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Background. Despite its importance as a paradigmatic personality disorder, little is known about the measurement
invariance of the DSM-IV borderline personality disorder (BPD) criteria; that is, whether the criteria assess the
disorder equivalently across different groups.

Method. BPD criteria were evaluated at interview in 2794 young adult Norwegian twins. Analyses, based on item-
response modeling, were conducted to test for differential age and sex moderation of the individual BPD criteria
characteristics given factor-level covariate effects.

Results. Confirmatory factor analytic results supported a unidimensional structure for the nine BPD criteria.
Compared to males, females had a higher BPD factor mean, larger factor variance and there was a significant age by
sex interaction on the factor mean. Strong differential sex and age by sex interaction effects were found for the
‘impulsivity " criterion factor loading and threshold. Impulsivity related to the BPD factor poorly in young females
but improved significantly in older females. Males reported more impulsivity compared to females and this
difference increased with age. The ‘ affective instability’ threshold was also moderated, with males reporting less than
expected.

Conclusions. The results suggest the DSM-IV BPD “impulsivity” and ‘affective instability” criteria function differ-
entially with respect to age and sex, with impulsivity being especially problematic. If verified, these findings have
important implications for the interpretation of prior research with these criteria. These non-invariant age and sex
effects may be identifying criteria-level expression features relevant to BPD nosology and etiology. Criterion function-
ing assessed using modern psychometric methods should be considered in the development of DSM-V.
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Introduction interpersonal features that identify and differentiate
BPD from other personality and psychiatric disorders.

A central assumption made when diagnoses of BPD
are compared across populations or between sub-

Borderline personality disorder (BPD), one of the clus-
ter B Axis II personality disorders in DSM-IV (APA,
1994), is a complex syndrome characterized by per-
vasive patterns of instability in emotion regulation, in-
terpersonal relationships, self-image and self-control
(Skodol et al. 2002). The nine DSM-IV BPD diagnos-
tic criteria specify the core cognitive, behavioral and

groups within populations is that measurement in-
variance (MI; Meredith, 1993) holds for the diagnostic
criteria; that is, the criteria set construct individual
differences on the disorder phenotype in the same
way across groups. MI is a central concept in psycho-
metrics. It states that individuals with the same factor
score should have the same probability for a given
observed response regardless of group membership.
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groups. Investigating differential item functioning
(Holland & Wainer, 1993) typically involves testing
whether item discrimination (slope) and difficulty
(threshold location) parameters are invariant in the
comparison groups. Discrimination is an index of how
sharply each criterion probabilistically distinguishes
differences on the underlying disorder construct.
Thresholds are the locations on the underlying con-
tinuous factor where each criterion has a 0.5 prob-
ability of being positive.

Among the possible population characteristics that
might impact MI for the BPD criteria, sex and age
are obvious choices. Although gender bias for DSM
personality disorder criteria has been much discussed
(Widiger, 1998; Lindsay et al. 2000; Flanagan &
Blashfield, 2003), we are aware of only one study that
investigated this question rigorously using item re-
sponse modeling (Jane et al. 2007). Another study ex-
amined differential functioning in young versus old
individuals for some DSM-IV personality criteria but
BPD was unfortunately not included (Balsis et al.
2007).

The aim of this study was to investigate the MI of
the nine DSM-IV BPD diagnostic criteria in an epi-
demiologic sample of Norwegian twins. The BPD cri-
teria were first tested for unidimensionality. Next, a
common factor model that accounts for the correlated
twin structure was used to test for and quantify any
age, sex, and age by sex interaction moderation effects
on the individual BPD criterion factor loadings and
thresholds that depart from expectations derived
from the covariate effects on the factor mean and
variance. Such covariate effects found to moderate
measurement features of the individual BPD criteria
may represent: (1) confounds to establishing coherent
individual differences on the disorder phenotype,
(2) threats to valid group comparisons, and (3) poss-
ible sources of criteria-level functioning that are of
etiologic and nosologic interest to research on BPD.

Method
Participants

The twin sample came from the Norwegian Institute
of Public Health Twin Panel (NIPHTP; Harris et al.
2002). Twins were identified through the national
Medical Birth Registry, established 1 January 1967.
The current panel includes information on 153 70 like-
and unlike-sexed twins born 1967-1979. Two ques-
tionnaire studies were conducted: in 1992 (twins born
1967-1974) and in 1998 (twins born 1967-1979). Al-
together, 12700 twins received the second question-
naire, and 8045 responded after one reminder (63 %).
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The sample included 3334 pairs and 1377 single re-
sponders.

Data for the present study were taken from an ex-
tensive interview of Axis I and Axis II psychiatric
disorders. Participants were recruited from 3153
complete twin pairs who agreed to participate. An
additional 68 pairs were drawn directly from the
NIPHTP. Of these 3221 eligible pairs, 0.8 % were un-
willing or unable to participate, in 16.2% of the pairs
only one twin agreed to be interviewed, and 38.2%
did not respond after two contacts. In total, 2794 twins
(44% of those eligible) were interviewed. The final
sample consisted of 1022 males and 1772 females from
669 monozygotic (MZ) and 717 dizygotic (DZ) pairs
and 22 singleton responders. Zygosity was deter-
mined by a combination of genotyping and question-
naire data with a predicted misclassification rate of
<1%. The mean age of this sample was 28.2 (s.0.=3.9)
years. The age range was 19-36 years. Approval was
received from the Norwegian Data Inspectorate and
the Regional Ethical Committee. Written informed
consent was obtained from all participants after re-
ceiving a full description of the study.

Measures and rating scaling

The Structured Interview for DSM-IV Personality
(SIDP-1V; Pfohl et al. 1995) is a comprehensive semi-
structured diagnostic interview designed to assess all
DSM-IV Axis II forms of psychopathology. The in-
strument uses non-pejorative questions organized into
topical sections. The specific DSM-IV diagnostic cri-
teria associated with each set of questions were rated
as follows: 0=not present or limited to rare and iso-
lated examples, 1=subthreshold (some evidence of
the behavioral characteristic, but not sufficiently per-
vasive to be considered present), 2=present (the be-
havioral characteristic is expressed consistently for
most of the past 5 years), 3=strongly present (the
characteristic is present and associated with subjective
distress and functional impairment in social, occu-
pational or intimate relationships). Interviewers used
the ‘5-year rule’ requiring that the particular be-
haviors, cognitions and feelings must have been pres-
ent and persisted over the 5 years prior to the
interview.

A brief summary of the nine DSM-IV BPD diag-
nostic criteria is given in Table 1, along with fre-
quencies and sample proportions for the four rating
categories by males and females. As seen in a prior
Norwegian study (Torgersen et al. 2001), endorsement
rates tended to be low for all criteria. Given the rarity
of the ‘strongly present’ response, we examined the
information content of all the rating options for each
BPD criterion using a version of the partial credit
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Table 1. Summary of interviewer ratings used to categorize the degree of presence of each of the nine DSM-IV borderline personality
behavioral criteria in male and female Norwegian twins

Rating categories

Frequency Proportion
DSM-1V BPD criteria Sex 0 1 2 3 0 1 2 3
BPD-1 Avoid real or imagined abandonment Male 953 58 8 3 93.2 57 0.8 0.3
Female 1616 119 30 7 91.2 6.7 17 0.4
BPD-2 Unstable interpersonal relationships Male 918 82 16 6 89.8 8.0 1.6 0.6
Female 1542 169 43 18 87.0 9.5 24 1.0
BPD-3 Identity unstable self-image Male 1003 17 1 1 98.1 17 0.1 0.1
Female 1726 41 5 0 97.4 2.3 0.3 0
BPD-4 Self-damaging impulsivity Male 750 198 53 21 734 19.4 52 2.1
Female 1518 203 42 9 85.7 11.5 24 0.5
BPD-5 Recurrent suicidal; self-mutilating Male 980 29 11 1 96.0 2.8 11 0.1
Female 1651 85 19 17 93.2 4.8 1.1 1.0
BPD-6 Affective instability Male 869 114 33 6 85.0 11.2 32 0.6
Female 1353 288 103 27 76.4 16.3 5.8 15
BPD-7 Chronic feelings of emptiness Male 942 67 10 3 922 6.6 1.0 0.3
Female 1548 159 44 21 874 9.0 2.5 12
BPD-8 Inappropriate, intense anger Male 885 112 18 7 86.6 11.0 1.8 0.7
Female 1411 293 61 7 79.6 16.5 3.4 0.4
BPD-9 Stress-related paranoid ideation Male 969 46 6 0 94.9 4.5 0.6 0
Female 1670 85 15 2 94.2 4.8 0.8 0.1

model (Masters, 1982) in Multilog (Thissen, 1991). The
results indicated that this rating option did provide
useful information and was thus retained for the MI
analyses. As all covariate moderation effects are esti-
mated to be identical across all thresholds within a
criterion, only effects for the threshold between rating
categories 1 (subthreshold) and 2 (present) are re-
ported.

Item level analysis
Unidimensional structure

To examine the dimensionality of the nine BPD diag-
nostic criteria, confirmatory factor analyses (CFA)
were carried out for the total sample and separately
for males and females in Mplus (Muthen & Muthen,
2004) using a robust weighted least squares means and
variance adjusted (WLSMYV) estimator that has been
shown to perform well with ordinal data (Flora &
Curran, 2004). Omnibus fit indices and parameter
standard errors were adjusted to account for the twin
non-independence.

The overall fits of the CFA models were assessed by
the comparative fit index (CFI; Bentler, 1990) and the
Tucker-Lewis index (TLI; Tucker & Lewis, 1973). Both
indexes gauge the relative reduction in misfit for a re-
strictive single-factor model compared to a null model
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(Bentler & Bonett, 1980). Values above 0.90 and 0.95
are generally considered acceptable and very good,
respectively.

Statistical model and fit comparisons

A path diagram of the single-group common factor
model developed to test for differential covariate
moderation of the BPD criteria characteristics is pre-
sented in Fig. 1. The term covariate is used to refer to
“fixed” variables that can have an impact on the item
characteristics (i.e. factor loadings and thresholds);
here specifically age, sex and their interaction. The
twin non-independence is modeled by fitting separate
factor models for each member of the twin pairs
labeled Twin 1 and Twin 2. Observed variables are
drawn as boxes ([), unobserved variables (factors)
are solid-line circles (O), triangles (A) are unit con-
stants for estimating means, and diamonds (<) denote
definition variables for incorporating the observed
covariates in the model. Broken line circles are special
nodes used to estimate the covariate moderation
effects. Single-headed arrows (—) indicate linear
regression effects and double-headed arrows (<) rep-
resent variances and covariances.

As a conceptual aid, the model is partitioned into
three sections. The top section labeled ‘1’ shows
how the covariate effects for the factor mean (B—) and


https://doi.org/10.1017/S0033291709005807

1970  S. H. Aggen et al.

S
o
o
(]
L
2a
-
c
[
£
2
> :
7]
©
[
=
2b

Fig. 1. Path diagram of the common factor model used to test and estimate moderation effects of age, sex, and age by sex
interaction on the BPD symptom criteria. Notation: ((J) observed variables; (O) unobserved variables (factors); (A) unit
constants for estimating means and threshold covariate effects; (<) definition variables for incorporating covariate effects (e.g.
Cov); broken line circles, special nodes used to estimate the covariate moderation effects (e.g. DF and DL); (—) linear regression
effects; (<) variances and covariances, with 1.0 indicating fixed values; VF, factor variance; r\iz/1pz, estimated monozygotic
(MZ) and dizygotic (DZ) twin 1/twin 2 factor correlations; r1;r2;, twin 1/twin 2 correlations between same BPD criterion

residuals.

factor variance (D —) are specified using the definition
variables and special nodes (DF2). These factor level
effects are of direct substantive interest and serve as
a reference for identifying ‘pure’ forms of differential
covariate moderation of criteria factor loadings and
thresholds (Borsboom et al. 2002).

Sections 2a and 2b denote the measurement portion
of the model. Section 2a identifies the BPD criteria
factor loadings and their covariate moderation. Factor
loadings are similar to linear regressions of the indi-
vidual criteria onto the factor. They index the strength
of relationship of each criterion with the factor. Factor
loadings can be transformed and are equivalent to
discrimination parameters in the two-parameter nor-
mal theory-based item response model. Larger values
indicate steeper slopes. Factor loadings are labeled Ly
with their corresponding covariate moderation effects
denoted Jgz The J’s are estimates of the direction and
magnitude of how the covariate effects on each BPD
criterion loading depart from expectations of the cov-
ariate effects at the factor level.

Section 2b shows how the threshold locations
(my) and their differential moderation effects (ky) are
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obtained. With ordinal data, the covariate moderation
parameters ky estimate changes in threshold locations
that deviate from covariate effect expectations on the
factor mean. Separate MZ and DZ correlations (ryz/
rpz) are allowed for the twinl-twin2 common BPD
factors (F1 and F2). Specific variances (r4) for each BPD
criteria are obtained by formulae calculation. Residual
correlations across twins for the same BPD criteria are
also estimated. Parameter labels with subscripts (e.g.
By, Dy, Ly, J; and K;) indicate parameters constrained
to be equal across twin 1 and twin 2 whereas model
element labels without subscripts can take different
values. For example, Covl and Cov2 indicate that the
covariate age, sex, and age by sex interaction defi-
nition variables can take on different values for mem-
bers of a twin pair.

The Mx software (Neale et al. 2004) was used to
implement a full-information (Bock et al. 1988) mar-
ginal maximum likelihood ((MML; Bock & Aitkin,
1981) estimation procedure that can accommodate
both ordinal and quasi-continuous moderation vari-
ables when obtaining model fits and parameter esti-
mates. Optimization is carried out on the raw data
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by integrating over the factor distribution using a
10-point Gaussian quadrature (Neale et al. 2006). The
definition variables make it possible to estimate age,
sex, and age by sex interaction covariate effects for the
factor mean, factor variance and all moderation effects
for each BPD criterion factor loading and threshold
using the entire sample. This single-group approach
has several advantages. First, it limits losses in stat-
istical power because there is no need to partition the
sample into groups (e.g. males and females). Second,
when including age as a moderator, the continuous
linear effect over the full age range of the sample can
be estimated without imposing some arbitrary cut-
point to define groups (e.g. young versus old).

Model comparison tests

To identify significant covariate effects at the factor
level and test for differential moderation on the criteria
loadings and thresholds, a hierarchical sequence of
model comparisons was carried out. First, a baseline
model was specified. This model allowed no covariate
moderation for any of the factor or criteria parameters
shown in Fig. 1 [i.e. factor mean (B), variance (D) or
factor loadings (J4) and thresholds (ky)]. This model
represents complete MI with respect to the covariates.
If the fit of this model cannot be improved upon, there
is no evidence of any age, sex or age by sex interaction
influences at any level of the model.

Next, a model with all age, sex, and age by sex
interaction effects on both the factor mean and vari-
ance was compared to the baseline model. If this
multivariate test produces a significant reduction in
model-data misfit, some factor-level covariate effects
are significant. Further comparisons were performed
to identify which factor mean and variance covariate
effects were statistically reliable.

In the second phase, models allowing covariate
moderation for all nine BPD criteria factor loadings
and thresholds were compared to the model including
all factor mean and variance covariate effects. By first
accounting for covariate effects on the factor mean and
variance, estimated factor loading and threshold co-
variate effects represent ‘pure” forms of differential
item functioning (Borsboom et al. 2002). If this multi-
variate comparison produced a significant likelihood
ratio test, additional comparisons are performed to
identify which covariate moderation effects on factor
loadings and thresholds are responsible for the sig-
nificant multivariate result. Model fits were assessed
by likelihood ratio y?* tests and the Akaike Information
Criterion (AIC; Akaike, 1981, 1987), where smaller
values reflect a better balance of explanatory power
and parsimony.

https://doi.org/10.1017/50033291709005807 Published online by Cambridge University Press

Differential moderation of DSM-IV BPD criteria 1971

Finally, bootstrapping was performed to obtain 95 %
confidence intervals (CIs) for all significant factor
loading and threshold covariate moderation effects. To
illustrate graphically the form of the differential func-
tioning for each BPD criterion, effects were expressed
using four points: (1) no covariate effects (operation-
alized as males with no age effects), (2) male age effect,
(3) sex effect (male—female sex difference), and (4) age
by sex interaction effect (sex effect plus the age by sex
interaction effect).

Results
Unidimensional structure

Table 2 presents the results for the CFA models. For
the female only and total samples, the CFI and TLI
were good whereas for males they were acceptable.
These findings suggest the BPD criteria set has a uni-
dimensional structure in this population.

Factor loadings ranged from 0.48 to 0.79 in the full
sample. The impulsivity criterion (BPD-4) had the
lowest loading (i.e. least discriminating) in the com-
bined and female samples. The order of loadings dif-
fered somewhat in males and females. For example,
affective instability (BPD-6) was the most salient indi-
cator of the BPD factor in females whereas the avoid
abandonment (BPD-1) criterion was for males.

Factor-level covariate effects

Model-fitting comparisons for the covariate effects on
the factor mean and variance are shown in Table 3.
Model 1 is the baseline model. Model 2 includes all
age, sex, and age by sex interaction effects on the factor
mean and variance. This model significantly reduced
the overall misfit [Ay*(6) =36.9, p =0.000], resulting in
a better (smaller) AIC compared to the baseline. Sep-
arate comparisons for the factor mean (model 2a) and
variance (model 2b) covariate effects both showed
significant improvements.

Controlling for factor variance effects, sex (model
3b) and sex by age interaction (3c) effects on the factor
mean were significant but an age-only model (3a) was
not. Controlling for effects on the factor mean, the BPD
factor variance was significantly impacted by sex
(model 4b) whereas age (4a) and the sex by age inter-
action (4c) were not significant. As shown in the last
column of Table 3, the interaction of sex and age on the
factor mean had a relatively large effect size. The pat-
tern of effects indicates that, compared to males, fe-
males have a higher BPD factor mean (effect size 0.20)
and this mean difference becomes more pronounce
with age (0.49). Compared to males, the BPD factor
variance for females was also larger (0.13). It is
emphasized, however, that the interpretation of all
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Table 2. Confirmatory factor analysis results testing for the unidimensionality of the nine Axis II borderline personality disorder

diagnostic criteria

Total sample (n=2794)

Females (n=1772)

Males (n=1022)

Loadings S.E. Res Loadings S.E. Res Loadings  s.E. Res
BPD-1 0.65 0.03 0.58 0.62 004 0.62 0.72 005 0.48
BPD-2 0.76 0.02 0.42 0.79 002 0.38 0.68 004 0.54
BPD-3 0.71 0.04 0.50 0.70 005 0.51 0.71 009 0.49
BPD-4 0.48 0.03 0.77 0.53 004 0.71 0.56 004 0.69
BPD-5 0.70 0.03 0.51 0.73 004 0.47 0.66 006 0.58
BPD-6 0.79 0.02 0.38 0.83 002 0.32 0.66 004 0.55
BPD-7 0.67 0.03 0.55 0.70 003 0.51 0.55 006 0.70
BPD-8 0.64 0.03 0.59 0.64 003 0.59 0.65 004 0.58
BPD-9 0.67 0.03 0.55 0.69 004 0.53 0.66 006 0.56
Null 1898.9 (13) 1578.9 (13) 489.5 (13)
Ve 118.3 (23) 97.5 (21) 64.7 (21)
CFI 0.95 0.95 0.91
TLI 0.97 0.97 0.94
RMSEA 0.04 0.05 0.05

BPD, Borderline personality disorder; CFI, comparative fit index; TLI, Tucker-Lewis index; RMSEA, root mean square
error of approximation; Loadings, factor loading estimates; s.E., factor loading standard error; Res, criterion residual
variance; Null, chi-square fit for uncorrelated baseline model; y? chi-square fit for single-factor model.

Degrees of freedom are given in parentheses. For the weighted least squares means and variance adjusted (WLSMV)

estimator, degrees of freedom are estimated and data dependent.

Table 3. Model comparisons testing for age, sex and age by sex interaction effects on the BPD factor mean and variance

Comparison Effect

Model —2InL.  df model Ay Adf pAy? AIC size
(1) No latent effects or criteria moderation 18328.8 25097 - - —31865.8

(2) Age, sex, and interaction factor mean 18291.8 25091 (1) 36.9 0.000 —31890.2 -

and variance

(2a) Age, sex, and interaction factor mean 18308.4 25094 (1) 204 3 0.000 —31879.6 -
(2b) Age, sex, and interaction factor variance  18318.7 25094 (1) 100 3 0.018 —31869.3 -
(3a) Age only factor mean 18318.1 25093 (2b) 07 1 0419 —318679 -
(8b) Sex only factor mean 18303.7 25093  (2b) 150 1 0.000 —31882.3 0.20
(3¢c) Interaction factor mean 18291.7 25091 (2b, 3a, 3b) 113 1 0.000 —31890.3 0.49
(4a) Age only factor variance 183069 25093 (2a) 14 1 0239 —31879.0 -
(4b) Sex only factor variance 18293.7 25093  (2a) 147 1 0.000 —31892.3 0.13
(4c) Interaction factor variance 18291.7 25091 (2a, 4a, 4b) 03 1 0591 —31890.3 -

BPD, Borderline personality disorder; —2InL, negative twice the log likelihood; df, degrees of freedom; Ay? difference

in chi-square between models; Adf, difference in degrees of freedom between models; pAy? probability associated with

chi-square difference; AIC, Akaike Information Criterion.

Values in bold indicate significant reductions in model-data misfit and effect sizes significantly different from zero.

factor-level covariate effects can be compromised or
altered if severe forms of differential functioning are
present at the level of the individual criterion.

BPD criteria moderation effects

Table 4 presents the results testing for BPD criteria
that varied differentially as a function of age, sex, and
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age by sex interactions given the covariate effects on
the BPD factor. The first two lines give fits for the
baseline model (BL) and a model (FC) with all mean
and variance effects at the factor level (same as models
1 and 2 in Table 3). Although only three of the six
factor mean and variance covariate effects were stat-
istically significant (see Table 3), all six were retained
to test for differential moderation at the criterion level.


https://doi.org/10.1017/S0033291709005807

ssaud Aissaaun abplgquied Aq auluo paysliand £0850060£ L6ZEE00S/£101°01/B10"10p//:sdny

Table 4. Model comparisons testing for age, sex, and age by sex interaction differential moderation effects of the nine DSM-IV BPD criteria factor loadings and threshold locations

Age Sex Interaction
Comparison
—2InL df Ay* model Adf pAY? AIC o* u o* u o* u
Baseline model, BL (no moderation) 18328.8 25097 - - - - —31865.8 - - - - - -
Factor level effects
Factor mean and variance effects (FC) 18291.8 25091 36.9 BL 6 0.00 —31890.2 - - 0.14 0.24 - 0.02
BPD criterion level effects
BPD criteria y T y T A T
1. Avoid real or imagined abandonment 18282.8 25085 9.0 FC 6 0.18 —31887.2 - - - - - -
2. Unstable interpersonal relationships 18283.4 25085 8.4 FC 6 0.21 —31886.6 - - - - - -
3. Identity unstable self-image 18285.8 25085 6.0 FC 6 0.43 —31884.2 - - - - - -
4. Self-damaging impulsivity 18149.7 25085 142.1 FC 6 0.00 —-32020.4 - - -0.16 0.27 0.29 0.52
5. Recurrent suicidal; self-mutilating 18288.5 25085 3.2 FC 6 0.78 —31881.5 - - - - - -
6. Affective instability 18274.5 25085 17.2 FC 6 0.01 -31895.5 - - - -0.17 - -
7. Chronic feelings of emptiness 18284.6 25085 7.2 FC 6 0.31 —31885.4 - - - - - -
8. Inappropriate, intense anger 18280.7 25085 11.1 FC 6 0.08 —31889.3 - - - - - -
9. Stress-related paranoid ideation 18287.9 25085 3.8 FC 6 0.71 —31882.0 - - - - - -

BPD, Borderline personality disorder; —2InL, negative twice the log likelihood; df, degrees of freedom; Ay?, difference in chi-square between models; Adf, difference in degrees of
freedom between models; pAy?, probability associated with chi-square difference; AIC, Akaike Information Criterion; u, factor mean; o, factor variance; 4, factor loading; 7, criterion

threshold location.
Values in bold indicate significant reductions in model-data misfit and effect sizes significantly different from zero.

v1493149 (1d9 AI-INS{ fo uoyviapous [wijuaaffi(q

€L61


https://doi.org/10.1017/S0033291709005807

1974  S. H. Aggen et al.

However, the effect sizes reported in the six far-right
columns for the FC model are factor mean and vari-
ance covariate effects obtained when correcting for all
significant differential criteria factor loading and
threshold effects. Note that the factor mean interaction
effect size is now much smaller (0.02 compared to
0.49 in Table 3) and is no longer significantly different
from zero.

As shown in the criterion-level model fitting results
of Table 4 (first eight columns), having controlled
for factor-level effects, the performance of both BPD-4
(self-damaging impulsivity) and BPD-6 (affective in-
stability) displayed significant forms of differential
functioning. Differential moderation was particularly
strong [Ay%(6)=142.1, p=0.000] for impulsivity. In
the six lower right columns of Table 4, the estimated
differential effects sizes for factor loadings (1) and
thresholds (r) are reported. Effects for impulsivity
were complex as both 4 and 7 displayed differential
sex (A=—0.16, 7=0.27) and age by sex (1=0.29, 7=
0.52) moderation. The performance of the instability of
affect criterion was differentially moderated by sex but
only for the threshold (r= —0.17).

Figure 2 illustrates the nature of these differential
covariate moderation effects. For each BPD criterion,
four points (medians) with 95% bootstrapped ClIs are
used to display the differential patterns of age and sex
effects on (1) the factor loadings and (b) the thresholds.
Significant effects are denoted by points labeled 1-4.
Criteria with no significant effects have identical me-
dian bootstrap values and 95% Cls for all four points.
The left-most point labeled 1 is a reference point in-
dicating no differential moderation. Differential age
moderation for males is given by the adjacent point
labeled 2. The point labeled 3 displays the differential
sex effect. Finally, the point labeled 4 adds in any age
by sex interaction effect.

Examining the pattern of all BPD factor loadings
(Fig. 2a), no differential moderation was detected for
eight of the nine criteria. For these eight criteria, me-
dian bootstrapped factor loadings ranged between
about 0.50 and 0.75. The impulsivity criterion was
differentially moderated by sex and an age by sex in-
teraction. For males, the factor loading is not differen-
tially moderated by age (line connecting points 1 and
2 is flat). However, for females, the factor loading un-
expectedly changes with age. In young females, the
impulsivity criterion discriminates among individ-
uals differenced on the BPD factor poorly, with a fac-
tor loading of about 0.30. Discrimination increases
with age so that for the oldest females in the sample,
this criterion distinguishes more sharply in females,
compared to males, than would be expected based
on the estimated factor mean and variance covariate
effects.
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Differential moderation effects for thresholds are
shown in Fig. 2b. Two general features are noted. First,
the individual BPD criteria differ in their location
on the BPD factor. The “identity disturbance’ criterion
is most informative at higher scores on the factor
whereas, for example, the ‘affective instability” func-
tions optimally at lower levels of the factor. Second, in
this population-based sample, all criteria primarily
distinguish among BPD factor scores above the mean
(i.e. the zero point on the factor scale) and tend to op-
erate within a fairly restricted region between about
1.6 and 3.0.

Seven of the nine BPD criterion showed no differ-
ential moderation. The criterion of ‘affective insta-
bility” had a significant but modest differential sex
effect, with men reporting less affective instability
compared to women, given the same BPD factor level
conditional on the factor-level covariate effects. For the
impulsivity criterion, differential moderation was
pronounced and more complex. There was no differ-
ential age moderation for males (i.e. points 1 and 2 are
identical). Indeed, for males, it was the most com-
monly reported BPD criterion. However, for young
females with a given factor level conditional on factor
covariate effects, this behavioral feature was differen-
tially reported less often (i.e. higher threshold) com-
pared to young males. This male—female discrepancy
for reporting impulsivity increases disproportionately
even more with age. Combined with the differen-
tial moderation effects on the factor loading, the im-
pulsivity criterion displayed a particularly egregious
form of differential functioning that impacted and al-
tered the age by sex interaction effect on the factor
mean.

Discussion

Model testing of measurement invariance for the nine
DSM-IV BPD criteria yielded three key results. First,
despite being proposed by a committee and developed
with little psychometric guidance, these nine criteria
identify a relatively coherent single factor in a general
population sample. That a unidimensional structure
adequately accounted for the pattern of associations in
the BPD criteria set was essential to the subsequent MI
model testing and interpretation of results (McDonald,
1981).

Research on the structural organization of the BPD
criteria has produced mixed and sometimes incon-
sistent findings. Although often treated as a categori-
cally singular disorder, it has been characterized as
multidimensional in the sense of not being seated in a
single diathesis (Paris, 2007). Taxometric studies have
shown that the DSM-IV BPD criteria are not consist-
ent with a classification representation but rather fall
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Fig. 2. Bootstrapping results illustrating significant differential age, sex, and age by sex interaction covariate moderation
effects on the BPD criteria () factor loadings and (b) thresholds. Four points are used to show the form of the differential age,
sex, and age by sex interactions effects for each DSM-IV BPD criteria. Each set of four points is separated by a broken
vertical line. Criteria with significant differential moderation effects are labeled by points numbered 1-4. The left-most point
is (a) the factor loading and (b) the threshold estimate ignoring any differential moderation effects. The next point to the right
(2) shows the differential age moderation for males. The third point denotes the differential sex moderation effect (female).
Finally, the fourth point adds in the differential moderation effect due to an age by sex interaction. Broken connecting lines
between points 1 and 3 and between points 2 and 4 highlight differential sex and age by sex interaction moderation effects
respectively.
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along a continuum (Trull et al. 1990; Haslam, 2003;
Rothschild et al. 2003). Exploratory principal compo-
nent analyses of the BPD criteria have found three
highly correlated factors (Sanislow et al. 2000; Blais
et al. 1997; Taylor & Reeves, 2007). CFAs, however,
have generally supported a unidimensional structure
(Grilo et al. 2001; Sanislow et al. 2002; Johansen et al.
2004 ; Fossati et al. 2006). Most of these structural stud-
ies of the BPD diagnostic criteria have the limitation
that they were carried out on clinically ascertained
samples.

The second major set of findings of this study was
that (i) the BPD factor mean significantly differed as a
linear function of sex and an age by sex interaction and
(ii) the factor variance for females was larger than that
of males. These differences can be interpreted sub-
stantively. Females, on average, have a higher “true’
level of BPD compared to males. This is consistent
with prior studies suggesting that the prevalence of
BPD in clinical and most community samples, includ-
ing one from Norway, is greater in females than males
(for a review see Torgersen et al. 2001). The significant
age by sex interaction effect on the factor mean would
have been a novel finding. However, this factor mean
effect was importantly found to be linked to the strong
differential age by sex interaction effect found for the
impulsivity criterion. Accounting for these differential
moderating effects nullified the BPD factor mean age
by sex interaction effect. Thus, in this case, a significant
factor-level effect was found to be due to differential
functioning of a single criterion.

The third and most important finding in this sample
was that, having taken into account the effects of age,
sex and their interaction at the factor level, the hy-
pothesis of MI for the nine DSM-IV BPD criteria was
rejected. That is, the measuring properties of the set of
BPD criteria were not invariant with respect to age, sex
and their interaction. However, the lack of MI was
found to be due to only two of the nine criteria: im-
pulsivity (BPD-4) and affective instability (BPD-6). For
affective instability, the failure of MI was easily de-
scribed. This criterion’s threshold was differentially
moderated by sex. That is, controlling for both the
factor-level and covariate effects at the factor level,
males report affective instability less often than did
females. For impulsivity, MI failures were more per-
vasive and complex. Both the factor loading and
threshold location were differentially moderated by
sex and by the interaction of age by sex. As depicted
in Fig. 2, the impulsivity factor loading and threshold
displayed pronounced changes as a function of age
in women that could not be predicted by the covari-
ate effects at the level of the factor. As women age,
the level of BPD liability required for a 0.5 probability
of endorsing the impulsivity criterion, and also its

https://doi.org/10.1017/50033291709005807 Published online by Cambridge University Press

discriminating power (i.e. the degree to which this
criterion reflects the underlying liability to BPD), in-
creased disproportionately. In other words, in young-
er women, impulsivity was relatively more prevalent
(lower threshold) but rather uninformative (low factor
loading) in discriminating among levels of the BPD
factor. This pattern might arise if there are, in young
women, many ‘non-specific’ aspects of impulsivity
that are unrelated to the liability to BPD. However,
these non-specific sources decline in importance with
aging so that impulsivity becomes a better indicator of
BPD. Our results are consistent with one prior study
that examined symptom change with age in a clinical
and predominantly female group of BPD patients
(Stevenson et al. 2003). Of the four major symptom
dimensions examined, only impulsivity correlated
significantly (negatively) with age (Stevenson ef al.
2003). The BPD impulsivity criterion has also been
found to have a relatively non-specific factor-loading
pattern in multivariate latent variable modeling of all
the Axis II 10 personality disorder criteria (Reysamb
et al., unpublished observations).

Our results can be further interpreted by compari-
son with one prior reported study of the BPD criteria
using item response modeling (Feske et al. 2007). Both
studies found that a single-factor solution fit the data
well. At the criterion characteristic level, agreement
was less consistent. For example, in our sample the
threshold for the ‘identify disturbance” criterion was
located at the highest end of the BPD continuum com-
pared to the other criteria whereas the corresponding
criterion in the Feske ef al. study was “avoidance of
abandonment’. Given that Feske ef al. used DSM-III-R
criteria in a clinical sample whereas we applied DSM-
IV criteria to a community sample, such differences
may be expected but are still important to note. MI
was not examined in Feske et al. (2007) but the authors
note the importance of doing so. Our findings also
departed from the findings of Jane et al. (2007), who
reported no evidence for gender bias in BPD DSM-IV
criteria. However, their sample size was smaller
(n=599) and differed in ascertainment, coming from
both college students and Air Force recruits who
screened positive for personality disorder symptoms
on a self-report measure.

Implications

Measurement invariance is an important property for
diagnostic criteria to display. If MI holds, comparisons
between rates of a disorder in different populations
or subgroups within a population can be attributed
to valid substantive differences on the construct
(Borsboom, 2006). In the absence of MI, however, the
interpretation of such differences becomes more
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difficult. Prevalence differences and relationships with
putative risk factors could reflect ‘true’ population
features or may be confounded with differential func-
tioning of diagnostic criteria. Efforts to explore risk
factors or measure treatment response could be ser-
iously compromised because of problems of measure-
ment if the individual criteria do not have the same
meaning in different subpopulations.

The findings from this study suggest that caution is
advised when comparing BPD diagnoses in groups
that differ by age and sex. Our MI analyses identified
two of the nine DSM-IV criteria displaying differential
age and sex moderation, one of which was particularly
egregious. Indeed, these results suggest that the sim-
ple exclusion of the impulsivity criterion would elim-
inate the failure of MI within the BPD criteria. Given
the centrality of impulsivity, removing it may lack
theoretical justification.

This study also has heuristic value in showing that
the failure of MI altered a factor-level result that could
be attributed to differential functioning in the im-
pulsivity criterion. The strong differential sensitivity
of the BPD impulsivity criterion to sex and age relative
to the other BPD criteria may also be of clinical in-
terest. Psychometrics has hitherto not played much of
a role in the development and evaluation of diagnostic
criteria for psychiatric disorders. Given that both DSM
and ICD psychiatric diagnostic manuals are now un-
dergoing revision, it is timely to reconsider this po-
sition.

Finally, identifying and describing how the diag-
nostic criteria set may differentially relate to the dis-
order phenotype for key covariates also seems to have
potential for adding to our nosological, etiological and
clinical understanding of BPD. Although typically
viewed as threats to valid measurement and group
comparisons, differential moderation effects may also
represent forms of disorder expression that have sub-
stantive significance. The strong differential age and
age by sex interaction moderation effects for im-
pulsivity may suggest a more complex organizational
relationship between BPD and the symptomatology
used to describe it. For example, it may be that differ-
ential age moderating effects for a criterion reflect de-
velopmental features associated with changes in BPD
liability.

Strengths and limitations

This study has several strengths. Our sample is rela-
tively large and epidemiologic. All subjects were
evaluated for all BPD criteria without “skip-outs’.
However, the findings should be interpreted in the
context of three potential limitations. First, the sample
is restricted to young adult Norwegian twins. Second,
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our sample has undergone attrition and it is possible
that this subsample may be unrepresentative. We have
explored this question empirically in some detail
(Harris et al., unpublished results) and found little
evidence that cooperation is predicted by psycho-
pathology. Third, the age range of this sample was
relatively restricted. Fourth, age is confounded with
cohort in this research sample. Although it seems
more likely that changes associated with date of birth
are due to age than to social trends over this period,
the latter cannot be ruled out.
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