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ABSTRACT 

 

Background: A multiple cause coding of death certificates is a new way of looking at mortality 

statistics. Death is attributed to a network of interacting pathological conditions, not just to one 

disease. For dementia - the leading cause of death in many countries today - this implies a revaluation 

on its role as cause of death.  

Methods: All records mentioning dementia in the 2014-2017 Dutch cause-of-death registry were 

selected (n = 98 718, 18% of all records). Two internationals agreed on measures for multiple cause 

coding were calculated: the standardized rate of dementia begin mentioned versus dementia being 

underlying cause of death (SRMU) and the cause of death association index (CDAI) for relationships 

between dementia and other diseases or disorders mentioned on the same death certificate.  

Results: Dementia was the underlying cause of death in 59% of the death certificates mentioning 

dementia. The SRMU was 1.68 for all forms of dementia and decreased with an increase of diagnostic 

specification. For men the SRMU was higher than for women. With regard to all causes being 

mentioned on a death certificate, several clusters causing death could be identified: 1. Dementia 

associated with cachexia and dehydration, 2. Dementia associated with infections (pneumonia, urinary 

tract), 3. Dementia associated with falls, 4. Dementia associated with cardiovascular disorders. 

Conclusion: Considering a cluster of diseases as cause of death is a more meaningful way to study 

mortality in a 21st Century population than selecting just one underlying cause of death per deceased.  
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INTRODUCTION 

Dementia is a leading cause of death in 

many countries today [1-2]. This ranking is 

based on cause-of-death statistics showing 

one underlying cause of death per deceased 

person [3]. However, today the majority 

(75%) of the population in high income 

countries dies after the age of 70 and about 

70% of the deceased have more than three 

diseases at the end of life [4]. It is therefore 

more and more difficult to select one (“the”) 

cause of death per deceased. The reduction 

of the cause of death to one disease or 

condition masks on average two other 

diseases that have played a causal role in 

dying [4]. It also implies a selection hiding 

the full impact of a disease on death. In the 

Netherlands, dementia is mentioned as a 

cause of death on 17.8% of the death 

certificates, while the disease is selected as 

underlying cause of death in “just” 10.6% of 

the deceased. Selecting one underlying 

cause of death per deceased is not only 

hiding the full impact of a disease in dying, 

it is also not in accordance with 

contemporary views on causality. In the 

20th Century, the theory of one cause-one 

effect has been replaced by the network idea 

of causality [5-7]. It is not just the smoking 

cigar causing a forest fire, but the 

(interacting) presence of oxygen, the 

careless smoker, the wind, the dry wood, 

etc. are considered causes as well. There is a 

network of interacting factors underlying 

the occurrence of an event. In line with this 

network idea of causality, it is a cluster of 

http://www.ijhsr.org/


Dr. Peter Harteloh. Dementia related deaths: a multiple cause coding study 

 

                                  International Journal of Health Sciences and Research (www.ijhsr.org)  252 

Volume 13; Issue: 10; October 2023 

interacting pathological conditions leading 

to death and not just one disease or disorder. 

For dementia this implies, a revaluation of 

its role in dying. It is not “just” the dementia 

- as cause-of-death statistics might suggest - 

, but the interaction of dementia with other 

pathological conditions causing death. 

Therefore, in this study the co-occurrence of 

diseases on death certificates mentioning 

dementia was investigated in order to better 

understand the causal role of dementia in 

dying.  

 

MATERIALS & METHODS 

This study is a secondary analysis of 

routinely collected cause-of-death data. 

Material is drawn from the 2014-2017 

Dutch cause-of-death registry, containing 

571 434 death certificates. These death 

certificates were automatically coded with 

Iris version 4.4.1 according to ICD-10 

conventions and guidelines [8]. WHO 

updates for the year in question were 

applied [9]. The choice of these years was 

based on the use of the same Iris version 

(4.4.1) so that the results are not subjected 

to a change in software as might have been 

the case for other/later years. Iris coded 

about 66% of the records without human 

intervention and could assign an underlying 

cause of death in about 93% of the cases 

[10]. Iris enables a multiple cause coding of 

death certificates. All medical expressions 

on a death certificate are coded taking 

mutual relationships among codes into 

account.  

All death certificates mentioning dementia 

(n= 98 718) were selected and associations 

with other causes of death studied by 

calculating a standardized Cause-of-Death 

Association Index (CDAI). This index 

represents the number of times a cause of 

death (c) co-occurs with an underlying 

cause of death (u) (numerator) by the 

prevalence of this cause of death (c) as such 

(denominator) in a standard population of 

deceased persons (box 1).  

 
 

 

 

Box 1. The cause of death association index (CDAI) [14] 

 
 

In this formula: 

udc, x = number of deaths at age x with the 

underlying cause of death u and as the 

leading cause of death c 

udx = number of deaths at age x with the 

underlying cause of death u 

dc, x = number of deaths at age x with the 

leading cause of death c (regardless of 

underlying cause of death) 

dx = total number of deaths at age x 

(regardless of underlying cause of death) 

dx (with dash) = standard number of deaths 

at age x (regardless of underlying cause of 

death) 

The “Standardized Ratio of Multiple to 

Underlying Cause” (SRMU) is defined as 

the ratio between the number of times a 

cause of death is reported/mentioned on a 

death certificate (numerator) and the 

number of times it is selected as the 

underlying cause of death (denominator) in 

a standard population [11]. The SRMU 

represents the selection of a disease for 

mortality statistics. The 2013 “European 

Standard Population” was used as the 

standard [12].   

 

RESULTS 

Dementia was the underlying cause of death 

in 59% of the cases mentioning dementia as 

a cause of death. The selection rate (SRMU) 

of dementia decreased by an increasing 

number of causes on a death certificate. The 

SR was 100% for certificates mentioning 

just one cause (dementia), and 73%, 62%, 

54%, 48% for certificates mentioning two, 

three, four and five or more causes of death, 

respectively. Just 4.2% of the records had 

dementia as the only cause of death. Most 

often, dementia appeared in a cluster of 

three (28%), four (22%), two (21%) and 
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five (13%) causes of death, covering 83% of 

all cases. In 53% of the cases mentioning 

dementia as a cause of death, dementia was 

noted on part 2 of the death certificate (the 

position of a contributory cause of death).   

The age and sex standardized rate for 

dementia being mentioned on a death 

certificate was 158 per 100 000 men and 

174 per 100 000 women. The age and sex 

standardized rate for dementia being 

selected as underlying cause of death was 

89 per 100 000 men and 107 per 100 000 

woman (figure 1). 

 
Figure 1a. Dementia as underlying cause of death (UCOD) and as cause of death being mentioned on a death certificate (Mention) 

for men (Dutch death registry 2014-2017) 

 
 
Figure 1b. Dementia as underlying cause of death (UCOD) and as cause of death being mentioned on a death certificate (Mention) 

for women (Dutch death registry 2014-2017) 

 
 

For all forms of dementia there was a 

substantial selection with regard to its 

occurrence in cause-of-death statistics. They 

were 1.68 times more cases of dementia 

mentioned on a death certificate than 

selected as underlying cause of death. 

SRMU’s were varying from 2.1 for vascular 

dementia to 1.5 for Lewy-body dementia. In 

general, the SRMU decreased with an 

increased specification of the diagnosis. For 

women the SRMU was lower than for men 

(table 1).  
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Table 1. The SRMU for different forms of dementia (Source: Dutch death registry 2014-2017) 

SRMU  Women Men Total Rate per 100 000 EPS* 

Vascular dementia (ICD-10: F01) 2.21 2.04 2.11 8.3 

Dementia not otherwise specified (ICD-10: F03) 1.69 1.84 1.76 61.8 

Dementia Alzheimer Type (ICD-10: G30) 1.58 1.71 1.63 24.0 

Pick’s disease  
(ICD-10: G31.0) 

1.45 1.64 1.55 0.8 

LewyBody disease 

(ICD-10: G31.8) 

1.43 1.55 1.51 2.2 

All forms 1.62 1.77 1.68 98.0 

*European Standard Population [12] 

 

With regard to causal sequences mentioned on a death certificate six meaningful clusters of 

causes explained almost 90% of the cases (table 2).   

 
Table 2. Frequency of causal sequences when dying from dementia (n = 98 718) 

Death Certificate [3]  

Part 1a  

(Direct CoD: disease 

or condition leading 

directly to death) 

1b  

(Intermediate CoD: 

disease or 

condition, if any, 

leading to 1a)  

1c (Underlying 

CoD: the start of 

the causal 

sequence leading 

to death, i.e. to 1b, 
if any, or to 1a) ** 

2 (Contributory 

CoD: disease or 

condition without 

which the patient 

would not have died, 
not being part of the 

causal chain 1a-1c.) 

 

Causal sequence (in order of importance/frequency of occurrence) Causal mechanism 

1 (47%) Dehydration/cachexia Stop 
eating/drinking 

Dementia    Neurodegeneration (ND) 
 

2 (22%) Pneumonia/lower 

resp. tract infection 

 
Dementia    Irregular/shallow breathing 

due to neurodegeneration 

 Respiratory failure Pneumonia/lower 
resp. tract infection 

 Dementia Low resistance 

3 (7%) Urinary tract 

infection/sepsis 

 Dementia   Incontinence/retention 

 Sepsis Urinary tract 
infection 

 Dementia Low resistance 

4 (5%) * Complications of 

(femur) fracture/fall 

 
Dementia    Instability gait/posture due 

to ND 

5 (4%) Complications of 

cerebrovascular 

accident 

    Dementia Atherosclerose 

6 (4%) Congestive heart 
failure 

 
Dementia   Immobility/cachexia due to 

ND 

7 (3%) Aspiration 

(pneumonia) 

 
Dementia    Difficulties swallowing 

due to ND 

8  Others (less than 1%)     

CoD = cause of death; *According to ICD-10 conventions an external cause of death; ** the disease or 

condition thought to be the underlying cause of death should appear in the lowest completed line of part I [3] 

 

Underlying death, there was a cluster of: 1. 

Dementia associated with cachexia and 

dehydration (47%), 2. Dementia associated 

with pneumonia, lower respiratory tract 

infections, respiratory failure or sepsis 

(22%), 3. Dementia associated with urinary 

tract infections or sepsis (7%), 4. Dementia 

associated with complications of trauma 

(5%), 5. Dementia associated with 

congestive heart failure (4%), and 6. 

dementia associated with complications of a 

cerebrovascular accident (CVA) (4%). 

These clusters of causes could be attributed 

to neurodegeneration with its loss of 

voluntary reflexes (breathing, swallowing, 

posture, gait) or executive functions 

(drinking, eating), a reduced immunological 

resistance and atherosclerosis as underlying 

pathological processes (table 2).  

The CDAI showed statistically significant 

associations for dementia and 

cachexia/dehydration, dementia and urinary 

tract infections and for dementia and 

pneumonia. Reported sequences of 

dementia followed by sepsis, lower 

respiratory tract infections, stroke 

(cerebrovascular accident, cva), congestive 

heart failure and accidental fall could not be 

validated by a statistically significant CDAI 

(table 3).  
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Table 3. CDAI for dementia and some other causes of death  
CDAI 95%-CI 

 

  
lower limit upper limit 

cachexia/dehydration 333 205 541 

urinary tract infection 203 106 390 

pneumonia 146 125 172 

sepsis 112 79 158 

lower respiratory tract infection 60 47 79 

stroke (CVA) 56 44 71 

heart failure 36 28 45 

cardiovascular disease 14 13 15 

fall 11 9 15 

cancer 8 6 10 

 

DISCUSSION 

The role of dementia as cause of death was 

studied by a multiple cause coding of death 

certificates. Dementia was identified as part 

of several pathological clusters leading to 

death. Attributing the cause of death to a 

cluster of diseases is in accordance with 

contemporary views on causality in which 

the co-occurrence of determinants (a set of 

necessary and sufficient factors) forming a 

network in time-space may constitute an 

event, instead of a sequence of consecutive 

events in time [5-7]. For dementia, three 

pathological clusters could be distinguished 

as cause of death: 1. Dementia with 

cachexia and or dehydration, 2. Dementia 

with pneumonia, and 3. Dementia with 

urinary tract infections. The first cluster can 

be explained by a progress of the neuro-

degeneration underlying dementia [13-15]. 

The second and third clusters show the 

diminished resistance towards infectious 

diseases accompanying the 

neurodegenerative process [16] [17]. The 

clusters reflect the findings at autopsy [18]. 

The reported causal sequences of dementia 

with falls, cerebrovascular accidents or 

congestive heart failure could not be 

validated by a CDAI. Reporting a fall as 

external cause of death probably hinders the 

study of a causal connection with dementia. 

WHO should reconsider its instructions with 

regard to this as in aging populations 

external causes are more and more in line 

with underlying diseases. The co-occurrence 

of dementia and congestive heart failure is 

probably a spurious correlation based on the 

widespread occurrence of heart failure as 

direct cause of death at the end of life. The 

co-occurrence of dementia and a 

cerebrovascular accident can be explained 

by an atherosclerotic process underlying 

both pathological conditions, i.e. the 

vascular aspect of dementia.  

On both epidemiological and philosophical 

grounds, “the underlying cause of death” is 

an outdated concept raising problems when 

studying mortality in an aging population. It 

requires selection of one, i.e. the cause of 

death [19], not justifying the increasing 

occurrence of multi-morbidity at the end of 

life on the one hand and the clinical reality 

of certifiers confronted with a network of 

causal conditions on the other [20]. Multiple 

cause coding of death certificates is an 

alternative [21]. It requires no selection 

rules, just the coding of all causes 

mentioned on a death certificate. Its 

limitation is a well filled in death certificate 

which is not always the case [22]. Over all, 

multiple cause coding shows the role of a 

disease in dying by meaningful clusters, 

serving etiological insights of clinicians and 

epidemiological information for research or 

health care policy.  

 

CONCLUSION 

The attribution of death to a cluster of 

diseases or disorders is a meaningful way to 

study mortality in a 21st Century 

population. It provides a more valid picture 

of mortality than the traditional selection of 

one underlying cause of death. It enables to 

differentiate between spurious and true 

causal connections as the case of dementia 

shows. Not dementia as such is a cause of 

death, but the co-occurrence of dementia 

with cachexia/dehydration, pneumonia or 

urinary tract infections are leading to death. 

The pathological relationships between 
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dementia and cerebrovascular accident or 

congestive heart failure could not be 

validated and need further investigation.  
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