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Abstract

IMPORTANCE Inflammation has been proposed as a mechanism linking cardiometabolic diseases
(CMDs) to increased risk of dementia. However, whether an anti-inflammatory diet can support brain
and cognitive health among people with CMDs is unclear.

OBJECTIVE To examine CMD status and dietary inflammatory potential in association with
dementia risk and brain magnetic resonance imaging (MRI) measures using joint effect analysis.
DESIGN, SETTING, AND PARTICIPANTS The UK Biobank is an ongoing community-based cohort
study with baseline assessments conducted between March 13, 2006, and October 1, 2010. The
present study included 84 342 dementia-free older adults (=60 years), who were followed up until
January 20, 2022 (maximum, 15 years). A subsample (n = 8917) underwent brain MRI scans between
May 2, 2014, and March 13, 2020.

EXPOSURES Baseline CMDs (including type 2 diabetes, heart disease, and stroke) were ascertained
from medical records. Dietary Inflammatory Index scores (anti-inflammatory [<-1.5 points], neutral
[>-1.5 to <0.5 points], or proinflammatory [=0.5 points]) were calculated from participants’ average
intake of 31 nutrients, assessed up to 5 times using the Oxford WebQ, a web-based, 24-hour dietary
assessment.

MAIN OUTCOMES AND MEASURES Incident dementia was identified through linkage to medical
records. Regional brain volumes were collected from brain MRI scans.

RESULTS The study included 84 342 participants (mean [SD] age, 64.1[2.9] years; 43 220 [51.2%]
female). At baseline, 14 079 (16.7%) had at least 1 CMD. Over a median follow-up of 12.4 (IQR,
11.8-13.1) years, 1559 individuals (1.9%) developed dementia. With the use of joint effect analysis, the
hazard ratio of dementia was 2.38 (95% Cl, 1.93-2.93) for people with CMDs and a proinflammatory
diet and 1.65 (95% Cl, 1.36-2.00) for those with CMDs and an anti-inflammatory diet (reference:
CMD-free, anti-inflammatory diet). Dementia risk was 31% lower (hazard ratio, 0.69; 95% Cl, 0.55-
0.88; P = .003) among people with CMDs and an anti-inflammatory diet. On brain MRI, participants
with CMDs and an anti-inflammatory diet compared with a proinflammatory diet additionally had
significantly larger gray matter volume (8 = -0.15; 95% Cl, -0.24 to -0.06 vs 3 = -0.27; 95% Cl,
-0.38 to -0.16) and smaller white matter hyperintensity volume (8 = 0.05; 95% Cl, -0.04 to 0.14 vs
B =0.16; 95% Cl, 0.05-0.27).

CONCLUSIONS AND RELEVANCE In this cohort study, people with CMDs and an anti-inflammatory
compared with proinflammatory diet had a significantly lower hazard ratio of dementia, larger gray
matter volume, and smaller white matter hyperintensity volume.
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Key Points

Question Can an anti-inflammatory
diet support brain and cognitive health
among people with cardiometabolic
diseases (CMDs)?

Findings In this cohort study including
84342 older adults from the UK
Biobank, participants with CMDs and an
anti-inflammatory diet compared with

a proinflammatory diet had a 31% lower
risk of dementia. In addition,
significantly larger gray matter volume
and significantly lower burden of white
matter hyperintensities were observed
on brain magnetic resonance imaging in
those with the anti-inflammatory diet.

Meaning The findings of this study
suggest that lower dietary inflammatory
potential may support brain and
cognitive health among people

with CMDs.
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Introduction

Cardiometabolic diseases (CMDs), such as type 2 diabetes,"? heart disease,® and stroke,* have been
linked to increased risk of dementia, especially when they co-occur.>® Inflammation is implicated in
the pathophysiologic characteristics of both CMDs® and dementia,'®"" and offers a potential
mechanistic explanation for the increased risk of dementia among people with CMDs.

Dietary intake can influence systemic inflammatory processes in the body.'? For example, the
Western dietary pattern—characterized by red meat, high-fat dairy, eggs, refined grains, and
processed foods—has been associated with higher levels of inflammatory biomarkers, such as
C-reactive protein, interleukin 6, and tumor necrosis factor a.'” On the contrary, dietary patterns
characterized by consumption of higher amounts of vegetables, fruits, whole grains, fish, and
legumes tend to be associated with lower levels of these biomarkers.'?

The Dietary Inflammatory Index (DIl) was developed to capture the inflammatory potential of
an individual's diet based on consumption of various macronutrients and micronutrients, bioactive
components, foods, and spices.™ In addition to reduced risk of diabetes, cardiovascular disease, and
other cardiometabolic risk factors,'*'® lower dietary inflammatory potential, as measured by the DII,

18.20-22 3nd more favorable

has been linked to lower dementia risk,'”'® better cognitive function,
magnetic resonance imaging (MRI) markers of brain aging.'>?3 However, the extent to which an anti-
inflammatory diet may support brain and cognitive health among people with CMDs has not yet been
explored. Using 15-year longitudinal data from more than 80 000 older adults in the UK Biobank,
including more than 8000 who underwent brain MRI, we examined the role of CMDs and dietary
inflammatory potential in dementia risk and MRI markers of neurodegenerative and vascular brain

damage using joint effect analysis.

Methods

Study Design and Population

The UK Biobank is an ongoing longitudinal study including more than 500 000 adults between the
ages of 40 and 70 years from across the UK.2* Between March 13, 2006, and October 1, 2010,
participants underwent a baseline examination consisting of physical and medical assessments and a
series of questionnaires on sociodemographic and lifestyle factors. Between May 2, 2014, and March
13,2020, a subset of participants additionally underwent a brain MRI scan. Changes in health status
were monitored via linkage with medical records for a maximum of 15 years (until January 20, 2022).
Data collection procedures were approved by the UK National Research Ethics Service and all
participants provided informed consent; no financial compensation was provided. This study
followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Selection of the study population is illustrated in eFigure 1in Supplement 1. The analysis was
restricted to participants aged 60 years or older at baseline who completed a dietary questionnaire
(n = 84 559). We further excluded 39 individuals with prevalent dementia, 53 with type 1diabetes,
and 147 with missing information on baseline CMD status, leaving a sample of 84 342 for the main
analyses. The neuroimaging subsample consisted of 8917 participants who underwent a brain MRI
scan over the follow-up period and were free from chronic neurologic diseases (eTable 1in
Supplement 1) at the time of the MRI scan.

Assessment of CMDs

Cardiometabolic diseases included type 2 diabetes, heart disease, and stroke?>%” (eTable 2 in
Supplement 1). Type 2 diabetes was diagnosed based on medical records, use of glucose-lowering
medications, biochemical measures (hemoglobin A,. =6.5% [to convert to proportion of total
hemoglobin, multiply by 0.01]), and self-reported history of diabetes. Heart disease (including
myocardial infarction, atrial fibrillation, and heart failure) and stroke were ascertained based on

[5 JAMA Network Open. 2024,7(8):e2427125. doi:10.1001/jamanetworkopen.2024.27125 August 12,2024 2/13

Downloaded from jamanetwork.com by guest on 08/31/2024


http://www.equator-network.org/reporting-guidelines/strobe/
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.27125&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.27125
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.27125&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.27125
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.27125&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.27125

JAMA Network Open | Neurology Anti-Inflammatory Diet and Dementia in Adults With Cardiometabolic Diseases

medical records and self-reported medical history. Cardiometabolic disease status was defined
according to participants’ total number of CMDs (0, 1, or =2) and dichotomized as CMD-free
vs CMDs.

Dietary Assessment

Dietary data were collected using the Oxford WebQ, a web-based 24-hour dietary assessment
administered at baseline and up to 4 additional times via email between February 8, 2011, and June
15, 2012.28 The assessment measured intake of 206 foods and 32 drinks. Energy and nutrient intake
were calculated by multiplying the consumption frequency of each food and drink by a standard
portion size and the nutrient composition of that item.?® To minimize the impact of potential
inaccuracies in dietary recall, data were averaged from all available dietary assessments.2®

Dietary Inflammatory Index

The DIl is a literature-derived population-based measure of dietary inflammatory potential.™>3°
Briefly, the DIl is based on 45 inflammation-related dietary parameters (eg, macronutrients and
micronutrients, bioactive components, foods, and spices). Each dietary parameter has been assigned
an inflammatory effect score (IES) (negative for anti-inflammatory and positive for proinflammatory)
based on meta-analysis of 1943 previous studies measuring the association of these dietary
parameters with biomarkers of inflammation and an estimate of global mean consumption based on
11 food consumption datasets (eTable 3 in Supplement 1). The DIl score is calculated as the sum of
each dietary parameter's IES multiplied by the participant’s central percentile of consumption

(=" _IES, consumption;) using as many of the 45 dietary parameters for which information is
available.

Our DIl calculation was based on 31 dietary parameters (eTable 3 in Supplement 1), in line with
previous studies which typically include 25 to 30.3° In our sample, DIl ranged from -6.7 to 5.2 points
and was considered as both a continuous variable and a categorical variable, tertiled as anti-
inflammatory (=-1.5 points), neutral (>-1.5 to <0.5 points), or proinflammatory (=0.5 points).

Dementia Diagnosis

Dementia was diagnosed based on information from inpatient records, self-reported medical history,
and death registers, which was algorithmically combined to identify dementia.3' In validation studies,
this method for dementia diagnosis has shown a positive predictive value of 82.5%.32

Brain MRI Acquisition and Preprocessing

Detailed descriptions of the UK Biobank brain MRl image acquisition and processing protocols have
been previously published.>33> Briefly, T1 and T2 fluid-attenuated inversion recovery imaging was
performed (Siemens Skyra 3T scanner) (eTable 4 in Supplement 1). We examined total brain volume
(TBV), gray matter volume (GMV), white matter volume (WMV), hippocampal volume (HV), and
white matter hyperintensity volume (WMHV), all of which were normalized for intracranial volume.
To enable comparison, values for TBV, GMV, WMV, and HV were converted to z scores. Values for
WMHYV were instead log-transformed, given their skewed distribution.

Covariates

Educational level (college/university vs not) was dichotomized based on the highest level of formal
education attained. Socioeconomic status was assessed using the Townsend Deprivation Index, a
measure of neighborhood-level socioeconomic deprivation.>® Race and ethnicity, factors that could
differentially influence the development both CMDs and dementia, were self-reported according to
the 2001 UK census categories and dichotomized as White compared with other race and ethnicity
(including Asian, Black, multiracial, or other). Height and weight were measured during the baseline
examination and used to calculate body mass index.3” Hypertension was defined based on blood
pressure measurement (systolic =140 mm Hg, diastolic =90 mm Hg), antihypertensive medication
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use, medical records, and/or self-reported history of high blood pressure. Smoking status was self-
reported as never, previous, or current. Physical activity was classified as inactive, moderate, or
active based on the International Physical Activity Questionnaire.>® Apolipoprotein E (APOE) was
dichotomized as carrier vs noncarrier of the €4 allele.

Statistical Analysis

Baseline characteristics of the study participants by CMD status were assessed using x tests for
categorical variables and t tests for continuous variables. Cox proportional hazards regression models
were used to estimate the hazard ratios (HRs) and 95% Cls for the associations of CMDs and diet
category with dementia. Age was used as the timescale and defined as age at baseline until age at
dementia diagnosis, death, or the last available follow-up (January 20, 2022), whichever came first.
The proportional hazard assumption was tested using Schoenfeld residuals; no violations were
observed. We additionally modeled the HR of dementia in relation to continuous DIl score using
restricted cubic splines with 3 knots at fixed percentiles (10th, 50th, and 90th) of the DIl distribution.
Next, using joint effect analysis, we incorporated into the Cox proportional hazards regression model
a 6-category indicator variable that combined CMD status (yes vs no) and diet category (anti-
inflammatory, neutral, or proinflammatory) (reference: CMD-free/anti-inflammatory diet). The
difference in dementia risk between the CMD/anti-inflammatory diet and CMD/proinflammatory diet
groups was statistically tested by repeating the models using the CMD/proinflammatory group as the
reference. Laplace regression was used to estimate the percentile differences in time (years) to
dementia onset as a function of joint CMD and dietary status. In addition, linear regression models
were used to estimate [ coefficients and 95% Cls for the association of joint CMD and dietary status
with TBV, GMV, WMV, HV, and WMHYV in the neuroimaging subsample.

Multiplicative interactions between CMD status and dietary category were assessed by
incorporating the CMD status x diet category cross-product term into the models. Additive
interactions were assessed using relative excess risk due to interaction.

Models were first adjusted for baseline age, sex, educational level, and energy intake, followed
by socioeconomic status, race and ethnicity, vascular risk factors (ie, body mass index, hypertension,
smoking, and physical activity), and APOE €4 carrier status. For brain MRI outcomes, we additionally
adjusted for time between baseline and MRI scan, assessment center, and head and table position
within the MRI scanner. Missing values for covariates were imputed using fully conditional
specification, with estimates pooled from 5 iterations.

In sensitivity analyses, we (1) repeated the analysis using nonimputed data, (2) excluded
individuals who received a dementia diagnosis within the first 5 years of follow-up (n = 109) (to
minimize the influence of possible cases of prodromal or undiagnosed dementia at baseline), (3)
accounted for the competing risk of death using Fine and Gray regression, (4) restricted the sample
to participants who completed 2 or more dietary assessments (n = 51182) to account for potential
inaccuracies in 24-hour dietary recall, and (5) accounted for potential changes in dietary pattern over
time by repeating the analyses using information from only the baseline dietary assessment
(n =29175). We additionally tested the association between DIl scores and systemic inflammation
(ie, C-reactive protein level measured from blood samples collected at baseline) and evaluated the
stability of DIl scores across all dietary assessments.

All analyses were performed using Stata SE, version 16.0 (StataCorp LLC). With 2-tailed testing,
P < .05 was considered statistically significant.

Results

Baseline Characteristics

At baseline, the mean (SD) age of the 84 342 participants was 64.1(2.9) years; 43 220 (51.2%) were
female, 41122 (48.8%) were male, and 30 876 (36.8%) were college or university educated. A total
of 14 079 (16.7%) participants had at least 1 CMD at study entry; these individuals were more likely
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to be older, be male, and identify as Asian, Black, multiracial, or another race and ethnicity; have
lower educational attainment and socioeconomic status; have a higher body mass index; smoke; be
physically inactive; and have hypertension (Table 1). Compared with the main analytical sample, the
neuroimaging subsample (n = 8917) was younger with higher socioeconomic status and a more
favorable vascular risk factor profile (eTable 5 and eTable 6 in Supplement 1).

CMDs, Dietary Inflammatory Potential, and Dementia

Over the follow-up period (median, 12.4 [IQR, 11.8-13.1] years), a total of 1559 participants (1.9%)
developed dementia. The presence of CMDs was associated with an 81% increased risk of dementia
(HR, 1.81; 95% Cl, 1.61-2.04]) (Table 2). However, compared with the proinflammatory diet, having
an anti-inflammatory diet was associated with 21% lower dementia risk (HR, 0.79; 95% Cl,
0.68-0.91). Consistent with this, when considered as a continuous variable, a higher DIl score was
associated with a significantly increased risk of dementia (Figure 1).

Joint Effect Analysis of CMDs and Dietary Inflammatory Potential in Dementia Risk
In joint effect analysis, the HR of dementia was 2.38 (95% Cl, 1.93-2.93) for individuals with CMDs
and a proinflammatory diet, 1.91 (95% Cl, 1.57-2.32) for those with CMDs and a neutral diet, and 1.65
(95% Cl, 1.36-2.00) for those with CMDs and an anti-inflammatory diet (reference: CMD-free, anti-
inflammatory diet) (Table 2). Dementia risk was 31% lower (HR, 0.69; 95% Cl, 0.55-0.88; P = .003)
among people with CMDs and an anti-inflammatory diet as opposed to proinflammatory diet
(Figure 2A). Significant multiplicative (P < .001) and additive (relative excess risk due to

Table 1. Baseline Characteristics of the Study Sample (N = 84 342)*

By CMD status
Full sample CMD-free CMD

Characteristic (N = 84342) (n=70263) (n=14079) P value

Age, mean (SD), y 63.9(2.8) 63.7 (2.7) 64.4(2.8) <.001

Sex
Female 43220(51.2) 38375 (54.6) 4845 (34.3)

Male 41122 (48.8) 31888 (45.4) 9234 (65.6) <001

College/university educated 30876 (36.8) 26538 (38.0) 4338 (31.1) <.001

White race” 78587 (93.5) 65576 (93.7) 13011 (92.8) <.001

Townsend Deprivation Index, mean (SD) -1.9(2.7) -1.9(2.7) -1.5(2.9) <.001

BMI, mean (SD) 27.1(4.4) 26.7 (4.1) 29.1(4.9) <.001
Underweight (<20) 1685 (2.0) 1558 (2.2) 127 (1.0)

Normal weight (20 to <25) 26757 (31.8) 24187 (34.5) 2570 (18.3)
Overweight (25 to <30) 37634 (44.8) 31433 (44.9) 6201 (44.2) <001
Obese (230) 18027 (21.4) 12901 (18.4) 5126 (36.6)

Smoking
Never 43157 (51.3) 37211 (53.1) 5946 (42.4)

Former 35984 (42.8) 28887 (41.2) 7097 (50.7) <.001
Current 4960 (5.9) 3991 (5.7) 969 (6.9)

Physical activity Abbreviations: APOE, apolipoprotein E; BMI, body
Low 11698 (16.7) 9206 (15.8) 2492 (21.3) mass index (calculated as weight in kilograms divided
Moderate 30235 (43.2) 25249 (43.3) 4986 (42.7) <001 by height in meters squared); CMD, cardiometabolic

diseases; DI, Dietary Inflammatory Index.
High 28080 (40.1) 23883 (40.9) 4197 (36.0)
Hypertension 29611 (35.2) 20981 (29.9) 8630 (61.8) <.001 * Missing participant da‘tal: 15 for educational level;
330 for race and ethnicity; 76 for Townsend

APOE €4 carrier 19316 (27.7) 16120 (27.6) 3196 (28.0) 35 Deprivation Index; 239 for BMI; 241 for smoking

Energy intake, mean (SD), kcal 2035 (518) 2033 (514) 2045 (540) .02 status; 14 329 for physical activity level; 121 for

DIl score, mean (SD) -0.6 (2.0) -0.7 (2.0) -0.6 (2.0) <.001 hypertension; and 14 566 for APOE €4 status.
Proinflammatory (20.5 pts) 29901 (35.5) 20122 (28.6) 4295 (30.5) ® Race and ethnicity was self-reported according to
Neutral (>~1.5 to <0.5 pts) 30024 (35.6) 25200 (35.9) 4824 (34.3) <.001 the 2001 UK census categories. The other group
Anti-inflammatory (s-1.5 pts) 24417 (29.0) 24941 (35.5) 4960 (35.2) included Asian Black. multracial, or other (ie, any

other race or ethnicity not already specified).
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interaction = 0.48; 95% Cl, 0.01-0.97; P = .04) interactions were detected between CMD status and
diet category on dementia risk. In Laplace regression, participants with CMDs and an anti-

inflammatory diet developed dementia 2 years later than those with CMDs and a proinflammatory

diet (Figure 2B).

CMDs, Dietary Inflammatory Potential, and Brain MRI
The presence of CMDs was associated with significantly smaller TBV, GMV, WMV, and HV, and
significantly larger WMHV. In contrast, compared with a proinflammatory diet, an anti-inflammatory
diet was associated with larger TBV, GMV, and WMV, smaller WMHYV, but no significant difference in

HV (Table 3).

With our use of joint effect analysis, participants with CMDs and an anti-inflammatory
compared with a proinflammatory diet had significantly larger GMV (B = -0.15; 95% Cl, -0.24 to
-0.06 vs B = -0.27; 95% Cl, -0.38 to -0.16) and significantly smaller WMHV (8 = 0.05; 95% Cl,

Table 2. Association of CMD Status and Dietary Inflammatory Potential Level With Dementia Risk: Results

From Cox Proportional Hazards Regression Models

CMD and dietary inflammatory potential status Participants, No.

Hazard ratio of dementia (95% CI)?

Basic adjusted

Multiadjusted

CMD status
CMD-free 70263
CMDs 14079
1 12236
22 1843
Dietary inflammatory potential
Proinflammatory (DIl 20.5 pts) 24417
Neutral (DIl >-1.5 to <0.5 pts) 30024
Anti-inflammatory (DIl <-1.5 pts) 29901
Joint exposure
CMDs, diet
CMD-free
Anti-inflammatory 24941
Neutral 25200
Proinflammatory 20122
CMDs
Anti-inflammatory 4960
Neutral 4824
Proinflammatory 4295

1 [Reference]

1.86(1.67-2.09)
1.70(1.51-1.92)
3.00 (2.44-3.70)

1 [Reference]
0.84(0.73-0.95)
0.80(0.69-0.92)

1 [Reference]
1.02 (0.88-1.18)
1.20(1.02-1.41)

1.69 (1.40-2.04)
1.96 (1.62-2.37)
2.41 (1.96-2.95)

1 [Reference]

1.81 (1.61-2.04)
1.67(1.47-1.89)
2.87 (2.31-3.56)

1 [Reference]
0.84 (0.74-0.96)
0.79 (0.68-0.91)

1 [Reference]
1.04 (0.89-1.20)
1.21(1.02-1.42)

1.65 (1.36-2.00)
1.91(1.57-2.32)
2.38(1.93-2.93)

Figure 1. Association Between Dietary Inflammatory Potential and Dementia Risk
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status, physical activity, hypertension,
apolipoprotein E €4 carrier status, and CMD status or
dietary inflammatory potential category as
appropriate.

Gray bars represent the distribution of Dietary
Inflammatory Index score in the study population. The
association between the DIl score and dementia risk
is modeled using restricted cubic splines adjusted for
age, sex, educational level, energy intake, race and
ethnicity, socioeconomic status, body mass index,
smoking status, physical activity, hypertension,
apolipoprotein E €4 carrier status, and cardiometabolic
disease status. The blue line and blue shaded areas
represent the hazard ratio and 95% Cl of dementia as
a function of the DIl score. The reference level is set as
the median DIl score in the population (-1 pts).
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-0.041t0 0.14 vs B = 0.16; 95% Cl, 0.05-0.27) (Figure 2C). Multiplicative interactions were detected
between CMD status and diet category for TBV (P < .001), GMV (P < .001), WMV (P = .007), and
WMHYV (P = .005), but not HV (P = .09).

Additional Analyses

In sensitivity analysis, similar results were obtained when we repeated the analyses using
nonimputed data (eTable 7 in Supplement 1) and after excluding 109 individuals who received a
dementia diagnosis within the first 5 years of follow-up (eTable 8 in Supplement 1). The HRs of
all-cause dementia were slightly attenuated in Fine and Gray regression models (eTable 9 in
Supplement 1), indicating that the results may have been affected by the competing risk of death. We
confirmed that higher DIl scores were associated with higher levels of systemic inflammation
(eTable 10 in Supplement 1) and that DIl scores remained stable across the multiple dietary
assessments (eTable 11 and eFigure 2 in Supplement 1). Accordingly, results remained consistent in
analyses restricted to participants who underwent multiple dietary assessments (eTable 12 in
Supplement 1) or using data from only the baseline dietary assessment (eTable 13 in Supplement 1).

Discussion

In this large-scale study, we found that, among people with CMDs, following an anti-inflammatory
diet compared with a proinflammatory diet was associated with a lower risk of dementia and
significantly lower levels of MRI markers of neurodegenerative and vascular brain damage. The
association between CMDs and increased risk of dementia has been emphasized in recent studies,®
but few strategies for reducing dementia risk among older adults with CMDs have been identified.
The present study highlights an anti-inflammatory diet as one potential approach. Over 15 years of

Figure 2. Joint Effect Analysis of Cardiometabolic Disease (CMD) Status and Dietary Inflammatory
Potential in Dementia Risk, Time to Dementia Diagnosis, and Brain Structural Differences
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Cox proportional hazards regression models for
dementia risk (A) and Laplace regression models for
time to dementia diagnosis (B) were adjusted for age,
sex, educational level, energy intake, race and
ethnicity, socioeconomic status, body mass index,
smoking status, physical activity, hypertension, and
apolipoprotein E €4 carrier status. Linear regression
models for brain structural differences (C) were
additionally adjusted for time between baseline and
magnetic resonance imaging scan, assessment center,
and head and table position within the scanner. In all
models, significant differences between the CMD with
anti-inflammatory diet and CMD with proinflammatory
diet groups were assessed by repeating the models
using the CMD with proinflammatory diet group as the
reference. GMV indicates gray matter volume; HV,
hippocampal volume; TBV, total brain volume; WMHYV,
white matter hyperintensity volume; and WMV, white
matter volume.
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follow-up, dementia risk was 31% lower in participants with CMDs and an anti-inflammatory diet
compared with a proinflammatory diet. We further found that people with CMDs and an anti-
inflammatory diet developed dementia 2 years later than those with a proinflammatory diet.

Higher DIl scores (ie, a proinflammatory diet) have been associated with a significantly

increased risk of dementia in previous longitudinal studies, including the Hellenic Longitudinal
Investigation of Aging and Diet (n = 1059)," the Women's Health Initiative Memory Study
(n = 7085),'® and the UK Biobank (n = 166 377).'° Moreover, several studies have reported an

inverse association between DIl score and cognitive function, specifically global cognition,

18,20,21,.39

executive function,?? and episodic,?? semantic,2? and verbal>® memory. The present study adds to

this literature by observing that an anti-inflammatory diet may attenuate the HR of dementia among

people with CMDs.

To complement these findings, we explored the association of CMD status and diet with brain
MRI phenotypes using joint effect analysis. Individuals with CMDs and an anti-inflammatory diet

compared with a proinflammatory diet had significantly higher GMV (indicating less

neurodegeneration) and significantly lower WMHYV (indicating less vascular injury). This is consistent

with previous investigations linking higher DIl scores to smaller GMV,'®3 lower lateral ventricular

volume,?® and larger WMHV,' although at least one study reported no association between DIl score
and brain MRI markers.*° Longitudinal brain MRI studies are needed to better understand the
interaction between dietary inflammatory potential and brain disease, especially in the context of

other risk factors like CMDs.

Our results can be interpreted within the framework of inflammaging, the theory that aging and

the development of diseases in older persons is due to a breakdown in the normal balance of

proinflammatory and anti-inflammatory processes as individuals age.*' Acute activation of

inflammatory processes can be adaptive in response to pathogens and tissue damage, but chronic,

low-grade inflammation has been linked to an increased risk of several age-related disorders,

Table 3. Association of CMD Status and Dietary Inflammatory Potential Level With Neuroimaging Measures: Results From Linear Regression Models®

CMD and dietary B (95% CI)
inflammatory White matter
potential status Participants, No. Total brain volume Gray matter volume White matter volume Hippocampal volume hyperintensity volume
CMD status
CMD-free 7773 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
CMDs 1144 -0.14(-0.20t0-0.09) -0.18(-0.24t0-0.13) -0.10(-0.15t0-0.04) -0.13(-0.19t0-0.07) 0.07 (0.01t00.12)
Dietary inflammatory
potential
Proinflammatory 2235 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
(DI 20.5 pts)
Neutral 3315 0.03 (-0.02 t0 0.07) 0.03 (-0.02 t0 0.07) 0.03 (-0.02 t0 0.07) 0.04 (-0.02 to 0.09) -0.05 (-0.10t0 0.01)
(DIl >-1.5 to0 <0.5 pts)
Anti-inflammatory 3367 0.06 (0.01t0 0.11) 0.06 (0.01t00.12) 0.05 (0.01t0 0.10) 0.04 (-0.02 t0 0.10) -0.05 (-0.10to
(DIl £-1.5 pts) -0.01)
Joint exposure
CMDs, diet
CMD-free
Anti-inflammatory 2951 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Neutral 2863 -0.03 (-0.07 t0 0.02) -0.03 (-0.08 t0 0.01) -0.02 (-0.06t00.02) -0.01(-0.06t00.04) 0.01(-0.04to 0.05)
Proinflammatory 1959 -0.06 (-0.11t0-0.01) -0.06(-0.11t0-0.01) -0.05(-0.10t00.01) -0.05(-0.12t00.01) 0.04 (-0.01t00.10)
CMDs
Anti-inflammatory 416 -0.11(-0.20t0 -0.03)  -0.15(-0.24t0-0.06) -0.07(-0.15t00.01) -0.18(-0.28t0 -0.08) 0.05 (-0.04 t0 0.14)
Neutral 452 -0.19(-0.27t0-0.11)  -0.22(-0.31t0-0.14) -0.14(-0.23t0-0.06) -0.14(-0.23t0-0.04) 0.05(-0.04t0 0.14)
Proinflammatory 276 -0.21(-0.32t0-0.11) -0.27(-0.38t0-0.16) -0.14(-0.25t0-0.04) -0.11(-0.23t00.01) 0.16 (0.05t00.27)

Abbreviations: CMD, cardiometabolic diseases; DII, Dietary Inflammatory Index.

2 All models were adjusted for age, sex, educational level, energy intake, race and ethnicity, socioeconomic status, body mass index, smoking status, physical activity, hypertension,
apolipoprotein E €4 carrier status, magnetic resonance imaging (MRI)-related factors (time between baseline and MRI scan, assessment center, and head and table position within
the scanner), and CMD status or dietary inflammatory potential category as appropriate.
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including cardiovascular disease,*? type 2 diabetes,** and dementia.'®'" A potential explanation for
our results is that an anti-inflammatory diet might dampen systemic inflammation (especially among
people with CMDs), thereby slowing the development of dementia. Moreover, the presence of
significant interactions between CMD status and dietary inflammatory potential in the present study
could suggest that the potential benefits of an anti-inflammatory diet for cognitive and brain health
may be more pronounced in people with CMDs. This warrants deeper investigation in future studies.

Strengths and Limitations

Strengths of this study include the use of a community-based cohort with a large sample size and
detailed data collection procedure, including brain MRI scans for more than 8000 participants.
However, our findings should be considered in the context of several limitations. First, healthy
volunteer bias in the UK Biobank,*+*° particularly in the neuroimaging subsample, could limit the
generalizability of our findings and may have contributed to an underestimation of the observed
associations. Second, both dementia and CMDs were ascertained primarily through medical records
and therefore likely to be underdiagnosed in this study.>® Relatedly, having prodromal or as-of-yet
undiagnosed dementia may contribute to the development of CMDs by making it more difficult to
manage medical conditions and adhere to a healthy lifestyle. However, results remained consistent in
sensitivity analyses excluding participants with likely prodromal or undiagnosed dementia (eTable 8
in Supplement 1). Additionally, dietary inflammatory potential was calculated based on self-reported
dietary intake over the past 24 hours, a method that is subject to recall bias. To address this, we
averaged dietary intake from up to 5 available assessments and conducted detailed sensitivity
analyses to confirm the stability of DIl scores over this time (eTables 11-13 in Supplement 1). Moreover,
there are inherent limitations to the DIl insofar as it assesses individual dietary components in
isolation and therefore cannot account for the source of certain nutrients (eg, plant vs animal
proteins, refined vs whole grains) or factors such as food storage and cooking methods that impact
nutrient content and bioavailability.*® To this end, we verified the association between higher DII
scores and higher levels of systemic inflammation in the study population (eTable 10 in

Supplement 1), but it is possible that dietary inflammatory potential was misestimated, especially
considering that all 14 of the DIl components for which data were unavailable in the UK Biobank were
anti-inflammatory (eTable 3 in Supplement 1). This may have contributed to an underestimation of

the observed associations.*++°

Conclusions

In this cohort study, participants with CMDs and an anti-inflammatory diet had a lower risk of
dementia compared with those with a proinflammatory diet. Moreover, people with CMDs and an
anti-inflammatory diet had significantly higher GMV and lower WMHYV than their counterparts with a
proinflammatory diet. Together, these results highlight an anti-inflammatory diet as a modifiable
factor that may support brain and cognitive health among people with CMDs.
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