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Background. The DSM-IV symptomatic criteria for major depression (MD) derive primarily from clinical experience

with modest empirical support.

Method. The sample studied included 1015 (518 males, 497 females) Caucasian twins from a population-based regis-

try who met criteria for MD in the year prior to the interview. Logistic regression analyses were conducted to compare

the associations of : (1) single symptomatic criterion, (2) two groups of criteria reflecting cognitive and neurovegetative

symptoms, with a wide range of potential validators including demographic factors, risk for future episodes, risk of

MD in the co-twin, characteristics of the depressive episode, the pattern of co-morbidity and personality traits.

Results. The individual symptomatic criteria showed widely varying associations with the pattern of co-morbidity,

personality traits, features of the depressive episode and demographic characteristics. When examined separately,

these two criteria groups showed robust differences in their patterns of association, with the validators with the cog-

nitive criteria generally producing stronger associations than the neurovegetative.

Conclusions. Among depressed individuals, individual DSM-IV symptomatic criteria differ substantially in their

predictive relationship with a range of clinical validators. These results challenge the equivalence assumption for the

symptomatic criteria for MD and suggest a more than expected degree of ‘ covert ’ heterogeneity among these criteria.

Part of this heterogeneity is captured by the distinction between cognitive versus neurovegetative symptoms, with

cognitive symptoms being more strongly associated with most clinically relevant characteristics. Detailed psycho-

metric evaluation of DSM-IV criteria is overdue.
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Introduction

A key component of the current approach to the

diagnosis of major depression (MD) in DSM-IV is the

symptomatic or ‘A’ criteria. These nine criteria

(‘depressed mood’, ‘ loss of interest ’, ‘appetite or

weight change’, ‘hyper- or insomnia ’, ‘psychomotor

agitation or retardation ’, ‘ fatigue ’, ‘ feelings of worth-

lessness or guilt ’, ‘diminished ability to think or

concentrate or indecisiveness ’ and ‘suicidal ideation

or thoughts of death’) derive, with only modest

alteration, from the list of symptoms proposed in

the Feighner et al. (1972) criteria. These criteria were

created by consensus of senior clinicians at

Washington University in the early 1970s and were

particularly influenced by a study by Cassidy et al.

(1957) that analyzed symptom frequencies in manic-

depressive patients as compared with those with

medical illnesses (Cassidy et al. 1957 ; Zimmerman

et al. 2006b ; Kendler et al. 2009). The symptoms in-

cluded in the Cassidy study were, in turn, partly based

on those utilized in a 1950 report, which examined

symptoms in 50 cases of melancholia (Stone & Burris,

1950).

Since then, many studies have examined the diag-

nostic reliability of this classification (for example,

Spitzer & Fleiss, 1974 ; Spitzer et al. 1978 ; Keller et al.

1995), the differentiation between clinical and sub-

clinical depression (for example, Kendler & Gardner,

1998 ; Parker et al. 1998), the validity of subtypes

(Frances et al. 1990 ; Kendler et al. 1996; Schotte et al.

1997 ; Chen et al. 2000 ; Sullivan et al. 2002 ; Carragher

et al. 2009) and the relationship between single symp-

toms and depressive subtypes with severity of MD

(Faravelli et al. 1996). By contrast, we are aware of

only two studies that have addressed, even indirectly,

the validity of these widely used symptomatic criteria
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for MD (McGlinchey et al. 2006 ; Zimmerman et al.

2006a). Both concluded that further efforts at vali-

dation were needed. Zimmerman et al. (2006a) exam-

ined the content validity of the DSM-IV classification

of MD and found the criteria were somewhat redun-

dant. The same research group examined the ability of

single depressive symptoms to differentiate between

patients with and without a diagnosis of MD and

found that the individual criterion performed quite

differently in this regard (McGlinchey et al. 2006).

In this report, we examine the validity of the DSM-

IV symptomatic criteria for MD in a sample of y1000

cases of MD reported in the last year in a population-

based cohort of twins (Kendler & Prescott, 2006). First,

we examine the ability of individual criterion to pre-

dict uniquely a broad set of validators, including risk

of MD in co-twin, demographic characteristics, life-

time co-morbidities, characteristics at index episode,

prior depression history and risk for future episodes.

Based on these results, we then aggregate two sets

of symptomatic MD criteria ‘A’ and compare their

performance on the same set of validators.

Methods

Sample and measurements

Participants in this report derive from two inter-

related studies in Caucasian same-sex twin pairs from

the Virginia Adult Twin Study of Psychiatric and

Substance Use Disorders (VATSPSUD) (Kendler &

Prescott, 2006). All subjects were ascertained from the

Virginia Twin Registry – a population-based register

formed from a systematic review of birth certificates in

the Commonwealth of Virginia. Female–female (FF)

twin pairs, from birth years 1934–1974, became eligible

if both members previously responded to a mailed

questionnaire in 1987–1988, the response rate to which

was y64%. The first face-to-face interview (FF1) was

completed by 92% (n=2163) of the eligible twins.

These twins participated in three subsequent inter-

views with cooperation rates ranging from 85 to 93%.

Participating twin pairs were identified for the male–

male and male–female (MMMF) cohort from twins

with birth years from 1940–1974 initially ascertained

directly from registry records. The first MMMF inter-

view (MMMF1) was conducted by telephone with a

response rate of 72% (n=6812). This sample was re-

interviewed once with an 83% response rate. Zygosity

was determined by discriminate function analyses

using standard twin questions validated against DNA

genotyping in 496 pairs (Kendler & Prescott, 1999).

MD diagnoses were based on a module in the FF1

and MMMF1, where every subject was asked whether

they experienced each of the disaggregated criteria

symptoms for DSM-IV MD in the year prior to the

interview. Separate questions were asked for psycho-

motor agitation and retardation, insomnia and hyper-

somnia, weight loss and gain and appetite increase

and decrease.

DSM-IV criteria for last-year MD were met by 217

twins from the FF1 and 798 twins from the MMMF1

interviews, prevalence rates are 10% [95% confident

interval (CI) 8.8–11.4%] in the FF1 and 11.7% (95% CI

11.0–12.5%) in the first interview of male–female

twins. Of these 1015 twins, 518 were males and 497

were females. At the time of the first interview, their

ages ranged from 18 to 57 years with a mean of 34.5.

There were 83 twin pairs, with both twins diagnosed

with MD, and two more pairs from two triplets who

were diagnosed with MD.

For our first analysis, we created binary dummy

variables for each of the nine criteria, indicating the

presence of each as part of the depressive syndrome.

For the disaggregated criteria, it was counted present

when at least one of the disaggregated symptoms

was reported (e.g. ‘weight loss ’ for appetite/weight

change). In addition, a criterion was not counted as

part of the depressive syndrome when reported due

to medication or illness.

For comparing the two symptom groups – cognitive

and neurovegetative – we counted the number of

endorsed symptoms separately for each group. Cog-

nitive symptoms included ‘depressed mood’, ‘ loss of

interest ’, ‘worthlessness/guilt ’ and ‘suicidal idea-

tion’ and neurovegetative symptoms included ‘sleep’,

‘appetite/weight ’, ‘psychomotor ’ changes and ‘fati-

gue’. ‘Trouble concentrating ’ was excluded from this

analysis (see Results for details).

The VATSPSUD includes a rich set of data about

future episodes, co-twin history of MD, lifetime co-

morbidities, demographic characteristics and charac-

teristics of the index depressive episode (Kendler &

Prescott, 2006). For demographic characteristics,

characteristics of the index depressive episode and

last year co-morbidity with general anxiety disorder

(GAD), the data came from the same interview wave.

For future episodes, depressive episodes of the co-

twin and all other co-morbidities, data were obtained

from all interview waves to maximize available infor-

mation.

GAD was diagnosed using the DSM-III-R criteria

(APA, 1987) requiring a minimum of 1 month dur-

ation. Panic disorder was also diagnosed using the

DSM-III-R criteria. We also examined a broad defi-

nition of panic (‘panic broad’), for which the only

criterion was a positive response to a probe question

for lifetime panic attacks (‘Thinking back over

your entire life, have you ever had a spell or attack

when you suddenly felt frightened or extremely
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uncomfortable in a situation in which you didn’t

expect to feel that way?’). Real danger or clear phobic

stimuli were excluded. ‘Any phobia ’ was diagnosed

using an adaptation of DSM-III criteria (APA 1980)

requiring one or more unreasonable fears, including

fears of different animals, social phobia and agora-

phobia that objectively interfered with the respon-

dent’s life. Nicotine dependence was defined as a

score o7 on the Fagerström Tolerance Questionnaire

(Fagerström, 1978) and alcohol dependence and illicit

drug dependence were diagnosed using DSM-IV cri-

teria (APA, 1994). Adult antisocial personality traits

were defined as meeting three or more of the DSM-

III-R (APA, 1987) ‘C criteria ’ for antisocial personality

disorder. Extraversion was assessed with eight and

neuroticism with 12 items from the short form of the

self-administered Eysenck Personality Questionnaire

(Eysenck et al. 1985). For ‘co-occurring anxiety symp-

toms’ we used a binary variable indicating whether

the respondent endorsed at least one of two anxiety

symptoms for which we had separate questions : ‘ felt

anxious, nervous or worried’ and ‘muscles felt tense

or felt jumpy or shaky inside ’ lasting at least 5 days in

the last year prior to the interview. ‘Chronic MD’ was

defined as a depressive episode lasting 12 months or

longer. For ‘something happened before the depress-

ive episode’, we used a question asking whether

‘something happened to make you feel that way or

did the feeling just come on you “out of the blue”?’

for the worst depressive episode in the last year.

‘Seeking help’ was assessed by a question asking

whether the respondent went to get help from health

professionals, ministers, self-help groups or anyone

else. Finally, childhood sexual abuse was defined by

a positive response to the question : ‘Have you ever

been sexually abused or molested? ’ and when the

abuse happened before the age of 16 years.

Data analysis

We conducted logistic regression analyses with the

LOGISTIC function in SAS (SAS Institute, 2005). Our

approach was to compare the odds ratios (ORs) of

each test to examine possible patterns of differences,

with the p values indicating the general probability of

results arising from chance. (For our approach to the

question of multiple testing, see Limitations.) For the

first set of analyses, the validator variable functioned

as dependent variable while the dummy variable

representing that the specific symptom was part of the

syndrome was the predictor variable. For the second

set of analyses, which compared the two symptom

groups, the number of cognitive or number of neuro-

vegetative symptoms was the predictor variable.

Depending on the validator variable, we fitted a

binary or cumulative logit model to the data, with age

and sex as covariates. In addition, we included the

number of positive criteria symptoms as a covariate in

the model when comparing the single symptoms with

control for the overall clinical severity of the depress-

ive episode as indexed by the number of endorsed

criteria. When we examined the two symptom groups,

the symptom counts for both groups were included in

the model to get the unique predictive power for the

cognitive and the neurovegetative symptom count

controlling for the number of symptoms endorsed in

the other symptom group. In addition, we also tested

if the observed differences in the odds ratios be-

tween both groups were significant using the TEST

statement of the LOGISTIC procedure in SAS (SAS

Institute, 2005).

When risk of MD in co-twin was the dependent

variable, zygosity was included as covariate in the

model. p Values are reported two-tailed except for

risk of MD in co-twin, where we report one-tailed

values, given the prior prediction of twin resem-

blance.

In interpreting these results, it is important to note

that the first set of analyses that examined individual

criterion controlled for total number of endorsed

symptoms. In these analyses, an OR <1 would indi-

cate that compared with all subjects who endorsed

n criteria, those who endorsed symptom X predicted

the validator more poorly. However, in our analyses of

criterion groups, controlling for number of endorsed

symptoms had the undesirable effect of causing a

strong negative correlation between the predictive

effects of the two symptom groups. Therefore, in these

analyses, where we did not control for total endorsed

criteria, we would expect nearly all ORs to be positive

as more symptoms tend to predict these validators.

Our goal here was to compare the strength of the

observed positive ORs between the two symptom

groups.

Results

Logistic regression analyses of single symptoms

The first nine columns of Table 1 show the results

from the logistic regression analyses of the nine

A criteria with each of the 25 validator variables.

ORs, 95% CI and levels of statistical significance are

presented, controlling for age, sex and the total num-

ber of endorsed criteria. For the cumulative logit

models, the ORs reflect the impact of a 1 S.D. change

in the dependent variable.

In total, 36 of the 225 analyses (16%) were stat-

istically significant (p<0.05), far in excess of chance

expectations (Feild & Armenakis, 1974). Loss of
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Table 1. Comparison major depression (MD) criteria symptoms

Response variable n

A1

Depressed

mood

A2

Loss of

interest

A3

Appetite/

Weight

A4

Sleep

A5

Psychomotor

Agitation/

Retardation

A6

Fatigue

A7

Worhtless-

ness/Guilt

A8

Trouble

concentrating

A9

Suicidal

ideation

Co-morbidities lifetime

General anxiety disorder

(last year)

1015 OR 1.11 0.80 0.95 0.95 2.02*** 0.72 0.79 1.15 1.11

BL CI 0.23–5.34 0.44–1.44 0.59–1.51 0.58–1.56 1.19–3.45 0.46–1.12 0.52–1.20 0.75–1.76 0.70–1.75

Panic (broad) 859 OR 1.20 1.17 0.79 0.66* 1.45 0.93 1.10 0.92 1.28

BL CI 0.27–5.38 0.60–2.26 0.51–1.23 0.41–1.06 0.85–2.49 0.59–1.49 0.72–1.67 0.61–1.40 0.84–1.94

Panic disorder 859 OR xxx 0.58 0.69 0.60 1.10 1.08 1.46 0.73 2.02**

BL CI 0.22–1.50 0.33–1.44 0.28–1.27 0.45–2.67 0.48–2.46 0.71–3.00 0.37–1.45 1.04–3.95

Any phobia 881 OR 1.19 0.76 1.00 0.76 1.30 0.97 1.35* 0.75* 1.18

BL CI 0.45–3.13 0.49–1.17 0.72–1.39 0.53–1.08 0.91–1.86 0.70–1.35 1.00–1.84 0.55–1.02 0.85–1.65

Alcohol dependence 880 OR 1.85 0.97 0.81 0.83 0.98 0.98 1.48** 0.87 1.07

BL CI 0.64–5.33 0.61–1.55 0.58–1.15 0.57–1.20 0.67–1.44 0.69–1.40 1.06–2.06 0.63 -1.20 0.76–1.52

Nicotine dependence 558 OR 3.54 1.03 0.90 0.72 1.35 0.62** 1.60** 0.76 1.25

BL CI 0.71–17.62 0.57–1.83 0.59–1.39 0.46–1.14 0.85–2.15 0.40–0.96 1.07–2.38 0.51–1.13 0.83–1.90

Any illicit drug dependence 844 OR 1.81 0.91 0.54*** 0.89 1.22 0.76 1.21 1.02 1.72**

BL CI 0.40–8.09 0.48–1.75 0.34–0.86 0.53–1.50 0.71–2.10 0.48–1.22 0.76–1.92 0.65 -1.59 1.10–2.70

Adult antisocial personality

trait

753 OR 1.35 1.01 0.58** 0.91 1.01 0.64* 1.18 1.06 1.97***

BL CI 0.37–4.86 0.54–1.90 0.37–0.91 0.55–1.50 0.60–1.69 0.41–1.01 0.76–1.84 0.69–1.64 1.29–3.02

Personality traits

Higher neuroticism score 977 OR 1.37 0.72* 0.67*** 0.66*** 0.93 1.08 2.06$ 0.77* 1.48***

CL CI 0.56–3.34 0.50–1.05 0.51–0.90 0.49–0.90 0.68–1.26 0.82–1.43 1.58–2.69 0.59–1.01 1.11–1.98

Higher extraversion score 977 OR 0.72 1.15 1.16 1.21 1.11 1.02 0.67*** 1.25* 0.77*

CL CI 0.31–1.67 0.81–1.65 0.89–1.52 0.90–1.61 0.83–1.48 0.78–1.33 0.52–0.87 0.97–1.60 0.59–1.01

Characteristics of index episode

Anxiety symptoms

co-occurring

992 OR 0.73 0.79 0.48*** 1.38 2.04# 0.71 1.37 1.03 0.79

BL CI 0.21–2.62 0.45–1.39 0.30–0.77 0.89–2.12 1.33–3.11 0.46–1.10 0.91–2.06 0.68–1.55 0.48–1.29

Duration depressive episode

in weeks

1015 OR 0.78 0.66 0.92 0.73 0.77 0.66** 1.27 1.03 2.13$

CL CI 0.21–2.88 0.38–1.15 0.61–1.40 0.48–1.13 0.48–1.22 0.44–0.98 0.86–1.88 0.70–1.51 1.47–3.09

Chronic MD (duration

o12 months)

1015 OR 0.61 0.62 0.98 0.76 0.80 0.64** 1.27 1.03 2.06#

BL CI 0.17–2.23 0.34–1.10 0.63–1.54 0.48–1.20 0.49–1.33 0.42–0.98 0.84–1.93 0.69–1.56 1.39–3.06
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Something happened

before episode

1015 OR 0.80 1.88** 1.52* 1.16 0.97 0.69 1.13 1.33 0.42$

BL CI 0.18–3.56 1.07–3.30 0.97–2.38 0.70–1.90 0.57–1.63 0.42–1.13 0.73–1.75 0.86–2.05 0.28–0.65

Seeking help 1014 OR 4.18* 0.77 1.01 0.98 0.72* 0.76* 1.16 0.83 1.91$

BL CI 0.95–18.34 0.51–1.18 0.74–1.39 0.70–1.38 0.51–1.01 0.56–1.04 0.86–1.56 0.61–1.11 1.39–2.61

Prior depression history

Number of episodes at

1st interview

715 OR 0.72 1.07 0.92 0.90 1.00 1.19 1.06 0.98 0.96

CL CI 0.26–1.98 0.68–1.67 0.67–1.27 0.64–1.26 0.70–1.43 0.87–1.64 0.78–1.42 0.72–1.32 0.70–1.32

Age of first onset of MD 719 OR 0.65 0.82 0.85 1.72** 1.06 0.92 0.92 1.12 0.87

CL CI 0.18–2.26 0.48–1.38 0.58–1.23 1.13–2.62 0.68–1.63 0.63–1.34 0.65–1.31 0.78–1.61 0.59–1.28

Demographic characteristics

at index episode

Age (being older) 1015 OR 5.49*** 1.14 0.94 0.75* 1.45** 1.05 0.78* 0.89 1.12

CL CI 1.98–15.28 0.79–1.65 0.71–1.23 0.56–1.01 1.08–1.96 0.80–1.39 0.60–1.01 0.68–1.15 0.85–1.49

Sex (being female) 1015 OR 3.46** 1.05 1.55*** 1.05 0.71** 1.48** 0.85 0.79* 0.75*

BL CI 1.24–9.68 0.70–1.57 1.14–2.10 0.76–1.45 0.51–0.98 1.10–2.00 0.64–1.12 0.59–1.04 0.55–1.02

Married or living with partner 1015 OR 0.45* 0.84 1.04 0.82 1.27 1.08 1.03 0.87 1.19

BL CI 0.17–1.15 0.56–1.28 0.76–1.41 0.59–1.14 0.91–1.76 0.80–1.47 0.77–1.37 0.65–1.16 0.87–1.64

More school years 1015 OR 0.78 1.21 1.02 1.40** 0.71** 1.32** 0.96 1.01 0.71**

CL CI 0.33–1.86 0.83–1.77 0.77–1.36 1.04–1.89 0.52–0.97 1.00–1.75 0.73–1.25 0.77–1.31 0.53–0.94

Higher family income 1015 OR 0.25*** 1.03 0.81 1.33* 0.96 1.25 0.88 1.33** 0.75

CL CI 0.09–0.66 0.71–1.50 0.61–1.07 0.98–1.77 0.71–1.30 0.95–1.64 0.68–1.14 1.03–1.73 0.57–1.00

Other validators

Childhood sexual abuse 900 OR 0.76 1.08 0.97 0.87 1.49 0.90 1.05 0.68* 1.32

BL CI 0.20–2.89 0.59–1.97 0.61–1.55 0.53–1.41 0.90–2.48 0.57–1.42 0.69–1.60 0.45–1.04 0.85–2.05

New episode of MD 876 OR 0.57 1.55* 0.91 1.01 1.09 1.03 0.98 0.95 0.92

BL CI 0.22–1.46 0.96–2.49 0.65–1.27 0.70–1.45 0.75–1.56 0.74–1.45 0.72–1.34 0.69–1.30 0.65–1.28

MD diagnosis in co-twina 800 OR 0.55 1.04 1.05 1.20 1.03 1.14 1.04 0.92 0.76

BL CI 0.21–1.46 0.66–1.63 0.75–1.47 0.83–1.74 0.71–1.49 0.82–1.60 0.76–1.43 0.67–1.26 0.53–1.07

Mean OR (S.D.) 1.99 (1.18) 1.25 (0.24) 1.26 (0.29) 1.28 (0.19) 1.28 (0.29) 1.25 (0.20) 1.25 (0.23) 1.17 (0.14) 1.46 (0.39)

a One-tailed p values, regression model with zygosity as additional covariate ;

n, sample size, differences in sample sizes throughout validators due to missing data ; BL, binary logit model ; CL, cumulative logit model, covariates included in the model : age,

sex and criteria symptom count ; xxx, no valid regression model ; OR, odds ratio ; CI, confidence interval.

* p<0.1, shaded cells are significant at the p<0.05 level, ** p<0.05, *** p<0.01.

# p<0.001, $ p<0.0001.
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interest was the symptom with the fewest (only one)

and suicidal ideation was the symptom with the most

significant results (nine). The means (S.D.) of the ORs

for the nine criteria across all the analyses ranged from

1.99 (1.18) for depressed mood to 1.17 (0.14) for trouble

concentrating.

These results reveal a pattern of relationships

between the criteria and the validators that was un-

expectedly complex and variable. Of the diverse set

of findings, nine were noteworthy.

(1) Regarding co-morbidities with anxiety disorders,

psychomotor agitation/retardation predicted co-

morbidity with GAD and was strongly positive

associated with prominent anxiety symptoms,

whereas appetite/weight change was negative as-

sociated with the anxiety symptoms. In addition,

suicidal ideation positively predicted fully syn-

dromal panic disorder.

(2) With regard to co-morbidities with substance use

disorders and adult antisocial personality traits,

suicidal ideation positively predicted risk for illicit

drug dependence and adult antisocial person-

ality traits, while appetite or weight changes were

negative associated with both these validator

variables. Yet, only worthlessness/guilt predicted

co-morbidity with alcohol dependence and nico-

tine dependence, while fatigue was negative as-

sociated with nicotine dependence.

(3) None of the nine A criteria was significantly

related to a new episode of MD or a diagnosis of

MD in the co-twin. However, examining non-

significant findings (p>0.05), we observed a het-

erogeneous pattern of relationships for these vali-

dators. For example, loss of interest showed a

positive but depressed mood a negative associ-

ation with risk for future episodes. Problems sleep-

ing and fatigue tended to be positively related and

depressed mood and suicidal ideation negatively

related to the risk for MD in the co-twin.

(4) Significant sex differences emerged for four of

the criteria ; depressed mood, appetite/weight

changes and fatigue significantly predicted being

female, while psychomotor agitation/retardation

was associated with being male.

(5) The criteria varied substantially in their relation-

ships to other demographic characteristics. For

example, age differences were found for two

criteria ; depressed mood and psychomotor agi-

tation/retardation had a significant positive

correlation with current age. In addition, four

symptoms were associated with education, with

sleep changes and fatigue being associated with

more, and psychomotor agitation/retardation and

suicidal ideation associated with less years of

education. Also, depressed mood was associated

with lower and trouble concentrating associated

with higher family income.

(6) Regarding the two personality traits – neuroticism

and extraversion – feeling worthless/guilty and

suicidal ideation predicted higher neuroticism

scores, while appetite/weight change and sleep

changes were associated with lower neuroticism

scores. In addition, worthlessness/guilt was as-

sociated with a lower extraversion score.

(7) Only suicidal ideation predicted a longer duration

of the index episode and chronic depression, while

fatigue was positively associated with shorter

episodes and negatively associated with ‘chronic

depression’ (defined as lasting o12 months).

(8) Loss of interest was associated with episodes pre-

cipitated by a particular life event (‘something

happened’), while suicidal ideation was associ-

ated with experiencing the depressive episode

‘out of the blue ’.

(9) None of the symptoms was significantly associ-

ated with the number of prior depressive episodes,

while only sleep problems predicted (older) age

of first onset of MD.

Logistic regression analyses of the two symptom

groups

A review of the results obtained at the individual

symptom level reveals a tendency for predictions from

neurovegetative symptoms (most typically appetite/

weight, sleep problems, psychomotor changes and

fatigue) to differ qualitatively from those obtained

for the ‘cognitive/emotional ’ symptoms (hereafter

‘cognitive ’) of sad mood, loss of interest, guilt and

suicidal ideation. For example, a significantly elevated

risk for alcohol, nicotine and illicit drug dependence

and antisocial traits is associated with symptoms of

guilt or suicidal ideation, whereas a significantly de-

creased risk is associated with symptoms of fatigue or

appetite changes. Levels of neuroticism are positively

associated with guilt or suicidal ideation but nega-

tively associated with appetite and sleep changes.

Fatigue predicts shorter and suicidal ideation longer

depressive episodes. Similar trends that do not reach

significance are seen for co-morbidity, with panic dis-

order (positive with suicidal ideation and negative

with appetite and sleep problems) and alcoholism

(positive with guilt and negative with appetite and

sleep problems), help-seeking (positive with suicidal

ideation and negative with psychomotor changes

and fatigue) and age at onset (positive with sleep

problems and negative with depressed mood, loss

of interest and suicidal ideation). While this trend

was far from uniform (and did not appear to involve
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trouble concentrating in either group), we judged it

sufficiently prominent to warrant further investi-

gation.

We therefore examined, in our sample of indi-

viduals with MD in the last year, the ability of the

sum of the symptoms endorsed in these two groups to

predict the same set of validators we examined for

the individual symptoms. Table 2 shows the results of

these analyses.

ORs, 95% CI and levels of statistical significance

are presented, controlling only for age, sex and the

number of endorsed criteria symptoms of the other

symptom group. We also controlled for zygosity when

the ‘MD diagnosis in co-twin’ was the dependent

variable. For the cumulative logit models, the ORs

of 1 S.D. increase of the dependent variable are re-

ported in the table.

Strikingly, for 17 of the 25 validator variables, the

predictive power of the two symptom groups was

significantly different from one another. Out of these

results, eight were noteworthy.

(1) The number of endorsed cognitive criteria better

predicted co-morbidities with other disorders than

did the number of neurovegetative criteria, and

these differences were significant except for GAD

and our broad definition of panic.

(2) The number of cognitive criteria better predicted

both higher neuroticism scores and lower extra-

version scores and these differences were also sig-

nificant.

(3) Regarding characteristics of the index episode, the

cognitive criteria count significantly better pre-

dicted the duration of the episode, chronic MD

defined as a depressive episode lasting longer

than 12 months and seeking help, while the num-

ber of neurovegetative criteria better predicted

that the depressive episode occurred ‘out of the

blue’.

(4) The cognitive symptom count also significantly

better predicted the number of prior episodes.

(5) The two symptom scores did not predict age at

interview while the neurovegetative criteria count

better predicted being female ; this difference was

significant.

(6) Regarding the other demographic characteristics,

the cognitive criteria count was associated with

fewer years of schooling and lower income; these

differences were also significant.

(7) The cognitive criteria count significantly better

predicted childhood sexual abuse.

(8) We found no significant differences between the

two criteria counts regarding the prediction of a

new depressive episode and a MD diagnosis in the

co-twin.

Discussion

The aim of our analysis was to examine carefully the

validity of the individual DSM-IV symptomatic or ‘A’

criteria for MD. In a large epidemiological sample

of individuals who reported episodes of MD in the

last year, we began by comparing the nine criteria on

a wide range of potentially validating characteristics,

none of which played any role in the diagnostic pro-

cess. Our analyses focused on potential similarities

and differences in the patterns of association of the

nine criteria symptoms with these characteristics.

In these analyses, we controlled for the number of

endorsed A criteria so that an OR >1 meant that

the presence of this criterion predicted the validator

more strongly than expected for individuals with the

same number of endorsed symptoms without that

particular criterion. An OR <1 meant that the pres-

ence of this criterion predicted the validator more

poorly than expected for individuals with the same

number of endorsed symptoms without that particular

criterion.

These results revealed an unexpected degree of

heterogeneity in the performance of the individual

criterion. Indeed, each of the nine criteria had a rela-

tively unique pattern of findings with regard to our

set of validator variables, suggesting a surprising

degree of evidence for ‘covert heterogeneity ’ within

theMD syndrome. The relationships we observed sup-

port the notion of heterogeneity of the classification of

MD discussed in the literature (e.g. Merikangas et al.

1994 ; Kendler et al. 1996 ; Chen et al. 2000 ; Carragher

et al. 2009 ; Hybels et al. 2009).

To further characterize this heterogeneity, we also

examined an intermediate level between the MD

diagnosis and the single criterion by comparing the

number of endorsed criteria separately for two

symptom groups – cognitive and neurovegetative –

through the same set of validator variables. Of note,

in recent exploratory factor analyses of depressive

symptoms run with the entire VATSPSUD sample,

we found a good statistical fit for a two-factor model

with one factor reflecting cognitive and the other

neurovegetative symptoms. When we compared these

two symptom groups, we did not control for the total

number of endorsed symptoms. Rather, we specifi-

cally examined whether the predictive power differed

between the two groups of criteria. As our results

show, some of this heterogeneity can be represented

by the differences between the number of endorsed

cognitive and neurovegetative criteria, with these dif-

ferences being significant for most of the validator

variables. Therefore, co-morbidities with other psy-

chiatric disorders and the personality traits – higher

neuroticism and lower extraversion – were most
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Table 2. Comparison of cognitive and neurovegetative criteria count (logistic regression)

Dependent variable n

Cognitive

criteria count

(CCC)

Neurovegetative

criteria count

(NCC)

x2 test

CCC=NCC

(p values)

Co-morbidities (lifetime)

General anxiety disorder (last year) 1015 OR 1.55$ 1.45$ 0.5111

BL CI 1.39–1.72 1.32–1.60

Panic (broad) 859 OR 1.35$ 1.20$ 0.1531

BL CI 1.23–1.47 1.11–1.30

Panic disorder 859 OR 1.60$ 1.13* 0.0173

BL CI 1.36–1.87 0.98–1.31

Any phobia 881 OR 1.30$ 1.16$ 0.0282

BL CI 1.23–1.38 1.10–1.23

Alcohol dependence 880 OR 1.36$ 1.17$ 0.0138

BL CI 1.27–1.45 1.11–1.25

Nicotine dependence 558 OR 1.26$ 1.09** 0.0481

BL CI 1.16–1.36 1.02–1.18

Any illicit drug dependence 844 OR 1.56$ 1.07 <0.0001

BL CI 1.42–1.71 0.97–1.16

Adult antisocial personality trait 753 OR 1.54$ 1.01 <0.0001

BL CI 1.41–1.69 0.92–1.20

Personality traits

Higher neuroticism score 977 OR 2.15$ 1.41$ <0.0001

CL CI 1.94–2.37 1.29–1.54

Higher extraversion score 977 OR 0.82$ 1.02 <0.0001

CL CI 0.77–0.87 0.96–1.08

Characteristics of index depressive episode

Prominent anxiety symptoms 992 OR 1.57$ 1.64$ 0.4120

BL CI 1.48–1.68 1.55–1.74

Duration depressive episode in weeks 1015 OR 1.76$ 1.43$ 0.0260

CL CI 1.46–1.68 1.29–1.46

Chronic MD (duration o12 months) 1015 OR 1.77$ 1.41$ 0.0259

BL CI 1.56–2.01 1.26–1.59

Something happened 1015 OR 1.02 0.89*** 0.0475

BL CI 0.94–1.11 0.83–0.97

Seeking help 1014 OR 1.60$ 1.30$ 0.0004

BL CI 1.49–1.73 1.21–1.39

Prior depression history

Number of episodes 715 OR 1.37$ 1.20$ 0.0139

CL CI 1.29–1.46 1.13–1.27

Age of first onset of MD>18 719 OR 0.82$ 0.90*** 0.1616

BL CI 0.76–0.89 0.84–0.96

Demographic characteristics at index episode

Age (being older) 1015 OR 0.95** 1.03 0.0517

CL CI 0.90–1.00 0.99–1.08

Sex (being female) 1015 OR 1.02 1.16$ 0.0070

BL CI 0.97–1.08 1.11–1.22

Married or living with partner 1015 OR 0.86$ 0.92*** 0.1435

BL CI 0.81–0.91 0.88–0.97

More than 9 school years (education) 1015 OR 0.77$ 0.99 0.0212

BL CI 0.69–0.87 0.89–1.11

Higher Family income 1015 OR 0.86$ 0.96* 0.0310

CL CI 0.82–0.91 0.91–1.01

Other validators

Childhood sexual abuse (broad) 900 OR 1.31$ 1.12*** 0.0488

BL CI 1.20–1.43 1.04–1.21
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strongly associated with the cognitive criteria group,

while we found significant sex differences (predicting

being female) for the number of endorsed neurovege-

tative criteria.

Some of our individual findings have precedents in

the literature. For example, Keller et al. (2007) found

that thoughts of self-harm were not associated with

adverse life events, which are partly reflected in our

result of suicidal ideation, predicting the depressive

episode as experienced ‘out of the blue’. Although

sex differences for psychomotor changes and fatigue

have already been reported for our sample by Khan

et al. (2002), our approach was probably not sensitive

enough to also show the sleep differences that

Khan et al. reported in their study of matched twins.

Corresponding to our results, Angst and Dobler-

Mikola (1984) found that females report weight

change more often when diagnosed with MD. Their

finding of females reporting more feelings of worth-

lessness/guilt is not supported by our results. In

addition, other studies found no sex differences for

expressed depressive symptoms (Middeldorp et al.

2006). Furthermore, some associations between sub-

stance use disorders and psychomotor agitation and

appetite/weight loss were reported in the literature

(for example, Balazs et al. 2006 ; Leventhal et al. 2008),

but they are not comparable with our results because

of the use of disaggregated symptoms in these studies.

The question of homogeneity versus heterogeneity

of MD, including the distinction of ‘ types ’ of de-

pression by symptom groups or causes (endogenous

versus reactive) has a long history in psychiatry (for the

homogeneity/unitary position, see Mapother, 1926 ;

Lewis, 1934; Kendell, 1969 ; Akiskal & McKinney,

1975 ; for the heterogeneity/binary position, for

example, Gillespie, 1929 ; Kiloh & Garside, 1963 ;

Eysenck, 1970). Because of a lack of empirical support

for a clear binary concept of MD, DSM-III and IV

definition were based on the unitarian position ac-

companied with the hope of finally settling these de-

bates (see Parker, 2000 ; van Praag, 2000). However,

the validity of the current DSM-IV classification of

MD has been questioned (see e.g. Parker, 2005 ;

Zimmerman et al. 2006b). The amount of heterogeneity

that we found comparing the performance of criteria

symptoms support these concerns. Yet, our results

indicate that only some of this heterogeneity can be

captured by a simple binary structure of cognitive

versus neurovegetative symptoms.

Our results also have implications for the basic

structure of DSM diagnostic categories. Beginning

with DSM-III, ‘polythetic ’ diagnostic models formed

the basis for DSM diagnoses. Such models implicitly

assume an approximate equivalence of the individual

criterion – that is, that each criterion plays a similar

and roughly interchangeable role in the diagnostic

process. Our results question this assumption for the

MD symptomatic criteria. In fact, we found that dif-

ferent symptoms or groups of symptoms of MD are

associated with different clinical characteristics.

While each DSM revision has been justifiable

proud about the increasing role of empirical findings

in making nosologic decisions, in fact most of the

diagnostic categories and the diagnostic criteria they

contain have been accepted for historical rather than

strictly empirical reasons (Kendler & Zachar, 2008).

Given the deep clinical wisdom and experience con-

tained in these traditions, this is not an illogical

approach. However, these results provide some chal-

lenge to this approach and, at a minimum, suggest that

Table 2 (cont.)

Dependent variable n

Cognitive

criteria count

(CCC)

Neurovegetative

criteria count

(NCC)

x2 test

CCC=NCC

(p values)

New episode of MD in second wave 876 OR 1.61$ 1.45$ 0.0955

BL CI 1.50–1.73 1.36–1.55

MD diagnosis in co-twina 800 OR 1.64$ 1.48$ 0.1272

BL CI 1.52–1.78 1.38–1.59

n, Sample size, differences due to missing data ; BL, binary logit model ; CL, cumulative logit model, covariates included in the

model : sex, age and symptom count of the other symptom group; MD, major depression ; OR, odds ratio ; CI, confidence

interval.

Cognitive symptoms : depressed mood ; loss of interest ; feeling worthless/guilty ; suicidal ideation.

Neurovegetative symptoms : appetite/weight change ; sleep ; psychomotor agitation/retardation ; fatigue.

Not counted : trouble concentrating.
a One-tailed p values, zygosity included as covariate in the model.

Two-tailed p values : * p<0.1, ** p<0.05, *** p<0.01, # p<0.001, $ p<0.0001.
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detailed psychometric evaluation of these historically

defined diagnostic entities is overdue.

Finally, we find that cognitive–emotional criteria

are rather consistently stronger predictors of our

validators than are the neurovegetative criteria. In

contrast, common clinical teaching highlights the

neurovegetative or ‘biological ’ symptoms as the ‘core’

features of depression. These results are broadly con-

sistent with the work of Beck and colleagues, which

emphasizes the primacy of cognitive changes in the

etiology of MD (Beck & Alford, 2008).

Limitations

These results should be interpreted in the light of

four potentially important methodological concerns.

First, our sample is limited to white twins born in the

Commonwealth of Virginia and these results may

or may not extrapolate to other samples. Second, the

nature of our validator variables made it difficult to

account formally, in most of our analyses, for the

non-independence of observations in our twin data.

However, only y17% of our data result from twin

pairs and by exploring formal corrections for the

binary logit models we found no substantial effects.

Third, given the number of tests we performed, some

of the significant findings are surely a result of chance

effects. To correct formally for multiple testing, a strict

Bonferroni (see Abdi, 2007) would require setting the

p value to around 0.0002. This would surely be too

conservative, because of the substantial high corre-

lations between a number of symptoms and between

some of the validators. Furthermore, our goal here is

not so much to strictly evaluate every single hypoth-

esis ; rather, we advocate taking an experimental wide

approach, asking if the broad pattern of relationships

between symptoms and validators are likely chance

effects. As we demonstrate, this is very unlikely to be

the case, as the total number of significant findings

far exceeds that expected under the null hypothesis.

While we cannot be confidant that any one of our

findings is not due to chance effects, the probably that

the entire pattern of results arose solely from false

positives due to multiple testing is extremely unlikely.

Fourth, we created the two symptom groups based

partly on our initial results and partly on conceptual

and clinical grounds. Only the decision to drop

‘ trouble concentrating’ was based on empirical results

from our single symptom analysis. Other clusters of

symptom groups could have possibly revealed other

structures. However, the distinction between cogni-

tive and neurovegetative symptoms has long pre-

cedence in the depression literature (Koenig et al.

1993 ; Beck & Alford, 2008 ; Carragher et al. 2009) and

has been empirically supported by factor analyses

conducted subsequently in this sample.

Conclusion

In individuals meeting DSM-IV criteria for MD in

the last year in an epidemiological sample, the indi-

vidual symptomatic criteria showed strongly varying

patterns of relationships with a broad set of clinical

relevant validators including demographic charac-

teristics, co-morbidities, characteristics of depressive

episodes and personality traits. This pattern is partly

reflected by a dichotomy between cognitive and

neurovegetative symptoms. Therefore, regarding the

characteristics represented by endorsed symptoms,

the current DSM-IV definition of MD represents a

construct of substantial heterogeneity. These results

challenge our understanding of MD as homogenous

categorical entity. Hopefully, future research will

determine whether a distinction between cognitive

and neurovegetative symptoms is clinically relevant

to the etiology, course and treatment of MD.
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