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ABSTRACT

BACKGROUND: Symptoms of major depressive disorder (MDD) are commonly assessed using self-rating
instruments like the Patient Health Questionnaire-9 (PHQ-9) (current symptoms) and the Composite International
Diagnostic Interview Short-Form (CIDI-SF) (worst-episode symptoms). We performed a systematic comparison
between them for their genetic architecture and utility in investigating MDD heterogeneity.

METHODS: Using data from the UK Biobank (n = 41,948-109,417), we assessed the single nucleotide polymorphism
heritability and genetic correlation (ry) of both sets of MDD symptoms. We further compared their ry with non-MDD
traits and used Mendelian randomization to assess whether either set of symptoms has more genetic sharing with
non-MDD traits. We also assessed how specific each set of symptoms is to MDD using the metric polygenic risk
score pleiotropy. Finally, we used genomic structural equation modeling to identify factors that explain the genetic
covariance between each set of symptoms.

RESULTS: Corresponding symptoms reported through the PHQ-9 and CIDI-SF have low to moderate genetic
correlations (ry = 0.43-0.87), and this cannot be fully attributed to different severity thresholds or the use of a skip
structure in the CIDI-SF. Both Mendelian randomization and polygenic risk score pleiotropy analyses showed that
PHQ-9 symptoms are more associated with traits that reflect general dysphoria, whereas the skip structure in the
CIDI-SF allows for the identification of heterogeneity among likely MDD cases. Finally, the 2 sets of symptoms
showed different factor structures in genomic structural equation modeling, reflective of their genetic differences.
CONCLUSIONS: MDD symptoms assessed using the PHQ-9 and CIDI-SF are not interchangeable; the former better

indexes general dysphoria, while the latter is more informative about within-MDD heterogeneity.

https://doi.org/10.1016/j.biopsych.2023.11.021

Two sets of symptom-level data on major depressive disorder
(MDD) are available in the UK Biobank (1) through the self-
administered online Mental Health Questionnaire (MHQ) (2).
First, current symptoms of MDD are assessed through the
Patient Health Questionnaire-9 (PHQ-9) (3), a screening tool
that scores the occurrence of all 9 DSM-5-based symptoms
for MDD (4) in the past 2 weeks. A high score is used as an
indicator of potential MDD and is the basis for recommending
clinical assessment. Second, MDD symptoms experienced
during the lifetime worst episode of MDD are assessed through
the Composite International Diagnostic Interview Short-Form
(CIDI-SF) (5,6), which contains a skip structure: 7 of 9 MDD
symptoms are assessed only when 2 weeks of sad mood or
anhedonia are reported (cardinal symptoms of MDD)
(Figure 1A). Therefore, the CIDI-SF assesses only worst-
episode symptoms in a clinically enriched population that
has a smaller sample size (~50,000) (Figure 1B) than the PHQ-
9 symptoms assessed in the general population (~100,000).
Previous studies have performed genome-wide association
studies (GWASs) on individual items from the PHQ-9 (7).
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Likewise, genetic covariance-based factor analyses using
genomic structural equation modeling (genomic SEM) (8) have
been performed on PHQ-9 symptoms to identify symptom
dimensions of MDD and how they overlap with symptoms of
anxiety and neuroticism (7,9). In contrast, there are no genetic
studies that have analyzed lifetime worst-episode symptoms
or compared them with PHQ-9 symptoms despite the much
wider use of the latter in factor analyses (10-12).

Previous findings suggest that symptoms in clinically
enriched populations have different structures and meanings
from symptoms that are measured in a general population (10).
In this paper, we ask whether PHQ-9 symptoms capture the
same underlying biology as worst-episode symptoms using
data collected through the MHQ in the UK Biobank (1). We
found that while PHQ-9 and worst-episode symptoms have
similar liability scale single nucleotide polymorphism heritabil-
ities (h%snp), they have distinct genetic components. PHQ-9
symptoms have greater genetic sharing with subjective well-
being, insomnia, neuroticism, anxiety, and exposure to
stressful life events. Polygenic predictions on MDD and 50
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Instrument Matters When Assessing MDD Symptoms

CIDI Short Form for WorstEpisode MDD symptoms

PHQ-9 for current MDD symptoms

A1: Data-Field 20446
Ever had prolonged feelings
of sadness or depression

A2: Data-Field 20441
Ever had prolonged loss of
interest in normal activities

“Over the last 2 weeks, how oﬂen have you heen
by any of the [

l YES to A1/A2

A3: Data-Field 20536
Weight change during worst
episode

A4: Data-Field 20532
Sleep change during worst
episode

A3a: Data-Field 20536

A3c: Data-Field 20536
Both gained and lost weight

Ada: Data-Field 20533

Adc: Data-Field 20535
Waking too early

AS5: Not phenotyped*
Noticeable psychomotor retardation or agitation

A6: Data-Field 20449
Feelings of tiredness during
worst episode

A7: Data-Field 20450

Gained weight Trouble falling asleep Feelings of worthlessness
) ) during worst episode
A3b: Data-Field 20536 Adb: Data-Field 20534
Lost weight Sleeping too much A8: Data-Field 20435

Difficulty concentrating during
worst episode
A9: Data-Field 20437
Thoughts of death during
worst episode

PHQ9A3: Data Field 20511
Poor appetite or overeating
PHQ9A4: Data Field 20517
Trouble falling or staying asleep, or sleeping too much

PHQ9AS: Data Field 20518

Noticeable psychomotor retardation or agitation
PHQ9AG: Data Field 20519

Feeling tired or having little energy

PHQ9AT7: Data Field 20507

Feeling of worthlessness or letting others down
PHQ9AB8: Data Field 20508

Trouble concentrating on things

PHQ9A9: Data Field 20513

Thoughts of suicide or self-harm

Figure 1. Definition, sample size, and genome-
wide association studies of worst-episode (Com-
posite International Diagnostic Interview [CIDI]) and
Patient Health Questionnaire-9 (PHQ-9) symptoms
of major depressive disorder (MDD) in the UK Bio-
bank. (A) Definitions of worst-episode and PHQ-9
symptoms of MDD in the UK Biobank. (B) Sample
sizes for worst-episode and PHQ-9 symptoms.
There is no data for worst-episode A5; subgroups of
symptoms A3 and A4 are not assessed in the PHQ-
9. (C) Miami plot for 14 worst-episode symptoms on
top and 9 PHQ-9 symptoms at the bottom. Asso-
ciations with p values smaller than 5 x 1078

considered as genome-wide significant and are
indicated in the plot. (D) Forest plots and accom-
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panying data showing the odds ratios (ORs) and p
values at significant loci; statistics at the corre-
sponding worst-episode or PHQ-9 symptoms are
shown for comparison; error bars show 95% Cls of
the OR estimates. LCI, lower 95% CI; SNP, single
nucleotide polymorphism; UCI, upper 95% CI.
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non-MDD phenotypes further showed that the skip structure in
the CIDI-SF that involves making conditional assessments of
noncardinal symptoms also ensures that they capture genetic
sources of heterogeneity among likely MDD cases. Finally,
factor analyses on genetic covariance from both sets of
symptoms using genomic SEM identified different structures;
high genetic correlations between PHQ-9 symptoms make
most factor structures indistinguishable and therefore do not
offer insights into MDD heterogeneity.

Therefore, we concluded that PHQ-9 and worst-episode
symptoms do not reflect the same biology and cannot be
used interchangeably in investigations into MDD heterogeneity;
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the former indexes genetic liability to general dysphoria in
addition to MDD, while the latter captures genetic heterogeneity
among likely MDD cases.

METHODS AND MATERIALS
Definition of Worst-Episode and PHQ-9 MDD
Symptoms in the UK Biobank

Individual-level MDD symptom data are available for UK Bio-
bank participants who answered the questions for MDD
symptoms on the CIDI-SF and PHQ-9 conducted through an
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online mental health follow-up survey (MHQ, data category
138). Definitions of each worst-episode and PHQ-9 symptom,
as well as their variations, can be found in the Supplemental
Methods in Supplement 1 and Tables S1 and S2 in
Supplement 2. To investigate PHQ-9 and worst-episode
symptoms at the same GWAS power, we performed down-
sampling: for each corresponding pair of PHQ-9 and worst-
episode symptoms, we downsampled the one with higher
effective sample sizes (Nes) accounting for imbalance between
cases and controls [Neg = 4/(1/Ngases + 1/Neontros)] to the same
Nesr of the one with lower Ngg (Tables S1 and S2 in Supplement
2), keeping its prevalence unchanged.

Definition of Other Phenotypes in the UK Biobank

We selected other phenotypes in the UK Biobank, including
insomnia, measures of subjective well-being, neuroticism, in-
dividual neuroticism items, anxiety symptoms, and stressful
life event exposures, to test for genetic sharing with PHQ-9
and worst-episode symptoms. For all data fields in the UK
Biobank, endorsement criteria, and sample sizes, see Table S4
in Supplement 2.

Genome-wide Associations in the UK Biobank

Genome-wide association analysis was performed using
imputed genotype data at 5,776,313 SNPs (minor allele fre-
quency [MAF] = 0.05, INFO score = 0.9) in PLINK2 (13). We
used 20 principal components (PCs) computed with flashPCA
(14) on 337,198 White British individuals in the UK Biobank and
genotyping arrays as covariates using a logistic regression
model for binary phenotypes and a linear regression model for
continuous phenotypes.

GWAS on MDD from PGC29 and iPSYCH

We used the publicly available PGC29 GWAS summary
statistics from the Psychiatric Genomics Consortium
(15) (https://www.med.unc.edu/pgc/download-results). For
iPSYCH, we performed GWAS using logistic regression in
PLINK2 (13) on MDD defined by at least 1 specialty psychi-
atric care contact registered in the Danish Psychiatric Central
Research Register (16) or the Danish National Patient Reg-
ister (17) for an ICD-10 code of F32 or F33 in 2 independent
iPSYCH cohorts, iPSYCH2012 (18) and iPSYCH2015i (19),
with 42,250 and 23,351 unrelated individuals with European
genetic ancestry, respectively. We used the top 10 genomic
PCs from individuals in iPSYCH2012 and iPSYCH2015i
computed using flashPCA (14) as covariates to control for
population structure in each of the cohorts. Details of the
iPSYCH cohorts can be found in the Supplemental Methods
in Supplement 1.

SNP Heritability and Genetic Correlation

To test for the heritability of each symptom and the genetic
correlation (ry) between pairs of symptoms, we performed
linkage disequilibrium (LD) score regression implemented in
LDSC version 1.0.1 (20), using in-sample LD scores estimated
from 10,000 random White British UK Biobank (1) individuals at
SNPs with MAF > 0.05 as reference. We assumed that the
population prevalence of each symptom was equal to its
sample prevalence in the UK Biobank and estimated hzsz on
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the liability scale for each symptom and r, between pairs of
symptoms. One-sided paired t tests were conducted on
rgs between the 2 sets of symptoms and non-MDD pheno-
types in R.

Univariable Mendelian Randomization

Two-sample univariable Mendelian randomization (UVMR) was
performed using MendelianRandomization version 0.6.0 (21)
implemented in R version 4.0.3. For each pair of exposures and
outcomes, we used SNPs that were significantly associated
(0 < 5 x 107% genome-wide with each exposure as in-
struments. Clumping and LD pruning were performed with
default settings with R library ieugwasr: clump_kb = 10,000,
clump_r2 = 0.001. We tested the validity of instruments used in
MR using the F statistic (Tables S5, S6, and S9 in Supplement
2). Multiple testing corrections on the number of symptoms
were performed separately for the PHQ-9 and worst-episode
symptoms. To assess horizontal pleiotropy (22), we also con-
ducted pleiotropy-robust weighted median MR (23), MR Egger
(24), and Causal Analysis Using Summary Effect estimates
(CAUSE) (25) to compare the MR estimates between different
MR models (Supplemental Methods in Supplement 1,
Tables S5, S6, and S9 in Supplement 2). One-sided paired t
tests were conducted on effect sizes from UVMR analyses in R
to test whether effects for PHQ-9 or worst-episode symptoms
were bigger (as either outcomes or exposures) (Tables S7 and
S10 in Supplement 2).

Multivariable MR Bayesian Model Averaging

We used MR Bayesian model averaging (26), a statistical
learning algorithm for 2-sample multivariable MR, to select
likely causal exposures from a larger set of candidate expo-
sures. We selected independent genetic variants associated
with any of the symptoms as instrumental variables for the
multivariable MR model. We assumed that half of the tested
items were expected causal risk factors (prior = 0.5) when
iterating through all possible combinations of candidate
models in the model averaging algorithm. We ranked symp-
toms according to their marginal inclusion probability and
calculated the respective empirical p values. Finally, we
adjusted for multiple testing using the Benjamini-Hochberg
false discovery rate method.

Polygenic Risk Score and Polygenic Risk Score
Pleiotropy

For all in-sample polygenic risk score (PRS) predictions in the
UK Biobank, we obtained 10-fold cross-validation PRS on all
PHQ-9 and worst-episode symptoms in the UK Biobank by
performing a GWAS on each symptom 10 times, each time
using 90% of the individuals, and building PRSs from these
GWAS results with PRSice version 2 (27). We evaluated pre-
dictive accuracy for observed lifetime MDD and 50 non-MDD
phenotypes (Table S4 in Supplement 2) in the held-out 10%
for all 10 folds. For all PRS predictions in the UK Biobank
phenotypes, we used 20 genomic PCs and the genotyping
array used as covariates. We performed out-of-sample pre-
dictions of MDD diagnostic code (ICD-10 code of F32 or F33)
in iPSYCH2012 and iPSYCH2015i using PRSs built from the
same 10-fold GWAS on symptoms in the UK Biobank, as
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described in the Supplemental Methods in Supplement 1. For
prediction of all binary phenotypes, we evaluated accuracy
using Nagelkerke’s R2. For all quantitative phenotypes, we
evaluated accuracy using ordinary R%. PRS pleiotropy (28) was
calculated for each PHQ-9 and worst-episode symptom using
the ratio of its PRS predictions on 50 non-MDD phenotypes
and its prediction on lifetime MDD in the UK Biobank or
ICD-10-based MDD in iPSYCH cohorts (PRS pleiotropy =
Rznon-MDD/RzMDD)-

Factor Analysis Using Genomic SEM

Exploratory factor analysis was conducted using the psych
library in R with the minimum residual (minres) extraction
approach and “promax” rotation enabled by the GPArotation
on PHQ-9 symptoms and worst-episode symptoms
respectively, using genetic covariance matrices estimated
with LD score regression. Solutions were assessed for their
variance explained (retaining factors explaining > 0.1 of total
variance), loadings onto individual symptoms (retaining
factor loadings > 0.2), and match with previous findings.
Confirmatory factor analysis (CFA) was then performed to
assess model fit with the following metrics: Akaike infor-
mation criterion, comparative fit index, and standardized
root-mean-squared residual (retaining factor loadings >
0.2). All analyses were performed under the framework of
genomic SEM (8).

RESULTS

GWAS on PHQ-9 and Worst-Episode Symptoms

First, we performed GWASs on 14 worst-episode symptoms
(Figure 1A; Table S1 in Supplement 2) and 9 PHQ-9 symp-
toms (Figure 1A; Table S2 in Supplement 2) in the UK Bio-
bank. We found a total of 3 significantly associated loci (at p <
5 X 1078 in 2 of the 14 worst-episode symptoms: A2
(anhedonia) and A3a (increase in appetite or weight)
(Figure 1C; Table S3 in Supplement 2) and 2 significantly
associated loci in 1 of 9 PHQ-9 symptoms: A4 (change in
sleep) (Figure 1C; Table S3 in Supplement 2). None were
significant after we corrected for multiple testing on the
number of symptoms analyzed.

We asked whether each significant locus for worst-episode
symptoms had a similar effect on the corresponding PHQ-9
symptom and vice versa. We found that only 1 of the SNPs
significantly associated with worst-episode A2 had a signifi-
cant association (p < .05/5) in the same direction of effect as
A2 assessed through the PHQ-9 (rs61975852, p = .006)
(Figure 1D; Table S3 in Supplement 2). Because GWAS power
is different between the 2 sets of symptoms due to differences
in sample sizes (Figure 1B), we calculated the effective sample
size (Nef) of each corresponding pair of PHQ-9 and worst-
episode symptoms and downsampled the larger of the 2 to
the lower Ng, keeping prevalence constant (Tables S1 and S2
in Supplement 2). We found that although none of the signifi-
cant loci remained significant in the GWAS after down-
sampling, their relative effect sizes in PHQ-9 and worst-
episode symptoms remained the same (Figure S1 in
Supplement 1).
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Genetic Differences Between PHQ-9 and Worst-
Episode Symptoms

Next, we estimated liability scale SNP heritability (i?snp) for
all worst-episode and PHQ-9 symptoms using LD score
regression. We did not find significant differences in h2snp
estimates between the corresponding PHQ-9 and worst-
episode symptoms (Figure 2A), but rgs (29) between corre-
sponding symptoms were mostly significantly different from
unity, with the exception of A3 (change in appetite) and A9
(suicidal ideation) (Figure 2B). This shows that worst-episode
symptoms and PHQ-9 symptoms are driven by partly
distinct genetic factors.

Because worst-episode symptoms were assessed with a
skip structure in the CIDI-SF and the PHQ-9 symptoms were
not, we asked whether their low ry is due to this inherent dif-
ference in the instruments. To do this, we implemented the
skip structure on PHQ-9 symptoms, obtaining “PHQ-9 Skip”
symptoms (Supplemental Methods in Supplement 1; Table S2
in Supplement 2). We found that their rgs with PHQ-9 symp-
toms were not significantly different from unity (Figure 2C),
whereas their rgs with worst-episode symptoms remained low
(Figure 2D). In other words, low ry between PHQ-9 and worst-
episode symptoms cannot be largely attributed to the skip
structure in the CIDI-SF. Furthermore, we found that the low
rgs could not be fully accounted for by the different severity
thresholds in the 2 sets of symptoms (Figure 2E, F;
Supplemental Methods in Supplement 1).

Reporting of PHQ-9 Symptoms Is Likely Due to
General Dysphoria

It is well known that longstanding conditions that cause gen-
eral dysphoria can lead to inflation of self-ratings of current
symptoms with the PHQ-9 (30,31). To test this, we first asked
whether 4 traits, including insomnia and measures of subjec-
tive well-being, had greater genetic sharing with reporting of
the most similarly phrased PHQ-9 items than the corre-
sponding worst-episode symptoms on the CIDI-SF (Table S4
in Supplement 2). We found that all 4 traits had higher rgs
with PHQ-9 symptoms than worst-episode symptoms, even
though their error bars overlapped (1-sided paired t test
p =.02) (Figure 3A). Then we performed the same analysis with
4 other sets of phenotypes: generalized anxiety disorder (GAD)
symptoms from the Generalized Anxiety Disorder 7 (GAD7)
questionnaire in the MHQ (32,33), experience of stressful life
events both recently and during one’s lifetime (34-36), and
individual neuroticism items from the Eysenck Personality
Questionnaire Revised-Short Form (37) (Methods and
Materials; Table S4 in Supplement 2). PHQ-9 symptoms had
higher rgs with all 4 sets of phenotypes than worst-episode
symptoms (Figure 3B) (1-sided paired t test p < 2.2 X 107°).
Overall, we found that PHQ-9 symptoms had greater genetic
sharing with these non-MDD phenotypes that index general
dysphoria.

Then we asked whether PHQ-9 and worst-episode symp-
tom endorsement may be partly due to general dysphoria
using MR, which assesses the association of genetic pre-
dictors of an exposure with an outcome (38,39). Using the
inverse variance-weighted model in UVMR (Methods and
Materials), we found that genetic effects on insomnia and
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Figure 2. Single nucleotide polymorphism heritability (h’snp) and genetic correlation (r) estimates from linkage disequilibrium score regression. (A) Liability
scale hsnp estimates for each worst-episode and Patient Health Questionnaire-9 (PHQ-9) symptom, calculated assuming that their observed prevalences in
the UK Biobank are equal to their population prevalences. (B) Genetic correlation between worst-episode and PHQ-9 symptoms. (C) Genetic correlation
between PHQ-9 and PHQ-9 Skip symptoms. (D) Genetic correlation between PHQ-9 Skip and worst-episode symptoms. (E) Genetic correlation between
PHQ-9 Strict and PHQ-9 symptoms. (F) Genetic correlation between PHQ-9 Strict and worst-episode symptoms. For all plots, horizontal dashed lines show
rg = 1; error bars indicate 95% Cls of estimates; lack of convergence on the estimate or missing data is indicated as “NA.” NA, not available.

measures of subjective well-being are associated with indi-
vidual PHQ-9 symptoms with higher odds ratios than worst-
episode symptoms (Figure 4A; Figures S2 and S5 in
Supplement 1). The same is true for the neuroticism score and
GAD (Figure 4C, D), but not lifetime trauma or recent stress
(Figures S3, S6, and S7 in Supplement 1). These results
remained when both sets of symptoms were downsampled to
the same N (Figures S3, S6, and S7 in Supplement 1).

We verified these results with CAUSE, a MR method that
accounts for horizontal pleiotropy, to distinguish causal effects
from horizontal pleiotropy. Interestingly, the significant differ-
ences between neuroticism and GAD genetic effects on PHQ-
9 and worst-episode symptoms are gone in CAUSE, demon-
strating that neuroticism and GAD items are more likely
pleiotropic with PHQ-9 symptoms than causal for them
(Figure 4C, D; Tables S6 and S7 in Supplement 2). Further-
more, most UVMR results became insignificant when we used
a multivariable MR approach based on Bayesian model aver-
aging (Figure 4B) to assess whether the genetic effects on
neuroticism and GAD are associated with the reporting of
specific symptoms independently (Figure 4C, D; Figures S3
and S8 in Supplement 1). In other words, the contribution of
measures of general dysphoria to both sets of MDD symptoms
was not specific.
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Finally, we asked whether episodic MDD leads to the
endorsement of either set of symptoms and vice versa. To do
this, we performed 2-sample UVMR (using the inverse variance
weighted model and CAUSE) and MR Bayesian model aver-
aging on either set of symptoms assessed in the UK Biobank
with MDD assessed in external cohorts (PGC29, iPSYCH2012,
and iPSYCH2015i). Overall, we found that genetic associations
with worst-episode symptoms had greater effects on MDD,
while genetic effects on MDD had greater effects on PHQ-9
symptoms (Supplemental Methods in Supplement 1;
Figure 4E; Figures S4, S9-S11 in Supplement 1).

Skip Structure Accounts for PRS Pleiotropy
Difference Between Worst-Episode and PHQ-9
Symptoms

We further asked whether genetic studies on PHQ-9 symp-
toms are less likely to lead us to identify MDD-specific biology,
by obtaining PRS pleiotropy of PHQ-9 and worst-episode
symptoms for 50 non-MDD phenotypes in the UK Biobank
(PRS pleiotropy = RZnon-moo/R?mop) (28). A higher PRS plei-
otropy means lower specificity of a PRS for MDD. For the MDD
phenotype, we used LifetimeMDD (40) in the UK Biobank
(Figure 5; Table S12 in Supplement 2) as well as ICD-10-based
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Figure 3. Genetic correlation (ry) estimates between Patient Health Questionnaire-9 (PHQ-9) or worst-episode symptoms and non-major depressive dis-
order phenotypes. (A) Genetic correlation between depressed mood (A1) vs. subjective well-being; change of sleep (A4) vs. insomnia; feeling of worthlessness
(A7) vs. finding meaning in life; and suicidal ideation (A9) vs. finding life not worth living in both worst-episode and PHQ-9 symptom definitions. Error bars
indicate 95% Cls of the estimates. Bar directions indicate either positive or negative genetic correlation. (B) Genetic correlation between PHQ-9 or worst-
episode symptoms of major depressive disorder vs. neuroticism items from the Eysenck Personality Questionnaire Revised-Short Form (37); anxiety symp-
toms from the Generalized Anxiety Disorder 7 questionnaire in the Mental Health Questionnaire (32,33); and experience of stressful life events both recently and
during one’s lifetime (34-36); black square indicates a lack of convergence on the estimate in linkage disequilibrium score regression.

MDD in iPSYCH2012 and iPSYCH2015i (Figures S5, S6, S13,
and S14 in Supplement 1).

Overall, we found that worst-episode cardinal symptoms A1
(sad mood) and A2 (anhedonia) showed lower PRS pleiotropy
across all examined non-MDD phenotypes than their PHQ-9
counterpart (Figure 5A, B; Figures S5 and S6 in Supplement 1),
but the noncardinal worst-episode symptoms (A3-A9) showed
much higher PRS pleiotropy than the corresponding PHQ-9
symptoms (Figure 5A, B; Figures S5 and S6 in Supplement 1).
This apparently contradicts most of our results from the MR an-
alyses, where we showed that PHQ-9 symptoms were more
associated with genetic effects on non-MDD phenotypes. We
hypothesize that this difference must come from the skip
structure in the CIDI-SF which conditions worst-episode symp-
toms A3 to A9 on endorsement of symptoms A1 or A2, thereby

removing the genetic liability in MDD that is shared with symp-
toms A1 and A2 and making them less predictive of MDD than
their PHQ-9 counterparts. Consistent with this, we found that
while worst-episode items A1 and A2 had higher rgs with MDD
than the corresponding PHQ-9 symptoms, the reverse was
generally true for symptoms A3 to A9 (Figure S7 in Supplement 1).

To verify our hypothesis, we computed PRS pleiotropy of
PHQ-9 Skip symptoms A3 to A9 and found that once the skip
structure was applied, PHQ-9 Skip symptoms A3 to A9 were
much less able to predict MDD, increasing their PRS pleiotropy
for all non-MDD phenotypes (Figure 5A, B; Figures S5, S6;
Supplemental Methods in Supplement 1). Furthermore, using
genomic SEM, we found a high level of sharing between all
PHQ-9 symptoms with MDD, which was greatly reduced when
a skip structure was applied (Figure S8 in Supplement 1).
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Figure 4. Mendelian randomization (MR) between major depressive disorder (MDD) symptoms and MDD/non-MDD phenotypes. (A) Directed acyclic graph
demonstrating the univariable MR (UVMR) model in which MDD symptoms are either exposures or outcomes. (B) Directed acyclic graph demonstrating the MR
Bayesian model averaging (MR-BMA) model. (C, D) Effect sizes in UVMR analyses under the inverse variance weighted (IVW) or Causal Analysis Using
Summary Effect estimates (CAUSE) models, where neuroticism score or generalized anxiety disorder are exposures, and MDD symptoms are outcomes. Error
bars show 95% Cls. (E) Effect sizes in UVMR analyses under the IVW or CAUSE models, where MDD symptoms are exposures, and MDD in PGC29 is the
outcome. Error bars show 95% Cls. For plots (C-E), pink asterisks indicate significance in UVMR tests for individual symptoms (p < .05 after Bonferroni
correction); green asterisks indicate significance in MR-BMA for individual symptoms (with marginal inclusion threshold > 0.5 and p < .05 after false discovery
rate correction); light blue asterisks indicate that effects on/of Patient Health Questionnaire-9 (PHQ-9) symptoms (as outcome/exposure) are larger than worst-
episode symptoms in single-ended paired t tests (p < .05 after Bonferroni correction); dark blue asterisks indicate effects on/of worst-episode symptoms (as
outcome/exposure) are larger than PHQ-9 symptoms in single-ended paired t tests (p < .05 after Bonferroni correction). PGC, Psychiatric Genomics Con-
sortium; SNP, single nucleotide polymorphism.

Worst-Episode Symptoms Are Better at Capturing We first performed an exploratory factor analysis on the ge-

Within-MDD Heterogeneity

Finally, we investigated the utility of worst-episode and PHQ-9
symptoms to identify genetically driven symptom dimensions
of MDD with genomic SEM. We found that ry (and genetic
covariance) (Supplemental Methods in Supplement 1) among
PHQ-9 symptoms were significantly higher (mean ry = 0.80,
SD = 0.14) (Figure 6A) than those among worst-episode
symptoms (mean ry = 0.40, SD = 0.27) (Figure 6A), indicating
that the worst-episode symptoms, especially A3 to A9, are
more genetically heterogeneous than the PHQ-9 symptoms.
As such, the choice between using either set of symptoms in
factor analysis is therefore likely to make an important
difference.

1116

netic covariance matrix of the 8 worst-episode symptoms
(missing A5) and then ran confirmatory factor analyses
(Supplemental Methods in Supplement 1) on the exploratory
factor analysis solutions to assess model fits. We identified a 3-
factor model as the best fit for worst-episode symptoms
(Figure 6B; Table S15 in Supplement 2; Supplemental Methods in
Supplement 1): the first “mood” factor loaded onto A2, A1, and
A7 (all symptoms are ordered by loadings), the second “neuro-
vegetative” factor loaded onto A3 and A4, and the third “psy-
chomotor/cognitive” factor loaded onto A6, A8, A4, A9, and A7.
This matches previous factor analyses based on phenotypic
covariances (12,41,42) (Supplemental Methods in Supplement 1),
although they are not always consistent with each other (43).
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Figure 5. Polygenic risk score (PRS) pleiotropy of Patient Health Questionnaire-9 (PHQ-9) and worst-episode symptoms. (A) Mean PRS pleiotropy for major
depressive disorder (MDD) across 10-fold cross-validation of worst-episode, PHQ-9, and PHQ-9 Skip symptoms on 50 phenotypes (including lifetime MDD
and 50 non-MDD phenotypes, PRS pleiotropy = Rznon_MDD/RZMDD); the MDD phenotype here is lifetime MDD (40) as defined in the UK Biobank; phenotypes on
the x-axis across all 3 panels are ordered by worst-episode symptom A1 PRS pleiotropy in descending order. (B) Mean PRS pleiotropy for each symptom
across 10-fold cross-validation; phenotypes on the x-axis in each panel are ordered by the worst-episode symptom PRS pleiotropy in descending order; the

top 5 phenotypes in terms of PRS pleiotropy are indicated.

Then we performed the same analyses on the genetic
covariance matrix of the PHQ-9 symptoms (Figure 6C;
Table S15 in Supplement 2; Supplemental Methods in
Supplement 1). In the best-fitting 2-factor solution identified
from CFA, the first “psychological” factor loaded onto A2,
A8, A1, A3, A7, and A9, and the second “somatic” factor
loaded onto A5, A6, and A4 (Figure 6C). This structure is
inconsistent with the 3-factor structure derived from the

Biological Psychiatry June 15, 2024; 95:1110-1121 www.sobp.org/journal

worst-episode symptoms as well as previous findings of 2-
factor structures among MDD symptoms (10,44). Notably,
the ry between factors 1 and 2 was much higher (0.90, SE =
0.04) than the average r, between factors observed in worst-
episode symptoms (0.53, SE = 0.04), reflective of the high ry
between all PHQ-9 symptoms. Consistent with this,
removing A5 from PHQ-9 produced a 1-factor solution
(Figure 6D). The ry between factors from both sets of
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Figure 6. Genetic correlation (ry) estimates and factor analysis of Patient Health Questionnaire-9 (PHQ-9) and worst-episode symptoms of major depressive
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squared residual.

symptoms lay between 0.41 and 0.89
Supplemental Methods in Supplement 1).
Finally, we found that the high rgs between PHQ-9 symp-
toms made them amenable to almost any factor structure.
First, we found that a previously proposed 2-factor structure
(10,44) fit PHQ-9 symptoms (Akaike information criterion =
91.1, comparative fit index = 0.99, standardized root-mean-
squared residual = 0.058) better than worst-episode symp-
toms (Akaike information criterion = 167.5, comparative fit in-
dex = 0.96, standardized root-mean-squared residual = 0.12)

(Figure  S9;
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(Supplemental Methods in Supplement 1; Table S16 in
Supplement 2; Figure S9 in Supplement 1). To verify whether
this was specific to the factor structure previously proposed
(10,44), we tested all possible unique 2-factor structures for
their fits to PHQ-9 symptoms and worst-episode symptoms
using CFA, with the only restriction being that the same factor
loaded onto symptoms A1 and A2 in each case (Supplemental
Methods in Supplement 1). We found that the model fit
metrics showed much lower variation for PHQ-9 than for
worst-episode symptoms (Figure S9 in Supplement 1).
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Therefore, high rgs between the PHQ-9 symptoms made factor
structures interchangeable and selection of best-fit models
less meaningful.

DISCUSSION

In this study, we examined whether symptom-level data
assessed in the general population by the PHQ-9 captures the
same biology as worst-episode MDD symptoms assessed
through the CIDI-SF. We found that while they have similar
h2snp, they have distinct genetic components, and this differ-
ence can only be partially accounted for by the skip structure
of the CIDI-SF or the severity threshold for symptom
endorsement on the PHQ-9. Furthermore, we found that PHQ-
9 symptoms were more genetically correlated with each other
than worst-episode symptoms were, and factor analysis on
their genetic covariance matrices did not identify the same
underlying symptom dimensions for MDD. The 2 sets of
symptoms are not interchangeable in genetic analyses; they
lead to different findings with different biological meanings.
Some of the differences between the 2 sets of symptoms are
due to the implementation of the skip structure in the CIDI-SF
when assessing worst-episode symptoms. We found that
noncardinal worst-episode symptoms were able to capture only
those genetic components of MDD that are not shared with the
cardinal symptoms. These index different liabilities within in-
dividuals enriched for MDD, having the highest PRS pleiotropy
for childhood trauma, including violence in the family and having
no access to a doctor, as well as items on the GAD7 ques-
tionnaire, pointing to them as potential axes of genetic hetero-
geneity among people with likely MDD. Once the skip structure
had been applied to noncardinal PHQ-9 symptoms, most of
their differences from the corresponding worst-episode symp-
toms were gone. The remaining differences may be due to recall
differences between current symptoms and symptoms that
occurred during a potentially distant MDD episode.
Worst-episode symptoms must, by definition, occur during
MDD episodes. Most PHQ-9 symptoms will not, and this can
explain most of our results; PHQ-9 symptoms show more
genetic sharing with more stable traits like neuroticism,
insomnia, and measures of subjective well-being. In other
words, PHQ-9 symptoms index general dysphoria more than
episodic MDD. Our findings also complement previous find-
ings that self-ratings with the PHQ-9 likely lead to the inclusion
of longstanding conditions as well as conditions that are due to
external causes unrelated to MDD, which can inflate MDD
prevalence (30,31). This may be exacerbated by the healthy
volunteer effect in the general population that answers the
MHQ in the UK Biobank (2,45). This does not discredit the
PHQ-9 as a sensitive screening instrument for current MDD,
especially for ruling out those without MDD, or as a mea-
surement of depression severity as it is intended to be (3).
However, it may not be suitable for identifying symptom di-
mensions in patients with MDD. As has been argued previously
“not all instruments are appropriate for all purposes” (46,47).
Our results should be interpreted in the context of the
following limitations. First, our sample sizes are small, leading
to low statistical power in GWAS and MR analyses. This can be
improved with increased data collection at the symptom level
using methods that go beyond diagnostic questionnaires

Biological
Psychiatry

(47,48). Second, genetic associations identified for PHQ-9 or
worst-episode symptoms may be due to collider bias from the
ascertainment of individuals participating in the MHQ; partici-
pation in the MHQ has positive rgs with higher educational
attainment and better health and negative rgs with psycho-
logical distress and schizophrenia (45). Third, no clinician rat-
ings are available in the UK Biobank to be compared to PHQ-9
and CIDI-SF ratings, and therefore we do not have insights into
biases that are inherent in self-rated symptoms. In particular,
self-rated symptoms may suffer from greater recall bias. Both
of these limitations may be improved in truly representative,
population-based, clinician-assessed cohorts such as elec-
tronic health records or national registries, especially when
clinicians’ notes are available to assess symptom-level disease
characteristics. Finally, factors identified through genomic
SEM should not necessarily be seen as real or entity-like (10)
because they may be subject to statistical underdetermination
(49,50). Instead, they reflect genetic sharing among PHQ-9 and
worst-episode symptoms. Factor structures for worst-episode
symptoms are not only more concordant with previous find-
ings; they are likely more meaningful than those derived from
PHQ-9 symptoms, where any factor structure fits equally well.

Conclusions

In summary, we found that symptoms that were assessed
using these 2 instruments captured different underlying
biology and were not interchangeable in genetic analysis.
PHQ-9 symptoms index general dysphoria more than episodic
MDD, and worst-episode symptoms are more suitable for in-
vestigations into symptom dimensions of MDD.
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