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Introduction

Despite the huge reductions in the incidence and mortality of Cardiovascular
Disease (CVD) particularly in developed countries [1,2], CVD still accounts for
over 30% of worldwide death, with Ischaemic Heart Disease (IHD) being the
leading cause, accounting for 16% in 2019 [1-3]. Contributors to the positive
development are likely lifestyle changes, enhanced surveillance and diagnos-
tic practices together with improved medical therapy and augmented coronary
revascularization [4,5].

Despite uniform efforts and contrary to expectations females still experience
higher IHD related mortality than males [6-8]. Factors governing this dispropor-
tion are believed to include older age at referral, more frequent presentation
with atypical symptoms, and less frequent use of evidence-based therapies
among females [8-10]. Additionally females experience poorer prognosis after
acute cardiovascular events indicating a higher cardiovascular risk profile [11].
This risk may be underestimated perhaps due to the perception that women
protected against CVD, resulting in lower rates of diagnostic angiograms and
interventional procedures as compared to men [5,12-14].

Diagnostic algorithms for suspected chronic coronary syndrome have
changed considerably with the introduction of computed tomography angiogra-
phy (CTA) as a first-line modality around 2007-2008, aiming to reduce invasive
coronary angiography (ICA) unlikely to result in revascularization. However, data
from the Western Denmark Heart Registry (WDHR) demonstrate a marked in-
crease in CTA without a corresponding increase in invasive treatments, suggest-
ing expanded indications beyond the original gatekeeping role.

Using WDHR data from 2000 to 2020, this study aimed to describe diagnostic
trends, clinical outcomes and sex related differences associated with the large
proportion of diagnostic procedures.

Materials and methods

The data were obtained from WDHR comprising information of all cardiac
diagnostic and interventional procedures performed in adult patients from the
Western Denmark. Reporting to WDHR is mandatory and initially included In-
tervascular Coronary Angiography (ICA), Percutaneous Coronary Intervention
(PCl) and cardiac surgery. CTA and Transcatheter Aortic Valve Replacement
(TAVR) was added in 2008.
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Data are registered prospectively, including detailed patient-,
risk-, procedure-, and care-related data and are integrated in
to into dally clinical practice [18]. WDHR is known for its high
accuracy and completeness ensured through systematic valida-
tion procedures [19]. All data related to this study have been
obligatory since 2006. Earlier data fields were considered zero
or negative, if no corresponding data were registered in the rel-
evant variables.

All Danish citizens have a unique Civil Personal Registra-
tion (CPR) number assigned at birth or immigration and kept
throughout life, enabling cross-linking between different health
and civil registries, ensuring feasibility to conduct large, pop-
ulation-based studies with relevant outcome follow-up on all
procedures and treatments [13,14,20].

Data handling was approved and registered by the Danish
Data Protection Agency (1-16-02-455-21). Written consent is
not required for registry-based studies according to Danish leg-
islation. The handling and use of data followed the agency’s di-
rections were fully met.

Study population

All WDHR registrations between 2000 and 2020 were con-
sidered for eligibility (Figure 1). Patients without valid CPR and
referrals for non-cardiac indication was excluded from detailed
analysis. Additional was all later procedures after the index pro-
cedure if undergoing multiple procedures to isolate and create
a cohort of first-entry procedures.

Procedure indications were grouped into major indications:
ACS, CCS, valvular heart disease, arrhythmias, cardiac insuffi-

ciency/cardiomyopathy, cardiogenic shock/cardiac arrest) and
other. If overlapping indications, the case was allocated the
most severe indication, i.e. CABG and valve allocated to the
valve group.

Some history derived factors in WDHR, including the record-
ed indication, are inherited from the previous registration in-
dependent of procedure type or treatment. Consequently, the
inherited indications may be inaccurate and in doubt changed,
based on registered ICD-10 code in registered referral formular
(Supplement 1).

Outcome parameters

The main analysis was association between diagnostication
procedures and following invasive treatment procedures i.e.
PCI, cardiac surgery and TAVR with primary focus on changes
over time and sex differences. The primary outcome was all-
cause mortality / survival after stipulated periods over the 20-
year study period.

Considering sex differences in life expectancy combined with
relatively large change in mean living time over the 20-years
study period, all patients were assigned an estimated 1- and
5-year risk of death based on actual 5-years life tables (Supple-
ment 1,) acquired from Denmark Statistics [21]). These expect-
ed 1- and 5-year mortality risk were based on year of procedure,
age, and sex, enabling analyses of the study’s actual mortality
against the background population mortality in a 1:1 ratio.

Statistical analyses

Table 1: Number of all procedures of 285,231 patients divided on type and sex. Per person is specific
procedures done per person and the fraction of done procedures divided on sex is the overall fraction

of the specific procedure. Statistics 2-way ANOVA.

No % Per person Fraction
Male 132.581 64,3% 1,534 77,1%
Invasive coronary Female 73.537 35,7% 1,382 64,9%
angiography
p-value <0.0001 <0.0001
Male 52.379 51,1% 1,126 30,5%
Computed coronary Female 50.081 48,9% 1,105 44,2%
angiography
p-value <0.0001 <0.0001
Male 63.269 72,7% 1,354 36,8%
Percutaneous coronary Female 23.802 27,3% 1,276 21,0%
intervention
p-value <0.0001 <0.0001
Male 32.867 74,1% 1,028 19,1%
Cardiac Surgery Female 11.501 25,9% 1,033 10,2%
p-value 0.030 <0.0001
Male 2.205 55,9% 1,005 1,3%
Transthoracic aortic replacement Female 1.740 44,1% 1,007 1,5%
p-value 0.281 <0.0001
Male 172.006 60,3% 2,232
All Female 113.225 39,7% 1,775
p-value <0.0001
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Patients were divided by age, sex, indication and procedure
types for the detailed statistical analyses. Categorical variables
were analysed using the x>-test, and continuous variables by
Students independent t-test and ANOVA. Kaplan—Meier surviv-
al curves were used to evaluate outcomes over time. Analyses
were performed with MedCalc® software version 23.4 (Mari-
akerke, Belgium). A probability value of <0.05 was used to de-
fine statistical significance.

Results

The selection process revealed 584,994 registered proce-
dures in 285,231 patients. The primary exclusions were 1,905
without valid ID (CPR) and 3020 non-cardiac indications, to-
gether with 299,729 not first-entry cases, isolating a cohort of
280,296 first-entry procedures analysis (Figure 1).

During the two decades the number of procedures increased
constantly from 2000 to 2017 after which was seen a minor fall
in ICA, PCl and cardiac surgery while marginal increases in TAVR
and CTA was seen in this period (Figure 2). The overall result was
a decline in invasive treatments falling from 45.5% in 2002 to
23.4 % in 2020. Concerning first entry procedures numbers in-
creased from 7,133 in 2001 to 17,623 in 2017 ending on 15,822
in 2020. Overall, an almost 2.5-fold increase in diagnostic proce-
dures compared to only a 56% increase of invasive treatments.

Females accounted for 34.1% of all entries, with a small in-
crease from 30.1% in 2002 to 35.8% in 2014 (Figure 2). Males
was submitted to substantially more procedures per person
than females with a small difference in 2000, 1.58 vs. 1.48, in-
creased to 2020 to 2.53 vs. 1.84 (Figure 3), but with great varia-
tions highest in ICA and PCI (Table 1) and further revealed lower
fractionsin all procedure types with highest 48.9% in CTA to low-
est 25.9% in cardiac surgery (Table 1; P<0.0001; x*>-test). In the
same period the invasive treatments per person declined from
0.74 and 0.59 respectively in 2000 to 0.70 and 0.28 (Figure 3).

PCI Cardiac surgery TAVR
116,045 45,677 3,968
ICA CTA
304,980 Eligible 114,324
procedures
584,960
285,231 patients

Missing CPR-ID 1,905
Not firstentry 299,729 }7 Non-cardiac 3,020

First-entry procedures
280,296

Figure 1: Screened procedures from 2000-2020 and the exclusions.
CPR=Civil personal registration; non-cardiac a mixture of research,
projects, screening without symptoms and before non-cardiac
surgery. ICA: Intravascular Coronary Angiography; CTA: Computed
Coronary Angiography; PCl: Percutaneous Coronary Intervention;
TAVR: Transcutaneous Aortic Valve Replacement.
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Figure 2: All registered procedures 2000-2020 divided on procedure
type and years together with female fraction (red line; P<0.001;

ANOVA) and

treatment fraction (black line; P<0.001, ANOVA).
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Figure 3: Procedures per person (upper panel) and treatment
within 6-month per person (lower panel) divided on sex and year.
Upper panel: Male higher numbers than female (P<0.001) and
increasing over time (P<0.001; 2-way ANOVA). Lover panel: Male
higher numbers than females (P<0.001) and decreasing over time
(P<0.001; 2-way ANOVA).
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Figure 4: Treatment within 10 years after the index procedure
divided on sex. Female fraction 68.7 vs. male fraction 46.1. or 2.04

(2.01-2.06).
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Figure 5: 30-days and 1-year mortality divided on diagnostication
only (upper panel) and treatment within 6-month (lower panel)
divided on sex and year Diagnostication only - year and sex p<0.001;
Treatment Year =0.040 and sex < 0.001; 2-way ANOVA.
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Figure 8: Actual and calculated population 10-years survival of all
first entry patients without invasive treatment (diagnostication
only) divided on diagnostication procedure. Female had better
survival in both ICA 0.71 (0.69-0.73) and CTA (0.76 (0.71-0.81). ICA
patients never reached the background population while the CTA
patients from start had a better survival than the background popu-
lation.
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Figure 6: 10-year mortality divided on treatment within 6 month/
diagnostication only and sex. Treatment female vs. male 1.42 (1.39-
1.45), diagnostication only female vs. male 0.79 (0.77-0.82).
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Figure 7: Actual and calculated population 10-years survival
of all first entry patients divided invasive treatment and sex.
Diagnostication only female had better survival after5-6 years and
males after 8-9 years Female vs. male 0.71 (0.69-0.73). Opposite
pattern was seen after early treatments where males was better
after 5-6 years and females after 8-9 years (female vs. male 1.28
(1.24-1.31). In late treatments survival was better in study patients
from start and no differences between sexes 1.03 (0.92-1.14).

Survival background population
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Supp Figure 1: Population survival divided on time periods and
gender. Survival curves based on 1-year mortality of the actual age
(15-99 years); Data from Danish Statistics. https://www.dst.dk/en/

Analysing only on the first-entry procedures the female frac-
tion was a little higher 39.7%, but lower fraction in all procedure
types, except in diagnostication only where more females was
submitted to CTA compared to men (Table 1). Diagnostication
only was more frequent in females compared to males, 69.2%
vs. 47.2% respectively.

Underlining the differences was also the fraction of invasive
treatment, showing that females was substantially less treated
especially within first week after diagnostication procedures be-
ing 31.2% vs. 17.4% on day 4 and 41.0 vs. 22.5 on day 30 after
diagnostication (Figure 4).

In the early period the short time mortality was higher in
patients not submitted to evasive treatment after ICA/CTA
than patient submitted to PCI, cardiac surgery or TAVR within
6-month (Figure 5). Overall treated females had higher mortal-
ity than males (30-days 3.69% vs. 2.78% and 1-year 7.78% vs.
6.04%) while in non-treated female mortality was lower (30-
days 1.29 vs. 2.11 and 1-year 3.87 vs. 5.87). This is enhanced
in 10-year mortality indicating rather great differences both
related to treatment within 6-month and sex (Figure 6), with
higher female mortality in treated patients 1.28(1.24-1.31). In
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contrast the female mortality was lower in non-treated groups
0.71(0.69-0.73). Comparing to the background population dem-
onstrated that males did better than the background earlier
than females in treated group, while females did better in diag-
nostication only (Figure 7).

Concerning the group diagnostication only, great differences
was found in survival when comparing sex and the background
population (Figure 8). Female had better survival in both ICA
0.71 (0.69-0.73) and CTA 0.76 (0.71-0.81). Compared to back-
ground population the differences were huge as ICA patients
never reached the background population while the CTA pa-
tients from start had a better survival than the background
population.

Discussion

We analysed periprocedural data from 584,960 cardiac pro-
cedures comprising 280,296 first-entry patients undergoing
CVD diagnostic procedures between 2000 and 2020. The main
emphasis was on differences in the management and outcome
between patients undergoing an invasive procedure with in
the first 6-month and those managed with diagnostic evalua-
tion only by Invasive Coronary Angiography (ICA) or Computed
Tomography Angiography (CTA), with a primary focus on sex
differences. Female referral more often ended after diagnostic
procedure being 69.5% compared to 47.2% in males. In agree-
ment with earlier publications, females demonstrated higher
mortality in both early and late invasive treatment [8,21,22],
but in contrary notably a higher survival than males in the non-
treated patients.

The absolute number of invasive treatments increased from
3,569 peaking in 2017 with 8,916 procedures. However, due to
a far greater escalation, especially following implementation
of CTA in 2007/2008, the fraction of invasive treatment gradu-
ally declined over the decades, from 45.5% in 2002 to 23.3% in
2019. An additional contributing factor was an increase in the
number of procedures per person, rising from 1.55 to 2.24 over-
all. This increase was more pronounced in males (from 1.56 to
2.53) than in females (from 1.48 to 1.84) (Figure 3).

Differences in procedures per person were observed for ICA,
CTA and PCl, whereas no difference was seen for TAVR and only
a marginally higher rate was observed in cardiac surgery. The
latter finding is somewhat unexpected, as the overall female
fraction undergoing surgery, is approximately close to half of
males, (10.2% vs. 19.1%, Table 1), a pattern that nevertheless
aligns with previous studies focusing on specific cardiac surgical
procedures [13,14,22].

In Denmark, females account for 39% and males for 61% of
IHD patients [21,23], closely matching the 39.7% and 60.3%
representation among the 280,296 first-time entries in this
study from WDHR. As females only accounted for 34.1% of all
WDHR registrations, reflecting the impact of differences in the
number of procedures per person. Only 30.8% of females com-
pared with 52.8% of males were submitted to invasive treat-
ment procedures; consequently, females accounted for 25.5%
and males for 74.5% of all invasive treatments—a disparity that
is not readily explained.

In recent years, females have contributed 43.9% of consul-
tations in primary care, marginally exceeding their IHD preva-
lence, suggesting equitable conservative referral practices in
the primary sector. Consequently, the underrepresentation of

females appears to arise within hospital care after diagnostic
evaluation. The lower invasive treatment activity in females
may partly originates from comparatively more healthy females
being referred for diagnostic procedures, evaluated by the fact
that non-treated females showing better survival than both
men and female background population, especially after CTA
(Figure 8).

In contrast to patients diagnosed by Invasive Coronary An-
giography (ICA), patients evaluated by Computed Tomography
Angiography (CTA) demonstrated markedly better survival than
the background population in both sexes. This survival differ-
ence between the ICA- and CTA-diagnosed patient groups
agrees with earlier studies in patients with chronic coronary
syndrome, suggesting that a substantial proportion of patients
without evident or treatable coronary disease are referred for
CTA evaluation [24].

There has been concern that the rapidly increasing use of
CTA might lead to higher numbers of ICA or even Percutaneous
Coronary Intervention (PCl) procedures due to false-positive
CTA findings [25-27]. However, this does not appear to be the
case, as the number of ICA procedures has gradually declined
over the past decade, despite an overall increase in invasive
treatment activity.

Divergent to invasive treatment groups, non-treated fe-
males showed better survival than males (Figure 6). Regarding
the mortality in invasive treatment both 30-days and 1 year
has increased marginally during the period, especially due to
increased number of ACS and TAVR in higher age patients. In
contrast the mortality has decreased substantially likely due to
the increased number of diagnostication not resulting in inva-
sive treatment. The findings are supplemented by comparisons
with the background population, demonstrating that invasive
treated patients present hirst of all higher mortality than non-
treated, but also do relatively worse compared to background
population (Figure 7).

Despite a greater decline, even higher than males, in CVD-re-
lated mortality during the last decades, females still encounter
a higher mortality [6-8]. This disparity is believed to be caused
by factors such as older age, more comorbidities and risk fac-
tors, a greater incidence of procedural complications, and less
frequent use of evidence-based invasive therapy [8,9,28,29].

Strengths and limitations

A key advantage of this study is its large, representative co-
hort from the WDHR with almost 585,000 registered entries of
which 280. 296 first-entry patients was obtained. The number
augments the analysing and trustworthiness of the findings.
The essential strengths are the mandatory and obligatory na-
ture of the data which predominately are registered and report-
ed prospectively from a well-defined uptake area into a shared
mandatory database used by all relevant institutions. The large
cohort with detailed in-hospital outcome and complete mortal-
ity follow-up on all patients undergoing invasive cardiologic and
cardiac surgery procedures for more than 2 decades allows ro-
bust estimations of patients, results, and adverse events.

Nonetheless, the study caries inherent limitations and espe-
cially the non-randomized nature may cover additional effects
of missing covariates and potentially increase confounding.
Further, the observational bearing might introduce biases and
muddling factors. Although, the public free health care system
with uniform structure and treatment practices reduce variabil-
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ity, but the long study period poses challenges from possible
changes in clinical procedures. Finally, the large number makes
even small differences statistically significant enhancing that
data shown an association and not cause or reason for conclu-
sions.

Conclusion

Despite referred to diagnostic cardiac procedures, in accord-
ance with the prevalence of cardiovascular disease, they ob-
tain substantially lower number of cardiac diagnostication and
treatment procedures, both in absolute number and number
per person compared to males. Despite improvement in recent
decades the still presents a substantially higher mortality after
PCl and cardiac surgery as well. In contrary, females only facing
diagnostication showed significantly better survival than males,
both study related and compared to the background popula-
tion.

Abbreviations: ACS: Acute coronary syndrome; CABG:
Coronary arterial bypass grafting; CCS: Chronic coronary
syndrome; CTA: Computed Tomography Angiography; CPR: Civil
Personal Registration; CVD: Cardiovascular Disease; ICA: Invasive
Coronary Angiography; ICD-10: International Classification
of Diseases, 10" revision; IHD: Ischaemic Heart Disease; PCl:
Percutaneous Coronary Intervention; TAVR: Transcatheter
Aortic Valve Replacement; WDHR: Western Denmark Heart
Registry.
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