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Objective: To develop group-based trajectories of depressive symptoms in immune-mediated
inflammatory disease (IMID) to understand their evolution and identify any associated factors,
with the overall goal of identifying those at highest risk of higher depressive symptom burden.

Method: 922 participants had an IMID or anxiety/depression. The PHQ-9 was administered at
four visits, and polygenic risk scores (PRS) for major depressive disorder, depressive symptoms,
and body mass index (BMI) were generated. Group-based trajectory modelling of PHQ-9 scores
estimated distinct trajectories. Regression tested whether specific factors were associated with the
trajectories. Mediation analyses assessed whether IMID mediated the association between BMI
PRS and trajectories.

Results: Three trajectories were identified. Regression demonstrated those in Group 3 (‘high
symptoms’) had significantly higher PRS for the three traits, compared to Group 1 (‘minimal
symptoms’) (OR: 1.34-1.66, A< 0.01). Stratified analyses in the IMID subgroup revealed an
increased effect for BMI PRS in Group 3 (OR: 2.31, £< 0.001), in contrast, BMI PRS was

no longer associated in the non-1IMID sample. No significant indirect effect of BMI PRS on
depressive symptoms trajectories was identified via IMID.

Conclusions: A significant association between polygenicity and PHQ-9 trajectories supports a
role for genetic inheritance in the variability in depressive symptoms in IMID.

Keywords

Depressive symptoms; PHQ-9; Group-based trajectory modelling; Polygenic risk score; Immune-
mediated inflammatory disease

Introduction

Major depressive disorder (MDD) affects approximately 5.0% of adults globally [1]. A
two-to three-fold increase in the prevalence of MDD is observed in individuals with an
immune-mediated inflammatory disease (IMID), such as multiple sclerosis, inflammatory
bowel disease or rheumatoid arthritis [2]. Individuals with comorbid IMID and MDD have
an increased hazard for all-cause mortality, compared to those with an IMID and ho MDD
[3]. In a cohort study of 2312 people with multiple sclerosis, significantly greater annual
disability progression was found in those with a mood or anxiety disorder (beta = 0.28,
P=10.0002) [4]. In those with inflammatory bowel disease, the co-occurrence of MDD is
associated with increased disease relapses [5], treatment failure [2,6] and reduced quality of
life [7]. Comorbid MDD is also associated with lower cognitive function, as evidenced by
slower processing speed, and lower verbal learning and memory in individuals with IMID

[8].

Several studies have also suggested that anxiety and depressive symptoms are more likely

to be elevated during periods of increased IMID disease activity and improve when disease
activity is reduced [9]. Elevated depressive symptoms, even in the absence of meeting formal
MDD diagnostic criteria, can also adversely affect outcomes in the general, non-IMID
population [10]. The Patient Health Questionnaire-9 (PHQ-9) comprises nine questions
based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V) diagnostic
criteria, and is a validated tool for assessing depressive symptoms severity both in the

Gen Hosp Psychiatry. Author manuscript; available in PMC 2022 December 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kowalec et al.

Page 3

general population [11] and in persons with IMID [12-14]. A qualitative study showed
that PHQ-9 patterns reflected patients’ experience of depression severity over a 6-month
period [15]. Changes in PHQ-9 scores are consistent with changes in the clinical diagnosis
of depression over time [16]. The factors that influence depressive symptoms in IMID

are poorly understood, but may include genetic factors as is the case in the general
population [17]. Polygenicity refers to a trait in which a large number of genetic variants
are involved in explaining its heritability [18]. In many common diseases, the effect of
polygenic inheritance is comparable to that of rare monogenic mutations [19]. MDD is

no exception, with an estimated heritability from twin studies of 37% [18] and of single
nucleotide polymorphism (SNP)-based heritability of 8.7% [20]. The polygenic inheritance
can be quantified using a polygenic risk score (PRS), representing the weighted sum of
the number of risk alleles that an individual possesses for a trait [21]. Such a score can be
utilized to predict the disease status of an individual.

The relationship between MDD and the immune system is complex [22] and is further
complicated by a risk factor common to both MDD [23] and IMID [24-26]: body mass
index. Studies employing Mendelian randomization, a method used to examine causal
effects of a modifiable exposure on an outcome, have shown BMI, but not MDD, play a
causal role in determining the likelihood of developing two IMID: multiple sclerosis [24]
and rheumatoid arthritis [27]. Other Mendelian randomization studies have shown both BMI
[26] and MDD as risk factors for inflammatory bowel disease, but the investigation into
MDD did not account for BMI [28]. There is also some distinction between depressive
symptoms as measured by the individual PHQ-9 questions and MDD genetic architecture as
noted by a genetic correlation of <1 [29].

In the general population, high depressive symptoms trajectories are associated with poor
social and psychiatric outcomes [30]. Therefore, identifying those in a higher depressive
symptom trajectory is important for targeting individuals who may benefit from more
intensive interventions to mitigate poor outcomes. In the non-IMID population, we know
depressive symptom trajectories can be heterogeneous [30-33], but to the best of our
knowledge, there are no previous longitudinal studies investigating depressive symptoms
in IMID. Factors influencing depressive symptom trajectories in IMID have also not been
investigated previously, but in the general population, gender, income/education and genetic
factors have been associated with greater depressive symptoms [17,30]. Therefore, our
objective was to develop trajectory models of depressive symptoms in individuals with
an IMID, or depression or anxiety history and no IMID to determine the pattern of
trajectories. We then aimed to investigate whether non-genetic and genetic (i.e. PRS for
MDD, depressive symptoms and BMI) factors were associated with depressive symptom
trajectories, with the overall goal of identifying factors that could be utilized to identify
those at highest risk of higher depressive symptom burden.

2. Methods
2.1. Study population

As previously reported, participants residing in Manitoba, Canada [2] were recruited
between November 2014 and July 2016 for a large cohort study of psychiatric comorbidity
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in IMID. Individuals were grouped as: IMID (one of multiple sclerosis; rheumatoid arthritis;
or inflammatory bowel disease, including Crohn’s disease and ulcerative colitis), or had

a lifetime history of anxiety or depression disorders but no IMID. We used multiple
recruitment methods such as poster placement in hospitals, private medical clinics, and
educational institutions. Other forms of recruitment included in person or mail recruitment
of patients from community-based and tertiary care clinics. Participants were > 18 years

of age, provide informed consent, and were sufficiently proficient in English to complete
questionnaires. The University of Manitoba Health Research Ethics Board (HS17706/
H2014:201) and Winnipeg Regional Health Authority (2015-051) approved the study.

2.2. Measures

2.2.1. Sociodemographic and clinical characteristics—Self-report questionnaires
captured the following characteristics at the baseline visit: sex, age, BMI, annual household
income, highest level of education attained, race, and smoking history. To ensure reasonable
cell sizes, the following were categorized: annual household income in Canadian dollars
(<$50,000, =$50,000, or “Decline to answer”), educational attainment (high school or
below, above high school), and self-reported race (white, non-white). Non-white self-
reported race was further classified into the following categories if /> 5: Asian/Filipino/
Latin American/African/Canadian Indigenous. Participants who reported having smoked
=100 cigarettes in their lifetime were categorized as ever smokers [2]. Participants also
reported their age at symptom onset from which we calculated disease duration for either the
IMID or anxiety or depression.

2.2.2. Psychiatric morbidity—The PHQ-9 is a validated tool of 9 self-report items
used to assess depressive symptom severity over the last two weeks. Each of the nine items
has response options from 0 (not at all) to 3 (nearly every day). The total score ranges from
0 to 27, with a total score = 10 indicating the presence of depression [34]. The PHQ-9 tool
was administered at the baseline study visit and then annually for 3 years, for a total of 4
visits. Two PHQ-9 cut-offs that have been validated for the presence of depression in IMIDs
were also utilized: PHQ-9 = 11 and 12 [12-14]. Lifetime MDD status was determined using
the Structured Clinical Interview for DSM-IV (SCID), as the DSM-IV was the prevailing
diagnostic criteria at the time the study was designed [2].

2.2.3. Genotyping and polygenic risk scores—Peripheral blood was collected for
DNA extraction at one of the study visits. Samples were genotyped on the Illumina
GSA-MD SNP array (GSAMD-24v?2) at the Genome Québec Innovation Centre (McGill
University, Montreal, Quebec). Quality control and imputation details can be found in the
Supplement.

Polygenic risk scores (PRS) were calculated using summary statistics from recent genome
wide association study for each phenotype: MDD (N = 170,756 MDD, 329,443 controls)
[40], depressive symptoms (V= 180,866) [17], and BMI (N = ~681,275) [41]. These
traits were selected for PRS generation given the trait under study (depressive symptoms)
and because BMI is known to be phenotypically and causally associated with depression
[23,42,43]. PRS were generated for the samples as the sum of the risk allele scores,
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weighted by their effect size in the discovery GWAS samples [40]. We performed linkage
disequilibrium clumping (r? < 0.1 in 1-Mb window) on any overlapping SNPs with the 1000
Genomes Project European samples for the reference. PRS were calculated using PLINK
(v1.9) for eight different scores based on different p-value thresholds (<5 x 1078, p< 1 x
1075, p<1x 1073, p<0.01, p<0.05, p<0.1, p<0.5, and p < 1). PRS were standardized
as mean of 0 and standard deviation of 1 for interpretability, with higher values indicating
increased genetic burden of the respective trait.

2.3. Statistical analyses

The population was described regarding their characteristics using either the median
(interquartile range, IQR), mean (standard deviation, SD) or frequency (%).

2.3.1. Depressive symptoms trajectory analysis—Trajectories were estimated for
each patient by group-based modelling analysis implemented in SAS 9.4 (PROC TRAJ,
SAS Institute Inc.) [44]. This semiparametric technique was used to identify subgroups

of individuals with distinct longitudinal trajectories for PHQ-9 scores. This method has
been used to model longitudinal depressive symptoms in primary care and in the older
population [31,45,46]. Individuals were included if they had =2 PHQ-9 scores to capture
the change in depressive symptoms over time. There were four study visits and for a

study visit to be included, we required >50% of the cohort to have completed the PHQ-9

at that visit. A censored normal (CNORM) model was used for PHQ-9 to estimate the
depressive symptoms trajectories. Model selection was based on the differences of Bayesian
Information Criterion (BIC) between the complex and null models. As suggested by Nagin
[47], model fitting began with one group with a second-order (quadratic) pattern and then
the number of groups and polynomial orders were added until the BIC was minimized.

The polynomial orders reflect the shape of the pattern of change for each group over

time (0 = zero-order; 1 = linear; 2 = quadratic, 3 = cubic). The polynomial orders were
considered based on whether the highest polynomial’s coefficient for each trajectory group
was significantly different from 0. The number of groups was limited to a minimum class
membership of 10% of the total population. Following modelling, the posterior probability
threshold was set to 0.7 to determine a correct group membership assignment [47], with
any participants with <0.7 excluded from further analyses. We compared the characteristics
between those participants who were included in the analyses (i.e. those with a posterior
probability =0.7) to those excluded (i.e. those with posterior probability <0.7) using the
appropriate statistical tests (categorical: chi-square test, continuous: Student’s #test or
Wilcoxon rank sum test).

2.3.2. Multinomial regression modelling—To test whether various genetic and non-
genetic factors were associated with differing depressive symptom group-based trajectories,
we used univariate and multivariable multinomial regression. Although MDD and depressive
symptoms PRS capture similar dimensions of depression, they were both included in the
modelling because of low multicollinearity (variance inflation factor ~ 1.2 for both PRS).

To determine which p-value threshold of the PRS to include in the regression modelling, we
computed the variance in group-based trajectories [Nagelkerke’s pseudo-/< [48]] explained
by PRS as the difference in R2 from the full model including the PRS and a baseline model
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with ancestry principal components only (Table S1). For the multivariable model, covariates
were tested and added into the model when significant either by univariate analyses (P< 0.1)
or based on the literature. We also investigated the association between PRS quartiles and
group-based trajectories to compare those at the extremes of the PRS distribution. Quartile
modelling included the same covariates as the multivariable model and designating the first
quartile as the reference for each PRS. To determine the effect of disease status (IMID

vs. non-1MID) on the regression, we performed a complementary regression stratified by
disease status (IMID vs. non-IMID).

2.3.3. Causal mediation analysis—We performed complementary mediation analysis
to test whether IMID mediates the association between BMI PRS and depressive symptoms
trajectories. We expected that we would not observe mediation based on prior Mendelian
randomization studies suggesting BMI is causally related to IMID and to MDD, but

IMID is not causally associated to MDD [24-28] (Fig. S2). However, as MDD and
depressive symptoms can capture various dimensions of depression, the previous Mendelian
randomization studies in MDD may differ for that of depressive symptoms.

We set the statistical significance level at < 0.05. Missing data were not imputed. All
analyses were performed using SAS (v.9.4) or R for Statistical Computing (v.4.1.2) [49]
with the following R packages used: tidyverse [50], data.table [51], nnet[52], DescTools
[53], mediation [54], and cowplot [55].

3. Results

Of the 922 study participants, we included 767 European genetic ancestry study participants
with available genetic data and > 2 PHQ-9 scores (Fig. 1). At each time point, patient
completion of the PHQ-9 scores were as follows: baseline (97.8%, n= 17 missing), year

1 (98.8%, n= 9 missing), year 2 (94.1%, n= 45 missing), and year 3 (90.0%, n=

77 missing); thus all 4 visits fulfilled the 50% completeness requirement. After fitting
various group-based trajectory models to minimize the BIC, a 3-group model was selected
(Table S2). From the 3-group model, we then excluded 70 individuals because of a low
posterior probability (<0.7) of being assigned to one of the three groups. These 70 excluded
participants did not differ largely from the 697 participants included in the subsequent
analyses (Table S3). The remaining 697 individuals were assigned to one of three PHQ-9
trajectory groups as follows: Group 1 represents 52.6% of participants, Group 2 with 35.3%
and Group 3 with 12.1% (Fig. 2A). The mean posterior probabilities for each group were:
0.997 (Group 1), 0.976 (Group 2), 0.998 (Group 3), with a Wald test demonstrating that the
three groups were significantly different (X2 = 111.56, A= 1.64 x 1024). The three groups
were characterized by the level of depressive symptoms, which included minimal (Group
1), moderate (Group 2), and high (Group 3). The three groups were also characterized by
stability over time. From here on, we will refer to these three trajectories by the Group
number (1, 2 or 3).

Of the 697 individuals included in the further modelling, there was a preponderance of
women (76.3%), self-reported white race (96.4%), and higher education (69.3%), with a
median baseline age of 51.4 years, and range of 18.3—-84.0 years (Table 1). Within each
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trajectory group, there were similar patterns of these socio-demographic factors. The mean
PHQ-9 scores of the three groups were similar by the presence of an IMID or non-IMID
(Fig. 2B), with increasing rates of lifetime major depression across the three groups (Table
1).

We used multinomial regression modelling to test whether the non-genetic and genetic
factors were associated with depressive symptom trajectories (Table S4). In the univariate
analyses, younger age, lower income, lower education, and absence of an IMID were
significantly associated with membership in either groups 2 or 3 compared with group 1
(Table S4). Significant findings associated with only group 2 membership included women
and ever-smoking.

In the multivariable analyses, the following were significantly associated with higher odds
of membership in groups 2 or 3, compared with group 1: younger age, ever-smoking,
lower income and non-IMID disease status (Table S4). Those in group 3 had significantly
higher odds of reporting lower education, compared with group 1. The only PRS that was
significantly associated with a depressive symptom trajectory was that of BMI (Table S4).
We then examined the effects of individual factors on the association between BMI and
MDD PRS and the depressive symptom trajectory groups, by separately adjusting for the
various genetic and non-genetic factors (Table S5A). For BMI PRS, adjusting for other
genetic and non-genetic factors made little difference to its effect. However, adjusting

the MDD PRS for non-genetic factors, rendered its association with depressive symptom
trajectories non-significant.

We also examined the association between quartiles of the three PRS and PHQ-9 trajectories
(Fig. S1). Those with the top 25% MDD PRS had 1.8-fold higher odds of being assigned

to group 2, compared to those with the lowest MDD PRS (OR: 1.79, 95%Cl: 1.06-3.02,
P=0.03). Those with the top 25% BMI PRS had 2.7-fold higher odds of being assigned

to group 3 compared to those with the lowest BMI PRS distribution (OR: 2.68, 95%CI:
1.19-6.04, £=0.017). Similarly, those with the top 25% BMI PRS had 1.7-fold higher

odds of being assigned to group 2 compared to those with the lowest BMI PRS (OR: 1.71,
95%Cl: 1.01-2.86, P=0.04). All other findings were non-significant (P> 0.05).

Mediation analyses investigating whether IMID mediates the association between BMI PRS
and depressive symptoms trajectories found no significant indirect effect of BMI PRS on
depressive symptoms trajectories via IMID (Table S6). To investigate the possibility of an
interaction between IMID vs. non-IMID and each PRS (Fig. S3), we performed a regression
analysis stratified by the presence of an IMID or no IMID (Table 2). The most notable
finding was the increased BMI PRS effect estimate in the IMID sample (Group 3 vs. 1 =
OR: 2.31, 95%CI: 1.44-3.71, P< 0.001). In contrast, BMI PRS was no longer significantly
associated in the non-IMID sample (Group 3 vs. 1 = OR: 0.95, 95%Cl: 0.50-1.66, P

= 0.856, Table 2). Upon separately adjusting for genetic and non-genetic factors in the
stratified analyses, similar findings were noted for MDD and BMI PRS compared to the

full cohort, with again identifying an increased effect for BMI PRS in the IMID-only model
(Table S5B).
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4. Discussion

We aimed to understand the evolution of depressive symptoms in those with an IMID,

and to determine if patient factors, including polygenic risk scores, were associated with

the identified trajectories. We identified three distinct depressive symptoms trajectories,
which were differentially associated with cumulative genetic burden for MDD, depressive
symptoms, and BMI. Stratified regression analysis further identified that the BMI and MDD
genetic burden were differentially associated with the IMID vs. the non-IMID/psychiatric
sample.

Using a semi-parametric trajectory-based analysis, we stratified participants into 3 distinct
trajectories based on longitudinal PHQ-9 scores. This method has been used to model
longitudinal depressive symptoms in primary care [45], type 2 diabetes [56], and in the older
population [31,46]. A systematic review of depressive symptom trajectories found that most
studies identified 3—4 trajectories, where each varied in terms of stability and severity [30].
Similar to other studies [30,57,58], we found the largest trajectory group containing >50%
of the participants belonged to a trajectory characterized by stable, minimal depressive
symptoms (PHQ-9 score < 4 [59]). Other frequently reported trajectories that were also
identified in the current study were that of persistently high depressive symptoms and
containing <10% of the study sample [30,60], and of persistently moderate symptoms and
containing 16-61% of the total sample [30,61]. We note many similarities between the
trajectories identified here and the studies above, even though different depressive symptom
scales were employed. Previous studies used largely either the Centre for Epidemiologic
Studies Depression Scale (CES-D) or Beck Depression Inventory (BDI) [30]. Nonetheless,
the PHQ-9 has been shown to be a valid screening measure for depression in the three
IMIDs included here [12-14].

Given the lack of trajectory-based analysis using depressive symptoms specifically in

those with an IMID, we looked to the general literature for comparisons. Non-genetic
factors associated with trajectory group membership included smoking, and lower income

or education in the current study; findings which are also seen in the broader literature
[30,60,62]. Rates of lifetime depression in our study increased in a dose-dependent manner
across the trajectories, with the lowest rate in the minimal depressive symptoms group
(32.2%, Group 1) to >80% of the high depressive symptoms trajectory group (Group 3).
Previous studies have also found that those in the higher depressive symptoms trajectory are
more likely to have a formal diagnosis of psychiatric disorders, including depression [30,60].

All three polygenic risk scores investigated were associated with membership in the

high depressive symptom trajectory group, when adjusting only for genetic ancestry. As
expected, the polygenic risk for depressive symptoms and MDD were both associated with
increasing depressive symptoms. The effect size of the PRS for all three traits were similar
(OR =1.34-1.66), with the largest effect for BMI. In addition, PRS for BMI was the

only trait which remained statistically significant following the adjustment for additional
potential confounders, such as age and sex. The link between BMI and depression in the
general population is well-established, with a Mendelian randomization study suggesting
that higher BMI partly causes depression [23,24,43]. Our stratified regression analysis
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further identified that the BMI PRS was significantly associated with the higher depressive
symptom group in the IMID sample but was no longer significant in the non-IMID/
psychiatric sample. This may highlight a potential phenotypic difference in depressive
symptoms and may point to a metabolic subtype of depressive symptoms in those with an
IMID. Previous Mendelian randomization analyses found BMI is causally associated with
different depressive symptoms from the PHQ-9, including tiredness, anhedonia, changes in
appetite, and feelings of inadequacy [63]. Investigating subtypes of depression in those with
multiple sclerosis has shown a higher risk for the somatic atypical depression symptom of
weight gain [64]. IMID is unlikely to mediate the relationship between BMI and MDD
given evidence from Mendelian randomization studies demonstrating IMID is not causally
associated with MDD [24,27,28]. We acknowledge that differences exist in the genetics of
depressive symptoms and MDD [29], and thus we undertook a mediation analysis for which
also identified that IMID is unlikely to mediate the relationship between BMI and depressive
symptoms trajectories. Further work in this area is needed to assess the intersection of BMI,
depression, and IMIDs, and evaluate whether different therapeutic approaches for depression
may be warranted in the IMID population.

This study had several strengths including the assessment of genetic and non-genetic
factors in relation to longitudinal depressive symptoms in those with an IMID. The study
participants had very high completion rates of the PHQ-9 for each study visit (>90%) over a
4-year period, which meant more robust modelling. The PRS were computed in our cohort
using summary statistics of previous large-scale genome-wide association studies for each
trait, with each study including on average, >500,000 participants. A limitation of our study
is that we only utilized European genetic ancestry participants, as it is currently unadvisable
to generate PRS in non-Europeans when they were originally developed in Europeans.
Several studies have identified a link between racial groups and higher depressive symptoms
[65,66], thus, as non-European genetic studies become more readily available, these should
be considered for future genetic studies of depressive symptoms trajectories. In this cohort,
we did not have access to information on the treatment of depression, which may have
influenced persistence of depressive symptoms. We also did not know whether individuals
with a lifetime diagnosis of MDD could be further classified as atypical MDD; a known
MDD subtype associated with significant weight gain or increase in appetite and may have
elucidated our finding of increased BMI PRS in the IMID sample and not in the non-IMID
sample. A limitation of group-based trajectory modelling is that while comparisons can be
made between trajectories, one cannot make any within-group comparisons [67].

Individuals in the persistently high depressive symptoms trajectory with an IMID are at
high likelihood of experiencing clinical depression. Evidence from studies in the general
population demonstrates that those experiencing a high level of persistent depressive
symptoms are an important group given their association with poor outcomes [30]. Our
study also identified that those with an IMID also experience chronically high depressive
symptoms and may warrant greater clinical attention. Clinical relevance of our findings
should be interpreted with caution as even though three stable latent trajectories were
identified in this analysis, these results should not be interpreted as indicating that
substantial positive and/or negative changes in mood status do not occur. Clinicians should
remain vigilant for the occurrence of major mood episodes among their patients.
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Future studies should assess the intersection of the three IMIDs included here along

with their relationship with depressive symptoms and BMI, and include further subtyping
of depression. In addition, as new GWAS’ are published with larger sample sizes and
different ancestries, this may improve the utility of PRS for depression in contexts whereby
depression is a comorbidity, such as in those with an IMID.

In summary, the identified significant association between polygenicity for depressive
symptoms, MDD, and BMI with PHQ-9 trajectory groups supports a role for genetic
inheritance in the variability in depressive symptoms in those with an IMID. We have also
highlighted a potential phenotypic difference in depressive symptoms in those with an IMID.

Supplementary Material
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Acknowledgements

Funding

We acknowledge the use of the Genome QC/Genome QC Innovation Centre/Genome Canada for genotyping
facilities. We also acknowledge the work of Ruiyuan Yao who performed initial analyses for this project.

This study was funded by the Canadian Institutes of Health Research (THC-135234), a Pilot Research Award
from the Consortium of Multiple Sclerosis Centers, the University of Manitoba, and by the Department of Defense
Congressionally Directed Medical Research Programs, through the Multiple Sclerosis Research Program under
Award No. W81XWH2010566 (PI: Kowalec). Opinions, interpretations, conclusions, and recommendations are
those of the author and are not necessarily endorsed by the Department of Defense. RAM is supported by the
Waugh Family Chair in Multiple Sclerosis. CNC is supported by the Bingham Chair in Gastroenterology. SP

is supported by the Cuthbertson & Fischer Chair in Pediatric Mental Health. KK is supported by the NIMH
(MH123724) and the University of Manitoba.

References

[1]. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and
national incidence, prevalence, and years lived with disability for 354 diseases and injuries for
195 countries and territories, 1990-2017: a systematic analysis for the global burden of disease
study 2017. Lancet 2018;392:1789-858. 10.1016/S0140-6736(18)32279-7. [PubMed: 30496104]

[2]. Marrie RA, Graff L, Walker JR, Fisk JD, Patten SB, Hitchon CA, et al. Effects of psychiatric
comorbidity in immune-mediated inflammatory disease: protocol for a prospective study. J Med
Internet Res 2018;20:e15. 10.2196/resprot.8794. [PubMed: 29444769]

[3]. Marrie RA, Walld R, Bolton JM, Sareen J, Patten SB, Singer A, et al. Psychiatric
comorbidity increases mortality in immune-mediated inflammatory diseases. Gen Hosp
Psychiatry 2018;53:65-72. 10.1016/j.genhosppsych.2018.06.001. [PubMed: 29929117]

[4]. McKay KA, Tremlett H, Fisk JD, Zhang T, Patten SB, Kastrukoff L, et al. Psychiatric comorbidity
is associated with disability progression in multiple sclerosis. Neurology 2018;90:¢1316-23.
10.1212/WNL.0000000000005302. [PubMed: 29523642]

[5]. Mittermaier C, Dejaco C, Waldhoer T, Oefferlbauer-Ernst A, Miehsler W, Beier M, et al. Impact of
depressive mood on relapse in patients with inflammatory bowel disease: a prospective 18-month
follow-up study. Psychosom Med n.d;66:79-84.

[6]. Persoons P, Vermeire S, Demyttenaere K, Fischler B, Vandenberghe J, Van Oudenhove L,
et al. The impact of major depressive disorder on the short- and long-term outcome of
Crohn’s disease treatment with infliximab. Aliment Pharmacol Ther 2005;22:101-10. 10.1111/
j.1365-2036.2005.02535.x. [PubMed: 16011668]

Gen Hosp Psychiatry. Author manuscript; available in PMC 2022 December 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kowalec et al.

Page 11

[7]. Faust AH, Halpern LF, Danoff-Burg S, Cross RK. Psychosocial factors contributing to

inflammatory bowel disease activity and health-related quality of life. Gastroenterol Hepatol
(N'Y) 2012;8:173-81. [PubMed: 22675279]

[8]. Whitehouse CE, Fisk JD, Bernstein CN, Berrigan LI, Bolton JM, Graff LA, et al. Comorbid

anxiety, depression, and cognition in MS and other immune-mediated disorders. Neurology
2019;92:e406-17. 10.1212/WNL.0000000000006854. [PubMed: 30635487]

[9]. Walker JR, Graff LA, Dutz JP, Bernstein CN. Psychiatric disorders in patients with immune-

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

mediated inflammatory diseases: prevalence, association with disease activity, and overall patient
well-being. J Rheumatol 2011;38:31-5. 10.3899/jrheum.110900.

Lewinsohn PM, Solomon A, Seeley JR, Zeiss A. Clinical implications of “subthreshold”
depressive symptoms. J Abnorm Psychol 2000;109:345-51. 10.1037/0021-843X.109.2.345.
[PubMed: 10895574]

Review Test. Patient health questionnaire-9 (PHQ-9). Rehabil Couns Bull 2014;57:246-8.
10.1177/0034355213515305.

Marrie RA, Zhang L, Lix LM, Graff LA, Walker JR, Fisk JD, et al. The validity and reliability
of screening measures for depression and anxiety disorders in multiple sclerosis. Mult Scler Relat
Disord 2018;20:9-15. 10.1016/j.msard.2017.12.007. [PubMed: 29274564]

Bernstein CN, Zhang L, Lix LM, Graff LA, Walker JR, Fisk JD, et al. The validity and reliability
of screening measures for depression and anxiety disorders in inflammatory bowel disease.
Inflamm Bowel Dis 2018;24:1867-75. 10.1093/ibd/izy068. [PubMed: 29668911]

Hitchon CA, Zhang L, Peschken CA, Lix LM, Graff LA, Fisk JD, et al. Validity and reliability
of screening measures for depression and anxiety disorders in rheumatoid arthritis. Arthritis Care
Res 2019;72. 10.1002/acr.24011.

Malpass A, Shaw A, Kessler D, Sharp D. Concordance between PHQ-9 scores and

patients’ experiences of depression: a mixed methods study. Br J Gen Pract 2010;60. 10.3399/
bjgp10X502119.

Léwe B, Kroenke K, Herzog W, Gréafe K. Measuring depression outcome with a brief self-report
instrument: sensitivity to change of the patient health questionnaire (PHQ-9). J Affect Disord
2004;81:61-6. 10.1016/S0165-0327(03)00198-8. [PubMed: 15183601]

Okbay A, Baselmans BML, De Neve JE, Turley P, Nivard MG, Fontana MA, et al. Genetic
variants associated with subjective well-being, depressive symptoms, and neuroticism identified
through genome-wide analyses. Nat Genet 2016;48:624—-33. 10.1038/ng.3552. [PubMed:
27089181]

Demirkan A, Penninx BWJH, Hek K, Wray NR, Amin N, Aulchenko YS, et al. Genetic risk
profiles for depression and anxiety in adult and elderly cohorts. Mol Psychiatry 2011;16:773-83.
10.1038/mp.2010.65. [PubMed: 20567237]

Khera AV, Chaffin M, Aragam KG, Haas ME, Roselli C, Choi SH, et al. Genome-wide polygenic
scores for common diseases identify individuals with risk equivalent to monogenic mutations.
Nat Genet 2018;50:1219-24. 10.1038/s41588-018-0183-z. [PubMed: 30104762]

Sullivan PF, Geschwind DH. Defining the genetic, genomic, cellular, and diagnostic
architectures of psychiatric disorders. Cell 2019;177:162-83. 10.1016/j.cell.2019.01.015.
[PubMed: 30901538]

Lewis CM, Vassos E. Polygenic risk scores: from research tools to clinical instruments. Genome
Med 2020;12:44. 10.1186/513073-020-00742-5. [PubMed: 32423490]

Beurel E, Toups M, Nemeroff CB. The bidirectional relationship of depression and
inflammation: double trouble. Neuron 2020;107:234-56. 10.1016/J.NEURON.2020.06.002.
[PubMed: 32553197]

Tyrrell J, Mulugeta A, Wood AR, Zhou A, Beaumont RN, Tuke MA, et al. Using genetics to
understand the causal influence of higher BMI on depression. Int J Epidemiol 2019;48:834-48.
10.1093/ije/dyy223. [PubMed: 30423117]

Harroud A, Marrie RA, Fitzgerald KC, Salter A, Lu Y, Patel M, et al. Mendelian randomization
provides no evidence for a causal role in the bidirectional relationship between depression and
multiple sclerosis. Mult Scler J 2021;27:2077-84. 10.1177/1352458521993075.

Gen Hosp Psychiatry. Author manuscript; available in PMC 2022 December 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kowalec et al.

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[40].

[41].

[42].

[43].
[44].

[45].

[46].

[47].

[48].

[49].

Page 12

Bae SC, Lee YH. Causal association between body mass index and risk of rheumatoid arthritis: a
Mendelian randomization study. Eur J Clin Invest 2019;49. 10.1111/ECI.13076.

Carreras-Torres R, Ibafiez-Sanz G, Obén-Santacana M, Duell EJ, Moreno V. Identifying
environmental risk factors for inflammatory bowel diseases: a Mendelian randomization study.
Sci Rep 2020;10:19273. 10.1038/s41598-020-76361-2. [PubMed: 33159156]

Fitzgerald K Rheumatoid arthritis and major depressive disorder: A Mendelian randomization
study. 2022.

Luo J, Xu Z, Noordam R, van Heemst D, Li-Gao R. Depression and inflammatory bowel disease:
a bidirectional two-sample Mendelian randomization study. J Crohns Colitis 2021. 10.1093/ecco-
jec/jjab191.

Thorp JG, Marees AT, Ong JS, An J, Macgregor S, Derks EM. Genetic heterogeneity in self-
reported depressive symptoms identified through genetic analyses of the PHQ-9. Psychol Med
2020;50:2385-96. 10.1017/S0033291719002526. [PubMed: 31530331]

Musliner KL, Munk-Olsen T, Eaton WW, Zandi PP. Heterogeneity in long-term trajectories of
depressive symptoms: patterns, predictors and outcomes. J Affect Disord 2016;192:199-211.
10.1016/j.jad.2015.12.030. [PubMed: 26745437]

Hsu HC. Group-based trajectories of depressive symptoms and the predictors in the older
population. Int J Geriatr Psychiatry 2012;27:854-62. 10.1002/gps.2796. [PubMed: 22778035]
Taylor DH, Ezell M, Kuchibhatla M, @stbye T, Clipp EC. Identifying trajectories of depressive
symptoms for women caring for their husbands with dementia. J Am Geriatr Soc 2008;56:322-7.
10.1111/J.1532-5415.2007.01558.X. [PubMed: 18179488]

Lee H, Kim KE, Kim MY, Park CG, Han JY, Choi EJ. Trajectories of depressive symptoms and
anxiety during pregnancy and associations with pregnancy stress. Int J Environ Res Public Health
2021;18:1-12. 10.3390/IJERPH18052733.

Spitzer RL, Kroenke K, Williams JBW. Validation and utility of a self-report version of PRIME-
MD: the PHQ primary care study. JAMA 1999;282:1737-44. 10.1001/jama.282.18.1737.
[PubMed: 10568646]

Howard DM, Adams MJ, Clarke TK, Hafferty JD, Gibson J, Shirali M, et al. Genome-wide meta-
analysis of depression identifies 102 independent variants and highlights the importance of the
prefrontal brain regions. Nat Neurosci 2019;22:343-52. 10.1038/s41593-018-0326-7. [PubMed:
30718901]

Yengo L, Sidorenko J, Kemper KE, Zheng Z, Wood AR, Weedon MN, et al. Meta-analysis

of genome-wide association studies for height and body mass index in ~700000 individuals

of European ancestry. Hum Mol Genet 2018;27:3641-9. 10.1093/hmg/ddy271. [PubMed:
30124842]

Luppino FS, De Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BWJH, et al. Overweight,
obesity, and depression: a systematic review and meta-analysis of longitudinal studies. Arch Gen
Psychiatry 2010;67:220-9. 10.1001/archgenpsychiatry.2010.2. [PubMed: 20194822]

Johnston E, Johnson S, McLeod P, Johnston M. The relation of body mass index to depressive
symptoms. Can J Public Health 2004;95:179-83. 10.1007/bf03403643. [PubMed: 15191118]
Jones BL, Nagin DS. Advances in group-based trajectory modeling and an SAS procedure for
estimating them. Sociol Methods Res 2007;35:542-71. 10.1177/0049124106292364.

Gunn J, Elliott P, Densley K, Middleton A, Ambresin G, Dowrick C, et al. A trajectory-based
approach to understand the factors associated with persistent depressive symptoms in primary
care. J Affect Disord 2013;148:338-46. 10.1016/j.jad.2012.12.021. [PubMed: 23375580]
Formanek T, Csajbdk Z, Wolfova K, Kucera M, Tom S, Aarsland D, et al. Trajectories

of depressive symptoms and associated patterns of cognitive decline. Sci Rep 2020;10:1-11.
10.1038/s41598-020-77866-6. [PubMed: 31913322]

Nagin DS. Group-based modeling of development. Boston: Harvard University Press; 2005.
Nagelkerke N A note on a general definition of the coefficient of determination. Biometrika
1991;78:691-2.

R Core Team. R: A language and environment for statistical computing v4.0.3. https://www.r-
project.org/; 2021.

Gen Hosp Psychiatry. Author manuscript; available in PMC 2022 December 06.


https://www.r-project.org/
https://www.r-project.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kowalec et al.

[50].
[51].
[52].
[53].
[54].
[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

[65].

[66].

[67].

Page 13

Wickham H, Averick M, Bryan J, Chang W, McGowan LD, Frangois R, et al. Welcome to the
Tidyverse. J Open Source Softw 2019;4:1686. 10.21105/J0SS.01686.

R Package Data. Table version 1.14.0. https://cran.r-project.org/package=data.table; 2021
(accessed September 7, 2021).

Riplley B, Venables B, Bates DM, Firth D, Hornik K, Gebhardt A. Package MASS and NNET
support functions and datasets for Venables and Ripley’s MASS. Doc Free169; 2018. Available
Internet, http://www.r-project.org.

Signorell A Tools for Descriptive Statistics [R package DescTools Version 0.99.42]. 2021.

Tingley D, Yamamoto T, Hirose K, Keele L, Imai K. Mediation: R package for causal mediation
analysis. J Stat Softw 2014;59:1-38. 10.18637/JSS.V059.105. [PubMed: 26917999]

Wilke CO. Streamlined Plot Theme and Plot Annotations for “ggplot2” [R Package Cowplot
Version 1.1.1]. https://cran.r-project.org/package=cowplot; 2020.

Schmitz N, Gariépy G, Smith KJ, Malla A, Wang JL, Boyer R, et al. The pattern of depressive
symptoms in people with type 2 diabetes: a prospective community study. J Psychosom Res
2013;74:128-34. 10.1016/j.jpsychores.2012.09.021. [PubMed: 23332527]

Salmela-Aro K, Aunola K, Nurmi J-E. Trajectories of depressive symptoms during

emerging adulthood: antecedents and consequences. Eur J Dev Psychol 2008;5:439-65.
10.1080/17405620600867014.

Lincoln KD, Takeuchi DT. Variation in the trajectories of depressive symptoms: results

from the Americans’ changing lives study. Biodemography Soc Biol 2010;56:24-41.
10.1080/19485561003709180. [PubMed: 20589986]

Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depression severity
measure. J Gen Intern Med 2001;16:606-13. 10.1046/j.1525-1497.2001.016009606.x. [PubMed:
11556941]

Stoolmiller M, Kim HK, Capaldi DM. The course of depressive symptoms in men from early
adolescence to young adulthood: identifying latent trajectories and early predictors. J Abnorm
Psychol 2005;114:331-45. 10.1037/0021-843X.114.3.331. [PubMed: 16117571]

Cronkite RC, Woodhead EL, Finlay A, Timko C, Unger Hu K, Moos RH. Life stressors
and resources and the 23-year course of depression. J Affect Disord 2013;150:370-7. 10.1016/
jjad.2013.04.022. [PubMed: 23688913]

Yaroslavsky I, Pettit JW, Lewinsohn PM, Seeley JR, Roberts RE. Heterogeneous trajectories of
depressive symptoms: adolescent predictors and adult outcomes. J Affect Disord 2013;148:391—
9. 10.1016/j.jad.2012.06.028. [PubMed: 22963892]

Kappelmann N, Arloth J, Georgakis MK, Czamara D, Rost N, Ligthart S, et al. Dissecting the
association between inflammation, metabolic dysregulation, and specific depressive symptoms: a
genetic correlation and 2-sample Mendelian randomization study. JAMA Psychiat 2021;78:161—
70. 10.1001/JAMAPSYCHIATRY.2020.3436.

Rodgers S, Calabrese P, Ajdacic-Gross V, Steinemann N, Kaufmann M, Salmen A, et al.

Major depressive disorder subtypes and depression symptoms in multiple sclerosis: what is
different compared to the general population? J Psychosom Res 2021;144:110402. 10.1016/
j.jpsychores.2021.110402. [PubMed: 33631437]

Liang J, Xu X, Quifiones AR, Bennett JM, Ye W. Multiple trajectories of depressive symptoms in
middle and late life: racial/ethnic variations. Psychol Aging 2011;26:761-77. 10.1037/a0023945.
[PubMed: 21875216]

Costello DM, Swendsen J, Rose JS, Dierker LC. Risk and protective factors associated with
trajectories of depressed mood from adolescence to early adulthood. J Consult Clin Psychol
2008;76:173-83. 10.1037/0022-006X.76.2.173. [PubMed: 18377115]

Frankfurt S, Frazier P, Syed M, Jung KR. Using group-based trajectory and growth

mixture modeling to identify classes of change trajectories44; 2016. p. 622—60.
10.1177/0011000016658097.

Gen Hosp Psychiatry. Author manuscript; available in PMC 2022 December 06.


https://cran.r-project.org/package=data.table
http://www.r-project.org
https://cran.r-project.org/package=cowplot

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kowalec et al.

Page 14

’ Overall cohort (N=922)

Excluded (n=155)
- Failed genotyping (n=91)
- Non-European genetic ancestry (n=64)

‘ PHQ-9 Group-based trajectory models (n=767) ‘

Excluded (n=70)
- Low posterior probability of group assignment (<0.7)

|

(n=70)

‘ Group 1 (n=367, 52.6%) | | Group 2 (n=246, 35.3%

) ‘ | Group 3 (n=84, 12.1%) ‘

| Multivariable multinomial regression model (n=697) |

Fig. 1.
Flow diagram of study participants.
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Fig. 2.

Dgpressive symptoms trajectory analysis. (A) Trajectory groups of PHQ-9 score estimated
by group-based trajectory models showing the individual trajectories of the PHQ-9 scores
for all European individuals over four study visits (M= 697). Darkened lines represent the
mean PHQ-9 score per visit per group. Group 1 represents 52.6% of subjects, Group 2
with 35.3% and Group 3 with 12.1%. (B) Trajectory groups of PHQ-9 score estimated by
group-based trajectory models, by disease type. Group 1 represents 87% (IMID) and 13%
(non-IMID), Group 2 with 63.1% (IMID) and 36.9% (non-IMID) and Group 3 with 38.2%
(IMID) and 61.9% (non-IMID).
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Table 1

Characteristics of the participants included in the PHQ-9 group-based trajectories.

Total Group-based trajectories”
Group 1 “Minimal”  Group 2 “Moderate”  Group 3 “High”

N (%) 697 (100) 367 (52.6) 246 (35.3) 84 (12.1)
Median age (IQR), y 51.4(20.1)  54.8(20.5) 49.6 (19.8) 47.7 (17.6)
Sex: Woman, n (%) 532(76.3) 273 (74.4) 200 (81.3) 59 (70.2)
Self-reported race, n (%)

White 672(96.4) 356 (97.0) 240 (97.6) 76 (90.5)

Non-white 13 (1.9) 5(1.4) 2(0.8) 6(7.1)

Asian/Filipino/Latin American/African 5(0.7) N/AC N/AC N/AC

Canadian Indigenous 8(1.1) N/AS N/AS N/AC

Missing 12 (1.7) 6 (1.6) 4(1.6) 2(2.5)
Ever-smoker, n (%) 375 (53.8) 183 (49.9) 142 (57.7) 50 (59.5)
Income, n (%)

<$50,000 235(33.7) 241 (65.7) 124 (50.4) 35 (41.7)

2$50,000 400 (57.4) 98 (26.7) 94 (38.2) 43 (51.2)

Declined 62 (8.9) 28 (7.6) 28 (11.4) 6(7.1)
Highest education
achieved, n (%)

High school or below 214 (30.7) 92 (25.0) 82 (33.3) 40 (47.6)

Above high school 483(69.3) 275 (74.9) 164 (66.7) 44 (52.4)
Disease, n (%)

Non-IMID 191 (27.4) 48 (13.0) 91 (36.9) 52 (61.9)

IMID: Multiple sclerosis 208 (29.8) 117 (31.9) 75 (30.5) 16 (19.0)

IMID: Inflammatory bowel disease 186 (26.7) 125 (34.0) 51 (20.7) 10 (11.9)

IMID: Rheumatoid arthritis 112 (16.1) 77 (20.9) 29 (11.8) 6 (7.1)
Disease duration, y° 19 (17) 20 (16.8) 17 (12) 16 (14)
Body mass index (kg/ mz)b 27.5 (8.6) 26.5 (7.5) 28.2 (9.4) 29.8 (9.0)
Mental health

Baseline PHQ-9 score (IQR) 7 (10) 3(4) 12 (6) 18.5 (6)

Baseline PHQ-9 = 10, n (%) 254 (36.4) 11 (3) 163 (66.3) 80 (95.2)

Baseline PHQ-9 > 11, n (%) 226 (32.4)  7(L.9) 141 (57.3) 78 (92.9)

Baseline PHQ-9 > 12, n (%) 205(29.4)  6(L6) 122 (49.6) 77 (91.7)

Lifetime major depression (SCID-1V), n (%) 359 (51.5) 118 (32.2) 169 (68.7) 72 (85.7)
Genetic factors, mean (SD)

Standardized MDD PRS -0.07 (0.94) —0.20 (0.93) 0.03 (0.92) 0.14 (0.95)

Standardized depressive symptoms PRS -0.03 (1.0) —-0.05 (1.02) -0.07 (0.97) 0.21 (1.03)

Standardized BMI PRS -0.16 (0.9)  -0.25 (0.85) -0.13 (0.84) 0.14 (0.99)

IMID: Immune-mediated inflammatory disease, MDD: Major depressive disorder, PRS: polygenic risk score.
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*

% reflects that of each group. Categorical values presented as n (%) and continuous as median (IQR), except for PRS which are mean (SD).
aDisease duration available for V=511 (Group 1: N= 318, Group 2: V=157, Group 3: N = 36).
bBaseIine body mass index available for /=690 (Group 1: N= 363, Group 2: N =243, Group 3: N=83).

c .
Unable to further categorize because of V< 5.
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