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ABSTRACT

Introduction: Somatoform and psychosomatic disorders have long been associated with cardiovascu-
lar disease. We examined in a 16-year population the full range of mental, biomedical, and biophysical, 
temporal hyper-morbidity associated with cardiovascular system diseases. The analysis introduces a novel 
approach to big-data representation in terms of presenting across dependent groupings the frequency 
that diagnoses are made within individuals for the full range of independent diagnoses.

Methods: The study employed a 16-year population sample of, the diagnoses of 768 460 individuals 
(54% female), to examine the full range of international classification of disease diagnoses associated 
with cardiovascular disease employing odds ratios and proportions to compare within and between 
groups and temporal differences for the full range of international classification of disease diagnoses 
for each sex.

Results: Overall and temporal differences were observed across age within both the main classes and the 
full range of international classification of disease diagnoses for each sex. Comparing the groups with and 
without cardiovascular disease, the diagnosis frequency ratios of biomedical and biophysical morbidity 
associated with mental disorders preceding cardiovascular disease at younger ages were greater than 
the ratio of biomedical and biophysical morbidity without mental disorders preceding cardiovascular 
disease.

Conclusions: The integration into psychiatric and general education and practice of the consideration 
of a psychosomatic or somatoform diagnosis, especially in relation to circulatory diseases, also requires 
examination of the full range of associated biomedical and biophysical diagnoses, as well as the history of 
the temporal order of biomedical and biophysical disease manifestation within the presenting individual 
that references population norms.
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INTRODUCTION

Circulatory and cardiac diseases remain a primary concern for society 
as chronic diseases1 and perioperative consequences.2,3 True cardiac 
emergency visits are often obfuscated by psychosomatic presenta-
tions, such as anxiety.1,4 Psychosomatic illness has had varying defi-
nitions over its evolution as a diagnostic category and is generally 
defined as a physical manifestation of psychological and emotional 
stress.5-9 Psychosomatic illness is a diagnosable category within the 
International Classification of Disease version 9 (ICD-9) with a long-
standing association with cardiac disease.10-12 As well, the mental 
disorder has been identified as a predictor of circulatory and cardiac 
diseases.2,4,13 Physiological malfunction arising from mental factors 
(ICD code 306) and includes a cardiovascular subtype (ICD code 
306.2) and otherwise are identified in the Diagnostic and Statistical 
Manuel of Mental Disorders Fifth Edition, Text Revision (DSM-5-TR) 
as somatoform disorders. Psychosomatic symptom assessment has 
been studied in noncardiac,14 suspected,14 and diagnosed cardiac 
disease.15 The association within the category of diagnosed car-
diac disease extends to the point of examining potential biomark-
ers.16 The heart is a particular focus of psychosomatic symptom 
manifestation.4,17,18

Most studies generally examine the concurrent morbidity of car-
diovascular system-associated psychosomatic disorders (CVD) and 
tend to analyze the joint presentation of either one or the other, 
or both, without taking into account temporal hyper-morbidity, an 
emerging field of study.19 Comorbidity and multimorbidity are well 
described,4,17,18 wherein hyper-morbidity represents the occurrence 
of a diagnosis in a proportion greater than chance alone. Temporal 
hyper-morbidity considers time, specifically in this article, the full 
range of past, present, and future index (first) diagnoses of cardi​
ovasc​ular-​assoc​iated​ disorders within the study sample. As this 
article is among the first descriptions of cardi​ovasc​ular-​assoc​iated​ 
disorder temporal hyper-morbidity in a population, the compara-
tive upper limits of associated disorders and diseases are not yet 
described. This article goes beyond a comparison of psychosomatic 
disorders alone or specific chronic diseases, such as diabetes, by 
employing a 16-year population-based sample. The results focus on 
the full ICD-9 range of diagnoses to describe the temporal hyper-
morbidity19 (e.g., over-represented past, present, and future disor-
ders) associated with diseases of the circulatory system (ICD-9 codes 
390-459). Additionally, the age-specific temporal hyper-morbidity 
associated with index mental disorders (ICD-9 codes 290-319; MD) 
and cardiovascular disease is described. It was hypothesized that 
age-specific index cardiovascular system hyper-morbidity would be 
greater compared to those without cardiovascular system disease. 
Further, mental disorder-associated cardiovascular temporal hyper-
morbidity would be greater than the cardiovascular temporal hyper-
morbidity of those without mental disorders.

MATERIAL AND METHODS

Ethics
The study was approved by the regional ethics board (Ethics ID: 
REB15-1057_REN7). 

Sample
Using a 16-year population sampling frame, the records of 768 460 
individuals (54% female) were selected from the regional health ser-
vice registry in the Calgary health zone (Calgary, Alberta, Canada) 
representing physician diagnoses (84 217 057; 57% female) from the 

years 1993 to 2010 of any presenting concern. Each ICD-9 diagno-
sis was tied to patient visit dates. There were 11 629 454 visits (e.g., 
billings for prescriptions, laboratory tests, and procedures) without a 
formal ICD-9 diagnosis. The anonymous dataset included ICD-9 diag-
noses, visit dates, age at visit, and sex. The sampling frame employed 
to develop the sample was designed to saturate the power of the 
available data. An initial data cube (n = ~150 000) of those admit-
ted to all regional, tertiary, inpatient, emergency, and ambulatory, 
publicly funded, mental health services were matched on sex and 
age (range 0-108 years) of the index visit. For every data point in the 
initial data cube, 9 matching data points were requested. Only about 
7 matched records were delivered indicating saturation of power 
within the large dataset (physician billing data), indicating that all 
available help-seeking individuals from the catchment from 1993 
to 2010 were included in the analyzed data. In other words, all indi-
viduals during the study period were included, except those who did 
not seek health services or visit a physician for whatever reason (e.g., 
healthy, deceased, migrated, etc.).

Process of Real-World Data Aggregation
Each patient could visit their physician multiple times; hence, the 
total frequency of any diagnosis could be calculated for each patient. 
The physician billing records included all physician billings submit-
ted, which could be for physician office visits, visits billed to ambu-
latory clinics, or diagnoses made for patients visiting emergency 
services or admitted to the hospital. The specific ambulatory and 
inpatient billings were not parsed in this analysis for simplicity and to 
provide a complete accounting for patients' diagnoses over 16 years. 

Data Grouping
The data were collapsed into 4 groups for each sex representing the 
dependent variables: presence (+) or absence (−) of cardiovascular 
disease (CD) and additionally those with (+) and without (−) an MD). 
The independent variables consisted of each of the ICD diagnostic 
groupings and the full range of ICD-associated diagnoses (~992 
diagnoses, V codes, missing diagnoses, and procedures). 

Analysis
The sample was described, with results presented in tables and 
graphs. The tables describe the age distributions and total diagno-
ses within groups (Table 1) for each sex and the counts of unique 
individuals within groups as well as the average number, mean, and 

Table 1.  Means and Standard Deviations of Age with Total Diagnoses 
Within Groups

Group Statistic Female Male
−CD −MD Mean age 26.07 23.56

SD age 16.85 17.53
Total diagnoses 5 531 538 4 980 324

+CD −MD Mean age 54.94 53.39
SD age 21.23 20.46
Total diagnoses 4 870 958 4 037 991

−CD +MD Mean age 31.71 28.14
SD age 14.74 17.13
Total diagnoses 15 987 602 7 913 308

+CD +MD Mean age 54.08 55.56
SD age 19.81 19.16
Total diagnoses 35 202 896 17 321 894

CD, cardiovascular disease; MD, mental disorder; SD, standard deviation; 
present (+); absent (−).
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standard deviations (SD) of diagnoses for individuals within each 
group for both sexes (Table 2).

The dependent variable was expressed as a novel adaptation of 
the odds ratio (OR) in relation to the average frequency of all ICD 
disorders (independent variable) per individual within groups 
with and without the dependent variable CD and with or without 
the dependent variable any mental disorder (MD) stratified on 
age. The within-group quotients were represented in terms of the 
numerators (frequency of diagnoses) and denominators (count 
of unique individuals within each dependent group for each 
diagnosis):
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Groups with and without CD and with and without any MDs were 
compared. The ratio in each comparison was the ratio of the quo-
tients of each diagnosis n grouping of the dependent variables. The 
ratio numerator for each diagnosis was the quotient of those with 
CD with and without any MD expressed as a proportion denomi-
nated by the corresponding quotient of those without CD and/or 
without any MD:
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Ratio of diagnosis, n = [(quotient n with CVD ± MD)/(quotient n with-
out CVD or MD)], where n ranged from diagnosis 1 to 992.

Only diagnoses where respective diagnoses for each of the depen-
dent groups were represented (e.g., >1 diagnosis within the 
dependent group) were depicted graphically. Of note, some diag-
noses were not represented in either group (discussed in Limitations 
section). 

Graphically depicted in Figure 1 are the calculated age-specific ratios 
for all ICD-9 diagnoses (independent variables) divided by the age-
specific unique individual sample sizes. Overall hyper-morbidity by 
age was indicated when the ratio comparing groups within each 
diagnosis was greater than the value one. 

Additionally, the temporal hyper-morbidity of ICD diagnoses aris-
ing before and after CD with MD was illustrated in Figure 2. These 
ratios were calculated to show the ratios of the cumulative age-spe-
cific prevalence of any biomedical/biophysical or MD arising either 
before or after the index diagnosis of any CD. Cases, where the diag-
noses were assigned on the same day, fell into the “after” category 
for ease of representation.

The data were analyzed employing STATA and represented graphi-
cally using Microsoft Excel and Mathematica. 

RESULTS

Table 1 shows the means and SD of age with total diagnoses for 
each group. Note that those without cardiovascular disease (−CD) or 
mental disorder (−MD) and those with a mental disorder (+MD) and 
no cardiovascular disease (−CD) are younger. Those with cardiovas-
cular disease (+CD) with (+) or without (−) mental disorders (MD) are 
older for both males and females. 

The total number of diagnoses within each group does not include 
either MD or CD in the tally and represents the ICD-9 diagnoses rep-
resenting biomedical and biophysical diseases and disorders associ-
ated with the grouping of either MD or CD. 

Table 2 shows the counts of unique individuals together with the 
means, SDs, and ranges of diagnoses for individuals within each 
group. Note that for both sexes, those in the group with both mental 
disorder (+MD) and cardiovascular disease (+CD) have the highest 
mean number of diagnoses per individual and higher ranges com-
pared to those in the groups without any mental disorder (−MD) and 
cardiovascular disease (−CD) or mental disorder (+MD) without car-
diovascular disease (−CD).

As in Tables 1 and 2, the total number of diagnoses within each 
group does not include either MD or CD in the tally and represents 
the ICD-9 diagnoses representing biomedical and biophysical dis-
eases and disorders associated with the grouping of either MD or 
CD. On this basis, the groups are directly comparable in terms of their 
overall hyper-morbidity. Morbidity, that is, the presence of associ-
ated diagnoses arising among those with either mental disorder 
(+MD) or cardiovascular diseases (+CD), or both (+CD+MD) is higher 
than those without either. Hyper-morbidity is highest among those 
with both mental disorder (+MD) and cardiovascular diseases (+CD).

Figure 1 represents the ratio of the frequency of each diagnosis 
among the groups of those with and without cardiovascular disor-
ders across all ages. All ICD-9 disorders represented in both groups 
are represented in the graph. In Figure 1, peaks below the value 1 
indicate the diagnoses where the proportional frequency ratio of 
those with and without CD was less in the group with CD. Values 
greater than 1 indicate the diagnoses where the proportional fre-
quency ratio of those with and without CD was greater in the group 
with CD. Note that the plateaus at the top of each graph peak at the 
value 6 wherein the frequency (intensity) of the underpinning age-
specific diagnoses of each plateau were higher than the value 6.

Figure 2 shows, in comparison for males and females, the propor-
tions of the total number of all age-specific diagnoses and age-
specific MDs denominated by age-specific sample size arising before 
and after the index cardiovascular diagnosis within those having a 
CD diagnosis. The ratio within each before and after group compares 

Table 2.  Count of Individuals, Means, Standard Deviations, and Ranges of 
Diagnoses Within Groups

Sex Group
Unique 

Individuals Mean SD Min* Max*
Males −CD −MD 132 278 37.65 43.47 1 977

 +CD −MD 40 986 98.52 99.96 1 2632
−CD +MD 94 363 83.86 87.51 1 2694
 +CD +MD 84 507 204.98 190.19 2 4343

Females −CD −MD 111 009 49.83 52.33 1 1052
−CD +MD 126 642 126.24 106.83 1 3243
 +CD −MD 38 609 126.16 107.76 1 2432
 +CD +MD 140 066 251.33 190.86 2 3558

CD, cardiovascular disease; MD, mental disorder; SD, standard deviation; 
present (+); absent (−).
*Minimum/maximum range of diagnoses.
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the proportion of the total frequency of all diagnoses and the total 
frequency of MDs for each underlying age-specific sample under the 
conditions of [before/after] the index CD diagnosis. As may be seen 
in Figure 2, from the ratios for both males and females of the 0-50 and 
51-75 groupings and most ages over 87 years in the 76- to 95-year-
old group, MDs (darker traces) tend to precede the index diagno-
sis of any CD compared to all disorders (lighter traces). For both 
younger males and females, where the ratio is less than the value 
of 1, the CD tends to precede the index date of MD (dark traces) and 
the index date for all diagnoses (light traces). With increasing age, as 
might be expected, the reverse is the case, with the ratio increasing 
well beyond the value of 1 with age for both sexes.

DISCUSSION

The analysis of the temporal hyper-morbidity of mental and circula-
tory disease indicates that complex morbidity both before and after 
circulatory diseases with and without any MD in attendance is worthy 
of examination. The present results show that it is important to con-
sider the frequency (intensity) with which any diagnosis is assigned 
with respect to the dependent groupings of interest. This analytical 
approach provides an index of disease severity when comparing 
groups, whereas the simple counts of unique individuals inherent in 

the traditional OR calculation do not. Further, when the cumulative 
frequency counts of all diagnoses are represented within ratios for 
groupings of the dependent variables comparing ratios calculated 
for groupings arising before and after cardiovascular diagnoses, it is 
apparent that there is a lifespan effect of MD on all CD-related multi-
morbidity for both sexes.

The present findings are a signpost pointing to the need to investi-
gate the underpinning mechanisms. For example, other studies of 
cancers20 and ulcerative colitis21 employing the same dataset have 
pointed to the potential long-term adverse effects of neuroleptics. 
Together with the present study, this body of work illustrates the 
complex yet poorly understood relationships between MDs and 
the full range of biomedical and biophysical diseases. The associa-
tions that appear when examined in a population indicate a wide 
range of morbidities (ICD diseases) that extend well beyond the cur-
rent concept of discrete psychosomatic or somatoform categories 
(Figure 1). Relating such biomedical and biophysical symptoms to 
a circumscribed range of mental problems in systems such as the 
cardiovascular system is outdated and inaccurate, given the results 
of this population-based study. While there are well-established 
causes of some forms of cardiovascular morbidity, such as smok-
ing, substance dependence, sedentary behavior, etc., the results of 

Figure  1.  Ratio of the frequency of diagnoses for those with and without cardiovascular disease of each age-specific ICD diagnosis 
proportion (age-specific frequency denominated by age-specific sample size) for females (upper) and males (lower). ICD, International 
Classification of Disease.
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the present approach to analysis hold the potential to identify other 
putative pathways for deeper examination.

The challenge is medical practitioners’ conceptualization of dis-
crete categories of psychosomatic illness with respect to CD. For 
the majority, physician-diagnosed MD precedes the index physician 
diagnosis of CD. It may be that CD within vulnerable populations, 
like that of cancers20 and ulcerative colitis,21 may be related to long-
term unstudied adverse effects of neuroleptics via disruption of cell-
cell communication wherever a binding receptor is encountered 
in the body. For example, studies of ulcerative colitis support the 
notion that alterations in serotonin metabolism in the bowel may be 
linked to the use of neuroleptics, such as those commonly used to 
treat anxiety and depression.22-24

Limitations
Individuals can be in the dataset for a maximum of 16 years so they 
can be counted across more than one specific age. Hence, there are 
other ways to examine the data. However, a recent analysis compar-
ing a prospective cohort within this dataset and the same grouping 
across the whole dataset25 has shown that this potential bias does 
not unduly influence the observed rates of multimorbidity for each 
analytical approach. Furthermore, the data only includes the date on 
which any diagnosis was recorded in the physician billing database 
and did not indicate how long a patient had a disease before the 
date of coding. 

Further, the diseases arising in one dependent group and not in 
another could not be represented graphically without introducing 
the bias inherent in substituting some value, such as one, where 
a zero naturally occurred. Therefore, these diagnoses were not 
included in the analysis or described, being a subject for an inde-
pendent analysis. While conclusions may be drawn from the ratios 
of occurrence of any independent diagnosis in 2 dependent groups, 
not enough is known to warrant any discussion about the protection 
or risk conferred or associated with the presence or absence of any 
diagnosis in only one group without representation in another cor-
responding group (~100 diagnoses across the dependent groups). 
Additionally, the relatively rare forms of congenital CD were not 
included in the main definition of the dependent CD category.

The ICD definitions employed were based on the use of ICD-9 defi-
nitions up to 2010, the last year of the analyzed physician billing 
dataset. The ICD code definitions vary somewhat from edition to edi-
tion, which may limit some aspects of interpretation. In the present 
study, only ICD-9 diagnoses (published before 2010 and after 1993) 
were reported in the physician billing data and employed to derive 
the study results. The ICD-11 (published in May 2021) is the current 
standard for reporting diagnoses. Were the updated ICD-11 version 
have been employed as the instrument for classifying diagnoses 
between 1993 and 2010, the results might well be somewhat differ-
ent. Nevertheless, the algorithms and methods employed to obtain 
the results from the 1993 to 2010 dataset could be applied to more 

Figure 2.  Temporal hyper-morbidity for males (upper) and females (lower) by 3 age groupings.
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contemporary ICD-11 data and diagnostic population-based data 
from other countries to evaluate the stability, reliability, validity, and, 
ultimately the clinical utility of the findings. Importantly, research 
examining DSM-5 and ICD-11 somatoform disorders as early as 2007 
concludes the following:

"The insufficient criterion and predictive validity of the pres-
ent somatoform classification underlines the need to revise 
the diagnostic criteria. However, an abolishment of the 
whole category of somatoform disorders would ignore the 
substantial convergent and divergent validity of the current 
classification and would exclude patients with somatoform 
symptoms from the current health care system. A care-
ful revision of the current somatoform disorder diagnoses, 
based on positive criteria of psychological, biological and 
social features, has the potential to substantially improve the 
reproducibility and clinical utility of the existing classifica-
tion system."26

CONCLUSIONS

Studies of the clinical impact of psychosomatic or somatoform 
mental illness and especially those focusing on circulatory dis-
eases need to consider the full range of diagnoses and the tempo-
ral order of associated disease manifestation within the individual. 
Psychosomatic or somatoform presentations, as defined in the ICD-9 
codes, are represented in the range of MDs (ICD-9 codes 290-319) 
analyzed but are not specifically highlighted. Rather, this article 
points to the need to examine the full range of biomedical and MDs, 
in addition to the narrower bandwidth of psychosomatic or somato-
form presentations, when it comes to an understanding of the actual 
morbidity associated with CD, which goes far beyond the boundar-
ies of diagnosed psychosomatic illness. 

Once established within relevant cultures, the population-based 
reference estimates of the occurrence frequency of specific diseases 
or disorders may serve to guide clinical decision-making to deter-
mine whether an individual is above or below the norm in terms 
of any apparent disease manifestation. As a result, a different and 
perhaps more precise understanding of psychosomatic disease may 
emerge over time with fewer false positives or negatives.

Future research in the area of complex temporal hyper-morbidity19 
exemplified in this article will depend on the advancement of stan-
dardized algorithms underpinning the analysis of the temporal order 
of diseases and disorders that arise within individuals. The papers 
examining cancer,20 ulcerative colitis,21 and preventable diseases27 
illustrate the importance of physician-assigned diagnoses. Hopefully 
and ideally, future cardiovascular research will integrate diagnosis 
with genomics, transcriptomics, proteomics, and metabolomics.28 
The art of diagnosis remains a central signpost guiding treatment 
and a cornerstone of what will ultimately become molecular-based, 
person-centered medicine.

The importance of this article is illustrated by the recent actions of the 
World Psychiatry Association, which formed a Comorbidity Section 
in 2020 to address the observed degree of temporal hyper-morbidity 
of biomedical and biophysical morbidity29,30 that transcends the tra-
ditional DSM and ICD conceptualization of somatoform and psycho-
somatic disorders. The formation of this section was, in part, a result 
of papers published related to the present study (e.g., same sample), 
which also call for a shift in the paradigms of psychiatric practice in 

terms of conceptualization, assessment, treatment, follow-up, and 
liaison with other divisions of medicine,20,21,25,26as well as forming the 
basis of population health assessment.31
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