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Abstract

Background—For diagnostic purposes, the nine symptoms that compose the DSM-5 criteria for 

Major Depressive Disorder (MDD) are assumed to be interchangeable indicators of one 

underlying disorder, implying that they should all have similar risk factors. The present study 

investigates this hypothesis, utilizing a population cohort that shifts from low to elevated 

depression levels.

Methods—We assessed the nine DSM-5 MDD criterion symptoms and seven depression risk 

factors (personal and family MDD history, sex, childhood stress, neuroticism, work hours, and 

stressful life events) in a longitudinal study of medical interns prior to and throughout internship 

(n=1289). We tested if risk factors varied across symptoms, and whether a latent disease model 

could account for heterogeneity between symptoms.

Results—All MDD symptoms increased significantly during residency training. Four risk factors 

predicted increases in unique subsets of PHQ-9 symptoms over time (depression history, 

childhood stress, sex, and stressful life events), while neuroticism and work hours predicted 

increases in all symptoms, albeit to varying magnitudes. MDD family history did not predict 

increases in any symptom. The strong heterogeneity of associations persisted after controlling for 

a latent depression factor.

Conclusions—The influence of risk factors varies substantially across DSM depression 

criterion symptoms. Since symptoms are etiologically heterogeneous, considering individual 
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symptoms in addition to depression diagnosis might offer important insights obfuscated by 

symptom sum-scores.
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Introduction

Major depressive disorder (MDD) is common, burdensome, recurrent, and expensive 

(Solomon et al. 2000; Kessler et al. 2003; Kessler et al. 2005; Lopez et al. 2006). The 

Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (American Psychiatric 

Association, 2013) criteria for MDD are met when an individual exhibits at least five out of 

nine psychiatric symptoms during the same two-week period, with at least one symptom 

being depressed mood or loss of interest. Interestingly, four of the nine symptoms are 

comprised of different or opposite symptoms (insomnia or hypersomnia, psychomotor 

agitation or retardation, weight/appetite loss or weight gain, feelings of worthlessness or 

inappropriate guilt). This leads to 1,497 potential unique symptom profiles that all qualify 

for the same diagnosis (Ostergaard et al. 2011), including profiles that do not have a single 

symptom in common.

Although variability in depression symptoms has been documented both across (Katschnig 

et al. 1986; Baumeister & Parker, 2012) and within individuals (Coryell et al. 1994; 

Oquendo et al. 2004), the DSM and depression screening instruments such as the Beck 

Depression Inventory (Beck et al., 1988) and the Hamilton Rating Scale for Depression 

(Hamilton, 1960) build sum-scores of depressive symptoms that are used to distinguish 

healthy and depressed individuals. Sum-scores rely tacitly on the DSM-inherent assumption 

of symptom equivalence (Lux & Kendler, 2010): since criterion symptoms contribute 

equally to a diagnosis, they are considered to be equivalent to each other and thus 

interchangeable. Symptom equivalence, in turn, is the result of conceptualizing depression 

within the framework of reflective latent variable modeling (Bollen, 1989; Schmittmann et 

al. 2011): variation in the latent variable (depression) is understood to be the cause of 

variation of its observable indicators (DSM depressive symptoms), and as long as sufficient 

symptoms are present, a diagnosis can be given reliably.

Pronounced symptomatic variability of depression has led to a large number of proposed 

subtypes (e.g., psychotic depression, neurotic depression, anxious depression, and 

melancholic depression). However, no agreement has yet been reached as to the number or 

validity of these subtypes (Lichtenberg & Belmaker, 2010; Baumeister & Parker, 2012). 

And while symptomatic heterogeneity has been explored by extracting principle components 

or latent factors, factor solutions differ markedly across and within clinical screening 

instruments for depression (Shafer, 2006; Furukawa et al. 2005), appear to be arbitrary 

(Wood et al. 2010), not invariant across demographic variables like ethnicity (Crockett et al. 

2005), sex (Baas et al. 2011), or age (Williams et al. 2007), and vary depending on the 

extraction method (Widaman, 1993). Due to these potential limitations of methods that 

reduce symptom space, this report examines depressive symptoms individually.
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It has been suggested that individual symptoms are separate entities that have autonomous 

causal relevance (Staner, 2010; Borsboom et al. 2011; Schmittmann et al. 2013). This idea 

is supported by evidence that depressive symptoms are associated with specific genes in two 

small genetic reports (Jang et al. 2004; Myung et al. 2012), and by a larger study of 7,500 

twins concluding that the DSM symptomatic criteria for depression do not reflect a single 

underlying genetic factor (Kendler et al. 2013). It has also been suggested that different 

symptoms might have different risk factors reflecting different etiologies (Hasler et al. 2004; 

Cramer et al. 2010; Hasler & Northoff, 2011), but much remains to be done to test the 

validity of the assumption of symptom equivalence.

Identified risk factors for depression include demographic variables such as age and sex 

(Piccinelli & Wilkinson, 2000; Kendler et al. 2005), personality traits such as neuroticism 

(Angst & Clayton, 1986; Kendler et al. 2004), early life adversity (Gilmer & McKinney, 

2003; Gutman & Nemeroff, 2003), previous episodes of depression (Beekman et al. 1995; 

Colman et al. 2011), family history of depression (Nierenberg et al. 2007), and stressful life 

events (Mazure, 1998; Paykel, 2003). If all depressive symptoms are caused by an 

underlying disorder, symptoms should have similar risk factors because risk factors only 

influence the liability to develop depression, and depression in turn causes the symptoms. If, 

however, risk factors differ for different depression symptoms, this suggests possible 

substantial benefits from analyses of individual symptoms.

A recent comprehensive study (Lux & Kendler, 2010) investigated cross-sectional 

associations of all nine DSM criterion symptoms with 25 variables, including demographic 

information, personality traits, life events, history of depression, and lifetime comorbidities 

in a sample of 1015 individuals. The results revealed a complex association pattern. For 

instance, four symptoms were associated with years of education (sleep changes and fatigue 

with more education, psychomotor problems and suicidal ideation with less education), two 

symptoms were associated with family income (depressed mood with lower income, 

concentration problems with higher income), and two symptoms (depressed mood and 

psychomotor problems) had a significant positive correlation with current age. Lux and 

Kendler (2010) concluded that the surprising degree of covert heterogeneity is difficult to 

reconcile with the assumption of symptom equivalence.

Longitudinal investigation of a population that shifts from low to elevated depression levels 

allows a more detailed examination of the influence of risk factors on specific symptoms. 

Here, we use medical residency as a prospective stress model. Medical residency is known 

to be an intense stressor (Butterfield, 1988; Duffy, 2005), with residents facing long work 

hours, sleep deprivation, loss of autonomy, as well as extreme emotional situations 

(Shanafelt & Habermann, 2002). In a previous longitudinal study of medical residents, 

depression levels increased from 3.9% at baseline to 25.7% during residency (Sen et al. 

2010). Medical residency thus offers the rare opportunity to assess depressive symptoms and 

risk factors shortly before the onset of a severe and chronic stressor that drastically increases 

depression symptoms, allowing us to test the null hypothesis that increases in DSM 

depression criterion symptoms are predicted by similar risk factors.
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Methods

Sample

4005 interns entering residency programs in the USA during the 2009-2011 academic years 

were invited to participate in the study; fifty-eight percent (2455/4005) accepted the 

invitation. The institutional review boards at participating hospitals approved the study. 

Participating subjects provided electronic informed consent, and were given $50 in gift 

certificates.

Assessment

All surveys were conducted through a secure online website designed to maintain 

confidentiality. Depressive symptoms were measured using the Patient Health Questionnaire 

(PHQ-9) (Spitzer et al. 1999). The PHQ-9 is a self-report component of the PRIME-MD 

inventory designed to screen for the DSM-IV (American Psychiatric Association, 2000) 

criterion symptoms of depression (DSM-IV MDD symptoms are identical to the DSM-5 

symptoms). For each of the nine symptoms, subjects indicated whether, during the previous 

2 weeks, the symptom had bothered them “not at all,” “several days,” “more than half the 

days,” or “nearly every day.” Each item yields a score of 0, 1, 2 or 3. The nine symptoms 

assessed by the PHQ-9 are: little interest or pleasure in doing things (interest), feeling 

depressed or hopeless (depressed), sleep problems (sleep), feeling tired (fatigue), appetite 

problems (appetite), feeling bad about yourself/that you are a failure (self-blame), trouble 

concentrating on things (concentration), moving or speaking slowly/being fidgety or restless 

(psychomotor), and suicidal ideation (suicide).

Subjects completed a baseline survey 1-2 months prior to commencing internship that 

assessed general demographic factors (age, sex), personal factors (baseline PHQ-9 

depressive symptoms, self-reported history of depression, self-reported family history of 

depression, childhood stress (Risky Families Questionnaire (Taylor et al. 2006)), and 

neuroticism (NEO-Five Factor Inventory (Costa & McCrae, 1997)).

Participants were contacted via email at months 3, 6, 9 and 12 of their internship year and 

asked to complete the PHQ-9 again. They were also queried regarding work hours over the 

past week and the occurrence of a series of stressful non-internship life events (marriage, 

childbirth, serious illness, death or serious illness in close family or friend, financial 

problems, end of a serious relationship, or becoming a victim of crime or domestic 

violence,) during the past three months. Because the number of life events reported in each 

category was too low to use in subsequent analyses, we computed a sum score of all events 

for each measurement point per subject and subsequently used it as predictor.

Statistical Analysis

We compared symptom severity at baseline with average symptom severity during the four 

measurements across the residency. This approach has been used in previous publications 

based on this dataset (Sen et al. 2010; Sen et al. 2013), and has the advantage of increased 

reliability of symptom assessment within-internship through repeated measurement. When 

averaging the within-internship symptom scores, 1166 of the 2455 subjects (47.5%) were 

Fried et al. Page 4

Psychol Med. Author manuscript; available in PMC 2015 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



dropped via listwise deletion because they had missing data on two or more timepoints, 

leaving 1289 subjects in the analytic sample. Average scores for the two risk factors that 

were assessed after baseline (work hours and number of stressful life events) were 

constructed analogous to symptoms.

Overall, three analyses were conducted. First, we used a series of paired t-tests comparing 

baseline levels of each symptom to the average symptom level during residency to 

determine which symptoms increased significantly.

Second, we investigated whether risk factors differentially predicted symptom change over 

time. We estimated a structural equation model (SEM) encompassing nine linear 

regressions, one regression per symptom. In each regression, severity of a given symptom 

during residency was predicted by five baseline risk factors (sex, history of depression, 

family history of depression, neuroticism, and childhood stress) and two within-internship 

risk factors (work hours and number of stressful events), controlling for baseline severity of 

the symptom. To avoid overfitting, we used identical predictors in all nine regression, and 

did not drop insignificant predictors to reach the best possible fit for each symptom. We did, 

however, decide to exclude predictors from the analysis in case they were not related with 

any of the nine symptoms. We then compared two models: in the homogeneity model, 

regression weights were constrained to be equal for each risk factor across all symptoms. 

Specifically, a regression coefficient was estimated for each risk factor separately, but this 

coefficient was constrained to have the same effect on each symptom. The homogeneity 

model represents the hypothesis that depression is the common cause for all symptoms, with 

each risk factor affecting all symptoms equally. In the heterogeneity model, all regression 

coefficients were freely estimated. The models were compared using a χ2 test, and model fit 

was assessed using the root mean square error of approximation (RMSEA; RMSEA ≤ 0.06 

indicating good fit) as well as the comparative fix index (CFI; CFI ≥ 0.95 indicating good 

fit) (Hu & Bentler, 1999). If the constrained homogeneity model would fit worse than the 

heterogeneity model, this would indicate that risk factors vary in their effects across 

symptoms. Both models were estimated using the Maximum Likelihood Estimator, and 

results of the model with better fit were visualized using the R-package qgraph (Epskamp et 

al. 2011).

While our second analysis provides information about potential heterogeneity on the basis of 

observable symptoms, it does not rule out the possibility that heterogeneity disappears in a 

latent disease model. Thus, we investigated whether controlling for a latent depression 

variable eliminates heterogeneity, using a longitudinal multiple-indicator multiple-cause 

(MIMIC) model. MIMIC models (Jöreskog & Goldberger, 1975) encompass one or more 

latent variables that have both a number of observable indicators (in our case symptoms) and 

variables that influence the latent (in our case risk factors). Following the approach 

described by Jones (2006), we compared two versions of a MIMIC model. The first model 

(model I) allows for risk factors to directly influence symptoms, while the second model 

(model II) represents the hypothesis that risk factors only affect the latent depression 

variable which, in turn, influences individual depressive symptoms (Figure 1). Evidence that 

these direct paths improve model fit significantly would indicate that symptom level effects 

of risk factors exist and are not mediated by a latent variable. Model I was constructed in an 
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iterative process. First, all risk factors were allowed to have direct effects on all symptoms, 

except for the last PHQ-9 symptom suicidal ideation (for the purpose of model 

identification). Second, non-significant direct paths were removed and significant ones 

added for suicidal ideation until only significant paths from risk factors to symptoms 

remained. Model comparison and fit of the two MIMIC models were assessed analogous to 

analysis two. A complication to the MIMIC model is the longitudinal nature of our data. 

Similar to our second analysis, we thus predicted the second measurement point by risk 

factors, controlling for the first. While work hours and number of stressful life events that 

were assessed during residency naturally only affected the within-internship latent, baseline 

risk factors (sex, history of depression, neuroticism, and childhood stress) were allowed to 

additionally affect the baseline latent variable. In both models, the residual of each symptom 

at baseline was allowed to be correlated with the residual of the same symptom during 

residency. Both MIMIC models were estimated using the Maximum Likelihood Estimator.

Analysis one was performed using R 2.13.0 (R Development Core Team, 2008), analyses 

two and three were conducted in MPLUS 7.0 (Muthén & Muthén, 2012).

Results

1289 interns were included in the final analyses. The mean age of study participants was 

27.6 (SD = 3.02) and 47.9% were male (Table 1). Participants that had to be dropped due to 

missing values did not differ significantly from the retained participants in sex, neuroticism, 

childhood stress, personal and family history of depression, work hours, and number of 

stressful life events (all p > 0.05).

Effects of residency on depressive symptoms

All depression symptoms increased significantly during residency training (t (1288) ranging 

from 6.77 to 40.79, all p < 0.001). On average, symptoms increased by 169% of their 

baseline means, with a range of 48% (sleep problems) to 270% (psychomotor problems).

Impact of risk factors on symptoms

Family history of depression was the only risk factor that was not related to changes of any 

of the nine symptoms and was excluded from subsequent analyses. The homogeneity model 

in which each risk factor was constrained to have equal impact on all symptoms fit the data 

significantly worse than the heterogeneity model in which the effects of risk factors on 

symptoms were freely estimated (p < 0.001). The heterogeneity model fit the data well, and 

the highly significant χ2 difference test indicated strong differential impact of risk factors on 

symptoms (Table 2).

Full results of the heterogeneity model are summarized in Table 3, and visualized in Figure 

2. Of the various findings, three are particularly worthy of note. First, four risk factors (prior 

history of depression, higher number of stressful life events, childhood stress, and sex) 

predicted worsening of unique subsets of three to eight of the symptoms. Second, two 

predictors (neuroticism and work hours) had significant impact on all nine PHQ-9 symptoms 

over time. Third, female residents showed increases in sleep problems, appetite problems, 

and fatigue during residency, while male residents reported increased suicidal ideation.
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To assess whether the two uniform predictors neuroticism and work hours varied in their 

predictive strength across symptoms, we compared confidence intervals (CI) of the 

regression coefficients across symptoms. Of 36 symptom pairs, 14 CI (38.9%) did not 

overlap for neuroticism, and 14 CI (38.9%) did not overlap for work hours (see 

supplementary materials). This implies considerable variability in the predictive strength of 

neuroticism and work hours across symptoms.

Latent disease model

In this analysis, we compared the fit of two longitudinal MIMIC models. Since preliminary 

analyses revealed that factor loadings were not invariant across time, we allowed factor 

loadings to vary across measurement points in both MIMIC models. Due to high 

modification indices, residuals of the following symptoms were allowed to be correlated in 

both models: symptoms sleep and fatigue at baseline, and symptoms depressed and appetite, 

depressed and self-blame, fatigue and appetite, as well as concentration and psychomotor 

within-internship. As result of the iterative fitting process described in the Methods section, 

model I retained 19 significant direct effects of risk factors on symptoms after controlling 

for the latent depression factor.

Results of fitting the two models to the data are presented in Table 2. The χ2 difference test 

indicated that the 19 direct paths from risk factors to symptoms in model I improved the fit 

significantly (p < 0.001). This means that heterogeneity of risk factors and symptoms cannot 

be explained by a latent depression variable.

Discussion

In this study, we tested the hypothesis that the nine DSM-5 depression symptoms have 

similar risk factors. The evidence from a longitudinal population cohort of 1289 medical 

interns is inconsistent with this hypothesis. Instead, the results support the alternative 

hypothesis that risk factors have differential impact on depression symptoms. Four risk 

factors predicted increases of unique subsets of symptoms. Neuroticism and work hours did 

predict increases of all symptoms, albeit to varying magnitudes. We also tested whether the 

pronounced heterogeneity could be explained by a latent depression factor; this was not the 

case.

These results support the notion that depressive symptoms have different characteristics and 

properties. Studies of depression typically use sum-scores to describe severity, a strategy 

that may obfuscate crucial information about the nature of depression symptoms and causes. 

For instance, in this report, women were more likely to report worsening of sleep and 

appetite problems as well as fatigue during internship, whereas men reported increased 

suicidal ideation – information that would not have been available from assessing depression 

sum-scores alone. Furthermore, the use of sumscores groups individuals with dramatic inter-

individual symptom differences together in the same diagnostic group. This covert 

heterogeneity might help to explain recent studies reporting “disappointing” results such as 

questionable reliability of depression diagnosis (Regier et al. 2012), and the striking lack of 

success of GWAS and other genetic studies in identifying loci definitively associated with 

depression and treatment response (Tansey et al. 2012; Hek et al. 2013; see also: Power et 
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al. 2012). Our results are consistent with the growing chorus of voices suggesting that covert 

heterogeneity of DSM diagnostic criteria in research may be inhibiting progress in 

elucidating the biological roots of mental illness (Lux & Kendler, 2010; Kendler et al. 2013; 

National Institute of Mental Health, 2013).

Assessing depression symptoms individually promises to reveal new findings. Special 

attention is needed for the four compound symptoms (insomnia or hypersomnia, 

psychomotor agitation or retardation, weight loss or weight gain, feelings of worthlessness 

or inappropriate guilt). For example, chronic stress is more strongly associated with weight 

gain than weight loss (Keller et al. 2007), and it is plausible that these opposite symptoms 

might arise from different etiologies. In addition, the symptoms chosen as criteria for DSM 

depression are a small subset of possible depression symptoms (McGlinchey et al. 2006; 

Zimmerman et al. 2006a) and were determined largely by clinical consensus instead of 

empirical evidence (Zimmerman et al. 2006b; Kendler & Zachar, 2008; Lux & Kendler, 

2010). For instance, helplessness and hopelessness as compound symptom have been shown 

to perform more strongly than some of the DSM-IV criterion symptoms in distinguishing 

depressed from healthy individuals (McGlinchey et al. 2006).

Furthermore, prior work shows that different life stressors provoke different symptoms in 

patterns that are somewhat consistent (Keller & Nesse, 2005; Keller & Nesse, 2006; Keller 

et al. 2007; Cramer et al. 2011), supporting the need for close attention to heterogeneity of 

depression symptoms.

While it is unclear at this time why risk factors predict certain depressive symptoms, 

research informed about differences between individual symptoms will facilitate the search 

for etiologically and symptomatically homogenous groups, and thus serve our main goal of 

increasing treatment efficacy.

Limitations

These findings need to be interpreted in the light of four limitations. First, medical residents 

are relatively homogenous in terms of age, education, and socioeconomic status, so our 

results may not generalize to other populations.

Second, the PHQ-9 does not contain detailed information about bi-directional symptoms. It 

is thus unclear whether, for instance, the increasingly severe sleep problems in female 

residents manifested themselves as insomnia or hypersomnia, or whether the increases of 

psychomotor problems reported by interns that experienced a higher number of stressful life 

events were due to psychomotor agitation or psychomotor retardation.

Third, in preliminary analyses conducted prior to MIMIC modeling, a one factor solution 

emerged for the first measurement point, while two factors fit the second measurement point 

better. Seeing that the MIMIC models were not interpretable from a substantive point of 

view with different numbers of factors across time, we estimated one factor per 

measurement point, but allowed factor loadings to be freely estimated. This approach 

penalizes the fit of both MIMIC models equally and should not favor one over the other.
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Fourth, because multivariate models that contained nine dependent variables, six risk 

factors, five measurement points, and controlled for a latent depression factor were not 

interpretable, our analyses are limited to two timepoints. As a result, if the relationship 

between specific variables changed during internship, these changes may have been masked. 

However, correlations of symptoms with time-varying risk factors at each individual 

timepoint were fairly stable across the four post stress onset measurements, and comparable 

to the averaged timepoint used in our analyses. Our approach therefore does not seem to 

substantially distort the relationships of these variables.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Visualization of the longitudinal MIMIC models used in this study. D1, latent depression 

factor at baseline; D2, latent depression factor during residency; y1-y9, depressive 

symptoms; x1-x2, within-internship risk factors; x3-x6, baseline risk factors; the red arrow 

is an example of a significant direct effect of a risk factor on a symptom (in this case, x1 on 

y1) that is not mediated by D2.
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Figure 2. 
Standardized regression coefficients of six risk factors on change of nine depression 

symptoms during residency, as estimated by the heterogeneity model. Thickness of lines 

indicates strength of regression weights. Green lines represent positive regression weights, 

red lines negative ones; sex was coded 0=female, 1=male. s1, interest; s2, depressed; s3, 

sleep; s4, fatigue; s5, appetite; s6, self-blame; s7, concentration; s8, psychomotor; s9, 

suicide.
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Table 1
Demographic characteristics of study participants

Variable Number (%)

Sex

  Male 617 (47.9)

  Female 672 (52.1)

Age, y

  ≤25 221 (17.1)

  26-30 867 (67.3)

  31-35 111 (8.6)

  >35 28 (2.2)

History of depression

  Yes 568 (44.1)

  No 721 (55.9)

Family history of depression

  Yes 682 (52.9)

  No 607 (47.1)

Specialty

  Internal Medicine 481 (37.3)

  Other 158 (12.3)

  Pediatrics 150 (11.6)

  General Surgery 113 (8.8)

  Psychiatry 93 (7.2)

  Emergency Medicine 81 (6.3)

  Family Medicine 62 (4.8)

  Obstetrics/gynecology 47 (3.6)

  Internal medicine/pediatrics 35 (2.7)

  Neurology 32 (2.5)

  Transitional 27 (2.1)

  Missing 10 (0.8)
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Table 2

Goodness-of-fit statistics and χ2 difference tests for the two model comparisons 
(heterogeneity vs. homogeneity, MIMIC models I vs. II)

χ 2 df RMSEA CFI χ 2 diff dfdiff p

Test for heterogeneity

 Model I
a 197.3 72 0.04 0.98

 Model II
b 617.4 120 0.06 0.93 420.1 48 < 0.001

MIMIC models

 Model I
c 868.5 199 0.05 0.94

 Model II
d 1041.5 218 0.05 0.93 173.0 19 < 0.001

df, degrees of freedom; RMSEA, root mean square error of approximation; CFI, comparative fit index; χ2diff, χ2 statistic of the χ2 difference test; 

dfdiff, degrees of freedom of the χ2 difference test; p, p-value of the χ2 difference test;

a
heterogeneity model;

b
homogeneity model;

c
19 significant direct paths from risk factors to symptoms;

d
no direct paths from risk factors to symptoms.
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