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4. Rationale:   
 

Motoric cognitive risk (MCR), a syndrome defined by slow gait speed and subjective 
cognitive complaints, has been associated with increased risk for cognitive impairment and 
subsequent dementia.1–3 While MCR may overlap with other predementia syndromes, such as 
mild cognitive impairment (MCI), MCR and MCI can and often do occur independently of one 
another.4 

 
Our workgroup recently demonstrated in the Atherosclerosis Risk in Communities (ARIC)  

visit 5 cohort that MCR has predictive value for incident dementia that is unique from that of 
MCI5; we also found that, compared to a reduction in brain volume associated with MCI, MCR-
associated regional atrophy was more dominant in frontal and parietal brain regions,5 a pattern 
consistent with other neuroimaging studies.6,7 In addition, we demonstrated that the severity of 
white matter hyperintensities associated with MCR was greater than that associated with MCI. 
Also linked to frontal lacunar infarcts,8 MCR may reflect subcortical cerebrovascular disease. 
Elucidating the pathogenesis of MCR, compared with other predementia syndromes like MCI, 
will further clarify the shared and distinct pathophysiological events preceding MCR and MCI.  

 
Limited genetic studies characterizing MCR exist. One report from the Health and 

Retirement study found that obesity related polygenic scores (PGS) (i.e., PGS for greater BMI 
and waist circumference) increased risk for MCR.9 Another study of Ashkenazi Jewish adults 
aged 65 and older in the LonGenity study reported increased risk for incident MCR associated 
with the interleukin-10 gene.10 Genomic studies have been performed for slow gait speed11,12 and 
cognitive decline13–15; however, a proteomic analysis of MCR has not been reported. A deeper 
understanding of peripheral biological changes that promote development of the diverse clinical 
presentations of predementia syndromes, including MCR, may be achievable using a data-driven 
analysis of the plasma proteome.  
 

The goal of the current study is to use SomaScan Multiplexed Proteomic technology16,17 to 
examine the relationship between the plasma level of a set of proteins and the MCR syndrome 
within the ARIC cohort. In this proteome-wide association study of MCR, we first aim to 
identify proteins measured at ARIC Visit 5 (designated “late-life”) that are associated with 
concurrent MCR. We will compare the plasma proteins associated with MCR to those associated 
with MCI  to determine whether these two pre-dementia syndromes have distinct proteomic 
signatures. The LonGenity study is also conducting a discovery analysis of MCR-associated 
proteins; in collaboration with LonGenity, we will conduct an external replication analysis of 
select plasma proteins identified by this group. Identified MCR-associated proteins within ARIC 
will next be examined during the mid- to late life transition (ARIC Visit 2) to determine whether 
they continue to demonstrate an association with the MCR syndrome approximately two decades 
earlier. MCR-associated proteins in ARIC will also be validated in external samples. Using 
available GWAS summary statistics of vascular dementia and Alzheimer’s disease,18–20 we will 
conduct bidirectional two-sample Mendelian randomization to investigate potential causal 
relationships between the proteins of interest and MCR. Finally, systems level analyses will be 
applied to identify protein networks represented by the candidate proteins to better understand 
the peripheral biological processes and regulatory mechanisms underlying MCR pathogenesis. 
 



5.Main Hypothesis/Study Questions:  
  

Objective 1. Identify plasma proteins cross-sectionally associated with MCR in late life.  
Hypothesis. A number of proteins measured during late-life (Visit 5) will be associated with 
MCR, compared to normal cognition, after correction for multiple comparisons.  
Hypothesis. Expression of protein networks, defined using Netboost, will be associated with 
MCR, compared to normal cognition. 
 
Objective 2. Compare plasma proteins and protein networks cross-sectionally associated with 
MCR to plasma proteins and protein networks associated with MCI in late life.  
Hypothesis. The set of MCR-associated proteins will overlap partially with MCI-associated 
proteins. 
Hypothesis. The proteins associated with MCR, but not MCI, will be enriched for vascular and 
cardiometabolic pathways.  
 
Objective 3. Midlife and external replication of ARIC MCR-associated proteins and networks. 
Hypothesis. A subset of ARIC-identified MCR-associated discovery proteins will also be 
associated with late-life MCR when these proteins are examined in blood collected during 
midlife (Visit 2). 
Hypothesis. A subset of Visit 5 MCR-associated proteins and protein networks identified in 
ARIC will also be associated with MCR when measured within select available external cohorts 
(e.g., the LonGenity cohort). 
 
Objective 4. External replication of LonGenity discovery analysis of MCR-associated proteins 
Hypothesis. A subset of MCR-associated proteins identified in LonGenity will also be 
associated with MCR when measured within the ARIC cohort. 
 
 
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).  
  
Participants  
 
Inclusion criteria:  

- Participants who have SOMAscan protein measurements available from blood collected 
at Visit 5 (discovery analysis) and Visit 2 (for midlife replication analysis). 

- Visit 5 4m walk and Subjective Memory Form data available at Visit 5       
 

Exclusion Criteria: 
- Non-white or non-black race 
- Non-white participants in Washington County and Minnesota   
- Missing proteomic data 
- Missing covariate information 
- Missing information needed to classify cognitive status (i.e., normal/MCI/dementia 



classification) at Visit 5. 
Exposure Variables 
 
Proteomic measurement:  Using plasma collected at Visit 2 (1990-92) and Visit 5 (2011-13), 
proteins were measured using a Slow Off-rate Modified Aptamer (SOMAmer)-based capture 
array (SomaLogic, Inc, Boulder, Colorado). Using chemically modified nucleotides, this process 
transforms protein signals to a nucleotide signal quantifiable using relative florescence on 
microarrays. Previous work indicates a median intra- and inter-run coefficient of variation of 
approximately 5% and intra-class correlation coefficients of ~0.9.21–24 Individual protein levels 
(N=4,877 after QC) will be examined as the primary exposure. Proteins will be log2 transformed 
and outliers >5 SD away from the mean winsorized.  
 
Proteins will also be grouped into networks/modules using the Bioconductor R package Netboost 
v1.0.025,26. The first principal component score for the rank matrix of each protein module, 
referred to as the module eigenprotein (ME), will be calculated to quantify person-specific 
protein module expression. Module membership values will be used to define hub proteins for 
each module. The ME values will be examined as exposure variables and related to MCR in 
separate multivariable logistic regression models. Modules will be further characterized using 
Ingenuity Pathway Analysis to gain an improved understanding of the biological pathways and 
upstream regulators (e.g., transcription factors) associated with expression of MCR-relevant 
protein modules. 
 
Primary outcome variables: 
 
Motoric Cognitive Risk (MCR). MCR diagnosis is defined as (1) slow gait and (2) the presence 
of cognitive (memory) complaints, among non-demented (See Dementia) individuals7.   
  
1. Walking speed was measured at visit 5 as the time needed to walk 4 m at a usual pace. Slow 

walking speed will be defined as a time one standard deviation (within lowest 16th percentile) 
below the mean, stratified by age (+/-75 years) and sex, in the total V5 sample. We will 
conduct a sensitivity analysis using the cutoff defined in the Cardiovascular Health Study 
(CHS).   

2. Subjective Memory Complaints were assessed at Visit 5 using the Subjective Memory Form 
(SMF). Participants will be categorized as having a subjective memory complaint if they 
respond “often” or “very often” to either of the following questions: 1) “In the past month, 
how often did you misplace or lose things around the house?” 2) In the past month, how 
often did you have trouble remembering conversations that occurred just a few days earlier?” 
A continuous subjective memory rating score will also be derived.  

  
Mild Cognitive Impairment (MCI). MCI was defined as at least one domain score worse than -
1.5 Z-score, a CDR sum of boxes between >0.5 and ≤3, an FAQ ≤5, and a decline on the serial 
ARIC cognitive battery below the 10th percentile on one test or below the 20th percentile on two 
tests12. MCR and MCI are not mutually exclusive; participants may meet criteria for neither, one, 
or both syndromes. 
  



Cognitively Normal. Participants who did not meet criteria for MCI or MCR at ARIC visit 5, as 
defined above.  
 
Dementia: Dementia will be defined at visit 5 based on the following criteria: at least two 
cognitive domain scores worse than 1.5 SD below the normative mean; a CDR sum of boxes 
greater than 3 or an FAQ >5; and a decline on the cognitive battery. For those who attended visit 
6, date of dementia onset was assessed using information captured in annual follow-up 
interviews using the Six Item Screener (SIS) and the Ascertain Dementia 8-item Informant 
Questionnaire (AD8). For participants who did not attend visit 6, the SIS, AD8, hospital 
discharge codes, and death certificates were used to define dementia diagnosis and date of onset. 
Follow-up ended on December 31, 2017. 
 
Other Variables  
 
Visit 1 demographic variables, including race (black/white), sex (male/female), education (less 
than high school/high school, general education diploma [GED], or vocational school/college, 
graduate or professional school), APOE ε4 status, and center will be extracted. A combined-race-
center variable will be created as follows: White-Washington County, White-Forsyth County, 
Black-Forsyth County, White-Minneapolis, or Black-Jackson. Additionally, participant age 
and laboratory and physiologic data, including systolic and diastolic blood pressures, total/high 
density lipoprotein cholesterol, body mass index (BMI, kg/m2), and measures of kidney function 
will be extracted from the visit concurrent with plasma proteomic measurement (i.e., Visit 2 and 
Visit 5). Cardiovascular risk factors and disease information (i.e., diabetes, hypertension, 
coronary heart disease, and cigarette use) as well as medication information (i.e. treatment with 
antihypertensive drugs) will also be extracted from Visit 2 and Visit 5.  
 
Data Analysis  
 
Identification of plasma proteins associated with MCR. Multivariable logistic regression 
models will be used to examine the association between the relative level of each protein and the 
binary MCR variable. Analyses will be first adjusted for age at sample acquisition, sex, 
education, and race-center (model 1). Second, analyses will be adjusted for the aforementioned 
demographic variables as well as kidney function (model 2). Model 3 will adjust for model 2 
covariates in addition to cardiovascular risk factors, including body mass index (BMI), 
hypertension, diabetes, and smoking status. FDR corrected P<0.05 will be used to identify 
candidate proteins. Sensitivity analyses will be conducted further adjusting for (a) prevalent 
stroke and (b) depression at the time of plasma collection. 
 
Additionally, analyses will be repeated using Netboost-defined protein network expression as the 
exposure variable. Netboost will be used to identify networks of correlated proteins within the 
set of 4,877 proteins using the full set of participants with available SomaScan proteins at Visits 
2 and 5. After modules are identified, module expression values (module eigenproteins [MEs]) 
will be calculated from the first principal component of each module for each participant. These 
values represent measures of network expression that can be related to participant traits and 
outcomes. 
 



Comparison of plasma proteins and protein networks associated with MCR and MCI. The 
prevalence of MCR and MCI as well as the overlap of these syndromes will be characterized. 
Models 1-3, as outlined above, will be used to relate the full set of plasma proteins to MCI. 
Netboost will again be used to identify protein networks associated with MCI and compare these 
to networks associated with MCR. 
 
Midlife Replication Analysis. Using the candidate proteins identified by the primary analyses 
(Visit 5) that pass FDR corrections, the same models outlined above will be replicated at midlife 
(Visit 2). 
 
Ingenuity pathway analysis. To understand the regulatory mechanisms underlying the 
association between the candidate proteins and both MCR and MCI, we will use Ingenuity 
Pathway Analysis (IPA), a bioinformatics platform providing interpretations of omics data using 
the Ingenuity Knowledge Base (IPA, QIAGEN Inc., 
https://www.qiagenbioinformatics.com/products/ingenuity-pathway-analysis). We will use the 
top candidate proteins associated with (a) MCR and (b) MCI. The threshold for identifying top 
proteins will vary based on our results. We will aim to included 100-500 proteins in the 
enrichment set. We will perform IPA canonical pathway, upstream regulator, and mechanistic 
pathway analyses to construct biological interpretations of the pattern of candidate proteins 
identified to be associated with MCR and MCI. 
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Appendix 
 
SMF Coding  
 
Dichotomous measure 
If SMF1 is Often or Very Often (3 or 4) (losing items question) 

Or 
If SMF3 is Often or Very Often (3 or 4) (problems remembering conversations) 
Then MemProb_SR = 1 
Otherwise MemProb_SR = 0. 
MemProb_SR is missing only if both SMF1 and SMF3 are missing 
 


