.957, 1.38)

BDI-s at baseline 0.165 (0.06), p=0.006 1.18 (1.05, 1.32)

Note. Group-based trajectory modeling, which uses a multinomial modeling technique, was used to test the association between PSQI and group 
membership, while adjusting for baseline BDI-s. Worse sleep quality is associated with a less favorable depression trajectory. The association 
between baseline PSQI and group membership is independent of baseline BDI-s when comparing rapid increasers to non-depressed. With one unit 
increase in PSQI, the odds of experiencing a rapid increase in depressive symptoms compared to no change increases by 39%.
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