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INTRODUCTION: Allostatic load (AL) serves as a valuable tool for objectively assess-
ing the biological impact of chronic stress and has been implicated in dementia risk.
This study aims to investigate the association between AL and all-cause dementia,
Alzheimer’s disease (AD), vascular dementia (VaD), and non-Alzheimer non-vascular
dementia (NAVD).

METHODS: This prospective study included 361,920 adults from the UK Biobank, with
an observation period extending from March 13, 2006, to October 31, 2022, excluding
participants with prior dementia diagnoses. AL was estimated through 10 biomarkers
related to the dysregulation of metabolic, cardiovascular, and inflammatory systems.
Diagnoses were based on the International Classification of Diseases, 10th Revision
(ICD-10). We performed Cox proportional hazards models to assess the relationship
between AL and dementia. Additionally, we conducted subgroup analyses for sex,
Townsend Deprivation Index (TDI), and smoking, along with sensitivity analyses.
RESULTS: The median follow-up period was 12.88 years. Over the follow-up period,
6155 (1.70%) participants developed all-cause dementia, 2762 (0.76%) developed AD,
1316 (0.36%) developed VaD, and 3790 (1.05%) developed NAVD. In the fully adjusted
model, high AL was associated with an increased risk of all-cause dementia (hazard
ratio [HR]: 1.269, 95% confidence interval [Cl]: 1.159-1.390), VaD (HR: 1.934, 95% Cl:
1.569-2.384), and NAVD (HR: 1.253, 95% Cl: 1.116-1.408). Women and non-smoking
individuals with high AL were vulnerable to VaD, and the associations between AL and
all-cause dementia were stronger in people with high TDI.

DISCUSSION: AL is positively associated with an elevated risk of dementia, under-
scoring its effect as a risk factor in the neurodegenerative process that provokes

dementia.
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1 | INTRODUCTION

Dementia poses a significant and growing global health challenge, with
the number of cases projected to increase from 57.4 million in 2019 to
152.8 million by 2050.! Individuals with dementia often face reduced
access to community health care and have difficulty obtaining effective
treatment.?

Stress, as a reflection of the mind-body interaction, plays a crucial
role in the onset and progression of various diseases.® The allostatic
load (AL) index describes “the ‘wear and tear’ of the body and its
regulatory system” as the result of too much stress or ineffective
stress response, characterized by repeated, prolonged, inadequate,
or absent adaptation.® AL involves multiple interconnected adaptive
mediators functioning within a non-linear network.* The AL index
is a collective measure of cardiovascular, metabolic, neuroendocrine,
and immune disorders associated with stress exposure and cogni-
tive function.® While some studies have investigated the relationship
between individual markers, such as C-reactive protein (CRP), and
brain function, comprehensive measurements of AL provide a more
holistic understanding of complex brain processes.® In recent years,
growing evidence has highlighted the impact of comorbidities and addi-
tive intraindividual health-related risk factors on cognitive decline.”8
Therefore, this study used the AL index to quantify the cumulative
physiological burden imposed by stressors over time.

To date, disease biomarkers have been integrated into the pre-
vention for various neurodegenerative diseases, including Alzheimer’s
disease (AD) and dementia with Lewy bodies.? 1 The AL index serves
as a risk factor for many stress-related health outcomes.'? Research
by Hough et al. demonstrated that AL and metabolic dysregulation
may be linked to antidepressant treatment outcomes in patients with
major depressive disorder.’®> One study found that individuals with
elevated AL showed significantly greater declines in both cognitive
and physical function, along with an increased risk of cardiovascu-
lar disease.’* However, research on the relationship between AL and
dementiais limited, with only one prospective study assessing the asso-
ciation between AL and AD biomarkers, involving a small sample of 188
participants.’®

This study aimed to investigate the association between AL and sub-
sequent dementia, including all-cause dementia, AD, vascular demen-

allostatic load, Alzheimer’s disease, dementia, vascular dementia

* This study estimated allostatic load (AL) index through 10 biomarkers.

* The associations between AL and all-cause and cause-specific dementia were

* Elevated AL is a risk factor for all-cause dementia and vascular dementia.

tia (VaD), and non-Alzheimer non-vascular dementia (NAVD) in the
UK Biobank (UKB). We explored the relationship between AL and
dementia through Cox regression models, and performed a series of

sensitivity analyses to judge the robustness of results.

2 | METHOD

2.1 | Study design and participants

The UKB is a large, prospective, population-based study, which
recruited ~ 500,000 participants aged 40 to 69 years.'® The par-
ticipants were assessed from 22 assessment centers throughout
England, Wales, and Scotland. All participants provided electronic
signed consent. Participants underwent a self-completed touch-screen
questionnaire; brief computer-assisted interview; a series of physi-
cal measurements; and the collection of blood, urine, and saliva for
laboratory analysis.'® The details are described on the official web-
site (https://www.ukbiobank.ac.uk/) and in a previous study.'® After
excluding participants with missing data of baseline and AL index mea-
surements, 361,920 participants were included. The detailed process
is shown in Figure 1.

2.2 | Assessment of outcomes

The primary outcome of this study was the diagnoses of all-cause
dementia and cause-specific dementia. Indeed, the diagnoses of the
outcomes were obtained by linking individual medical records from
multiple diagnostic data sources, including primary care, hospital
admissions, death records, and self-reported medical conditions. Out-
comes were coded according to the International Classification of
Diseases, 10th Revision (ICD-10) coding system. Specifically, all-cause
dementia was defined by codes FOO, FO1, FO2, FO3, G30, G310, G311,
and G318; AD by FOO and G30; VaD by FO1; and NAVD by F02, FO3,
G310, G311, and G318. Detailed diagnostic codes for each condition
are provided in Table S1 in supporting information. Participants were
followed up from baseline. The unexposed individuals were defined

as those who had no diagnoses of dementia at the date when the
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1. Systematic review: The authors reviewed the literature
using PubMed sources and meeting abstracts and pre-
sentations. Allostatic load (AL) serves as a valuable tool
for objectively assessing the biological impact of chronic
stress. While the association between AL and dementia is
not yet as widely studied, there have been several recent
publications describing the effect of AL in mental disor-
ders and cognitive function. These relevant citations were
appropriately referenced.

2. Interpretation: Our findings lead to a hypothesis describ-
ing the positive effect of AL in elevated risk of dementia.
This hypothesis is consistent with clinical and non-clinical
findings currently in the public domain.

3. Future directions: The article proposes a framework for
the generation of new hypotheses and the conduct of
additional studies. It includes further understanding: (a)
possible mechanisms by which elevated AL increases the
risk of dementia; (b) if and how interventions to reduce AL
can be integrated into the prevention of dementia.

follow-up ended (October 31, 2022). Individuals who did not have a
specific date of the outcome event included as follows: the last inves-
tigation date was recorded at the date when the follow-up ended, the

date of death, or loss to follow-up, whichever came first.

2.3 | Assessment of AL
The AL index was determined by 10 available biomarkers (assessed
at the baseline visit) that are associated with disorders of the
metabolic, cardiovascular, and inflammatory systems.}”:18 Unfasted
serum biomarkers included serum glucose, total cholesterol, high-
density lipoprotein (HDL) cholesterol, hemoglobin Alc (HbA1c),
insulin-like growth factor 1 (IGF-1), and CRP.Y” Physical measure-
ments, including waist and hip measurements, weight, height, and
blood pressure, were collected by trained staff. Specifically, metabolic
dysregulation was measured by serum glucose (mmol/L), total choles-
terol (mmol/L), HDL cholesterol (mmol/L), HbAlc (mmol/mol), waist-
to-hip ratio, and body mass index (BMI). CRP (mg/L) was used to
evaluate the inflammatory dysregulation, and cardiovascular dysreg-
ulation was assessed by systolic blood pressure (SBP; mmHg) and
diastolic blood pressure (DBP; mmHg). The field IDs of variables for the
AL construction are shown in Table 1.

Each biomarker was dichotomized into high risk versus low risk
based on a sex-specific quartiles.’? High-risk thresholds were deter-
mined for male and female participants, with the high-risk group

defined as values above the 75th percentile for serum glucose, total

Clinical Interventions

cholesterol, HbA1lc, waist-to-hip ratio, BMI, CRP, IGF-1, SBP, and DBP,
and below the 25th percentile for HDL cholesterol. Participants were
assigned a score of 1 (high risk) or O (low risk) for each component
based on these sex-specific cut-off points. Descriptive information and
high-risk cut-off values are shown in Table 1. The AL score was cal-
culated by summing the 10 dichotomous scores, with higher score
indicating more severe physical dysregulation. In the primary analysis,
the AL index was converted into a categorical variable, with the tripar-
tite conversion of the initial AL score into “low (0-2)", “medium (3-4)”
and “high (5-10)” AL.18.1?

2.4 | Assessment of covariates

Information on sociodemographic and lifestyle factors was collected
through a touch-screen questionnaire. The following covariates were
included: age, sex, race (White, Black, Asian, and other), Townsend
Deprivation Index (TDI), physical activity, frequency of smoking per
day, and frequency of drinking per week. TDI, as an area level socioeco-
nomic status, was defined as “a state of observable and demonstrable
disadvantage relative to the local community or wider society to
which an individual, family or group belongs,” showing its advan-

tage in measuring health inequalities.2%21

It is a composite score
based on four key variables: unemployment, overcrowded house-
holds, no car, and no home, with higher scores indicating higher
levels of poverty.?! Physical activity criteria were derived from the
UK Biobank Category 100054 and were defined using responses
to touchscreen questionnaires regarding walking, moderate physi-
cal activity, and vigorous physical activity. Smoking frequency was
defined as the maximum number of reported past or current cigarettes
(or pipes/cigars) consumed per day, and drinking frequency was
defined as the average amount of different types of alcohol per
week.

2.5 | Statistical analyses

Data for continuous variables was presented as mean + standard
deviation (SD), and the frequency and percentages were used for
categorical variables. We used the Cox proportional hazard model
to estimate the association of AL with all-cause and cause-specific
dementia (AD, VaD, or NAVD). In Cox proportional hazard models,
we defined AL index into three categories including low, middle, and
high. We established three models adjusted for an increasing number
of covariates: model 1 was adjusted for age and sex; model 2 made
additional adjustments for race and TDI; model 3 further adjusted
for life factors including physical activity, smoking frequency, and
drinking frequency. Previous studies have found that sex, smoking, and
socioeconomic status can affect dementia; 222 thus, we performed the
subgroup analyses of sex, TDI, and ever smoking. TDI was divided into
four layers by quartiles. Model in subgroup analyses was adjusted for
age, sex, race, TDI, physical activity, smoking frequency, and drinking

frequency.
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502,364 UK Participants were
recruited in initial assessment

\J

361,998 Participants ‘

V’ 140,366 Excluded for missing allostatic load data

‘ 78 Excluded due to all-cause dementia,
AD, VaD, and NAVD at baseline

y

\
’ 361,920 Participants

After follow-up

‘ 6,155 (1.70%) developed all-cause dementia
| 2,762 (0.76%) developed AD

1,316 (0.36%) developed VaD

3,790 (1.05%) developed NAVD

Cox proportional hazard models

\ Model 1 adjusted for age and sex;

Model 2 further adjusted for race and TDI;
Model 3 further adjusted for physical activity, smoking
frequency and drinking frequency.

&

Subgroup analyses of
scx, TDI and ever smoke

Restricted analysis to individuals aged > 60 years old at

baseline;

Sensitivity analyses

\ | Excluded individuals who developed outcome measures
within 2 years of baseline;

Performed multiple imputation by chain equations to deal
with missing data

FIGURE 1 The flowchart of the study. AD, Alzheimer’s disease; NAVD, non-Alzheimer, non-vascular dementia; TDI, Townsend Deprivation

Index; VaD, vascular dementia

2.6 | Sensitivity analyses

We performed a series of sensitivity analyses to test the robustness
of our findings. First, given that dementia typically occurs in older
people, we restricted analysis to individuals aged at least 60 years
at baseline. Moreover, we excluded individuals who developed out-
come measures within 2 years of baseline assessment to minimize
the possibility of reverse causality. Finally, we performed multiple
interpolation using chain equations to deal with missing variables
and reduce the possibility of inference bias using the “mice” package
in R. The mice function used the predictive mean matching method
to perform multiple imputations. We set the parameter “m = 5” to

generate five different input datasets, thereby estimating the inher-

ent uncertainty of the missing value. To ensure repeatability of the
imputation process, we set a random seed (seed = 123). The Bon-
ferroni method was used to correct for multiple testing, and P<0.05
was considered statistically significant. All analyses were performed in
Rv.4.3.0.

3 | RESULTS
3.1 | Baseline characteristics of participants

This study included 361,920 participants and the median follow-up
period was 12.88 years. Over the follow-up period, 6155 (1.70%) par-
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TABLE 1 Field IDs and high-risk cut-off values of variables for the construction of allostatic load.
Full name in UK A
Labels in the current Biobank data Cut-points
Domain study dictionary Field ID Male Female
Metabolic Glucose (mmol/L) Glucose 30740 5.36 5.28
Total cholesterol Cholesterol 30690 6.22 6.59
(mmol/L)
HDL (mmol/L) HDL cholesterol 30760 1.06 1.33
HbA1c (mmol/mol) Glycated hemoglobin 30750 38.10 37.70
(HbA1c)
IGF-1(nmol/L) IGF-1 30770 25.20 24.40
Waist-to-hip ratio Waist 48,49 0.98 0.86
circumference/hip
circumference
BMI (kg/m?) Weight/(height)? 21002, 30.00 29.70
12144
Inflammatory C-reactive protein C-reactive protein 30710 2.53 2.96
(mg/L)
Cardiovascular SBP (mm Hg) Systolic blood 4080 147.00
pressure (SBP) 152.00
DBP (mm Hg) Diastolic blood 4079 90.50 87.00
pressure (DBP)

Note: High-risk group was defined as below the 25th percentile for HDL and above the 75th percentile for glucose, total cholesterol, HbA1c, IGF-1, waist-to-

hip ratio, BMI, C-reactive protein, SBP, DBP.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; IGF, insulin-like growth factor; SBP, systolic blood

pressure.

ticipants developed all-cause dementia, 2762 (0.76%) developed AD,
1316 (0.36%) developed VaD, and 3790 (1.05%) developed NAVD.
Table 2 demonstrates the baseline characteristics of included partici-
pants by incident disease status.

3.2 | Associations of AL with all-cause and
cause-specific dementia

Figure 2 illustrates the cumulative morbidity risk for dementia with
low, middle, and high AL. Overall, morbidity risk for all-cause and spe-
cific dementia were found to be significantly higher in individuals with
higher AL than in those with lower AL (log-rank test, P < 0.001).

The results of model 3 showed that, compared to participants with
low AL, those with medium AL had a significantly increased risk of
all-cause dementia (hazard ratio [HR]: 1.142, 95% confidence inter-
val [Cl]: 1.048-1.245), VaD (HR: 1.524, 95% Cl: 1.242-1.871), and
NAVD (HR: 1.124, 95% Cl: 1.006-1.254). Participants with high AL
had an even greater risk of all-cause dementia (HR: 1.269, 95% ClI:
1.159-1.390), VaD (HR: 1.934, 95% Cl: 1.569-2.384), and NAVD (HR:
1.253, 95% ClI: 1.116-1.408), suggesting that high AL is a risk factor
for all-cause dementia, VaD, and NAVD. In addition, the three models
of all-cause dementia and cause-specific dementia all revealed a trend
that the higher the AL, larger the HR value. The results are shown in
Figure 3.

3.3 | Results of subgroup analyses

In subgroup analyses, compared to those with low AL, men with high
AL exhibited a higher risk of all-cause dementia (HR: 1.275, 95% ClI:
1.131-1.437) than women (HR: 1.256, 95% Cl: 1.092-1.444). Con-
versely, women with high AL exhibited a significantly increased risk of
VaD and NAVD (HR ,p: 2.086, 95% Cl: 1.457-2.986; HR yavp: 1.285,
95% Cl: 1.070-1.542) than men (HR \;p: 1.828, 95% Cl: 1.411-2.368;
HR navp: 1.237, 95% Cl: 1.064-1.439). Compared to the smoking
group (HR ,ji-cause dementia: 1.156, 95% Cl: 1.036-1.290; HR y/,p: 1.575,
95% Cl: 1.243-1.995), the non-smoking group showed higher HRs (HR
all-cause dementia 1-324, 95% Cl: 1.173-1.495; HR ,p: 2.213, 95% Cl:
1.644-2.979). These findings are presented in Tables S2 and S3 in sup-
porting information. Additionally, Table S4 in supporting information
shows that in the high TDI group, high AL has a positive association
with all-cause dementia (HR 1p| q3: 1.335, 95% Cl: 1.111-1.604; HR
TD1.q4:1.547,95% Cl: 1.284-1.864).

3.4 | Results of sensitivity analyses

After we restricted analysis to individuals aged at least 60 years at
baseline, we found the association did not materially change (Table
S5 in supporting information). After we excluded individuals who
developed outcome measures within 2 years of baseline assessment,
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TABLE 2 Basiccharacteristics of individuals included in this study.
All-cause dementia AD VaD NAVD
(N =361,920) (N =361,920) (N =361,920) (N =361,920)
Basic Case Control Case Control Case Control Case Control
characteristics (N = 6155) (N=2355,765) (N=2762) (N=359,158) (N=1316) (N=360,604) (N=23790) (N =358,130)
Sex (female) 2915 191,567 1424 193,058 525(39.89%) 193,957 1754 192,728
(47.36%) (53.85%) (51.56%) (53.75%) (53.79%) (46.28%) (53.82%)
Age (years) 64.26 (4.72) 56.40 (8.07) 64.67 (4.28) 56.47 (8.08) 64.76 (4.18) 56.50 (8.08) 64.11 (4.90) 56.45 (8.08)
Race (White) 5873 335,719 2642 338,950 1258 340,334 3595 337,997
(95.42%) (94.37%) (95.66%) (94.37%) (95.59%) (94.38%) (94.85%) (94.38%)
TDI -1.07 (3.22) —1.35(3.04) -1.23(3.17) —1.35(3.05) -0.83(3.33) —1.35(3.05) —-0.97 (3.25) —1.35(3.05)
Alcohol 9.99(11.26) 10.13(10.13)  9.28(9.97) 10.14(10.15) 10.71(13.57) 10.13(10.14) 10.15(11.89) 10.13(10.13)
frequency
weekly
Smoking 8.47(12.43) 6.37 (10.50) 7.54(11.65) 6.40(10.53) 9.94(13.25) 6.40(10.53) 8.56(12.69) 6.39(10.51)
frequency daily
Physical 49.93(68.10) 48.72(64.24) 53.12(72.70) 48.71(64.23) 48.00(60.88) 48.74(64.32) 48.89(66.64) 48.74(64.28)
activity
AL biomarkers
(dysregulated)
Glucose 5.47 (1.80) 5.12(1.20) 5.38(1.52) 5.12(1.21) 5.78(2.27) 5.12(1.21) 5.47(1.81) 5.12(1.21)
(mmol/L)
Total 5.56(1.29) 5.70(1.14) 5.67(1.29) 5.70(1.14) 5.35(1.35) 5.70(1.14) 5.51(1.25) 5.70(1.14)
cholesterol
(mmol/L)
HDL (mmol/L)  1.42(0.40) 1.45(0.38) 1.45(0.39) 1.45(0.38) 1.36(0.39) 1.45(0.38) 1.42(0.40) 1.45(0.38)
HbA1c 38.65(9.14) 36.04 (6.63) 38.15(8.15) 36.07 (6.68) 40.98(11.32) 36.07 (6.66) 38.55(9.25) 36.06 (6.66)
(mmol/mol)
IGF-1(nmol/L)  20.27 (5.68) 21.43(5.66) 20.15(5.49) 21.42(5.66) 20.13(6.12) 21.41(5.66) 20.36 (5.78) 21.42(5.66)
Waist-to-hip 0.90(0.09) 0.87(0.09) 0.89(0.09) 0.87(0.09) 0.92(0.09) 0.87(0.09) 0.90(0.09) 0.87(0.09)
ratio
BMI (kg/m?) 27.74 (4.84) 27.39(4.72) 27.34 (4.60) 27.40(4.73) 28.65(5.09) 27.39(4.72) 27.76(4.90) 27.39(4.72)
C-reactive 2.86(4.91) 2.57(4.29) 2.64(4.75) 2.58(4.29) 3.11(4.60) 2.58(4.30) 3.00(5.23) 2.57(4.29)
protein (mg/L)
SBP (mm Hg) 143.90 137.72 144.22 137.77 145.73 137.79 143.52 137.76
(19.07) (18.55) (18.88) (18.57) (19.81) (18.57) (19.30) (18.56)
DBP (mm Hg) 81.75(10.15) 82.26(10.10) 81.63(9.96) 82.25(10.10) 82.36(10.58) 82.25(10.10) 81.67(10.25) 82.26(10.10)

Abbreviation: AD, Alzheimer’s disease; BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; IGF, insulin-like growth factor;
NAVD, non-Alzheimer, non-vascular dementia; SBP, systolic blood pressure; TDI, Townsend Deprivation Index; VaD, vascular dementia.

361,816 participants were included in the all-cause dementia cohort,
361,897 participants in the AD cohort, 361,902 participants in the VaD
cohort, 361,850 participants in the NAVD cohort, and the association
did not materially change (Table S6 in supporting information). Addi-
tionally, when we conducted interpolation to address missing values of
variables, the results were not much different from the original analysis
(Table S7 in supporting information).

4 | DISCUSSION

This study assessed the association between AL and dementia, reveal-
ing that elevated AL was positively associated with increased risk of

all-cause dementia, VaD, and NAVD. Furthermore, women and non-
smoking individuals with high AL were vulnerable to VaD, and the
associations between AL and all-cause dementia were stronger in
people with high TDI.

One study used UK Biobank data to construct an AL index and
demonstrated that elevated AL is positively associated with increased
risks of depression, anxiety, and suicide, underscoring its harmful
effects on mental health.1® Chronic stress and AL may contribute to
cognitive decline and dementia risk.2® A meta-analysis found a sig-
nificant association between high AL and poorer cognition.?* Insulin
resistance, a key component of AL, mediates cognitive dysfunction,
while AL itself induces insulin resistance.?> This bidirectional associ-
ation promotes conditions including diabetes, depression, and cardio-
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FIGURE 2 Kaplan-Meier probability of the cumulative morbidity risk for common mental disorders with allostatic load. Cumulative mortality

is shown for the “low,” “middle,” and “high” allostatic load index

vascular and cerebrovascular diseases, that increase dementia risk.23
Our findings further support the link between AL and dementia.

Systolic and diastolic blood pressure were key components of the
AL index. Hypertension increases the risk of VaD through mecha-
nisms such as compromised vasoreactivity and hypoperfusion, dam-
age to the blood-brain barrier, oxidative stress, and cerebral capil-
lary degeneration.2é Additionally, dyslipidemia interacts with cerebral
hypoperfusion, promoting brain inflammation and cognitive decline.?’
Elevated levels of oxidized low-density lipoprotein increase oxida-
tive stress, triggering neuroinflammation and contributing to dementia
progression.282? Insulin resistance was also a key factor in VaD, as
both insulin resistance and hyperinsulinemia were linked to cognitive
impairment.° Emerging evidence suggests that insulin and its recep-
tors regulate cognitive function by modulating postsynaptic receptor
activity and activating specific signaling pathways.31-33

AD is a neurodegenerative disorder characterized by amyloid
plaques and neurofibrillary tangles, resulting in memory impairment
and cognitive decline.®* In contrast, the AL index used in this study pri-
marily reflected the cumulative physiological burden of chronic stress

on the cardiovascular, metabolic, and immune systems rather than

specific neurodegenerative processes. As AD is primarily driven by
neuronal pathology, its association with the AL index may be weaker.

A recent study has found that the association between vascular risk
factors and poor cognitive ability inwomen is stronger than thatin men,
consistent with our study.® In our study, high AL was more strongly
linked to dementia in individuals with high TDI. A previous study pro-
posed that lower socioeconomic status throughout the life course
may be associated with higher AL.3¢ From the ages 20 to 60 years
old, biological risk increases due to the stress of poverty and reaches
its highest level in middle age.3’ In addition, we found AL was more
significantly associated with dementia in non-smokers. Nicotine tem-
porarily affects the cholinergic system, potentially enhancing cognitive
function or offering neuroprotection under certain conditions.383?
However, some studies have suggested that smoking increases the risk
of dementia“® or that it had nothing to do with dementia,*! requiring
further investigation.

Our findings suggested that AL biomarkers may be a significant
risk factor in dementia, possibly promoting the neurodegenerative pro-
cess, which provokes dementia. Therefore, our study underscores that

reducing AL may help prevent the occurrence of dementia or alleviate
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Model Ref. Level Coefficients (95%Cl) P
All-cause dementia
Model 1 Low AL Middle AL  1.110 (1.041, 1.185) — 1.55%10
High AL 1.351 (1.265, 1.443) — 3.60x1071®
Model 2 Low AL  Middle AL  1.097 (1.027, 1.170) - 5.50x10-
High AL 1.298 (1.215, 1.387) —— 1.30x1014
Model 3 Low AL  Middle AL  1.142 (1.048, 1.245) — 2.52x107
High AL 1.269 (1.159, 1.390) —— 2.76x1077
Alzheimer's disease
Model 1 Low AL  Middle AL  1.033 (0.940, 1.135)  ste=e 5.06x10"1
High AL 1.129 (1.024, 1.245) —_— 1.46x102
Model 2 Low AL Middle AL 1.020 (0.928, 1.121)  s=p=e 6.79x107"
High AL 1.092 (0.990, 1.205) ——— 7.93%x1072
Model 3 Low AL Middle AL  1.009 (0.891, 1.142) e=p—t 8.92x10"1
High AL 1.064 (0.931, 1.216)  e=pmo=—e 3.63x107"
Vascular dementia
Model 1 Low AL Middle AL 1.415 (1.209, 1.656) L e | 1.57x1075
High AL 2.334 (2.003, 2.718) —— 1.30%10"%7
Model 2 Low AL  Middle AL  1.390 (1.187, 1.628) St 4.20x107°
High AL 2.206 (1.892, 2.571) —— 4.45%1072%
Model 3 Low AL Middle AL  1.524 (1.242, 1.871) et 5.59%10-%
High AL 1.934 (1.569, 2.384) _— 6.43x10710
Non-Alzheimer non-vascular dementia
Model 1 Low AL Middle AL  1.118 (1.030, 1.214) —— 8.02x10-2
High AL 1.344 (1.236, 1.462) —— 4.98x10712
Model 2 Low AL Middle AL  1.103 (1.015, 1.198) P 2.09x1072
High AL 1.284 (1.180, 1.398) e 6.80x10-°
Model 3 Low AL Middle AL  1.124 (1.006, 1.254) et 3.81x1072
High AL 1.253 (1.116, 1.408) —s 1.35%104
T 1
0.91 27

Coefficients

FIGURE 3 Forest plots for associations of allostatic load with all-cause and cause-specific dementia. The plots show the Cox proportional
hazard models 1, 2, and 3. The dots are point estimations and the error bars are the 95% confidence limits. AL, allostatic load

its symptoms. A number of pieces of evidence suggest that AL can be
modifiable through lifestyle interventions such as balanced nutrition,
adequate sleep, and regular exercise.!?

This study had some strengths in design and analysis. First,
biomarker measurements from the UKB are standardized and follow a
consistent protocol, minimizing measurement bias. Second, we decided
to analyze an AL index rather than separate measures, which is helpful
for assessing the effect of AL on dementia comprehensively. However,
there are some limitations to the study. The construct of AL was limited
to biomarkers available in UKB. Data on covariates were self-reported
and may lead to recall bias. In addition, the strength of the HR may be
affected by selection bias and incomplete control of confounding fac-
tors. Finally, only the primary care data of the majority of participants
were available, which might lead to insufficient diagnosis of mild or
early dementia. Therefore, our research may better represent cases of
moderate to severe dementia.

In conclusion, our study provides strong evidence for the harmful
effect of AL on all-cause dementia and VaD. Notably, women and non-
smokingindividuals with high AL were vulnerable to VaD, and we found
the association between AL and all-cause dementia was stronger in
people with high TDI. These findings suggest that AL biomarkers may
serve as a risk factor for dementia, possibly playing a key role in the
pathological pathways that cause the neurodegenerative processes of

dementia.
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