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Abstract 

Purpose 

There is limited understanding of the inter-country comparability of dementia mortality data. This 
study compares reported dementia mortality in national vital statistics between countries and over 
time. In countries with low dementia reporting, this study identifies other causes to which dementia 
may be misclassified.  

Methods 

Using the World Health Organization (WHO) Mortality Database, we calculated the ratio of reported 
to expected (Global Burden of Disease estimated) age-standardized dementia death rates in 90 
countries from 2000-19. Other causes to which dementia may be misclassified were identified as 
having relatively high cause fractions compared with other countries. 

Patients 

No patients were involved. 

Results 

There is large inter-country variation in reported dementia mortality rates. The ratio of reported to 
expected dementia mortality exceeded 100% in high-income countries but was below 50% in other 
super-regions. In countries with low reported dementia mortality, cardiovascular diseases, ill-
defined causes and pneumonia have relatively high cause fractions and may be misclassified from 
dementia. 

Discussion 

Large discrepancies in dementia mortality reporting between countries, including often implausibly 
low reported mortality, makes comparison extremely difficult. Improved guidance for and training of 
certifiers and use of multiple cause of death data can help strengthen the policy utility of dementia 
mortality data. 

Keywords 
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Introduction 

Dementia is a condition of major public health importance and will become a more significant issue 
in coming decades in all regions of the world due to population ageing and growth.1,2 As a result, 
public health practitioners and policy makers have shown growing interest in reliable and 
comparable data to improve clinical understanding of the condition and its burden.3 Some studies in 
high-income countries suggest that the age-specific incidence and prevalence of dementia is either 
stable or decreasing, while projections commonly assume that its age-standardized prevalence will 
remain constant in future.4-10 Data from low- and middle-income countries are far sparser and 
estimates of prevalence and its trends are far harder to identify. Projected population ageing means 
that even if age-standardized prevalence remains steady, the overall proportion of the population 
and number of people with dementia will rise.1 Reliable data on dementia as a cause of death are 
particularly important to estimate its burden of disease;  the World Health Organization (WHO) 
estimates that Alzheimer Disease and other dementias is the 2nd leading cause of death in high-
income countries and an increasingly important cause in middle-income countries experiencing 
population ageing.11 

The leading source of dementia mortality data worldwide are official mortality statistics reported by 
national statistical offices that are derived from routine vital statistics systems that seek to register 
all deaths. These data sources provide the potential to compare dementia mortality spatially 
between countries and across time. Official mortality statistics are based on the underlying cause of 
death, defined as the disease or injury which initiated the train of events leading directly to death, 
and are determined by what a medical certifier (mostly a physician) reports in the International 
Form of Medical Certificate of Cause of Death (or death certificate).12 The death certificate requires 
the certifier to report the diseases leading directly to death (Part 1 of the certificate) or any other 
significant condition contributing to death (Part 2 of the certificate); this information and 
International Classification of Diseases (ICD) coding rules determine the underlying cause, which in 
almost all cases requires dementia to be reported in Part 1. Classification of the type of dementia, 
for example Alzheimer Disease, vascular dementia and unspecified dementia, can enable 
understanding of the risk factors for and nature of dementia in the population. 

Dementia mortality statistics have the potential to be of much use to understand the extent of 
country differences in death rates, risk factors, treatment and care of the condition, and facilitate 
international benchmarking. However, there remains a gap in our understanding about how 
comparable official dementia mortality statistics are between countries. Levels of reported dementia 
mortality are determined not only by the “true” or latent level of dementia mortality in each 
country, but can be biased by differences in practices of the certifier that impact whether and in 
which part of the death certificate dementia is noted. Certification practices are affected by 
knowledge and recognition of the condition, diagnostic practices and preferences, which are also all 
subject to change over time.13 Furthermore, the application of ICD coding rules may differ between 
countries and over time. In some populations, these issues can cause dementia mortality to be 
under-reported and misclassified to other causes of death. 

There has not previously been a global assessment of the quality of reporting of dementia mortality 
in vital statistics. This study fills this gap by making use of the comprehensive data on causes of 
death in the WHO Mortality Database to improve understanding inter-country and temporal 
differences in reported dementia mortality rates in official statistics.14 Specifically, the study aims to: 

• compare reported dementia mortality rates by sex and type of dementia between countries, 
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• compare reported dementia mortality rates over time,  
• assess variation across countries in the difference between reported and expected levels of 

dementia mortality rates, and  
• in countries with very low reported dementia mortality rates, identify unusually high 

reporting of other causes of death that may be misclassified from dementia. 

 
Methods 

The reported dementia mortality data used in this study is from the WHO Mortality Database, which 
comprises official mortality data reported annually to the WHO by member states from civil 
registration and vital statistics systems (further detail in Text S1, Supplemental Digital Content).14 
Using WHO Mortality Database data from 2000-2019, we calculated reported age-standardized 
dementia death rates by sex for ages 75 years and over in each country. We classified dementia as 
including the following ICD codes: G30 (Alzheimer disease), F01 (vascular dementia), G31 (other 
specified dementias), and F03 (Unspecified dementia). Population data from the GBD were used to 
calculate age-standardized death rates.15 Application of criteria to exclude countries and country-
years (see Text S1, Supplemental Digital Content) resulted in a final dataset comprising 1,333 
country-years from 90 countries in 2000-19 (Table S1, Supplemental Digital Content).  

For each country-year, we compared the reported age-standardized dementia death rate to an 
expected age-standardized dementia death rate calculated from the GBD 2019 Study’s estimated 
number of dementia deaths by age and sex.16,17 The expected dementia death rate is the comparator 
because it is an estimate of dementia deaths in each country-year calculated from the GBD’s 
standardized methods that are independent of the number of deaths reported in the WHO Mortality 
Database (see Text S1, Supplemental Digital Content for further detail about the GBD’s methods). 
This expected dementia death rate according to the GBD 2019 is not regarded by our study as 
“true”, but rather a valuable comparator against which to measure reported dementia death rates. 
Where this ratio is less than 1 then dementia mortality is regarded as “under-reported”, possibly 
because the condition itself is under-diagnosed or that certifiers in that country do not regard it as a 
true cause of death. Where the ratio is greater than 1, dementia mortality is regarded as “over-
reported”, and possibly reported as the cause of death when in fact the actual cause is another 
condition.  

We conducted several analyses that compare the reported (WHO) and expected (GBD) dementia 
death rate between countries, by GBD super-region (which are classified according to 
epidemiological similarity and geographic closeness), over time including using a log-linear 
regression described in Text S1, Supplemental Digital Content, and by type of dementia.16 Next, we 
focused on countries where the ratio of reported to expected age-standardized dementia death 
rates in the most recent year of data is very low – i.e. is less than 10% or where dementia is a 
negligibly reported cause of death – which includes 25 countries for males and 21 countries for 
females. In these countries we sought to identify which other causes of death that dementia is 
misclassified to. To do this, we identified the three causes of death (other than dementia) with the 
highest ratio of age-standardized cause-specific mortality fraction (i.e. age-standardized cause-
specific mortality rate divided by the age-standardized all-cause mortality rate) to the average age-
standardized cause-specific mortality fraction for all countries, as measured in both relative and 
absolute terms. For example, where the reported dementia death rate is lower than the expected 
rate, we can expect this is due to higher than expected reporting of causes of death which 
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“compensate” for lower than expected dementia reporting. These causes of death are broadly 
grouped as (see Text S1, Supplemental Digital Content for further detail): 

• Causes that should not be reported as an underlying cause (“ill-defined” or “garbage” 
causes). 

• Causes which are genuine underlying causes of death and which are commonly reported in 
place of dementia, depending on the certification practices and coding rules being used 18 

• A separate category grouping all other causes (but excluding dementia) together. 

We scored each cause as 3 points if it was first-ranked, 2 if second-ranked, and 1 if third-ranked. We 
then summed the score for each cause across relative and absolute ranks for males and females. 

 
Results 

Figure 1 shows the large variation in reported age-standardized dementia mortality rates between 
the 90 countries, ranging from 0 to 1506 per 100,000 for males, and 0 to 1667 per 100,000 for 
females. For females, there is no correlation with GBD estimated mortality rates, which range 
approximately +/- 100 around a median of 527 per 100,000, while for males there is a negative 
correlation, with the GBD estimated mortality rates ranging also approximately +/- 100 around a 
median of 450 per 100,000 for males (Figure 1). 

[Figure 1 about here] 

For all 90 countries, the average reported dementia death rate for the most recent year is 69% of 
the average GBD estimated death rate for males and 64% for females (Table 1). In all super-regions, 
except for high-income countries, the average reported dementia mortality rate is much lower than 
the average GBD estimated rate. For males, the ratio ranges from 20% in Southeast Asia, East Asia, 
and Oceania to 42% in Central Europe, Eastern Europe, and Central Asia, and for females, from 16% 
in Southeast Asia, East Asia, and Oceania to 41% in Central Europe, Eastern Europe, and Central Asia. 
In high-income countries, the reported rates are, on average, higher than the GBD estimated rates, 
being 138% for males and 121% for females. The lowest average reported dementia death rate is in 
Southeast Asia, East Asia, and Oceania; and lowest average cause fraction is in North Africa and 
Middle East. The average reported dementia mortality rate in high-income countries and cause 
fraction is much higher than in other super-regions. There are small variations in GBD estimated 
mortality rates of dementia in these super-regions. 

[Table 1 about here]  

For individual countries, based on the most recent year of reported data, the highest reported 
dementia mortality rates were in Finland (3·9 times highest than GBD), Kazakhstan, and United 
Kingdom (Table S2, Supplemental Digital Content). The lowest WHO reported dementia mortality 
rate in males were in Singapore, Sri Lanka, and Uzbekistan, and for females in Republic of Moldova, 
Sri Lanka, Uzbekistan, and Singapore, all with rates less than 5 and ratios to GBD estimates of less 
than 1%; these exclude countries with no reported deaths (two for males, five for females). Results 
for all country-years can be found in Data S1 at doi.org/10.26188/21691754.  

From 2000 to 2018, the average of the ratio of the reported to estimated GBD dementia mortality 
rate increased annually for both males and females. For males and females the average ratio at least 
doubled in this period, with a slight decline for both sexes (Figure 2). A regression analysis of the 
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natural log of the ratio of reported to estimated dementia death rates that controls for region shows 
that the coefficient of year is positive and statistically significant (males: b=0.059, p<0.01; female 
b=0·061, p<0.01) (Table S3, Supplemental Digital Content). That is, over the period 2000-2019 the 
ratio of reported to estimated dementia death rates increased by 5·9% annually for males and 6.1% 
for females, controlling for region. Some countries experienced sudden and substantial year-to-year 
increases in reported dementia mortality rates, such as UK 2010-2011 (female 568 to 803); Portugal 
2012-2013 (male 150 to 323), Thailand 2018-2019 (male 199 to 392) and Japan 2016-17 (male 111 to 
185) (Table S4, Supplemental Digital Content). 

[Figure 2 about here] 

The most common type of dementia was Alzheimer disease (average of countries about 50%), 
followed by unspecified dementia at slightly over 30%, vascular dementia about 10% and other 
dementias 8% (Table 2). However, in different super-regions these fractions varied considerably. 
Alzheimer disease was ranked first in Central Europe, Eastern Europe, and Central Asia, Latin 
America and Caribbean and North Africa and Middle. In high-income countries, unspecified 
dementia ranked first, followed by Alzheimer’s disease, with vascular dementia and other dementias 
far lower. Results for each country are shown in Table S5, Supplemental Digital Content. 

[Table 2 about here]  

In countries where the ratio of reported to expected age-standardized dementia death rates is 
lowest, the leading other causes (i.e. highest ranked) comprise cardiovascular diseases of other 
heart disease, ischemic heart disease, essential hypertension and stroke, other ill-defined causes, 
senility and ill-defined and unknown cause of mortality, and pneumonia (Table 3). The 
cardiovascular diseases (except essential hypertension) generally rank more highly in terms of their 
absolute difference because of they comprise a higher proportion of deaths than other causes, while 
senility, ill-defined and unknown cause of mortality, other ill-defined causes tend to rank more 
highly in relative difference. Senility, ill-defined and unknown cause of mortality, other ill-defined 
causes, and essential hypertension tend to be more highly ranked among males compared with 
females. 

[Table 3 about here] 

For individual countries, there are a wide range of causes which are highly ranked (Tables S6-S9, 
Supplemental Digital Content). For example, in Singapore it is pneumonia, Sri Lanka senility and 
other ill-defined causes, Uzbekistan hypertensive heart disease and Georgia ill-defined and unknown 
cause of mortality. In Japan, a country consistently ranked as having one of the oldest populations in 
the world, senility, pneumonia and other respiratory diseases are highest ranked. Data for all causes 
in all countries can be found in Data S2 at doi.org/10.26188/21691754. 

 

Discussion 

This study showed that there are enormous discrepancies in reported dementia mortality rates 
globally according to official statistics compiled by individual countries, including when compared 
with the expected dementia mortality rate calculated by the GBD. There is a strong regional pattern 
to dementia mortality rate differences, with high-income countries having relatively high rates 
compared with all other regions. In individual countries, reported dementia ranges from not being 
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reported at all or implausibly very low (e.g. Singapore) to very high (almost four times higher than 
expected in Finland). The overall trend is an increase in recent years in reported compared with 
expected dementia mortality rates, with considerable temporal changes within countries such as 
Japan.16 Furthermore, there is large variation in the reporting of type of dementia, with unspecified 
dementia comprising most dementia deaths in several regions. 

Our findings indicate the need for much caution when using dementia mortality rates from official 
statistics to compare between and within countries over time. Our analysis of other causes did not 
find a clear single cause or group of causes with unusually high deaths rates that dementia may be 
misclassified to and therefore would explain why some countries have very low reported dementia 
mortality. In some countries like Sri Lanka and Japan the reporting of ill-defined causes and senility 
was particularly high, suggesting that deaths due to dementia are being misclassified to causes of 
death that have little public policy value. In some countries with low dementia mortality, specific 
cardiovascular diseases were much higher than in other countries, suggesting the possible reporting 
of co-morbid cardiovascular deaths as dementia. A similar issue is found with pneumonia mortality 
in Singapore, a country otherwise known to have high quality data.19 A previous analysis of multiple 
cause of death data in Australia and the US found that pneumonia and cardiovascular diseases are 
among the most common co-morbidities for dementia deaths, so such a result is unsurprising.20  

The limitations of dementia mortality data demonstrate the challenges involved in reporting it as a 
cause of death, particularly as a single underlying cause. Differences in dementia mortality between 
countries and over time may be explained by variations in diagnostic practices and preferences, and 
knowledge and recognition of its presence and role in leading to death. For example, some studies 
show that reporting of dementia on death certificates compared to clinical evaluations of its 
prevalence is low but increasing, with one study showing that dementia is the underlying cause for 
just 25% of female decedents recorded as having dementia at any stage of their life.4,13,21-25 In India, 
qualitative studies have found that dementia is seen as a normal component of ageing and so 
medical care is not sought for it, likely resulting in it being under-reported on death certificates.26 
One study of Australian and US data found that much of the recent growth in dementia death rates 
was due to the increasing tendency of certifiers to report dementia in Part 1 of the death certificate 
rather than in Part 2, concurrent with declining reporting of cardiovascular diseases.20 For specific 
countries, changes in ICD coding rules can also bias trends in dementia mortality rates. 

Reduced use of garbage causes of death will help improve the utility of data, despite the challenges 
of measurement of dementia and other causes of death in older age across countries. The 11th 
Revision of the ICD (ICD-11) has introduced an extension code XT9T for “ageing-related diseases”  
which allow for any age-related condition to be indicated as such and may reduce reporting of 
senility.27,28 Improved standardized guidance and coding practices for dementia and training of 
certifiers would reduce the confusion between whether dementia or another co-morbid conditions 
such as cardiovascular disease is the underlying cause of death. The use of one underlying cause of 
death is insufficient for reliable measurement of the role of co-morbidities in mortality that are 
common across at older ages and is the cause of several issues found in measurement of dementia 
mortality between countries, as well as for other chronic diseases. Further use of multiple cause of 
death data has much potential, and some methods have sought to weight each co-morbid condition 
as a fraction of a death.29 

The importance of accurate dementia mortality data is heightened by the considerable challenges 
that continued population ageing presents for global public health. An increasing proportion of the 
world’s population are surviving to older ages, with an increase in deaths at ages 75 years and above 
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from 25% in 1990 to 40% in 2019 globally, and from 52% to 64% in high-income countries.16 Older 
ages are typified by a complex interaction of multiple co-morbidities that require more resources for 
care and support for this population. Hence, reliable data on the causes of death at these ages are 
necessary to estimate the burden of disease attributable to various conditions, to understand 
differences by socio-economic characteristics and to inform health care planning.30 

Interpretation of these results should recognize their limitations. GBD estimates of dementia 
mortality are heavily reliant on statistical models and are best interpreted as “expected” mortality 
given known prevalence and socio-economic and other indicators of the population and health 
system. However, we know of no other more reliable estimate of expected dementia mortality. Our 
study was limited to about half of the world’s countries in the WHO Mortality Database, not 
including several countries with large elderly populations such as China, India and Russia. Finally, we 
could not more directly measure reasons for very low reported dementia mortality in some 
countries, and directly assumed the primary reason based on high fractions of deaths from other 
causes. 

This study is the first global assessment of the quality of dementia mortality reported in vital 
statistics. The results provide critical information for policy makers on the characteristics and quality 
of dementia mortality data and are valuable to inform improved guidance on standardizing the 
reporting by national authorities of dementia as well as other conditions associated with older age 
mortality. They reveal that these data are inconsistent and requires major amelioration to improve 
their utility as evidence for policy. This is particularly important in middle-income countries 
experiencing population ageing and where dementia is becoming a leading cause of death but where 
it is clearly under-reported in official statistics. Given the increasing proportion of global deaths 
occurring at older ages, there is considerable scope for improved guidance for and training of 
certifiers, and to explore methods to exploit multiple cause of death data that measure the role of 
co-morbid conditions in mortality.  
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Figures 

Figure 1: Scatterplot of WHO (reported) dementia death rate versus estimated GBD (expected) 
dementia death rate (per 100,000), 75+ years, 90 countries, 2000-2019  

Note: Dashed line show equivalence between WHO and GBD dementia death rate. Correlation coefficient: 
male -0·4899 (p<0.001), female 0·0064 (non-significant). 

 

Figure 2: Average of WHO reported dementia mortality rate / GBD estimated dementia mortality 
rate by year, 75+ years, 90 countries, 2000-2019 
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