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Abstract

Motoric cognitive risk (MCR) syndrome is a newly described pre-dementia syndrome 

characterized by the presence of cognitive complaints and slow gait, which is associated with 

increased risk of conversion to dementia. The underlying biological mechanisms for MCR have 

not yet been established. Neuroinflammation mediated through cytokines plays a pivotal role in 

the pathogenesis of dementia. Hence, our objective was to prospectively examine whether 

variations in cytokine genes (CRP, IFNG, IL1A, IL1B, IL4, IL6, IL10, IL18, TNF and IL12A) 

play a role in MCR incidence in 530 community-dwelling Ashkenazi Jewish adults age 65 and 

older without MCR or dementia at baseline enrolled in the LonGenity study. Over a median 

follow-up of 2.99 years, 70 participants developed MCR. Single nucleotide polymorphisms 

(SNPs) in the transcriptional regulatory regions of cytokine IL10, rs1800896 (Hazard ratio 

adjusted for age, gender and education (aHR) 1.667; 95% CI 1.198–2.321) and rs3024498 (aHR 

1.926; 95% CI 1.315–2.822), were associated with incident MCR. Functional analysis using in-
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silico approaches indicated associated SNP rs3024498 'C' allele being the local expression 

quantitative trait locus (eQTL). Associated alleles of both the SNPs, rs1800896 and rs3024498 

were implicated with over expression of IL10 gene. None of the variants in the neuroinflammatory 

pathway studied were associated with incident mild cognitive impairment syndrome. These 

observations support a role for the IL10 gene in dementia pathogenesis by increasing risk of 

developing MCR in older adults.
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1. Introduction1

Inflammation mediated through pro and anti-inflammatory cytokines is postulated to play a 

pivotal role in the pathogenesis of dementia syndromes such as Alzheimer’s disease (AD) as 

well as vascular dementia in older adults (Akiyama et al., 2000; Cacquevel et al., 2004; 

Heneka et al., 2015; Rogers et al., 1996). Expression studies show significant differences in 

cytokine profiles in AD and vascular dementia; a meta-analysis of 40 studies of cytokines in 

AD patients found higher serum concentrations of interleukin 6 (IL-6), tumor necrosis factor 

alpha (TNF-α), IL-1β, IL-12 and IL-18 in these individuals compared to healthy controls 

(Swardfager et al., 2010). Accumulation of macrophage like cells in the brain (microglia) 

around amyloid β-plaques is a hallmark of AD (Thériault et al., 2015). Binding of amyloid β 
to the microglia induces expression of pro-inflammatory cytokines namely IL-1β, TNFα, 

IL-6 and IL-18 (Wang et al., 2015). Furthermore, inflammatory mediators produced by 

microglia play a role in increasing the production of amyloid β precursor protein (APP) and 

its conversion to Aβ-42 protein (Heneka et al., 2015), which leads to worsening cognitive 

status. Over expression of IL-1β, TNFα and IL-6 was reported in vascular dementia patients 

(Wada-Isoe et al., 2004; Zuliani et al., 2007). Inflammation and oxidative stress play a 

significant role in neurovascular dysfunction leading to hypoxia or ischemia, and 

contributing to cognitive impairment in vascular dementia (Iadecola, 2013).

Genetic association studies also point towards the key role of pro and anti-inflammatory 

cytokine genes in dementia pathogenesis (McGeer and McGeer, 2001; Mun et al., 2016). 

Genetic variants in IL1A, IL1B, IL6, TNF, IL10, TGFB, IL1RN, IL18 and IL8 in the 

inflammatory pathway are the most studied in this context, and were associated with 

dementia (Bertram et al., 2007; Bertram and Tanzi, 2011; Di Bona et al., 2008; Di Bona et 

al., 2012; Li et al., 2013; Qi et al., 2012). More importantly, these studies have shown 

association with the genetic variants in the regulatory regions, mainly promoters of these 

genes (Bertram et al., 2007; Bertram and Tanzi, 2011; Di Bona et al., 2008; Di Bona et al., 

2012; Li et al., 2013; Qi et al., 2012). Promoter region polymorphisms −889C/T (rs1800587) 

in IL1A (Li et al., 2013), −174G/C (rs1800795), −572C/G (rs1800796) and −597G/A 

(rs1800797) in IL6 (Dai et al., 2012; Qi et al., 2012) as well as −308 G/A (rs1800629) in 

1MCR: Motoric cognitive risk syndrome, IL: Interleukin, TNF-α: tumor necrosis factor alpha
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TNFA and −1082 A/G (rs1800896) in IL10 gene (Di Bona et al., 2012) are associated with 

dementia. These observations point towards possible regulatory mechanisms involved at the 

genetic level in the expression of these genes, which might be controlled by other risk 

factors associated with dementia.

Motoric cognitive risk (MCR) syndrome is a pre-dementia syndrome in older individuals 

that is characterized by presence of cognitive complaints and slow gait (Verghese et al., 

2014a; Verghese et al., 2012). Individuals with MCR are at high risk for transitioning to 

dementia, both AD (Verghese et al., 2014a) and vascular dementia (Verghese et al., 2012) 

even after accounting for other established dementia risk factors as well as overlap with 

other pre-dementia syndromes such as the Mild Cognitive Impairment syndrome (MCI) 

(Verghese et al., 2014a). MCR is common in older populations; a pooled analysis of 26,802 

older adults from 17 countries showed a prevalence of MCR of 9.7% (Verghese et al., 

2014a). An age and sex adjusted incidence of MCR of 65.2/1000 person years was reported 

in four US-based cohorts (Verghese et al., 2014b).

As MCR was described recently, the underlying biology has not yet been established. 

Elevated levels of inflammatory markers have been linked to risk of developing the main 

components of MCR; cognitive complaints (McAfoose and Baune, 2009; Trollor et al., 

2012; Wilson et al., 2002) as well as slow gait (Verghese et al., 2011). Hence, we 

hypothesized that inflammatory gene variants would increase the risk of developing MCR in 

older adults. To examine the role of inflammatory pathways in the pathogenesis of MCR, we 

conducted a prospective cohort study in 530 community-residing Ashkenazi Jewish (AJ) 

seniors participating in the LonGenity Study (Eny et al., 2014; Roshandel et al., 2016). 

Establishing biological underpinnings of the MCR syndrome may provide new insights into 

preventive strategies to reduce the burden of dementia.

2. Materials and Methods

2.1 LonGenity cohort

The LonGenity study, established in 2007, recruited a cohort of Ashkenazi Jewish (AJ) 

adults age 65 and older, who were defined as either OPEL (having at least one parent who 

lived to age 95 or older) or OPUS (neither parent survived to age 95). The goal of the 

LonGenity study is to identify genotypes associated with longevity and their association 

with successful aging. Study participants were systematically recruited using public records 

such as voter registration lists or through contacts at synagogues, community organizations 

and advertisements in Jewish newspapers in the New York City area. Potential participants 

were contacted by telephone to assess interest and eligibility. AJ adults age 65 and above 

were invited to our research center for further evaluation. Exclusion criterion included 

diagnosis of dementia (previous physician diagnosed dementia, impairment on the telephone 

Memory Impairment Screen (Lipton et al., 2003) or diagnosed at consensus case 

conferences (Lipton et al., 2003)) as well as severe visual or hearing impairments that 

interfere with study assessments. Participants received detailed medical history evaluation 

and cognitive testing at baseline as well as at annual follow-up visits. All participants signed 

written informed consents for study assessment and genetic testing prior to enrollment. The 

Einstein institutional review board approved the study protocol.
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A total of 886 individuals were enrolled in the LonGenity study between October 2008 and 

January 2016. We excluded 98 individuals who did not complete quantitative gait or 

cognitive complaint assessments as well as 169 who did not consent or complete genetic 

testing. Prevalent cases of dementia (n = 6) and MCR (n = 83) were also excluded from this 

prospective analysis. Hence, the eligible sample for this analysis included 530 participants 

without MCR or dementia at baseline, who consented to genetic studies, and had 

quantitative gait assessments (Verghese et al., 2007).

2.2 MCR syndrome

MCR syndrome was diagnosed in participants based on established criteria (Verghese et al., 

2014a; Verghese et al., 2014b; Verghese et al., 2012). In brief, MCR adapts definitions of 

MCI (Petersen, 2011); substituting the objective cognitive impairment criterion based on 

cognitive tests used in MCI with the criterion of slow gait speed. MCR is defined as 

presence of subjective cognitive complaints and slow gait in older individuals without 

dementia or mobility disability. Cognitive complaints were reported by participants based on 

responses to standardized questions as a part of the Health Self-Assessment Questionnaire 

and from the Geriatric Depression Scale (GDS) (Verghese et al., 2014b). Gait speed was 

measured using an 8.5 meter long computerized walkway with embedded pressure sensors 

(GAITRite; CIR Systems, PA). The GAITRite system is widely used in clinical and research 

settings, and excellent reliability has been reported in our and other centers (Brach et al., 

2008; Holtzer et al., 2012). Participants were asked to walk on the walkway at their normal 

pace in a quiet well-lit room wearing comfortable footwear and without any attached 

monitors. Slow gait was defined, as described in the LonGenity cohort (Verghese et al., 

2014a; Verghese et al., 2014b), as walking speed one standard deviation (SD) or more below 

age and sex specific means. Strengths of the MCR construct are that slow gait is defined 

objectively, independent of clinical gait evaluations that may be prone to variable sensitivity 

and specificity as well as being examiner dependent. Though slow gait is multifactorial in 

nature (Verghese et al., 2016), slow gait predicts cognitive decline irrespective of the 

underlying etiology (Verghese et al., 2007). Subjective cognitive complaints are associated 

with reduced cognitive function and increased dementia risk (Ronnlund et al., 2015; 

Schmand et al., 1996). MCR has improved predictive validity for dementia compared to its 

individual components of subjective cognitive complaints and slow gait (Verghese et al., 

2014a).

2.3 MCI

Non-demented participants with self-reported cognitive complaints (assessed using the same 

questionnaires as MCR) and either a score ≤24 on the Free Recall portion of the Free and 

Cued Selective Reminding Test score (memory) or a score of ≥1.5 SD below the mean on 

the Digit Symbol Substitution test (score of ≤37) were classified as MCI. The MCR and 

MCI syndromes were proposed to identify older individuals at risk of developing dementia. 

As the MCR syndrome definition is adapted from the MCI definition, some overlap is 

expected in patients who meet both criteria, though MCR is defined without using cognitive 

tests. In our multi-country study(Verghese et al., 2014a), clinical overlap between MCR and 

MCI cases was only 39%; indicating that either syndrome applied alone failed to identify a 

large pool of at-risk seniors. MCR predicted incident dementia and cognitive decline even 
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after accounting for the concomitant presence of MCI in multiple cohorts(Verghese et al., 

2014a; Verghese et al., 2012).

2.4 Covariates

Presence or absence of depression, diabetes, heart failure, hypertension, myocardial 

infarction, strokes, Parkinson’s disease, chronic obstructive lung disease, and arthritis was 

used to calculate a global health score (range 0 to 9) as previously described (Verghese et al., 

2007).

2.5 Selection of variants and genotyping

We targeted genes in the inflammatory pathway for this analysis based on the functional 

significance and association with dementia reported in earlier studies (Bertram et al., 2007; 

Bertram and Tanzi, 2011; Di Bona et al., 2008; Di Bona et al., 2012; Li et al., 2013; Qi et al., 

2012; Verghese et al., 2011). Accordingly, we selected CRP, IFNG, IL1A, IL1B, IL4, IL6, 
IL10, IL18, TNF and IL12A genes; 62 SNPs were selected from these genes spanning from 

5’ promoter to 3’UTR based on functional significance and tagging status. We had most of 

the functionally significant SNPs of these genes genotyped in our cohort including SNPs 

that were associated with dementia; rs1205 of CRP, rs1800587 and rs17561 in IL1A, 

rs16944 of IL1B, rs1800796 and rs1800797 in IL6, rs1800629 in TNFA and rs1800896 in 

IL10.

2.6 Statistical analysis

Baseline characteristics of participants were compared using descriptive statistics (Table 1). 

All the studied SNPs were analyzed for departure from Hardy Weinberg equilibrium using 

Haploview 4.2 (Barrett et al., 2005). Cox proportional hazard models were used to compute 

hazard ratios (HR) with 95% confidence intervals (CI) to predict incident MCR syndrome 

based on selected SNPs in the genes of the neuroinflammatory pathway. All models were 

adjusted for age, gender, and education years. Time scale was follow-up time in years to 

incident MCR diagnosis or final contact. Results were adjusted for multiple testing using 

False discovery rate (FDR) correction (Dabney et al., 2010). FDR q-value less than 0.05 

were considered significant. Proportional hazards assumptions of all models were tested 

graphically and analytically, and were adequately met. All the statistical analyses were 

carried out using SPSS software (version 23; IBM Corporation).

Additional sensitivity analyses were conducted. We studied the association of the selected 

SNPs with incident MCI to address possible overlap in risk factors between MCI and MCR. 

Familial longevity status showed variation in the MCR incidence with 16.09% and 9.7% 

cases reported respectively in OPUS and OPEL. Hence, the analysis was further adjusted for 

OPUS/OPEL status to account for the study design. We also examined whether the SNPs 

that were found to be significantly associated with incident MCR in the primary analysis 

were associated with the individual MCR criterion, incident slow gait and incident cognitive 

complaints.
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Linkage Disequilibrium (LD) plots were generated using Haploview 4.2 (Barrett et al., 

2005). Haplotype blocks were defined based on the Gabriel criteria (Gabriel et al., 2002). 

Haplotype analysis were performed using SNPStats software (Solé et al., 2006).

Functional prediction of the associated variants was carried out using various in-silico 
approaches. Genotype-Tissue Expression portal (GTEx, http://www.gtexportal.org/home/) 

was used to determine the significant expression quantitative trait loci (eQTL) for SNPs 

associated with MCR (Consortium, 2015). The eQTL analyses for associated SNPs were 

performed based on data retrieved from whole blood as eQTL was not observed for the 

associated SNPs in the brain regions in GTEx. Further, expression profile of the associated 

genes in the brain region and eQTL of the associated SNPs were evaluated using 

BRAINEAC (Ramasamy et al., 2014) to determine the significance of our finding with 

respect to brain. BRAINEAC provides expression profile and eQTL of SNPs from 10 brain 

regions of 133 human subjects free from neurological disorders. We further attempted to 

predict functional significance of the associated SNPs using previous functional studies as 

well as prediction softwares. Regulome DB (http://regulomedb.org/) based on Encyclopedia 

of DNA Elements (ENCODE) project (Boyle et al., 2012) was used to identify functional 

effects of the identified SNPs in the association and eQTL analyses. Functional Single 

Nucleotide Polymorphism (F-SNP); a web-based tool that integrates 16 databases and 

bioinformatic tools to uncover the functional effect of the SNPs (Lee and Shatkay, 2008) and 

FuncPred (FuncPred; http://snpinfo.niehs.nih.gov/cgi-bin/snpinfo/snpfunc.cgi) were used to 

predict the functional effects of associated variants.

3. Results

3.1 Study population

Of the 530 eligible individuals, 292 were OPUS and 238 were OPEL. Over a median follow-

up time of 2.99 years (SD=2.02), 70 out of the 530 individuals developed MCR. The ages of 

the participants ranged from 61.90 to 94.70 years (mean 75.13±6.26 years), and 54.30% 

were women. The mean age of education was 17.55±2.63 years. Demographic and clinical 

characteristics are summarized in Table 1.

3.2 MCR

The 62 SNPs selected from 10 genes were found to be in accordance with Hardy- Weinberg 

expectation (p≥ 0.05). SNPs in the IL10 gene were associated with risk of developing 

incident MCR (Figure: 1). The most significant association was observed with rs3024498 in 

the 3’ untranslated region (UTR) with ‘C’ allele associated with an increased risk of incident 

MCR (HR=1.926; 95%CI=1.315–2.822; p value=0.001, q-value=0.0305). The next 

significant association was found with ‘G’ allele of rs1800896 in the promoter region (HR = 

1.667; 95%CI= 1.198–2.321; p value=0.002, q-value=0.0305). Other SNPs rs3024502, 

rs1800893 and rs3024492 which fall in the same Linkage disequilibrium (LD) block in the 

IL10 gene were found to be associated with incident MCR (Table: 2). Other SNPs in the 

CRP, IFNG, IL1A, IL1B, IL4, IL6, IL18, TNF and IL12A genes were not associated with 

incident MCR (Table: 2).
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Using different genetic models, we tried to assess the effect of individual genotype, with 

associated risk allele in homozygous and as well as with heterozygous status, with incident 

MCR. Recessive model based analysis found homozygous GG genotype of rs1800896 (HR= 

2.620; 95%CI= 1.560–4.401; p value=0.00027) and CC genotype of rs3024498 (HR= 4.447; 

95%CI= 2.005–9.860; p value=0.00024) to be associated with incident MCR (Table: 3).

3.3. Sensitivity analyses

There were 60 incident MCI cases over the follow-up period (Table: 1). The MCR 

associated IL10 gene SNPs rs1800896 (HR= 1.047; 95%CI= 0.735–1.493; p value=0.798) 

and rs3024498 (HR=0.946; 95%CI= 0.577–1.550; p value=0.825) were not associated with 

incident MCI. Furthermore, we did not find an association of any our other selected variants 

in the neuroinflammatory pathways with incident MCI (Supplementary Table: 2). Of the 70 

incident MCR cases in this study, only 15 (21%) met criteria for either incident or prevalent 

MCI at the same or earlier waves. The association of the IL10 polymorphisms rs1800896 

(HR= 1.758; 95%CI= 1.208–2.560; p value=0.003) and rs3024498 (HR= 1.984; 95%CI= 

1.305–3.017; p value=0.001) with incident MCR still remains significant even after 

removing these 15 MCI cases.

The association of IL10 SNPs, rs1800896 (HR = 1.673; 95%CI= 1.200–2.331; p 

value=0.002) and rs3024498 (HR =1.896; 95%CI= 1.290–2.786; p value=0.001) with 

incident MCR in the full model was significant even when adjusted for OPUS/OPEL status 

to account for the LonGenity study design. Inflammation plays an important role in many 

complex disorders including arthritis. Even after adjusting the present model with global 

health score, rs1800896 (HR=1.752; 95%CI=1.247–2.461; p value=0.001) and rs3024498 

(HR=2.019; 95%CI=1.369–2.975; p value=0.0004) remained associated with incident MCR.

Over the study follow-up there were 79 incident cases of slow gait and 86 incident cases of 

cognitive complaints. A significant association was observed between the two IL-10 SNPs 

that were significant in the primary analysis with incident slow gait; rs1800896 (HR = 

1.754; 95%CI= 1.283–2.398; p value=0.0004) and rs3024498 (HR =1.758; 95%CI= 1.207–

2.559; p value=0.003). However, rs1800896 (HR = 1.110; 95%CI= 0.814–1.513; p 

value=0.511) and rs3024498 (HR =1.251; 95%CI= 0.866–1.807; p value=0.233) did not 

predict incident cognitive complaints.

3.4 Bioinformatics

We assessed the functional significance of the associated SNPs in our study. Linkage 

disequilibrium plot of IL10 gene in our cohort showed presence of associated SNPs in a 

single LD block (Figure: 2). Haplotype analysis to investigate the combined effect of IL10 
SNPs found significant association (p-value =0.006) with haplotype involving risk alleles 

(TCATGGT) at seven loci combination (20% vs. 13.6%) (Supplementary Table: 1). Further, 

considering that these SNPs were located in the transcription regulatory regions, we used an 

in silco approach to determine whether they were local expression quantitative trait loci 

(eQTL). From the eQTL data available from 338 whole blood samples in GTEx, we 

determined rs3024498 (p-value= 0.0000018) and rs3024492 (p-value= 0.0000032) to be 

significant eQTL for IL10 gene. SNP in the 3’ UTR, rs3024498 ‘C’ allele correlates with 
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increased expression of IL10 gene in whole blood (Figure: 3). In silico functional analysis 

using Regulome DB provided a score of 4, indicating its location in DNase hypersensitive 

site (DHS) and role in transcriptional factor (TF) binding. However, using FuncPred, we 

couldn’t find differential binding of miRNA for rs3024498, though it was predicted site for 

hsa-miR-496. Using BRAINEAC database we observed expressional difference of IL10 
gene across different brain regions but we couldn’t verify the effect of the associated SNPs 

(Supplementary Figure: 1). Earlier expressional studies showed association with the 

promoter polymorphism rs1800896 with the ‘G’ allele being associated with increased 

expression of IL10 (Turner et al., 1997; Yılmaz et al., 2005), but data for this SNP were not 

found in eQTL and other in-silico approaches. In summary, we found significant association 

of MCR occurrence with SNPs in regulatory regions of IL10 gene involved in regulation of 

expression, namely rs1800896 in the promoter region and rs3024498 in the 3’UTR.

4. Discussion

The present study was designed to decipher the role of genetic variants in the 

neuroinflammatory pathway with risk of developing incident MCR in older adults. We 

uncovered association of SNPs in the regulatory region of IL-10 gene with incident MCR; 

rs3024498 in the 3’UTR and rs1800896 in the promoter region being the lead SNPs. Using 

functional analyses, we found associated ‘C’ allele of rs3024498 to be a possible up 

regulator of IL-10 expression.

IL-10 has an inhibitory action on macrophage as well as Th1 cells involved in production of 

proinflammatory cytokines; IL-1, IL-6, TNF-A, IL-18 and IFNG (Moore et al., 1993). 

Interestingly, in-silico approaches and previous functional studies found the associated 

alleles of rs3024498 in the 3’UTR and rs1800896 in the promoter region to be associated 

with the over expression of anti-inflammatory cytokine IL-10. Recent studies have suggested 

several roles for IL-10 in the pathogenesis of dementia (Chakrabarty et al., 2015; Guillot-

Sestier et al., 2015). Chakrabarty and colleagues showed that expression of IL-10 in APP 
transgenic mouse brain leads to increase in amyloid β accumulation and reduction of 

synaptic proteins culminating in cognitive impairment. IL-10 also leads to overexpression of 

ApoE, which in turn binds to amyloid β and gets sequestered in the plaques. Moreover, 

IL-10 along with ApoE suppresses phagocytosis of amyloid β by microglia; further 

increasing the concentration of amyloid β in brain (Chakrabarty et al., 2015). Guillot-Sestier 

and colleagues independently reported that IL10 deficiency in APP/PS1 mice promoted 

amyloid β clearance and preserved synaptic integrity and diminished cognitive deficits 

(Guillot-Sestier et al., 2015). These studies point towards the proamyloidogenic effect of 

IL-10 in cognitive decline.

Our findings extend these observations to a possible role for the over expression of anti-

inflammatory cytokine IL-10 in the development of a pre-dementia state, possibly through 

the regulatory 3’UTR and promoter regions. Coordinated regulatory action mediated though 

these regions are further strengthened by the haplotype association found involving risk 

alleles of associated IL-10 SNPs spanning these two regions. Earlier functional studies have 

shown ‘G’ allele of promoter polymorphism rs1800896 to be associated with the over 

expression of IL-10 (Turner et al., 1997; Yılmaz et al., 2005). There have been reports of 
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over expression of anti-inflammatory IL-10 in patients with dementia (Angelopoulos et al., 

2008). Torres and colleagues reported an increase in the number of CD4+ T cells expressing 

IL-10 in AD compared to controls (Torres et al., 2013). These observations suggest the 

possibility that expression of IL-10 gene might play a role in dementia pathogenesis by 

increasing risk of MCR (and not MCI), which may be mediated through transcriptional 

regulatory regions.

As MCR is a relatively new pre-dementia syndrome, biological investigations are lacking. 

Expressional and genetic studies in MCI may provide a comparison. A meta-analysis of 

studies of cytokine levels in MCI failed to show an increase in inflammatory cytokines 

(IL-1β, IL-3, IL-6, IL-8, IL-10, IL-12, TNF-α and CRP) compared to healthy controls even 

though significant heterogeneity was observed between the studies (Saleem et al., 2015). 

However, a study of the proteomic profile in the amnestic subtype of MCI (aMCI) showed 

an increased expression of IL-10 in aMCI cases compared to normal controls in Mexican 

Americans (Edwards et al., 2015). IL10 gene variants rs1800896 and rs3024498, which were 

associated with incident MCR, have not, to our knowledge, been reported to predict incident 

MCI. However, IL10 gene variants rs1800896 have been associated with AD (Zhang et al., 

2011) as well as in the progression from MCI to AD (Arosio et al., 2010). Unlike our study, 

a meta-analysis by the International Genomics of Alzheimer’s Project (IGAP) showed no 

significant associations of these polymorphisms in the IL-10 gene with AD (Lambert et al., 

2013). The discrepancy in results between our studies might be due to differences in 

phenotypes and study approaches. Our study focused on incident MCR which is high risk 

pre-dementia stage for both incident AD as well as incident vascular dementia(Verghese et 

al., 2014a; Verghese et al., 2012); whereas IGAP focused on prevalent AD that was defined 

using different criteria in the studies included in the meta-analysis(Lambert et al., 2013).

Our sensitivity analyses suggests that the association of the IL10 polymorphisms with MCR 

incidence may be via motoric pathways that are markers of cognitive decline (Verghese et 

al., 2002; Verghese et al., 2007), and may account for the non-overlap in genetic associations 

of MCR and MCI within these inflammatory pathways. Our results also support examining 

MCR in addition to MCI as novel potentially modifiable risks may be discovered that could 

further reduce dementia burden.

The strengths of our study include the systematic cognitive and clinical assessments, 

longitudinal design and well-characterized homogenous population (Eny et al., 2014; 

Roshandel et al., 2016). Limitations include absence of IL10 gene expression data to 

correlate with associated genotype and cohort characteristics. Our findings were based in a 

relatively homogenous AJ population with high levels of education used successfully for 

other genetic discoveries (Atzmon et al., 2010; Atzmon et al., 2006; Barzilai et al., 2003; 

Bergman et al., 2007; Eny et al., 2014; Roshandel et al., 2016) that have then been cross 

validated in other heterogeneous cohorts. Our findings need to be validated in other more 

diverse populations. The reported IL-10 gene associations with incident MCR survived 

adjustment for medical illnesses. However, medical illnesses were ascertained by self-report 

in our study, which is a limitation. Inflammation plays an important role in many complex 

disorders, and needs further study. While MCR increases risk of dementia, not all 

individuals with MCR may convert to dementia. Hence, We plan to continue follow-up in 
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our cohort to test whether IL-10 polymorphisms may increase risk of dementia, and if this 

association may transition through MCR.

In conclusion, we found significant association of SNPs in the promoter and 3’UTR of IL10 
gene with incident MCR, which has a possible effect in IL10 expression. Our findings 

support a role for IL10 gene in dementia pathogenesis via the MCR pathway. Longitudinal 

studies in more heterogeneous samples are needed to confirm the causal relationships of the 

IL10 gene with MCR and dementia.
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Highlights

• Motoric cognitive risk syndrome is a pre-dementia syndrome associated with 

increased risk of developing dementia; however, its biological underpinnings 

have not yet been established.

• Neuroinflammation mediated through cytokines may play a pivotal role in the 

pathogenesis of dementia.

• The IL10 gene may play a role in dementia pathogenesis by increasing risk of 

developing Motoric cognitive risk syndrome in older adults.
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Figure 1. 
Cox regression survival analysis with studied SNPs in regard with MCR. SNPs were plotted 

against −log(p value)
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Figure.2. 
Top panel showing location of associated SNPs rs3024498 and rs1800896 located in 3’UTR 

and Promoter respectively in the IL10 gene. Lower panel shows the linkage disequilibrium 

(LD) plot of IL10 gene in our cohort.
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Figure.3. 
Data analyses using the Genotype-Tissue Expression (GTex) portal. eQTL data analysis 

using GTex portal with the whole blood samples (n=338 total) of rs3024498. Alternative 

allele (C) is associated with increased expression of IL10 (p= 1.8*10−6).
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Table .1

Baseline clinical characteristics of LonGenity cohort for MCR analysis.

Variables LonGenity

OPUS/OPEL 292/238

Age, mean ± SD, y 75.13±6.26

Women, % 54.30%

Education, mean y 17.55±2.63

Gait speed, mean, cm/s 113.86±17.86

Slow gait cut scores for MCR, cm/s

Men 60 –74 y 101.90

Men ≥75 y 85.30

Women 60–74 y 97.40

Women ≥75 y 76.70

Medical illnesses

Global Health Score, mean ± SD 1.013±0.93

  Heart disease, % 8.50

  Stroke% 3.00

  Diabetes% 8.50

  Parkinson disease, % 0.80

  Depression, % 19.70

  Arthritis, % 38.50

  Hypertension, % 45.40

  Strokes, % 3.00

  Chronic obstructive lung disease, % 2.80

Cognitive tests

  FCSRT free recall, mean (SD) 33.17±5.27

  DSST, mean (SD) 60.28 ±14.36

FCSRT: Free and cued selective reminding test
DSST: Digit symbol substitution test
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Table .2

Effect of studied SNPs on overall survival in additive model with MCR. All the models were adjusted for Age, 

Gender and Education

SNP HR; 95% CI; p SNP HR; 95% CI; p

CRPrs3093068_C 1.388; 0.853–2.259; 0.187 IL6rs10242595_G 1.472; 1.048–2.067; 0.026

CRPrs1205_T 1.058; 0.763–1.469; 0.735 IL10rs3024502_T 1.680; 1.209–2.334; 0.002*

CRPrs1130864_A 0.902; 0.624–1.303; 0.582 IL10rs3024498_C 1.926; 1.315–2.822; 0.001*

CRPrs3091244_A 0.977; 0.702–1.358; 0.888 IL10rs3024492_A 1.795; 1.157–2.784; 0.009

CRPrs2794521_C 0.981; 0.648–1.483; 0.926 IL10rs3021094_G 0.672; 0.374–1.209; 0.185

IFNGrs7302226_A 0.973; 0.650–1.456; 0.895 IL10rs1800871_A 0.899; 0.601–1.344; 0.603

IFNGrs3181035_T 1.442; 0.890–2.338; 0.137 IL10rs1800896_G 1.667; 1.198–2.321; 0.002*

IFNGrs2069727_C 1.001; 0.711–1.409; 0.994 IL10rs1800893_T 1.667; 1.198–2.321; 0.002*

IFNGrs2069718_A 1.189; 0.854–1.657; 0.305 IL12Ars692890_T 0.964; 0.668–1.393; 0.847

IFNGrs2069705_G 1.017; 0.691–1.498; 0.931 IL12Ars755004_A 1.791; 1.076–2.982; 0.025

IL1Ars17561_A 1.346; 0.950–1.908; 0.095 IL12Ars2243115_G 1.025; 0.637–1.651; 0.919

IL1Ars1800587_A 1.346; 0.950–1.908; 0.095 IL12Ars2243123_C 1.385; 0.903–2.123; 0.135

IL1Brs2853550_A 1.040; 0.634–1.706; 0.877 IL12Ars2243133_T 0.894; 0.520–1.538; 0.687

IL1Brs1071676_G 0.983; 0.668–1.445; 0.929 IL12Ars568408_A 0.953; 0.546–1.662; 0.865

IL1Brs1143633_T 1.230; 0.853–1.744; 0.267 IL12Ars668998_G 0.866; 0.615–1.221; 0.413

IL1Brs3136558_G 1.163; 0.799–1.691; 0.430 IL12Ars6441284_G 1.263; 0.884–1.804; 0.200

IL1Brs16944_A 0.868; 0.614–1.228; 0.424 IL12Ars485497_G 1.033; 0.741–1.439; 0.849

IL4rs2243248_G 0.958; 0.516–1.780; 0.893 IL18rs543810_C 0.834; 0.546–1.273; 0.401

IL4rs2070874_T 1.405; 0.961–2.055; 0.079 IL18rs5744290_A 1.296; 0.315–5.330; 0.720

IL4rs2227282_C 1.103; 0.772–1.576; 0.591 IL18rs549908_G 1.207; 0.818–1.781; 0.343

IL4rs2243290_A 1.455; 0.969–2.185; 0.071 IL18rs5744256_G 0.983; 0.621–1.556; 0.942

IL4rs2023823_A 1.069; 0.752–1.521; 0.710 IL18rs2043055_G 0.902; 0.622–1.307; 0.585

IL6rs2056576_T 0.845; 0.607–1.175; 0.316 IL18rs360717_A 1.376; 0.927–2.043; 0.113

IL6rs2069824_C 0.872; 0.580–1.311; 0.510 IL18rs1946519_C 0.960; 0.682–1.351; 0.813

IL6rs2069827_T 1.384; 0.658–2.913; 0.392 TNFrs1799964_C 1.254; 0.864–1.820; 0.234

IL6rs1800797_A 1.180; 0.812–1.714; 0.385 TNFrs1800630_A 0.973; 0.607–1.559; 0.909

IL6rs1800796_C 0.697; 0.337–1.441; 0.331 TNFrs1800750_A 2.311; 0.995–5.369; 0.052

IL6rs2069835_C 1.080; 0.661–1.765; 0.759 TNFrs1800629_A 0.912; 0.473–1.759; 0.783

IL6rs2069837_G 0.866; 0.516–1.455; 0.587 TNFrs3093662_G 1.001; 0.612–1.640; 0.995

IL6rs1554606_T 1.295; 0.916–1.831; 0.143 TNFrs3093665_C 0.372; 0.138–1.003; 0.051

IL6rs2069849_T 1.559; 0.901–2.700; 0.113 TNFrs3093668_C 1.622; 0.800–3.286; 0.180

*
q-value (FDR-corrected P-value) < 0.05
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Table 3

Effect of IL10 SNPS rs1800896 and rs3024498 on overall survival, shown for different genetic model. All the 

models were adjusted for Age, Gender and Education

SNP Genetic model HR 95%CI P-value

Additive (G) 1.686 1.209–2.350 0.002

rs1800896 GG vs AG+AA 2.62 1.560–4.401 0.00027

GG+AG vs AA 1.549 0.927–2.580 0.095

Additive (C) 1.933 1.320–2.831 0.001

rs3024498 CC vs CT+TT 4.447 2.005–9.860 0.00024

CC+CT vs TT 1.84 1.138–2.975 0.013
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