
Severity, course trajectory, and
within-person variability of individual
symptoms in patients with major depressive
disorder

van Eeden WA, van Hemert AM, Carlier IVE, Penninx BW, Giltay
EJ. Severity, course trajectory, and within-person variability of
individual symptoms in patients with major depressive disorder.

Background: Depression shows a large heterogeneity of symptoms
between and within persons over time. However, most outcome studies
have assessed depression as a single underlying latent construct, using
the sum score on psychometric scales as an indicator for severity. This
study assesses longitudinal symptom-specific trajectories and within-
person variability of major depressive disorder over a 9-year period.
Methods: Data were derived from the Netherlands Study of Depression
and Anxiety (NESDA). This study included 783 participants with a
current major depressive disorder at baseline. The Inventory Depressive
Symptomatology-Self-Report (IDS-SR) was used to analyze 28
depressive symptoms at up to six time points during the 9-year follow-up.
Results: The highest baseline severity scores were found for the items
regarding energy and mood states. The core symptoms depressed mood
and anhedonia had the most favorable course, whereas sleeping
problems and (psycho-)somatic symptoms were more persistent over
9-year follow-up. Within-person variability was highest for symptoms
related to energy and lowest for suicidal ideation.
Conclusions: The severity, course, and within-person variability differed
markedly between depressive symptoms. Our findings strengthen the
idea that employing a symptom-focused approach in both clinical care
and research is of value.
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Significant findings

• Depressive symptoms have heterogenetic longitudinal characteristics.

• Somatic/vegetative symptoms are less present at baseline but often exhibit a more persistent course
trajectory.

• Mood and cognitive symptoms are more severe at baseline but show favorable course trajectories.

Limitations

• The first part of the symptom trajectories was subject to a ‘regression to the mean’ because patients
were selected based on the criteria for MDD.

• Outcomes were based on analysis with single items.

• Because NESDA was an observational cohort study, other variables may have confounded our
findings.
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Introduction

Major depressive disorder (MDD) is a heteroge-
neous disease featuring large between-person dif-
ferences in symptomatology and highly variable
course trajectories (1, 2). Most outcome research
has focused on depression as a latent variable con-
struct, representing a single underlying disorder,
whereby the level of severity is measured as a sum
score on self-report questionnaires of symptoms
(1). Given the possible unique combinations of the
nine symptoms of which some are composite
symptoms in the Diagnostic and Statistical Man-
ual of Mental Disorders, fifth edition (DSM-5;
e.g., anhedonia consists of two dimensions namely
‘loss of interest’ and ‘inability to experience joy’),
227 different symptom combinations can be distin-
guished—all of which meet the requirements for a
diagnosis of MDD (1). However, each individual
symptom may have a separate severity, course tra-
jectory, and variability over time, of which the
potential importance is buried within the unified
entity approach used in most outcome research (1).
Moreover, these sum-score-based methods do not
maintain the hierarchical structure of the DSM-5
criteria of MDD, such as depressed mood or anhe-
donia, as a required core symptom.

Studies that did assess symptom-specific course
trajectories have shown important differences
between individual symptoms. Of the 12 studies
that, to some extent, took symptom-specific
courses within the adult population into account
(2–13), sample sizes ranged from 51 (4) to 3278
participants (13). There were substantial differ-
ences in the methods and instruments that were
used to assess individual symptoms. Studies used
self-report measures (3, 4, 6, 10), clinician-rated
measures (5, 8, 11), and structured interviews (2, 7,
9). Therefore, comparing these studies should be
done with caution. Most studies featured a
prospective design with the duration of follow-up
ranging from 2 weeks (3) to 3 years (9). Research-
ers often focused on identifying residual symp-
toms, and only three studies specifically reported
on relatively fast remitting symptoms (2, 3, 12).
Four studies found that the two core symptoms,
depressed mood and anhedonia, tended to persist
as residual symptoms (2, 4, 5, 11), but sleep prob-
lems, energy loss, and cognitive problems were
more often reported as residual symptoms (2, 5, 6,
12–14). Fast remitting symptoms were negative
self-view and psychomotor problems (3, 7, 12).
Some studies found no differences between individ-
ual symptoms (7, 8, 10).

The within-person variability of individual MDD
symptoms over time has rarely been investigated.

Patients with MDD tend to show a recurring and
chronic disease course, with fluctuating levels of
severity (2, 15). Two studies found that a high vari-
ability of sum scores for severity was associated
with an increased risk of relapse (16, 17), whereas
another did not (7). Some depressive symptoms
tend to show large changes over time in a single
patient, whereas other symptoms tend to remain
stable or are in steady decline. Based on the mean
range of the Hamilton Depression Scale item
scores (18), energy loss, loss of libido, and sleep
problems showed considerable levels of variability
during the 3-year follow-up of 114 patients with
MDD (16). On the other hand, suicidal thoughts
and psychomotor retardation have demonstrated a
more stable course (16).

The present study assessed the longitudinal
symptom-specific characteristics of MDD in a
large cohort over a 9-year period. To gain more
insight into the heterogeneity of MDD, it is impor-
tant to know which symptoms feature clinically
favorable characteristics and which show a more
persistent course. Despite the common use of
aggregate sum scores in most research, we hypoth-
esized that MDD is a disorder with substantial
heterogeneity between symptoms in terms of
severity, within-person slopes, and variability. A
primary aim was to address some of the method-
ological gaps in earlier studies by assessing within-
person variability over time in which repeated
measures are nested within persons (19). There-
fore, we assessed baseline severity, course trajec-
tory, and within-person variability of individual
symptoms of depression over a 9-year period in a
large sample of patients initially suffering from a
current MDD.

Methods

Study sample and procedure

Participants were selected from the Netherlands
Study of Depression and Anxiety (NESDA)
cohort. A detailed description of the NESDA
design and sampling procedures are published else-
where (20). The aim of the NESDA is to investi-
gate the course and consequences of depressive
and anxiety disorders. The first wave (baseline)
started in 2004 and ended in September 2007. The
sixth wave of measurement at the 9-year follow-up
finished in October 2016. The baseline measure-
ment (n = 2981) consisted of demographic and
personal characteristics, standardized diagnostic
psychiatric interviews, and medical assessments
(e.g., BMI and blood sampling). The 1-year fol-
low-up consisted of a self-report questionnaire and
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was completed by 2445 participants (82.0%). A face-
to-face follow-up assessment was conducted at 2 years
(n = 2596; 87.1%), 4 years (n = 2256; 80.6%), 6 years
(n = 2256; 75.7%), and at 9 years postbaseline
(n = 2069; 69.4% of the baseline sample).

The cohort was recruited from the community
(n = 564; 18.9%), general practice (n = 1610;
54.0%), and secondary mental health care
(n = 807; 27.1%; 21). For the present analysis, we
only included patients with an 1-month diagnosis
of MDD—the excluded participants did not have
a mood disorder at the time of baseline assessment
(67.3%), had dysthymia without MDD (2.1%) or
a minor depression (2.9%). This resulted in a final
study sample of 783 participants.

Measures

We used the Composite International Diagnostic
Interview (CIDI; WHO version 2.1) to assess the
presence of depressive disorders according to the
DSM-IV. The CIDI is a fully standardized diag-
nostic interview with extensively validated psycho-
metric characteristics (20, 21).

Chronic depression and chronic somatic disease
at baseline were measured for the purpose of post
hoc sensitivity analyses. Depression history was
assessed using the Life Chart Interview method—a
standardized interview designed to retrospectively
assess the course of psychopathology (22). The
Life Chart Interview uses age- and calendar-linked
life events that occurred over the course of a
patient’s past 4 years and then assesses the
presence and the severity of symptoms during this
period. Participants who were depressed for
24 months or more during this period of 48 months
(i.e., >50% of the time) were defined as being
chronically depressed (22).

Patients were asked if they exhibited the follow-
ing chronic somatic diseases: asthma, chronic
bronchitis or pulmonary emphysema, heart dis-
ease, diabetes, stroke or CVA, osteoarthritis, can-
cer, stomach or intestinal ulcers, intestinal
disorders, liver disease, epilepsy, or thyroid gland
disease. Patients were also asked if they had other
chronic somatic diseases that caused substantial
disability, was being treated by a clinician or was
treated with medication.

The individual items of the IDS-SR (23) were
used as the outcome measures. The scale concerns
all symptoms of depression, including melancholic,
atypical, and anxious symptoms. Moreover, sev-
eral additional symptoms have been added, such as
sympathetic arousal, pessimism, and interest in
sex. The IDS-SR consists of 30 equally weighted
items rated on a 4-point ordinal scale ranging from

0 to 3. On the IDS-SR, a sum score of 14–25 is
considered mild depression, 26–38 severe, and 39–
49 very severe depression (23, 24).

The psychometric characteristics of the IDS-SR
have been assessed in samples which included
MDD out-patients, chronic MDD out-patients,
and euthymic subjects (23, 25). The IDS-SR
demonstrated adequate internal consistency, with
Cronbach’s alphas ranging from 0.92–0.94. The
IDS-SR sum score significantly discriminated
between symptomatic and nonsymptomatic
patients (P < 0.0001) and was highly related to the
17-item Hamilton Rating Scale for Depression
(correlation: 0.88; (26)) and Beck’s Depression
Inventory (correlation: 0.93; (27)). Analysis of sen-
sitivity to change in symptom severity showed that
the IDS-SR sum score dropped at about the same
rate as the Hamilton Rating Scale for Depression
(23). At item level, effect sizes of change were lar-
ger for the IDS-SR as compared to the Hamilton
Rating Scale for Depression (25).

In our study sample, the Cronbach’s alphas were
0.83, 0.89, 0.89, 0.90, 0.90, and 0.90 for the six time
points, respectively, from baseline to 9 years.
Because Items 11 and 12 (increased/decreased
appetite) and Items 13 and 14 (weight gain/weight
loss) contained opposite features, these item pairs
were combined into one ordinal item in order to
maintain psychometric similarity between the
items, which yielded 28 items for the present analy-
ses (23). In order to enhance interpretability, we
grouped the symptoms by symptom clusters, which
were previously identified across various studies in
the figures (28). The symptom clusters had no role
in computing our outcome variables—only in how
they were grouped in the figures. The clusters
include 10 mood symptoms (capacity for pleasure,
general interest, quality of mood, reactivity of
mood, feeling anxious or tense, feeling irritable,
feeling sad, interpersonal sensitivity, leaden paraly-
sis, panic/phobic symptoms), 14 somatic/vegetative
symptoms (aches and pains, constipation/diarrhea,
mood in time of the day, waking up early, low
energy, sympathetic arousal, problems falling
asleep, sleep during the night, psychomotor agita-
tion, psychomotor retardation, interest in sex,
sleeping too much, weight gain/loss, increased/de-
creased appetite), and four cognitive problems
(concentration/decision-making, view of my
future, view of myself, suicidal thoughts; (28)).

Statistical analysis

Multiple steps were taken to assess the longitudinal
MDD symptom characteristics. The outcome mea-
sures (baseline item score, slope, and fraction of
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variance unexplained) were summarized and pre-
sented with a 95% CI (represented by error bars)
in forest plots, which were sorted by the size of
each mean effect estimate. All analyses were com-
puted using R, version 3.4.1, with main packages
mixor (29), mirt (30), tidyverse (31), ggplot2 (32),
and ggrepel (33).

Baseline item scores. The changes for each of the
IDS-SR item scores over time were examined by
calculating the mean at each time point (baseline,
year 1, year 2, year 4, year 6, and year 9) and by
visualizing trajectories of the means in a line graph.
The baseline mean score for each IDS-SR item rep-
resents baseline severity for each symptom. In
order to test the psychometrics and whether or not
the IDS-SR items measured a unidimensional
latent construct, we conducted polytomous item
response theory analyses (IRT) on all IDS items at
baseline in 783 MDD patients. This was done once
for all 28 items of the IDS-SR, and once for a
selection of 6 items that suggested to represent a
unidimensional melancholia construct in earlier
studies, that is, item 5 ‘feeling sad’, item 7 ‘anxious
or tense’, item 16 ‘view of myself’, item 19 ‘general
interest’, item 20 ‘energy level’, and item 23 ‘psy-
chomotor retardation’ (34, 35).

Slopes. We analyzed the course trajectories for
each of the 28 items using a cumulative link ordi-
nal response mixed effects model (29). This model
takes the ordinal outcome and longitudinal nature
of our data into account; models are fitted by using
an adaptive quadrature and an ordered probit link
(29). Equal intervals between the ordinal scores (0–
1, 1–2, 2–3) were not assumed (36). The model
returns estimated parameters like the slope and
intercept (29).

Because most recovery occurred within the first
year, the slopes were calculated separately over this
period. To analyze which symptoms remitted rela-
tively faster, or were relatively more persistent than
others over the course of 9 years, the 9-year slope
was estimated, while adjusting for the sum score at
each time point. This yielded the symptom trajec-
tory relative to the overall decrease in the sum
score. Thus, a negative value indicates that that
item has a larger decrease than the overall decrease
in the sum score, and a positive value indicates the
opposite.

To compare each of the mean slopes, baseline
severity must be taken into account. A baseline
item-score of 0, has only room for change toward
the higher scores. On the opposite, a ordinal
score of 3 is the highest level measured in the
IDS-SR and no values above that point are

possible. Baseline severity was taken into account
by letting the random intercept and random slope
correlate with each other when computing the
ordinal mixed model.

Fraction of variance unexplained. We calculated the
fraction of variance unexplained (FVU) per item
as a measure of within-person variability. A high
FVU represents a variable course with more fluctu-
ation throughout the follow-up years. A low FVU
represents a stable course, that is, symptoms with a
steady decline or a stable persistent course or
symptoms that, if not present, are not likely to be
present in the future. FVU was calculated using a
simple linear regression analysis. We computed the
regression analyses per person and per item, result-
ing in a total of 15 624 modeled regression lines
(i.e., n. of participants * no. of items). As the steep
slope within the first year at follow-up had dispro-
portional large impact on the FVU measure and
we were interested in the FVU as a function of
within-person variability over time, and not as a
function of recovery, we decided to exclude the
baseline measurements when calculating the FVU.
When patients did not fulfill all five follow-up IDS
assessments, regression analyses were computed
based on the remaining time points (at least three).
This approach of modeling course variability
per individual has been used in other fields of
medical research, for example, blood pressure
variability (37).

Sensitivity analyses. To test the robustness of the
baseline mean item score and FVU, several sensi-
tivity analyses were done in subsamples that
excluded chronically depressed patients (at base-
line), patients with chronic somatic diseases, and
antidepressant users. In addition, we tested the
robustness of the 1-year and 9-year slopes in ordi-
nal response mixed effects models, for which we
additionally adjusted for four variables: a history
of chronic depression at baseline, chronic somatic
diseases, age, and the use of antidepressants.

Results

Demographics

Characteristics of the study population are pre-
sented in Table 1. Age at baseline ranged from 18–
64 (M = 41.75, SD = 12.0) years, and 362 (66.3%)
participants were women. The mean sum IDS-SR
score of the study sample was 35.6 (SD = 11.3),
indicating severe depression at baseline. A large
portion of the sample had one or more chronic
somatic diseases (see Table 1).
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Mean values over time

After 2 years, 30% of our original study popula-
tion fulfilled the DSM-IV criteria for MDD,
implying that a large part of the sample met the
criteria for (partial) remission of MDD. The num-
ber of patients fulfilling criteria for MDD was
cross-sectionally assessed at each later wave of
follow-up. The percentage of patients fulfilling
criteria of MDD further declined to 25.6% at the
4-year follow-up, 22.1% at the 6-year follow-up,
and 17.1% at the 9-year follow-up. The unadjusted
means of the individual symptoms at all six time
points are presented in Table 2 and Fig. 1. Despite
a large variation in the mean scores at baseline and
the magnitude of decrease over the years of follow-
up, a similar pattern was found for all symptoms,
that is, for each of the items, the largest decline in
the mean scores occurred between baseline and the
1-year follow-up, and the decline was much less in
later years. Three items remained remarkably high
after the 9-year follow-up: Item 30 ‘leaden paraly-
sis’, Item 2 ‘sleep during the night’, and Item 25
‘aches and pains’.

Baseline severity

The baseline mean (with standard error) is pre-
sented in Table 2 and Fig. 1. Baseline mean with
the 95% CI and baseline mean in relation to the
1-year slope are presented in the Supporting

information (see Figs S1 and S2). The baseline
mean of all items combined was 1.29 and ranged
from 0.69 (Item 4 ‘sleeping too much’) to 1.93
(Item 30 ‘leaden paralysis’). The highest baseline
severity was found for items concerning energy
and depressed mood (Items 30, 10, 20, 5), fol-
lowed by ‘low self-esteem’ (Item 16), ‘sleep during
the night’ (Item 2), ‘concentration’ (Item 15), ‘feel-
ing anxious or tense’ (Item 7), and ‘sensitivity’
(Item 29). Interestingly, the mean of Items 20 ‘en-
ergy level’ and 2 ‘sleep during the night’ showed a
much higher baseline mean level compared to
most other symptoms within the somatic/vegeta-
tive cluster. Other items within the somatic/vege-
tative domain were less severe at baseline. The
lowest mean baseline values were found for Item
4 ‘sleeping too much’, Item 9a ‘mood in time of
the day’, Item 3 ‘waking up too early’, and
‘thoughts of death or suicide’.

The results regarding the IRT analysis suggested
that the IDS-SR was not unidimensional, that is,
items did not measure a single latent construct as
principle component loadings varied widely. The
component loadings ranged from 0.059 (item 9a
‘mood in time of day’) to 0.689 (item 21 ‘capacity
for pleasure’). Of the 28 items in the IDS-SR, 18
items had a component loading below <0.400. The
discrimination values were rather weak (a’s), for
example, item 1 ‘falling asleep’ (a = 0.164) and
item 9a ‘mood in time of day’ (a = 0.101). Only 5
items had discrimination values higher than 1,
notably item 5 ‘feeling sad’ (a = 1.350) and item 21
‘capacity for pleasure’ (a = 1.616).

When assessing the six items that in previous
studies were found to represent a unidimensional
melancholia construct (34, 35), component load-
ings ranged from 0.244 (item 16 ‘view of myself’)
to 0.605 (item 5 ‘feeling sad’). Of the six items, 2
items had rather weak component loadings below
0.400, that is, item 16 ‘view of myself’ (load-
ing = 0.244), and item 23 ‘psychomotor retarda-
tion’ (loading = 0.338). Only item 5 ‘feeling sad’
(a = 1.293) had a discrimination parameter above
1 and three items had partial credit model
parameters that were not ordered in accordance
with the item scales, that is, item 16 ‘View of
myself’, item 19 ‘General interest’, and item 23
‘Psychomotor retardation’. More detailed results
regarding component loadings, the discriminative
properties and item-specific partial credit model
parameter estimates thresholds can be found in
Table S1 and Fig. S3. In sum, our findings from
the IRT analyses are not in support of the
idea of a single coherent latent construct of
depression.

Table 1. Sociodemographic and clinical characteristics

Cohort (N = 783)

Age in years (mean, SD) 41.75 (12.0)
Female (%) 66.28
North-European ethnicity (%) 92.72
Years of education (mean, SD) 11.0 (3.1)
Chronic depressed* (%) 39.1
One or more chronic somatic diseases† (%) 62.1
Treatment setting‡
Primary care (%) 45.9
Secondary care (%) 54.1

Antidepressants
TCA (%) 3.7
SSRI (%) 30.3
Other (%) 10.5
No AD (%) 56.6

Total baseline score IDS-SR (mean, SD) 35.56 (11.24)

TCA, tricyclic antidepressants; SSRI, selective serotonin reuptake inhibitors; AD,
antidepressants; IDS-SR, The Inventory Depressive Symptomatology-Self-Report.
*Depressed for 24 months or more at baseline.
†The following diseases were asked: asthma, chronic bronchitis or pulmonary
emphysema, heart disease, diabetes, stroke or CVA, osteoarthritis, cancer, stomach
or intestinal ulcers, intestinal disorders, liver disease, epilepsy, or thyroid gland dis-
ease, and other chronic disease.
‡Refers to mental health care.
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Slope during the first year

The symptom-specific slope during the first year is
presented in Table 2 and Fig. 2a. The overall
mean slope of all items combined was �0.566,
ranging from �0.061 (Item 9a ‘mood in time of the
day’) to �0.993 (Item 20 ‘energy level’). Many
slopes of items within the somatic/vegetative symp-
tom cluster were close to 0 (horizontal slopes).
Exceptions were Item 20 (‘energy level’), Item 11
(‘change in appetite’), and items assessing psy-
chomotor retardation and agitation (Item 23, Item
24). The symptoms with the smallest decrease
(mean slopes close to 0) were found for items con-
cerning quality of sleep, diurnal variation in mood
(Item 9a ‘mood in time of the day’), and somatic
complaints (e.g., sympathetic arousal, headache,
and back pain). Larger slopes (steeper declines)
were found for the mood symptoms (e.g., both
core symptoms; depressed mood and anhedonia),
concentration, anxious and anger symptoms
(‘anxious or tense’, ‘feeling irritable’), and energy
(i.e., energy level).

The symptom course (slope) in relation to base-
line severity (mean item score) is shown in Fig. S2.
Items with a high baseline mean tended to show a
stronger decrease over time. Two items with steep

slopes fell within the 95% CI: Item 30 (‘leaden
paralysis’) and Item 10 (‘quality of mood’). Two
items with slopes close to zero also had a small
mean baseline item score (within the 95% CI):
Item 4 (‘sleeping too much’) and Item 28
(‘constipation/diarrhea’). The regression line with
a 95% CI provides insight into the association
between baseline severity and slope and symptoms
that do not fulfill this association.

Slope adjusted for IDS sum scores

The adjusted slopes over 9 years are presented in
Table 2 and Fig. 2b. Twelve symptoms had a slope
that was significantly different from 0, indicating a
larger or smaller decrease than the overall sum
score. Of the six items with a relatively larger
decline, three were in the mood symptom cluster:
Item 5 (‘feeling sad’), Item 8 (‘response of mood’),
and Item 10 (‘quality of mood’); one was a cogni-
tive symptom (Item 15 ‘concentration’); and two
items were in the somatic/vegetative symptom clus-
ter: Item 11 (‘appetite’) and Item 24 (‘psychomotor
agitation’). Four symptoms with a smaller decrease
than the overall sum score were in the somatic/veg-
etative symptom cluster: Item 2 (‘sleep during the

Table 2. IDS symptoms during 9 years follow-up

Item Baseline Year 1 Year 2 Year 4 Year 6 Year 9 1-year slope Adjusted 9-year slope FVU

1. Falling asleep 1.37 (0.04) 1.05 (0.05) 0.97 (0.04) 1.00 (0.05) 0.95 (0.05) 0.96 (0.05) �0.458 (0.071) <0.001 (0.010) 0.453 (0.016)
2. Sleep during the night 1.59 (0.04) 1.44 (0.04) 1.41 (0.04) 1.49 (0.04) 1.53 (0.05) 1.58 (0.05) �0.227 (0.064) 0.049 (0.008) 0.563 (0.014)
3. Waking up too early 0.79 (0.04) 0.67 (0.04) 0.56 (0.04) 0.60 (0.04) 0.60 (0.04) 0.60 (0.05) �0.187 (0.078) 0.043 (0.011) 0.380 (0.017)
4. Sleeping too much 0.69 (0.03) 0.58 (0.03) 0.58 (0.03) 0.53 (0.03) 0.48 (0.03) 0.48 (0.03) �0.256 (0.079) �0.015 (0.013) 0.393 (0.016)
5. Feeling sad 1.68 (0.03) 1.16 (0.03) 1.08 (0.03) 1.05 (0.04) 0.98 (0.04) 0.92 (0.04) �0.937 (0.070) �0.035 (0.009) 0.545 (0.014)
6. Feeling irritable 1.48 (0.03) 1.08 (0.03) 1.04 (0.03) 1.01 (0.03) 0.95 (0.04) 0.91 (0.04) �0.720 (0.070) �0.015 (0.009) 0.558 (0.014)
7. Anxious or tense 1.55 (0.03) 1.08 (0.04) 1.02 (0.03) 0.99 (0.03) 0.97 (0.04) 0.93 (0.04) �0.837 (0.072) �0.004 (0.008) 0.573 (0.014)
8. Response of mood 1.04 (0.03) 0.63 (0.03) 0.55 (0.03) 0.50 (0.03) 0.50 (0.04) 0.44 (0.04) �0.746 (0.074) �0.035 (0.010) 0.435 (0.016)
9a. Mood in time of day 0.69 (0.04) 0.65 (0.04) 0.58 (0.04) 0.58 (0.04) 0.53 (0.04) 0.57 (0.05) �0.061 (0.073) �0.013 (0.011) 0.418 (0.017)
10. Quality of mood 1.70 (0.03) 1.23 (0.05) 1.08 (0.04) 0.97 (0.05) 0.93 (0.05) 0.85 (0.05) �0.600 (0.066) �0.045 (0.009) 0.543 (0.015)
11. Appetite 1.15 (0.04) 0.82 (0.04) 0.75 (0.04) 0.68 (0.04) 0.64 (0.04) 0.53 (0.04) �0.518 (0.069) �0.047 (0.009) 0.484 (0.016)
12. Weight 1.08 (0.04) 0.93 (0.04) 0.82 (0.04) 0.85 (0.04) 0.76 (0.04) 0.83 (0.05) �0.191 (0.061) �0.003 (0.008) 0.580 (0.015)
15. Concentration 1.56 (0.03) 1.05 (0.04) 1.01 (0.03) 0.95 (0.04) 0.92 (0.04) 0.85 (0.04) �0.808 (0.069) �0.026 (0.008) 0.566 (0.015)
16. View of myself 1.64 (0.04) 1.23 (0.05) 1.08 (0.05) 1.02 (0.05) 0.97 (0.05) 0.93 (0.06) �0.581 (0.070) �0.014 (0.009) 0.497 (0.016)
17. View of my future 1.40 (0.03) 1.13 (0.03) 1.03 (0.03) 1.02 (0.04) 1.03 (0.04) 0.96 (0.04) �0.576 (0.075) 0.012 (0.009) 0.521 (0.014)
18. Death or suicide 0.83 (0.03) 0.54 (0.03) 0.45 (0.03) 0.45 (0.03) 0.41 (0.03) 0.48 (0.03) �0.649 (0.075) �0.004 (0.013) 0.339 (0.016)
19. General interest 1.28 (0.03) 0.80 (0.04) 0.69 (0.03) 0.67 (0.04) 0.64 (0.04) 0.57 (0.04) �0.773 (0.069) �0.018 (0.009) 0.536 (0.016)
20. Energy level 1.70 (0.03) 1.12 (0.04) 1.08 (0.04) 1.07 (0.04) 1.00 (0.04) 0.97 (0.04) �0.993 (0.072) �0.017 (0.008) 0.569 (0.015)
21. Capacity for pleasure 1.20 (0.03) 0.71 (0.03) 0.66 (0.03) 0.64 (0.03) 0.62 (0.03) 0.52 (0.03) �0.956 (0.075) �0.023 (0.009) 0.487 (0.016)
22. Interest in sex 1.31 (0.04) 1.05 (0.04) 0.98 (0.04) 0.97 (0.04) 1.00 (0.05) 0.96 (0.05) �0.435 (0.069) 0.031 (0.010) 0.511 (0.015)
23. Psychomotor retardation 1.05 (0.03) 0.67 (0.04) 0.57 (0.04) 0.58 (0.04) 0.56 (0.04) 0.48 (0.04) �0.674 (0.077) �0.009 (0.011) 0.383 (0.016)
24. Psychomotor agitation 1.19 (0.03) 0.88 (0.04) 0.81 (0.04) 0.82 (0.04) 0.68 (0.04) 0.60 (0.04) �0.492 (0.071) �0.038 (0.009) 0.456 (0.016)
25. Aches and pains 1.42 (0.03) 1.22 (0.03) 1.16 (0.03) 1.22 (0.04) 1.19 (0.04) 1.24 (0.04) �0.376 (0.069) 0.039 (0.009) 0.572 (0.014)
26. Sympathetic arousal 1.17 (0.03) 0.91 (0.03) 0.88 (0.03) 0.84 (0.03) 0.85 (0.03) 0.84 (0.04) �0.545 (0.069) 0.015 (0.009) 0.511 (0.015)
27. Panic/phobic 1.11 (0.04) 0.78 (0.04) 0.73 (0.03) 0.69 (0.03) 0.66 (0.04) 0.68 (0.04) �0.601 (0.069) 0.004 (0.009) 0.482 (0.016)
28. Constipation/diarrhea 0.95 (0.03) 0.74 (0.04) 0.74 (0.03) 0.73 (0.04) 0.69 (0.04) 0.69 (0.04) �0.414 (0.073) 0.002 (0.010) 0.506 (0.016)
29. Interpersonal sensitivity 1.55 (0.04) 1.22 (0.04) 1.09 (0.04) 1.09 (0.04) 1.04 (0.04) 0.94 (0.04) �0.532 (0.072) �0.016 (0.009) 0.569 (0.015)
30. Leaden paralysis 1.93 (0.03) 1.48 (0.04) 1.41 (0.04) 1.40 (0.04) 1.34 (0.04) 1.28 (0.04) �0.695 (0.064) �0.003 (0.009) 0.591 (0.014)

Mean values, standard error (in parentheses), 1-year slope, sum score adjusted 9-year slope, and fraction of variance unexplained (FVU; Σ(yi � �yi )
2/Σ(yi � �yi )

2) for each of the
individual symptoms of the Inventory of Depressive Symptomatology- Self-Report (IDS-SR).
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night’), Item 3 (‘waking up too early’), Item 25
(‘aches and pains’), Item 22 (‘interest in sex’), and
Item 26 (‘sympathetic arousal’). One item with a
small decrease fell within the cognitive symptom
cluster: Item 17 (‘view of my future’).

Variability

Patients with four or more IDS-SR assessments
were included for the FVU analysis, which resulted
in a sample size of n = 498. Excluded patients
(with less than four assessments; n = 244) were less
likely to be of northern European heritage (86.9%
vs. 95.3%; P < 0.006) and had lower mean number
years of education (M = 10.4 vs. M = 11.7
years; P < 0.004). We found similar characteristics

between included and excluded patients for the
remaining variables mentioned in Table 1, such as
gender (64.7% female), antidepressants (3.2%
TCA; 29.9% SSRI; 10.9% other antidepressants;
56.8% no antidepressants), chronic depression
(36%), chronic somatic disease (61.2%), and IDS-
SR sum score (34.7; SD = 11.3).

The within-person FVU for each symptom is
presented in Table 2 and Fig. 3. The overall FVU
of all items combined was 0.498, ranging from
0.339 (Item 18 ‘death or suicide’) to 0.591 (Item 30
‘leaden paralysis’). Among the items with high
within-person variability, all three symptom clus-
ters were equally represented. Item 30 (‘leaden
paralysis’) was the most unstable followed by Item
11 (‘weight’), Item 7 (‘anxious or tense’), Item 25

Fig. 1. Group-level mean item scores over the course of 9 years. [Colour figure can be viewed at wileyonlinelibrary.com]
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(‘aches and pains’), Item 29 (‘interpersonal sensi-
tivity’), and Item 20 (‘low energy level’). The most
stable items fell within the somatic/vegetative
symptom cluster, with the exception of Item 18
(‘thinking of death or suicide’). Other particularly
stable items were Item 3 (‘waking up too early’),
Item 23 (‘psychomotor retardation’), and Item 4
(‘sleeping too much’). Note that many of the stable
symptoms had low baseline severity. This means
that when symptoms were not present at baseline,
they were often unlikely to be present at the fol-
low-up, except for Item 1 ‘falling asleep’.

Sensitivity analysis

We conducted several post hoc sensitivity analyses
in which we assessed the effects on baseline sever-
ity, slope, and FVU. These results are presented in
Table S2. We assessed baseline severity (i.e., the
mean baseline item score) in the subgroup of
patients with a history of chronic depression,
chronic somatic disease, and antidepressant users.
Overall, the mean baseline severity was slightly
lower when we excluded chronic depressed patients
(delta = �0.09; M = 1.20), patients with chronic
somatic diseases (delta = �0.05; M = 1.25), and
antidepressant users (delta = �0.08; M = 1.21).
When taking individual items into account, no
meaningful differences were found because only
two items had a delta (i.e., unadjusted mean minus

the adjusted mean) larger than �0.20: Item 28
‘constipation/diarrhea’ adjusted for chronic
somatic diseases (�0.23) and Item 25 ‘aches and
pains’ adjusted for chronic somatic diseases
(�0.25). When symptoms were sorted according to
the level of severity, the overall order remained
almost similar.

For the next sensitivity analyses, 1-year slope
and 9-year slope findings were tested for robust-
ness. Therefore, models were adjusted for a history
of chronic depression, chronic somatic diseases,
the use of antidepressants, and age. This again
resulted in similar findings. Sorting on effect sizes
did not change the order (see Table S2).

Finally, sensitivity analyses for the FVU hardly
affected our findings. Only three items showed
slight changes when patients with a history of
chronic depression were excluded (Item 15 ‘con-
centration’, Item 17 ‘view of my future’, and Item
25 ‘aches and pains’) and three items when antide-
pressant users were excluded (Item 2 ‘sleep during
the night’, Item 15 ‘concentration’, and Item 17
‘view of my future’; see Table S2).

Discussion

Our study confirms the existence of substantial
heterogeneity between depressive symptoms in
terms of symptom severity at baseline, slopes over
time, and within-person variability over time.

Fig. 2. Unadjusted 1-year slope represents the decrease in symptom severity after the first year of follow-up. Negative values repre-
sent a steeper decline. Sum score adjusted 9-year slope represents the decline in symptom severity in relation to the sum score. Nega-
tive values mean that the symptom had a steeper decline compared to the overall sum score.
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Furthermore, results of the IRT analysis suggested
that the individual symptoms measured with the
IDS-SR do not unidimensionally assess one latent
construct, for example, high scores on ‘feeling sad’
and ‘capacity for pleasure’, may be much more
meaningful for the severity of depression than high
scores on ‘falling asleep’ and ‘mood in time of day’.
Mood symptoms (e.g., core symptoms depressed
mood and anhedonia) were (on average) more sev-
ere at baseline and showed a relatively favorable
course. Somatic/vegetative symptoms (e.g., sleep
and somatic complaints) showed (on average) less
severity at baseline and their characteristics often
followed a more persistent course. These results
persisted after adjusting for a history of chronic
depression, chronic somatic diseases, age, and the
use of antidepressants. Additionally, energy symp-
toms showed a higher variability within patients
than did suicidal thoughts. This diversity in longitu-
dinal symptom characteristics raises the question as
to whether using a sum score of 28 items addresses
the heterogeneity between symptoms.

For all items in our study, the largest (mean)
recovery took place within the first study year.
When the diagnostic criteria for MDD were
assessed 2 years postbaseline, 70% of the patients
had recovered from MDD. However, other studies
report that, although 50–90% recovered within

the first year, many patients still experienced
residual symptoms or relapsed after initial remis-
sion (15, 38).

Research on the symptom-specific characteristics
during and directly following a depressive episode is
scarce. In our group of MDD patients, a depressed
mood and low energy level were among the most
severe symptoms at baseline, which is in line with
most other reports (7, 12). In our population, in
contrast to others (2, 5, 11), the mood symptoms
(e.g., depressed mood and anhedonia) showed a
more favorable course. Somatic/vegetative symp-
toms, such as sleep and somatic complaints, often
had more persistent course trajectories. The persis-
tent course of insomnia is in line with most other
studies (5, 39–41), with two exceptions (7, 13). The
generally low severity at baseline, but persistent nat-
ure of multiple somatic symptoms associated with
depression, has been documented in earlier studies
(342, 43). These studies suggested that patients who
experience these symptoms may represent a sepa-
rate subgroup of MDD (42, 43).

We found significant differences between symp-
toms regarding within-person variability. Suicidal
ideation tended to be stable and showed less fluctu-
ation within patients over time. If patients had sui-
cidal ideations, they were likely to keep on having
these ideations during the subsequent years of

Fig. 3. Within-person variability based
on 8 years follow-up (baseline
excluded)
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follow-up. If patients did not have suicidal idea-
tions during their depressive episode at baseline,
they were unlikely to experience them in the future.
Suicidality is described in the literature as being
related to a specific cognitive response pattern of
hopelessness; this pattern is continually present
throughout an individual’s life (44). From a psy-
chometric perspective, we could argue that the
latent thresholds for scoring 0, 1, 2, or 3 on the
item ‘energy level’ are much lower than those on
the item ‘suicidal ideation’ (45). A 1-point change
in an unstable item, such as ‘energy level’, is clini-
cally of less importance than a 1-point change in a
stable item, such as ‘suicidal ideation’. Our results
on variability are in line with those of Karp et al.
(16) who found energy loss to be an unstable
symptom and suicidal thoughts to be a stable
symptom among 114 patients with MDD (aged
21–65 years) during a follow-up lasting 3 years.
More research is needed on the topic of within-per-
son variability. Beside group-level changes of indi-
vidual items, the within-person variability may
have additional predictive and/or clinical value.

Drawing inferences about changes in depression
severity is an imperfect process because severity
cannot be measured directly (19). Outcome mea-
surements are generally based on a questionnaire
sum score in which the same weight is given to
each item. This method would be valid if MDD
was a unified construct and all its symptoms con-
tributed equally to its latent construct (1, 15).
However, MDD is unlikely to be a distinct illness
that causes all of its symptoms (1, 9, 46). Instead,
MDD is more like a complex system in which
symptoms are connected by a dynamic network of
causality (47–49). The symptom-specific diversity
in mean item scores, slopes, and variability shows
that symptoms are not diagnostically equivalent
and are not interchangeable (50). The persistent
use of merely a sum score to estimate depression
severity may obscure insight into both patient and
symptom-specific characteristics and can lead to
misinterpretations regarding depressive severity
over time (1, 51). For example, a patient who
recovers by feeling less depressed will show a simi-
lar change in the depressive severity measure as a
patient whose recovery takes place in another
symptom domain, such as sleep. Even when there
is a significant change in the sum score, a clinically
important change might be obscured by more triv-
ial changes on other items. It is therefore advised
to assess individual symptoms in addition to sum
scores when testing a patient’s (longitudinal)
depressive characteristics.

Research on personalized medicine in mental
health care (15, 52, 53) and treatment of specific

(residual) symptoms has highlighted that a symp-
tom-specific approach may be beneficial (54, 55).
In general, depression treatment focuses mainly on
the core symptoms of depression. However, other
symptoms (e.g., sleeping problems) are more per-
sistent and can indicate a risk factor for relapse;
therefore, these symptoms deserve particular atten-
tion as a focus for treatment (39, 40). Moreover,
because a causal relationship exists between symp-
toms on group level (47–49), targeting the key
symptoms (i.e., more central in the causal network
of depressive symptoms) in clinical care may bene-
fit a patient’s recovery. Symptom-specific treat-
ment of, for example, sleeping problems are widely
available (41, 56, 57). For instance, cognitive
behavioral therapy and pharmacological treatment
for insomnia appear to have a positive effect on
depression (56, 57). It seems that our currently
applied treatments warrant a more symptom-speci-
fic approach in order to also take the persistent
(somatic/vegetative) symptoms into account.

The present study has several strengths. A large
sample of MDD patients was included and
followed for up to 9 years, whereas many earlier
studies featured shorter follow-up periods or
cross-sectional designs. Using a per-person,
per-item method allowed us to compute a measure
for within-person variability. Although the use of
this method is relatively rare in the field of psychi-
atric research, it is often used in other fields of
medicine (37).

The study also has some limitations. First,
because all patients were initially selected to fulfill
criteria for MDD, the first part of the symptom
trajectories was subject to a ‘regression to the
mean’ effect (58). Therefore, baseline severity
needed to be taken into account when interpreting
the slope measures. Furthermore, because the steep
decline within the first year had a large effect on
the variance within patients, we calculated the
FVU and excluded the baseline measure. Second,
the FVU measure may be affected by the design of
the IDS-SR with severity measured on a nominal
scale. When participants scored a baseline severity
of 0 on a particular item, there would only be room
for change toward the higher scores. On the other
hand, a baseline ordinal score of 3 is the highest
score and scores above that point cannot be mea-
sured, this again limits the ability of the instrument
to detect variability. Third, assessing individual
symptoms based on single items presents psycho-
metric difficulties. Single items are more strongly
affected by random error than sum scores of items,
which may have particularly affected our FVU
measures. Moreover, we did not assess the reliable
change indices because the focus of our study was
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not on the clinical impact of a one-point ordinal
scale change in each item. Finally, because the
NESDA was an observational cohort study, sev-
eral variables may have confounded our findings.
We performed multiple sensitivity analyses to test
other variables, such as pharmacological treatment
(e.g., antidepressants). We found that our results
remained robust and that only minimal changes
occurred after adjusting for other variables.

In this study, we examined within-person trajec-
tories over time of different depressive symptoms
measured using the IDS-SR. The severity, course,
and variability differed markedly between the
depressive symptoms and between patients, which
further supports the idea that MDD is a heteroge-
neous disease, rather than a singular construct,
when studied over time (1, 50). We recommend the
advancement of symptom-specific and personalized
approaches for both interventional and observa-
tional research. The sum scores of symptom ques-
tionnaires might obscure too much information
potentially yielded by the individual symptoms.
Moreover, a symptom-specific study approach may
help the development of symptom-specific treat-
ment strategies.
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