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“Lies, damned lies, and statistics’ — Mark Twain (1907 Autobiography)
This update on publications concerning population-attributable fractions (PAFs) for potentially
modifiable risk factors for dementia focuses on hearing loss and new analyses using global and

Canadian data. A mini-tutorial on PAF statistics is provided to help audiologists understand the
PAF findings, how to interpret them, and their implications for policy and practice.
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Mini-tutorial on the PAF statistic

General: The PAF (also known as population-attributable risk, or PAR) is an estimate of the
proportion of adisease (or adverse condition) caused by arisk factor in a certain population
(Mansournia& Altman, 2018). The word “attributable” implies a causal link between the risk
factor and the outcome. The PAF is the maximum proportion of disease incidence that would
disappear from a population if the risk factor were eliminated. The PAF is calculated as afunction
of two variables: (1) the prevalence of arisk factor and (2) itsrelative risk (RR) with respect to the
disease in question. Prevalence is the proportion of al people in the population with the risk factor
(in contrast to prevalence, incidence refers only to new cases with the risk factor). The RR isthe
risk of developing the disease among people with the risk factor compared to those without the risk
factor. The RR depends on population characteristics (e.g., sex, age) and how the risk factor is
defined.

PAFsfor dementiarisk: A comment about the PAFs for dementiarisk (Kivipelto et al., 2024)
stresses that

“It isimportant to acknowledge that the calculation of the population attributable
fraction relies on assumptions, such asthat risk factors are truly causal and can be
eliminated. Also, these statistics are, by necessity, highly aggregated and might not
fully account for synergistic or antagonistic interactions among risk factors or the
fact that these factors can contribute differently to various types of dementia, such as
Alzheimer’ s disease and vascular dementia, which can co-occur.”

These caveats are imperative to understanding the meaning of PAFs at the population level. For
example, it isimprobable that hearing loss could ever be eliminated from the population, even with
better primary prevention strategies. Furthermore, the interpretation of the PAF rests on causal
assumptions. Causal mechanisms linking hearing loss to dementia are plausible but unproven.
Furthermore, given that both hearing loss and dementia are strongly associated with aging, it is
plausible that one or more common underlying age-related mechanisms may account for at least
some of the observed associations between hearing loss and dementia (i.e., there could be a
common cause that accounts for both hearing loss and dementia without hearing lossitself directly
causing dementia). Treatments for hearing loss do not eliminate it, and normal hearing is not
restored, even if treatments mitigate the effects of hearing loss. Crucialy, thereis still no
convincing evidence based on RCT studies that treating hearing loss reduces the risk of dementia.
In addition to the issue of there being no proven causal mechanism to account for the association
between hearing loss and dementia, there are other reasons why the oft-cited PAF of hearing loss
for all-cause dementia must be qualified. At best, the PAF is arough marker of the relative
importance of hearing loss relative to other risk factors for dementia, but it may not be equivalent
or even valid for al populations or sub-groups in a population. Publications in 2024 also show that
the PAF may change over time. Indeed, if progress is made in overcoming arisk factor, then the
PAF should shrink. Clinicians must recognize that the PAF has limitations as a population
indicator of risk. It is even more important for clinicians to recognize that the PAF cannot be used
to estimate individual risk. The PAF may inform decisions about population-level public health
programs, but not to quantify the risk status of individual patients.
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Overview of 2023-2024 publications on PAFs for dementia risk

Hearing loss was reported to be the greatest potentially modifiable risk factor for dementia (PAF of
8.2%) in previously published reports by the Lancet Commission on Dementia Prevention,
Intervention and Care (Livingston et a., 2017, 2020). In July 2023, the first results of the Aging
and Cognitive Health Evaluation in Elders (ACHIEVE) randomized control trial (RCT) were
released at the Alzheimer’s Association International Conference (AAIC) and in a paper published
inthe Lancet (Lin et al., 2023). Recall that ACHIEVE isthefirst RCT to investigate if
comprehensive audiologic rehabilitation (not simply hearing aid use) could actually reduce the rate
of decline in cognitive performance (see Pichora-Fuller, 2023a). The ACHIEVE resultsreleased in
July 2023 showed no significant overall effect of audiologic rehabilitation on the rate of cognitive
decline. There was slower cognitive decline attributed to audiologic rehabilitation in a specific
high-risk sub-group that began the study with poorer cognitive performance and other risk factors
for dementia (smoked more, less education, more often lived alone, and more likely to have
diabetes and hypertension). However, there were not enough cases to study dementia as an
outcome over the three years of the ACHIEVE study. Therefore, despite the relatively high PAF of
8.2% for hearing loss as a potentially modifiable risk factor for dementia that had been reported,
the first results of the ACHIEVE RCT did not provide evidence that treatment for hearing loss
could actually reduce the incidence of dementia. At the July 2024 AAIC, ayear after the release of
the first results of the ACHIEVE RCT, an update to the 2020 report of the Lancet Commission on
Dementia Prevention, Intervention, and Care was presented and published in the Lancet with
revised PAF statistics used to estimate the potentially modifiable risk factors for dementia
(Livingston et al., 2024). Using global data, the PAF for hearing loss decreased from 8.2% (2020)
to 7% (2024). Below are highlights of some of the updates on these global PAFs, some recent
findings from studies on Canadian PAFs, and some explanations of what Canadian audiologists
might need to understand about PAFs for the purposes of counselling older people living with
hearing loss.

Comparisons of 2020 and 2024 PAFs for dementia risk factors

All 14 risk factors for dementia: From the 2020 report (Livingston et al., 2020) to the 2024 report
(Livingston et al., 2024), the PAFs changed for 7 of the 12 risk factorsincluded in both reports.
Hearing loss had the highest PAF (8.2%) in 2020, but in 2024 the PAF for hearing loss tied (7%)
with the PAF for high LDL cholesterol, a newly added risk factor. In 2024, vision loss was also
added as a new risk factor, with a PAF of 2%. Comparisons from 2020 to 2024 were as follows for
the PAFs of the other 11 previously identified modifiable risk factors for dementia: increases were
reported for three factors: socia isolation (4 to 5%), air pollution (2 to 3%) and diabetes (1 to 2%);
decreases were reported for three factors: low education (7 to 5%), smoking (5 to 2%) and
depression (4 to 3%); no change was reported for five factors: traumatic brain injury (3%),
hypertension (2%), physical inactivity (2%), obesity (1%) and excessive acohol consumption
(1%). In 2020, the combined PAF for 12 risk factors was 40% and it rose to 45% in 2024 for 14
risk factors (LDL cholesterol and vision loss were the two new risk factors). The 2024 report also
considered a number of other factors (e.g., Sleep, diet, infections and systemic inflammation,
bipolar disorder, psychotic disorders, anxiety, menopause and hormone replacement therapy,
multimorbidity and frailty) for which there was insufficient evidence to warrant adding them as
new risk factors; however, it seems likely that future reports may include these or other factors as
new research emerges. The 2024 report also considers the evidence regarding screening and
diagnosis for dementia, including possible benefits as well as possible harms, and concludes that
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“The balance of evidence and ethical principles finds that people should have access
to timely and accurate diagnosis with appropriate interventions when they are
seeking help, but the evidence does not justify screening the whole population for
dementia.”

(pp. 32).

Hearing loss as arisk factor for dementia: In 2020, hearing loss was defined as a better-ear four-
frequency pure-tone threshold average > 25 dB HL and the prevalence in older adults was
estimated at 31.7% globally; prevalence was estimated to be higher (59%) in 2024. In 2020, the
RR values for hearing loss were determined by meta-analysis (i.e., calculating weighted averages)
using data from 3 studies: two from the United States and one from the United Kingdom (which
included only men). Five new meta-analyses were used in the 2024 calculations. The RR for
hearing loss was 1.9 in 2020, meaning that the risk of developing all-cause dementiafor people
with hearing loss was 1.9 times the risk for those who did not have hearing loss, even after
multivariable adjustment for relevant confoundersin statistical models; the RR was lower (1.4) in
2024. As with prevalence, the RR may vary according to population characteristics (e.g., severity
of hearing loss within the group of people with hearing loss). Furthermore, some risk factors may
cluster together in individuals due to unifying, underlying causes (i.e., “latent factors’); for
example, alatent socioeconomic factor may explain clustering of hypertension, smoking, diabetes,
and low education in some individuals in a specific population. Adjustment for such communalities
was performed so that PAF values would better reflect the proportion of disease uniquely attributed
to each risk factor. In 2020, communality for hearing loss was 45.6%, and in 2024 it increased to
60.9%.

The calculations for hearing loss included all people without considering whether or not they used
hearing aids. It was noted that evidence for the benefits of hearing aid use for dementiarisk is
increasing, including evidence from a systematic review and meta-analysis (Yeo et al., 2023) based
on eight studies of which two studies found significant benefits (but see Denham et al., 2023;
Pichora-Fuller, 2023c) and the results for the high-risk sub-group in the ACHIEVE RCT (Lin et

a., 2023). Although there is ample evidence that audiol ogic rehabilitation benefits communication
and there are likely interactions between these benefits and other risk factors for dementia (e.g.,
physical activity, social isolation), there is still insufficient evidence that hearing aid use alters risk
for dementia. The conclusion about hearing loss as a potentially modifiable risk factor for dementia
Is best situated in the context of the overall conclusion that

“Key individual interventions are preventing and treating hearing loss, treating
vision loss and depression, cognitive stimulation throughout life, decreasing
smoking, reducing and treating vascular risk factors (i.e., cholesterol, diabetes,
obesity, and blood pressure), reducing head injury, and maintaining and
encouraging physical activity. Policy changes can improve education (in quality as
well as years of education) and reduce smoking, alcohol use, the risk of TBI, air
pollution, and salt and sugar in food, thus targeting obesity, hypertension, and
diabetes. Sructural changes can help to increase exercise and reduce social
isolation. Notably, interventions or lifestyle changes at any stage of life can alter the
risk of dementia.”

(pp. 42-43, Livingston et al., 2024).
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Hearing lossis only one of agrowing set of risk factors for dementia. The communalities among
risk factors and variations in the data used to estimate prevalence and RR limit the extent to which
the PAF values for asingle risk factor can beisolated, and there are also limits on how PAF values
can be generalized.

Generalizability

Globally: The 2024 Lancet Commission report (Livingston et al., 2024) conveys a very strong
message that the global PAF statistics must be qualified depending on social determinants of health
(e.g., differences due to socio-economic status within countries and between high- and low-income
countries). Crucially, the calculated PAFs may not be valid for populations with different
prevalence and RR values (if population-specific RR values are known). A rapidly growing
literature shows that dementiarisk varies over time and across countries; for example, there have
been declines in the prevalence and incidence of dementiain England, Spain, Sweden, France,
USA, but an increase in Japan (Avan & Hachinski, 2024). Furthermore, areview of 27 studies
(Mukadam et al., 2024) indicates that differences in the prevalence of risk factors for dementia
could affect PAFs; in general, PAFsfor less education and/or smoking have declined while PAFs
for obesity, hypertension and diabetes have increased, with most data coming from high-income
countries. For 15 of these 27 papers, there was sufficient data to calculate changes over timein
PAFsfor at least two factors by using the same RR values used in the 2020 Lancet Commission
report (Livingston et al., 2020). Of these 15 papers, only two papers yielded data on changesin
PAFsfor hearing loss. Over roughly 30 years (1975 to 2005), the PAF for hearing loss changed
from 2.5 to 2.8% in a Swedish study (Sacuiu et a., 2020). Over about 20 years (1989 to 2011), the
PAF for hearing difficulties changed from 5.8 to 6.8% in a British study (Matthews et al., 2016).
Notably, acomment (Smith & Deal, 2024) on a systematic review and meta-analysis paper
concerning PAFs (Stephan et al., 2024) urged researchers “to consider person (effect of co-
occurring risk factors), place (reporting PAF estimates specific to the regionsin which
interventions are likely to be deployed), and time (a life cour se approach) when cal culating and
reporting PAF”. Thisis also an important message for clinicians who are interpreting research
reporting PAFs.

Canada: In particular, it isimportant for Canadian audiologists to be aware of how these qualifying
issues have emerged in papers using prevalence data from over 30,000 participants in the Canadian
Longitudinal Study on Aging (CLSA; Rainaet al., 2009; https://www.clsa-elcv.cal). One Canadian
paper (Son et al., 2024) calculated PAFsfor 11 of the 12 risk factors (air pollution was excluded)
using the same RR values as had been used in the 2020 Lancet Commission report (Livingston et
al., 2020) and deep disturbances was added as an additional risk factor. Prevalence for the risk
factors was based on baseline data from the CLSA (but Canada-specific RRs were not available).
Canadian data were compared to similar data available for eight other countries (Australia, Brazil,
China, Denmark, India, Latin America, New Zealand, USA). The PAF for the combined
proportion of dementiarisk factors explained by the 11 risk factors that were common across
countries was highest in Latin America (55.9%) and lowest in Denmark (35.2%) which was similar
to Australia (36%), with the PAF for Canada being 49.2%. Striking differencesin PAFs were
found when CLSA data analyses were conducted by sex and age. For hearing loss, prevalence was
33.2%, and the PAF was 8.7%. However, as shown in Figure 1, PAF depends on prevalence; for
example, the prevalence of hearing loss is greater for males than females and increases with age.
This pattern illustrates how the characteristics of the population may affect the PAF estimates for
hearing loss in Canada.
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Figure 1. Hearing loss prevalence and PAF based on analyses of data from the Canadian
Longitudinal Study of Aging (Son €t al., 2024).

Another Canadian paper (Dolatshahi et al., 2024) compared CL SA data from two time points,
baseline (2011-2015) and the first followup (2015-2018). As shown in Figure 2, over time, the
PAF was unchanged for air pollution, decreased for 7 of the 12 risk factors (physical activity,
depression, hypertension, TBI, social isolation, low education, smoking), and increased for 4 risk
factors (obesity, diabetes, hearing loss, and excessive acohol consumption). This pattern is similar
to the general pattern observed across high-income countries (Mukadam et al., 2024). At baseline
the combined PAF for al 12 risk factors was 43.4% and at followup it was 40.1%. Importantly,
however, as shown in Figure 3, the combined PAF depended on income, with the risk factors
explaining more dementiarisk for those with lower incomes than for those with higher incomes. At
baseline the prevalence of hearing loss was 15.7% and the PAF for hearing loss was 3.3% (ranked

9" highest of the same 12 risk factors as had been reported in the 2020 Lancet Commission report
(Livingston et al., 2020)). At followup, the prevalence of hearing loss was 16.2% and the PAF for

hearing loss was 3.7% (ranked 7" of 12). The discrepancies between the two Canadian papers are
likely explained by the inclusion of dlightly different sets of risks factors and different applications
of weighting factors for the population; however, the patterns of PAFs are similar, with physical
activity having the highest PAF and hearing loss having arelatively low PAF when CLSA datais
used. It is aso noteworthy that, as shown in Figure 3, the combined PAF for all risk factors and the
prevalence hearing loss varies with income, with the total combined PAF and the preval ence of
hearing loss being greater for those with lower incomes than for those with higher incomes. It
follows that the contribution of hearing loss to the combined PAF for dementia risk would depend
on socio-economic factors related to various socia determinants of health.
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Figure 2. PAFsfor 12 risk factorsfor dementia (Dolatshahi et al., 2024) based analysis of CLSA
data from two time periods, the baseline (2011-2015) and thefirst follow-up (2015-2018).
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Figure 3. Hearing loss prevalence and PAF by income based on analysis of CL SA data
(Dolatshahi et al., 2024).

Discussion

There are several take-away messages for Canadian audiologists:

1. The PAF dtatistic can be used at the population-level, but it does not quantify an individual’s risk.

2. At the population-level, caution is needed in interpreting global or Canadian PAF statistics
because these are expected to change over time and they depend on sub-population
characteristics (e.g., sex, age, income) that may be related to socia determinants of health.

3. The PAF for hearing loss has relatively high communality with other risk factors, so it is best to
consider it one of many potentially modifiable risk factors. In Canada, as in other high-income
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countries, people living with hearing loss who are concerned about reducing risk for dementia,
including people who have aready benefited from audiologic rehabilitation, may find it
worthwhile to learn about the importance of non-audiological factors such asimproving
management of treatable comorbid health conditions (depression, hypertension, obesity, diabetes)
and making lifestyle changes (e.g., more physical activity, more social engagement, not smoking,
not consuming excessive amounts of alcohol) that could benefit many aspects of health (e.g.,
cardiovascular, brain health), including hearing health (WHO, 2021, 2023). In particular, it seems
reasonable that better hearing (and vision) could help people to become more engaged in physical
and social activities that could yield multiple health benefits. Audiologists could consider hearing
solutions that might improve communication accessibility in situations conducive to increasing
physical and social activities.

4. Future research in hearing healthcare should investigate how best to integrate hearing healthcare
into inter-professional integrated primary care for older people (WHO, 2017; Pichora-Fuller,
2023b). Indeed, in acomment on the 2024 Lancet Commission report (Kivipelto, et a., 2024), it
was noted that

“Increasing evidence shows that multidomain interventions, targeting several risk
factors simultaneoudly, are feasible and effective for people with increased risk for
dementia. These interventions rely on the application of the principle that one size
does not fit all; therefore, to be effective and feasible, interventions should be
tailored to risk profiles and adapted to geographically, culturally, and economically
diverse populations globally. Several multidomain trials of risk reduction arein
progress worldwide. .... Some of these trials are applying the precision prevention
approach, optimizing the multidomain intervention for specific risk profiles.”
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