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Abstract 

Background Increasing evidence suggests an association between pro-inflammatory diets and cognitive function. 
However, only a few studies based on small sample sizes have explored the association between pro-inflammatory 
diets and dementia using the dietary inflammatory index (DII). Additionally, the relationship between DII and differ-
ent subtypes of dementia, such as Alzheimer’s dementia and vascular dementia, remains largely unexplored. Given 
the changes in brain structure already observed in patients with dementia, we also investigated the association 
between DII and magnetic resonance imaging (MRI) measures of brain structure to provide some hints to elucidate 
the potential mechanisms between pro-inflammatory diet and cognitive decline.

Methods A total of 166,377 UK Biobank participants without dementia at baseline were analyzed. DII calculations 
were based on the information collected by the 24-h recall questionnaire. Brain structural anatomy and tissue-specific 
volumes were measured using brain MRI. Cox proportional hazards models, competing risk models, and restricted 
cubic spline were applied to assess the longitudinal associations. The generalized linear model was used to assess 
the association between DII and MRI measurements.

Results During a median follow-up time of 9.46 years, a total of 1372 participants developed dementia. The inci-
dence of all-cause dementia increased by 4.6% for each additional unit of DII [hazard ratio (HR): 1.046]. Besides, DII 
displayed a “J-shaped” non-linear association with Alzheimer’s dementia (Pnonlinear = 0.003). When DII was above 1.30, 
an increase in DII was significantly associated with an increased risk of Alzheimer’s dementia (HR: 1.391, 95%CI: 
1.085–1.784, P = 0.009). For brain MRI, the total volume of white matter hyperintensities increased with an increase 
in DII, whereas the volume of gray matter in the hippocampus decreased.
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Conclusions In this cohort study, higher DII was associated with a higher risk of all-cause dementia and Alzheimer’s 
dementia. However, our findings suggested that the association with DII and vascular and frontotemporal dementia 
was not significant.

Keywords Dementia, Alzheimer’s disease, Vascular dementia, Frontotemporal dementia, Pro-inflammatory diet, Brain 
MRI

Background
The number of people with dementia has increased dra-
matically with the aging of the world’s population. So far, 
approximately 50 million people worldwide suffer from 
dementia, and that number is expected to increase to 152 
million by 2050 [1]. The impact of dementia on individu-
als, their families, and society is enormous, with an esti-
mated $1 trillion spent annually on dementia worldwide 
[2]. However, effective means to eradicate the disease are 
lacking. Therefore, reducing the risk of dementia through 
early preventive measures, such as avoiding risk factors 
and improving diet, is of great significance.

Previous studies have shown an increase in the levels 
of inflammatory markers in the body with increasing age 
[3]. As an age-related disease, dementia has also been 
found to be associated with inflammation. The immune 
system plays an essential role in the development of Alz-
heimer’ disease as well as vascular dementia [4, 5]. Fur-
ther, one meta-analysis found that C-reactive protein 
level was associated with the risk of dementia [6], while 
another study found an association between IL-6 level 
and the risk of dementia [7].

Diet, as a modifiable lifestyle factor, has been found to 
modulate inflammation [8]. Therefore, inflammation may 
be effectively reduced by scientifically restructuring the 
diet. The dietary inflammatory index (DII) is a literature 
and population-based tool that can potentially assess 
dietary inflammation in different populations [9]. The 
DII was created by integrating a series of studies related 
to inflammatory biomarkers and was generated based 
on the calculation of 45 food parameters obtained from 
screening. The emergence of the DII provides an effective 
way to explore the association between the inflammatory 
effects of diet and different diseases.

Promoting inflammatory diets has been found to be 
associated with cognitive function in a range of studies 
[10, 11]. However, some studies suggested that the asso-
ciation between a pro-inflammatory diet and cognition 
might not be significant [12, 13]. Besides, as of now, there 
are only two studies on the association between diet-
related inflammation and the risk of dementia. Based on 
The Women’s Health Initiative Memory Study (WHIMS), 
one study initially found that higher DII was associated 
with an increased risk of dementia [14]. Another study 
based on the Hellenic Longitudinal Investigation of Aging 

and Diet (HELIAD) also consistently found an associa-
tion between DII and the risk of dementia [15]. However, 
the study based on WHIMS included only female partici-
pants, while the study based on HELIAD included only 
the Greek population. Whether the associations derived 
from these studies were capable of generalization to the 
overall population remained to be verified. In addition, 
the small size of the population on which the studies were 
based limited the ability to fully explore the association 
between dietary inflammation and dementia. Moreover, 
in both prospective studies, only the association between 
DII and all-cause dementia was analyzed; differences in 
the association between DII and specific dementia sub-
types were not assessed. For example, there is still a lack 
of research exploring the association between DII and 
vascular dementia. Considering that in previous stud-
ies the association between dietary inflammation and 
cerebrovascular disease did not appear to be strong [13, 
16], it is worth exploring whether there is an association 
between pro-inflammatory diet and vascular dementia.

Therefore, in order to more comprehensively and 
objectively assess the association between pro-inflamma-
tory diets and dementia, we conducted the present study 
using data from the UK Biobank, a large-scale cohort. 
We explored the association between DII and all-cause 
dementia as well as Alzheimer’s dementia (AD), vascu-
lar dementia (VD), and frontotemporal dementia (FTD) 
and other subtypes of dementia. Meanwhile, to explore 
whether the association between dietary inflammation 
and dementia is consistent across different characteristics 
of the population (e.g., smoking status, exercise status), 
we conducted subgroup analyses. In addition, we fur-
ther explored the association between DII and magnetic 
resonance imaging (MRI)-measured brain deconvolution 
structures, aiming to provide some imaging evidence for 
the association between DII and dementia.

Methods
Study design and participants
UK Biobank is a large cohort study containing approxi-
mately 500,000 participants recruited between 2006 and 
2010, ranging in age from 37 to 73  years. Participants 
provided baseline data by completing touch screen ques-
tionnaires, interviews, physical and functional meas-
ures, and genetic and biological assessments at 22 study 
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centers in England, Scotland, and Wales [17]. The UK 
Biobank is approved by the North West UK Multicentre 
Research Ethics Committee, the National Information 
Management Board, and the UK Government. Studies 
involving human participants were reviewed. Patients/
participants provided their written informed consent.

In this study, we screened 502,387 participants 
recruited by UK Biobank. We began by excluding 291,430 
participants missing a 24-h estimated nutrient intake. 
We then excluded 79 participants who already suffered 
from dementia at the time of enrollment. Ultimately, 
after excluding an additional 44,501 participants without 
complete baseline information, 166,377 participants were 
included in this study (Fig. 1).

Dietary assessment
We used data from an Internet-based 24-h diet ques-
tionnaire (Oxford WebQ) in the UK Biobank to assess 
diet. Specific details about the Oxford WebQ have been 

explained in detail elsewhere [18]. The questionnaire was 
initially introduced at the end of the UK Biobank recruit-
ment process and assessed on the last 70,000 partici-
pants. In addition, at four different time periods between 
February 2011 and April 2012, the UK Biobank invited 
those recruits who had provided their email address to 
complete this online questionnaire via email [19]. Oxford 
WebQ was able to automatically generate estimated 
energy and nutrient values for participant-reported foods 
by surveying participants on their consumption of 200 
common foods and beverages in the previous 24 h. This 
prospective study obtained baseline nutrient intakes by 
averaging the estimated energy and nutrient value data 
reported by questionnaires for participants at different 
time periods during 2011–2012. The average nutrients 
obtained were then used in the calculation of the dietary 
inflammation index. A validation study based on blood 
and urine biomarkers has supported the reliability of 
Oxford WebQ [20].

Fig. 1 Selection of study participants in the UK Biobank
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Dietary inflammatory index
The dietary inflammation index (DII) is a literature- 
and population-based tool developed with the capa-
bility to compare the dietary inflammatory potential 
in different populations [9]. The DII has been applied 
in a large number of studies [21, 22]. Its design was 
based primarily on the assessment of 45 food param-
eters (macronutrients, micronutrients, bioactive 
compounds, foods, and spices) associated with inflam-
mation. Specifically, it assigned + 1 for increased pro-
inflammatory markers or decreased anti-inflammatory 
markers, − 1 for decreased pro-inflammatory markers 
or increased anti-inflammatory markers, and 0 for no 
effect on inflammatory markers based on the effect of 
various food parameters on six inflammatory mark-
ers [interleukin (IL)-1β, IL-4, IL-6, IL-10, TNF-α, and 
C-reactive protein]. It calculated the weighted pro-
inflammatory and/or anti-inflammatory scores of vari-
ous food parameters based on the type of studied as 
well as the number of different types of studies from 
the literature included. The “food parameter-specific 
overall inflammatory effect scores” were then calcu-
lated from these weighted pro-inflammatory and anti-
inflammatory scores. Subsequently, the global means 
and standard deviations of 45 food parameters were 
created based on 11 databases from different coun-
tries. Based on the global mean and standard devia-
tion, the Z-score and centered percentile of the food 
parameters were calculated for participants from the 
various independent studies. After multiplying the 
central percentile of each food parameter by its respec-
tive “food parameter-specific overall inflammatory 
effect score”, a “food parameter-specific DII score” was 
obtained. Finally, the total DII score was obtained by 
summing all the “food parameter-specific DII scores”. 
In this study, the food or nutrient parameters used to 
calculate DII were excluded under the following con-
ditions: (1) information on foods or nutrients was not 
collected or provided, (2) specific intake data were not 
provided, and (3) units of intake provided could not 
be directly used to calculate DII. Ultimately, 29 eligi-
ble food or nutrient parameters were determined in 
UK Biobank (Additional file  1: Table  S1). Therefore, 
the DII in this study was derived based on 29 food or 
nutrient parameters. The median of total DII in this 
study was − 0.40 with a range of − 6.60 to + 5.45. For 
the calculation of the energy-adjusted DII (E-DII), we 
referred to previous studies [23, 24]. The food and 
nutrient intakes included were first adjusted for total 
energy intake (density method = nutrient (food)/total 
energy intake × 1000  kcal). Then, the steps similar to 
the DII calculation were repeated to obtain the E-DII.

Determination of dementia onset
Dementia was determined using “algorithmically defined 
outcomes (ADOs)” in UK Biobank [25]. These AODs 
were derived from coded information collected from the 
UK Biobank’s baseline assessment and admissions data 
(including data from participants’ self-reported medi-
cal conditions, procedures, and medications) as well as 
death registrations obtained from linked data from hos-
pitals. These data were algorithmically combined and 
categorized using the International Classification of Dis-
eases (ICD), 9th and 10th editions (ICD-9 and ICD-10) to 
identify dementia. This algorithm has been validated in 
a study based on 17,000 Biobank participants in England 
[26] and has also been used in several previous studies 
about dementia [27, 28].

The primary outcome of this study was all-cause 
dementia. Secondary outcomes included Alzheimer’s 
disease (AD), vascular dementia (VD), frontotemporal 
dementia (FTD), and other subtypes of dementia (demen-
tia from Huntington’s disease, Parkinson’s disease, etc.).

Structural MRI measurements of brain anatomy
The equipment used in this study for the measurement 
of brain deconvolution structures was the Siemens Skyra 
3T scanner. Referencing previous studies based on UK 
Biobank [29], we assessed the association between DII 
and brain deconvolution structures with brain volume 
[30], total white matter hyperintensities volume [31, 32], 
total white matter volume [33], total gray matter volume 
[34], hippocampal volume [35], hippocampal gray mat-
ter volume [36], and lateral ventricle volume [37], which 
were measured during the imaging follow-up that started 
in 2014.

Assessment of covariates
A touch screen questionnaire was used to capture age, 
gender, ethnicity (White, Black, Asian, Chinese, Mixed, 
and Other), smoking status (Never, Previous, and Cur-
rent), drinking status (Never, Previous, and Current), 
education level (Obtained higher education qualifica-
tions (College/HND/HNC or equivalent), obtained 
professional qualifications, or not), physical activity 
(whether a person met the UK Physical activity guide-
lines of 150  min of walking or moderate activity per 
week or 75  min of vigorous activity), and family his-
tory of dementia (Yes or No) at baseline. The Townsend 
deprivation index (TDI) was derived from zip codes of 
residence, using aggregate data on automobiles, unem-
ployment, homeownership, and household overcrowd-
ing. Diabetes was identified by reporting at the initial 
assessment visit that the participant had been diagnosed 
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with diabetes by doctor or was regularly taking medica-
tion for diabetes. The blood pressure values in this study 
were obtained from the average of two seated measure-
ments taken at baseline with the Omron HEM-7015IT 
digital blood pressure monitor. According to the Ameri-
can Heart Association (AHA) 2017 guidelines [38], we 
classified blood pressure into four groups: normal (sys-
tolic blood pressure (SBP) < 120  mmHg and diastolic 
blood pressure (DBP) < 80  mmHg; elevated (SBP 120–
129  mmHg and DBP < 80  mmHg; stage 1 hypertension 
(SBP 130–139 mmHg or DBP 80–89 mmHg); and stage 
2 hypertension (SBP ≥ 140  mmHg or DBP ≥ 90  mmHg). 
In addition, during the initial visit, trained professionals 
measured participants’ height and weight and obtained 
body mass index (BMI) by dividing weight (kg) by the 
square of height (m). BMI was then categorized into four 
groups: underweight (BMI < 18.5); healthy weight (BMI 
18.5 to < 25); overweight (BMI 25 to < 30); and obese 
(BMI ≥ 30). Energy intake was obtained from 24-h die-
tary estimates.

Statistics analysis
For differences in baseline characteristics across quartiles 
of the DII, we used the chi-squared (χ2) test for categori-
cal variables and analysis of variance (ANOVA) test for 
continuous variables. Follow-up was calculated from the 
date of completion of the last dietary questionnaire to the 
date of diagnosis of dementia, death, loss of follow-up, or 
last date of hospital admission data available for England 
(September 30, 2021), Scotland (July 31, 2021), and Wales 
(February 28, 2018), whichever came first.

First, we used a Cox proportional hazards model to 
quantify the association between DII and dementia. 
Results are expressed by hazard ratios (HRs) and 95% 
confidence intervals (CI). Three sets of models were 
applied. Model 1 adjusted for age, sex, ethnicity, edu-
cation level, TDI, and energy intake. Model 2 further 
adjusted for diabetes, blood pressure status, alcohol 
consumption, smoking, BMI, and physical activity in 
addition to the factors adjusted for in Model 1. Model 
3 further adjusted for family history of dementia based 
on Model 2. The Schoenfeld residual method tested the 
proportional risk hypothesis of the Cox model; all tested 
hypotheses passed. Additionally, the linear trend test was 
performed by using the median of each quartile of the 
DII as a continuous variable in the regression model. For 
observing the presence of nonlinear trends, the restricted 
cubic spline (RCS) model with the DII’s 5th, 27.5th, 50th, 
72.5th, and 95th as the five knots was applied in this 
study. If the RCS revealed a nonlinear association, we 
further calculated the inflection point between DII and 
the risk of developing dementia and examined the rela-
tionship between DII and dementia using a two-segment 

Cox proportional hazards model on the two sides of the 
inflection point. Following previous studies [39], the 
inflection points were determined using the R pack-
age “segmented”, based on a likelihood-ratio test and the 
bootstrap resampling method.

We also performed subgroup analyses for the incidence 
of dementia, grouped by sex, BMI (< 25 or ≥ 25), smok-
ing status, drinking status, physical activity, education 
level, TDI (above median or not), and family history of 
dementia, and tested for interactions between grouping 
variables and DII using likelihood ratio tests.

We used generalized linear regression to express 
the association between MRI-measured, brain-decon-
structed structures, and DII with estimated β and 95% 
CI. β values demonstrated the amount of change in the 
volume of the brain deconstructed structure for one-unit 
increases in DII.

Additionally, we performed a series of sensitivity 
analyses. (1) We observed the association between the 
DII and the occurrence of all-cause dementia again by 
applying the competing risk models with death and lost 
follow-up as competing endpoints. For the occurrence 
of subtypes of dementia such as Alzheimer’s disease and 
vascular dementia, we explored the association with DII 
by using death, lost follow-up, and the occurrence of 
dementia other than itself as competing outcomes. (2) 
After excluding participants according to the standard of 
energy intake < 800 or > 4200 kcal/day for men and < 600 
or > 3500 kcal/day for women, we reanalyzed the associa-
tion between DII and dementia incidence using Cox pro-
portional hazards regression to prevent bias caused by 
partially unreliable dietary data. (3) In order to further 
validate the validity of DII in this study, we analyzed 
the association of DII with C-reactive protein (CRP) 
(mg/L), which was measured by immunoturbidimetric-
high sensitivity analysis on a Beckman Coulter AU5800. 
(4) Additional analyses with a set of 3 knots and 4 knots 
were performed to test the stability of the nonlinear cor-
relations obtained by RCS. (5) We repeated the afore-
mentioned analysis using E-DII to further validate and 
consolidate our results. (6) Considering that some par-
ticipants’ diets may change frequently, we further repli-
cated the analysis for those participants who indicated 
that their reported diet was typical, using information 
provided by UK Biobank on whether the reported diet 
was typical (Field: 100020). (7) Considering the large 
proportion of excluded population due to missing physi-
cal activity data, we reincluded this group of participants 
with missing data on physical activity in the analysis. We 
categorized them as “missing” for physical activity and 
then repeated the aforementioned analysis.
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All statistical analyses were performed with R software, 
version 4.2.1. Two-sided p < 0.05 was considered statisti-
cally significant.

Results
Characteristics of study participants
A total of 166,377 participants were included in this 
study, with a median follow-up time of 9.46 years. Dur-
ing the follow-up period, 1372 participants developed 
dementia, including 543 with Alzheimer’s disease (AD), 
267 with vascular dementia (VD), and 54 with fronto-
temporal dementia (FTD). Table 1 presents the baseline 
characteristics of the participants in this study accord-
ing to the quartiles of dietary inflammatory index (DII). 
Compared to the lower levels of DII, we found that par-
ticipants with higher levels of DII tended to be younger, 
female, without family history of dementia, with lower 
energy intake, higher TDI, fewer recent drinkers, and 
more normal blood pressure; however, there was an 
increase in obesity and current smoking and a decrease in 
the number of people who had obtained high education 
or other professional qualifications and who achieved 
the recommended weekly level of physical activity. In 
addition, we also compared the characteristics of par-
ticipants who completed the Oxford WebQ with those 
who had not completed it (Additional file  1: Table  S2), 
as well as comparing the characteristics of participants 
who accepted and unaccepted MRI measurements in this 
study (Additional file 1: Table S3).

Associations between dietary inflammatory index 
and dementia risk
For the association between DII and dementia occur-
rence (Table  2), we found a significant association 
between higher levels of DII (Q4 vs. Q1) and increased 
risk of all-cause dementia (HR: 1.249; 95% CI: 1.052–
1.483; P = 0.011) as well as other types of dementia 
(dementia other than AD, VD, and FTD) (HR: 1.539; 95% 
CI: 1.178–2.010; P = 0.002) when adjusting for multiple 
factors using proportional Cox regression models (Model 
3). In addition, when DII was analyzed as a continuous 
variable, the HR was 1.046 for all-cause dementia and 
1.096 for other types of dementia for each unit increase 
in DII, after adjusting for a range of influencing factors. 
In the trend test, a significant linear association was also 
observed between DII and all-cause dementia (P for 
trend = 0.021) as well as other subtypes of dementia (P 
for trend = 0.001).

For the nonlinear trend, we examined the association 
between DII and AD, VD, and FTD application of RCS 
(Fig.  2). We found a “J-shaped” association between 
AD and DII (Pnonlinear = 0.003). Specifically, a significant 

positive correlation was observed between DII and the 
incidence of AD when DII increased to a certain value. 
Based on the “segmented” package, we determined that 
the inflection point for AD was at 1.30. To further inves-
tigate this relationship, we used a segmented Cox pro-
portional hazards model. Our analysis showed that for 
each unit increase in DII above the inflection point, the 
adjusted hazard ratio (HR) for the occurrence of AD 
increased by 39.1%. Conversely, for each unit increase in 
DII below the inflection point, the adjusted HR for AD 
decreased by 3.6%, although there was not statistically 
significant at this segment (Table 3). Besides, we did not 
observe any significant nonlinear relationship between 
DII and vascular dementia (Pnonlinear = 0.449) or fronto-
temporal dementia (Pnonlinear = 0.163).

Association of DII with brain deconvolution structures 
measured by MRI
In the present study, after adjusting for age, sex, ethnicity, 
education level, TDI, smoking, drinking status, physical 
activity, BMI, energy intake, blood pressure status, diabe-
tes, and family history of dementia, we found a positive 
association between DII and total volume of white mat-
ter hyperintensities, with each unit increase in DII asso-
ciated with 73.30  mm3 increase in the volume of white 
matter hyperintensities (P = 0.006) (Table 4). Meanwhile, 
we also observed a decreasing trend in the volume of hip-
pocampal gray matter with increasing DII (β: − 7.617; 
95% CI: − 13.986 to − 1.248; P = 0.019).

Subgroup analyses
In subgroup analyses (Fig.  3), the results remained 
approximately consistent when grouped by sex (P 
value for interaction = 0.814), smoking status (P value 
for interaction = 0.540), drinking status (P value for 
interaction = 0.654), physical activity (P value for 
interaction = 0.343), education level (P value for inter-
action = 0.767), TDI (P value for interaction = 0.984), 
and family history of dementia (P value for interac-
tion = 0.331). In contrast, a significant effect change was 
observed when the data were grouped by BMI (P value 
for interaction = 0.044), whereby increased DII was sig-
nificantly associated with an elevated risk of developing 
dementia only in those with BMI ≥ 25.

Sensitivity analysis
In competing risk models (Additional file 1: Table S4), a 
significant linear association was still observed between 
DII and all-cause dementia and other types of demen-
tia (dementia other than AD, VD, and FTD). In analyses 
conducted after excluding participants with unreliable 
energy intake, similar results to the original analysis were 
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Table 1 Baseline characteristics of study population according to the quartiles of dietary inflammatory index

TDI Townsend deprivation index, BMI Body mass index, SD Standard deviation
a Quartiles of dietary inflammation index. The cutoff points of the quartiles are − 1.799, − 0.395, 0.985
b Analysis of variance or χ2 test where appropriate

Characteristics Overall Dietary inflammatory  indexa P  valueb

First quartile 
(n = 41,587)

Second 
quartile 
(n = 41,607)

Third quartile 
(n = 41,587)

Fourth quartile 
(n = 41,596)

Age (mean ± SD) 55.91 ± 7.98 56.91 ± 7.83 56.20 ± 7.91 55.71 ± 7.95 54.82 ± 8.08  < 0.001

Female sex (%) 88,802 (53.4) 20,653 (49.7) 21,656 (52.0) 22,474 (54.0) 24,019 (57.7)  < 0.001

Ethnic (%)  < 0.001

 White 159,256 (95.7) 39,970 (96.1) 40,324 (96.9) 40,060 (96.3) 38,902 (93.5)

 Asian 2398 (1.4) 489 (1.2) 397 (1.0) 546 (1.3) 966 (2.3)

 Black 2018 (1.2) 457 (1.1) 328 (0.8) 377 (0.9) 856 (2.1)

 Chinese 470 (0.3) 125 (0.3) 94 (0.2) 112 (0.3) 139 (0.3)

 Mixed 1037 (0.6) 249 (0.6) 232 (0.6) 209 (0.5) 347 (0.8)

 Other 1198 (0.7) 297 (0.7) 232 (0.6) 283 (0.7) 386 (0.9)

Education level (%)  < 0.001

 Higher education 
qualifications/profes-
sional qualifications

118,527 (71.2) 30,727 (73.9) 30,822 (74.1) 29,621 (71.2) 27,357 (65.8)

 Others 47,850 (28.8) 10,860 (26.1) 10,785 (25.9) 11,966 (28.8) 14,239 (34.2)

TDI (mean ± SD)  − 1.58 ± 2.86  − 1.68 ± 2.81  − 1.75 ± 2.76  − 1.62 ± 2.84  − 1.27 ± 3.02  < 0.001

Smoking status (%)  < 0.001

 Never 93,931 (56.5) 23,560 (56.7) 23,926 (57.5) 23,408 (56.3) 23,037 (55.4)

 Previous 59,476 (35.7) 15,501 (37.3) 15,008 (36.1) 14,953 (36.0) 14,014 (33.7)

 Current 12,970 (7.8) 2526 (6.1) 2673 (6.4) 3226 (7.8) 4545 (10.9)

Drinking status (%)  < 0.001

 Never 5097 (3.1) 1132 (2.7) 1052 (2.5) 1158 (2.8) 1755 (4.2)

 Previous 4955 (3.0) 1140 (2.7) 1056 (2.5) 1159 (2.8) 1600 (3.8)

 Current 156,325 (94.0) 39,315 (94.5) 39,499 (94.9) 39,270 (94.4) 38,241 (91.9)

BMI (%)  < 0.001

 Health weight 61,871 (37.2) 16,472 (39.6) 16,114 (38.7) 15,205 (36.6) 14,080 (33.8)

 Underweight 908 (0.5) 236 (0.6) 247 (0.6) 194 (0.5) 231 (0.6)

 Overweight 69,587 (41.8) 17,196 (41.3) 17,443 (41.9) 17,551 (42.2) 17,397 (41.8)

 Obesity 34,011 (20.4) 7683 (18.5) 7803 (18.8) 8637 (20.8) 9888 (23.8)

Diabetes (%) 6847 (4.1) 1742 (4.2) 1570 (3.8) 1671 (4.0) 1864 (4.5)  < 0.001

Blood pressure status 
(%)

 < 0.001

 Normal 27,949 (16.8) 6415 (15.4) 6873 (16.5) 6964 (16.7) 7697 (18.5)

 Elevated 22,181 (13.3) 5527 (13.3) 5671 (13.6) 5485 (13.2) 5498 (13.2)

 Hypertension stage 1 45,944 (27.6) 11,271 (27.1) 11,392 (27.4) 11,664 (28.0) 11,617 (27.9)

 Hypertension stage 2 70,303 (42.3) 18,374 (44.2) 17,671 (42.5) 17,474 (42.0) 16,784 (40.4)

Achieve the recom-
mended physical activ-
ity level (%)

136,169 (81.8) 35,905 (86.3) 34,399 (82.7) 33,445 (80.4) 32,420 (77.9)  < 0.001

Energy, kcal/day 
(mean ± SD)

2075.06 ± 606.00 2477.95 ± 666.68 2189.28 ± 498.79 1977.78 ± 448.94 1655.27 ± 461.69  < 0.001

Family history 
of dementia (%)

21,800 (13.1) 5782 (13.9) 5603 (13.5) 5369 (12.9) 5046 (12.1)  < 0.001
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observed (Additional file 1: Table S5). When constructing 
RCS models with 3 knots and 4 knots, both of indicated 
a significant nonlinear association between DII and AD 
(Additional file 1: Fig. S1-2).

Regarding the association of DII and inflammatory 
markers, the generalized linear regression revealed 

a significant positive association between DII and 
C-reactive protein concentration (β: 0.075; 95% CI: 
0.063 to 0.087; P < 0.001), and this association persisted 
after adjusting for a range of factors (Additional file  1: 
Table S6).

Further, when using the energy-adjusted dietary 
inflammation index (E-DII) for the analysis, we obtained 
similar results to those obtained when using the DII anal-
ysis. Specifically, elevated E-DII levels was also found to 
be associated with an increased risk of all-cause demen-
tia or other types of dementia (dementia other than AD, 
VD, and FTD) (Additional file 1: Table S7). For AD, the 
risk analysis also showed an “J-shaped” nonlinear asso-
ciation with E-DII (Additional file  1: Fig. S3), with an 
inflection point of 0.56 (Additional file 1: Table S8).

When participants with a typical diet were ana-
lyzed separately, the results were generally consistent 
with the analysis when the total population was used 
(Additional file 1: Fig. S4 and Table S9-10). When par-
ticipants with missing information on physical activity 
were reincluded for analysis, the results were also gen-
erally consistent with those initially obtained (Addi-
tional file 1: Fig. S5 and Table S11-12).

Fig. 2 Restricted cubic spline for testing the hypothesis of nonlinear correlation between A Alzheimer’s dementia, B vascular dementia, 
C frontotemporal dementia, and DII. Spline curves represent hazard ratios (HRs) adjusted for age, sex, ethnicity, education, and Townsend 
deprivation index, diabetes, blood pressure status, drinking status, smoking status, body mass index, physical activity, energy intake, and family 
history of dementia. The solid lines are fitted based on Cox-proportional hazard models. The shaded areas show 95% confidential intervals (CIs). The 
red dashed line indicates the position where the curve inflection point occurs

Table 3 Threshold effect analysis of dietary inflammatory index 
(DII) on Alzheimer’s dementia (inflection point = 1.30)

Model 1 was adjusted for age, sex, ethnicity, education, Townsend deprivation 
index and energy intake. Model 2 was further adjusted for diabetes, blood 
pressure status, drinking status, smoking status, body mass index, physical 
activity. Model 3 was adjusted for the same variables as in Model 2 and further 
for family history of dementia. Italics represents P-value < 0.05

HR (95% CI) P value

DII below 1.30 (per 1 increase)

 Model1 0.954 (0.892–1.022) 0.179

 Model2 0.962 (0.899–1.030) 0.268

 Model3 0.964 (0.900–1.032) 0.286

DII above 1.30 (per 1 increase)

 Model1 1.399 (1.093–1.792) 0.008

 Model2 1.388 (1.082–1.780) 0.010

 Model3 1.391 (1.085–1.784) 0.009

Table 4 Association between brain structure and DII

Italics represents P value < 0.05
a Model adjusted for age, sex, ethnicity, education, and Townsend deprivation index, diabetes, blood pressure status, drinking status, smoking status, body mass 
index, physical activity, energy intake, and family history of dementia

Brain structure Participants Beta (95%CI)a P value

Volume of brain 22,113  − 678.846 (− 1430.910 to 73.218) 0.077

Total volume of white matter hyperintensities 21,390 73.302 (20.729 to 125.874) 0.006

Volume of white matter 22,113  − 325.637 (− 749.801 to 98.527) 0.132

Volume of gray matter 22,113  − 353.203 (− 733.999 to 27.593) 0.069

Volume of hippocampus 22,104  − 6.891 (− 13.916 to 0.135) 0.055

Volume of gray matter in hippocampus 22,111  − 7.617 (− 13.986 to − 1.248) 0.019

Lateral ventricular volume 22,262 75.396 (− 33.871 to 184.663) 0.716
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Discussion
In this UK Biobank-based study, we observed that as 
dietary inflammatory index (DII) levels increased, so 
too did the risk of all-cause dementia. In the subgroup 
analysis, we further found that the association between 
DII and dementia differed across various BMI popula-
tions. When exploring subtypes of dementia, our anal-
ysis revealed that when DII was elevated to a certain 
level, the increased risk of Alzheimer’s dementia (AD) 
came to present a significant positive correlation with 
DII. Besides, this study revealed a positive correlation 
between DII and the development of dementia subtypes 
other than AD, vascular dementia (VD), or frontotem-
poral dementia (FTD). However, for VD and FTD, our 
study did not suggest that there was a significant asso-
ciation between DII. In addition, analysis of MRI meas-
urements of brain deconvolution structures showed 
that DII was positively correlated with the volume of 
white matter hyperintensities and negatively correlated 
with hippocampal gray matter volume.

Indeed, the association between inflammation in gen-
eral and dementia has been verified by a number of stud-
ies [7, 40]. Thus, our findings were in agreement with the 
present consensus. Besides, two previous studies have 
also reported a link between pro-inflammatory diet and 
all-cause dementia [14, 15]. This further supports our 

conclusion. However, when further analyzing the vari-
ous subtypes of dementia individually, we found that the 
association between Alzheimer’s disease and DII was 
not simply linear but rather a "J-shaped" association. A 
possible explanation for this phenomenon could be that 
when DII was too low, there was an excessive increase 
in the level of anti-inflammatory factors in  vivo that 
somewhat contributed to the worsening of cognitive 
impairment and the progression of AD. The results of 
a study conducted by Chakrabarty et  al. supported this 
explanation to some extent, finding that overexpression 
of the anti-inflammatory cytokine IL-10 significantly 
increased β-amyloid deposition in transgenic amyloid 
precursor protein (APP) mice, thereby exacerbating cog-
nitive impairment and development of AD in mice [41]. 
In line with this finding, in one particular clinical study, 
individuals with cognitive impairment and possible AD 
were also found to have significantly elevated levels of 
IL-10 and IL-4 (another anti-inflammatory cytokine) 
compared to the study’s control group [42]. And when 
DII increases to a certain level, we found the risk of AD 
increases by 39.1% for each additional unit of DII. This 
is consistent with the current opinion that dementia is 
associated with inflammation [7]. For the association 
between AD and dietary inflammation, some studies 
have also concluded that as the level of pro-inflammatory 

Fig. 3 Associations between dietary inflammatory index and dementia across subgroups. Hazard ratio for each 1 increase in dietary inflammatory 
index. Adjusted for age, sex, ethnicity, education, and Townsend deprivation index, diabetes, blood pressure status, drinking status, smoking status, 
body mass index, physical activity, energy intake, and family history of dementia
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diets increased, the risk of AD significantly increased 
[43, 44]. However, another study suggested that a pro-
inflammatory diet was not associated with an increased 
risk of AD [45]. Our study further supported the opin-
ion that dietary inflammation was associated with AD by 
examining linear and non-linear associations.

Regarding the incidence of VD, our study found that 
pro-inflammatory diets did not correlate with increased 
risk. One previous study based on the Cognition and 
Diabetes in Older Tasmanians study found no asso-
ciation between energy-adjusted DII and cerebral small 
vessel disease [13]. Another study based on 6972 Austral-
ian women also found that DII was not associated with 
cerebrovascular disease [16]. Besides, there were also 
reports of no significant differences in serum IL-6 and 
TNFα levels between VD patients and controls [46]. The 
above studies somewhat supported the results we found. 
However, there were also studies suggested an associa-
tion with inflammation [47]. Pathological examinations 
of VD patients have also found high expression of TNF-
α, IL-1β, TGF-β, and iNOS [48]. Of note is that TNF-α 
and IL-1β were also the biomarkers for the development 
of DII. A possible explanation for this contradiction was 
that dietary preferences specific to participants with a 
higher risk of developing VD led to analyses based on 
dietary habits that might not truly reflect the effect of a 
particular dietary pattern on disease development. For 
example, a study that compared the similarities and dif-
ferences in dietary habits between VD and AD found 
some differences in dietary preferences between patients 
with VD and AD and control groups [49]. This might also 
be due to the limitations of the six inflammatory mark-
ers currently used to generate DII for studying the asso-
ciation between dietary inflammation and VD. For the 
association between dietary inflammation and VD, more 
comprehensive assessment of dietary inflammatory tools 
and randomized controlled studies with strict control of 
participants’ dietary intake may be needed.

The present study did not find any linear or non-linear 
association between DII and FTD. This might be attrib-
uted to the weak correlation between the process of FTD 
and the inflammatory markers employed for the design 
of DII. For example, a previous study reported that serum 
and cerebrospinal fluid (CSF) IL-6 levels did not change 
significantly in patients who developed frontotemporal 
lobar degeneration compared with controls [50].

In a subgroup analysis, we detected an interaction effect 
between DII and BMI in the development of dementia, as 
reflected by the significant positive association between 
these two factors in obese individuals (BMI ≥ 25 kg/m2). 
Interestingly, another study on DII and depression also 

found an interaction between BMI and DII and a signifi-
cant positive association between DII and depression in 
the obese population [51]. Numerous cohort studies had 
found that dementia has a higher incidence risk in people 
with obesity [52, 53]. Moreover, metabolic inflammation 
has also been found to be a major driver of neurological 
disorders in the context of obesity [54]. These findings 
were consistent with our results, suggesting that the high 
inflammatory response mediated by a high DII diet might 
be more likely to lead to dementia in people suffering 
from obesity.

Regarding the association between DII and MRI 
measurements of brain deconvolution structures, a pro-
spective study based on the Framingham Heart Study 
Offspring cohort found that DII was significantly asso-
ciated with reduced whole brain volume, reduced gray 
matter volume, and increased lateral ventricle volume 
[55]. However, another study found that DII was not 
related to brain structure [13]. Our study found that the 
total volume of white matter hyperintensities increased, 
whereas the volume of gray matter in the hippocampus 
decreased with increasing DII. IL-6 as a pro-inflamma-
tory factor has been found to be negatively associated 
with gray matter volume in the hippocampus of middle-
aged adults [56]. This supported the association of DII 
with decreased hippocampal gray matter volume found 
in our study. Considering that diminished hippocampal 
gray matter volume was also associated with the inci-
dence of AD [57], this also provides some basis for the 
association between DII and AD. We also observed a 
positive correlation between white matter hyperintensi-
ties (WMH) and DII, which was also found in one study 
based on patients with ischemic stroke [32]. Increased 
WMH has been found to be associated with an increased 
risk of AD in a meta-analysis [31], thus supporting a cor-
relation between DII and dementia. For the differences in 
our observed associations with previous studies, it was 
possible that the bias is due to insufficient sample size 
in previous studies. In addition, as there was some vari-
ation in the food parameters available for the calculation 
of DII in different cohorts, this might also lead to some 
differences in the results. More research will be needed 
to clarify these relationships.

Our study boasts numerous advantages. Firstly, it is 
based on UK Biobank, a community-based cohort design 
database with detailed data on disease conditions and a 
range of life factors, as well as a large sample with over 
10  years of complete follow-up. Second, while validat-
ing the association between DII and all-cause dementia 
found in previous studies, this study further explored 
the association between DII and various subtypes of 
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dementia (AD, VD, FTD, etc.), providing a more compre-
hensive guide for dietary formulation for dementia pre-
vention. However, this study also had some limitations. 
First, the UK Biobank study relied on 24-h dietary recall 
to obtain food nutrient intake, leaving the potential for 
recall errors. Second, the nutrients and foods used to cal-
culate DII in this study were based on only 29 foods and 
nutrients with detailed intake information provided by 
UK Biobank, which omitted foods and nutrients such as 
caffeine, onion, garlic, eugenol, ginger, onion, turmeric, 
oregano, pepper, rosemary, and saffron. Therefore, the 
DII in this study might have underestimated the anti-
inflammatory potential of the participants. However, 
there were also studies that demonstrated a strong cor-
relation between DII and inflammatory biomarkers when 
the food parameter < 30 [58, 59]. Third, volunteers who 
completed the Oxford WebQ tended to be White, female, 
less deprived, and more highly educated compared to 
other volunteers in the UK Biobank database [60], which 
may also have contributed to some selection bias. Fourth, 
dementia status and dementia subtypes were obtained 
algorithmically rather than through clinical assessment, 
which might result in a few biases. Finally, the extremely 
small proportion of people with AD or VD outcomes 
in the population included in this study might have 
impacted the power of this study in detect differences.

Conclusions
In conclusion, this study found that the risk of all-cause 
dementia increased with higher DII and that an interac-
tion existed between BMI and DII. However, some vari-
ations were observed in the association between DII and 
different subtypes of dementia. We found a “J-shaped” 
nonlinear association between AD and DII. However, we 
did not find any association between VD and DII, or FTD 
and DII. For dementia other than AD, VD, and FTD, we 
found a significant positive association between DII and 
its occurrence. Additionally, we observed that DII was 
associated with hippocampal gray matter volume and 
total volume of white matter hyperintensities.
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