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ABSTRACT
Objective To investigate temporal trends of chronic 
kidney disease (CKD) among patients with incident aortic 
stenosis (AS) and to compare these trends with that of a 
matched control population.
Methods Using the Quebec Integrated Chronic Disease 
Surveillance System, we performed a population- based 
nested case- control study including 108 780 patients 
newly hospitalised with AS and 543 900 age- matched, 
sex- matched and fiscal year- matched patients without AS 
from 2000 to 2016 in Quebec (Canada). Three subgroups 
were considered. Dialysis subgroup had at least two 
outpatient billing codes of dialysis. The predialysis 
subgroup had at least one hospital or two billing diagnostic 
codes of CKD. The remaining individuals were included 
in the non- CKD subgroup. We estimated overall and 
sex- specific standardised annual proportions of CKD 
subgroups through direct standardisation using the 2016–
2017 age structure of the incident AS cohort. The trends 
overtime were estimated through fitting robust Poisson 
regression models. Age- specific distribution of AS and 
control population were assessed for each subgroup.
Results From 2000 to 2016, age- standardised 
proportions of patients with AS with dialysis and 
predialysis increased by 41% (99% CI 12.0% to 78.1%) 
and by 45% (99% CI 39.1% to 51.6%), respectively. 
Inversely, age- standardised proportions of dialysis and 
pre- dialysis among non- AS patients decreased by 63% 
(99% CI 55.8% to 68.7%) and by 32% (99% CI 29.9% 
to 34.6%), respectively, during the same study period. In 
patients with and without AS, age- standardised annual 
proportions of males in predialysis were significantly 
higher than females in most of the study period. Patients 
with AS on dialysis and predialysis were younger than their 
respective controls (dialysis: 29.6% vs 45.1% had ≥80 
years, predialysis: 60.8% vs 72.7% had ≥80 years).
Conclusions Over time, the proportion of patients with 
CKD increased significantly and remained consistently 
higher in incident AS individuals compared with controls. 
Our results highlight the need to investigate whether 
interventions targeting CKD risk factors may influence AS 
incidence in the future.

INTRODUCTION
Aortic stenosis (AS) is the most common 
valvular heart disease (VHD) in developed 
countries with an estimated prevalence of 

0.4% in the general population.1 The burden 
of AS is expected to rise due to the ageing of 
the population and the increased prevalence 
of cardiometabolic risk factors.2

AS is characterised by progressive fibrocal-
cific remodelling of the aortic valve leaflets 
that causes an obstruction to left ventricular 
outflow.1 In recent years, mineral imbal-
ance and bone metabolism dysregulation 
in chronic kidney disease (CKD) have been 
identified as key mechanisms in the patho-
physiology of AS.3 AS occurs 10–20 years 
earlier in patients with CKD than in the 
general population, and its progression is up 
to 10 times faster in patients treated with long- 
term hemodialysis.4 5 However, there are few 
data on the epidemiology and concomitant 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Aortic stenosis (AS) is the most common valvular 
heart disease in developed countries.

 ⇒ Mineral and bone disorders in chronic kidney dis-
ease (CKD) have been identified as key mechanisms 
involved in the pathophysiology of AS.

 ⇒ On a population level, little is known about CKD 
among people with AS, and how this has changed 
over the last decades.

WHAT THIS STUDY ADDS
 ⇒ This study is the first to provide insight into the epi-
demiology and temporal trends of AS with comorbid 
CKD at a population level.

 ⇒ Between 2000 and 2016, the proportion of patients 
with comorbid CKD increased significantly and re-
mained consistently higher in incident AS individu-
als compared with controls with no AS.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ This study shows the important relationship be-
tween AS and CKD.

 ⇒ Our results highlight the need to investigate wheth-
er interventions targeting CKD risk factors may in-
fluence AS, as this valvular heart disease has the 
potential to become a major health issue over the 
coming years.
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evolution of these two conditions, AS and CKD, and little 
is known about the burden of AS among patients who are 
not yet on maintenance dialysis.3 6

The main objectives of this study were thus: (1) to 
investigate temporal trends of comorbid CKD status 
and severity among incident AS adults from Quebec 
(Canada) between 2000 and 2016 and, (2) to compare 
the burden of comorbid CKD status and severity between 
this AS population with a matched control population. 
We hypothesised that (1) AS and comorbid CKD are 
increasingly concomitant over time, and (2) the presence 
of comorbid CKD is higher among AS population than 
in the control population, essentially because CKD has 
been identified as a risk factor for the development and 
progression of AS.

METHODS
Data sources
This population- based nested case- control study was 
conducted using the Quebec Integrated Chronic Disease 
Surveillance System (QICDSS) which links five admin-
istrative databases, starting in 1 January 1996.7 The key 
for linking data is the personal health insurance number. 
QICDSS is updated annually and contains information 
related to the management of the public health insur-
ance plans covering all healthcare services used by the 
population (medical consultations, hospitalisations, drug 
use) and information on deaths. In 2016, these data were 
available for the vast majority of the Quebec population 
which represented approximately 98% of Quebecers 
(8.2 million).8

For this study, the health insurance registry, the hospital 
discharge and the physician claims databases were used. 
The health insurance registry contains demographic and 
geographical information. Hospitalisations’ data provide 
hospital admissions (date of admission, length of stay, 
etc). Diagnosis codes were based on the International 
Classification of Diseases, ninth Revision (ICD- 9) up to 31 
March 2006 and the 10th Revision, with Canadian enhance-
ment (ICD- 10- CA) thereafter which can include 16 and 
26 diagnoses, respectively. Lastly, the physician claims 
database centralises information related to physician fee- 
for- service billings which include the most relevant ICD- 9 
diagnosis code and related service rendered.7

Study period
The study period was from fiscal years 2000–2001 (2000) 
to 2016–2017 (2016), although the QICDSS starts in 
January 1996, to allow a minimum of 4 years run- in period 
for the differentiation of prevalent and incident cases of 
AS at the beginning of the study.

Identification of AS cases and controls
From 2000 to 2016, incident cases of AS (AS cohort) were 
identified through the hospital discharge database using 
primary or secondary diagnosis in patients ≥20 years (see 
online supplemental table 1). This identification method 
was consistent with prior studies.9–11 The date on which 

patients received their first AS diagnosis (incident cases) 
was defined as the index date. To create a control cohort 
(non- AS cohort), we randomly paired patients with AS in 
a one- to- five ratios with people from the general popu-
lation of the same age (±3 years), sex, and fiscal year. 
Each control was assigned the index date of their corre-
sponding case. This allowed us to create three subgroups 
(dialysis, predialysis, and non- CKD) using CKD- related 
codes within the same 2 years prior to this index date in 
the patient with AS and his controls. Based on a previ-
ously validated algorithm (sensitivity, 93.05%; specificity, 
99.97%; positive predictive value, 94.38%; negative 
predictive value, 99.98%), all patients who had prior 
kidney transplant before the index date were excluded.12

Identification of CKD
Three subgroups were considered in the AS cohort and 
the non- AS cohort: (1) dialysis, (2) predialysis, and (3) 
non- CKD. Based on validated algorithm, the dialysis 
subgroup needed to have at least two outpatient physi-
cian billing codes ≥90 days apart associated with any 
visit or supervision for dialysis in the 2 years prior to the 
index date (codes during the index date were excluded) 
(see online supplemental table S2).13 14 The predialysis 
subgroup needed at least one hospital diagnosis code in 
any field related to CKD, or at least two physician billing 
diagnostic codes ≥30 days apart of CKD in the 2 years 
prior to the index date (codes during the index date 
were excluded) (see online supplemental table S3).15 16 
To be included in the dialysis or predialysis subgroups, 
the aforementioned case definitions needed to have at 
least one of their respective codes appearing within the 
previous year of the index date. Finally, individuals that 
did not meet the case definitions presented above were 
included in the non- CKD subgroup.

Identification of comorbidities
We used the combined comorbidity index of Charlson 
and Elixhauser to define the characteristics of the study 
population (see online supplemental table S4).17 This 
combined index includes 32 comorbidities, in which, 
for this study, Renal Disease codes and those related to AS 
were withdrawn. As for predialysis subgroup, we consid-
ered patients to have a comorbidity if there was at least 
one hospital diagnosis code recorded in any fields at the 
index date or in the 2 years prior to the index date, or two 
physician claims diagnosis codes ≥30 days apart recorded 
in the 2 years prior to the index date; with at least one of 
these claims appearing within 1 year of the index date.15

Statistical analysis
Characteristics of individuals were summarised according 
to AS status, CKD and non- CKD subgroups using numbers 
and percentages and means±SD. Statistical significance 
was estimated with the χ2 and with the Mann- Whitney 
U tests for comparison of subjects with and without AS, 
as well as for pairwise comparison of CKD subgroups 
between AS and non- AS cohort. To evaluate changes 
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in individuals’ characteristics over the study period, we 
used the Cochrane- Armitage Trend and the Jonckheere- 
Terpstra tests.

Overall and sex- specific annual proportions were calcu-
lated using the total number of individuals identified 
in each subgroup during the selected fiscal year as the 
numerator and the total number of incident AS cohort or 
matched controls as the denominator, respectively, during 
the same year. For each fiscal year, age- standardised 
proportions were calculated using the year 2016–2017 
as reference. The patient cohort was stratified by fiscal 
year (1 April to 31 March) of the index date. Relative 
mean changes of proportions over time were obtained 
by performing robust Poisson regressions with age group 
as adjustment variable. Linear relative risks were repre-
sented in the figures with a linear curve adjusted for age. 
Statistical analyses were performed using SAS V.7.1 and 
a two- sided p value of <0.01 was considered significant.

RESULTS
Between 2000 and 2016, we identified 108 780 patients 
with incident AS (mean age 76.4±11.7 years, 51.8% 
females). Among this AS cohort, 28 012 (25.8%) patients 
with CKD were identified including: 1203 (1.1%) on 
dialysis and 26 809 (24.6%) in predialysis (table 1). The 
non- AS control group was composed of 543 900 age- 
matched, sex- matched and fiscal year- matched patients 
(mean age 76.2±11.9 years, 51.8% females). In this 
non- AS cohort, 46 249 (8.5%) patients with CKD were 
identified including: 2113 (0.4%) on dialysis, 44 136 
(8.1%) in predialysis.

Characteristics of AS and control populations
In 2000 and 2016, hypertension (HTN) and cardiac 
arrhythmias were the most common comorbidities 
among AS and non- AS cohorts (table 2). In 2000, 
patients with AS with dialysis were more likely to be diag-
nosed with HTN and VHD (other than AS) than patients 
without AS with dialysis AS, while in 2016, they were more 
likely to be diagnosed with HTN, diabetes, and cardio-
vascular disease than their respective controls. In 2000, 
patients with AS with predialysis had significantly more 
obesity, congestive heart failure (CHF), cardiac arrhyth-
mias, and VHD, while in 2016, they had significantly 
more cardiac risk factors (HTN, diabetes and obesity) 

and cardiovascular disease compared with their respec-
tive predialysis non- AS controls. There was no signifi-
cant difference in the combined comorbidity index of 
Charlson- Elixhauser score between AS and non- AS dial-
ysis subgroups over the study period. In contrast, patients 
with AS with predialysis had a significantly lower score 
compared with patients without AS with predialysis in 
2000 while this trend reversed in 2016. Between 2000 
and 2016, 72 (6.0%), 1756 (6.6%), and 11 359 (14.1%), 
underwent surgical aortic valve replacement in dial-
ysis, predialysis and patients without CKD, respectively. 
Finally, <5 (<0.2%), 112 (0.4%), and 229 (0.3%), under-
went transcatheter aortic valve implantation in dialysis, 
predialysis and patients without CKD, respectively, during 
the same study period.

Evolution of comorbidities over time
Over the study period, there was a significant increase in 
diabetes, obesity, cardiac arrhythmias and cancer for AS 
with CKD (dialysis and predialysis) while HTN, periph-
eral vascular disease, and dementia were increased in 
predialysis AS population only. Importantly, there were 
less cerebrovascular disease and CHF among AS with 
predialysis while VHD decreased for both patients with 
AS with dialysis and predialysis. In the predialysis control 
group, cardiovascular diseases decreased with time while 
cerebrovascular disease, CHF and peripheral vascular 
disorder decreased among dialysis control population. 
Finally, the changes observed in the aforementioned 
comorbidities is reflected by an increase in the combined 
comorbidity index for patients with AS with CKD while it 
decreased in the control group.

Age-standardised annual proportions of CKD
Among the incident AS population, the age- standardised 
annual proportions of dialysis patients showed a global 
mean relative increase of 41% (99% CI 12.0% to 78.1%) 
throughout the entire study period (figure 1A). In the 
non- AS population, the age- standardised annual propor-
tions of dialysis patients showed rather an overall mean 
relative decrease of 63% (99% CI 55.8% to 68.7%).

In the predialysis AS cohort, a linear increase was 
observed between 2000 and 2006, followed by inconsis-
tent variations from 2007 to the end of 2016 (figure 1B), 
ultimately leading to an overall increase of 45% (99% CI 

Table 1 Number and percentage of incident AS and respective controls cohorts according to CKD subgroups from 2000 to 
2016

  2000–2016

Cohort with incident AS Cohort without AS Total (both cohorts)

Total Dialysis Predialysis Non- CKD Total Dialysis Predialysis Non- CKD 652 680

No. of patients
(%)

108 780
(100.0)

1 203
(1.1)

26 809
(24.6)

80 768
(74.3)

543 900
(100.0)

2 113
(0.4%)

44 136
(8.1)

497 651
(91.5)

The colour shades represent the three studied groups: Dialysis, Predialysis and Non- CKD.
AS, aortic stenosis; CKD, chronic kidney disease; No., number.
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39.1% to 51.6%). In contrast, an overall mean relative 
decrease of 32% (99% CI 29.9% to 34.6%) was observed 
for the predialysis non- AS cohort during the same period.

In the AS cohort without CKD, the age- standardised 
annual proportions decreased linearly between 2000 and 
2006, followed by irregular variations thereafter to the 
end of the study period (figure 1C), which represented an 
overall mean relative decrease of 12% (99% CI 10.6% to 
13.0%). Conversely, the age- standardised annual propor-
tions of non- AS and non- CKD cohort showed a small 
mean relative increase of 4% (99% CI 3.6% to 4.3%) 
between 2000 and 2016 which was statistically significant.

Sex-specific age-standardised annual proportions of CKD
From 2000 to 2016, age- standardised annual propor-
tions of dialysis patients in both, AS and non- AS cohorts 
were similar between males and females (figure 2A). In 
the predialysis AS group, the age- standardised annual 
proportion of males was significantly higher than that 
of females for most years (figure 2B). This was also the 
case for predialysis non- AS individuals, and this was true 
throughout the study period. However, the opposite 
was observed in non- AS individuals without CKD where 
females were more frequently represented (figure 2C). 
In AS group with no CKD, the age- standardised annual 
proportions of females were significantly higher than 
males for most years.

Age-specific distribution by CKD subgroup
Globally, in dialysis AS and non- AS populations, the 
highest proportion of individuals was observed in the 
75–79 years group as shown in figure 3A. In dialysis popu-
lation, the proportion of AS individuals was lower only 
in those ≥75 years compared with controls (50.4% vs 
74.5%). Different patterns were observed for predialysis 
and non- CKD subgroups. Indeed, proportions of individ-
uals increased almost exponentially to reach the highest 
point in those ≥85 years (figure 3B,C).

DISCUSSION
In this large population- based case- control study including 
652 680 adults from Quebec (Canada), we highlighted the 
high proportion of individuals affected with CKD in the 
AS population: 26% versus 9% in the control population 
between 2000 and 2016. We also demonstrated that age- 
standardised annual proportions of AS individuals with 
CKD increased markedly, whereas it decreased in non- AS 
individuals. These findings support the concepts that: 
(1) AS and CKD are increasingly diagnosed over time, 
and (2) the burden of CKD is more important among AS 
compared with the non- AS population.

Our study specifically reported trends of AS according 
to the severity of renal disease in a large population. 
Some cohort studies have previously examined trends of 
AS but reported CKD only as a baseline characteristic. 
Badheka et al investigated individuals >60 years hospi-
talised for non- rheumatic aortic valve disorders in the 
primary discharge diagnosis in the United- States and P
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Figure 1 Age- standardised annual proportion of individuals with (A) dialysis, (B) predialysis and (C) non- CKD status, among 
patients with incident AS aged ≥20 years and controls, Province of Quebec, 2000–2001 to 2016–2017. Trends overtime were 
obtained by performing robust Poisson regressions and are represented with linear curves adjusted for age. Ninety- nine per 
cent CI were computed for relative risks (RR) and age- standardised proportions (bars). AS, aortic stenosis; CKD, chronic kidney 
disease.
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Figure 2 Sex- specific age- standardised annual proportion of individuals with (A) dialysis, (B) predialysis and, (C) non- CKD 
status, among patients with incident AS aged ≥20 years and controls according to sex, Province of Quebec, 2000–2001 to 
2016–2017. Trends overtime were obtained by performing robust Poisson regressions and are represented with linear curves 
adjusted for age. Ninety- nine per cent CI were computed for relative risks (RR) and age- standardised proportions (bars). AS, 
aortic stenosis; CKD, chronic kidney disease.
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renal failure was found among 15.4% of subjects in 2002, 
to reach 43.3% in 2012.18 Furthermore, Berry et al have 
reported renal disease in 8.1% of new incident cases of 
AS, using Scottish national inpatient databases between 
1997 and 2005.10 The lower proportion of renal disease 
in their cohort may be related to the use of more restric-
tive diagnosis codes for CKD in contrast to our broader 
definition, which included codes for hypertensive CKD, 
chronic nephrotic syndrome, renal osteodystrophy and 
dialysis. Recently, Roleder et al have reported the pres-
ence of CKD in 5.5%–7.6% of patients hospitalised for 
AS between 2006 and 2016, using Poland registry.19 
The lower proportion of patients with CKD could be 

underestimated due to the Polish regulations, where the 
reporting of coexisting diseases is not mandatory. Thus, 
although the estimates vary across studies, our results 
suggest that CKD remains a highly prevalent coexisting 
condition in the AS population.

As previously reported, the incidence of AS has 
increased by 32% between 2006 and 2018 in Quebec.20 
Explanations for this finding could be earlier recogni-
tion of AS and better access to specialist care and cardiac 
imaging for the detection of VHD.21 22 Furthermore, 
since mineral and bone disorders in CKD have been 
identified as a key contributor to the development of AS, 
the increased incidence of AS could therefore be partly 
attributable to the increasing burden of CKD.3 11 Greater 
availability of laboratory testing for the screening of CKD 
and possibly changes in billing and coding practices 
may also explain the increasing burden of AS and CKD 
in Quebec. Despite improvements in the proportions of 
comorbid CVD during the study period in both cohorts, 
HTN and diabetes, which are important risk factors for 
CKD, increased significantly and remained higher in 
AS individuals. Further studies are needed to explore 
whether preventive efforts to better control CKD risk 
factors improve the epidemiology of AS.

By using an age/sex matched control group, we further 
demonstrated that the estimated prevalence of CKD in 
Quebec has significantly decreased in the last decade. 
This secular pattern is consistent with data from the Cana-
dian population where the prevalence of CKD showed a 
slight decline between 2010 and 2014 (from 5.34% to 
4.65%).23 Furthermore, the prevalence of CKD has previ-
ously been estimated in Quebec at 4.0% between 2009 
and 2010, which is lower than our estimation for 2009 
at 10.1%.24 The difference may lie in the mean ages of 
the previous study cohorts (48.5±17.823 and 54±824 years 
compared with 76.2±11.9 years in ours). Since CKD is 
an age- related disease, its prevalence is thus expected to 
be higher in an elderly cohort like ours. Also, the use of 
diagnosis codes is known to overestimate the prevalence 
of CKD compared with laboratory measurements that 
were used in their studies.25

Finally, the age- standardised annual proportions of 
males in AS and non- AS patients with predialysis were 
significantly higher than those observed in females 
in most of the study period. These findings add to the 
existing literature that recognise sex- specific differ-
ences in diagnosis, recognition and possibly prevalence 
in CKD.26 27 Also, our results show that (1) AS individ-
uals with concomitant CKD (predialysis and dialysis) are 
younger than non- AS individuals with concomitant CKD 
and that (2) dialysis patients are younger than predial-
ysis patients in both, AS and non- AS populations. These 
results thus suggest a better survival in patients without AS 
with concomitant CKD compared with patients with AS 
with concomitant CKD. It also suggests a better survival 
in predialysis patients compared with dialysis patients, 
which is fairly understandable, as these populations have 
globally a lower rate of comorbidities. However, it is 

Figure 3 Age group distribution, among patients with 
incident AS and controls by CKD status (A) dialysis, 
(B) predialysis and (C) non- CKD aged ≥65 years, Province 
of Quebec, period from 2000 to 2001 to 2016–2017. Age 
groups 20–64 years are not shown. *Significant difference 
(p<0.01) between AS and non- AS cohorts. AS, aortic 
stenosis; CKD, chronic kidney disease.
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possible that non- AS individuals are much less identified 
with CKD than AS individuals, as a result of lower interac-
tion with the healthcare system.

Study strengths and limitations
This is a population- based case- control study reporting 
the burden of AS and CKD in a large population using 
continuously, systematically, and rigorously collected 
healthcare data.7 In addition, we were able to include 
nearly all of Quebec’s population with diagnosed AS, 
providing a view on the majority of hospitalised AS over 
a 17- year period. Finally, we included a control group 
which allowed us to better define the rising burden of 
these two increasingly common diseases at a population 
level.

This study also has limitations. First, to remain consis-
tent with prior studies,9–11 18 19 28 our AS cohort was based 
on the hospitalisations database only. This may have 
captured only sicker patients who require admission, thus 
raising the potential of detection bias. To minimise this, 
we also included secondary diagnoses, which allowed to 
include patients hospitalised for other conditions than 
AS. Also, the severity of AS is not available, nor the severity 
of the comorbidities since we do not have access to echo 
lab data or any other clinical information. Second, the 
sensitivity and specificity of our predialysis subgroups 
algorithm were not tested in our study, and we could 
not have access to laboratory data to estimate CKD stage 
specific proportion. However, we used a refined version 
of a widely used algorithm to identify specific comor-
bidity that has been validated with medical charts.15 16 
As we used validated algorithms to exclude kidney trans-
plant patients and to identify dialysis patients, we believe 
that the predialysis CKD study group was correctly identi-
fied. Also, as the prevalence of CKD in the control group 
is comparable to rates observed in other European, 
North American, and Canadian studies,29–32 this strongly 
suggests that our algorithm to identify CKD is reliable. 
Finally, because AS and CKD can be asymptomatic, there 
could be a misclassification bias that may underestimate 
the true burden. This underestimation could even be 
more exaggerated in the presence of dialysis as AS could 
be occulted unless an echocardiogram is performed. 
Nonetheless, the existence of nearly 20 years of reliable 
data and the use of uniform case definitions strength-
ened the results of this study.

CONCLUSION
Our study provided an insight into the epidemiology 
and temporal trends of AS with comorbid CKD at a 
population level. In contrast to what was observed in the 
control population without AS, individuals with AS tend 
to have more CKD diagnosed than in past decades. These 
trends likely reflect inadequate risk factor control in this 
complex population and may suggest that VHD could 
be an important complication in patients with CKD. 
Our results highlight the need to investigate whether 

interventions targeting CKD risk factors may influence 
AS. From a public health perspective, our results are also 
a first step in monitoring the burden of CKD and AS, as 
AS have the potential to become a major health issue 
over the years.
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