
 

University of Warwick institutional repository: http://go.warwick.ac.uk/wrap 

 

This paper is made available online in accordance with 
publisher policies. Please scroll down to view the document 
itself. Please refer to the repository record for this item and our 
policy information available from the repository home page for 
further information.  

To see the final version of this paper please visit the publisher’s website. 
Access to the published version may require a subscription. 

Author(s):  S. Weich, O. McBride, D. Hussey, D. Exeter, T. Brugha and 
S. McManus 
Article Title: Latent class analysis of co-morbidity in the Adult 
Psychiatric Morbidity Survey in England 2007: implications for DSM-5 
and ICD-11 
Year of publication: 2011 

Link to published article:  
http://dx.doi.org/ 10.1017/S0033291711000249 
Publisher statement: © Cambridge University Press 2011.   
 
Citation: S. Weich, O. McBride, D. Hussey, D. Exeter, T. Brugha and 
S. McManus (2011). Latent class analysis of co-morbidity in the Adult 
Psychiatric Morbidity Survey in England 2007: implications for DSM-5 
and ICD-11. Psychological Medicine, 41 , pp 2201-2212 
doi:10.1017/S0033291711000249 

 

http://go.warwick.ac.uk/wrap


Latent class analysis of co-morbidity in the Adult
Psychiatric Morbidity Survey in England 2007:
implications for DSM-5 and ICD-11

S. Weich1*, O. McBride2, D. Hussey3, D. Exeter3, T. Brugha4 and S. McManus3

1 Health Sciences Research Institute, Warwick Medical School, University of Warwick, Coventry, UK
2 Department of Psychology, Division of Population Health Sciences, Royal College of Surgeons in Ireland, Dublin, Republic of Ireland
3 National Centre for Social Research, London, UK
4 Department of Health Sciences, University of Leicester, Leicester General Hospital, Leicester, UK

Background. Psychiatric co-morbidity is complex and ubiquitous. Our aim was to describe the extent, nature and

patterning of psychiatric co-morbidity within a representative sample of the adult population of England, using latent

class analysis.

Method. Data were used from the 2007 Adult Psychiatric Morbidity Survey, a two-phase national household survey

undertaken in 2007 comprising 7325 participants aged 16 years and older living in private households in England.

The presence of 15 common mental health and behavioural problems was ascertained using standardized clinical and

validated self-report measures, including three anxiety disorders, depressive episode, mixed anxiety depressive

disorder, psychosis, antisocial and borderline personality disorders, eating disorders, post-traumatic stress disorder,

attention deficit disorder, alcohol and drug dependencies, problem gambling and attempted suicide.

Results. A four-class model provided the most parsimonious and informative explanation of the data. Most

participants (81.6%) were assigned to a non-symptomatic or ‘Unaffected ’ class. The remainder were classified into

three qualitatively different symptomatic classes : ‘Co-thymia ’ (12.4%), ‘Highly Co-morbid ’ (5.0%) and ‘Addictions ’

(1.0%). Classes differed in mean numbers of conditions and impairments in social functioning, and these dimensions

were correlated.

Conclusions. Our findings confirm that mental disorders typically co-occur and are concentrated in a relatively small

number of individuals. Conditions associated with the highest levels of disability, mortality and cost – psychosis,

suicidality and personality disorders – are often co-morbid with more common conditions. This needs to be

recognized when planning services and when considering aetiology.
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Introduction

Psychiatric disorders are highly prevalent and many

conditions co-occur concurrently and sequentially

(Kessler et al. 1996, 2005 ; Merikangas et al. 2003). Of the

26% of participants who had at least one current

psychiatric disorder in the US National Co-morbidity

Survey Replication (NCS-R), 45% met criteria for two

or more disorders (Kessler et al. 2005). Similar results

were found in Australia (Andrews et al. 2002). These

findings raise questions about the nature and de-

terminants of psychopathology (Kendler et al. 1997 ;

Andrews et al. 2009), and about the validity of existing

systems of classification which may facilitate co-

morbidity by using operational definitions and reject-

ing hierarchies (Tyrer, 2001 ; Brugha, 2002; Shorter &

Tyrer, 2003 ; Maj, 2005 ; Goldberg, 2010).

Co-morbidity is consistently associated with re-

duced quality of life, higher societal costs and poorer

outcomes (Andrews et al. 2002 ; Jané-Llopis &

Matytsina, 2006 ; Singh & Zarate, 2006 ; Fortin et al.

2007 ; Nock et al. 2009 ; Pirkola et al. 2009). But inter-

preting co-morbidity is difficult given the number

of disorders and the ubiquity (Grant et al. 2005 ;

Lenzenweger et al. 2006 ; Compton et al. 2007) and

complexity of observed correlations (Merikangas &

Kalaydjian, 2007). Recent research has gone beyond

pairwise association to interrogating complex co-

morbidity matrices (Kendler et al. 2003 ; Kessler et al.
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2005; Richardson et al. 2008 ; Veen et al. 2009),

both cross-sectionally and longitudinally (Kessler et al.

2011).

Estimated co-morbidity rates (two or more diag-

noses among those with any disorder) in most national

surveys range from 25% to 40% (Wittchen & Jacobi,

2005 ; Merikangas & Kalaydjian, 2007). Co-morbidity

is even more evident when the denominator is dis-

orders rather than people ; 77% of all diagnoses

identified in the NCS-R occurred among people

who met criteria for two or more diagnoses (Kessler

et al. 2005). This is consistent with evidence that

co-morbidity can be represented by a small number

of underlying factors (Kendler et al. 2003) corre-

sponding to known patterns of risk (Kendler et al.

1992, 2003).

Previous exploratory and confirmatory factor

analyses of lifetime (Krueger, 1999) and 12-month

prevalence (Vollebergh et al. 2001 ; Slade & Watson,

2006) data report best fit for a three-factor model of

psychiatric morbidity, comprising an externalizing

factor (drug and alcohol dependencies and antisocial

personality disorder) plus two internalizing factors :

anxious–misery (depression, dysthymia and general-

ized anxiety disorder) and fear (phobias and panic

disorder). All three factors appear stable over time

(Vollebergh et al. 2001), apply equally to Diagnostic

and Statistical Manual of Mental Disorders, third

edition – revised (DSM-III-R), Diagnostic and Statis-

tical Manual of Mental Disorders, fourth edition

(DSM-IV) and International Classification of Disease

(ICD-10) categories and correspond to underlying

genetic risk for common psychiatric and substance-

misuse disorders (Kendler et al. 2003). Using symptom

scores, Markon (2009) identified four factors : ‘ inter-

nalizing’, ‘pathological introversion’, ‘ thought dis-

order ’ and ‘externalizing’ ; correlations were stronger

(0.71 to 0.78) between the first three than between

these and the externalizing factor (0.38 to 0.58).

As well as variations in measures and intervals used

to ascertain psychiatric disorders, previous studies

have also used different statistical approaches to co-

morbidity. Kessler et al. (2005) highlighted the limi-

tations of factor analysis after finding evidence of

non-additive interactions between disorders. Descrip-

tive analyses revealed complex co-morbidities ; 433 out

of a possible 219 (524288) combinations of disorders

were found, ranging from one to 15 diagnoses per

person. Exploratory latent class analysis (LCA) ident-

ified seven classes, three of which were highly co-

morbid. In contrast to factor analysis which describes

co-occurrence of symptoms, LCA identifies groups

of people who have a similar profile of conditions.

While broadly corresponding to the internalizing/

externalizing paradigm, this study found overlap

between these two types of disorder within classes

(Vermunt & Magidson, 2002). Describing, quantifying

and disentangling co-morbidity has significant im-

plications for efforts to revise classifications of mental

disorders (Goldberg, 2010) and for delivering mental

health services (Hall & Howard, 2006 ; Fortin et al.

2007). In light of this accumulating evidence that

many ICD-10/DSM-IV disorders (which are pre-

dominantly atheoretical symptom-based syndromes)

may coalesce into groups with common features and

shared aetiology, it has been proposed that ICD-11

and Diagnostic and Statistical Manual of Mental

Disorders, fifth edition (DSM-5) be organized accord-

ing to five ‘meta ’ clusters. These currently correspond

to neurocognitive, neurodevelopmental, psychotic,

emotional and externalizing disorders (Andrews et al.

2009 ; Goldberg et al. 2009).

Our aims were to describe the extent and nature

of psychiatric co-morbidity within a representative

general population sample. We hypothesized that

(i) there are two or more readily interpretable latent

classes corresponding to internalizing and externaliz-

ing dimensions ; (ii) classes would be characterized by

numbers of disorders, and (iii) classes with higher

numbers of disorders would have higher levels of

impaired social functioning.

Method

Setting and participants

The Adult Psychiatric Morbidity Survey (APMS) 2007

is a survey of adults aged 16 years and over living in

private households in England (McManus et al. 2009).

A stratified random probability sample was used for

selecting phase one addresses using postcode sectors

as the primary sampling unit. One adult aged 16 years

or over was selected at random to take part within

eligible households. Phase two sampling was based

on responses to phase one questionnaires and the

estimated probability that a participant had one of

the following conditions : psychosis, autistic spectrum

disorder, borderline personality disorder or antisocial

personality disorder. Phase one data were collected by

lay interviewers and phase two by clinicians trained in

administration of study measures.

A total of 519 postcode sectors in England were

selected and 28 delivery points were randomly chosen

in each sector, yielding a sample of 14 532 delivery

points. Of these, 13 171 households were found to be

eligible (90.6%). At phase one, 57% of those eligible

agreed to take part, resulting in a sample of 7461

participants. Of those who were eligible for phase two

interviews, 74% (n=630) took part. A final sample of

7325 was achieved.
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Measures

Fifteen mental disorders and problems (‘conditions ’)

were included, namely: anxiety (three disorders) and

depressive disorders ; mixed anxiety depressive dis-

order ; psychosis (schizophrenia or affective psycho-

sis) ; antisocial and borderline personality disorders ;

probable eating disorders ; probable post-traumatic

stress disorder (PTSD) ; probable attention deficit dis-

order (ADD); probable alcohol and drug dependence ;

problem gambling; and attempted suicide. Methods,

criteria and reference periods are shown in Table 1.

Using ICD-10 or DSM-IV criteria, 11 conditions

were defined and eight were ascertained using struc-

tured clinical interviews. Reference periods ranged

from 1 week (anxiety and depressive disorders), to

2 weeks (PTSD), 6 months (probable alcohol depen-

dence, probable ADD) and 1 year (probable drug de-

pendence, psychosis, personality disorders, probable

eating disorders, problem gambling and attempted

suicide).

ICD-10 diagnoses of depressive disorders (mild,

moderate and severe), anxiety disorders (generalized

anxiety disorder, obsessive compulsive disorder, panic

disorder and phobias) and mixed anxiety depress-

ive disorder were obtained using Revised Clinical

Interview Schedule (CIS-R; Lewis et al. 1992) data.

Borderline and antisocial personality disorders were

ascertained using the self-report Structured Clinical

Interview for DSM-IV (SCID-II) questionnaire fol-

lowed by SCID-II clinical interview (First et al.

1997). Psychotic disorder was assessed by screening

(Bebbington & Nayani, 1995) followed by clinical

interview using the Schedules for Clinical Assessment

in Neuropsychiatry (SCAN; WHO, 1999). Probable

PTSD in the week prior to interview was assessed in

two stages. The 10-item self-report Trauma Screening

Questionnaire (TSQ; Brewin et al. 2002) was adminis-

tered to those who reported a serious traumatic event

in adulthood. Participants scoring o6 on the TSQ

were considered probable PTSD cases. Probable eating

disorders were assessed using the SCOFF question-

naire (Morgan et al. 1999), a five-item self-report

questionnaire covering the past year. Those who

endorsed o2 SCOFF items and reported that feelings

about food were significantly having an impact on

their life were considered probable cases. Probable

adult ADD in the preceding 6 months was assessed

using the six-item Adult ADHD Self-Report Scale

(ASRS; WHO, 2003). Individuals who endorsed all six

items were considered probable cases.

All participants who reported drinking alcohol

were asked to complete the Alcohol Use Disorders

Identification Test (AUDIT; Saunders et al. 1993), a

10-item self report scale about hazardous consump-

tion and symptoms of dependency. Those scoring

Table 1. Conditions included in co-morbidity analyses, with criteria and ascertainment methods

Condition Statusa
Classification

system Measure

APMS

phase

Reference

period

Generalized anxiety disorder D ICD-10 CIS-R One Past week

Mixed anxiety depressive disorder D ICD-10 CIS-R One Past week

Obsessive compulsive disorder D ICD-10 CIS-R One Past week

Depressive episode (any severity) D ICD-10 CIS-R One Past week

Panic disorder or any phobia D ICD-10 CIS-R One Past week

Psychotic disorder D ICD-10 SCAN Two Past year

Borderline personality disorder D DSM-IV SCID-II Two Past year

Antisocial personality disorder D DSM-IV SCID-II Two Past year

Post-traumatic stress disorder S DSM-IV TSQ One Past week

Attention deficit disorder S DSM-IV ASRS One Past 6 months

Problem gambling S DSM-IV 10-item screen One Past year

Alcohol dependence S – AUDIT and SAD-Q One Past 6 months

Drug dependence S – Based on DIS One Past year

Eating disorder S – SCOFF One Past year

Attempted suicide – – Interview One Past year

APMS, Adult Psychiatric Morbidity Survey ; ICD, International Classification of Disease ; CIS-R, Revised Clinical Interview

Schedule ; SCAN, Schedules for Clinical Assessment in Neuropsychiatry ; DSM-IV, Diagnostic and Statistical Manual of Mental

Disorders, fourth edition ; SCID-II, Structured Clinical Interview for DSM-IV ; TSQ, Trauma Screening Questionnaire ; ASRS,

Adult Attention Deficit Hyperactivity Disorder Self-Report Scale ; AUDIT, Alcohol Use Disorders Identification Test ; SAD-Q,

Severity of Alcohol Dependence Questionnaire ; DIS, Diagnosis Interview Schedule.
a D=present to diagnostic criteria ; S=screen positive.
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o10 (out of 40) completed the Severity of Alcohol

Dependence Questionnaire (SADQ-C; Stockwell et al.

1994), a 20-item measure of alcohol dependency.

Drug use was elicited using a computer-assisted self-

completion interview covering lifetime use of 13

named drugs. Probable dependence in the past year

was determined for any reported use of eight drug

types using five questions from the Diagnostic

Interview Schedule (Malgady et al. 1992). Positive re-

sponse to any item indicated probable drug depen-

dence. Cannabis (2.7%, all adults) was by far the most

common drug of dependence – and the sole drug of

dependence for 75% of those classified as probably

drug dependent. Probable problem gambling was de-

fined as a score of o3 on a 10-item screening measure

(based on DSM-IV criteria) administered to all those

who spent any money on gambling in the past year

(Wardle et al. 2007). All participants were asked about

suicide attempts in the last year during the phase

one interview. Social functioning was assessed using

the eight-item Social Functioning Questionnaire (SFQ;

Tyrer et al. 2005). Each item was scored from 0 to 3

(scale range 0 to 24), with higher scores indicating

(more) problems with social functioning.

Missing data

Of the 7325 participants, 86.6% (6346 respondents)

had complete data for all 15 conditions. Most remain-

ing participants had missing data on just one or

two conditions. Non-response usually took the form

of someone answering ‘don’t know’ or refusing to

answer a question that was required for diagnosis.

No data were missing for the most common disorders

(generalized anxiety disorder, depression, obsessive-

compulsive disorder, phobia/panic disorder, mixed

anxiety depressive disorder and psychosis). Data were

missing for fewer than 1% of participants regarding

probable drug or alcohol dependencies, attempted

suicide, probable adult ADD and probable eating

disorder. For these, missing values were re-coded

conservatively as ‘condition not present ’ since the risk

of misclassification arising from imputed data was

considered too great.

Four conditions were affected by higher levels of

missing data. For probable PTSD (missing values for

2.6% of participants), missing data were due mainly to

‘don’t know’ responses to the stem question about the

occurrence of severe trauma. We assumed that such

people had probably not experienced a trauma severe

enough to trigger PTSD. Cases were dropped where

values for other PTSD items were missing. The

same rule was applied to probable problem gambling

(missing values for 6.2% of participants) ; if they were

not sure whether or not they had gambled in the past

year, this condition was coded as ‘not present ’.

For personality disorders (missing data in 6.1%

and 6.3% of participants for antisocial and borderline

personality disorders, respectively), the major cause

was non-participation at phase two. Because the

prevalence of personality disorder was extremely

low, these cases were coded conservatively as ‘not

present ’ for the LCA. Replacing missing values where

possible in this way increased the percentage of

our sample available for LCA, from 85% to 99% of all

respondents.

Analysis

LCA is a technique for finding subtypes of related

cases (latent classes) from multivariate categorical

data. The analysis fits a model to the data that ident-

ifies a given number of latent classes and generates

probabilities for each participant of their being in each

class. Individuals are assigned to the class for which

they have the highest probability. LCA generates a

parameterized model of class membership. These

parameters allow the relationship between the original

set of variables (i.e. variables indicating presence or

absence of particular psychiatric conditions) and the

final latent classes to be formally traced. LCA ident-

ifies the symptoms or characteristics that members of a

class have in common.

Parameters for latent class models were estimated

using maximum-likelihood techniques. One problem

that can be encountered when using algorithms to

produce maximum-likelihood estimation is the pres-

ence of local maxima. This means that during the

estimation process, there are several solutions around

which a model can converge (i.e. local maxima), but

only one solution is the best (i.e. global maximum).

The algorithm stops when a maximum is reached,

but it cannot distinguish the global maximum from a

local maximum (Neely-Barnes, 2010). If a model con-

verges around a particular local maximum, instead

of the global maximum, the best fitting solution

can be missed (Vermunt &Magidson, 2002). To ensure

successful convergence on the global maximum sol-

ution, latent class models should be estimated with

different sets of random starting values. In this study,

500 random sets of starting values were used in

the initial stage, and 20 optimizations were used in

the final stage of convergence (Muthén & Muthén,

2007). All models were inspected to ensure that the

log likelihood value for each model was replicated

several times, which increases confidence that the

solution obtained is not a local maximum (Nylund

et al. 2007).

There is no single definitive method for deciding

upon the optimal number of latent classes (Dunn et al.
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2006). Selection was guided by statistical fit indices

combined with an appropriate conceptual perspective

(Acock, 2005 ; Nagin, 2005). The small sample size

relative to the possible number of permutations of

study conditions (215=32 768), and the fact that most

participants (n=5640) did not meet criteria for any

of the study conditions meant that formal statistical

tests needed to be interpreted cautiously. The follow-

ing goodness-of-fit statistics were estimated: Akaike’s

Information Criterion (AIC; Akaike, 1987), Bayes’

Information Criterion (BIC; Schwartz, 1978), the

sample size-adjusted BIC (SSABIC; Sclove, 1987), the

Lo–Mendel–Rubin likelihood ratio test (LMR-LRT;

Lo et al. 2001) and the entropy (Ramaswany et al. 1993).

Lower values on the AIC, BIC and the SSABIC reflect a

good-fitting latent class model. The BIC is a global

measure that weights the fit and parsimony of the

latent class model (Breslau et al. 2005). Recent research

has shown that the BIC is more reliable than the other

information criteria when using an optimal latent class

model (Nylund et al. 2007). The LMR-LRT statistic was

used in conjunction with other goodness-of-fit indices

to compare models with differing numbers of latent

classes : a non-significant value (p<0.05) indicated

that the model with one less latent class was the

more parsimonious solution. The entropy statistic,

which ranges from 0 to 1, is a standardized summary

measure of the classification accuracy of placing

participants into classes based on their model-based

posterior probabilities. Higher entropy values reflect

better classification of individuals (Ramaswany et al.

1993).

Mean differences in SFQ scores (with 95% con-

fidence intervals) between participants in different

latent classes were estimated using Stata 10 (StataCorp

LP, USA), and adjusted for age and sex using analysis

of covariance. Multinomial logistic regression analysis

was used to explore the relationship between latent

class membership (posterior probabilities from the

four-class model were used to classify each individual

into their most likely class) and sex and age. The

three symptomatic classes were compared with the

‘Unaffected’ class. The resulting odds ratios (ORs) in-

dicate whether there is an increased (or decreased)

likelihood of being in a symptomatic class compared

with the reference class. Survey commands were used

to control for the clustered sampling of participants

within regions and postcode sectors.

Results

Prevalence of co-morbidity

Just under one-quarter of adults (23.0%) met the

criteria for at least one of the conditions under study.

Among all participants, 15.8% (68.7% of those with at

least one condition) met criteria for just one condition,

4.4% (19.1% of those with any condition) met criteria

for two conditions and 2.8% (12.2% of those with any

condition) met criteria for three or more conditions.

The latter group accounted for 30.8% of all conditions

in the study sample.

Women met criteria for more conditions than men

(mean 0.37 v. 0.33 conditions respectively, p=0.03) ;

however, overall, there was no statistically significant

difference between the proportion of men and women

with two or more conditions (6.9% and 7.5%, re-

spectively). The proportion of participants who met

criteria for two or more conditions fell steadily with

age among both men and women, to a statistically

significant degree (Wald F=16.1, p<0.001). These

rates fell from 12.3% among those aged from 16 to

24 years to 2.4% of those aged from 65 to 74 years

and just 1.4% in those aged 75 years. There was no

statistically significant difference between men and

women in respect of this age trend (p=0.26).

Estimating latent class models

Six latent class models, from a one- to a six-class

model, were estimated. We tried to estimate a seven-

class model but the best log likelihood value for the

solution was not replicated, which suggests that a

global maximum for the model was not obtained (i.e.

the model parameters were not trustworthy). Table 2

displays the goodness-of-fit statistics for these models.

The AIC decreased from the one-class to the six-class

model. The BIC and SSABIC both decreased from the

one- to the three-class model, but increased again for

the remaining models (and were in fact little different

for three- and four-class models). The entropy stat-

istics was highest for the one-class model, followed by

the six-class model. Overall, goodness-of-fit indices

suggest that a latent class model with between three

and six classes offered a good explanation of the data.

We chose the four-class model since this appeared

more parsimonious than the five- or six-class models

(based on the LMR-LRT statistic), and was more

interpretable and clinically informative than the three-

class model.

Characteristics of the four-class latent class model

Conditional probabilities are shown in Table 3, and a

profile plot for this model is shown in Fig. 1. Class

one was the largest class, accounting for 81.6% of

participants. We identified this class as ‘Unaffected’,

since the probabilities of meeting criteria for 12 of

15 conditions were <1%; the mean number of con-

ditions per class member was 0.10 (S.D.=0.31). Of the

Co-morbidity in the Psychiatric Morbidity Survey in England 2205



Table 2. Fit statistics for latent class analysis incorporating the 15 study conditions

(n=7325)

Number

of classes

Fit statistics

AIC BIC SSABIC Entropy LMR-LRT (p)

1 22476.89 22580.38 22532.71 N.A. N.A.

2 20484.94 20698.81 20600.30 0.914 2240.12 (<0.001)

3 20153.23 20477.48 20328.13 0.812 575.80 (<0.001)

4 20112.52 20547.16 20346.97 0.852 281.79 (0.011)

5 20074.22 20619.25 20368.20 0.884 281.02 (0.15)

6 20057.57 20712.98 20411.09 0.891 258.48 (0.13)

AIC, Akaike’s Information Criterion ; BIC, Bayes’ Information Criterion ; SSABIC,

sample-size adjusted BIC; LMR-LRT, Lo–Mendel–Rubin likelihood ratio test ;

N.A., not applicable.

Table 3. Results of latent class analysis showing four-class model, showing within-class prevalence (%) of the 15 study conditions, class

prevalence (% study sample allocated to each class), within-class count of conditions (%), mean number of conditions and mean SFQ

scores for each class

Conditions

Prevalence,

%

Unaffected

(n=5978)

Co-thymia

(n=909)

Highly

Co-morbid

(n=368)

Addictions

(n=70)

Generalized anxiety disorder 4.3 0.023 0.000 0.487 0.013

Mixed anxiety depressive disorder 8.4 0.000 0.663 0.000 0.174

Obsessive compulsive disorder 1.1 0.001 0.000 0.198 0.000

Depressive episode 2.9 0.008 0.000 0.449 0.013

Panic or any phobia 3.1 0.008 0.000 0.487 0.049

Alcohol dependency 5.8 0.036 0.113 0.186 0.576

Drug dependency 3.4 0.015 0.036 0.157 1.000

Psychotic disorder 0.3 0.000 0.002 0.046 0.000

Borderline personality disorder 0.2 0.000 0.001 0.031 0.011

Antisocial personality disorder 0.1 0.000 0.000 0.010 0.064

Post-traumatic stress disorder 2.9 0.000 0.096 0.321 0.052

Attention deficit disorder 0.6 0.000 0.009 0.079 0.031

Eating disorder 1.5 0.006 0.029 0.124 0.029

Problem gambling 0.6 0.003 0.016 0.031 0.072

Attempted suicide 0.6 0.001 0.007 0.089 0.041

Class prevalence, % 81.6 12.4 5.0 1.0

Within-class counts, %

No conditions 89.8 0.0 0.0 0.0

1 condition 10.0 77.3 0.0 0.0

2 conditions 0.2 18.6 45.0 65.9

3+ conditions 0.0 4.1 55.0 34.1

Number of conditions

Mean 0.10 1.27 3.07 2.49

S.D. 0.31 0.55 1.36 0.78

Range 0–2 1–4 2–10 2–5

SFQ score

Mean 3.35 6.56 10.53 7.22

S.D. 2.85 3.52 4.46 3.70

SFQ, Social Functioning Questionnaire ; S.D., standard deviation.
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remaining three conditions, 3.6% met criteria for

probable alcohol dependency, 2.3% generalized an-

xiety disorder and 1.5% probable drug dependency.

Nearly 90% of class members failed to meet criteria for

any of the study conditions. All participants with no

psychiatric conditions were members of this class.

The second largest class, which we have called

‘Co-thymia’, accounted for 12.4% of participants. All

class members met criteria for at least one condition,

although most (77.3%) met criteria for just one con-

dition (mean=1.27, S.D.=0.55). Around two-thirds

(66.3%) met criteria for mixed anxiety depressive

disorder but none of the other ICD-10 anxiety or de-

pressive disorders. Around one-tenth of class mem-

bers met criteria for probable alcohol dependency

(11.3%) and probable PTSD (9.6%).

The third class was labelled ‘Highly Co-morbid’

and accounted for 5.0% of participants, all of whom

met criteria for at least two conditions and 55%

met criteria for three or more conditions (mean=3.07,

S.D.=1.36). As well as the high degree of co-morbidity,

this class was characterized by its polymorphism.

Although both internalizing and externalizing con-

ditions were represented, the former appeared to pre-

dominate, including generalized anxiety disorder and

panic disorder/phobia (both occurring in 48.7% of

class members), depressive episode (44.9%), probable

PTSD (32.1%), obsessive-compulsive disorder (19.8%)

and probable eating disorder (12.4%). Attempted

suicide in the previous year (reported by 8.9% of class

members) was more common here than in any of the

other three classes, and accounted for 68.3% of all such

reports (n=48) in the study sample. Externalizing

conditions were also evident ; 18.6% and 15.7% of

class members, respectively, had probable alcohol

or drug dependency, respectively, and 7.9% were

probable cases of ADD (representing 73.7% of all

those with this condition). Similarly, nearly all indi-

viduals who met criteria for a psychotic disorder

(90.3% of all cases) and borderline personality dis-

order (87.2% of cases) were allocated to this class.

The fourth and final class, labelled ‘Addictions ’,

included 1.0% (n=70) of study participants. All class

members met criteria for at least two conditions

(mean=2.49, S.D.=0.78). Every class member (100%)

met criteria for probable drug dependency and 57.6%

also met criteria for probable alcohol dependency.

Although only a minority of problem gamblers (9.7%

of total cases) were allocated to this class, this was

more frequent here (7.2% of class members) than in

any of the other classes. Antisocial personality dis-

order was present in 6.4% of class members – a far

higher proportion than in any other class – and rep-

resented 54.9% of all those who met criteria for this

condition. Of the remaining conditions, mixed anxiety

depressive disorder (17.4% of class members) featured

strongly.

Men were significantly less likely than women to

be in the ‘Co-thymia’ (OR 0.59, p<0.01) or ‘Highly

Co-morbid’ classes (OR 0.67, p<0.01) but significantly
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more likely to be in the ‘Addictions ’ class (OR 4.04;

p<0.01). Younger respondents (aged 16–34 years)

were significantly more likely than their older

counterparts (aged >35 years) to be in the ‘Co-

thymia ’ (OR 1.39, p<0.01), ‘Highly Co-morbid’

(OR 1.65, p<0.01) or ‘Addictions ’ classes (OR 13.52,

p<0.01), compared with the ‘Unaffected’ class. Dif-

ferences were observed between classes in SFQ scores

and numbers of conditions (Table 3). After adjusting

for age and sex, all of the classes differed to a statisti-

cally significant extent on these two measures, with

the exception of SFQ scores for the ‘Co-thymia’ and

‘Addictions ’ classes.

Discussion

Main findings

In keeping with previous research, there was a high

degree of co-morbidity between study conditions.

Overall, 23% of participants met criteria for at least

one study condition. Of those that met criteria for any

condition, 69% had just one condition, while 31%

met criteria for two or more of these. This was in

keeping with other national surveys (Merikangas &

Kalaydjian, 2007), though significantly lower than the

rates (45% and 40%) found in the NCS-R (Kessler et al.

2005) and the Australian National Survey of Mental

Health and Well-Being (Andrews et al. 2002), respect-

ively. In the former study, latent class analysis re-

vealed seven classes of which three were highly

co-morbid, compared with four classes in the present

study, of which two showed evidence of significant co-

morbidity, one highly so. Some of these differences are

likely to be methodological in origin : although our

study and those of Kessler et al. (2005) and Andrews

et al. (2002) included 15, 14 and 12 conditions, res-

pectively, only between five and seven were common

to any given pair of studies – notwithstanding defini-

tional differences. The higher rates of co-morbidity in

the other two surveys was also likely to be methodo-

logical in origin – for instance due to the inclusion of

separate phobias plus panic disorder in the NCS-R

and Australian National Survey compared with a

single ‘panic disorder or phobia’ condition in the

present study. This is consistent with evidence that

co-morbidity is greatest between disorders within the

same group (Andrews et al. 2002). And as elsewhere

(Kessler et al. 2005), psychiatric disorders were con-

centrated in a small proportion of the population: 3%

of participants (12% of those with any condition) met

criteria for three or more conditions and accounted

for 31% of all study conditions. Latent class analyses

succeeded in distinguishing between those with and

those without any of the study conditions.

Strengths and limitations

The choice of conditions included in our analyses

was determined by the available APMS data. How-

ever, our data derived from a national survey of psy-

chiatric morbidity designed to inform commissioning

of services on the basis of population need. Those

responsible for conducting the survey were concerned

to ascertain all mental disorders, and to include mea-

sures of problem behaviours that are closely related

to mental disorders. We therefore included the most

common mental disorders, namely anxiety and de-

pressive disorders, probable PTSD, probable alcohol

and drug dependency, rarer conditions (personality

disorders, psychosis) and ‘problem’ behaviours :

problem gambling and attempted suicide. A further

limitation was that a number of conditions, though

operationalized using ICD-10 or DSM-IV criteria, were

ascertained using screening or other self-report

measures and hence have been designated as ‘prob-

able ’ (PTSD, adult ADD, alcohol and drug depen-

dence, eating disorders, problem gambling). This is

likely to have resulted in some misclassification.

In most cases (particularly probable drug and alcohol

dependencies, eating disorders and PTSD) preval-

ences were likely to have been over-estimated. For

other, rarer, conditions the effects (though modest)

were probably more complicated. For example, similar

rates of probable ADD in men and women suggest

underestimation among men and/or overestimation

in women. Nevertheless, overall prevalences argue

against gross over-ascertainment of this condition.

There were other methodological considerations,

including the diagnostic exclusivity of mixed anxiety

depressive disorder (which by definition – here and in

ICD-10 – cannot be co-morbid with other anxiety and

depressive disorders). It was also possible that some

study conditions shared common criteria that might

have inflated co-morbidity – for instance gambling,

drinking and misusing drugs make a diagnosis

of antisocial personality disorder more likely, while

suicidal acts contribute to the diagnoses of depression

and borderline personality disorder. Likewise, alcohol

and drug misuse are causes of other disorders.

However, the main aim of the study was to describe

and interpret patterns of co-morbidity as they occur.

Patterns of co-morbidity

The largest class comprised those unaffected by

any condition. The most common conditions (anxiety

and depressive disorders) dominated the other three

classes. We found one predominantly internalizing

class (Co-thymia), one mainly externalizing class

(Addictions) and one highly co-morbid, polymorphous
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class. Classes differed in numbers of co-morbid con-

ditions and social impairments. As in the NCS-R, we

found overlap between internalizing and externalizing

conditions within classes. In the (internalizing) Co-

thymia class, 11% of class members met criteria for

probable alcohol dependence, whereas 17.4% of those

in the (externalizing) Addictions class met criteria for

mixed anxiety depressive disorder. This overlap may

reflect the psychological and physiological effects

of alcohol and other psychoactive substances. And

while this is consistent with population evidence that

alcohol misuse tends to precede the onset of other

psychiatric disorders more often than the reverse

(Flensborg-Madsen et al. 2009), relatively few partici-

pants in the Addictions class had more severe anxiety

or depressive disorders (as opposed to mixed anxiety

depressive disorders) relative to the high prevalence

of drug and alcohol dependency. In contrast to factor

analytic studies, we found no evidence of distinct

internalizing classes corresponding to anxiety-misery

versus fear (Vollebergh et al. 2001 ; Slade & Wilson,

2006).

We found informative patterns of co-morbidity.

Although mixed anxiety depressive disorder often

occurred alone, the high prevalence of probable al-

cohol dependency (and to a lesser extent probable

drug dependency) in the Co-thymia class was un-

expected. Of those in the (externalizing) Addictions

class, 17% met criteria for mixed anxiety depressive

disorder. It is possible that alcohol misuse and drug

misuse were direct causes of, as well as responses to,

the observed dysthymia among members of these

classes.

Attempted suicide was most evident in the Highly

Co-morbid class (along with the highest rates of de-

pression and generalized anxiety disorder) and, to a

lesser extent, the Addictions class. Attempted suicide

featured rarely among members of the (internalizing)

Co-thymia class. Our findings are consistent with re-

cent reports of associations between PTSD and both

attempted (Wilcox et al. 2009) and completed (Gradus

et al. 2010) suicide, and between suicidal thoughts and

behaviours and anxiety disorders (Sareen et al. 2005).

Examining patterns of co-morbidity in this sample

also supports the view that suicide is a product of

co-morbidity (Nock et al. 2009) ; attempted suicide

was most common in classes with the highest mean

number of conditions. These results are also consistent

with evidence that attempted suicide results from a

combination of low mood, agitation (restless anxiety

and physiological arousal) and poor impulse control

(Hawgood & De Leo, 2008).

Personality disorders were rare and occurred

mainly in the Highly Co-morbid and Addictions

classes. Over 90% of cases of probable psychosis

occurred in the Highly Co-morbid class, and the re-

mainder occurred in the Co-thymia class. This sug-

gests that in a community sample, psychosis is most

often found in people who are also likely to meet

criteria for depression, anxiety and PTSD. This fits

with the view that traumatic experiences and high

levels of physiological arousal are common in

psychosis, which may explain why attempted suicide

was also most prevalent in the same classes. We found

no strong patterning in the distribution of problem

gambling. Although this was most prevalent in

the Addictions class, absolute numbers of probable

cases were greater in the other classes. We found no

evidence of associations with antisocial personality

disorder, adult ADD, drug or alcohol dependency,

depression or anxiety disorders (Petry et al. 2005).

Our findings are timely, given proposals to

organize DSM-5 and ICD-11 around five meta-clusters

(Andrews et al. 2009 ; Kendler, 2009). To be useful,

such groupings must be exhaustive and mutually

exclusive ; early indications suggest that they may not

be (Andrews et al. 2009, Krueger & South, 2009). By

contrast, our results support the notion of ‘polymor-

phous co-morbidity ’ (Krueger & South, 2009). An

example is alcohol misuse and drug misuse, which do

not always covary and which may have different

aetiologies. As Krueger & South (2009) also point out,

an important reason for overlap between internalizing

and externalizing conditions is the heterogeneous,

syndromal nature of many disorders included in co-

morbidity and latent class analyses.

Conclusions

Our findings highlight the need to recognize co-

morbidity when planning services, although treat-

ments and guidelines (and pharmacological licensing)

continue to be based on the single disease paradigm

(Fortin et al. 2007). Evidence that problems in social

functioning are associated with numbers of conditions

highlights the impacts of co-morbidity on clinical and

social outcomes (Cerdá et al. 2010). Likewise, while

our findings are consistent with the suggestion that

forthcoming revisions of DSM and ICD classifications

should consist of large ‘meta ’ groupings (Goldberg,

2010), the real challenge remains of developing

ways to treat co-morbidity that enhance care, improve

outcomes and facilitate scientific advances in the

aetiology and treatment of mental disorders.
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