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Abstract 

Objective: Many studies have linked symptoms of depression after an acute myocardial 

infarction (AMI) to negative health outcomes, including mortality. It has been suggested, 

however, that this link may be due to biased measurement of depressive symptoms in post-AMI 

patients related to confounding with somatic symptoms related to AMI. The objective of this 

study was to validate a factor model for the BDI-II that would allow for modeling of depressive 

symptoms after explicitly removing bias related to somatic symptom overlap. 

Methods: 477 hospitalized post-AMI patients from 10 cardiac care units were administered the 

BDI-II. Confirmatory factor analysis models for ordinal data were conducted with MPLUS to 

test the fit of a model with a single General Depression factor (all 21 BDI-II items) and 

uncorrelated Somatic (5 items) and Cognitive (8 items) factors (G-S-C model) compared to 

standard correlated 2-factor models. 

Results: The G-S-C model fit as well or better than previously published correlated 2-factor 

models. 73% of variance in BDI-II scores is accounted for by the General Depression factor, 

whereas 11% and 13% respectively, is accounted for by uncorrelated Somatic and Cognitive 

factors. 

Conclusions: The G-S-C model is a novel approach to understanding the measurement structure 

of the BDI-II, presents advantageous statistical and interpretive properties compared to standard 

correlated factor models, and provides a viable mechanism to test links between symptoms of 

depression, as measured by the General Depression factor, and health outcomes among patients 

with AMI after explicitly removing variance from somatic symptoms unrelated to the General 

Depression factor. 
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Introduction 

Major depression is diagnosed in approximately 20% of patients hospitalized with acute 

myocardial infarction (AMI) [1]. Following AMI, symptoms of depression predict ongoing 

functional impairment [2], less favorable self-care behaviors [3], substantially higher health-care 

costs [4], and increased cardiac morbidity and mortality [5]. The high rate of depression among 

medically ill patients, including patients with AMI, however, has raised questions about the 

validity of existing methods of symptom assessment because there is substantial overlap in 

somatic symptoms of depression and symptoms common in medical illness, including fatigue or 

loss of energy, anhedonia, changes in sleep patterns, and changes in appetite [6]. 

The Beck Depression Inventory (BDI) [7] and its revised version, the Beck Depression 

Inventory-II (BDI-II) [8], are the most commonly used assessment tools in research of post-AMI 

patients [1]. The BDI tends to be used more frequently in research on post-AMI depression [1]. 

The main difference between the instruments is that items on the BDI-II that reflect agitation, 

concentration, loss of energy and feelings of worthlessness have replaced items from the BDI 

related to concerns about appearance, ability to work, change in weight, and worries about 

health. Specific concerns have been raised, however, about the performance characteristics of the 

Beck depression scales in patients with medical illness since approximately half of the items on 

the BDI and BDI-II assess somatic or performance related symptoms [9, 10]. Consistent with 

this, several authors have argued that studies linking depression to cardiac and all-cause 

mortality post-AMI have not adequately controlled for potential bias in the measurement of 

depressive symptoms related to confounding of somatic symptoms of depression and symptoms 

of the AMI [11-13]. The authors of one systematic review of the association between post-AMI 
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depression and mortality wrote: 

The BDI is considered a useful screening instrument for depression in the 
medically ill. However, 7 of the 21 items in the BDI, in fact, assess somatic 
symptoms. For the particular somatic symptom will 50–75% of the medical 
patients fulfil it [sic]. Cardiac patients may, therefore, on the sheer basis of 
somatic symptoms, score close to 10 points which is used as the cutoff score for 
depression. The group of so-called depressed MI patients may in reality consist 
of a large number of patients with severe cardiac disease, and the positive 
relation between so-called depression and mortality may not be caused by the 
truly depressed patients, but by the patients with severe cardiac disease [12]. 
 
Existing studies that have assessed the relationship between depressive symptoms 

measured during hospitalization for AMI and subsequent outcomes have used linear regression, 

logistic regression, and survival models, which treat total scores on instruments like the BDI or 

BDI-II are treated as error-free measures of depressive symptoms. These types of analyses would 

indeed be susceptible to confounding or bias due to somatic symptom overlap that could 

artifactually inflate the strength of the relationship between symptoms of depression and health-

related outcomes. Total scores on the BDI or BDI-II that are used as predictors in these models 

potentially include three components: variance related to depressive symptoms; variance 

systematically related to phenomena, such as somatic symptoms from medical illness, that are 

unrelated to depression per se; and error variance. Structural equation modeling techniques, on 

the other hand, present an alternative paradigm that allows for the possibility of explicitly 

separating variance related to depression per se and variance related to extraneous somatic 

factors, and can model these types of variance after removing estimates of error variance, thus, 

creating a “cleaner” depression predictor variable. Indeed, a confirmatory factor analysis (CFA) 

model of the BDI-II developed by Ward [14] explicitly separates variance from a General 

Depression factor from variance from unrelated somatic symptoms. Ward demonstrated in five 
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different samples that a BDI-II model with General Depression, Somatic, and Cognitive factors 

(G–S–C) that were forced to be orthogonal fit as well or better than previously published 

correlated two-factor BDI-II models, representing either Somatic-Affective and Cognitive factors 

(SA–C) [8] or Cognitive-Affective and Somatic factors (CA–S) [15]. In Ward’s model, all BDI-

II item scores are indicators of the General Depression factor, and some items also load on 

Somatic or Cognitive factors that are orthogonal to the General factor and each other. The 

correlated SA-C and CA-S would, similar to Ward’s model, offer the advantage of modeling 

“true” factor scores with estimates of error variance removed. The factors of these models would 

not, however, be able to be used together to predict outcomes, such as mortality. This is because 

there is typically a high level of correlation between the factors (.71 to .88) [14] that would result 

in uncorrectable multicollinearity if one attempted to use them simultaneously as predictors. 

Demonstration that Ward’s G-S-C model is valid with medically ill post-AMI patients 

would provide a mechanism for using latent variable models to explicitly model longitudinal 

outcomes following AMI on a General depression factor independent of variance from an 

orthogonal Somatic factor and would allow explicit testing of whether depressive symptoms 

predict negative outcomes when potential bias from somatic symptom overlap is removed. Thus, 

the objective of this report was to replicate Ward’s G-S-C model in a sample of patients 

hospitalized with AMI. 

Methods 

Patients and Procedure 

Participants in the study included patients who were treated for AMI at any of 10 

hospitals in Québec, Canada between December 28, 1996 and November 1, 1998.  Patients with 
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AMI were eligible for enrollment in the study if they survived at least 24 hours after admission 

and had been admitted through the emergency department rather than as transfers from another 

hospital. Patients were excluded if they did not read and understand French or English or if they 

were medically incapable of giving informed consent or responding to a questionnaire. Research 

nurses approached eligible patients for informed consent and enrollment within 2-3 days after the 

date of admission. Study participants completed a self-administered questionnaire in the hospital 

at the time of enrollment that included the BDI-II. The BDI-II [8] is a 21-item self-report 

inventory of symptoms of depression that has been used with both psychiatric and non-

psychiatric samples. Each item consists of four statements, scored 0-3, indicating increasing 

symptom severity; total scores range from 0-63. A cutoff score of 14 or above is typically used to 

identify patients with at least mild symptoms of depression [8, 16]. Patients in the study were 

followed through one year post-AMI, and 12-month vital status was obtained from a central 

death registry for all patients who were lost to follow-up. This study was an ancillary study to a 

prospective cohort study of quality of life after AMI [17] that received ethical approval from the 

Montreal General Hospital Ethics Review Board. 

Data Analysis 

All CFA models were conducted with Mplus (version 3.11) [18], explicitly modeling the 

BDI-II items as ordinal data. To do this, Mplus initially estimates item thresholds for ordinal 

outcome variables using maximum likelihood methods. These estimates are then used to estimate 

a polychoric correlation matrix. Model parameters are subsequently estimated with weighted 

least squares using the inverse of the asymptotic covariance matrix as the weight matrix [19]. A 

chi-square goodness-of-fit test and four fit indices were used to assess model fit, including the 
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Tucker-Lewis Index (TLI) [20], the comparative fit index (CFI) [21], the root mean square error 

of approximation (RMSEA) [22], and the standardized root-mean-square residual (SRMR) [23]. 

Since the chi-square test is highly sensitive to sample size and can lead to the rejection of well-

fitting models, practical fit indices were emphasized [24]. Guidelines proposed by Hu and 

Bentler [25] suggest that models with TLI and CFI close to .95 or higher, RMSEA close to .06 or 

lower and SRMR close to .08 or lower are representative of good fitting models. A CFI of .90 or 

above [26] and a RMSEA of .08 or less [27], however, are also considered to represent 

reasonably acceptable model fit. 

Three factor models were fit to the BDI-II data following Ward’s procedure. The SA-C 

two-factor model originally reported by Beck et al. [8] was fit with 12 items loading on the 

Somatic-Affective factor and 9 items on the Cognitive factor. For each model, modification 

indices were used to identify pairs of items within factors for which model fit would improve if 

error estimates were freed to correlate, and for which there appeared to be theoretically 

justifiable shared method effects. For the SA-C model, correlated errors were permitted between 

two pairs of items: loss of energy with fatigue and agitation with irritability. A second correlated 

two-factor model (S-CA) was also specified with 5 items loaded on a Somatic factor and 16 

items on a Cognitive-Affective factor. In this model, four pairs of error terms were freed to 

correlate: loss of energy with fatigue, agitation with irritability, self-dislike with self-criticalness, 

and loss of pleasure with loss of interest. Ward’s orthogonal G-S-C model was the third model 

fit to the data. Per Ward’s procedure, all 21 items loaded on the General factor. In addition, 5 

items loaded on a Somatic factor (loss of energy, sleep problems, appetite, concentration, 

fatigue), 8 items loaded on a Cognitive factor (pessimism, past failure, guilty feelings, 
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punishment feelings, self-dislike, self-criticalness, suicidal thoughts, worthlessness), 2 items 

loaded on a Self-Criticalness factor (self-dislike, self-criticalness), and 2 items loaded on an 

Anhedonia factor (loss of pleasure, loss of interest). The pairs of items that loaded on each of the 

latter two factors were constrained to equality for model identification purposes. For the G-S-C 

model, item communalities (h2s) that represent the percent of variance in each item predicted by 

the factors were calculated from standardized factor loadings. 

Results 

Sample Characteristics 

The study sample consistent of 477 AMI patients who completed the BDI-II in the 

hospital. As shown in Table 1, the sample was predominantly male and White, and the majority 

of patients were married or living as married. The mean age of the sample was 60.1 years (SD = 

12.2 years, range = 29 to 90). Female patients, non-White patients, and patients who were not 

married or living as married were significantly more likely to score 14 or above on the BDI-II. 

Of cardiac disease and health-related variables, only a history of angina was significantly related 

to scoring 14 or higher on the BDI. A total of 33 patients died by 12 months post-AMI (6.9%), 

but this was not related to in-hospital BDI scores (P = .544). 

Confirmatory Factor Analysis 

Model fit statistics for each of the three models tested are shown in Table 2. In addition to 

chi-square test results and fit indices, factor correlations are shown for the SA-C and CA-S two-

factor models. Both the SA-C and CA-S fit reasonably well based on fit indices. All factor 

loadings for both models were statistically significant with standardized loadings of .46 or higher 

for all items in the SA-C model and .44 or higher for all items in the CA-S model. The fit of the 
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G-S-C model (Figure 1) was as good or slightly better than each of the other two models. All 

factor loadings were significant with the exception of pessimism on the Cognitive factor (z = 

1.65, p = .10). Removing this factor loading from the model did not meaningfully change the chi-

square test (

 

χ76
2 = 255.3), any fit indices (CFI = .92, TLI = .96, RMSEA = .07, SRMR = .07), or 

any model parameters. The Somatic factor of the G-S-C model reflected a sense of fatigue and 

low energy. The loadings of these two items were .82 and .62, respectively, compared to .19 to 

.25 for the other three items that loaded on the factor. The Cognitive factor was largely driven by 

a sense of self-blame, and the loadings from three items related to failure, guilt, and punishment 

were between .51 and .56, compared to loadings of .29 to .43 for the items self-dislike, self-

criticalness, suicidal thoughts, and worthlessness, and .11 (non-significant) on the item 

pessimism. As in Ward’s results, the General factor explained the highest proportion of total 

covariance (communality = 73%) with the Somatic and Cognitive factors contributing modest 

amounts (11% and 13%, respectively), and the two minor Self-Criticalness and Anhedonia 

factors < 1% each. Item endorsement rates, means, and communalities are shown in Table 3. 

A simplified version of the G-S-C model that did not include the minor Self-Criticalness 

and Anhedonia factors was also tested. As shown in Table 2, simplifying the G-S-C to facilitate 

practical use in model building and to provide a conceptually more coherent model did not 

meaningfully affect its overall fit to the data. Item-factor loadings and other model data for the 

three models are available upon request from the corresponding author. 

Discussion 

The main finding of this study was that, consistent with results reported by Ward [14] in 

three clinical and two college student samples, the G-S-C model fit as well as or slightly better 
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than the correlated two-factor SA-C and CA-S models in a sample of patients hospitalized with 

AMI. The General factor of the G-S-C model explained 73% of total communality, which is 

within the range of 71% to 82% reported by Ward. The Somatic and Cognitive factors accounted 

for 11% and 13%, respectively, of total communality, also similar to the ranges of 6% to 11% 

(Somatic) and 8% to 14% (Cognitive) reported by Ward [14] in non-medical samples. As in 

Ward’s study, all items on the General factor had reasonably strong loadings. The items loss of 

interest, indecisiveness, and loss of pleasure had the highest loadings. The three most salient 

items on the Cognitive factor were past failure, punishment feelings, and guilty feelings, 

representing a strong theme related to self-blame. The Somatic factor was largely defined by the 

items loss of energy and fatigue, each of which loaded much more robustly than any other items. 

As reviewed by Ward [14], the G-S-C model has interpretive advantages over the SA-C 

and CA-S two-factor models. In each of the two-factor models, the factors are highly correlated 

(.80 and .72, respectively). Due to multicollinearity problems with correlations this high, the 

correlated factors could, thus, not be used simultaneously in a model to predict outcomes. In 

addition, the factors do not tend to be highly stable across samples. Steer et al. [28], for instance, 

warned that certain items in the SA-C model tend to shift dimensions across samples. In 

addition, the two-factor model implications can be misleading since many items, including 

sadness, irritability, agitation, and loss of pleasure, are not easily described as either purely 

somatic or cognitive items. The G-S-C model, on the other hand, has been shown to provide a 

stable fit that is as good or better than the two-factor models across several different samples, 

including the sample of AMI patients in this study. Furthermore, interpretation of the G-S-C is 

consistent with the use a single summary score to estimate the severity of depressive symptoms 
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as described by Beck et al. [8]. 

Among medically ill patients, including patients hospitalized with AMI, the G-S-C model 

has additional conceptual and pragmatic advantages. The Somatic factor was dominated by 

variance from items related to fatigue and loss of energy that was uncorrelated with the General 

depression factor. Both of these symptoms are commonly experienced during hospitalization for 

AMI and which may or may not be related to depression. Variance from items on the Cognitive 

factor is similarly allocated, which takes on special meaning in the context of an AMI given the 

predominance of self-blame on the Cognitive factor. Cognitive theories of depression [29] 

associate self-blame with poor adjustment. On the other hand, studies of the consequences of 

illness attributions among patients with medical illness [30], suggest that self-blame or 

attribution of consequences to one’s own behavior may be related to more positive coping and 

better subsequent outcomes [31]. These two theoretical models, however, may be addressing two 

distinct constructs, characterological and behavioral self-blame. Whereas characterological or 

personality-related self-blame would be expected to be maladaptive, behavioral self-blame may 

be a useful coping strategy after an acute medical event that provides a sense of controllability of 

the future and over one’s own health [31]. Thus, separating variance from cognitive items that is 

orthogonal to the General Depression factor may have important implications among medically 

ill patients. Pragmatically, the G-S-C model also provides a framework for testing models of 

relationships between symptoms of depression and long-term health outcomes post-AMI. By 

regressing outcomes on the General Depression factor within a structural equation modeling 

approach, possible pathways from symptoms of depression to outcomes can be modeled after 

explicitly removing variance from somatic factors that is unrelated to the General Depression 
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factor. 

One might wonder whether categorical approaches (e.g., DSM-IV diagnosis of 

depressive disorder) to classifying depression are more appropriate than dimensional approaches 

to measuring depressive symptoms (e.g., total number of symptoms, points on a rating scale, or 

continuously defined latent variable), such as the approach that was incorporated in the factor 

analytic methods of the current study, for research on prognosis. The debate over categorical 

versus dimensional approaches is long-running and will not be resolved here. A review of 

methodological issues in using categorical versus dimensional approaches by Kraemer et al. [32], 

however, is helpful for framing relevant issues. Kraemer et al. demonstrated that categorical and 

dimensional approaches are fundamentally equivalent, but have properties that make each more 

useful in different contexts. Categorical approaches are necessary in clinical research, for 

instance, to make decisions related to inclusion/exclusion or to test treatment effects. On the 

other hand, the properties of dimensional approaches typically make them much more suitable 

when the purpose of assessment is related to hypothesis testing because of issues related to 

reduced power with dichotomized assessments and error variance introduced by misclassification 

[32]. 

There are limitations that should be noted in interpreting the results of this study. 

Depressive disorders were not assessed with a standardized clinical interview, so the prevalence 

of major or minor depression in the study cohort was not known. An additional limitation in 

using this sample to develop the G-S-C model for the BDI-II in post-AMI patients is that BDI-II 

raw total scores were not associated with baseline health status variables or with 12-month all-

cause mortality. The G-S-C can potentially add to the literature on post-AMI prognosis by 
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controlling for potential bias from somatic symptoms in the measurement of depression and 

testing to see whether significant results continue to be significant after removing the potential 

confound of bias due to somatic symptom overlap. That, however, could not be demonstrated in 

this sample since depressive symptoms were not related to mortality even prior to modeling out 

variance from somatic symptom overlap. 

In summary, the G-S-C model provides a reasonably good-fitting explanation of BDI-II 

data from patients hospitalized with AMI that is as good as or better than model fit from 

alternative two-factor models. The G-S-C model has important theoretical and practical 

advantages, including the ability to model the relationship of a General Depression factor with 

important health outcomes after explicitly removing variance from somatic factors unrelated to 

the General Depression factor. 
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Table 1. Demographic and Clinical Characteristics for Total Sample and by BDI Score 

 

All Patients 

(N=477) 

Patients With 

BDI < 14 

N=370 (77.6%) 

Patients With 

 BDI ≥ 14 

N=107 (22.4%) 

Significance 

 n % n % n % P 

 

Male Sex 

White 

Married or Living as Married 

Prior Myocardial Infarction 

History of Angina 

Q-wave AMI 

Killip class > 1 

Diabetes mellitus 

Hypertension 

Hypercholesterolemia 

History of smoking 

Current smoker 

12-month all-cause mortality 

 

394 

454 

339 

96 

120 

246 

89 

74 

173 

182 

362 

200 

33 

 

82.6 

95.2 

71.1 

20.1 

25.2 

51.6 

18.7 

15.5 

36.3 

38.2 

75.9 

41.9 

6.9% 

 

315 

356 

275 

74 

82 

196 

69 

55 

131 

136 

278 

153 

6 

 

79.9 

96.2 

74.3 

20.0 

22.2 

53.0 

18.6 

14.9 

35.4 

36.8 

75.1 

41.4 

5.6% 

 

79 

98 

64 

22 

38 

50 

20 

19 

42 

46 

84 

47 

27 

 

20.1 

91.6 

59.8 

20.6 

35.5 

46.7 

18.7 

17.8 

39.3 

43.0 

78.5 

43.9 

7.3% 

 

.007 

.049 

.004 

.899 

.005 

.255 

.992 

.467 

.466 

.242 

.473 

.635 

.544 

 

 
Mean SD Mean SD Mean SD P 

 

Age (years) 

BDI- II Total Score 

 

60.1 

9.2 

 

12.2 

7.9 

 

60.2 

5.7 

 

12.2 

3.7 

 

59.6 

21.3 

 

12.3 

6.8 

 

.658 

<.001 



 

 

       BDI-II in Acute Myocardial Infarction     20 
 

 

 
 
 
 
 

 

Table 2. Summary of Results from Confirmatory Factor Analyses 

Model 

Factor 

Correlation χ2 df p CFI TLI RMSEA SRMR 

SA-C 

CA-S 

G-S-C 

G-S-C Simplified 

.80 

.72 

----- 

----- 

258.6 

296.1 

256.1 

260.4 

77 

76 

76 

77 

< .01 

< .01 

< .01 

< .01 

.92 

.90 

.92 

.92 

.96 

.96 

.96 

.96 

.07 

.08 

.07 

.07 

.08 

.08 

.07 

.07 

CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root Mean 

Square Error of Approximation; SRMR = Standardized Root Mean Square 

Residual; SA-C = Somatic/Affective – Cognitive; CA-S = Cognitive/Affective – 

Somatic; G-S-C = General – Somatic – Cognitive;
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Table 3. Standardized Factor Loadings and Communalities from the G-S-C Model. 
 

BDI Item G S C SC An h2a 

1 Sadness .69     .51 

2 Pessimism .74  .11b   .60 

3 Past Failure .60  .55   .60 

4 Loss of Pleasure .75    .29 .60 

5 Guilty Feelings .55  .51   .54 

6 Punishment Feelings .53  .56   .57 

7 Self-Dislike .71  .42 .30  .73 

8 Self-Criticalness .61  .39 .30  .55 

9 Suicidal Ideation .59  .43   .51 

10 Crying .71     .49 

11 Agitation .62     .40 

12 Loss of Interest .79    .29 .64 

13 Indecisiveness .77     .56 

14 Worthlessness .71  .29   .61 
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15 Loss of Energy .51 .62    .73 

16 Sleep Problems .53 .19    .34 

17 Irritability .57     .38 

18 Appetite .54 .25    .35 

19 Concentration .65 .24    .47 

20 Fatigue .51 .82    .78 

21 Sexual Disinterest .45     .30 

 Communality† .73 .11 .13 .01 .01  

G = General; S = Somatic; C = Cognitive; SC = Self-Criticism; An = Anhedonia; h2 = item communality. All factor loadings are 
significant at p < .05 except where noted. 
aCommunality (h2) for each factor is the proportion of total communality that is attributable to the factor. 
bFactor loading not significant (p = 10).
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Figure 1. General-Somatic-Cognitive Confirmatory Factor Model 
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