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Abstract

OBJECTIVES—To examine associations of inflammation with physical function and potential 

mediation by white matter hyperintensities (WMH) in African-Americans (AA) and European-

Americans (EA).

DESIGN—Cross-sectional analysis using linear and logistic models with Generalized Estimating 

Equations to account for familial clustering, reporting results as regression coefficients (β) and 

odds ratios (OR) adjusted for education, alcohol, exercise, BMI, hypertension, diabetes, heart 

disease, cognition, ankle brachial index, race-site and supported interactions.

SETTING—Genetic Epidemiology Network of Arteriopathy-Genetics of Microangiopathic Brain 

Injury Study cohort.

PARTICIPANTS—AA and EA sibships, ≥2 siblings with hypertension before age 60 (n=1960; 

65% female, 51% AA, age 26–91y, 50% obese, 72% hypertensive).

Corresponding author: B. Gwen Windham, gwindham@umc.edu; 2500 N. State St; Jackson, MS 39216; 601-984-5610; 
F601-984-5783. Alternate corresponding author: Steven R. Wilkening, swilkening@umc.edu; 2500 N. State St; Jackson, MS 
39216; 405-517-6434; F601-984-5783.
*Authors contributed equally to work

Author Contributions: Concept and design: Windham, Griswold. Acquisition of subjects and data: Mosley. Analysis and 
interpretation of data: Windham, Wilkening, Lirette, Kullo, Turner, Griswold, Mosley. Drafting of manuscript: Windham, Wilkening. 
Critical revision of manuscript: Lirette, Kullo, Turner, Griswold, Mosley.

HHS Public Access
Author manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2017 July 01.

Published in final edited form as:
J Am Geriatr Soc. 2016 July ; 64(7): 1448–1455. doi:10.1111/jgs.14229.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MEASUREMENTS

Inflammation: C-reactive protein (CRP), interleukin-6 (IL6), soluble tumor necrosis factor 

receptors [sTNFR] 1 and 2; magnetic resonance imaged WMH volumes (cm3). Walking speed 

(cm/second) over 25 feet and mobility difficulty (any self-reported difficulty walking ½ mile).

RESULTS—In separate models, inflammatory markers were associated with walking speed 

(sTNFR1: β=−2.74, p<.001; sTNFR2: −1.23, p=.03; CRP β=−1.95, p=.001; IL6 β=−1.24, p=.03) 

and mobility difficulty (sTNFR1: OR=1.36, p=.001; sTNFR2:OR=1.25, p=.005; CRP OR=1.22, 

p=.005; IL6 OR=1.18, p=.02); WMH was associated marginally only with sTNFR1 in AA 

(β=0.07, p=0.06). WMH were associated with walking speed in AA (AA: (β=−3.17, p=0.017; EA: 

β=−2.23, p=0.17) but not with mobility difficulty (OR=1.10, p=.54). Adjusting for WMH did not 

change associations.

CONCLUSION—In young-to-old persons with prevalent cardiovascular risk factors, multiple 

inflammatory biomarkers were associated with slower walking speed independent of 

microvascular disease in the brain. There was little evidence for mediation by brain WMH. 

Inflammation may contribute to physical function impairments through pathways other than brain 

microvascular disease, particularly in AA.

Keywords

inflammation; physical function; white matter hyperintensity; ethnicity

INTRODUCTION

Preserved physical and cognitive functions enable older adults to maintain independent 

living while impaired physical function, such as slower walking speeds, leads to poorer 

quality of life, institutionalization, incident disability, higher healthcare costs and mortality 

in community-dwelling older adults.1–3 The underlying mechanisms contributing to physical 

function impairments are not known. One hypothesis involves inflammatory-mediated 

effects on muscle, leading to sarcopenia and muscle weakness.4,5 Higher levels of 

interleukin-6 (IL-6), high sensitivity C-reactive protein (CRP), and tumor necrosis factor 

alpha (TNFα) are associated with slower walking speed and may directly affect muscle 

strength or function.5–7

However, inflammation is also associated with microvascular damage in the brain,8–10 and 

structural brain abnormalities, including white matter hyperintensities (WMH), are 

associated with gait instability, slower walking speed and declines in physical function.11–14 

It is plausible that inflammation contributes to physical function impairments indirectly 

through effects on the brain microvascular system that damage motor control mechanisms.

The purpose of this study was to examine relationships of the inflammatory biomarkers 

CRP, IL-6, and soluble tumor necrosis factor receptors 1 and 2 (sTNFR1 & 2)15 with 

subjective and objective measures of physical function and potential mediating effects of 

WMH, indicative of microvascular ischemia, in a biracial cohort with prevalent 

cardiovascular risk factors.
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METHODS

Population

The Genetic Epidemiology Network of Arteriopathy (GENOA) study is a cohort of 3,437 

hypertensive adults and their siblings recruited in 1995 from Jackson, Mississippi (all 

African-Americans [AA]) and Rochester, Minnesota (all European-Americans [EA]). 

GENOA recruited sibships with the requirement that at least 2 siblings have essential 

hypertension prior to age 60. Additional siblings were recruited regardless of hypertension 

status. Inflammatory markers were assayed at the second examination coinciding with the 

Genetics of Microangiopathic Brain Injury [GMBI] Study, (2001–2006) which also 

conducted brain magnetic resonance imaging (MRI, n=1660), physical function (n=1960). 

(Supplementary Figure 1)

Inflammatory Markers

Blood was drawn at each field center after an overnight fast, centrifuged for 10 min at 4°C, 

aliquoted in 0.5–1 mL volumes of EDTA plasma (or serum for CRP), and stored at −80°C. 

Frozen samples at the Jackson site were shipped overnight on dry ice to the Mayo Clinic 

Immunochemical Core Laboratory (Rochester, MN). IL-6, sTNFR1, and sTNFR2 levels 

were measured using a multiplex assay (SearchLight™, Pierce, Boston, MA); CRP levels 

were measured using a high sensitivity assay.16 TNF soluble receptor fractions have been 

validated as sensitive indicators of TNFα system activation and were assayed rather than 

TNFα levels due to longer half-lives and features of stability over time of the receptors.15,17

Physical Function Assessments

Time to walk 25 feet (7.62 m) at the participants’ usual pace was recorded in an 

unobstructed corridor with a stop watch and converted to centimeters (cm)/second (s). 

Subjective mobility difficulty was assessed by asking participants how much difficulty they 

had walking ½ mile (“None”, “Some,” “A lot,” or “Unable”). Responses were dichotomized 

as ‘none’ (referent) versus ‘any’.

Brain Magnetic Resonance Imaging

Brain MRI using 1.5T MR units (GE Medical Systems, Waukesha, WI) was offered to all 

participants, of whom 1,666 consented and were included. Of these, 6 were missing walking 

speed and 8 were missing mobility difficulty. Persons with a history of stroke, neurologic 

disease, or implanted metal devices (n=8), hydrocephalus on imaging (n=3), or poor quality 

scans (e.g. motion artifact, n=7) were excluded. Interactive image processing steps were 

performed blinded to participants’ histories. A fully automated algorithm segmented each 

slice of the multi-slice, edited, fluid-attenuated inversion recovery (FLAIR) sequence (based 

on image intensity) into voxels, which were assigned either to brain, cerebrospinal fluid, or 

WMH categories. For WMH volume, the mean absolute error of this method is 6.6%, and 

the mean test-retest coefficient of variation is 1.4%. WMH volume (cm3) was determined 

from axial FLAIR images. Each set consisted of contiguous 3-mm interleaved slices with no 

inter-slice gap.
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Potential Confounders

Global cognitive function was assessed using the Mini-Mental State Examination (MMSE)18 

via a protocol accordant with the Consortium for the Establishment of a Registry for 

Alzheimer’s Disease battery. Educational level was recorded as <12 years, 12 years (high 

school or equivalent degree), some college, or ≥ college degree. “Ever smoked” was defined 

as those responding they had ever smoked more than 100 cigarettes. Alcohol use was 

assessed by self-report of “sometimes” versus “never” drinking alcoholic beverages. Hours 

of moderate or vigorous exercise was self-reported as the number of hours per day in the 

past week spent doing moderate (e.g. heavy housework) or vigorous activity and multiplied 

by 7. Height was measured by stadiometer and weight by electronic balance with 

participants wearing lightweight clothing. Body mass index (BMI) was calculated as weight 

(kg)/height (m2). The average of the 2nd and 3rd blood pressure measurements, taken in a 

seated, rested state with appropriately sized cuffs, was used. Self-reports of medical 

conditions were asked as “Have you ever been told by a physician that you had [condition]?” 

Hypertension was defined as blood pressure >140/90, self-report, or use of anti-hypertensive 

medications. Diabetes was defined as fasting glucose ≥126 mg/dl or random >200 mg/dl, 

self-report, or use of hypoglycemic medications. History of coronary heart disease (CHD) 

was defined as having a history of myocardial infarction or blocked coronary arteries that 

required surgery, angioplasty or balloon dilation. Ankle-brachial index (ABI) was measured 

as the lower of left or right average posterior tibial and dorsalis pedis systolic pressures 

divided by highest brachial systolic pressure.19

Statistical Analyses

Walking speed was used as a continuous and categorical variable, dichotomized at ≥1 m/sec 

(good vs poor).20 WMH were log transformed due to skewness. Descriptive statistics were 

compared using Fisher’s Exact test for categorical and Wilcoxon Rank Sum Tests for 

continuous variables by walking speed categories. To assess the relationships between 

inflammatory markers, WMH, and function, we used linear and logistic models as 

appropriate with generalized estimating equations (GEE), accounting for clustering by 

sibship. The inflammatory markers sTNFR1, sTNFR2, CRP, and IL-6 were standardized to 

allow comparisons of relationships across biomarkers with different units of measure. 

Results are reported as standardized regression coefficients (β) for continuous and odds 

ratios (OR) for categorical outcomes. Therefore, a β= −3.0 for CRP on the outcome walking 

speed would be interpreted as for every standard deviation increase in CRP, the expected 

walking speed would be 3 cm/s slower.

To assess mediation by WMH of the relationships of inflammatory biomarkers to physical 

function, we constructed separate models using the Kenny-Barron21 approach of examining 

relationships of (a) the predictor (sTNFR1, sTNFR2, CRP, or IL-6) to the proposed mediator 

(WMH); (b) the predictor to the outcome (physical function); and (c) the proposed mediator 

to the outcome. Lastly we compared the association of the predictor to the outcome observed 

in (b) to the association between the predictor and outcome from a model that also adjusted 

for the proposed mediator. A mediator should be associated with the predictor (a) and the 

outcome (c) and should attenuate the relationship of the predictor to the outcome observed 

in (b). Sensitivity to missing data was examined using inverse proportionately weighted GEE 
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models. All models adjusted for education, alcohol, exercise, BMI, hypertension, diabetes, 

CHD, MMSE and interactions between race and age, sex, smoking, and ABI. There was 

little support for differential relationships between inflammatory markers and function by 

race using race-stratified analyses or interaction terms (race × inflammatory marker 

interactions all p>0.5) so data for EA and AA were pooled. Additional sensitivity analyses 

were performed comparing primary models to models that also adjusted for history of stroke 

and interactions of all variables with race. The results were substantively unchanged.

As a measure of overall dysregulated inflammation, quartiles of each inflammatory marker 

were constructed and a count of inflammatory markers in the uppermost quartile was tallied 

(0, 1, 2, ≥ 3 or more). Because there were few participants with all four markers in the top 

quartile, participants with three or four inflammatory markers in the top quartile were 

combined. Statistical analyses were performed in Stata 12.0 (StataCorp LP, College Station, 

TX).

RESULTS

Participants with walking speed <1 m/s were more likely to be older, have less education, 

lower MMSE, greater WMH volumes, generally worse health, and higher levels of sTNFR1, 

sTNFR2, CRP, and IL-6 (Table 1). Overall, the mean age of participants was 61.2 years 

(standard deviation=10.0, range=26–94). AA tended to be older (63.1 (9.5), 26–94 years) 

than EA (58.9 years (10.2), 29–84 years). The mean WMH volume was 9.0 cm3 (9.2), 

range=1.2–126, and was higher in AA (10.4 cm3 (11.4), 2.0–126), than in EA (7.7 cm3 

(6.4), 1.2–62). In addition, AA had higher levels of CRP (t=−3.37, p=0.0004) and IL-6 (t=

−7.17, p<0.0001) but lower sTNFR1 (t=5.73, p<0.0001). EA with slow walking speeds were 

more likely to be nondrinkers and AA with slow walking speeds were more likely to be 

women and have a history of CHD.

Increases in each inflammatory marker were associated with slower walking speed. Walking 

speed was 2.74 cm/s (95% confidence internal (CI): −3.95, −1.53, p<.001) slower for each 

standard deviation increase in sTNFR1 and 1.23 cm/s (95% CI: −2.34, −0.12; p=.030) 

slower for each standard deviation increase in sTNFR2. Each standard deviation increase in 

CRP was associated with a 1.95 cm/s (95% CI: −3.08, −0.81, p=.001) slower walking speed 

and IL-6 with a 1.24 m/s slower walking speed (95% CI: −2.39, −0.10; p=.033) (Table 2).

Similar associations were observed between inflammatory markers and self-reported 

mobility difficulty in adjusted models. Each standard deviation increase in sTNFR1 

(OR=1.36, 95% CI 1.13, 1.63; p=.001), sTNFR2 (OR=1.25, 95% CI 1.07, 1.45; p=.005), 

CRP (OR=1.22, 95% CI 1.06, 1.40; p=.005), and IL-6 (OR=1.18, 95% CI 1.02, 1.36; p=.

021) was associated with greater odds of reporting mobility difficulty (Table 2).

Slower walking speed was associated with higher WMH volumes in AA (β= −3.17, 95% CI 

−5.78, −0.57; p=0.017) but not EA (β= −2.23, 95% CI −5.39, 0.92; p=.166) although 

estimates were of similar magnitude (Table 2). Self-reported mobility difficulty was not 

associated with WMH in either AA or EA. WMH volume was not statistically associated 

with inflammatory markers, suggesting that effects of inflammation on function in this 
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cohort were not mediated by WMH. Therefore, WMH was treated as an adjustor variable in 

the following results.

Table 3 shows the associations of each inflammatory marker with functional outcomes, 

adjusted for the same variables as in Table 2 and for WMH. Adjusting for WMH did not 

change the association of the inflammatory biomarkers with either physical function 

outcome. Only the relationship of sTNFR2 with walking speed lost statistical significance 

when adjusting for WMH, with little change in the beta coefficient (β=−1.23, 95% CI: 

−2.34, −0.12, p=.030 versus β=−1.12, −2.27, 0.04, p=.058). We similarly found no evidence 

of mediation by WMH in sensitivity analyses examining only older (>65 years) adults. 

Similar mediation results were found in sensitivity analyses including only participants with 

complete data.

Having more inflammatory markers in the highest quartile was associated with slower 

walking speed (Table 4). Both race-stratified and pooled analyses are shown. Having one 

inflammatory marker in the top quartile was associated with a 3.2 cm/s decrease in walking 

speed (β=−3.24, 95% CI −5.95, −0.54; p=0.019), two markers with a 4.4 cm/s decrease (β=

−4.37, 95% CI −7.68, −1.06; p=0.010), and three or four markers with a 7.0 cm/s decrease 

(β=−7.02, 95% CI −11.25, −2.78; p=0.001). Having three or four markers in the upper 

quartile was also associated with greater odds of mobility difficulty (OR=2.7, 95% CI 1.47, 

5.05; p=0.001).

We conducted additional sensitivity analyses to examine effects of missing data 

(Supplementary Table 2). EA who were missing walking speed had higher BMI, lower 

MMSE, more prevalent stroke, and higher IL-6. Otherwise, there were inconsistent patterns 

across characteristics for EA missing physical function assessments, with some sharing 

similar characteristics to those with good (≥1m/s) walking speed (smoking status, 

hypertension), those with poor (<1m/s) walking speed (alcohol intake), and others who had 

characteristics between those with good and poor walking speed (age, education, exercise, 

diabetes, sTNFR1, sTNFR2, CRP). AA who did not have walking speed assessments were 

less educated, had generally poorer health, lower MMSE scores, and higher WMH volumes 

(Supplementary Table 3). In addition, all inflammatory biomarker levels were highest among 

AA who did not complete the walking assessment. Sensitivity analyses examining potential 

effects of missingness are shown in Supplementary Table 4, with essentially no substantive 

change in results.

DISCUSSION

This study demonstrates that higher levels of inflammation, both individual biomarkers and 

having more inflammatory biomarkers in upper quartiles, are associated with poor subjective 

and objective measures of physical function. The results were independent of several 

potential confounders. In addition, the data did not support mediation of these findings by 

brain microvascular disease in African American or European Americans, suggesting that 

separate pathways involving inflammation and brain structure may affect physical function. 

The clinical implications could be quite substantial. For example, the difference in walking 

speed for persons with the highest versus the lowest sTNFR1 levels would translate to a 
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difference of 9 cm/s. A 10 cm/s faster walking speed is associated with a 12% lower 

mortality in older adults22, and 5 cm/s is considered a meaningful change.23

Prior studies have reported that inflammation can impair insulin action, modify hormone 

secretion and hormone receptor transduction, impair endothelial function and energy 

regulation, or contribute to microvascular changes in the vascular system,24–28 which may 

contribute to muscle weakness, reduced endurance, ineffective cell metabolism and energy 

production, and impaired central nervous system control of motor movements. Although 

other studies have shown associations between structural brain abnormalities and physical 

function measures,29–31 we only observed associations between WMH and walking speed in 

the AA participants. This could be due to the younger age of the cohort and AA having 

higher inflammation and more WMH. In addition, EA had faster gait speeds than AA and 

may have been above the threshold of detection in this younger cohort. Previous studies have 

also demonstrated lower physical function and greater disability in AA compared to EA.32,33 

Potentially, higher levels of inflammation among AA could contribute to disparities in 

physical function.

Self-selected walking speed may provide an estimate of efficiency and reserve in multiple 

systems, including cardiopulmonary, musculoskeletal, peripheral and central nervous 

systems, hormones and inflammation among others, that interact to control mobility.34–38 

However, controlling for several comorbidities that have been associated with poorer 

physical function37,39,40 had little effect on the relationship between inflammatory markers 

and physical function, consistent with the view that frailty and functional decline are 

affected by, but also distinct from, comorbidity.41 The foremost biomarkers of inflammation 

emphasized in previous studies of inflammation and physical function are CRP and 

IL-6.5–7,38–46 The current study adds to our knowledge of relationships between 

inflammation and physical function by including biomarkers of TNFα activity. Few studies 

examined markers of TNFα activity and most have used TNFα rather than soluble receptors 

of TNF.6,42,46 However, the latter appear more stable over time and better reflect TNF 

activity.17,47 Some studies of TNFα failed to show associations with physical performance 

measures6,42,48 while those using sTNFR1 and sTNFR2 assays demonstrated poor function 

with higher levels of sTNFR1 and sTNFR249 as do ours. Hence the current findings 

corroborate studies supporting a role of multiple inflammatory biomarkers’ involvement in 

impaired physical function, including those with cardiovascular risk factors.

Some limitations of this study warrant discussion. The cross-sectional design prohibits 

inferences about causality. However, the lack of mediation remains of interest and should be 

less affected by the cross-sectional design. The young age of the cohort could limit the 

ability to detect relationships due to early, small changes in gait characteristics that speed 

does not capture; additionally, the younger age may have limited the WMH exposure, 

particularly among EA. However, WMH were associated with walking speed and 

inflammation in AA, and the robust findings that walking speed was associated with all 

inflammatory markers even in this young cohort suggests further studies in mid-life are 

warranted to better understand mechanistic pathways. Differences by race could result from 

regional differences or other explanations as all AA participants were from Jackson, MS and 

all EA were from Rochester, MN. However, the differences in inflammatory biomarker 
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levels and functional outcomes between EA and AA are consistent with other studies.32,50 

This study adds important information given the limited data on inflammation and physical 

function in racially diverse populations.

In summary, in a biracial cohort of young to old participants with prevalent cardiovascular 

risk factors, inflammation was negatively associated with subjective and objective measures 

of physical function. The data did not support meditation by microvascular lesions in the 

brain and provide additional support for the hypothesis that inflammation has direct 

biological effects on physical function in EA and AA. Interventions to reduce structural 

brain changes and inflammation in mid-life or earlier may help preserve physical function, 

particularly in AA with prevalent cardiovascular risk factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Associations of Soluble Tumor Necrosis Factor 1 with Walking Speed (Panel A) and 

Probability of Difficulty Walking ½ Mile (Panel B). Panel A reports beta coefficients from 

multiple linear regression, and panel B reports odds ratios from logistic regression, both with 

confidence intervals in subscripts for a 1 standard deviation (SD) increase in sTNFR1 

(SD=711). Both models were adjusted for education, alcohol, exercise, BMI, HTN, DM, 

CHD, and MMSE, race-site, and interactions between race and age, sex, smoking, and ABI.
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Table 2

Relationships between Inflammatory Markers and Physical Function or White Matter Hyperintensity (WMH) 

Volumes and between WMH Volumes and Physical Function

Walking Speed Mobility Difficulty WMH (EA) WMH (AA)

β, p-value (95% CI) OR, p-value (95% CI) β, p-value (95% CI) β, p-value (95% CI)

sTNFR1
−2.743 p<0.001 1.360 p=0.001 0.004 p=0.836 0.070 p=0.055

(−3.95,−1.53) (1.13,1.63) (−0.03,0.04) (−0.00,0.14)

sTNFR2
−1.230 p=0.030 1.247 p=0.005 0.016 p=0.392 0.042 p=0.229

(−2.34,−0.12) (1.07,1.45) (−0.02,0.05) (−0.03,0.11)

CRP
−1.946 p=0.001 1.219 p=0.005 0.001 p=0.959 0.013 p=0.563

(−3.08,−0.81) (1.06,1.40) (−0.04,0.04) (−0.03,0.06)

IL-6
−1.245 p=0.033 1.179 p=0.021 −0.012 p=0.565 0.029 p=0.264

(−2.39,−0.10) (1.02,1.36) (−0.05,0.03) (−0.02,0.08)

WMH in EA
−2.233 p=0.166 1.522 p=0.103

(−5.39,0.92) (0.92,2.52)

WMH in AA
−3.173 p=0.017 1.101 p=0.541

(−5.78,−0.57) (0.81,1.50)

Inflammatory biomarkers are standardized. WMH are log-transformed. Adjusted for education, alcohol, exercise, BMI, HTN, DM, CHD, and 
MMSE, race-site (except where race-stratified) and interactions (in pooled analyses) between race and age, sex, smoking, and ABI. Pooled 
additionally adjusted for race.

sTNFR1 = soluble tumor necrosis factor receptor 1; sTNFR2 = soluble tumor necrosis factor receptor 2; CRP = C-reactive protein; IL-6 = 
interleukin=6; WMH = white matter hyperintensities; EA = European American; AA = African American
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Table 3

The Relationship of Inflammation with Physical Function with and without Adjusting for White Matter 

Hyperintensities (WMH)

Walking Speed (cm/s) Mobility Difficulty

β, p-value OR, p-value

Inflammatory Marker

(95% CI) (95% CI)

m1: Without WMH
n=1960

m2: With WMH
n=1660

m1: Without WMH
n=1961

m2: With WMH
n=1958

sTNFR1
−2.743 p<0.001 −2.524 p<0.001 1.360 p=0.001 1.320 p=0.007

(−3.95,−1.53) (−3.83,−1.22) (1.13,1.63) (1.08,1.61)

sTNFR2
−1.230 p=0.030 −1.118 p=0.058 1.247 p=0.005 1.223 p=0.014

(−2.34,−0.12) (−2.27,0.04) (1.07,1.45) (1.04,1.44)

CRP
−1.946 p=0.001 −2.460 p<0.001 1.219 p=0.005 1.200 p=0.018

(−3.08,−0.81) (−3.72,−1.20) (1.06,1.40) (1.03,1.40)

IL-6
−1.245 p=0.033 −1.399 p=0.034 1.179 p=0.021 1.227 p=0.011

(−2.39,−0.10) (−2.69,−0.11) (1.02,1.36) (1.05,1.44)

m1: Model 1, Adjusted for education, alcohol, exercise, BMI, HTN, DM, CHD, and MMSE, race-site and interactions between race and age, sex, 
smoking, and ABI.

m2: Model 2, Adjusted for variables in “m1” plus WMH

Abbreviations: sTNFR1 = soluble tumor necrosis factor receptor 1; sTNFR2 = soluble tumor necrosis factor receptor 2; CRP = C-reactive protein; 
IL-6 = interleukin-6; WMH = white matter hyperintensities
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