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ABSTRACT 

Background: The aging of the general population is expected to lead to increases in multimorbidity and 

dementia. The intersection of age, dementia and multimorbidity poses potential challenges for the 

sustainability of health systems worldwide.

Objective: We sought to examine how age, dementia and multimorbidity jointly associate with health 

care costs.

Methods: We did a retrospective population-based cohort study in Alberta, Canada with 827,947 adults 

aged ≥65 years between April 2003 and March 2017. We identified comorbidities using 30 validated 

algorithms applied to administrative health data and assessed costs associated with hospitalization, 

provider billing, ambulatory care, medications, and long-term care (LTC). 

Results: Dementia was associated with higher mean annual total costs and all individual mean 

component costs. Similarly increasing number of morbidities was associated with higher mean total 

costs and the component costs. Increasing age was associated with higher total costs for people with 

and without dementia, driven by increasing LTC costs. However, there were no consistent trends 

between age and non-LTC costs among people with dementia. When costs attributable to LTC were 

excluded, there was evidence that older age was associated with lower costs for hospitalization, 

medications, and ambulatory care among people with dementia.

Interpertation: Multimorbidity, older age and dementia were all associated with increased use of long-

term care and thus health care costs, but some costs among people with dementia decreased at older 

ages. These findings illustrate the complexity of projecting the economic consequences of the aging 

population, which must account for the interplay between multimorbidity and dementia.
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INTRODUCTION

The presence of multiple chronic conditions is termed multimorbidity1, and is associated with worse 

clinical outcomes compared to good health or to the presence of a single chronic condition.2-5 Dementia 

is an important contributor to multimorbidity, and in fact, factors that contribute to multimorbidity 

(such as vascular disease) can also cause dementia. Like multimorbidity, the prevalence of dementia 

increases in parallel with age. Therefore, the aging of the general population is expected to lead to 

further increases in the burden of both multimorbidity and dementia. Since both dementia and 

multimorbidity are independently associated with increased health care costs and an increased 

likelihood of requiring long-term care (LTC),6,7 the intersection of age, dementia and multimorbidity 

poses potential challenges for the sustainability of health systems worldwide.8 Given the potential for 

overlap and statistical interactions between these various exposures, there is potential for bias if 

individual associations are used to examine associations with cost. Rather, an approach which 

simultaneously considers the joint associations between these exposures and healthcare costs is 

preferable.

We used a large population-based dataset of all 827,947 people aged 65 years or greater and living in a 

defined geographical area to characterize the frequency of dementia and 29 other common chronic 

conditions. We examined the joint associations between age, dementia, and burden of morbidity with 

total healthcare costs, comprised of costs related to hospitalization, provider billing, use of ambulatory 

or emergency care, medications, and long-term care (defined as care and services for those who cannot 

live independently or who require onsite nursing care, 24-hour supervision, or personal support).9 Our 

goal was to advance the available literature by considering joint associations rather than pairwise 

associations between these three key exposures and total healthcare costs.
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METHODS

We reported this retrospective population-based cohort study according to the STROBE guidelines.10 

The institutional review boards at the Universities of Alberta (Pro00053469) and Calgary (REB16-1575) 

approved this study and waived the requirement for participants to provide consent due to the large 

sample size. Data were de-identified.

 

Data sources and cohort

We used the Alberta Kidney Disease Network (AKDN) database, which incorporates data from Alberta 

Health (AH; the provincial health ministry) such as provider claims, hospitalizations and ambulatory care 

utilization; Alberta laboratory data, and Alberta Blue Cross prescription data.11 All people registered with 

AH were included in the database; all Alberta residents are eligible for insurance coverage by AH and 

>99% participate in coverage. We linked postal codes for the last known residential address of each 

participant to Statistics Canada’s Postal Code Conversion File Plus (www.statcan.ca) to obtain 

rural/urban status and neighbourhood (postal code) income quintiles for each relevant fiscal year. We 

used the database to assemble a cohort of adults aged ≥65 years who resided in Alberta, Canada 

between April 2003 and March 2017. We followed participants from April 2003, their 65th birthday, or 

registration with AH (whichever was later) until March 2017, death, or migration out of the province.

Comorbidities

We used a previously published list of validated algorithms for 29 chronic conditions that could be 

applied to claims data and had positive predictive values ≥70%12: alcohol misuse, asthma, atrial 

fibrillation, lymphoma, non-metastatic cancer (breast, cervical, colorectal, pulmonary, and prostate), 

metastatic cancer, chronic heart failure, chronic pain, chronic obstructive pulmonary disease, chronic 

hepatitis B, cirrhosis, severe constipation, dementia, depression, diabetes, epilepsy, hypertension, 
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hypothyroidism, inflammatory bowel disease, irritable bowel syndrome, multiple sclerosis, myocardial 

infarction, Parkinson’s disease, peptic ulcer disease, peripheral vascular disease, psoriasis, rheumatoid 

arthritis, schizophrenia, and stroke or transient ischemic attack. Dementia was one of the 29 conditions 

and was defined by the presence of 1 hospitalization or 2 physician claims within 2 years (ICD-9 290, 

294·1, 331·2 or ICD-10 F00-F03, F05·1, G30, G31·1).13 A validated algorithm for gout14 was included in 

the set of comorbidities. We also considered chronic kidney disease (CKD) as a 31st condition that was 

defined by any of the following: mean annual estimated glomerular filtration rate (eGFR) <60 

mL/min*1·73m2; a median annual presence of albuminuria (albumin:creatinine ratio ≥30 mg/g, 

protein:creatinine ratio ≥150 mg/g or dipstick proteinuria ≥ trace); two outpatient physician claims for 

dialysis; or, one hospitalization or one outpatient claim for kidney transplantation. We classified each 

participant with respect to the presence or absence of dementia and the 30 other chronic conditions for 

each fiscal year.15 If a participant developed a condition within a fiscal year or at any point previously 

(lookback extended as far as April 1994 where records were available), we classified him/her as having 

the condition. Detailed methods for classifying morbidity status and the specific algorithms used are 

found elsewhere.12 

Costs and long-term care

The primary outcome was mean annual total health care costs; the cost components were 

hospitalization, provider visits (primary care or specialists), ambulatory care (including emergency 

department (ED) visits), medications, and long-term care. For all hospitalizations and ambulatory care 

classification system (ACCS) charges between fiscal years 2004 and 2017, we used the Canadian Institute 

for Health Information’s resource intensive weights (RIW) from the administrative data and Alberta’s 

cost of a standard hospital stay (CSHS).16 We used grouper codes for ACCS charges from fiscal years 2004 

to 2010, and RIW and CSHS for the years thereafter. Costs for provider visits (inpatient and outpatient) 
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were the actual amounts charged to Alberta Health Services or for physicians on the alternative 

payment program we based costs on the mean amounts charged by the other physicians. Medication 

costs were those listed with Alberta Blue Cross. We also measured time residing in long-term care home 

(e.g., nursing homes, auxiliary hospitals) and estimated costs based on the average daily cost ($218.16 

CAD; from Alberta Health) of all such homes in Alberta (individual level data on the type of long-term 

care was not available). We classified participants as residing in long-term care if they were discharged 

to a long-term care home after hospitalization, or if we identified two provider claims at least 30 days 

apart for services provided in a long-term care home; we deemed long-term care to have begun on the 

earlier of the date of discharge and the date of the first claim respectively. All costs are reported in 

$1000 Canadian dollar units and are inflated to 2017 costs using the consumer price index for all items 

in Canada. All data (demographics, morbidities and costs) were linked and organized by participant and 

fiscal year.

Statistical analyses

We did analyses with Stata MP 15·1 (www.stata.com) and reported baseline (first fiscal year within 

follow-up) descriptive statistics as counts and percentages, or medians and inter-quartile ranges, as 

appropriate. 

In order to examine the associations between dementia, increasing morbidity burden and age with cost 

outcomes, we used generalized linear models with a zero-inflated negative binomial distribution and a 

log-link. We allowed for intra-participant correlation in our standard errors – this allowed participants to 

contribute multiple fiscal years of cost data.  We regressed outcomes on dementia, the number of other 

(non-dementia) morbidities (categorized as none, 1, 2, 3, 4, and 5 or more), age (categorized as 65-74, 

75-84, and ≥85 years), their 3-way interaction and all three 2-way interactions; also sex, rural or urban 
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residence and the lowest neighbourhood (postal code) income quintile. We allowed all covariates to 

vary on a year-by-year basis; an offset term was used to account for partial and full years. Only 

rural/urban residence and the lowest neighbourhood income quintile had missing values – both 7%. In 

the models, missing values were imputed with the most frequent category (i.e., imputed as urban and 

not the lowest neighbourhood income quintile). We also did additional analyses that further examined 

the oldest age groups categorized as 85-89, 90-95, and ≥95 years. We determined independence of 

residuals by examining plots of residuals versus fitted values. The threshold p for statistical significance 

was set at 0·05. We reported adjusted means with 95% confidence intervals. We compared differences 

in means between those with dementia and those without, between adjacent age categories, and 

between adjacent morbidity categories using Chi-square tests.

RESULTS

Characteristics of study participants

Participant flow is shown in Supplemental eFigure 1. There were 827,947 participants; median follow-up 

was 6.5 years (range 1 day to 14.0 years; 2% of participants out-migrated before the end of follow-up). 

Twenty-six percent of participants died during follow-up. Participants could contribute follow-up to 

more than one age category: 661,755 participants were followed while 65-74 years of age, 354,161 

while 75-84 years, and 158,538 while 85 years and older (Table 1). The percentage of participants with 

dementia increased with age, from 1.4% to 21.9%. The percentage of participants who were men 

decreased with age, from 49.8% to 37.3%. More participants living with dementia resided in a low-

income neighbourhood than participants without dementia in the 65-74 years group, but this difference 

diminished with increasing age and was absent in those aged ≥85 years. Compared to those without 

dementia, participants with dementia consistently had more comorbidity across all age groups.
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Adjusted annual mean costs

Total adjusted annual mean costs and all individual component costs were higher if dementia was 

present (Table 2; Figure 1). Similarly mean total costs and the component costs increased in parallel with 

the number of morbidities, whether dementia was present or not. Mean total costs (driven by LTC costs) 

and LTC costs increased in parallel with age, but there were no consistent trends for other component 

costs with increasing age. 

Among people without dementia, mean annual costs for medications, ACCS, and claims increased from 

65-74 years of age to 75-84 years of age and then decrease from 75-84 years of age to 85 years of age 

(Supplemental eFigure 2). Hospitalizations and LTC costs increased in parallel with age.

In participants with dementia, LTC was the largest component of costs followed by hospitalizations, 

claims, ACCS and medications. Mean costs for LTC and mean total costs (driven by LTC costs) increased 

with age among participants with dementia. When LTC costs were excluded, older age was associated 

with lower costs – and there was an inverse association between hospitalization, medication, ACCS and 

claim costs and increasing age (Table 2; eFigure 2). 

In a sensitivity analysis, we further divided participants aged ≥85 years into the following categories: 85-

89 years of age, 90-94 years, and 95 years and older. There were 144,134, 69,615, and 23,736 

participants contributing follow-up to each age group, respectively. The results were similar to that of 

the whole study population. Dementia was associated with higher mean total costs and component 

costs, and there was also an association between higher costs and the number of morbidities. For 

people with and without dementia, there was an association between LTC costs (and thus total costs) 

and increasing age. However, after LTC costs were excluded, there was evidence of decreasing costs 
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among older participants, with those aged >95 years having the lowest non-LTC costs (Table 3; 

Supplemental eFigure 3). 

Inspection of the burden of comorbidity among the oldest participants demonstrated that comorbidity 

was surprisingly infrequent among those without dementia. For example, among participants aged >95 

years and without dementia, 56% of the participant-years were lived with ≤1 comorbidity.

INTERPERTATION

In this population-based study of more than 800,000 older adults treated in a universal health system, 

we found strong graded associations between multimorbidity, dementia and total health care costs. 

Older age was associated with significant increases in mean annual health care costs, driven by a strong 

association between older age and LTC utilization. As expected, dementia was associated with high 

health care costs that were driven by high utilization of LTC. After LTC costs were excluded, the presence 

of dementia appeared to modify the relation between age and costs, such that older age was associated 

with increased non-LTC costs among those without dementia, but not necessarily among those with 

dementia. In fact, when long-term care resource use was excluded, there was evidence that older age 

was associated with lower mean annual costs among people with dementia, including lower costs for 

hospitalization, medications, and ambulatory care. 

These findings provide insight into how health care costs may change over time in parallel with the 

anticipated aging of the general population, and therefore which interventions should be the highest 

priority to mitigate the consequences of this demographic shift. First, to the extent that the costs 

associated with multimorbidity and with dementia were higher among people of older age, an increased 

prevalence of these conditions will exaggerate the economic consequences of the aging population, 
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whereas interventions that prevent these conditions (or reduce their severity) will have the opposite 

effect. Second, since long-term care is such an important driver of health care resource use, providing 

additional supports to enable older people to live independently rather than entering long-term care 

would likely yield economic benefits as well as better quality of life. This may prove more difficult for 

adults with dementia and for those with physical comorbidities. Third, we do not have data that directly 

explains the inverse association between costs and age among people with dementia once long-term 

care costs were excluded. One possibility is survivorship effects, where those that survive to advanced 

age despite dementia may have less morbidity and thus require less costly care. An alternative (not 

mutually exclusive) is that provider attitudes or patient preferences mean that the care provided to 

people with dementia is less aggressive than that provided to those without dementia – thus leading to 

lower individual costs associated with hospitalization, medications, emergency care and provider claims. 

Costs associated with acute care for older people with dementia might be reduced further if LTC homes 

enhance their ability to provide services that are currently restricted to hospitals, which would in turn 

require additional training and resources. The ongoing reviews of LTC that have been triggered by the 

COVID-19 pandemic may offer an opportunity to consider these issues in detail.17

Previous studies and a high-quality systematic review have demonstrated that multimorbidity (with or 

without dementia) is correlated with higher health care costs.7,18-22 Prior work also demonstrates that 

dementia is associated with increased costs, especially those due to hospitalization.6,23 However, most 

such studies have not been able to assess long-term care utilization, which is an important contributor 

to total costs in older people (representing 32% of all health care costs in our cohort).  Some prior 

studies have examined how multimorbidity associates with a broad range of health care costs, including 

long-term care and other forms of social care.24,25 These studies have generally reached similar 

conclusions to our own, but have generally not explored the intersection between dementia, 
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multimorbidity and costs as we were able to do. We also assessed a broader range of comorbidities than 

most prior studies of costs and dementia (or costs and multimorbidity), many of which focus on highly 

prevalent conditions such as vascular disease and diabetes.22 An exception is the 2012 Symphony study 

from the UK, which assessed the intersection between age, dementia and a broad panel of 

comorbidities in a much smaller population (N with dementia = 1026).26 Our findings are generally 

consistent with the Symphony study, which also showed that multimorbidity and dementia are more 

strongly correlated with cost than is age per se. Overall, the available evidence suggests that accurately 

projecting the economic consequences of the aging population is complicated and must account for the 

interplay between comorbidity and dementia as well as increasing age.

Our study has important strengths, including its rigorous analytical methods, use of validated algorithms 

for ascertaining the presence of dementia and morbidity, and the large, geographically defined cohort 

on which it was based. However, our study also has limitations that should be considered. First, 

administrative data will underestimate the true prevalence of dementia and other morbidities 

compared to a gold standard such as a structured interview – and because health care utilization 

increases with age, our focus on older people aged ≥65 years should reduce the extent of such 

underestimation. Second, the validated algorithm that we used to classify participants with dementia 

has positive predictive value of 93% and sensitivity of 67%.13 Therefore, our findings will have 

misclassified some participants with respect to dementia. To the extent that such misclassification may 

have been random rather than systematic, this should have tended to bias our findings toward the null 

and thus should not have affected the observed associations between age, dementia and costs. Third, 

although we were able to extend further studies by including long-term care utilization, we were not 

able to capture costs from outside the health sector, such as those due to unpaid care (a major 

contributor to the societal costs of dementia27), private sector care, or out-of-pocket costs for patients 

and families.28 Fourth, the exact per-person cost of long term was not available as only average per diem 
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cost was available; costs for patients with greater care requirements such as those with dementia are 

likely underestimated (and overestimated for those with lower care needs). Fifth, we did not have 

information on functional status, frailty, disabilities, or the severity of morbidities, and thus we relied on 

the total count of morbidities, which is relatively crude. More severe morbidity for a given morbidity 

count would be expected to increase the likelihood of LTC, which might in turn affect costs. However, 

this misclassification of morbidity is likely to have biased toward the null and so should not have 

affected our conclusions. Finally, we studied people from a single Canadian province and our findings 

may not apply to other settings. 

To gain additional insights about how the aging population may influence health care costs, future 

studies should combine the projected population structure in the coming decades with data examining 

the interplay between age, multimorbidity, dementia and costs, such as the findings presented herein. A 

more detailed examination of which conditions (or which clusters of conditions) account for most 

multimorbidity-related costs would likely improve the precision of these future studies. Out-of-pocket 

costs and opportunity costs (for unpaid labour) borne by caregivers and families should also be captured 

by such studies, since they likely account for a substantial proportion of the total economic burden 

associated with dementia. Finally, as previously noted, new methods for preventing dementia, 

attenuating multimorbidity and promoting independent living among older adults should be extremely 

high priority for future research.

CONCLUSION

In conclusion, multimorbidity or dementia were associated with higher mean annual health care costs. 

As expected, older age was associated with increased use of long-term care and thus health care costs 

among those with and without dementia, and dementia was associated with substantially increased 
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utilization of long-term care. However, whereas older age was associated with higher costs of 

hospitalization, medications, acute care and provider claims among those without dementia, the 

converse was true among those with dementia, for whom there was an inverse association between 

older age and total costs once costs attributable to long-term care were excluded. These findings 

suggest that projecting the economic consequences of the aging population is complicated and must 

account for the interplay between comorbidity and dementia as well as increasing age.
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Table 1. Demographic and clinical characteristics at first year within each age group

Age 65-74y Age 75-84y Age 85y+
Characteristic Dementia No 

dementia
Dementia No 

dementia
Dementia No 

dementia
N 9,135 652,620 23,747 330,414 34,752 123,786
Women 50.0 50.2 56.7 54.3 66.7 61.5
Men 50.0 49.8 43.3 45.7 33.3 38.5
Rural 11.6 13.1 10.9 12.6 10.3 11.0
Lowest SES neighbourhood 
quintile

25.8 18.3 23.5 20.0 22.7 22.8

Non-dementia morbidities
  None 4.7 24.0 3.7 12.8 2.4 11.2
  One 10.0 25.0 8.8 17.6 6.7 10.9
  Two 13.4 20.5 13.1 20.2 11.8 16.1
  Three 15.5 14.0 15.5 18.0 15.8 17.8
  Four or more 56.3 16.5 59.0 31.4 63.3 44.0
 Alcohol misuse 19.5 2.4 10.0 2.0 4.2 1.2
 Asthma 6.5 2.7 5.6 3.5 5.0 4.0
 Atrial fibrillation 12.1 4.5 19.9 11.0 26.8 18.5
 Cancer, lymphoma 1.2 0.6 1.1 0.8 1.0 0.9
 Cancer, metastatic 3.2 1.5 3.5 2.3 3.0 2.6
 Cancer, non-metastatic 5.6 4.5 7.4 7.1 7.2 7.1
 Chronic heart failure 20.1 4.9 27.0 11.7 35.2 22.3
 Chronic kidney disease 39.2 21.8 50.7 40.0 66.3 56.9
 Chronic pain 18.5 14.7 17.1 16.8 15.0 16.0
 Chronic pulmonary disease 34.3 14.2 34.8 21.3 34.4 25.1
 Chronic viral hepatitis B 0.2 0.1 0.0 0.1 0.0 0.0
 Cirrhosis 1.7 0.3 0.7 0.2 0.2 0.1
 Constipation, severe 5.1 0.8 5.6 1.7 6.7 3.1
 Depression 33.6 7.0 27.1 6.5 21.2 6.4
 Diabetes 32.0 17.8 30.4 21.6 25.5 19.9
 Epilepsy 11.8 1.3 5.9 1.3 3.7 1.2
 Gout 10.6 8.6 12.5 11.5 13.7 13.0
 Hypertension 64.8 50.6 73.5 67.7 79.0 74.2
 Hypothyroidism 17.9 11.3 20.8 15.5 24.8 19.2
 Inflammatory bowel disease 1.5 1.0 1.4 1.0 1.0 0.8
 Irritable bowel syndrome 4.1 2.0 3.6 2.1 3.1 2.0
 Multiple sclerosis 4.1 0.7 1.4 0.4 0.7 0.3
 Myocardial infarction 5.6 3.3 7.1 5.1 7.9 6.5
 Parkinson’s disease 10.4 0.7 11.4 1.7 9.3 2.4
 Peptic ulcer disease 1.3 0.2 1.1 0.4 0.9 0.4
 Peripheral vascular disease 5.4 1.5 5.8 3.0 5.5 3.9
 Psoriasis 1.7 0.8 1.3 0.9 1.0 0.8
 Rheumatoid arthritis 5.4 2.7 5.6 4.2 6.3 5.0
 Schizophrenia 15.6 0.8 7.0 0.5 3.5 0.3
 Stroke or TIA 31.1 7.1 35.0 13.7 38.2 21.1

N count, SES socioeconomic status, TIA transient ischemic attack
Percentages are reported.  Many participants will have data within multiple age groups
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Table 2. Adjusted annual mean costs (in CAD) for dementia by age and number of morbidities in participants ≥65 years
Morbidities Participant-

years1
Hospital costs
Mean (95%CI)

Medication costs
Mean (95%CI)

ACCS costs
Mean (95%CI)

Claim costs
Mean (95%CI)

LTC costs
Mean (95%CI)

Total costs
Mean (95%CI)

No dementia
Age 65-74y
  None 604,675 209 (194-224) 187 (184-190) 305 (301-308) 430 (425-435) 57 (46-67) 1,179 (1,155-1,203)
  One 716,368 687 (664-710) 583 (578-589) 632 (625-638) 854 (847-861) 144 (129-158) 2,906 (2,870-2,943)
  Two 686,322 1,375 (1,343-1,407) 946 (939-952) 936 (928-944) 1,201 (1,193-1,208) 294 (273-314) 4,759 (4,711-4,807)
  Three 538,278 2,326 (2,279-2,372) 1,367 (1,355-1,379) 1,304 (1,291-1,317) 1,583 (1,573-1,594) 554 (523-586) 7,143 (7,072-7,215)
  Four or more 761,930 7,671 (7,579-7,763) 2,315 (2,300-2,330) 2,889 (2,857-2,920) 3,055 (3,034-3,077) 2,082 (2,023-2,142) 18,023 (17,877-18,169)

Age 75-84y
  None 171,866 289 (253-325) 193 (186-199) 277 (269-285) 385 (378-393) 167 (136-198) 1,291 (1,236-1,346)
  One 240,148 962 (924-1,000) 659 (644-673) 653 (643-662) 905 (895-915) 387 (348-425) 3,560 (3,494-3,627)
  Two 317,917 1,775 (1,728-1,822) 1,009 (999-1,019) 957 (945-969) 1,276 (1,263-1,290) 730 (682-779) 5,743 (5,661-5,824)
  Three 324,095 2,939 (2,850-3,029) 1,385 (1,374-1,397) 1,327 (1,308-1,346) 1,663 (1,649-1,678) 1,123 (1,067-1,179) 8,434 (8,309-8,559)
  Four or more 668,995 9,498 (9,400-9,595) 2,231 (2,218-2,244) 2,881 (2,848-2,915) 3,211 (3,189-3,232) 3,591 (3,512-3,670) 21,404 (21,243-21,566)

Age 85y+
  None 92,308 175 (149-201) 62 (56-67) 83 (76-90) 122 (115-129) 342 (280-405) 764 (688-840)
  One 50,571 1,489 (1,385-1,593) 551 (530-573) 553 (482-625) 742 (721-763) 2,115 (1,906-2,323) 5,477 (5,204-5,751)
  Two 78,979 2,728 (2,603-2,854) 933 (912-954) 829 (805-852) 1,163 (1,139-1,187) 3,012 (2,825-3,200) 8,703 (8,444-8,961)
  Three 94,132 4,530 (4,375-4,685) 1,260 (1,238-1,281) 1,176 (1,144-1,209) 1,601 (1,572-1,631) 4,005 (3,810-4,199) 12,573 (12,285-12,861)
  Four or more 257,719 12,513 (12,348-12,678) 2,004 (1,986-2,022) 2,501 (2,458-2,543) 3,164 (3,133-3,196) 8,998 (8,808-9,188) 29,139 (28,843-29,434)

Dementia
Age 65-74y
  None 2,454 6,870 (5,207-8,533) 737 (668-806) 972 (855-1,089) 1,637 (1,462-1,813) 18,461 (15,949-20,973) 28,777 (25,683-31,871)
  One 6,319 9,881 (8,509-11,253) 964 (911-1,018) 1,201 (1,108-1,293) 2,015 (1,901-2,130) 21,065 (19,519-22,611) 35,159 (33,026-37,293)
  Two 9,631 12,650 (11,085-14,215) 1,180 (1,130-1,230) 1,433 (1,321-1,546) 2,570 (2,450-2,690) 21,898 (20,685-23,111) 39,627 (37,598-41,656)
  Three 11,706 15,083 (14,091-16,076) 1,583 (1,522-1,644) 1,883 (1,753-2,014) 3,107 (3,000-3,214) 23,107 (22,028-24,187) 44,685 (43,129-46,241)
  Four or more 50,804 28,333 (27,648-29,018) 2,570 (2,508-2,633) 4,118 (3,963-4,274) 5,837 (5,731-5,942) 31,701 (31,051-32,350) 72,195 (71,122-73,267)

Age 75-84y
  None 3,868 7,138 (6,006-8,269) 779 (717-841) 790 (727-852) 1,539 (1,450-1,628) 25,320 (23,275-27,364) 35,942 (33,565-38,320)
  One 11,900 9,273 (8,152-10,394) 1,014 (971-1,057) 1,007 (947-1,067) 1,919 (1,847-1,991) 27,838 (26,648-29,028) 41,527 (39,870-43,183)
  Two 21,781 11,084 (10,519-11,648) 1,252 (1,216-1,289) 1,279 (1,221-1,337) 2,332 (2,272-2,391) 26,733 (25,894-27,571) 43,011 (41,972-44,050)
  Three 29,356 14,103 (13,555-14,652) 1,498 (1,462-1,534) 1,548 (1,489-1,606) 2,829 (2,769-2,888) 28,445 (27,740-29,150) 48,637 (47,719-49,554)
  Four or more 132,665 24,958 (24,612-25,304) 2,139 (2,113-2,164) 3,115 (3,045-3,184) 4,913 (4,859-4,966) 35,370 (34,980-35,759) 70,463 (69,902-71,023)

Age 85y+
  None 3,384 6,360 (5,355-7,365) 418 (368-468) 548 (467-629) 1,492 (1,333-1,650) 36,757 (33,871-39,642) 46,608 (43,343-49,874)
  One 10,633 8,575 (7,896-9,255) 678 (639-717) 795 (749-842) 1,872 (1,802-1,943) 38,938 (37,497-40,379) 51,870 (50,252-53,489)
  Two 22,569 10,610 (10,074-11,145) 892 (857-928) 993 (948-1,037) 2,252 (2,182-2,322) 39,746 (38,806-40,685) 55,488 (54,385-56,590)
  Three 33,831 13,026 (12,590-13,461) 1,026 (999-1,054) 1,237 (1,185-1,288) 2,712 (2,654-2,770) 41,707 (40,981-42,434) 60,550 (59,698-61,403)
  Four or more 151,031 21,506 (21,233-21,779) 1,526 (1,506-1,545) 2,215 (2,173-2,256) 4,259 (4,218-4,300) 45,358 (44,998-45,718) 75,252 (74,794-75,709)
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Morbidities Participant-
years1

Hospital costs
Mean (95%CI)

Medication costs
Mean (95%CI)

ACCS costs
Mean (95%CI)

Claim costs
Mean (95%CI)

LTC costs
Mean (95%CI)

Total costs
Mean (95%CI)

ACCS Ambulatory Care Classification System, CAD Canadian dollars, CI confidence interval, LTC long-term care
Costs are adjusted for sex, and rural/urban. These models include 3-way and 2-way interactions terms for dementia, age, and number of morbidity. 
The Table shows the mean costs (i.e., long-term care, hospitalizations, provider claims, ACCS, medications, and total costs) that is associated with dementia. All 
costs are reported in $1000 Canadian dollar units and are inflated to 2017 costs using the consumer price index for all items in Canada.
1Participant-years correspond to number of full or partial fiscal-years for each participant
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Table 3. Adjusted annual mean costs (in CAD) for dementia by age and number of morbidities in participants ≥85 years
Morbidities Participant-

years1
Hospital costs
Mean (95%CI)

Medication costs
Mean (95%CI)

ACCS costs
Mean (95%CI)

Claim costs
Mean (95%CI)

LTC costs
Mean (95%CI)

Total costs
Mean (95%CI)

No dementia
Age 85-89y
  None 37,235 245 (202-288) 115 (104-125) 144 (130-157) 232 (217-248) 436 (342-530) 1,132 (1,015-1,248)
  One 34,388 1,372 (1,256-1,488) 619 (595-643) 567 (541-593) 820 (797-843) 1,588 (1,393-1,783) 4,960 (4,707-5,214)
  Two 55,091 2,442 (2,302-2,582) 991 (968-1,015) 875 (845-904) 1,224 (1,195-1,252) 2,106 (1,941-2,272) 7,660 (7,408-7,912)
  Three 65,043 3,941 (3,778-4,104) 1,319 (1,295-1,344) 1,207 (1,169-1,245) 1,632 (1,597-1,667) 2,806 (2,634-2,978) 10,964 (10,677-11,251)
  Four or more 175,418 11,490 (11,298-11,682) 2,103 (2,083-2,123) 2,572 (2,524-2,620) 3,182 (3,144-3,220) 7,267 (7,082-7,451) 26,946 (26,608-27,284)

Age 90-94y
  None 24,420 174 (119-229) 50 (42-58) 70 (55-85) 107 (94-120) 401 (289-513) 745 (615-874)
  One 11,744 1,583 (1,375-1,791) 505 (462-547) 592 (289-894) 669 (625-713) 2,794 (2,393-3,196) 6,087 (5,497-6,676)
  Two 18,613 3,055 (2,796-3,314) 895 (854-936) 733 (699-768) 1,097 (1,059-1,134) 4,398 (3,991-4,805) 10,132 (9,601-10,663)
  Three 23,005 5,235 (4,878-5,591) 1,211 (1,174-1,248) 1,098 (1,048-1,149) 1,565 (,1519-1,611) 5,833 (5,423-6,244) 14,913 (14,305-15,520)
  Four or more 66,191 13,705 (13,388-14,022) 1,922 (1,893-1,952) 2,268 (2,205-2,332) 3,118 (3,067-3,169) 11,910 (11,554-12,266) 32,998 (32,448-33,547)

Age 95y+
  None 30,653 70 (38-101) 9 (7-11) 13 (10-17) 26 (20-32) 233 (144-323) 325 (228-422)
  One 4,439 1,678 (1,249-2,107) 243 (210-276) 280 (234-326) 437 (379-494) 5,203 (4,122-6,284) 7,695 (6,453-8,937)
  Two 5,275 3,566 (3,000-4,132) 587 (539-634) 567 (495-640) 894 (823-965) 8,783 (7,638-9,929) 14,276 (12,890-15,662)
  Three 6,084 6,530 (5,800-7,259) 954 (875-1,034) 940 (851-1,028) 1,523 (1,397-1,650) 11,558 (10,342-12,773) 21,107 (19,573-22,640)
  Four or more 16,110 14,815 (14,109-15,521) 1,561 (1,503-1,620) 2,024 (1,905-2,142) 3,037 (2,917-3,157) 19,913 (18,972-20,853) 40,973 (39,684-42,262)

Dementia
Age 85-89y
  None 1,668 7,089 (5,660-8,518) 547 (478-616) 709 (570-849) 1,774 (1,527-2,020) 35,701 (32,722-38,681) 45,673 (42,388-48,958)
  One 5,737 8,795 (7,925-9,665) 854 (803-905) 893 (825-960) 1,980 (1,890-2,070) 35,399 (33,812-36,987) 48,187 (46,367-50,008)
  Two 11,867 11,227 (10,407-12,047) 1,105 (1,051-1,159) 1,108 (1,043-1,174) 2,352 (2,249-2,455) 36,147 (35,054-37,240) 52,027 (50,677-53,377)
  Three 17,522 13,216 (12,633-13,800) 1,209 (1,173-1,245) 1,324 (1,259-1,389) 2,765 (2,695-2,835) 37,307 (36,441-38,172) 55,967 (54,923-57,012)
  Four or more 82,467 22,401 (22,030-22,772) 1,772 (1,746-1,798) 2,418 (2,359-2,476) 4,430 (4,376-4,483) 42,032 (41,598-42,465) 73,577 (72,961-74,193)

Age 90-94y
  None 1,029 6,087 (4,339-7,835) 416 (335-497) 480 (388-572) 1,508 (1,322-1,693) 41,078 (37,035-45,122) 49,840 (45,385-54,296)
  One 3,327 8,507 (7,529-9,485) 624 (561-688) 763 (695-832) 1,970 (1,853-2,086) 43,560 (41,468-45,652) 55,474 (53,259-57,689)
  Two 7,349 10,355 (9,618-11,093) 803 (757-850) 928 (865-992) 2,278 (2,186-2,370) 43,111 (41,725-44,496) 57,467 (55,914-59,020)
  Three 11,313 13,175 (12,439-13,911) 994 (948-1,039) 1,218 (1,117-1,319) 2,819 (2,707-2,930) 44,838 (43,750-45,926) 62,983 (61,678-64,288)
  Four or more 50,298 20,762 (20,330-21,194) 1,413 (1,383-1,442) 2,046 (1,986-2,106) 4,211 (4,146-4,276) 48,838 (48,307-49,369) 77,193 (76,511-77,875)

Age 95y+
  None 687 4,164 (2,467-5,861) 171 (93-248) 247 (178-316) 913 (713-1,112) 35,585 (28,621-42,549) 40,912 (33,216-48,608)
  One 1,569 6,619 (4,374-8,864) 267 (218-315) 504 (418-590) 1,489 (1,330-1,648) 45,653 (41,400-49,905) 54,549 (49,531-59,568)
  Two 3,353 7,424 (6,443-8,406) 471 (414-527) 745 (632-859) 2,132 (1,970-2,293) 48,414 (45,811-51,017) 58,855 (55,924-61,786)
  Three 4,996 10,205 (9,204-11,207) 605 (549-660) 969 (851-1,087) 2,595 (2,437-2,752) 53,614 (51,730-55,498) 67,412 (65,244-69,580)
  Four or more 18,266 16,364 (15,695-17,034) 962 (920-1,003) 1,601 (1,519-1,684) 3,848 (3,718-3,979) 55,963 (55,031-56,894) 77,950 (76,762-79,137)
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Morbidities Participant-
years1

Hospital costs
Mean (95%CI)

Medication costs
Mean (95%CI)

ACCS costs
Mean (95%CI)

Claim costs
Mean (95%CI)

LTC costs
Mean (95%CI)

Total costs
Mean (95%CI)

ACCS Ambulatory Care Classification System, CAD Canadian dollars, CI confidence interval, LTC long-term care
Costs are adjusted for sex, and rural/urban. These models include 3-way and 2-way interactions terms for dementia, age, and number of morbidity. 
The Table shows the mean costs (i.e., long-term care, hospitalizations, provider claims, ACCS, medications, and total costs) that is associated with dementia. All 
costs are reported in $1000 Canadian dollar units and are inflated to 2017 costs using the consumer price index for all items in Canada.
1Participant-years correspond to number of full or partial fiscal-years for each participant
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Figure 1. Adjusted annual mean costs (in CAD) for dementia by age and number of morbidities in participants ≥65 years

ACCS Ambulatory Care Classification System, CAD Canadian dollars, LTC long-term care

Figure 2. Adjusted annual mean costs (in CAD) for dementia by age and number of morbidities in participants ≥85 years

ACCS Ambulatory Care Classification System, CAD Canadian dollars, LTC long-term care
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eFigure 1. Participant flow diagram

AKDN dataset
N=4,858,314

Excluded (N=4,030,367)
Age <65 years (N=3,682,275)
Records end before April 2003 (N=348,092)

Cohort dataset
April 2003 – March 2017

N=827,947

AKDN Alberta Kidney Disease Network
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eFigure 2. Adjusted annual mean costs (in CAD) for dementia by age and number of morbidities in participants ≥65 years, 
excluding costs of long-term care
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eFigure 3. Adjusted annual mean costs (in CAD) for dementia by age and number of morbidities in participants ≥85 years, 
excluding costs of long-term care
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