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4. Rationale:  
 
Physical function decline affects nearly 40% of Americans older than 65 years of age,1 and 
leads to many adverse health outcomes.2-4 To date, the molecular mechanisms underlying 
physical function decline are unknown. Studies have linked demyelinating diseases to mobility 
impairments (e.g., multiple sclerosis).5-7 Our previous work in ARIC was the first study that 
identified a positive cross-sectional association of three plasma odd numbered fatty acid 
sphingomyelins (SMs): SM (41:1), SM (41:2) and SM (43:1) with physical function.8 These odd 
number fatty acid SMs are alpha oxidation products of hydroxy SM,9 which play important role in 
long-term stability of myelin sheath.10 Therefore, these odd chain fatty acid SMs have 
considerable potential as plasma biomarkers of myelination stability underlying physical 
function.  
 
The objective of this study is to validate our previous findings in an independent sample (a 
different subset of the same Visit 5 ARIC cohort data which were used in the initial analyses 
referenced above) and to evaluate the longitudinal association of these odd chain fatty acid SMs 
with physical function decline in older persons (mean age ± SD: 77.5 years ± 5.5). In addition to 
physical function, we will also include self-reported function status as secondary outcomes as 
they are not included in our previous study. Furthermore, because SMs and ceramides belong 
to the same sphingolipids (SLs) family and Cer (41:1) and Cer (43:1) are precursors to 
synthesis of SM (41:1) and SM (43:1), respectively, we will explore two ceramide equivalents of 
SM (41:1) and SM (43:1) [Cer (41:1) and Cer (43:1)] as biomarkers of physical function decline. 
Blood biomarkers of physical function decline will inform studies of age-related mechanisms 
underlying physical function decline. They may be used as minimally invasive biomarkers to 
predict older persons at risk of physical function decline for enrollment into intervention 
programs aimed at boosting physical function.  
 
5. Main Hypothesis/Study Questions: 
 
The central hypothesis is that lower plasma levels of odd number fatty acid sphingolipids (SLs) 
[SM (41:1), SM (41:2), SM (43:1), Cer (41:1) and Cer (43:1)] are associated with poorer physical 
function and steeper decline of physical function in older adults.   
 
Aim 1. Determine the cross-sectional association of plasma odd number fatty acid SLs 
with physical function in older adults. Hypothesis 1: Low plasma SM (41:1), SM (41:2), SM 
(43:1), Cer (41:1) and Cer (43:1) are associated with poor physical function.  
 
 
Aim 2. Evaluate the longitudinal relationship of plasma odd number fatty acid SLs with 
physical functional decline in older adults over time. Hypothesis 2: Low plasma SM (41:1), 
SM (41:2) SM (43:1), Cer (41:1) and Cer (43:1) are associated with steep physical function 
declines over 5 years.  
 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Study Design: 



We will use the cross-sectional study design to determine the association between 5 plasma 
SLs [SM (41:1), SM (41:2), SM (43:1), Cer (41:1) and Cer (43:1)] and 3 physical function 
measures and self-reported FS (Aim 1). We will use the cohort study design to determine the 
association of baseline 5 plasma SLs with physical function decline and self-reported FS decline 
in these same participants in Aim 2. We have randomly selected 400 participants based on the 
following eligibility criteria from the ARIC Visit 5/ARIC-NCS. We will compare the demographic 
of these 400 participants to the entire Visit 5 population to determine how representative they 
are of the entire Visit 5 population.  
 
Eligibility criteria: 
We have established the following inclusion criteria: (i) “frozen never-thawed” plasma samples 
from ARIC Visit 5 are available; (ii) brain MRI data from Visit 5/ARIC-NCS are available; and (iii) 
physical function data (grip strength, SPPB score, 4-m walking speed) are available from both 
Visits 5 and 6; (iv). self-reported functional status derived from standardized questionnaires 
which ascertain difficulty performing instrumental and basic activities of daily living and 
functional measures at two time points since V5 (not including V5, the study baseline) (i.e., GEN 
[2011] and GNB [2012]); (v). cognition data are available from both Visits 5 and 6. We will 
exclude participants included in the previous study.11 Brain MRI and cognition data will be 
included as covariates in statistical analyses, because lacunar infarct detected by brain MRI and 
poor cognition are associated with physical function decline.12, 13    
   
Study cohort selection: 
R21 (R21_AG059068) selected 400 participants meeting the inclusion criteria described above. 
The cohort includes a similar number of men and women and at least 25% African Americans. 
The 400 participants do not include 383 participants included in our previous study.8 In addition, 
40 blind duplicates were included. Therefore, the total number of plasma samples for 
biochemical analysis will be 440.  
 
Biochemical Analysis: 
We have applied flow injection method of the Biocrates p400 kits to measure 5 plasma SLs [SM 
(41:1), SM (41:2), SM (43:1), Cer (41:1) and Cer (43:1)]. The method overall measures 55 
acylcarnitines, 196 glycerophospholipids, 14 cholesteryl esters, 60 glycerides, and 40 
sphingolipids [SM (n=31) and Ceramides (n=9)] including the 5 plasma SLs.  
 
These 440 samples will be analyzed across 6 batches (each p400 kit can measure up to 80 
samples). MedIDQ software used by the p400 kits normalize data based on quality control 
samples (e.g., plate- and analyte- specific normalization factors will be applied). The 
normalization may correct for batch difference between QC samples (i.e., QC2) across plate. 
However, the normalization may not correct for batch effects existed for samples. We will use 
quality control samples that are included in the p400 kits to monitor batch effects and overall 
variability of the biochemical measurement. Furthermore, the 40 blind duplicates will be 
analyzed by the ARIC Coordinating Center to evaluate variability of the biochemical analysis. 
Lastly, our statistical analysis will adjust for batch effects in regression models.  
 
Primary and Secondary Outcomes: 
Physical function as primary outcome. This study will consider 3 physical function outcomes 
measured at the ARIC Visits 5 and 6: grip strength, SPPB score and 4-meter walking speed. 
Even though 4-meter walking speed is included in the SPPB score, it will also be examined as a 
separate outcome, because it is the most clinically feasible of these measures, is considered 



the sixth vital sign of health in older adults, and is a sensitive predictor of mortality and frailty.14-

16 
 
Grip strength (kg) was assessed in the participant’s preferred hand using an adjustable, 
hydraulic grip strength dynamometer, with the better score from 2 trials used in the analysis.17, 18 
Lower extremity physical function will be assessed using the SPPB,2 which is composed of 3 
tasks: (i) repeated chair stands; (ii) balance (standing, semi-tandem, tandem); and (iii) a 4-meter 
usual-paced walk (m/s).18 Walking aids will be allowed for the walking task only. Scores of 0–4 
will be assigned for each task, based on timed performance of the 3 tasks using established 
age-based thresholds, then summed for a final score of 0–12. Higher scores will represent 
better function.  
 
We will determine physical function decline using changes for each function measure over 5 
years: grip strength (kg); 4-meter walking speed (m/s); and SPPB (score). 
 
Self-reported FS as secondary outcome:  
 
Self-reported functional status (FS) are assessed using a modified Rosow-Breslau 
questionnaire which was administrated during routine semi-annual telephone interviews. This 
study will use the FS questionnaire conducted during 2011-2017 administration of the GEN 
(2011), GNB (2012), GNE (2015), and GNF (2017) semi-annual questionnaires. Questions 
included in the FS questionnaire were based on the Rosow-Breslau Guttman scale of functional 
healthy for older people.19 We will construct an FS score by summing responses (yes=1, no=0) 
across the following four questions, comprising a modified version of the Rosow-Breslau 
questionnaire.20  
 
1. Are you able to do your usual activities, such as work 
around the house or recreation? 
2. Are you able to walk up and down stairs without help? 
3. Are you able to do heavy work around the house, such as 
shoveling snow or washing windows, 
4. Are you able to walk half a mile without help? 
 
 
Other variables of interests: 
From our previous study,8 we know that female gender, low prevalence of diabetes, low use of 
hypertension medication, low use of lipid lowering medications, low prevalence coronary heart 
disease, high concentration of total cholesterol or HDL cholesterol, high executive function z 
score, and lowprevalence of stroke are associated with high concentrations of SMs. 
Addditionally, female sex,21 diabetes,22 hypertension,23 use of lipid lowering medications,24 
plasma total cholesterol (or HDL cholesterol),25 executive function z score,26 and stroke20 are 
also associated with the presence of physical function impairment in older adults. Our previous 
study did not find a significant association between 3 odd chain fatty acid SMs and age or BMI,8 
likely due to the narrow age and BMI range in our previous study. Unlike our previous study, 
Mielke MM et al. has shown significant positive or biphasic association between SMs and age 
(as age increases, some SMs increase first and then decrease) and positive association 
between SMs and BMI.27  Therefore, we will adjust analyses for age and BMI. Lastly, we will 
adjust all analyses for race-study center. The final analytical model will include the following ten 
factors (age, sex, BMI, race-site, diabetes,22 hypertension,23 use of lipid lowering medications, 
plasma total cholesterol [or HDL cholesterol], executive function z score, and stroke) as 



covariates to evaluate whether plasma SMs are independently associated with physical function 
or its change. 
 
All covariates will be ascertained at baseline (ARIC Visit 5), except sex, which was ascertained 
at ARIC study baseline (Visit 1).  
 
Statistical analysis 
Hypothesis driven data analysis 
We will explore the distribution of each SLs (3 SMs and 2 Cers) and perform variable 
transformations if required. We will also assess correlations of each SLs. We will correct for 
multiple testing using the Bonferroni adjusted p value 0.01 (0.05/5).28 
 
 
In Aim 1, we will test the association between plasma SLs and each primary outcome (i.e., grip 
strength, SPPB score and walking speed) and secondary outcomes (i.e., self-reported FS) 
using multivariable linear or logistic regression models as appropriate. In addition, we will 
examine the association of these 5 plasma SLs with self-reported functional status (FS) 
assessed using a modified Rosow-Breslau questionnaire which was administrated during 
routine semi-annual telephone interviews conducted in 2011-2013 (GEN [2011] or GNB [2012] 
whichever is closer [e.g., within +/- 6 months] to the ARIC Visit 5 exam for individual 
participants).  
 
In Aim 2, we will estimate the association of plasma SLs measured at Visit 5 with physical 
function decline [measured at two time points, five years apart: ARIC Visit 5 (2011–2013) and 
ARIC Visit 6 (2016–2018)] or self-reported physical function decline between 2011-2017 [(GEN 
[2011], GNB [2012], GNE [2015], and GNF [2017]) using multivariate linear or logistic 
regressions, with the difference in function as the dependent variable. We will consider using 
Generalized Additive Models to evaluate dose response relations between plasma SLs and 
physical function decline. We will adjust for batch effects in the regression models.  
 
Our study is a complete case study therefore we do not expect missing data. However, in case 
of missing data (e.g., to account for losses to follow-up between Visits 5 and 6 for the Aim 2 
analysis), we will use guidelines  established by the ARIC NCS Working Group and apply 
inverse probability of attrition weighting or multiple imputation with chained equations to account 
for the impact of attrition on our estimates of association.29, 30 Lastly, for Aim 2 we will conduct 
additional sensitivity analyses that consider the influence of coexisting cognitive decline (i.e., 
change in the executive function z score) that will occur between Visits 5 and 6.  
 
Hypothesis-generating data analysis 
Because cholesterol esters and SLs measured by the p400 kits were not included in our 
previous study, we will also explore cholesterol esters (14) and other SLs (35) regarding their 
associations with physical function and decline using multivariable linear or logistic regression 
models. We will explore the distribution of each SLs and perform variable transformations if 
required. We will also assess correlations of each SLs. We will correct for multiple testing using 
the Bonferroni method or false discovery rate.28 
 
Other anticipated methodological limitations or challenges  
This study has a few limitations. First, this study itself does not have a replication cohort, 
although the study is an independent validation study of our previous study. Second, it has a 
moderate sample size of 400 participants. Third, our study is a complete case analysis since all 
these 400 selected participants should have outcome data available (i.e., physical function, 



cognitive function, and self-reported functional status). Due to these eligibility criteria, there may 
be selection bias in that our study sample may not be representative of the entire ARIC Visit 5 
population. Therefore, we will compare the demographics of this study to those of the entire 
ARIC Visit 5 study population. Lastly, despite our consideration of an extensive list of 
covariates, it is possible that there are unmeasured confounding factors. 31 
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