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Abstract

INTRODUCTION: To examine the independent association of BMI in early adulthood with 

dementia incidence among men and women.

Methods: We studied 5,104 older adults from the Cardiovascular Health Study and the Health, 

Aging, and Body Composition study. We imputed early adulthood and midlife BMI using a 

pooled parent cohort with complete adult lifespan coverage and previously established methods. 

Dementia was ascertained using criteria such as neuropsychological test battery, medical records, 

and dementia-related drug use. Pooled logistic regression models were used.

Results: Compared to women with normal BMI in early adulthood, the odds of dementia were 

higher among both overweight (OR=1.8; 95%CI=1.31–2.54) and obese (OR=2.45; 95%CI=1.47–

4.06) women, independent of mid and late life BMI. Similar relationship was observed in men.

Conclusions: With the growing obesity epidemic among US adults, efforts aimed at reducing 

dementia may need to begin obesity prevention and treatment early in the life course.
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INTRODUCTION

Over the past few years, research has demonstrated that vascular factors are major 

contributors to late life cognitive decline and dementia.1–22 Despite this wealth of data, 

the timing and influence of key cardiovascular risk factors, including body mass index 

(BMI), remains controversial. For example, studies have shown that while high midlife 

BMI is associated with increased risk of dementia, high late life BMI may be unrelated or 

appear protective.14–16, 23–25 These associations may be subject to unmeasured confounding 

by earlier exposures, as well as other biases. For example, the unexpected null or inverse 

association of dementia with higher BMI in late life may be due to reverse causation, 

reflecting the long preclinical phase of dementia.23–25 Such inconsistencies support the 

need for a life course approach in which BMI is measured before any preclinical 

neurodegenerative changes, such as in early adulthood.

The association of BMI in early adulthood with dementia has not been thoroughly 

studied.26, 27 Several mechanisms have been hypothesized to link BMI to dementia, 

including vascular28–31, inflammation32, 33 and a direct effect of adiposity and fat-related 

hormones34–36 (e.g. leptin) on the brain. These pathways have also been suggested to 

vary by sex34 as has the incidence of dementia37–39. Understanding such relationship is 

particularly important in light of the persisting increases in obesity among US adults.40 Yet, 

such research has been mostly hampered by the lack of feasibility and difficulty of following 

participants from early adulthood to late life, when dementia almost exclusively occurs. 

With the absence of large and racially diverse single US cohorts with complete adult lifespan 

coverage, the only way to address the gap in our knowledge, on whether early adulthood 

BMI is a risk factor for dementia, is by leveraging lifecourse pooled cohorts. In this study, 

using BMI data from a pooled cohort spanning the lifecourse, we imputed adult life BMI for 

older adults, then examined its association with dementia incidence in late life.

METHODS

Parent pooled cohort

We previously pooled four prospective cohorts that span the adult life course, including 

a total of 15,001 white and black adults aged 18 to 95 years old at enrollment. Cohorts 

included 4,632 participants from the Coronary Artery Risk Development in Young Adults 

study (CARDIA) of young to middle-aged adults, 4,238 participants from the Multi Ethnic 

Study of Atherosclerosis (MESA) of middle to older-aged adults, 3,936 participants from 

the Cardiovascular Health Study (CHS), and 2,195 participants from the Health, Aging 

and Body Composition study (Health ABC) of older adults. Since, by design, some of 

the individual cohorts included only White and Black adults, as did our pooled cohort. 

Furthermore, each of the four cohorts is a prospective cohort study. Measures of BMI 

and other cardiovascular risk factors were harmonized across cohorts. Details of the parent 
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pooled cohort have been published elsewhere.41 All participants provided written informed 

consent. The inclusion of the cohorts in our study was approved by local institutional review 

boards (IRBs) as well as the IRBs at Columbia University and the University of California 

San Francisco, and the present analysis was approved by the Publications & Presentations 

committee of each study.

Analytical cohort

Given that dementia incidence is our outcome of interest, for this analysis, we focused on 

the older adults of the parent pooled cohort, i.e. CHS and Health ABC cohorts. Our pooled 

sample included a total of 5,104 white and black participants aged 69 to 78 at enrollment, 

for whom BMI and dementia data were available, including 2,909 from CHS and 2,195 from 

Health ABC. Below are brief details of each study.

CHS is a prospective study of community-dwelling adults recruited from four U.S. 

communities: Washington County in Maryland, Forsyth County in North Carolina, 

Sacramento County in California, and Allegheny County in Pennsylvania. Participants were 

65 or older at baseline in 1989–90 and included 57% women and 12% blacks. Participants 

were followed annually for up to 11 years.

Health ABC is a prospective cohort study of well-functioning community-dwelling adults 

aged 70–79 years at baseline in 1997. Participants were a random sample of Medicare-

eligible older adults living in Memphis and Pittsburgh including 52% women and 42% 

blacks. Participants were followed annually or semi-annually for up to 11 years.

Measurement of early adulthood and midlife BMI for CHS/Health ABC older adults

In both CHS and Health ABC, BMI was calculated from measured height and weight, which 

were available at almost all study visits. Because BMI was only collected beginning in late 

life in the CHS and Health ABC cohorts, adult and midlife BMI exposures were imputed 

using the pooled parent cohort, which in addition to CHS and Health ABC, also included 

young and middle-age adults from CARDIA and MESA. In particular, using repeated 

measures of BMI, we estimated person-specific trajectories of BMI beginning from age 20 

and forward using best linear unbiased predictions based on linear mixed models (LMMs) 

that included sex, race and smoking status. In brief, these borrow information across 

cohorts to extrapolate trends in observed BMI values in CHS and Health ABC, allowing 

for between-cohort differences in level, and accounting for birth year, on the assumption that 

covariate-specific age trends are common across the four cohorts. Details of our imputation 

procedure and accompanying simulation studies have been described elsewhere41 as well as 

in the Supplement. We then calculated time-weighted averages (TWAs), which are averages 

over a time interval, to summarize BMI in adult life (ages 20–49), midlife (ages 50–69) 

and late life (ages 70–89). These age cut-points were chosen based on prior work41–43. In 

sensitivity analyses, we considered alternative age cut-points. Period-specific BMI TWAs 

were then categorized at established cut-points into normal (<25 kg/m2), overweight (25–30 

kg/m2) or obese (>30 kg/m2).

Zeki Al Hazzouri et al. Page 3

Alzheimers Dement. Author manuscript; available in PMC 2022 February 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Ascertainment of dementia endpoints

In CHS, a neuropsychological test battery was administered to selected participants at 

high risk for dementia, defined by one of the following: Modified Mini-Mental State 

Examination (3MS)44 score<80, a decrease of 5 or more points on the 3MS, Informant 

Questionnaire on Cognitive Decline in the Elderly45 score > 3.6, incident stroke, medical 

record with dementia diagnosis, or nursing home residence. Participants who failed the 

memory test or in at least two cognitive domains underwent a detailed neurological 

examination by a neurologist. An expert committee of neurologists and psychiatrists 

classified participants as either normal, mild cognitive impairment (MCI), or dementia.46 In 

cases, when neuropsychological testing was not feasible, dementia classification was made 

based on collected neurological examination throughout the study period, medical records, 

and physician questionnaires.

In Health ABC, dementia diagnosis was determined according to any of the following 

criteria: 1) dementia-related hospitalization based on ICD codes for admission and discharge 

(assessed every 6 months); 2) use of prescribed dementia-related drugs determined using a 

drug inventory administered at annual visits; 3) decline of at least 1.5 race-specific standard 

deviations on the 3MS between baseline and last visit.47

Statistical Analysis

We first tabulated participant characteristics including period-specific BMI by sex and final 

dementia status. We then plotted the trajectory of average imputed BMI, also by sex and 

final dementia status. We used Poisson regression models, with person-years of exposure 

accrued from first to last study visit or dementia diagnosis, whichever is earlier, to estimate 

dementia incidence rates within period-specific BMI categories, first unadjusted, then 

adjusting for age, sex, race/ethnicity, education, and cohort; adjusted incidence rates were 

obtained using regression standardization. These models used log person-years at risk as an 

offset, and robust standard errors to allow for over-dispersion. To examine the associations 

between period-specific BMI and dementia incidence, we used pooled logistic regression 

(PLR) models48, with age as the time scale, and adjusting for sex, race/ethnicity, years 

of education, and cohort. Like Cox proportional hazards regression, PLR is a convenient 

alternative that also accommodates left truncation by age at study entry, censoring, and time-

varying covariates, in particular, our late life BMI TWAs (i.e. for ages 70–89). Specifically, 

each individual in the analytic sample contributes a record to the PLR analysis for each year 

of age from our CHS-Health ABC cohort entry (range 69–78) until onset of dementia or 

censoring. Thus the BMI TWAs in early adulthood (ages 20–49) and in midlife (ages 50–69) 

are fixed covariates as they were accrued prior to cohort entry. However, the BMI TWAs in 

late life (ages 70–89) are time-varying. For example, for a CHS-Health ABC participant who 

enrolled at age 70 and contributed records (i.e. was followed) till age 75, their late life BMI 

TWAs for ages 70–89 are averages over fitted BMI values at ages 70–71, 70–72, 70–73, 

70–75, and 70–75 respectively (i.e. time-varying or age-updated) (Supplemental Figure 1). 

All analyses are stratified by sex since interactions were significant at a p-value 0.05, and 

also based on known and well established sex differences in BMI patterns over the lifecourse 

as well as dementia. STATA version 16, including the margins command for regression 

standardization, was used for the analyses.
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We also conducted the following sensitivity analyses: We examined the same relationships 

of BMI and dementia (1) adjusting for vascular risk factors that we hypothesize as 

mediators, (2) using different age-cutoffs for summarizing BMI exposure, (3) accounting 

for survival bias, (4) and separately for CHS and Health ABC to account for differences in 

dementia diagnoses.

RESULTS

The CHS/Health ABC sample included a total of 5,104 participants, of whom 493 (17.4%) 

of 2,835 women and 416 (18.3%) of 2,269 men were found to have dementia at some 

point during follow up (Table 1). Average follow-up was 7.9 years (range 0–11). Among 

both women and men, the number of dementia cases was higher among blacks and among 

subjects with fewer years of education, but did not vary by cohort. Among both women and 

men who eventually developed dementia, early adulthood BMI was higher but later life BMI 

was lower.

Numbers of dementia cases, person-years of follow-up, and unadjusted dementia incidence 

rates are shown in Table 2. Among women, dementia incidence increased across early 

adulthood BMI categories, from 15.9/1000PY (95% CI 14.1, 17.8) among women with BMI 

<25 kg/m2, to 29.7/1000 PY (95% CI 22.0, 37.2) and 46/1000 PY (95% CI 27.7, 64.3) 

among those with BMI 25–30 kg/m2 and >30 kg/m2 respectively. In contrast, dementia 

incidence among women decreased across mid and late life BMI TWA categories. Among 

men as among women, dementia incidence increased across early adulthood BMI categories 

and decreased across late life BMI categories, but in contrast to women increased across 

midlife BMI categories. These patterns were unchanged after adjustment for age, race/

ethnicity, education, and study cohort (Figure 1).

Early Adulthood BMI exposure and dementia (Table 3):

Using PLR models to adjust for race/ethnicity, education, cohort, and BMI exposure in 

mid and late life, the adjusted odds of incident dementia increased across early adulthood 

BMI categories among both women and men. In particular, compared to women with 

an early adulthood BMI<25 kg/m2, the adjusted odds of dementia were 1.8 times higher 

among overweight women (aOR 1.82; 95% CI 1.31, 2.54) and 2.5 times higher among 

obese women (aOR 2.45; 95% CI 1.47, 4.06). Similarly, compared to men with early 

adulthood BMI TWA<25 kg/m2, the odds of incident dementia were 1.35 times higher 

among overweight men (aOR 1.35; 95% CI 0.99, 1.82) and 2.47 times higher among obese 

men (aOR 2.47; 95% CI 1.46, 4.19).

Midlife BMI exposure and dementia (Table 3):

Based on the same adjusted PLR models, we found no statistically significant association 

between midlife BMI and dementia among women, after adjusting for earlier and later BMI 

exposures. In contrast, higher midlife BMI was associated with higher odds of incident 

dementia among men. In particular, compared to men with midlife BMI≤25 kg/m2, the 

adjusted odds of incident dementia were 1.51 times higher among overweight men (aOR 
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1.51; 95% CI 1.11, 2.05) and 2.00 times higher among obese men (aOR 2.00; 95% CI 1.16, 

3.42).

Late life BMI exposure and dementia (Table 3):

For women and men, higher late life BMI (ages 70–89) was associated with lower adjusted 

odds of incident dementia, after adjusting for early adulthood and midlife BMI exposures. In 

particular, compared to women with late life BMI≤25 kg/m2, the adjusted odds of incident 

dementia were 28% lower among overweight women (aOR 0.72; 95% CI 0.55, 0.93) and 

48% lower among obese women (OR 0.52; 95% CI 0.36, 0.76). Similarly, compared to men 

with late life BMI≤25 kg/m2, the adjusted odds of incident dementia were 44% lower among 

overweight men (aOR 0.56; 95% CI 0.42, 0.75) and 63% lower among obese men (aOR 

0.37; 95% CI 0.24, 0.59).

Interactions with BMI exposure:

The interaction with sex was statistically significant (P=0.02) for the midlife BMI TWAs but 

not the early adulthood (P=0.32) or late life (P=0.53) BMI TWAs. However, we did not find 

statistically significant interactions with a four-level categorization with both sex and race 

(P=0.19, 0.35 and 0.90 for the three BMI TWA age ranges).

Sensitivity analyses.

Our findings were unchanged in models adjusted for systolic blood pressure, low density 

lipoprotein and glucose (Supplementary Table 1), which we hypothesized as potential 

mediators that are downstream from BMI. Our findings were similar in sensitivity analyses 

summarizing BMI exposures over alternate age ranges (Supplementary Table 2). Our 

findings were also unchanged in models using inverse probability of inclusion weights to 

mitigate possible survival bias (data not shown). Finally, to address differences in dementia 

diagnoses between CHS and Health ABC, we repeated the analyses examining whether BMI 

in early adulthood is a risk factor for dementia, separately for CHS and Health ABC, and 

results remained overall similar (Supplementary Tables 3 and 4).

DISCUSSION

In this study, we found that higher early adulthood BMI was independently associated 

with higher dementia incidence among both women and men. Higher midlife BMI was 

associated with higher dementia incidence among men, but not among women. In both 

groups, higher late life BMI was independently associated with lower dementia incidence. 

By using a pooled cohort spanning the life course, we were able to impute early adulthood 

BMI exposure, then estimate its association with incident dementia, which occurs almost 

exclusively in late life; this would not have been possible using data for CHS and Health 

ABC alone. Our findings support the hypothesis that dementia may be influenced by 

cardiovascular risk factors, such as high BMI, developing many decades before dementia 

is typically diagnosed.

Our study contributes to a sparse literature examining the influence of BMI early in the 

lifecourse on dementia. To our knowledge, only one previous US study, the Harvard Alumni 
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Health Study26, examined such relationship, and in contrast to our findings, they reported no 

association between BMI measured in early adulthood and dementia-related deaths. In the 

Harvard alumni study, early adulthood BMI was measured only once, at an average age of 

18 years old; in contrast, we imputed early adulthood BMI from age 20 through 49, a time 

in life when average BMI increases substantially. Another recent, non-US study, examined 

the relationship between BMI across the lifespan and dementia risk among subjects from the 

Swedish Twin Registry and found a relationship between higher BMI in early adulthood and 

higher dementia risk.27 While we do not study the exact pathways linking BMI early in the 

lifecourse to dementia in late life, exposure at an early age could mean a longer duration of 

exposure to higher BMI as well as to a cascade of behavioral and biological processes28–33 

that result in vascular damage and leads to the neuropathological changes accompanying 

dementia. In light of the growing obesity epidemic among US adults,40 with recent figures 

suggesting about 40% of US adults ages 20 years or older are obese, our findings suggest 

that interventions aimed at modifying trends in obesity early in the lifecourse may reduce the 

risk of dementia by potentially modifying the course of its preclinical phase.

Compared to the sparse evidence on early adulthood BMI and dementia, higher BMI in 

midlife is suggested as a well-established risk factor for dementia.14–16, 49, 50 According 

to a meta-analysis, being overweight or obese in midlife is associated with greater risk for 

Alzheimer’s, vascular, and all cause dementia.49 Studies among patients from the Northern 

California Kaiser Permanente health care system have found associations between being 

overweight or obese in midlife (ages 40 to 45 years old) and increased odds of being 

diagnosed with Alzheimer’s and vascular dementia, and shown that these associations were 

stronger in women than in men.14, 50 Somewhat unexpectedly, we found no association 

with midlife BMI among women, above and beyond early adulthood BMI. Our finding 

is however consistent with a recent study among 7,029 participants from the Health and 

Retirement Study (HRS) in which midlife BMI, measured at an average age of 58, was 

not associated with memory loss.25 While we do not examine underlying pathways, several 

mechanisms have been hypothesized to link BMI to dementia, and some of which have 

been suggested to vary by sex. For example, it has been previously reported that among 

older adults, higher levels of adiposity measured by imaging were associated with worsening 

cognitive function in men, but not in women.34 Overall, further studies are needed to 

better understand the lifecourse nature of the associations of BMI and other CVD risk 

factors with dementia risk across sex, as well as the role of underlying mechanisms. This 

is especially relevant in light of the mixed evidence regarding sex differences in dementia 

incidence37, 39, 51 (in our pooled cohort, 17.4% among women vs. 18.3% among men).

Our findings of an inverse association between higher BMI in late life and reduced dementia 

incidence, among both women and men, is consistent with most prior literature23, 24. In 

particular, our findings are consistent with a recent meta-analysis23 using data for 1.3 

million adults showing that the relationship of BMI and dementia becomes protective as 

the follow-up time separating the two measurements gets shorter. Reverse causation is often 

hypothesized to explain this pattern. In particular, a recent HRS study25 showed that BMI 

loss preceding dementia occurred as early as late 50s. This is further mirrored by our finding 

that declines in BMI begin in midlife, and in our case, begin at an earlier age for women 

than men. In particular, we found that BMI trajectories for those with and without dementia 
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begin to diverge as early as in mid-50s for women compared to the 70s for men. Altogether, 

these findings are indicative that reverse causation may begin earlier in the life course than 

originally thought.

Our findings support the hypothesis that dementia-related processes beginning decades 

prior to diagnosis may result in weight loss.52–55 Findings from the Alzheimer’s Disease 

Neuroimaging Initiative (ADNI)52 showed an association between biomarkers of increased 

AD burden and lower BMI, particularly among individual who were normal or with 

mild cognitive impairment. The latter suggests that the pathophysiological changes that 

accompany AD may result in weight loss and begin well before dementia diagnosis. While 

the exact pathways are unclear, several hypotheses have been suggested, including decreased 

appetite and food intake – maybe partially due to underlying cognitive changes56 or reduced 

smell and taste57 – and overall frailty and comorbidities58.

Our study has several limitations. Our imputations of early adulthood and midlife BMI are 

biased towards the overall averages41, attenuating the estimated associations of imputed 

early adulthood exposures with late life events. Yet, despite such attenuation, our findings 

still showed that exposure to high BMI in early adulthood is a significant risk factor 

for dementia in late life. Methods for diagnosing dementia differed between CHS and 

Health ABC. Yet, when we repeated the same analyses but separately for CHS and Health 

ABC, the results were overall similar. We also acknowledge that since the time of these 

two studies, dementia diagnosis has become more routed in biomarkers, as such it would 

be important to replicate our findings with more recent criteria. CHS and Health ABC 

participants had to survive until cohort entry in old age, and thus may be atypical of the 

younger adult populations they are taken to represent. Yet, our findings were unchanged 

in models using inverse probability of inclusion weights to mitigate possible survival bias. 

Concerning differential definition of early adulthood, midlife and late life across studies, 

our results were unchanged in sensitivity analyses using different age-cutoffs to define these 

time periods. It is also important to note that our methods of imputation do not allow us 

to distinguish life-course effects in a desirable level of detail beyond the age categories 

we have used. Information available for each subject in their 60s and beyond does not 

allow us to impute much more than a level and trend in early adulthood. Under those 

circumstances, we have little ability to distinguish the effects of BMI (or other exposures) in 

the 20s, 30s, and 40s, because we do not have independent information about those periods. 

That said, we do consider the TWAs we use to summarize the trajectories informatively.41 

Finally, we acknowledge that while other factors such as traumatic brain injury and sleep 

disorders and other comorbidities may act as potential confounders, we do not have pooled 

and harmonized information on some factors and thus could not be accounted for. Despite 

those limitations, this study has several strengths. First, due to pooling multiple cohorts, our 

study was powered to make inferences among women and men separately. Second, to our 

knowledge, this is the first study to use these innovative methods to impute early adulthood 

and midlife BMI, and to examine their associations with dementia which occurs almost 

exclusively in late life. This would not have been possible using data for either cohort alone. 

Furthermore, the motivation for this study and the methods are not exclusive to BMI and 

will be important to other risk factors for which evidence has been inconsistent in midlife 

and late life, such as systolic blood pressure. Our methods and imputation framework have 
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been previously described, including results of simulations that show their accuracy and 

usefulness in assessing the effects of early and midlife exposures on late life outcomes.41

In summary, our data show an independent association of dementia incidence with higher 

early adulthood BMI among both women and men. Accounting for early adulthood BMI 

exposure, we found no association between midlife BMI and dementia among women, but 

strong inverse associations between late life BMI and dementia incidence in both women 

and men. The latter is consistent with growing evidence that pre-clinical dementia may 

begin in midlife, earlier than originally thought. Taken together, our findings suggest that 

interventions aimed at reducing dementia, in part by modifying the course of its preclinical 

phase, may need to begin earlier in the life course with a focus on obesity prevention 

and treatment. Future studies, especially those with observed lifecourse BMI data, should 

replicate our findings as well as examine potential underlying pathways.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Incidence rates* of dementia (per 1000 person-years) across categories of period-
specific BMI, by sex, pooled CHS and Health ABC.
TWA indicates Time weighted averages.

*Adjusted for sex and race/ethnicity, education and cohort
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Table 1.

Dementia status according to participant characteristics and period-specific BMI, pooled CHS and Health 

ABC

Women Men

Dementia status Dementia status

No N = 2,342 Yes N = 493 No N = 1,853 Yes N = 416

Age (years) 80.0 (77.0 – 83.0) 81.0 (77.0 – 84.0) 81.0 (78.0 – 84.0) 81.0 (78.0 – 84.0)

Race/ethnicity

 White 1,916 (84.4%) 355 (15.6%) 1,568 (82.9%) 324 (17.1%)

 Black 426 (75.5%) 138 (24.5%) 285 (75.6%) 92 (24.4%)

Education

 <HS 483 (74.9%) 162 (25.1%) 394 (75.0%) 131 (25.0%)

 Completed HS 824 (83.1%) 167 (16.9%) 458 (83.3%) 92 (16.7%)

 >HS 1,031 (86.3%) 163 (13.7%) 1,000 (83.8%) 193 (16.2%)

Cohort

 CHS 1,391 (83.2%) 280 (16.8%) 1,010 (81.6%) 228 (18.4%)

 HABC 951 (81.7%) 213 (18.3%) 843 (81.8%) 188 (18.2%)

Early Adulthood BMI TWA (ages 20–49)

 <25 1,731 (84.0%) 329 (16.0%) 1,357 (83.1%) 276 (16.9%)

 25–30 477 (80.6%) 115 (19.4%) 457 (80.0%) 114 (20.0%)

 >30 134 (73.2%) 49 (26.8%) 39 (60.0%) 26 (40.0%)

Midlife BMI TWA
(ages 50–69)

 <25 919 (81.0%) 215 (19.0%) 625 (82.9%) 129 (17.1%)

 25–30 898 (85.1%) 157 (14.9%) 936 (82.1%) 204 (17.9%)

 >30 525 (81.3%) 121 (18.7%) 292 (77.9%) 83 (22.1%)

Late life BMI TWA
(ages 70–89)

 <25 888 (78.8%) 239 (21.2%) 602 (78.3%) 167 (21.7%)

 25–30 898 (84.6%) 163 (15.4%) 936 (83.1%) 191 (16.9%)

 >30 556 (85.9%) 91 (14.1%) 315 (84.5%) 58 (15.5%)

BMI indicates Body Mass Index, TWA indicates Time Weighted Averages.

Data shown as median (IQR) and n (row %).

Measures of period-specific BMI at the last observed age of each participant.
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Table 2.

Incidence of dementia events across categories of period-specific BMI, by sex, pooled CHS and Health ABC.

Women Men

Number of 
Events

Person-
years

IR* 95% CI Number of 
Events

Person-
years

IR* 95% CI

Overall 493 25581 416 20097

Early Adulthood BMI 
TWA (ages 20–49)

 <25 329 18377 15.9 14.1, 17.8 276 14298 19.0 16.6, 21.4

 25–30 115 5469 29.7 22.0, 37.2 114 5190 22.8 18.0, 27.7

 >30 49 1735 46.0 27.7, 64.3 26 609 44.6 26.0, 63.2

Midlife BMI TWA (ages 
50–69)

 <25 215 9947 24.6 19.3, 29.9 129 6551 16.8 13.2, 20.4

 25–30 157 9611 17.8 14.7, 20.9 204 10070 22.0 18.8, 25.3

 >30 121 6023 15.1 10.6, 19.5 83 3476 26.2 17.4, 34.9

Late life BMI TWA (ages 
70–89)

 <25 239 10895 22.0 18.8, 25.3 167 7006 29.4 24.0, 34.7

 25–30 163 9144 19.5 16.3, 22.6 191 9813 19.4 16.5, 22.2

 >30 91 5542 14.3 10.7, 17.9 58 3278 12.8 8.9, 16.6

*
IR: numbers of events per 1000 person-years at risk
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Table 3.

Associations of period-specific BMI with incident dementia from pooled logistic regression by sex, pooled 

CHS and Health ABC

Women Men

OR 95% CI P-value OR 95% CI P-value

Early Adulthood BMI TWA (ages 20–49)

 <25 (ref) (ref)

 25–30 1.82 1.31, 2.54 <0.001 1.35 0.99, 1.82 0.06

 >30 2.45 1.47, 4.06 <0.001 2.47 1.46, 4.19 <0.001

Midlife BMI TWA (ages 50–69)

 <25 (ref) (ref)

 25–30 0.82 0.62, 1.09 0.17 1.51 1.11, 2.05 0.009

 >30 0.70 0.42, 1.19 0.19 2.00 1.16, 3.42 0.012

Late life BMI TWA (ages 70–89)

 <25 (ref) (ref)

 25–30 0.72 0.55, 0.93 0.012 0.56 0.42, 0.75 <0.001

 >30 0.52 0.36, 0.76 <0.001 0.37 0.24, 0.59 <0.001

BMI indicates Body Mass Index, TWA indicates Time Weighted Averages.

Adjusted for age, sex and race/ethnicity, years of education, cohort (CHS, Health ABC), and BMI TWAs from all three time periods.
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