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Abstract

Introduction

Dementia incidence is rising worldwide, driven largely by population ageing and demographic transition. 
Although dietary factors have been proposed as modifiable contributors, the role of dairy consumption 
remains unclear, with inconsistent findings across regions, populations, and product types.

Study aim

This study examined whether total dairy supply independently predicts dementia incidence at the popula-
tion level after accounting for key demographic and socioeconomic indicators.

Materials and methods 
A global ecological analysis was conducted using data from 204 countries. Variables included dairy supply, 
dementia incidence (total, male, and female), ageing, gross domestic product adjusted for purchasing power 
parity (GDP PPP), Biological State Index, and urbanisation. Statistical analyses included Pearson and Spear-
man correlations, partial correlations, principal component analysis, and multivariable linear regression. 
Enter models were treated as the primary analyses, while stepwise regression was used as an exploratory 
model-reduction approach.

Results

Dairy supply showed significant positive correlations with total dementia incidence (r = 0.54, p < 0.001) 
and with both male and female dementia incidence (r = 0.53, p < 0.001). Ageing showed the strongest 
associations across all outcomes (r = 0.73–0.78). In the primary multivariable models, ageing remained 
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the strongest independent predictor of total, male, and female dementia incidence. After adjustment, dairy 
supply remained an independent predictor, with modest effect sizes for total (β = 0.209, p < 0.001), male 
(β = 0.190, p = 0.001), and female (β = 0.223, p < 0.001) dementia incidence. Urbanisation and genetic 
vulnerability were associated with dementia incidence at the bivariate level but were not independent pre-
dictors in the adjusted models. Exploratory stepwise analyses showed a similar pattern.

Conclusions

Ageing remained the strongest global predictor of dementia incidence, while dairy supply showed an ad-
ditional independent association. These findings suggest that nutritional transitions may interact with 
demographic ageing to shape global dementia patterns worldwide.

Keywords: dairy supply, ecological study, ageing, socioeconomic development, biological state index, urban-
isation, global nutritional transition 

Introduction

Dementia is a  rapidly growing global 
health crisis. In 2021, 57 million people 
were living with dementia as estimated by 
The World Health Organization (WHO, 
2025a). Nearly 10 million new cases oc-
cur annually, and this number will triple 
by 2050 as populations continue to age 
(Nichols et al., 2022; WHO, 2025a). De-
mentia is characterised by cognitive de-
cline affecting memory, reasoning, and 
behaviour, leading to disability, depend-
ency, and substantial social and econom-
ic burden (Cipriani et al., 2020; WHO, 
2025a). Although ageing remains the 
most important non-modifiable risk fac-
tor, increasing attention has focused on 
modifiable determinants, including diet, 
that may influence dementia onset and 
progression (Lourida et al., 2019).

Diet has gained prominence because 
of its potential neuroprotective or neuro-
degenerative effects (Xu Lou et al., 2023; 
Yassine et al., 2022; You, 2025c; You & 
Feng, 2025). Dairy products are hetero-
geneous and include both fermented and 
non-fermented forms. They provide pro-
teins, minerals, vitamins, and essential 
amino acids that may support cognition 
through neurotransmitter synthesis, neu-
ronal integrity, and vascular health (Cam-
field et al., 2011; Otaegui-Arrazola et al., 
2014). Fermented dairy products, such as 

yogurt and cheese, may contain anti-in-
flammatory and antioxidant bioactive 
compounds that reduce neuroinflamma-
tion and improve gut–brain interactions 
(Anderson & Alpass, 2024; Gao et al., 
2025a; 2025b). By contrast, high-fat dairy 
products may adversely affect cognition 
through hyperinsulinemia, endothelial 
dysfunction, oxidative stress, and system-
ic inflammation (Tan & Norhaizan, 2019; 
Villoz et al., 2024). Thus, the association 
between dairy intake and dementia may 
differ according to product type and com-
position (Camfield et al., 2011).  

Previous findings have been inconsist-
ent. A meta-analysis of 15 cohort studies 
involving more than 300,000 participants 
reported a  nonlinear inverse association 
between dairy intake and cognitive de-
cline or dementia, with the lowest risk 
observed at around 150 g/day. The asso-
ciation was stronger among participants 
aged under 65 years (RR = 0.88, 95% 
CI: 0.76–1.01) than among those aged 
65 years and older (RR = 0.95, 95% CI: 
0.75–1.21) (Villoz et al., 2024). Studies 
including both sexes showed an inverse 
association (RR = 0.85, 95% CI: 0.78–
0.93), whereas sex-specific findings were 
more heterogeneous, and subtype analy-
ses suggested different patterns for milk 
and cheese (Villoz et al., 2024). The same 
meta-analysis also reported an overall 
inverse association when all dairy types 
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were combined (RR = 0.89, 95% CI: 
0.83–0.95). Subtype analyses suggested 
a null association for milk at ≤0.3 times/
day, with lower risk at higher intakes, and 
a nonlinear pattern for cheese, with lower 
risk around 0.3 times/day and null or pos-
itive associations at higher intakes (Villoz 
et al., 2024). Another meta-analysis also 
reported that higher dairy intake may be 
associated with lower risk of cognitive de-
cline or dementia, although findings var-
ied by sex, age, region, and dairy type  (Lee 
et al., 2018; Villoz et al., 2024). Studies 
in Asia showed a  stronger inverse asso-
ciation than studies in Europe (Villoz et 
al., 2024). European populations generally 
consume more dairy (170–711 g/day) than 
Asian populations (29–165 g/day), despite 
increasing dietary Westernisation in Asia 
(Suzuki et al., 2024; Villoz et al., 2024). 
Recommendations also differ, with Asian 
guidelines typically suggesting 1–4 serv-
ings per day compared with 2–4 servings 
in Europe, highlighting the importance of 
cultural and nutritional context (Cámara 
et al., 2021; Villoz et al., 2024).  

Evidence from specific dairy products 
also supports treating dairy as a  hetero-
geneous exposure. In UK Biobank, Deng 
et al. reported that soy milk consump-
tion was associated with a  lower risk of 
all-cause dementia (HR = 0.69, 95% 
CI: 0.54–0.90) and Alzheimer’s disease 
(HR = 0.70, 95% CI: 0.51–0.94), whereas 
other milk types did not show the same 
clear pattern (Deng et al., 2023). Emerg-
ing evidence also suggests potential cogni-
tive relevance of probiotic dairy products. 
Kasselman et al. found that older adults 
reporting daily yogurt/dairy consump-
tion had higher cognitive test scores than 
non-consumers (40.03 ± 0.64 vs. 36.28 
± 1.26, p = 0.017), although this asso-
ciation was attenuated after adjustment 
for sociodemographic factors (p = 0.074) 

(Kasselman et al., 2024). Together, these 
findings reinforce the importance of con-
sidering dairy as a  heterogeneous expo-
sure, as different dairy products may re-
late differently to cognitive health.  

Many studies have examined individ-
ual dairy components, often cheese, in 
relation to cognitive decline (Villoz et al., 
2024). Although this approach provides 
useful mechanistic insight, it does not 
fully reflect dietary behaviour, as people 
typically consume multiple dairy products 
such as milk, cream, butter, yogurt, and 
cheese (Lourida et al., 2013; Vauzour et al., 
2017). Focusing on one component may 
therefore underestimate the combined ef-
fects of overall dairy consumption. Con-
sequently, total dairy consumption, or 
total dairy supply, may provide a more re-
alistic indicator of population-level dairy 
exposure (Comerford et al., 2021; Villoz 
et al., 2024). However, because total dairy 
supply is analysed as a single aggregated 
exposure, it cannot distinguish poten-
tially divergent effects of fermented and 
non-fermented dairy products or low-fat 
and high-fat dairy products. This hetero-
geneity should be considered when inter-
preting any observed associations.

Mediterranean and MIND dietary pat-
terns have shown protective associations 
with cognitive health through higher 
intake of plant-based foods and healthy 
fats and lower consumption of red and 
processed meats (Chen et al., 2023; Fe-
kete et al., 2025). These patterns also 
incorporate fermented and low-fat dairy 
in moderation, suggesting that both 
type and quantity may influence cogni-
tive outcomes (Morris et al., 2015; Wade 
et  al., 2020). Greater cortical thickness 
in Alzheimer’s-vulnerable regions among 
individuals adhering to Mediterranean-
style diets further supports a  neuropro-
tective role, while dietary responses may 
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also vary by genetic susceptibility, with 
nutrient effects differing between APOE4 
and non-APOE4 carriers (Mosconi et al., 
2014; Norwitz et al., 2021; Yassine & 
Finch, 2020). 

Economic affluence and urbanisation 
may influence dementia incidence and 
prevalence through multiple, and some-
times opposing, pathways. Lower socio
economic position is associated with 
greater dementia risk, whereas age-spe-
cific dementia incidence has declined in 
many high-income countries, possibly 
reflecting improvements in education, 
public health, and vascular risk control. 
Evidence on urbanisation is mixed (Gie-
bel et al., 2025; Mollalo et al., 2025). 
A  recent meta-analysis found higher 
Alzheimer’s disease dementia prevalence 
in rural than urban settings, particularly 
in lower-resource regions, while a  sys-
tematic review showed that rural popu-
lations often face delayed diagnosis and 
reduced access to dementia care (Giebel 
et al., 2025; Mollalo et al., 2025). Thus, 
affluence and urbanisation may shape de-
mentia burden through both underlying 
risk exposure and differences in health-
care access and diagnostic infrastructure.

Sex differences in dementia risk are 
also widely reported. Women generally 
experience higher dementia incidence 
and prevalence than men, which has been 
attributed to a combination of longer life 
expectancy, hormonal and reproductive 
factors, and broader sociocultural influ-
ences (Beam et al., 2018; Huque et al., 
2023; You, 2025b). These established sex 
differences underscore the importance of 
examining dementia patterns separately 
for males and females in epidemiological 
research  (IHME, 2023). 

Despite increasing research, the global 
relationships among dairy supply, demo-
graphic factors, and dementia incidence 

remain unclear. Most studies have relied 
on individual-level dietary data, regional 
cohorts, or specific dairy products, which 
limits generalisability across populations. 
There remains a  lack of population-level 
evidence assessing whether dairy avail-
ability contributes independently to de-
mentia incidence when accounting for 
ageing, economic affluence, biological age-
ing burden, and urbanisation (Lee et al., 
2018; Villoz et al., 2024). Therefore, this 
global ecological study examined whether 
dairy supply predicts total, male, and fe-
male dementia incidence across countries 
after controlling for major demographic 
and development-related factors at the 
population level.   

Materials and methods

Data collection and selection  
For this global ecological study, data were 
compiled from major international data-
sets maintained by United Nations bodies 
and the Institute for Health Metrics and 
Evaluation (IHME). Dementia incidence 
data were obtained from the IHME da-
tabase (IHME, 2023), and a standardised 
list of 204 geographic units was sourced 
from the World Bank to ensure consistent 
alignment across variables. In this study, 
the term country refers to any territorial 
unit that reports its own demographic, 
health, and economic statistics within in-
ternational reporting frameworks. As this 
does not necessarily imply political inde-
pendence, the terms country and popula-
tion are used interchangeably throughout 
the analysis (The World Bank, 2022a). 

The main explanatory variable was 
dairy supply, defined as the mean per-per-
son daily availability of dairy products be-
tween 2019 and 2021. These data were 
retrieved from the Food and Agriculture 
Organization Corporate Statistical Da-
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tabase (FAOSTAT) Food Balance Sheets 
(FBS) and expressed as kilocalories per 
capita per day (FAO, 2025). 

For each country, total dairy supply was 
calculated by summing the energy contri-
butions from the FAOSTAT categories 
Butter and Ghee (F2740), Cream (F2743), 
and Milk – Excluding Butter (F2848). 
Category-specific values reported as Food 
supply (kcal/capita/day) were extracted for 
each year, averaged across 2019–2021, and 
combined into a  single aggregated meas-
ure. This variable reflects the energy sup-
ply derived from dairy products available 
for human consumption at the national 
level. Although it does not quantify specif-
ic nutrient components and may overrep-
resent fat-rich products such as butter and 
ghee, it provides a widely used ecological 
indicator of population-level dairy availa-
bility and dietary exposure patterns.

FAOSTAT Food Balance Sheets were 
selected because this study examined 
dairy exposure as a population-level food 
availability measure rather than as indi-
vidual dietary intake. Food Balance Sheets 
provide standardised national estimates 
of per-capita food and energy availability, 
which aligned with the ecological objective 
of the study and with the construction of 
a total dairy supply variable in kcal/capita/
day. By contrast, the Global Dietary Data-
base (GDD) primarily estimates individu-
al intake and reports separate dairy-related 
variables rather than a directly comparable 
total dairy-energy measure, while IHME 
Global Burden of Disease (GBD) dietary 
risk estimates are designed for compara-
tive risk assessment and include milk as 
a  specific dietary risk rather than total 
dairy supply. Nevertheless, intake-based 
datasets such as GDD may be valuable 
in future studies aimed at distinguishing 
dairy subtypes and approximating individ-
ual-level consumption patterns.

The outcome variable was dementia 
incidence rate, defined as the number of 
new cases per 100,000 people. These data 
were obtained from the 2021 IHME da-
taset (IHME, 2023). 

IHME, an independent centre based at 
the University of Washington, is widely 
recognised for its global health monitor-
ing and analytical rigour (IHME, 2023; 
Murray & Frenk, 2008). Three outcome 
measures were extracted: overall demen-
tia incidence, male dementia incidence, 
and female dementia incidence.

Because dementia arises from multiple 
interacting factors, several potential con-
founders were included. Economic afflu-
ence was measured using 2018 per-capita 
gross domestic product adjusted for pur-
chasing power parity (GDP PPP) from the 
World Bank. Higher economic affluence is 
associated with greater longevity, higher 
education levels, and increased prevalence 
of lifestyle-related conditions such as obe-
sity and diabetes (Talukdar et al., 2020; 
The World Bank, 2018; Xu et al., 2017). 
It may also affect the ability of health sys-
tems to detect dementia earlier, reflecting 
differences in healthcare capacity across 
countries (Gaziano et al., 2010). Eco-
nomic affluence and urbanisation were 
included as key socioeconomic indicators 
because they may influence dementia bur-
den through multiple pathways, including 
longevity, lifestyle change, healthcare ac-
cess, and diagnostic capacity.  

Genetic vulnerability was assessed 
using the Biological State Index (Ibs), 
a  population-level measure intended to 
reflect the extent to which deleterious 
genetic variants may accumulate within 
a population. The index ranges from 0 to 
1.0 and was calculated using fertility data 
from 2005 (WHO, 2015) and mortality 
data from 2009 (WHO, 2012). Its un-
derlying premise is that reduced natural 
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selection in modern populations may al-
low deleterious genetic variants to persist 
and accumulate, potentially contributing  
to  population-level genetic vulnerabili-
ty to non-communicable diseases such as 
dementia. Higher Ibs values therefore indi-
cate greater population-level genetic vul-
nerability and have been associated with 
increased dementia incidence in prior 
ecological research (Beam et al., 2018).  

Population ageing was approximated 
using life expectancy at birth, obtained 
from the World Bank (The World Bank, 
2022b). Although dementia can occur at 
different life stages, it is concentrated pri-
marily among older adults; therefore, life 
expectancy data from 2018 were used as 
a proxy for population ageing. While life 
expectancy at birth may partly reflect ear-
ly-life mortality, in contemporary popu-
lations much of its variation is driven by 
adult and older-age survival. It remains 
a widely used and internationally compa-
rable indicator of population longevity in 
cross-national analyses (Cambois et al., 
2023; You et al., 2025). 

Urbanisation, defined as the percent-
age of the population living in urban are-
as in 2018 (The World Bank, 2018), was 
also obtained from the World Bank. Ur-
ban settings may influence dementia risk 
through changes in lifestyle and health-re-
lated behaviours. Modernisation and in-
dustrialisation are associated with shifts 
in diet, including greater intake (You & 
Henneberg, 2016a; 2016b), increased 
consumption of processed foods high in 
salt, sugar, and fat (Smith et al., 2012), 
and generally lower levels of physical ac-
tivity (Allender et al., 2008). At the same 
time, urban areas often provide better ac-
cess to health services, which may facil-
itate earlier recognition and diagnosis of 
dementia and thereby influence reported 
incidence figures.

All variables were collated and man-
aged in Microsoft Excel® 2016 prior to 
analysis. Within this ecological frame-
work, each country or population was 
treated as one observational unit. The 
number of countries included in specific 
analyses varied across variables because 
complete data were not consistently 
available for every indicator, reflecting 
reporting gaps across United Nations–af-
filiated data sources. 

Statistical analyses   
The association between national 

dairy availability and dementia incidence 
(total, male, and female) was investigated 
through a staged analytical strategy.
1.	 Preliminary Data Screening: Initial 

visual assessments were undertaken 
by producing scatterplots in Microsoft 
Excel® 2016 to explore broad patterns 
between dairy supply and dementia 
incidence and to detect potential out-
liers or inconsistencies in reporting, 
thereby supporting data reliability.

2.	 Correlation Analyses: Both Spear-
man’s rho and Pearson’s r correlation 
coefficients were calculated to deter-
mine the magnitude and direction of 
relationships among dairy supply, de-
mentia incidence indicators, econom-
ic development (GDP PPP), genetic 
vulnerability (Ibs), life expectancy (Age-
ing), and urbanisation. These analyses 
provided an overview of how dementia 
outcomes align with development-re-
lated variables at the global level.

3.	 Adjusted Correlation Models: Partial 
correlations were then used to ex-
amine the association between dairy 
supply and dementia incidence while 
statistically adjusting for GDP PPP, 
Ibs, Ageing, and urbanisation. This 
allowed assessment of whether dairy 
supply remained related to dementia 
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incidence independent of major demo-
graphic and socioeconomic influences.

4.	 Principal Component Analysis (PCA): 
To examine shared variance among 
key variables, PCA using Kaiser’s crite-
rion (eigenvalues ≥ 1) was conducted. 

5.	 Regression Modelling: Regression di-
agnostics were used to assess multi-
collinearity, residual normality, and 
homoscedasticity using tolerance, 
variance inflation factors (VIF), and 
inspection of residual plots. Multiple 
linear regression analyses were then 
conducted to examine predictors of 
total, male, and female dementia inci-
dence. Dementia incidence was spec-
ified as the dependent variable, with 
dairy supply and prespecified devel-
opment-related indicators entered as 
independent variables. Enter models 
were treated as the primary analyses 
to assess the simultaneous contribu-
tion of all covariates, whereas stepwise 
models were used only as an explora-
tory model-reduction approach. Entry 
and removal criteria for stepwise re-
gression were set at p ≤ 0.05 and p ≥ 
0.10, respectively. Changes in R² and 
standardised beta coefficients were 
examined to assess the independent 
contribution of dairy supply after ad-
justment for demographic and socio-
economic factors. Because the primary 
inferential analyses were based on lin-
ear models, the polynomial trendline 
in Figure 1 was included for descriptive 
visualisation only and was not inter-
preted as a formal test of non-linearity.    

6.	 Regional Stratified Analyses: To exam-
ine whether the association between 
dairy supply and dementia incidence 
varied across population contexts, cor-
relation analyses were also conducted 
within selected subgroup classifica-
tions. These regional and subgroup 

analyses were treated as explorato-
ry and were used to assess variation 
across economic, geographic, and 
cultural groupings. Because sever-
al subgroup sample sizes were small 
and multiple comparisons were per-
formed, these findings were interpret-
ed cautiously as hypothesis-generating 
rather than confirmatory. Countries 
were stratified according to several 
international frameworks, including 
World Bank income groups (high, 
upper-middle, lower-middle, and low 
income) (World Bank, 2022); United  
Nations designations of developed 
and developing countries (United Na-
tions Statistics Division, 2013), WHO 
regional groups: Africa, the Ameri-
cas, Eastern Mediterranean, Europe, 
South-East Asia, and the Western Pa-
cific (WHO, 2025b), cultural, political, 
and economic blocs: Asia Cooperation 
Dialogue (Asia Cooperation Dialogue, 
2018), Asia-Pacific Economic Coop-
eration (Asia-Pacific Economic Coop-
eration, 2015), the Arab World (The 
World Bank, 2015), English-speak-
ing countries (official government 
sources), Latin America (The United 
Nations Educational Scientific and 
Cultural Organization, 2014), Latin  
America and the Caribbean (The 
United Nations Educational Scientif-
ic and Cultural Organization, 2014), 
OECD member states (OECD, 2015), 
and the Southern African Develop-
ment Community (Southern African 
Development Community, 2015).
All statistical analyses were carried out 

using Statistical Package for Social Sciences 
version 31 (SPSS Inc., Chicago, IL, USA) 
alongside Microsoft Excel® 2016. A signif-
icance threshold of p < 0.05 was applied, 
with results also presented at the p < 0.01 
and p < 0.001 levels where relevant. 
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Results

To our knowledge, this is among the first 
global ecological analyses to investigate 
whether total dairy supply predicts de-
mentia incidence across countries. A pos-
itive association was observed, supported 
by correlation, regression, and partial cor-
relation analyses, with dairy supply re-
maining a modest independent predictor 
after accounting for ageing, economic af-
fluence, genetic burden, and urbanisation. 
Regional comparisons revealed marked 
variability, indicating that the dairy–de-
mentia relationship is context dependent 
rather than universally uniform. 

Visual trend analysis of dairy supply 
and dementia incidence 

Figure 1 shows a  positive association be-
tween total dairy supply and dementia inci-
dence across countries. Visual inspection of 

the scatterplot suggested that higher per cap-
ita dairy availability generally correspond-
ed with higher dementia incidence rates. 
A  polynomial trendline was included for 
descriptive visualisation only and was not 
intended as a formal test of non-linearity.  
The scatterplot also suggested clustering by 
level of development, with many low- and 
middle-income countries concentrated at 
lower levels of both dairy supply and de-
mentia incidence, whereas higher-income 
countries tended to cluster at higher lev-
els of both variables. Overall, the visual 
pattern was consistent with the correla-
tion and regression analyses, supporting 
a positive association between dairy supply 
and dementia incidence at the global level. 
However, the distribution of observations 
also suggested that this relationship may 
be influenced by broader development-re-
lated factors, including ageing, economic 
affluence, and biological ageing burden.  

Figure 1. Scatterplot showing the association between total dairy supply and dementia incidence across 
countries. Note: Dairy supply (kcal/capita/day, 2019–2021) was sourced from the Food and Agriculture 
Organization Corporate Statistical Database, and dementia incidence (new cases per 100,000 in 2021) 
came from the Institute for Health Metrics and Evaluation
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Global correlation patterns among 
dairy supply, dementia incidence, 

and development factors 
Dairy supply was moderately and posi-
tively correlated with dementia incidence 
across all groups. Higher total dairy supply 
was associated with higher total dementia 
incidence (Pearson r = 0.54), as well as 
male and female incidence (both r = 0.53; 
all p <0 .001). Dairy supply was also mod-
erately correlated with GDP per capita, Ibs, 
Ageing, and urbanisation (r range 0.45–
0.53, p < 0.001), indicating that countries 
with greater dairy availability tended to be 
more affluent, more urbanised, and to have 
higher life expectancy. 

The three dementia incidence indica-
tors were very highly inter-correlated (r = 
0.98–0.99, p < 0.001), and each showed 
strong positive associations with GDP, 
Ibs, ageing, and urbanisation (r generally 
≥ 0.50, p < 0.001), suggesting a shared 
pattern across sociodemographic devel-
opment and dementia burden. Spearman 
coefficients were very similar in mag-
nitude to the Pearson correlations (e.g. 
dairy vs total dementia ρ = 0.54; dairy 
vs Ageing ρ = 0.55; all p < 0.001), sup-
porting the robustness of these positive 
monotonic relationships and indicating 
that results were not driven by linearity 
assumptions or outliers.

Table 1. Correlation matrix of dairy supply and dementia indicators. Values in bold indicate statistical 
significance

Variable 1 2 3 4 5 6 7 8

1. Dairy total 
mean 2019–2021 1 0.537*** 0.534*** 0.534*** 0.468*** 0.473*** 0.528*** 0.452***

2. Dementia 
incidence, total 0.543*** 1 0.984*** 0.994*** 0.604*** 0.606*** 0.741*** 0.502***

3. Dementia 
incidence, male 0.546*** 0.983*** 1 0.972*** 0.623*** 0.631*** 0.775*** 0.526***

4. Dementia 
incidence, female 0.539*** 0.990*** 0.974*** 1 0.595*** 0.594*** 0.725*** 0.493***

5. Affluence 0.560*** 0.777*** 0.793*** 0.773*** 1 0.567*** 0.733*** 0.649***

6. Genetic 
vulnerability  0.597*** 0.848*** 0.870*** 0.844*** 0.895*** 1 0.876*** 0.523***

7. Ageing  0.551*** 0.829*** 0.859*** 0.818*** 0.880*** 0.930*** 1 0.604***

8. Urbanisation 0.459*** 0.525*** 0.549** 0.523*** 0.720*** 0.630*** 0.640*** 1

Notes: Pearson coefficients appear above the diagonal and Spearman’s rho below, with pairwise deletion 
applied (N = 168–204). Bolded values indicate statistically significant associations. *** p < 0.001 
(2-tailed). Dairy supply (kcal/capita/day, 2019–2021) came from the Food and Agriculture Organ-
ization Corporate Statistical Database; dementia incidence (new cases per 100,000 in 2021) from 
the Institute for Health Metrics and Evaluation. Genetic vulnerability (Ibs, 2018), affluence (GDP 
PPP, 2018), ageing (life expectancy at birth, 2018), and urbanisation (percentage urban, 2018) were 
sourced from the World Bank.    
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Partial correlations 
Partial correlations showed that the posi-
tive association between dairy supply and 
dementia incidence weakened after ac-
counting for development-related factors 
but remained statistically significant. 
Controlling for affluence reduced the cor-
relations to around .036, and further ad-
justment for biological state, ageing, and 
urbanisation lowered them to approxi-
mately 0.25–0.27 across total, male, and 

female outcomes. Across all models, the 
direction and significance of the associ-
ations were consistent, indicating that 
dairy supply contributes a modest inde-
pendent effect beyond key socioeconomic 
and demographic influences. These find-
ings highlight that broader development 
conditions explain much of the variation 
in dementia incidence, while dairy avail-
ability still plays a small but meaningful 
role.

Table 2. Partial correlations between dairy supply and dementia incidence under different adjustment mod-
els. Values in bold indicate statistical significance

  Adjustment Model 
 (Control Variables stabilised)

Dairy ↔ 
Dementia 

Total

Dairy ↔ 
Dementia 

Male

Dairy ↔  
Dementia 

Female
n

Full model: Affluence + Genetic vulnerability 
+ Ageing + Urbanisation

0.256*** 0.249*** 0.267*** 162

Affluence + Genetic vulnerability + Ageing 0.256*** 0.249*** 0.265*** 163

Affluence + Genetic vulnerability 0.276*** 0.269*** 0.284*** 164

Affluence only 0.358*** 0.356*** 0.362*** 166

Unadjusted (Pearson r) 0.537*** 0.534*** 0.534*** 173

Notes: Partial correlation coefficients (r) are shown. *** p < 0.001 (2-tailed). Dairy supply (kcal/capita/day, 
2019–2021) came from the Food and Agriculture Organization Corporate Statistical Database; demen-
tia incidence (new cases per 100,000 in 2021) from the Institute for Health Metrics and Evaluation. 
Genetic vulnerability (Ibs, 2018), affluence (GDP PPP, 2018), ageing (life expectancy at birth, 2018), and 
urbanisation (percent urban, 2018) were sourced from the World Bank.  

Principal component analysis 
Principal component analysis demon-
strated that the country-level variables 
shared a  strong underlying structure. 
Sampling adequacy was acceptable 
(KMO = 0.756), and Bartlett’s test indi-
cated sufficient intercorrelations among 
variables (χ²(10) = 512.20, p < 0.001). 
Only one component met the Kaiser cri-
terion (eigenvalue = 3.34), accounting 
for 66.7% of the total variance, suggest-
ing a dominant latent dimension. Age-
ing, GDP per capita, Ibs, and urbanisation 

showed high communalities (0.58–0.85) 
and strong factor loadings (0.76–0.92), 
while dairy supply displayed a moderate 
loading (0.70). This pattern indicates 
that dairy availability is embedded with-
in a  broader cluster of socioeconomic 
and demographic characteristics. Over-
all, the extracted component appears to 
represent a socioeconomic–development 
index, reflecting shared variance among 
development-related indicators that 
co-occur with higher dairy supply across 
countries. 
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Table 3. Principal component analysis of dairy supply and country-level factors 

Measure / Variable Value / Loading

KMO Measure of Sampling Adequacy 0.756

Bartlett’s Test of Sphericity χ²(10) = 512.20, p < 0.001

Extraction Method Principal Component Analysis

Number of Components Extracted 1

Eigenvalue (Component 1) 3.34

Variance Explained (Component 1) 66.7%

Variable Communality (Extraction) Component Loading

Dairy supply, total 0.489 0.699

Affluence 0.703 0.839

Genetic vulnerability (Ibs) 0.715 0.846

Ageing (Life expectancy at birth) 0.850 0.922

Urbanisation 0.579 0.761

Notes: Only one component had an eigenvalue > 1, so no rotation was applied. Dairy supply (kcal/
capita/day, 2019–2021) came from the Food and Agriculture Organization Corporate Statistical 
Database; dementia incidence (new cases per 100,000 in 2021) from the Institute for Health Met-
rics and Evaluation. Genetic vulnerability (Ibs, 2018), affluence (GDP PPP, 2018), ageing (life ex-
pectancy at birth, 2018), and urbanisation (percent urban, 2018) were sourced from the World 
Bank. Bolded values indicate key PCA results and do not denote statistical significance, except for 
Bartlett’s test p value.

Multiple linear regression analyses 
(enter and stepwise methods) 

Regression diagnostics indicated no major 
violation of model assumptions. Although 
some covariates were moderately to  
strongly intercorrelated, tolerance and 
variance inflation factor (VIF) values re-
mained within acceptable limits, and in-
spection of residual plots suggested approx-
imate normality and homoscedasticity.

Multiple linear regression analyses 
showed that ageing was the strongest in-
dependent predictor of dementia incidence 
across all models. The full enter models 
were treated as the primary analyses be-
cause they retained all prespecified co-
variates simultaneously. In these models, 

ageing remained highly significant across 
total, male, and female dementia incidence 
outcomes (β = 0.596–0.754, p < 0.001), 
whereas affluence, genetic vulnerability 
(Ibs), and urbanisation were not signifi-
cant independent predictors (p > 0.05). 
Adding dairy supply improved model fit 
across all three outcomes, increasing ex-
plained variance by approximately 2% to 
4% (ΔR² = 0.022–0.033) and reducing the 
standard error of the estimate. Dairy sup-
ply also remained an independent predictor 
of dementia incidence in the adjusted enter 
models (total: β = 0.209, p < 0.001; male: 
β = 0.190, p = 0.001; female: β = 0.223, 
p  < 0.001), although its effect size was 
modest relative to ageing.
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Stepwise models were conducted 
as an exploratory model-reduction ap-
proach and produced a  materially sim-
ilar pattern. In each case, ageing was 
retained at the first step and dairy sup-
ply at the second step, with statistical-
ly significant improvements in explan-
atory power for total, male, and female 
dementia incidence. The consistency 
between  the enter and stepwise models 
supports the  robustness of the findings 
and suggests that the substantive inter-
pretation was not dependent on the step-
wise selection procedure. Because the 
primary inferential analyses were based 
on linear regression models, these find-
ings should be interpreted as evidence 
of a positive adjusted linear association 
rather than as confirmation of non-line-
ar or threshold effects. 

Regional and economic variability 
in the dairy–dementia relationship 

Exploratory subgroup analyses showed 
that the correlation between dairy sup-
ply and dementia incidence varied across 
global classifications. Significant posi-
tive correlations were observed in some 
middle- and higher-income settings and 
in selected regional groupings, includ-
ing the Americas, Latin America, Latin 
America and the Caribbean, APEC, and 
English-speaking countries. However, no 
significant associations were observed in 
several other groups, including low-in-
come countries, the Arab World, Eastern 
Mediterranean, and several European 
classifications. Some Asian subgroup-
ings showed inverse or negative trends, 
although these findings should be inter-
preted cautiously given the small sample 
sizes in several groups and the large num-
ber of comparisons undertaken. Overall, 
the subgroup analyses suggest possible 
contextual variation in the dairy–demen-

tia relationship, but these findings are 
exploratory and should be regarded as 
hypothesis-generating.   

Discussion

This global ecological study examined 
whether country-level dairy supply pre-
dicts dementia incidence after account-
ing for major demographic and devel-
opment-related factors. Overall, higher 
total dairy supply was associated with 
higher dementia incidence, although 
the strength of this relationship varied 
across regional and cultural groupings. 
Stronger associations were observed in 
the Americas, Latin America, the Carib
bean, APEC, and English-speaking 
countries, rather than uniformly across 
the most affluent or highly urbanised 
settings. These findings both converge 
with and diverge from existing litera-
ture, underscoring the complexity of 
dairy–dementia relationships across in-
take levels, dairy types, and population 
contexts. 

At the crude level, total dairy kcal 
supply showed moderate positive corre-
lations with total, male, and female de-
mentia incidence (r ≈ 0.53–0.54). These 
associations remained statistically sig-
nificant after adjustment for GDP PPP, 
Biological State Index (Ibs), ageing, and 
urbanisation, although they were atten-
uated (partial r  ≈ 0.25–0.27). Multiple 
regression models further showed that 
dairy supply contributed a  small but 
independent proportion of variance in 
dementia incidence (ΔR² ≈ 0.02–0.04), 
whereas ageing remained the dominant 
predictor. This pattern suggests that dairy 
availability is part of a broader cluster of 
development-related exposures associat-
ed with dementia rather than a  stand-
alone causal factor  (Villoz et al., 2024). 
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Although the independent contribu-
tion of dairy supply was modest, it may 
still matter at the population level be-
cause dietary exposures are widespread 
and potentially modifiable (FAO, 2025). 
However, its effect was small relative to 
ageing and should not be interpreted as 
a  strong stand-alone clinical predictor 
or as a  basis for individual dietary rec-
ommendations (Townsend et al., 2024). 
Rather, dairy supply is better understood 
as one contextual factor embedded with-
in broader demographic and develop-
ment-related processes.  

Compared with individual-level evi-
dence, our ecological findings appear par-
tially discordant with studies reporting 
neutral or protective effects of dairy intake. 
The systematic review and meta-analysis 
cited in the Introduction reported that 
higher dairy consumption was associated 
with a  lower risk of cognitive decline or 
dementia, although findings varied by sex, 
age, region, and dairy type (Villoz et  al., 
2024). Several cohort studies have also 
suggested that fermented or low-fat dairy 
products may benefit cognitive function, 
potentially through anti-inflammatory, an-
tioxidant, and gut–brain mechanisms (An-
dersen & Alpass, 2024; Gao et al., 2025a; 
2025b). In contrast, our country-level 
analysis indicated that greater total dairy 
supply was, on average, associated with 
higher dementia incidence, particularly 
in upper-middle and high-income settings 
and in regions such as the Americas, Latin 
America, and the Caribbean. 

Several methodological and contextu-
al factors may explain this discrepancy. 
First, our exposure was total dairy ener-
gy supply rather than individual intake. 
FAOSTAT food supply data reflect per 
capita availability and do not account 
for wastage, unequal distribution, or 
within-country heterogeneity (Balances, 

2013). Countries with high dairy sup-
ply also tend to have older populations, 
stronger diagnostic systems, and more 
developed health services, all of which 
may increase recorded dementia inci-
dence. The PCA findings, in which dairy 
supply loaded moderately on a single “de-
velopment” component alongside afflu-
ence, ageing, Ibs, and urbanisation, sup-
port the view that dairy availability may 
partly function as a marker of broader so-
cioeconomic and demographic transition 
rather than a  discrete causal exposure 
(Abu Hatab et al., 2019; Delgado, 2003).

Interpretation of the findings must 
also consider dairy heterogeneity. Be-
cause total dairy supply was analysed as 
a  single aggregated exposure, the study 
could not distinguish between ferment-
ed and non-fermented dairy products or 
between low-fat and high-fat dairy prod-
ucts. These subtypes may relate differ-
ently to cognitive health (Villoz et al., 
2024), and the observed positive associ-
ation may therefore reflect the combined 
influence of heterogeneous dairy expo-
sures rather than a uniform effect of all 
dairy products. Fermented or lower-fat 
dairy  products may support cognitive 
health through anti-inflammatory and 
antioxidant actions, gut–brain modu-
lation, and bioactive compounds that 
benefit neuronal and vascular function 
(Anderson & Alpass, 2024; Gao et  al., 
2025a; 2025b). By contrast, high-fat 
dairy products may contribute to hyper-
insulinemia, endothelial dysfunction, 
oxidative stress, and systemic inflam-
mation, all of which are implicated in 
dementia pathogenesis (Ataei Kachouei 
et al., 2025; Ghosh et al., 2017). As total 
dairy supply was analysed as an ecologi-
cal aggregate, the present findings likely 
reflect the net effect of multiple, poten-
tially opposing, mechanisms.
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Relatedly, our analysis combined but-
ter and ghee, cream, and milk (excluding 
butter) into a single measure of total dairy 
energy consumption. This differs from 
many epidemiological studies that sep-
arate high-fat from low-fat dairy, or fer-
mented from non-fermented products (Lee 
et al., 2018; Suzuki et al., 2024; Villoz et 
al., 2024). Existing evidence suggests that 
these subtypes may have opposing effects: 
fermented dairy and low-fat products may 
confer neuroprotective benefits, whereas 
high-fat dairy may contribute to vascular 
and metabolic pathways linked to demen-
tia (Anderson & Alpass, 2024; Suzuki et 
al., 2024; Villoz et al., 2024). The positive 
association observed at the population 
level is therefore compatible with the pos-
sibility that, in countries with high dairy 
availability, total supply is dispropor-
tionately characterised by energy-dense, 
high-fat products consumed within West-
ernised dietary patterns rich in saturated 
fat, refined carbohydrates, and processed 
foods, which have been repeatedly linked 
to increased dementia risk (Ellouze et al., 
2023; Li et al., 2022; Pongutta, 2025). 

The regional patterns observed here are 
broadly consistent with the more nuanced 
findings of the meta-analysis (Villoz et al., 
2024). We found significant positive corre-
lations between dairy supply and dementia 
incidence in upper-middle- and high-in-
come countries and in groupings such 
as the Americas, Latin America, Latin  
America and the Caribbean, APEC, and 
English-speaking countries. In contrast, 
no significant associations were observed 
in low-income countries, Africa, the Arab 
World, the Eastern Mediterranean, or Eu-
ropean-based groups (EU, EEA, and WHO 
Europe), while some Asian groupings 
(ACD and SEA) showed inverse or nega-
tive trends. The meta-analysis similarly 
reported stronger inverse associations in 

Asian cohorts, where dairy intake is gen-
erally low to moderate, and no clear pat-
tern in European cohorts, where intake 
is high (Villoz et al., 2024). Although the 
scatterplot suggested possible curvature, 
the present study did not formally test 
non-linear effects. Accordingly, the find-
ings are best interpreted as indicating that 
the association between dairy supply and 
dementia incidence may vary across die-
tary and population contexts, rather than 
as evidence confirming a threshold or cur-
vilinear relationship. This interpretation 
is also consistent with broader dietary lit-
erature showing that the health effects of 
specific foods often depend on background 
diet and intake range (Fabiani et al., 2023; 
Jacobs Jr & Steffen, 2003). In populations 
more closely adhering to Mediterranean or 
MIND dietary patterns, where dairy intake 
is generally modest and plant-based foods, 
fish, and unsaturated fats are emphasised, 
protective effects against cognitive decline 
and Alzheimer’s disease have been report-
ed consistently (Fu et al., 2022; Tse et al., 
2025). Our results do not contradict such 
evidence; rather, they suggest that, at the 
macro level, high dairy supply may co-oc-
cur with departures from these protective 
patterns. The subgroup analyses should 
nevertheless be interpreted with caution. 
These analyses were exploratory, involved 
a  large number of comparisons, and in-
cluded several groupings with relatively 
small sample sizes. Accordingly, isolated 
significant findings, particularly inverse 
associations observed in some smaller 
Asian subgroupings, may reflect sam-
pling instability or multiple-testing effects 
rather than robust underlying differences 
(Cuijpers et al., 2021; Wang et al., 2021). 
These results should therefore be regarded 
as hypothesis-generating and require con-
firmation in future studies using larger and 
more comparable regional datasets. 
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Our findings also align with broad-
er demographic literature emphasising 
the dominant roles of ageing and genet-
ic predisposition in dementia risk (Kim 
et al., 2009; Stocker et al., 2018; WHO, 
2025a; You et al., 2022). Ageing emerged 
as the strongest predictor in all regression 
models (β ≈ 0.60–0.80), exceeding the con-
tributions of affluence, genetic vulnerabil-
ity, urbanisation, and dairy supply. This 
is consistent with global burden evidence 
showing that population ageing is the pri-
mary driver of rising dementia incidence 
worldwide (WHO, 2025a). The Biological 
State Index further reflects how reduced 
natural selection in developed populations 
may permit the accumulation of deleteri-
ous alleles contributing to non-communi-
cable diseases, including dementia (You 
et al., 2022). Dairy supply added a modest 
but statistically significant contribution 
on top of these factors, suggesting that 
diet-related exposures may modulate risk 
within a  broader, largely non-modifiable 
landscape of ageing and genetic vulnera-
bility. Although economic affluence and 
urbanisation were positively associated 
with dementia incidence in the correla-
tion analyses, they were not retained as 
independent predictors in the final regres-
sion models, suggesting that their effects 
are largely embedded within broader de-
mographic and development-related con-
ditions.  

Sex-specific findings were also broadly  
consistent with existing literature (Beam 
et al., 2018). Sex-specific analyses showed 
that the association between dairy sup-
ply and dementia incidence was similar 
in males and females. Higher dementia 
prevalence and incidence in women have 
been attributed to ageing, hormonal tran-
sitions, decreasing fertility, social roles, 
and gender equity (Han et al., 2023; You, 
2025a, 2025b). More broadly, sex differ-

ences in dementia risk have been widely 
reported, with women generally showing 
higher prevalence and, in many settings, 
higher incidence than men (Beam et al., 
2018; Huque et al., 2023). Proposed ex-
planations include longer life expectan-
cy, hormonal and reproductive factors, 
genetic susceptibility, and social deter-
minants such as education, caregiv-
ing roles, and gender inequality (You, 
2025b). Although we did not find strong 
evidence that dairy supply differentially 
affects male versus female dementia in-
cidence at the population level, the con-
sistently higher female rates reinforce 
the importance of examining dementia 
patterns separately for males and fe-
males and support the need for future 
sex-stratified individual-level studies, 
particularly those assessing interactions 
between diet, hormonal status, and ge-
netic risk such as APOE4 (Gong et al., 
2023; O’Shea et al., 2024; Valencia‐ 
Olvera et al., 2023).  

Study limitations 
Several limitations should be considered. 
First, as an ecological analysis based on 
country-level data, this study cannot 
support individual-level causal inference. 
The observed associations reflect popu-
lation-level patterns and may not apply 
to individual dairy consumption or de-
mentia risk. Residual confounding is also 
possible, particularly from unmeasured 
country-level factors such as education, 
healthcare access, physical activity, and 
other dietary components. In addition, 
IHME dementia incidence estimates are 
modelled and may be influenced by di-
agnostic capacity, especially in low- and 
middle-income countries where underdi-
agnosis remains common.

Second, total dairy supply was analysed 
as a single aggregated ecological indicator 
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and therefore did not distinguish between 
fermented and non-fermented products 
or between low-fat and high-fat dairy. FA-
OSTAT Food Balance Sheets reflect food 
availability rather than actual intake and 
do not account for household wastage, un-
equal distribution, or within-country vari-
ation in consumption. The dairy variable 
should therefore be interpreted as an indi-
cator of population-level availability rather 
than individual intake. Intake-based data-
sets such as the Global Dietary Database 
and IHME dietary risk estimates may be 
useful in future studies to examine dairy 
subtypes and better approximate individu-
al-level dietary patterns.

Third, stepwise regression was used 
only as an exploratory model-reduction 
approach because it can produce unsta-
ble models and inflate Type I  error; en-
ter models were therefore treated as the 
primary analyses. In addition, although 
the scatterplot suggested possible curva-
ture, non-linear effects were not formally 
modelled. The findings should therefore 
be interpreted as showing a positive ad-
justed association at the population level 
rather than a confirmed threshold or cur-
vilinear relationship.

Finally, the subgroup analyses in-
volved multiple comparisons across 
heterogeneous country groupings, sever-
al with small sample sizes, and should 
therefore be regarded as exploratory and 
hypothesis-generating.

Despite these limitations, this study 
adds an important ecological perspective 
to the literature on dairy and cognitive 
health. While cohort studies and me-
ta-analyses often suggest possible bene-
fits of specific dairy products or moderate 
intake (Camfield et al., 2011; Lee et al., 
2018; Villoz et al., 2024), the present 
findings indicate that, at the country lev-
el, higher dairy availability tends to clus-

ter with demographic and lifestyle con-
ditions associated with higher dementia 
incidence. These results support caution 
in extrapolating benefits from specific 
dairy patterns to unqualified increases 
in total dairy consumption and are more 
consistent with broader whole-diet ap-
proaches, such as Mediterranean and 
MIND patterns, in which modest dairy 
intake is embedded within a cardiometa-
bolically favourable dietary context (Lou-
rida et al., 2019; Morris et al., 2015).  

Conclusion

This study shows that global dairy sup-
ply is positively associated with dementia 
incidence, although this relationship is 
largely explained by broader demograph-
ic and socioeconomic development rath-
er than dairy supply alone. The findings 
extend existing evidence by highlighting 
regional heterogeneity, variation across 
population contexts, and the importance 
of interpreting dairy within the broader 
context of dietary patterns and demo-
graphic transition. However, because this 
was an ecological study based on coun-
try-level data, the results should not be 
interpreted as evidence of individual-level 
causality and may not apply to individual 
dairy consumption or dementia risk. Be-
cause total dairy supply was analysed as 
a  single aggregated exposure, the study 
could not distinguish potentially diver-
gent effects of fermented versus non-fer-
mented  dairy products or low-fat versus 
high-fat dairy  products. Future research 
using individual-level longitudinal data, 
together with more detailed assessment 
of dairy types, intake levels, and overall 
dietary patterns across regions, will be es-
sential to clarify whether, and under what 
conditions, dairy consumption may con-
tribute to dementia prevention or risk.  
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