
BACKGROUND

Large parts of the heritabilities of psychiatric disorders have not yet been accounted for by the genomic fi ndings of the last 
decade. This may in part be due to the diffi culty of defi ning specifi c phenotypes. At times, it is not easy to clinically distin-
guish between these disorders as symptoms often overlap and vary widely during the course of illness. Therefore, researchers 
have attempted to identify better-defi ned subphenotypes sharing certain phenotypic similarities across diagnostic boundaries, 
as these overlaps may be due to a common genetic basis. Here we study global functioning as a potential cross-diagnostic 
phenotype. Long-term global functioning ‒ as measured by the Global Assessment of functioning score (GAF, Endicott et 
al.1976) ‒ was assessed in patients with schizophrenia (SZ), bipolar disorder (BD), and major depressive disorder (MDD). 
We compared the predictive value of several clinical and psychosocial variables for functional outcome between these dis-
orders and discuss the relevance of our fi ndings for further genetic investigations.
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METHODS

Based on a structured interview (SCID-I for DSM-IV) and a review of clinical records using lifetime ratings of the Operational
Criteria Checklist (OPCRIT, First et al. 1994), we assessed several sociodemographic and clinical variables in inpatients with 
DSM-IV-diagnoses of SZ (n=238), BD (n=533), and MDD (n=398). For each patient, we determined global functioning (GAF) 
at three points in time over the course of illness: premorbid GAF (GAF1), worst GAF-score during course of illness (GAF 2) 
and current GAF directly before the disease episode for which the patient received clinical treatment (GAF 3). GAF 3 was 
analyzed as outcome parameter for long-term functioning, and the predictive value of clinical and sociodemographic vari-
ables was determined.

RESULTS

Different functioning levels in SZ,BD and MDD
As expected, the distribution and the mean levels of premorbid functioning, current functioning and the extent of functional 
impairment during the course of illness differed between the disorder groups (fi gure 1).

Shared and disorder-specifi c predictors of functional outcome
An overview of shared and disorder-specifi c predictors of functional outcome in the three disorders is shown in fi gure 2, de-
tailed statistics are shown in table 1.
A linear regression model revealed low premorbid functioning, poor premorbid work/social adjustment, and insidious illness 
onset to be signifi cantly associated with worse functional outcome in all three disorders. Additionally, lifetime occurrence of 
negative symptoms predicted worse functional outcome in BD and SZ patients. However, levels of functioning were also 
found to be disorder-specifi cally infl uenced by other factors, which differed according to diagnostic group. For SZ patients, 
longer duration of illness and lower levels of global functioning during episodes were found to have a major impact on long-
term functioning, whereas for BD patients lifetime substance abuse and lifetime occurrence of suicidality were important 
predictors for worse functional outcome. A premorbid personality disorder and unemployment at illness onset appeared to 
negatively infl uence long-term functioning in MDD. Figure 3 depicts the different extent to which the predictive variables con-
tribute to worse functional outcome in the three disorders via the explained variability of current GAF for each predictor.
In an additional explorative analysis, the following disorder-specifi c combinations of variables were identifi ed by stepwise re-
gression to jointly predict functional outcome in each of the three entities (table 2). In SZ patients, the model included poor pre-
morbid social adjustment, longer duration of illness, negative symptomatology, and lifetime single status (in total accounting 
for 28% of the observed variance of functional outcome). In BD patients, premorbid level of functioning, negative symptomatol-
ogy, lifetime cannabis and other drug abuse accounted for 22% of the trait variance. In MDD patients, the premorbid level of 
functioning alone was found to predict long-term functioning in a univariate model, accounting for 26 % of the trait variance.

DISCUSSION

Long-term global functioning may be an important phenotype for genetic studies. However, it is possibly diffi cult to use as a 
sole phenotype for cross-diagnostic investigations, as long-term functioning varies between SZ, BD and MDD. Furthermo-
re, it seems to be infl uenced by several factors to a different extent in the three disorders. 
Based on the fi ndings of our investigation, the following points should be kept in mind when using long-term global func-
tioning (or functional outcome in general) as a phenotype for genetic studies:
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TABLE 1: 
Association with current GAF in SZ (N=238), BD (N=533), MDD 
(N=398)

Proportion of explained variability (adjusted R2) of current GAF and diffe-
rence of group means or regression coeffi cient (with 98.33% confi dence 
limits (CI), t-statistic tdf with df degrees of freedom, p value). Bonferroni ad-
justment for multiple testing (over all disease cohorts: p≤0.05/(3•18) bold, 
for single cohort: p≤0.05/18 italic)
Abbreviations: GAF, global assessment of functioning; N, samplesize.

 INFLUENCE ON CURRENT GAF SECONDARY ANALYSIS 
of Item  
SUBSTANCE ABUSE 

Group % R2
adj (%) Effect [98.33% CI] t-statistic p value 

        

OPCRIT-ITEMS       

78 Lifetime alcohol SZ 24% 0.1   -2.8 [  -8.9,  3.2] t228= -1.125 0.26 

 abuse BD 20% 2.7   -6.3 [-10.1, -2.4] t521= -3.925 9.8×10-5 

  MDD 14% 0   -2.0 [  -7.5,  3.6] t390= -0.846 0.40 
        

79 Lifetime cannabis SZ 21% 0    0.2 [  -6.2,  6.6] t228=  0.073 0.94 

 abuse BD 6% 3.2 -11.6 [-18.1, -5.0] t520= -4.242 2.6×10-5 

  MDD 2% 0    2.3 [-10.5, 15.1] t393=  0.427 0.67 
        

80 Lifetime other  SZ 11% 0   -1.2 [  -9.6,  7.2] t227= -0.351 0.73 

 substance abuse BD 6% 3.1 -11.6 [-18.3, -5.0] t522= -4.205 3.1×10-5 

  MDD 5%   1.2   -8.7 [-17.4, -0.1] t392= -2.431 1.6×10-2 

Proportion of explained variability (adjusted R2) of current GAF and 
difference of group means (with 98.33% confi dence limits (CI), t-sta-
tistic tdf with df degrees of freedom, p value). Multiple testing adjus-
ted signifi cances are set in bold.

TABLE 1B: 
Association with current GAF in SZ (N=238), BD (N=533), 
MDD (N=398)

 Modela Effect [95% CI] t-statistic p value 
 

Schizophrenia (N=238):                      R2
adj= 28.0% 

 Poor premorbid social adjustment -11.7 [-16.1, -7.4] t208= -5.304 2.9×10-7 
 Duration of illness (year)   -0.5 [  -0.7, -0.2] t208= -3.968 1.0×10-4 
 Negative symptomatology   -8.3 [-12.5, -4.0] t208= -3.834 1.7×10-4 
 Single status   -4.8 [  -9.0, -0.7] t208= -2.278 2.4×10-2 
 

Bipolar Disorder (N=533):                   R2
adj= 22.1% 

 Premorbid GAF    0.7 [   0.5, 0.8] t511=   9.976 <2×10-16 
 Negative symptomatology  -4.4 [  -6.7, -2.1] t511= -3.759 1.9×10-4 
 Lifetime cannabis  -5.9 [-11.0, -0.9] t511= -2.335 2.0×10-2 
 Lifetime other abuse  -5.1 [-10.2, -0.02] t511= -1.974 4.9×10-2 
 

Major Depressive Disorder (N=398):  R2
adj= 25.6% 

 Premorbid GAF    0.9 [   0.7,   1.0] t396=11.743 <2×10-16 

TABLE 2: 
Multiple models for prediction of long-term functioning in 
SZ, BD and MDD

aThe best model to predict current GAF was determined per disea-
se cohort by stepwise linear regression selecting predictors from 18 
variables (worst ever GAF, premorbid GAF, current age, duration 
of illness, sex, age of onset, mode of onset, lifetime single, unem-
ployed at onset, poor premorbid work adjustment, poor premorbid 
social adjustment, premorbid personality disorder, negative symp-
tomatology, suicidal ideation, psychotic symptoms (for BD, MDD), 
affective symptoms (for SZ), lifetime abuse of alcohol, cannabis, or 
other substances). The models are linear in all variables. Displayed 
are the mutually adjusted effect sizes on current GAF (difference of 
group means or regression coeffi cient, t-statistic tdf with df degrees 
of freedom, p value) and the overall proportion of explained variabi-
lity of current GAF (adjusted R2).

Distribution of GAF values for SZ (red), BD (blue), MDD (grey) with respective mean and standard deviation (SD). From left to right: current 
GAF (GAF3), worst ever GAF (GAF2) and premorbid GAF (GAF1).
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FIGURE 2: 
Shared and disorder-specifi c predictors of long-term 
global functioning
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1. Some clinical and social variables appear to predict worse functional outcome in SZ as well as in BD and MDD. These 
variables (poor premorbid functioning, poor premorbid work and social adjustment, insidious disease onset, and in BD 
and SZ negative symptomatology) have previously been associated with a chronic course of illness especially in SZ, 
resulting in persistent and severe functional impairment (Kelley et al.1992). Therefore, it could be worth investigating 
whether having one or more of these clinical and psychosocial characteristics defi nes a cross-diagnostic subgroup of 
patients sharing a similar set of genetic factors. However, looking at the results of our explorative model, the variable ex-
pected to yield most genetic information across diagnostic boundaries might be the occurrence of negative symptoms in 
BD and SZ. It is on the list of most important predictors in both groups and could therefore indeed be used as a “proxy” 
for functional outcome when jointly analysing these two disorders.

2. Only in SZ the duration of illness had a signifi cant negative impact on functional outcome. Hence, when using global 
functioning as outcome parameter in SZ, only patients with a similar duration of illness should be included into the ana-
lysis, or the analysis needs to be adjusted for duration of illness.

3. Compared to SZ and MDD, the infl uence of substance abuse in BD appears to be more important for functional outcome 
than many other clinical and psychosocial factors. Thus patients with substance abuse should be analyzed seperately 
when using global functioning for genetic investigations in BD.

4. In MDD, the premorbid level of functioning alone was found to be the most signifi cant predictor accounting for 25 % of 
the variance of long-term functioning, while other variables seemed to add only minor additional predictive value. As 
MDD is an even more heterogeneous entity than SZ and BD, the relationship between premorbid and long-term func-
tioning especially in this group of patients remains unclear. Before using long-term global functioning or its predictor 
premorbid functioning as outcome parameter for genetic analyses in MDD, further investigations seem to be needed to 
defi ne clinical subphenotypes.

 INFLUENCE ON CURRENT GAF  PRIMARY ANALYSIS 
Group Median 

[Interquartile] 
R2

adj  
(%) 

Effect [98.33% CI] t -s tat ist ic  P value 

 GAF1 Premorbid GAF SZ 86 [80-91] 11.6  0.5     [  0.3 , 0.7] t236=  5.665 4.3×10-8 

  BD 91 [90-98] 18.2  0.7     [  0.6 , 0.9]  t531=10.932 <2×10-16 

  MDD 90 [81-91] 25.6  0.9     [  0.7 , 1.1]  t396=11.743 <2×10-16 
        

 GAF2 Worst GAF ever SZ 25 [20-30] 5.3  0.4     [  0.2 , 0.7] t236=  3.780 2.0×10-4 

  BD 30 [21-35] 0.2  0.09   [-0.07, 0.2] t531=  1.342 0.18 
  MDD 35 [31-41] 0 -0.06   [-0.3 , 0.2] t396= -0.605 0.55 
        

 Age (years) SZ 34 [27-41] 0.4 -0.1     [-0.4  ,  0.09] t236= -1.422 0.16 
  BD 46 [37-56] 0  0.009 [-0.1  , 0.1] t531=  0.184 0.85 
  MDD 47 [37-57] 1.1  0.1     [-0.005, 0.3]  t396=  2.328 2.0×10-2 

       

 Duration of illnessa (years) SZ 6 [2-13] 3.6 -0.4     [-0.7 , -0.08] t227= -3.073 2.4×10-3 

 BD 16 [7-25] 0.2 -0.07   [-0.2 ,  0.05] t516= -1.400 0.16 
 MDD 8 [2-17] 0.04  0.08   [-0.1 ,  0.3] t392=  1.083 0.28 
 OPCRIT-ITEMS       
3 Sex (female) SZ 39% 2.2  5.4     [ 0.2 ,10.6] t234=  2.497 1.3×10-2 

  BD 55% 0  0.5     [-2.6 , 3.7] t527=  0.403 0.69 
  MDD 65% 0 -1.6     [-5.6 , 2.4] t395= -0.985 0.33 
        

4 Age of onset (years) SZ 24 [20-31] 1.6  0.3     [-0.04, 0.6] t227=  2.145 3.3×10-2 

  BD 25 [20-36] 0.3  0.09   [-0.05, 0.2] t516=  1.549 0.12 
  MDD 35 [27-45] 0.5  0.1     [-0.04, 0.3] t392=  1.725 0.085 
        

5 Mode of onset       
 moderately acute   SZ     25% 8.4   -5.7   [-13.3, 1.8]  t223= -1.832 0.068 
 gradual   SZ 20%  -10.1   [-18.1,-2.2] t223= -3.089 2.3×10-3 

 insidious   SZ    35%  -13.5   [-20.6,-6.5] t223= -4.623 6.4×10-6 

        

 moderately acute   BD 24% 2.0  -3.5    [  -7.7,  0.7] t500= -1.998 4.6×10-2 
 gradual   BD   19%   -2.6    [  -7.1,  1.9]  t500= -1.398 0.16 
 insidious   BD  23%   -6.4    [-10.7,-2.1] t500= -3.593 3.6×10-4 
        

 moderately acute MDD 35% 5.9   -0.3   [ -6.0, 5.4] t371= -0.121 0.90 
 gradual MDD 26%    -1.2   [ -7.2, 4.9] t371= -0.460 0.65 
 insidious MDD 23%  -10.1   [-16.2,-3.9] t371= -3.944 9.6×10-5 

        

6 Lifetime single SZ 64% 2.8  -6.1    [-11.4,-0.8] t232= -2.788 5.8×10-3 

  BD 30% 0  -0.9    [ -4.3, 2.5] t524= -0.656 0.51 
  MDD 21% 0.7  -3.9    [ -8.6, 0.8] t393= -1.981 4.8×10-2 

        

7 Unemployment  at  onset SZ 30% 1.7  -5.1    [ -10.7, 0.5]  t227= -2.197 2.9×10-2 

  BD 16% 1.0  -4.6    [  -8.8,  -0.3] t521= -2.550 1.1×10-2 
  MDD 10% 3.1  -9.7    [-16.1, -3.3] t389= -3.668 2.8×10-4 

        

9 Poor premorbid work SZ 27% 15.3 -14.4   [-19.8, -9.1] t226= -6.488 5.4×10-10 

 adjus tment BD 5% 3.3 -12.6   [-19.5, -5.6] t518= -4.341 1.7×10-5 
  MDD 3% 3.0 -15.7   [-26.2, -5.2] t390= -3.607 3.5×10-4 

        

10 Poor premorbid social  SZ 29% 17.6 -15.3   [-20.6,-10.0] t223= -6.995 3.1×10-11 

  adjustment BD 7% 3.2 -11.1   [-17.3, -4.8] t516= -4.250 2.5×10-5 
  MDD 5% 6.1 -17.5   [-25.8, -9.3] t390= -5.119 4.8×10-7 
        

11 Premorbid  personality  SZ 7% 2.2 -10.3   [-20.4,-0.2] t219= -2.450 1.5×10-2 

  disorder BD 3% 0.8   -9.0   [-18.4, 0.5]  t494= -2.285 2.3×10-2 
  MDD 2% 2.4 -17.0   [-29.6,-4.4] t383= -3.251 1.3×10-3 

        

29, 32, 33 Negat ive SZ 72% 9.7 -11.5   [-17.0,-6.0] t229= -5.069 8.2×10-7 

  Symptomatology BD 46% 2.6   -5.0   [  -8.1,-1.9] t519= -3.862 1.3×10-4 
  MDD 19% 0   -1.2   [  -6.0,  3.7]  t392= -0.575 0.57 
        

43 Suicidal ideation SZ 65% 0   -0.8   [ -6.3, 4.7] t226= -0.339 0.74 
  BD 76% 1.7   -4.8   [ -8.4,-1.1] t523= -3.150 1.7×10-3 
  MDD 76% 0.9   -3.9   [ -8.3, 0.6] t394= -2.101 3.6×10-2 

        

52 Affect ive symptoms SZ 78% 0   -1.1   [ -7.9, 5.6] t199= -0.401 0.69 
54, 55, 57-76 Psychotic symptoms BD 62% 0   -0.7   [ -3.9, 2.5] t521= -0.519 0.60 
  MDD 10% 0    0.5   [ -5.7, 6.8] t391=  0.210 0.83 
       

78, 79, 80 Lifet ime SZ 36% 0   -1.3  [   -6.7, 4.1] t230= -0.565 0.57 
 substance abuse BD 24% 3.9   -7.0  [ -10.6,-3.4] t520= -4.690 3.5×10-6 
  MDD 19% 0.2   -2.8  [    7.7, 2.1] t390= -1.358 0.18 


