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Abstract 
Background: Physical function and its decline in older age may be connected to treatable vascular risk factors in mid-life. This study aimed to 
evaluate whether these factors affect the underlying rate of decline.
Methods: This prospective cohort included 5 481 older adults aged 67–91 in the Atherosclerosis Risk in Communities Study (mean [standard 
deviation {SD}] age = 75.8 [5.0], 58% women, 21% Black race) without a history of stroke. The main outcome was the rate of Short Physical 
Performance Battery (SPPB) decline over a median late-life follow-up of 4.8 years. Primary mid-life (aged 45–64) exposures were Visit 1 hyperten-
sion (>140/90 mm Hg or treatment), diabetes (>126 mg/dL or treatment), high cholesterol (>240 mg/dL or treatment), and smoking, and number 
of decades of vascular risk exposure across Visits 1–4.
Results: The average adjusted rate of SPPB decline (points per 5 years) for older adults was −0.79 (confidence interval [CI]: −0.87, 0.71) and 
was accelerated by mid-life hypertension (+57% decline vs normotension: additional decline of −0.47, 95% CI: −0.64, −0.30), diabetes (+73% 
decline vs no diabetes: additional decline of −0.67, 95% CI: −1.09, −0.24), elevated systolic blood pressure (+17% decline per SD: −0.16, 95% 
CI: −0.23, −0.10), and elevated fasting blood glucose (+16% decline per SD: −0.015, 95% CI: −0.24, −0.06). Each decade greater mid-life expo-
sure to hypertension (+32% decline: −0.93, 95% CI: −1.25, −0.61) and diabetes (+35% decline: −1.03, 95% CI: −1.68, −0.38) was associated 
with faster SPPB decline.
Conclusions: Mid-life control of blood pressure and diabetes may offset aging-related functional decline.
Keywords: Cardiovascular, Diabetes, Epidemiology, Hypertension, Physical performance

Greater physical function decline across late life is associated 
with lower quality of life, loss of independence, functional im-
pairment, disability, and dementia (1–7). Among older adults, 
poor late-life vascular health is associated with poor physical 
function outcomes, including slow gait speed, poor balance, 
and weaker lower-limb strength (8). Yet, accumulation of vas-
cular risk factors begins in mid-life, suggesting the etiology 
of aging-associated physical function declines may also be-
gin decades before manifesting as late-life functional losses. 
Recent work has linked mid-life vascular health with poor 
physical function in late life (8–12), but evidence is lacking re-
garding associations of mid-life vascular health with physical 
performance declines in late life.

Understanding the association between mid-life vascu-
lar risk factors and disease—which may be responsive to 

established treatment options—and late-life physical func-
tion declines are critical to inform public health policies and 
projections concerning the health of an increasingly aging 
population; however, few studies have an adequate character-
ization of risk factors and outcomes across mid- and late life 
to fill this knowledge gap.

Using a large, geographically diverse cohort of community- 
based older Black and White adults in the United States, this 
study aimed to utilize more than 32 years of follow-up to 
investigate the relationship between mid-life vascular risk fac-
tors and late-life physical function declines. We hypothesized 
that greater vascular risk, both in higher levels of risk and in 
greater duration of elevated risk throughout mid- and early–
late life, is associated with faster physical function decline in 
late life.
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Method
Study Design
The ongoing Atherosclerosis Risk in Communities (ARIC) 
study recruited a population-based cohort of mid-life adults 
aged 45–64 years from 4 U.S. communities during 1987–
1989. We included the 4 481 participants aged 67–90 years 
(mean 75.8 years) at Visit 5 (Black participants from Forsyth 
County, NC, and Jackson, MS, and White participants from 
Forsyth County, NC; Minneapolis, MN; and Washington 
County, MD) who did not have Parkinson disease or stroke 
and had complete physical function testing.

Vascular risk factors were assessed at Visit 1 in mid-life and 
again at 3 subsequent visits at approximately 3-year intervals 
(Visit 1, 1987–1989; Visit 2, 1990–1992; Visit 3, 1993–1995; 
Visit 4, 1996–1998; Supplementary Figure 1). After a 13-year 
gap, participants were assessed for physical function in late 
life over 3 study visits (Visit 5, 2011–2013; Visit 6, 2016–
2017; Visit 7, 2018–2019).

All participants gave written informed consent at each 
study visit. Institutional review boards at all participating 
institutions approved this study.

Mid-life vascular risk factors
We considered mid-life measures of 4 vascular risk factors—
hypertension, diabetes, high cholesterol, and smoking—as 
well as continuous measures of systolic blood pressure, fast-
ing blood glucose, total cholesterol, and pack-years smoking. 
Systolic and diastolic blood pressure at each study visit were 
calculated from the average of the final 2 of 3 measurements 
after a 5-minute rest except at Visit 4 when 2 measurements 
were obtained and averaged. Systolic blood pressure was con-
sidered both as a continuous variable and categorized as hav-
ing hypertension (systolic ≥140 or diastolic ≥90 mm Hg, or 
use of antihypertensive medication), prehypertension (139 ≥ 
systolic > 130 or 89 ≥ diastolic > 80 mm Hg), or normoten-
sion at each visit using the American Heart Association 2020 
cardiovascular health goals for adults (13). Fasting blood 
glucose was modeled continuously by mg/dL and catego-
rized as diabetes (≥126 mg/dL or use of diabetes medication), 
prediabetes (100–125 mg/dL), or no diabetes. Total plasma 
cholesterol was categorized as high (≥240 mg/dL), elevated 
(200–239 mg/dL), or low (14). Participants self-reported 
smoking status, modeled continuously as calculated pack-
years, and categorized as never, former (≥100 cigarettes and 
quit ≥1 year ago), or current smoking. Continuous measures 
of vascular risk factors were centered by mean and scaled by 
standard deviation (SD) of the study population at the first 
visit.

Late-life physical function
Physical function assessments were offered to all partici-
pants at Visits 5, 6, and 7 using the validated Short Physical 
Performance Battery (SPPB) (12). Scores on the SPPB com-
prised 3 component scores: standing balance (highest achieve-
ment of 3 challenge stances for >10 seconds), unassisted chair 
stands (time to complete 5 seconds), and self-selected usual 
walking pace over 4 m (fastest of 2 trials, m/s) (15). Each 
component was scored 0 (lowest) to 4 (highest) according to 
the established thresholds (16). Inability to complete a com-
ponent and those not tested due to inability or safety concerns 
were scored 0 points in that component. A difference of 0.5 
SPPB points constitutes the minimal meaningful change and a 

1.0 point difference represents a substantial change in physi-
cal function among older adults (17).

Covariates
Participants self-reported age, sex, race, and education at Visit 
1. Education was categorized as less than high school, high 
school or equivalent or vocational degree, and greater than 
high school education. Body mass index (BMI) was calcu-
lated as measured weight (kg) divided by height squared (m2). 
Coronary heart disease events were adjudicated by an expert 
committee from the review of medical records between Visits 
1 and 5 and by self-report prior to Visit 1. Heart failure events 
were defined by ICD-9/10 codes in medical records (18).

Statistical Analyses
Vascular risk at single point in mid-life
Linear mixed models tested the interaction between mid-life 
(Visit 1) vascular risk factors and rate of late-life SPPB score 
decline over Visits 5–7, scaled per 5 years. All models were 
random-slope, random-intercept with an unstructured cova-
riance structure, used Huber-White robust variance estimates, 
and were adjusted for Visit 5 age, sex, education, and race site 
(Forsyth-Black, Forsyth-White, Jackson-Black, Minneapolis-
White, Washington-White). Additional adjustment included 
Visit 5 BMI, heart disease, and heart failure and mutual 
adjustment for mid-life vascular risk factors. Results were 
presented for the full covariate adjustment set, including 
mutual adjustment for mid-life vascular risk factors, unless 
otherwise stated.

Cumulative mid-life hypertension and diabetes
Cumulative hypertension and diabetes over Visits 1–4 were 
assessed using average systolic blood pressure and average 
fasting blood glucose over a participant’s attended visits 
(minimum of 2 visits, missing visits were not included in the 
calculation). Years of hypertension or diabetes over Visits 
1–4 assumed disease development at the midpoint (1.5 
years) between the last measured visit without the condition 
(eg, normotensive) and the first visit with the condition. We 
conservatively estimated individuals with vascular disease 
at Visit 1 developed the disease 1.5 years prior. Disease 
diagnosis was considered nonreversible. For example, for 
hypertension, possible values were 0 years (no hypertension 
in Visits 1–4, each 3 years apart), 1.5 years (hypertension 
first at Visit 4), 4.5 years (Visit 3), 7.5 years (Visit 2), and 
10.5 years (Visit 1).

Data analyses were conducted using Stata version 15 
(StataCorp LLC, College Station, TX). Statistical significance 
was defined by a 2-sided p value of <.05.

Results
Characteristics of the Study Participants
The characteristics of the 5 481 participants included in this 
study are presented in Table 1. All participants were over 65 
years (mean [SD], 75.8 [5.0]), and on average were over-
weight (28.7 [5.6]), predominately female (3191 [58%]), 
White race (4323 [79%]), and had no history of coronary 
heart disease (4678 [85%]) or heart failure (4851 [89%]). 
Median follow-up of late-life physical function follow-up 
was 4.8 years with a maximum of 8 years. The median time 
between the assessment of mid-life vascular risk factors and 
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the first late-life physical function assessment (Visit 5) was 
23.7 years. The average SPPB score at the Visit 5 start of late-
life follow-up was 9.4 (SD 2.3) points and 26.4% of partici-
pants had an SPPB score below 9, indicating physical function 
limitation. Participants with higher Visit 5 SPPB scores were 
younger, had lower BMIs, were less likely to be female, had 
higher educational attainment, and had lower mid-life vascu-
lar risk. Participant characteristics of those lost-to-follow-up 
are presented in Supplementary Table 1.

Main Analysis
Vascular risk at single point in mid-life
The average rate of late-life SPPB decline was −0.94 points 
per 5 years (95% confidence interval [CI]: −1.01 to −0.88) 
for never-smoking participants with average visit 1 systolic 
blood pressure, fasting blood glucose, and total cholesterol 
(Table 2). Participants declined an additional −0.16 SPPB 
points per 5 years (95% CI: −0.23 to −0.10) for each SD 
higher Visit 1 systolic blood pressure, corresponding to 17% 
and 34% faster rates of late-life decline at 128.3 mm Hg 
(1 SD higher than mean systolic blood pressure) and 140.6 
mm Hg (2 SDs higher), respectively. Participants declined an 
additional −0.15 SPPB points more than the average per 5 
years (95% CI: −0.24 to −0.06) for each SD higher Visit 1 
fasting blood glucose, indicating an average participant with 

137.9 mg/dL fasting blood glucose at Visit 1 declined at a 
32% faster rate than the average participant with a glucose 
of 100.3 mg/dL.

We did not observe an association between total cholesterol 
(additional decline of −0.04 SPPB points per 5 years, 95% CI: 
−0.11 to 0.02) or pack-years of smoking (additional decline 
of −0.06 SPPB points per 5 years, 95% CI: −0.13 to 0.01) 
and rate of SPPB decline in this study population. Removing 
cholesterol and smoking from subsequent analyses did not 
alter the magnitude of the association between higher systolic 
blood pressure or higher blood glucose and faster rates of 
SPPB decline (Supplementary Table 2).

The results of the association between Visit 1 vascular risk 
factors categorized into high-, intermediate-, and low-risk 
levels and SPPB point decline over late-life follow-up are pre-
sented in Figure 1, displaying both average SPPB at Visit 5 
and average decline rates over Visits 5–7 late-life follow-up. 
On average, participants with hypertension at Visit 1 declined 
at a rate of −1.27 SPPB points per 5 years (95% CI: −1.42 
to −1.11), 57% faster than their peers with normotension 
(additional decline of −0.47 SPPB points per 5 years, 95% CI: 
−0.64 to −0.30; Table 3). Participants with no diabetes at Visit 
1 had an average rate of decline of −0.90 SPPB points per 5 
years (95% CI: −0.98 to −0.83). The average participant with 
diabetes at Visit 1 declined in late life at a rate of −1.56 SPPB 
points per 5 years (95% CI: −1.98 to −1.15), 73% faster than 

Table 1. Participant Characteristics by Late-Life Physical Function Scores

n = Visit 5 SPPB Score

Overall ≤5 6–9 ≥10

5 481 424 1 864 3 193

Characteristics at Visit 5

  Age, mean (SD) 75.8 (5.0) 78.9 (5.5) 76.9 (5.2) 74.8 (4.6)

  Female (%) 3 191 (58) 300 (71) 1 187 (64) 1 704 (53)

  BMI, mean (SD) 28.7 (5.6) 31.3 (7.8) 29.2 (5.8) 28.0 (4.9)

  Race site (%)

   Forsyth-Black 83 (2) 9 (2) 48 (3) 26 (1)

   Forsyth-White 1 093 (20) 62 (15) 420 (23) 611 (19)

   Washington-White 1 543 (28) 97 (23) 502 (27) 944 (30)

   Minneapolis-White 1 687 (31) 84 (20) 468 (25) 1 135 (36)

   Jackson-Black 1 075 (20) 172 (41) 426 (23) 477 (15)

  Education (%)

   <High school 713 (13) 125 (30) 297 (16) 291 (9)

   High school, equivalent, or trade school 2 308 (42) 164 (39) 840 (45) 1 304 (41)

   >High school 2 451 (45) 133 (32) 725 (39) 1 593 (50)

  Coronary heart disease (%) 803 (15) 73 (18) 297 (16) 433 (14)

  History of heart failure (%) 630 (11) 106 (25) 286 (15) 238 (7)

Mid-life vascular risk factors at Visit 1

  Hypertension, n (%) 1 240 (23) 188 (44) 484 (26) 568 (18)

  Diabetes, n (%) 266 (5) 55 (13) 111 (6) 100 (3)

  High cholesterol, n (%) 1 175 (21) 118 (28) 458 (25) 599 (19)

  Current smokers, n (%) 944 (17) 71 (17) 373 (20) 500 (16)

  Systolic blood pressure (mm Hg), mean (SD) 116.0 (15.5) 122.8 (15.7) 117.1 (16.0) 114.4 (14.9)

  Fasting blood glucose (mg/dL), mean (SD) 100.3 (19.84) 106.9 (34.31) 101.2 (22.74) 98.9 (14.59)

  Total cholesterol (mg/dL), mean (SD) 210.0 (39.73) 216.5 (44.43) 213.2 (40.03) 207.4 (38.68)

  Pack-years among ever smokers, mean (SD) 10.7 (16.7) 9.5 (16.0) 11.4 (17.3) 10.5 (16.4)

Notes: BMI = body mass index; SD = standard deviation; SPPB = Short Physical Performance Battery.
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a peer without diabetes (rate difference −0.67 SPPB points 
per 5 years, 95% CI: −1.09 to −0.24). Rates of decline did 
not differ significantly among peers with prehypertension or 
with prediabetes.

Cumulative hypertension and diabetes exposure
A decade of hypertension during the Visits 1–4 period was 
associated with 64% faster late-life rates of SPPB decline 
(additional decline −0.93, 95% CI: −1.25 to −0.61), and a 
decade of mid-life diabetes was associated with 71% faster 
rates of decline (additional decline −1.03, 95% CI −1.68 to 
−0.38) compared to participants who never had reports of 
either diabetes or hypertension (Table 4). Higher mean sys-
tolic blood pressure and higher mean fasting blood glucose 
during the Visits 1–4 interval were associated with 24% and 
23% faster late-life rates of SPPB decline per SD higher than 
mean at Visit 1 (12.3 mm Hg and 18.84 mg/dL, respectively). 
One SD higher mean Visits 1–4 systolic blood pressure was 
associated with a −0.21 faster rate of SPPB decline per 5 years 
(95% CI: −0.29 to −0.13) and 1 SD higher mean fasting 
blood glucose was associated with a −0.20 faster rate of SPPB 
decline per 5 years (95% CI: −0.31 to −0.10) compared to 
peers with average systolic blood pressure and fasting blood 
glucose.

Sensitivity Analyses
When evaluating the associations of cumulative hypertension 
and diabetes, we also classified the presence of hyperten-
sion and diabetes by study visit of the first recorded mid-life 
instance (Supplementary Table 3). There was no significant 
evidence of nonlinearity in the dose–response of consider-
ing hypertension–decades or diabetes–decades as contin-
uous variables, as reported in Table 4, though the estimate 
for hypertension at Visit 2 presents an anomaly. Associations 
were broadly consistent both when adjusting for only demo-
graphic covariates and additionally for other health status 
covariates.

Discussion
In a community population of older adults from 4 geo-
graphically diverse U.S. locations followed over 32 years, 
we observed that higher mid-life hypertension and diabetes 
vascular risk were robustly associated with faster rates of 
objectively measured physical function decline in late life. 
These findings persist regardless of whether risk factors were 
defined categorically or continuously, and whether data 
from 1 mid-life time point or an average across 12 years 

Table 2. Differences in Adjusted Rates of Late-Life SPPB Decline by Higher Mid-Life Vascular Risk Factors at Visit 1

Difference in 5-Year Rate of Late-Life SPPB Decline Per SD of Mid-Life 
Vascular Risk Factor

Mid-Life Vascular Risk Factor Adjusted Difference* Decline Rate Ratio†

SD Difference (95% CI) p Value 1 SD higher 2 SD higher

Systolic blood pressure 12.3 mm Hg −0.16 (−0.23, −0.10) p < .001 1.17 1.34

Fasting blood glucose 18.84 mg/dL −0.15 (−0.24, −0.06) p = .002 1.16 1.32

Total cholesterol 39.58 mg/dL −0.04 (−0.11, 0.02) p = .23 1.04 1.09

Pack-years smoking 16.1 pack-years −0.06 (−0.13, 0.01) p = .11 1.06 1.13

Notes: BMI = body mass index; CI = confidence interval; SD = standard deviation; SPPB = Short Physical Performance Battery.
*Estimates of differences in rates of late-life SPPB decline are derived from random-slope, random-intercept linear mixed models with unstructured 
covariance, adjusted for age, sex, race site, education, BMI, prevalent coronary heart disease, and prevalent heart failure at Visit 5 and mutually adjusted for 
systolic blood pressure, fasting blood glucose, total cholesterol, and pack-years smoking. Vascular risk factors were centered to Visit 1 population averages 
(systolic blood pressure 116.0 mm Hg, fasting blood glucose, 100.3 mg/dL, total cholesterol 210.0 mg/dL, and smoking 0 pack-years).
†Decline rate ratio is equal to the average rate of decline (−0.94 SPPB points per 5 years, 95% CI: −1.01 to −0.88, p < .001) of participants with mean 
vascular risk factors at Visit 1 plus the rate difference per SD of vascular risk divided by the average rate of decline.

Figure 1. Adjusted late-life SPPB decline by mid-life vascular risk factors 
at Visit 1. Clockwise from top left: the association between Visit 1 mid-life 
(A) hypertension risk, (B) diabetes risk, (C) total cholesterol level, and 
(D) smoking status and late-life rate of SPPB decline (Visits 5–7). Time 
(x-axes) indicates years of late-life follow-up from Visit 5. Estimated linear 
rates of SPPB decline (solid lines) and their 95% CI (shaded areas) are 
derived from linear mixed models with random-slope, random-intercept, 
and unstructured covariance structure. Piece-wise linear splines (dashed 
lines) show goodness of fit of the average SPPB scores (solid circle 
markers) at Visit 5, Visit 6 (mean late-life follow-up time = 4.8 years), and 
Visit 7 (mean late-life follow-up time = 6.6 years) to the linear trend. All 
models adjust for age, sex, race site, education, BMI, prevalent coronary 
heart disease, prevalent heart failure at the start of late-life follow-up 
(Visit 5), and mutually adjust for mid-life vascular risk factors at Visit 1 
(hypertension, diabetes, total cholesterol, and smoking status). BMI 
= body mass index; CI = confidence interval; SPPB = Short Physical 
Performance Battery.

http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glad210#supplementary-data
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of mid- to late-life assessments were included. Collectively, 
these results indicate that both higher vascular risk of hyper-
tension and diabetes as well as greater cumulative disease 
starting in mid-life are associated with faster loss of physi-
cal functioning decades later in late life, supporting the idea 
that even modest public health gains in delaying the onset 
of hypertension or diabetes in mid-life could possibly have 
profound effects on ameliorating later poor physical func-
tion outcomes.

The National Institute on Aging’s Strategic Directions 2020 
highlights the need for a better understanding of interventions 
that can prevent or mitigate loss of independence and func-
tion in late life as a research priority in the field (19). As phys-
ical function declines measured by the SPPB have been well 
established on the path to future disability (3,15,16) and loss 
of independence (1,2), our results contribute to the identifi-
cation of preventable factors that may have the potential for 

elongating healthy physical function in late life. In this study, 
mid-life hypertension, diabetes, higher systolic blood pres-
sure, and fasting blood glucose were associated with faster 
rates of SPPB decline across eight years of late-life follow- 
up. Over a 10-year period, these results constitute meaning-
ful differences in late-life physical function (more than 0.5 
additional SPPB points) in late life for the effect estimates 
of having previously had systolic blood pressure or fasting 
blood glucose levels 2 SDs above the mean, and they indi-
cate substantial differences (more than 1.0 additional SPPB 
points) over a 10-year period in late-life physical function 
for older adults with previous diabetes in mid-life compared 
to their previously low-risk peers (17). A systolic blood pres-
sure of 116 mm Hg compared to 140 mm Hg at Visit 1 was 
associated with additional SPPB declines over 5  years that 
were similar to having the late-life physical function declines 
of a peer 2 years younger. Similarly, our results estimated 

Table 3. Adjusted Rate of Late-Life SPPB Decline by Mid-Life Hypertension and Diabetes Categories at Visit 1

Adjusted Rate of Decline*

Vascular Risk Rate† (95% CI) p Value Difference (95% CI) p Value Decline Rate Ratio

Hypertension

  Normotension −0.81 (−0.88, −0.74) p < .001 0 (reference) 1 (reference)

  Prehypertension −0.89 (−1.04, −0.73) p < .001 −0.09 (−0.26, 0.08) p = .315 1.10

  Hypertension −1.27 (−1.42, −1.11) p < .001 −0.47 (−0.64, −0.30) p < .001 1.57

Diabetes

  No diabetes −0.90 (−0.98, −0.83) p < .001 0 (reference) 1 (reference)

  Prediabetes −0.87 (−0.97, −0.76) p < .001 0.04 (−0.09, 0.16) p = .593 0.97

  Diabetes −1.56 (−1.98, −1.15) p < .001 −0.67 (−1.09, −0.24) p = .002 1.73

Notes: BMI = body mass index; CI = confidence interval; SPPB = Short Physical Performance Battery.
*Adjusted for age, sex, race site, education, BMI, prevalent coronary heart disease and heart failure at Visit 5, and mutually adjusted for hypertension and 
diabetes categories.
†Rates of SPPB decline and differences in rates of SPPB decline are derived from random-slope, random-intercept linear mixed models with unstructured 
covariance and are given as decline in SPPB points per 5 years.

Table 4. Differences in Adjusted Rates of Late-Life SPPB Decline by Cumulative Mid-Life Vascular Exposure

Difference in 5-Year Rate of Late-Life SPPB Decline Per Mid-Life Hypertension and Diabetes 
Exposure

Adjusted Difference* Decline Rate Ratio†

Mid-Life Vascular Disease (per decade) Difference‡ (95% CI) p Value 0.5 Decade 1 Decade

Hypertension −0.93 (−1.25, −0.61) p < .001 1.32 1.64

Diabetes −1.03 (−1.68, −0.38) p = .002 1.35 1.71

Mean of Visits 1–4 (per SD) Difference§ (95% CI) p Value 1 SD higher 2 SD higher

Systolic blood pressure −0.21 (−0.29, -0.13) p < .001 1.24 1.48

Fasting blood glucose −0.20 (−0.31, −0.10) p < .001 1.23 1.46

Notes: BMI = body mass index; CI = confidence interval; SD =standard deviation; SPPB = Short Physical Performance Battery.
*Estimates of differences in rates of late-life SPPB decline per decade of measured mid-life vascular disease are derived from random-slope, random-intercept 
linear mixed models with unstructured covariance, adjusted for age, sex, race site, education, BMI, prevalent coronary heart disease and prevalent heart 
failure at Visit 5, and mutually adjusted for hypertension and diabetes exposures.
†Decline rate ratio is equal to the average rate of decline of participants without the hypertension or diabetes exposure plus the rate difference per unit 
exposure, divided by the average rate of decline.
‡Difference in decline rate per decade of hypertension or diabetes in Visits 1–4 compared to the average rate of decline (−1.46 SPPB points per 5 years, 95% 
CI: −1.61 to −1.32, p < .001) of participants without any measurement of hypertension or diabetes in Visits 1–4, mutually adjusted for hypertension and 
diabetes.
§Difference in decline rate per higher mean Visits 1–4 risk factor compared to the average decline (−0.87 SPPB points per 5 years, 95% CI: −0.93 to −0.81, 
p < .001) of participants with mean systolic blood pressure and fasting blood glucose, mutually adjusted for mean Visits 1–4 vascular risk factors.
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that although an older person without previous diabetes at 
Visit 1 had clinically meaningful SPPB loss over 5 years, they 
averaged 8.6 years to decline the same amount as a peer with 
diabetes at Visit 1 declined in 5 years, for approximately 3.6 
years more of better functioning. Though the ordinal nature 
of the SPPB means minimally meaningful SPPB change may 
not become clinically measurable for twice as long as a sub-
stantially meaningful SPPB change, both changes, neverthe-
less, reflect a loss of physical function that can affect an older 
adult’s daily life and future clinical outcomes.

Although results from a clinical trial would provide the 
strongest evidence, the practical difficulty of enacting a trial 
intervening on blood pressure and fasting blood glucose con-
trol in mid-life and following up into late-life elevates the 
importance of well-controlled observational cohort studies. 
Over 30 years of prospective assessment of vascular risk fac-
tors and physical function in the ARIC Study represent a rare 
resource of well-characterized exposure and outcome assess-
ment in a community cohort of Black and White older adults 
across 4 U.S. regions.

Our findings complement previous work indicating that 
healthy blood pressure and blood glucose metrics in mid-life 
are associated with better physical performance in late life. 
Participants with higher Life Simple 7 scores—a multicom-
ponent score of ideal vascular health across blood pressure, 
blood glucose, total cholesterol, smoking status, BMI, diet, 
and physical activity—in mid-life were reported to have 
higher SPPB scores during late life in the ARIC cohort (12). 
We similarly observed average SPPB scores were higher at the 
start of late-life follow-up among individuals with previously 
better mid-life vascular risk profiles. Here we add to the liter-
ature by demonstrating that greater mid-life vascular disease 
burden affects the rate of decline across late-life, even if mid-
life burden is only measured at a single time point decades 
before late-life physical function assessment. The magnitude 
of these associations strengthens when accounting for mul-
tiple measurements during mid-life, highlighting the impor-
tance of cumulative exposure measurements of modifiable 
vascular risk factors earlier in the life course. This suggests 
that delaying onset of hypertension and diabetes could also 
have potential benefits in terms of late-life physical function.

Previous studies have shown a link between lower mid-life 
smoking (20–22) or cholesterol risk (22) and better late-life 
physical outcomes. Our results support the cross-temporal 
association with smoking—current smoking at Visit 1 was 
associated with lower physical function level at Visit 5—but 
we did not observe an association with smoking or choles-
terol risk and the rate of late-life physical function decline 
across 8 years of follow-up in late life. The effects of mid-life 
smoking and high cholesterol could have been obscured due 
to higher mortality among smokers and the greater likelihood 
that healthier adults survived to Visit 5 and were more likely 
to attend late-life study visits.

The findings in this analysis have several implications for 
the connection between vascular disease risk and physical 
functioning. The use of prior measurements of hypertension 
and diabetes in mid-life may identify older adults more likely 
to experience faster physical function decline in a health 
ecosystem where decades of electronic medical records are 
increasingly available for older adults, but complete records 
are rare. Previous research has posited that the connection 
between poor vascular health and poor physical function lies 
in repeated accumulations of small vessel insults in the brain 

that affect both cognitive and mobility functioning (23,24), 
which could present a pathway for how mid-life hypertension 
and diabetes risk burden are associated with progression of 
physical function declines into late life. Future research on 
the role of vascular disease, physical functioning, and brain 
health may illuminate more of this connection.

Limitations
Our participant population does not include participants in 
the United States who are neither Black nor White race, and 
the effects of race are inextricably linked with geographic 
location in the ARIC Study. We restricted our study to par-
ticipants without Parkinson’s disease or previous stroke, leav-
ing us unable to generalize findings to those groups. Stroke is 
a major contributor to mobility disability (25), which likely 
results in our findings being conservative. The contributions 
of arthritis and injury could not be examined in this analy-
sis, but our results, nevertheless, show a substantial contribu-
tion of risk associated with vascular risk factor mechanisms. 
Linear mixed models assume a missing-at-random structure 
for attrition from Visit 5 through Visit 7 and there may be 
more informative missingness. However, because those with 
the highest disease burden and lowest physical function 
would likely be differentially lost-to-follow-up, our results 
may underestimate relationships between mid-life vascular 
risk and late-life physical function decline.

We are not able to generalize our findings to all ARIC 
participants who attended Visit 1 in mid-life. Our analysis 
includes only participants who attended the first assessment 
of objective physical function, conducted in late life at study 
Visit 5. Therefore, the results of this study should be inter-
preted within the context of how an older adult’s history of 
mid-life vascular risk may inform their future rate of physical 
function decline rather than a projection of late-life function 
for all middle-aged persons.

Conclusion
In this large, prospectively assessed population of community- 
based older adults in the United States, previous mid-life 
experience of higher vascular risk of hypertension and dia-
betes preceded substantially faster rates of decline in physical 
functioning. These results provide evidence that uncontrolled 
modifiable vascular risk factors in mid-life may have a clin-
ically meaningful impact on aging-related decline in objec-
tively measured physical function. The finding that longer 
and more intense exposures to diabetes and hypertension risk 
amplified associations with functional declines heightens the 
importance of better understanding mid-life as a potentially 
crucial period of intervention for physical function outcomes 
in late life.
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