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Highlights

e Greater RDWw was associated with poorer WMI, among males only, particularly
in terms of lower mean global fractional anisotropy (FA).
e No such associations were found for anemia and dRDW (overall or sex-specific),

or for RDW exposures among females and the non-anemic group.
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ABSTRACT

Anemia (blood hemoglobin (Hb) <13 g/dL among males; <12 g/dL among females) and
elevated red cell distribution width (RDW) are potential risk factors for reduced brain
white matter integrity (WMI), reflected by lower fractional anisotropy or increased
mean diffusivity. Cross-sectional data with exposure-outcome lag time was used,
whereby hematological exposures (RDW and Hb) and covariates were compiled from
the Healthy Aging in Neighborhoods of Diversity across the Life Span (HANDLS)
study with available visit 1 (v1) (2004-2009) and/or v2 (2009-2013) data; while diffusion
tensor magnetic resonance imaging (dMRI) outcome data were collected at HANDLS
SCAN visit (Vsean: 2011-2015, n=214, mean follow-up from wvi +SD: b5.6+1.8y).
Multivariable-adjusted linear regression analyses were conducted, overall, stratifying
by sex, and further restricting to the non-anemic for RDW exposures in part of the
analyses. Among males, RDW1 was linked with lower global mean fractional
anisotropy (standardized effect size b=-0.30, P=0.003, g<0.05; basic model), an
association only slightly attenuated with further covariate adjustment. Anemia was not
a risk factor for poor WMI, independently of RDW . Ultimately, pending further
longitudinal evidence, initial RDW appears to be associated with poorer WMI among

males.
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1. Introduction

A consequence of a progressively aging population is an increase in the number of
older adults living with chronic conditions like dementia, many of which have no cure
and require a large unmet medical need (Winchester et al.,, 2018). Consequently,
researchers have investigated multiple pathways through which progression to
dementia can be slowed by delaying cognitive impairment. In addition to several
structural brain neuroimaging markers [e.g., reduced brain volumes and increased
white matter lesion volume (WMLV)], reduced white matter integrity (WMI) is
associated with decrements in various cognitive abilities and may be used as an early
marker for dementia risk (Cavedo et al.,, 2012; Glymour et al., 2012; Hsu et al., 2018;

Louapre et al., 2016; Muller et al., 2020; Walter et al., 2019).

In recent years, anemia—defined by the World Health Organization (WHO) as
reduced blood hemoglobin (Hb) <13 g/dL among males and <12 g/dL among females
(World Health Organization, 1972)—has been identified as an important and
understudied direct, mechanistic pathway to age-related cognitive decline (Chung et al.,
2014; Hong et al., 2020; Park et al., 2019; Schneider et al., 2016; Sousa et al., 2018;
Taniguchi et al., 2019; Trevisan et al., 2016; Weuve et al., 2014; Winchester et al., 2018;

Wolters et al., 2019). It is also linked to numerous other markers of poor health and
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physical function and potentially triggered by other nutritional insufficiencies (e.g.
folate and vitamin B-12) (Dlugaj et al, 2016). Prior work examining anemia’s
relationship with cognitive decrements suggest several mechanisms including reduced
blood oxygen-carrying capacity resulting in brain hypoperfusion, as well as heightened
oxidative stress and inflammation, both of which can contribute to neurodegeneration

(Faux et al., 2014; Zlokovic, 2011).

Relatedly, red cell distribution width (RDW) is a marker for variation in red blood
cell sizes, known as anisocytosis. It has been associated with chronic disease morbidity
and mortality (Hoffmann, 2012; Li et al., 2017; Patel et al., 2010; Perlstein et al., 2009;
Tajuddin et al., 2017), and recent research demonstrated that RDW was related to
reduced performance on tests of verbal memory, attention and higher prevalence of
dementia (Beydoun et al., 2020; Ozturk et al., 2013; Wan et al., 2020; Weuve et al., 2014;
Winchester et al., 2018). For example, a recent study observed independent associations

of RDW and anemia with lower cognitive health (Winchester et al., 2018).

To date, few mechanistic studies in humans have examined associations of anemia or
RDW with brain imaging markers (Dagistan and Cosgun, 2019; Jonassaint et al., 2014;
Lee et al., 2016). The few studies that have been conducted indicate an association
between anemia and smaller total and gray matter (GM) brain volumes, as well as a

positive association between RDW and white matter lesion volumes (WMLV)(Dagistan
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and Cosgun, 2019; Jonassaint et al., 2014; Lee et al., 2016). This limited research to date
has not investigated sex differences in those associations. This is an important
consideration as prior work has reported that females face higher prevalence of anemia
compared with males (Beydoun et al., 2020). Moreover, researchers have observed a
correlation between RDW and anemia (Beydoun et al., 2020). Sex-based differences in
brain MRI outcomes are well established (Cosgrove et al., 2007), and are thought to
often be independent of other socio-demographic characteristics. Furthermore, elevated
RDW has been linked to poorer cognitive performance, particularly within the attention
domain, in a sex-specific manner (Beydoun et al., 2020). Taken together, the literature
suggests a relationship between RDW/anemia and worse neurocognitive outcomes,
which may vary across population strata, including sex. Given that RDW and anemia
have been shown to have adverse effects on other neurobiological endpoints (e.g., GM,
WMLV), perhaps they also negatively impact WMI, captured by reduced global and
regional fractional anisotropy (FA) and increased mean diffusivity (MD), and in a sex-

specific manner.

We build on the extant literature by examining associations of anemia and RDW
status—and change therein—with global and regional cortical WMI. We use a unique
sample of urban adults that varies in balanced manner with respect to sex,

socioeconomic position, and race. Our primary hypothesis is that baseline anemia and
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RDW, and change in RDW over time, would be associated with reduced WMI and may

vary with respect to sex.

2. Methods

2.1 Database

We used data from the Healthy Aging of Neighborhoods of Diversity across the Life
Span (HANDLS) study, an ongoing prospective cohort study among a socio-
demographically diverse sample of middle-aged White and African American urban
adults aged 30-65 y at baseline in 2004-2009. Interviews were completed among
participants who were identified by randon sampling of addresses within every census
tract. Participants were eligible and invited when meeting the following eligibility
criteria: (1) age range: 3064 y; (2) not pregnant; (3) no active cancer treatment within 6
months; (4) without an AIDS diagnosis; (5) capable of written informed consent, and (6)
capable of producing valid government-issued identification and verifiable address.
Details on sampling strategy and inclusion criteria are described elsewhere(Evans et al.,
2010).

In visit 1, HANDLS researchers collected information on study participants in two
phases. In Phase 1, in-home interviews were conducted during which researchers
collected information on demographic characteristics, psychosocial health, and

completed a dietary interview. Phase 2 was conducted on Medical Research Vehicles
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(MRVs), which allowed researchers to collect a wide range of physical and mental
health metrics as well as anthropometrics and biological samples. These included, for
example, Dual X-ray Absorptiometry (DXA) for bone mineral density and body
composition, an electrocardiogram, intima-media thickness by ultrasound, physical
examination by a physician, neuropsychological tests, and inventories to assess
psychiatric symptoms(Evans et al.,, 2010). Comparable information was collected on
MRVs during a second visit (v2: 2009-2013). Diffusion tensor magnetic resonance
imaging (dMRI) measures were collected at a follow-up visit, as part of the HANLS
SCAN ancillary study(Waldstein et al., 2017). Both vi and v2 data were collected prior to
the HANDLS SCAN visit (Vsean: 2011-2015) for all participants. The current study
utilized hematological data (anemia and RDW) from visit 1 (vi: 2004-2009) and change
in RDW ascertained from vi and vz (2009-2013) among a sub-sample of Nma=240
participants within the HANDLS SCAN sub-study (vsean: 2011-2015)(Evans et al., 2010;

Waldstein et al., 2017).

Study protocols for HANDLS and HANDLS SCAN were approved by the
National Institute on Environmental Health Sciences Institutional Review Board (IRB)
of the National Institutes of Health. Moreover, HANDLS SCAN was also approved by
IRBs of the University of Maryland School of Medicine and the University of Maryland,

Baltimore County. Written informed consent was obtained for all participants.
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2.2. Study participants

The baseline HANDLS sample was comprised of 3,720 participants (30-65 y, African
Americans and Whites, Phase 1, vi). Of the initial 3,720 participants, we retained
individuals with RDW data at either vi or v2 (N=3,017), among whom vi Hb was
complete for 2,744 participants. We further restricted our sample to those who
participated in the HANDLS SCAN sub-study (the largest available HANDLS SCAN
sample was n=240). This yielded an analytic sample of 214 participants with complete
dMRI parameters of interest, RDW at either visit, and vi Hb. Comparing the final
sample (N=214) with the remaining excluded participants from the initial sample
(n=3,720), the final sample had higher proportions of Whites (59% vs. 40%, P<0.05) and
individuals living above poverty (67% vs. 58%, P<0.05). Sample selectivity for the non-
anemic group at vi (n=190) was similar with respect to race (p<0.05), but not with
respect to poverty status (p=0.05), while no socio-demographic differences were
detected for the non-anemic group at either visit (i.e,, vi and/or v2: n=182) vs. those
excluded from the initial sample (n=3,720). In the main final analytic sample (n=214), the
length of follow-up time between vi and vsan had a mean+SD of 5.6+1.8 y (range: 2.3-

10.0y).
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2.3. Brain dMRI

dMRI was assessed using multi-band spin echo EPI sequence with a multi-band
acceleration factor of three (supplemental method 1). FA and trace (TR, also known as
mean diffusivity, MD) images were evaluated from tensor images, with higher FA
values indicating healthier WMI. Summation of eigenvalues for diffusion tensor yields
MD, with higher values suggesting poorer WMI (Jones, 2008). Computed FA and MD
images were aligned to a common template space using deformable registration with a
standard dMRI template (i.e., EVE (Wakana et al., 2004)). We calculated the average of
right and left FA and MD values for each ROI corresponding to WM regions (See
supplemental Table 1 for list of ROIs). Global FA and MD were computed as the
average across all WM ROIs. Selection of cortical WM sub-regions that comprised the
bilateral (Left/Right) larger brain regions (Frontal, Temporal, Parietal, Occipital) was

similar to previous studies (see Roalf et al., 2015; Shaked et al., 2019).

2.4. RDW at viand ORDW

RDW was determined by an automated Coulter DXH 800 hematology analyzer as
part of peripheral complete blood count (Beckman Coulter, Brea, CA). The main
exposure of interest was RDW-CV (coefficient of variation, expressed in %),
computed using RDW-Standard Deviation (SD, unit: fL) as a percent of mean cell

volume (MCV), whereby RDW-CV=RDW-5Dx100/MCV. In addition to RDW(v1),



Journal Pre-proof

15

annual rate of change in RDW between vi and vz (aka 9RDW) was also of interest
(see supplemental method 2), to assess the relationships between longitudinal

change in this exposure and follow-up outcome measures.

2.5. Hb and anemia

Hb was determined from 1 ml of blood sampled from participants after an
overnight fast and refrigerated for < 6 days (Quest diagnostics). We defined anemia
based on the World Health Organization as low blood Hb levels (<13 g/dL in males
and <12 g/dL in females (World Health Organization, 1972). Non-anemic
participants were selected out for a secondary analysis for RDW exposures.
Specifically, for RDW(v1), absence of anemia was defined only for vi, whereas in the
case of ORDW, non-anemic reflected vi, v2 or both. Vi anemia was the primary

exposure of interest, while vi Hb was considered a secondary exposure.

2.6. Covariates

Covariates were selected for their potential association with the exposures and/or
outcome. We included age (y) at baseline, sex (male, female), self-reported race (African
American, White), poverty status determined by self-reported household income either
<125% or 2125% of the 2004 Health and Human Services poverty guidelines

(Department of Health and Human Services, 2004) and time (days) between vi MRV
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visit and vsan. We adjusted for additional covariates after identifying them as
associated with anemia and/or RDW exposures with machine learning techniques
[Least absolute shrinkage and selection operator (LASSO) models], followed by
backward elimination. Additional information is provided in online supplemental
method 3. It is worth noting that even though MCV is a major hematological measure
linked to RDW, it was dropped from covariate selection, given its high correlation with
other measures such as mean cell hemoglobin (MCH), (Pearson’s r>0.90). While sex was
the main effect modifier in our analyses, other secondary stratifying variables included
poverty status (defined as such by design at first-visit), race (self-identified), and age
group categorized to distinguish younger middle-aged with older middle-aged adults
(30-49 at v1 vs. 50-66 at vi). In the final selected sample (1=214), the breakdown by
socio-demographic factors was as follows: sex (males: n=97; females: n=117); age group
(<50 years: n=127; > 50 years: n=87); race (Whites: n=127; African-Americans: n=87);

poverty status (Below poverty: n=70; Above poverty: n=144).

2.7. Statistical analysis

We used Student’s t and chi-square tests as appropriate to compare sample
characteristics by sex. We further tested for sex differences in sample characteristics
after covariate adjustment (age, race, and poverty status) using multivariable-adjusted

models. We additionally examined sample characteristics across anemia and RDWvi. To
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test our main hypotheses, we fit a series of covariate-adjusted ordinary least square
(OLS) regression models, overall and stratified by sex, using dMRI as the outcome.
These models produced coefficient estimates indicating the association between each of
the three primary exposures of interest (i.e. vi anemia, RDW and 6RDW) to dMRI
outcomes. We obtained standardized coefficient estimates which were interpreted as
the fraction of 1 SD change in dMRI outcome per 1 SD change in a continuous exposure
(i.e., RDW and dRDW). Estimates > 0.20 were considered moderate-to-strong; estimates

between 0.10 and 0.20 were considered weak-to-moderate.

We conducted our analysis in two stages. Analysis A included global mean FA and
mean MD. In addition to stratifying by sex, an additional analysis was carried out
(Analysis A’), which considered age group (<50 years vs. 250 years), race and poverty
status as alternate stratifying variables. Analysis B included measures of FA and MD for
the frontal, temporal, parietal, and occipital cortical WM regions (left and right) yielding
a total of 16 models. Analysis B was conducted on a case-by-case basis if at least one
exposure-outcome (global mean FA/mean MD) association was statistically significant
from Analysis A (Puncor<0.05), considering each main exposure separately (i.e. anemia at
vi, RDW at vi and d8RDW), within each stratum (i.e. overall or within males and

females) and each adjusted model.

Secondary outcomes were bilateral means of FA/MD at each independent ROI

(Supplemental Table 1, 51 WM-related ROIs highlighted in red). Volcano plots were
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used to visualize select findings from these models (R Foundation for Statistical
Computing, 2013). These plots display Logio (p-values) for each set of models against
standardized beta coefficients (b) on the X-axis, highlighting findings with larger b.
Only ROIs with uncorrected p-value <0.05 are presented. Visualization of ROI-specific b
with standard brain images was carried out using FSLeyes software (Jenkinson et al.,
2002; Jenkinson and Smith, 2001) applied to these dMRI results (URL:

https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSLeyes).

We corrected for multiple testing using the false discovery rate (FDR, q-value) while
treating the overall and sex-stratified analyses as separate hypotheses. Our correction
for multiple testing was only applied to the minimally adjusted models (i.e., Model 1,
explained below) for each of Analysis A and Analysis B. In Model 1, we adjusted for age,
sex, race, poverty status, and follow-up time between vi and vsan; FDR g-values were
only presented for this model when Puncon<0.05 for exposure-outcome associations.
Statistical significance in Model 1 was determined when FDR g-value<0.05. We
considered a g-value<0.10 indicative of a trend. The results for Analysis A” were shown
only for the minimally adjusted model without correction for multiple testing, though

additional adjustment for other hematological factors was explored.

In sensitivity analyses, we used a data set where only the additional covariates were
imputed (k=5 imputations, 10 iterations, chained equations) to obtain the largest

possible sample size with complete exposure and outcome data. This sensitivity
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analysis adjusted for those additional covariates which were selected using a multi-step
process as described in supplemental method 3. The initial pool of selected and
imputed covariates were associated with hematological measures and/or cognitive

outcomes as identified in prior work (Beydoun et al., 2014).

Overall, our modeling approach consisted of: a model with limited covariate
adjustment fit on the unimputed data (Model 1) with a sensitivity analysis on the
imputed data; Model 2 built on Model 1 by adding hematological measures that are
considered to be the most important potential confounders in the main associations,
aside from socio-demographic factors; Model 3 built on Model 2 by adding
nutritional/dietary characteristics (i.e., Healthy Eating Index-2010 total score, serum B-
12 and serum folate), considered as potential confounders, after other hematological
factors are explained away, Model 4 built on Model 2 through the addition of an
alternate set of potential confounders, namely inflammatory conditions (high sensitivity
C-reactive protein, albumin, White blood cells); Model 5 built on Model 2 with
measures of adiposity and metabolic disturbance factors, as a third alternate set of
confounders (waist circumference, cholesterol, cholesterol:HDL ratio, triglycerides,
creatinine); and Model 6 built on Model 2 with additional covariate adjustment, which
may act as additional confounders to the main socio-demographic and hematological
factors (e.g., education, Wide Range Achievement Test [WRAT], smoking). In sensitivity

analyses for these models, we tested for effect modification by including 2-way
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interaction terms between the exposure and sex with a type I error of 0.10 used for 2-

way interaction terms due to reduced statistical power (Selvin, 2004).

We replicated all analyses in the subsample of participants who were non-anemic at
v1 for the RDW1) and the non-anemic at vi and vz for SRDW (See Figure 1). We also
conducted a secondary analysis for visit 1 Hb (as a continuous exposure), overall and
stratified by sex. We did not account for multiple testing in these analyses nor in
models 2-6. All analyses were conducted using Stata version 16.0 (STATA, 2019) or R

version 3.6.1.
3. Results
3.1. Sample characteristics

Sample characteristics included in this study, overall and stratified by sex, are
presented in Table 1. The selected sample consisted of 97 males and 117 females, with
v1 ages of mean+SD 47.7+9.1y, 40.7% of whom were African American and 67.3% living
above poverty. Males had a higher proportion than females with household incomes
above 125% of the federal poverty line (aka “above poverty”), lower mean RDWw (13.7
vs. 14.2, p=0.007; overall SD=1.55) and had a reduced anemiac1 prevalence (6.1% vs.
14.0%, p=0.034). Mean follow-up times did not differ significantly by sex (p=0.75, t-test),
nor did they differ significantly by anemia status at v1 or vi/v2 (p>0.05, data not shown).

Nevertheless, follow-up times were longer on average by 0.8y among African
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Americans vs. Whites, and by 1.3y among individuals living below poverty vs. those
above poverty at vi (data not shown). While mean FA did not differ by sex, mean MD
was higher among males, suggesting reduced WMI compared to females (P<0.010).
However, within cortical regions, both FA and MD regional measures showed reduced
WMI among males (i.e.,, lower FA and higher MD). Other imputed covariates that
exhibited sex differences that survived adjustment for age, race and poverty status
included C-reactive protein (Males(M)<Females(F)), albumin (M>F), cholesterol:HDL-C
ratio (M>F), triglycerides (M>F), creatinine (M>F), mean cell hemoglobin (M>F), serum
iron (M>F), and ESR (M<F). Importantly, vi Hb was significantly more elevated among

males compared with females (P<0.001).

Supplemental Table 2 presents those same study characteristics across anemia and
RDW tertile groups, in the total sample, as well as stratified by sex. Generally, African
Americans were more represented in the anemic group (vs. non-anemic) and in the
uppermost RDW  tertile vs. the lower two tertiles exhibiting a dose-response
relationship. RDW was similarly more elevated in the anemiawy* vs. anemiaw1y groups.
Overall and among females, anemia and RDW tertiles were generally not associated
with FA or MD global or cortical regional measures, with few exceptions. However,
among males, there was a linear dose-response relationship between RDW ) tertiles
and mean global FA as well as FA in specific regions, mainly frontal, parietal and

occipital, reflecting poorer WMI (lower FA), with higher RDW ). Similar patterns were
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observed among males with respect to the association of FA measures with anemiaw)
groups, suggesting that anemia is linked to poorer WMI (lower FA) among males. Due
to reduced statistical power (only n=3 were anemic), with few exceptions, no significant
associations were found among males across anemia status at vi/vz, with respect to

means of FA and MD global or cortical regional measures.

3.2. Anemia, Hb and RDW’s associations with global and cortical WMI: sex-specific

findings

Tables 2-3 and supplemental Tables 3-4 test our main hypotheses, namely the
associations of anemia and/or RDW exposures with WMI markers, in covariate-
adjusted linear regression models and accounting for multiple testing. All results are
represented in the total sample, among males and females separately and in the non-
anemic group for RDW exposures. Anemiaw1) was not associated with WMI measures
(FA or MD) as showri in Table 2. In a sensitivity analysis, Hbw1) was directly associated
with global FA among males in the minimally adjusted model, reflecting a potential
beneficial effect on WMI, particularly in frontal and occipital regions. This association,
was, however, markedly attenuated in Model 2, upon adjustment for other

hematological measures, including RDW ).

However, based on Table 3 findings, RDWw1) was linked to lower global WMI in

males, particularly in terms of reduced mean FA (Table 3, Model 1, Analysis A,
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standardized effect size b=-0.30, P=0.003, g<0.05). In region-specific analyses, (Analysis
B), associations of greater RDW with lower WMI was observed specifically in frontal
and parietal FAs and occipital FAs and MDs. These associations among males
remained statistically significant upon further adjustment for hematological measures
(Table 3, Model 2), and our further analyses indicated statistically significant sex
differences in those associations (Table 3, Model 2, sexxRDW 1) P<0.05 in non-stratified
models). When further adjustment was made for additional covariates, these
relationships remained largely unaltered (supplemental Table 3). One exception was
Model 6 for RDWu1 vs. mean FA among males, suggesting potential confounding
effects by education, literacy and smoking status, factors known for their associations
with various neuro-cognitive outcomes (Beydoun et al., 2014). Another exception was
Model 5 for RDW1) vs. mean MD among males, suggesting potential confounding by
adiposity and metabolic disturbance factors(Beydoun et al.,, 2008). There were no
significant associationis of FA/MD measures with RDW1) among females or in the non-
anemic group (Models 1 and 2, Table 3); as well as between the DRDW exposure and

the main outcomes of interest (Supplemental Table 4, Models 1-2).
3.3. RDW's association with ROI-specific WMI among males

Figure 2 displays the findings from the minimally adjusted models among males
with respect to the association of RDW1) with regional FAs and MDs. As shown in the

volcano plots, all associations were in the expected direction whereby a higher RDW
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was associated with lower regional FAs and higher regional MDs. Among significant
associations, some of the strongest effects sizes (b<-0.30) for RDWw1 vs. FA were
concentrated in the parietal region (e.g. supramarginal WM, pre-cuneus WM, precentral
WM, and angular WM), while others were found in occipital (e.g lingual WM), frontal
(e.g. middle fronto-orbital WM) and temporal cortical regions (e.g. inferior temporal
WM). Nevertheless, the strongest association was found in the cingulate WM among
males with respect to FA (b=-0.35), and other associations with b<-0.30 included RDW
vs. FA in the splenium of the corpus callosum, cerebellar and middle cerebellar
peduncle. However, with respect to MD, only three ROIs had effect sizes b>+0.30,
namely lingual WM (occipital), medial leminiscus and the fornix. Thus, poor lingual
WM integrity was associated with higher RDW«1) among males, consistently in terms of

lower FA and higher MD, with a strong effect size.

3.4. Anemia and RDW's associations with global and cortical WMI: age-, race- and

poverty status-specific findings

Figure 3 presents the findings from the minimally adjusted models with all exposures
and global FA/MD as outcomes, stratifying by age group, race and poverty status
(Analysis A"). The results indicate that anemia was associated with lower mean FA in the
older group only (250: B+SE: -0.0152+0.00070, p=0.033), as well as among individuals
living above poverty (AP: +SE: -0.00886+0.00445, p=0.048). These findings were,

however, markedly attenuated and did not retain statistical significance (p>0.05) with
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further adjustment for other hematological factors, including RDW, (i.e., Model 2,
data not shown). In contrast, RDW1 was linked with lower FA among individuals
living above poverty in the minimally adjusted model (AP: B+SE: -0.00209+0.00089,
p=0.020), an association that remained statistically significant in Model 2, with
adjustment for other hematological factors including blood Hb (AP: B+SE: -
0.00391+0.00130, p=0.004). No racial differences were detected in the main associations
between anemia/RDW exposures and global FA/MD outcomes. No stratum-specific

associations with global FA/MD outcomes were found for the DRDW exposure.
4. Discussion

This study is among a few to examine the association between anemia and WMI and
to our knowledge, the first to link RDW with WMI, particularly in a racially and socio-
economically diverse sample of middle-aged urban adults. Among key findings,
greater RDWwi was consistently associated with poorer WMI among males. Most
notably, in males, RDWu1) was linked with lower global mean FA (standardized effect
size b=-0.30, P=0.003, q<0.05) in the basic model adjusted for socio-demographic factors,
an association that remained statistically significant upon adjustment for other
hematological measures and other potential confounders and detected in all cortical
regions except the temporal lobe. No such associations were found for anemia, and
ORDW (overall or sex-specific), or for RDW exposures among females and the non-

anemic group.



Journal Pre-proof

26

Before our study, there was no evidence for relationships between anemia or RDW
and WMI in humans. Most prior studies examined relations between Hb or anemia and
other brain MRI outcomes (e.g., volumetric markers) and only a few tested associations
of those various brain MRI outcomes with RDW exposures (Dagistan and Cosgun, 2019;
Jonassaint et al., 2014; Lee et al., 2016). For instance, one study reported an association
between lower Hb and smaller GM and intracranial volumes, with a trend observed
towards reduced WM volume (Jonassaint et al., 2014). Given the link between anemia,
RDW and cardiovascular disease (Mozos, 2015), it has been opined that among brain
outcomes, these variables may be especially related to cerebrovascular markers
(Wolters et al., 2019). Indeed, studies have found relations between Hb, RDW, and
anemia with key markers of cerebrovascular health, including vascular brain disease,
global cerebral perfusion (Wolters et al., 2019), and WM lesion burden (Dagistan and
Cosgun, 2019; Lee et al., 2016). This is consistent with our findings given that WMI is
also a measure of cerebrovascular health (Burgmans et al.,, 2010; Falvey et al., 2013;

Kennedy and Raz, 2009).

Our findings further the literature by demonstrating the deleterious effect of
RDW on WMI among males, above and beyond the contribution of Hb and other
hematological factors. Our results on the positive relation between Hb and FA,
particularly among males, held only in reduced models that did not adjust for RDW

and other variables. It is our understanding that our sex-specific findings are novel as
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this is the first study to examine these differential relations of dMRI outcomes across sex
groups. These findings are consistent with results of our previous study indicating that
RDW was associated with poorer baseline performance on the Brief Test of Attention in
the total population (y =-0.123 + 0.039; P = 0.001), a relationship detected mostly among
men (y = -0.221 + 0.068; P = 0.001)(Beydoun et al., 2020). Given the potential clinical
relevance of these findings (e.g., males may be uniquely susceptible to poorer
neurological outcomes as a function of these hematologic variables), it would be
prudent for other studies to attempt to replicate our finding, which would provide

clarity on the validity and generalizability of these results.

Elevated RDW may reflect iron deficiency early before MCV changes and when
multiple nutritional deficiencies are present that would lead to opposing directional
changes in MCV.  Although the exact pathophysiological mechanism linking elevated
RDW and severity of white matter hyperintensity (leukoaraiosis) is unclear, Jonassaint
and colleagues suggested that RDW reflects an underlying inflammation due to its
positive correlation with various inflammatory markers (Lee et al., 2016). Inflammation
induces ineffective erythropoiesis and enables immature RBCs to enter the circulation,
which leads to anisocytosis. Recent studies have suggested that elevated RDW might
also reflect impairment of microcirculation (Patel et al., 2013). Over their life, RBCs
gradually lose cell membrane deformability and eventually rupture and are eliminated

in the spleen. Elevated RDW is strongly associated with reduced RBC deformability



Journal Pre-proof

28

(Patel et al., 2013). As chronic ischemic disease and inadequate blood supply in the
cerebral microcirculation are important mechanisms for the development and
progression of leukoaraiosis, it is plausible that reduced RBC deformability impairs the
cerebral microcirculation and subsequently leads to the development of leukoaraiosis in
people with elevated RDW level. This mechanism might be extended to the effect of
RDW on WMI, given the inverse association between white matter lesion volume and
WMI in our cohort (Absolute value of Pearson’s correlation, Ir| between 0.29 and 0.33
for both mean FA and mean MD), although further studies are needed. The
mechanisms behind sex differences in the effects of RDW on WMI, particularly the
stronger effect on FA among males are unknown, despite the well-known fact that
anemia and elevated RDW are both more common among females, triggered mainly by
menstruation during the pre-menopausal period. In contrast, among males, gastro-
intestinal bleeding and cancer are some of the main causes of anemia. Pending
replication of our findings, animal and other mechanistic studies are needed to uncover
pathways behind those sex differences. It is also possible that the main causes for
elevated RDW among men underlies the link with WMI, rather than RDW itself. Thus,
triggers for gastro-intestinal bleeding should be studied in relation to WMI and their
association with WMI measures compared between men and women. Such triggers
may include but are not limited to certain infections that may be conducive to anemia of

inflammation and elevated RDW (e.g. H. pylori infection)(Haile and Timerga, 2021). In
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fact, H. pylori infection is more prevalent and can lead to atrophic gastritis to a greater
extent among men than among women (Ferro et al., 2019) and was shown recently to be
associated with incident AD mostly among men (Beydoun et al., 2018). Nevertheless,

more studies are needed to examine those complex relationships.

Our findings also indicate that RDW may affect mostly WMI in the occipital and
parietal regions of the brain, with a strong effect consistently found with respect to FA
and MD in the lingual WM (1b[>0.30). The latter small region located in the occipital
lobe is known to be involved in visual processing pathways including color perception,
visual word processing and analyzing complex features of visual forms (Szeszko et al.,

2005).

Our novel examination of the associations between anemia-related biomarkers with
brain structural dMRI measures—reflecting global and regional white matter integrity,
potentially underlying various neuropathologies —are among our study’s key strengths.
Despite our cross-sectional design, our study provided 5-6 years of latency between
exposure (RDWw and anemia) and outcome (brain MRI measures) while accounting for
longitudinal changes in RDW as an additional exposure of interest. Our study sample
provided sufficient power (power>0.80 for an effect size of 0.30; power>0.68 for an effect
size of 0.25 for both male and female strata) to estimate sex-stratified models, an
important consideration given the reported associations between sex, anemia, and

cognitive impairment. Other stratified models were also well-powered, with the
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possible exception of the “below poverty” group. Our analytic approach and data
sample adds to the strength of the current study. We were able to test our hypotheses in
our overall sample, and separately for males and females while correcting for multiple
testing and adjusting for a wide range of potential confounders, including socio-
demographic, lifestyle and health-related characteristics including hematological
measures, and additional nutritional biomarkers. Those potential confounders were
selected using machine learning (i.e. LASSO) and backward elimination to reduce bias

without that being at the expense of statistical efficiency.

Despite the strengths of our study, it is not without limitations. Due to the cross-
sectional design, our findings are only speculative in nature despite the 5-6 year latency
period. Further, despite our inclusion of several potential confounders previously
identified for their association with the exposure and/or outcome, we are not able to
rule out residual confounding. Finally, our final sample differed significantly with the
initially recruited HHANDLS sample, particularly with respect to distribution according
to poverty status, affecting generalizability to Baltimore city or other similar urban
settings across the United States. However, the differences were minor when comparing
the initial largest available HANDLS SCAN sample (n=240) with the final sample

selected based on exposure variable availability.

In conclusion, initial RDW was consistently associated with poorer WMI among

males. Further longitudinal studies should be directed at elucidating the mechanisms
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that mediate or link higher RDW with poor white matter integrity, particularly among

males.
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Table 1. Descriptive analyses by sex: Study sample characteristics of eligible study sample by sex; HANDLS 2004-2009
and HANDLS-SCAN 2011-20152

Total Females Males Psex
(N=214) (N=117) (N=97)

Demographic factors
Sex, % males 45.3 _ WV
Agen 47.749.1 47.6+0.9 47.8+0.9 0.85
Race, % African American 40.7 419 39.2 0.69
% above poverty 67.3 60.7 75.3 0.024
Follow-up time (vi through ~ 5.6+1.8 5.6+0.2 5.5+0.2 0.75
Vscan), years
Imputed covariates, % or
Mean+SE
Education, years

<High School 7.1 7.4 6.8 0.88

High School 54.4 54.2 54.8 -

> High School 384 38.5 38.4 0.96
WRAT-3 score 43.7+0.50 43.7+0.6 43.9+0.8 0.83
Current smoker, % yes 45.3 48.2 42.0 0.36
HEI-2010 total score 42.3+0.8 43.6+1.2 40.8+1.1 0.10
Serum vitamin B-12, pg/mL 517.4+16.8 534.3+25.9 497.1+20.0 0.27
Serum folate, ng/mL 15.2+0.4 15.0+0.6 15.3+0.6 0.88
C-reactive protein, mg/L 4.3+0.6 5.7+1.0 2.7+0.5 0.013
Albumin, g/dL 4.34+0.02 4.29+0.03 4.42+0.03 <0.001

White blood cell, 6.7+0.2 6.9+0.2 6.4+0.2 0.088
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count*10"9/L
Waist size, cm 99.0+1.1 99.1+1.6 99.1+1.5 0.98
Total cholesterol, mg/dL 190.7+3.1 192.4+4.4 188.7+4.4 0.55
Cholestrol:HDL-Cholesterol 3.9+40.1 3.6+0.1 4.1+0.2 0.023
ratio
Triglycerides, mg/dL 124.6+5.0 113.9+5.0 137.5+8.9 0.018
Creatinine, mg/dL 0.89+0.03 0.79+0.04 1.02+0.03 <0.001
Other hematological

measures at vi
Imputed covariates, Mean+SE

Mean Cell Hemoglobin, pg  30.3+0.2 30.0+0.3 30.7+0.2 0.028
Serum iron, pg/dL 87.1+2.6 78.7+3.4 97.3£3.7 <0.001
Erythrocyte Sedimentation ~ 13.7+0.8 17.2+£1.2 9.5+0.9 <0.001
Rate, mm/hr
RDW (v1)
CV (%), Mean+SD/SE 13.98+1.55 14.2+0.2 13.7+0.1 0.0065
Median 13.6 13.8 13.5
IQR 13.1;14.3 13.1;14.6 13.1;14.1

RDW (v2-v1, annual), DRDW
CV (%) +0.054+0.068 +0.057+0.007 +0.052+0.005 0.62

Hemoglobin (v1), g/dL, 13.93+1.46 13.19+0.13 14.82+0.10 <0.001
Mean+SD/SE
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Anemia (v1)
Yes, %

Anemia (v1 and v2)
Yes, %

dMRI measures,
Mean+SD/SE

Global WMI measures
Mean FA
Mean MD, mm?/sec

Regional cortical WMI
measures
Left Brain
Frontal FA
Frontal MD, mm?/sec
Temporal FA
Temporal MD, mm?/sec
Parietal FA
Parietal MD, mm?/sec
Occipital FA
Occipital MD, mm?/sec

Right Brain
Frontal FA

11.21

(N=196)
7.14

(N=214)

meanxSD
+0.299+0.017
+0.00254+0.0016

meanxSD

+0.234+0.002
+0.00239+0.00014
+0.240+0.016
+0.00243+0.00014
+0.230+0.016
+0.00266+0.00020
+0.203+0.015
+0.00248+0.00016

+0.234+0.015

154

(N=107)
10.3

(N=117)

meanxSE
+0.300+0.0014
+0.00252+0.00002

meanxSE

+0.236+0.002
+0.00236+0.00001
+0.243+0.001
+0.00240+0.00001
+0.232+0.001
+0.00260+0.00002
+0.204+0.001
+0.00251+0.00001

+0.236+0.001

6.2

(N=89)
3.4

(N=97)

mean+SE
+0.298+0.002
+0.00258+0.00002

mean*SE

+0.232+0.002
+0.00244+0.00002
+0.237+0.002
+0.00247+0.00001
+0.228+0.0017
+0.00273+0.00002
+0.200+0.001
+0.00251+0.00002

+0.231+0.002

43

0.034

0.061

0.25
0.0018

0.054
<0.0001
0.012
0.0026
0.043
<0.0001
0.039
0.0058

0.017
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Frontal MD, mm?/sec
Temporal FA
Temporal MD, mm?/sec
Parietal FA

Parietal MD, mm?/sec
Occipital FA

Occipital MD, mm?/sec

+0.00237+0.00014
+0.248+0.016
+0.00234+0.00014
+0.230+0.017
+0.00271+0.00022
+0.204+0.015
+0.00256+0.00018

+0.00233+0.000012
+0.251+0.001
+0.00232+0.00001
+0.229+0.001
+0.00264+0.00002
+0.205+0.001
+0.00252+0.00002

+0.00240+0.00002
+0.246+0.002
+0.00237+0.00001
+0.223+0.002
+0.00280+0.00002
+0.202+0.002
+0.00259+0.00002

44

0.0001
0.020
0.0196
0.005
<0.0001
0.073
0.0058

Abbreviations: Agen=age measured at HANDLS visit 1 (2004-2009); CV=Coefficient of Variation; IQR=Interquartile Range;
dMRI=Diffusion Magnetic Resonance Imaging; dDRDW=Red Cell Distribution Width annualized change between visits 1
and 2; FA=Fractional Anisotropy; HANDLS=Healthy Aging in Neighborhoods of Diversity Across the Life Span;
HANDLS-SCAN=Brain magnetic resonance imaging scan ancillary study of HANDLS; HDL=High Density Lipoprotein;
HDL=High Density Lipoprotein; HEI-2020=Healthy Eating Index, 2010 release; IQR=Interquartile range (25"-75t
percentile); MCH=Mean Cell Hemoglobin; MD=Mean Diffusivity; RDW=Red Cell Distribution Width; vi=visit 1 of
HANDLS (2004-2009); vo=visit 2 of HANDLS (2009-2013); vsean=HANDLS-SCAN visit (2011-2015); WMI=White Matter
Integrity; WRAT-3=Wide Range Achievement Test, 3 version.

2 Values are Mean+SD for totals and Mean+SE for stratum-specific, or %. For continuous imputed covariates, values are

Mean+SE for all 3 columns. For RDW, medians and inter-quartile ranges (IQR) were also provided. Psex was obtained

from x? and f-tests for the unimputed covariates and from multinomial logit and linear regression models for the imputed

data. Additional models with sex, race, age and poverty status were conducted to test whether the sex differences were

independent other socio-demographic factors. All statistically significant sex differences at type I error of 0.05 retained
their statistical significance after further adjustment for age, race and poverty status.
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Table 2. Anemia analyses: Minimally and hematological measure adjusted associations from analyses A (global FA/MD),
B (Regional cortical FA/MD, Left/Right) vs. visit 1 Anemia (overall and stratified by sex) and continuous Hb level:
ordinary least square analyses; HANDLS 2004-2009 and HANDLS-SCAN 2011-20152

Model 2: hematological measure-adjusted, sensitivity analysis

Model 1: Minimally adjusted (SA)
Visit 1 Anemia
Total sample q- P for Interaction of
(N=214) B (SE) p value B (SE) P Anemiawn by sex
dMRI, Analysis A
Mean FA -0.0048 (0.004) 019 __ -0.0037 (0.004) 040 0.21

+0.000029 +0.000020  (0.0000385
Mean MD 7 (0.000032) 035 — 2 ) 0.60 0.30
Males (N=97)
dMRI, Analysis A
Mean FA -0.0108 (0.00759) 016 __ -0.00418  0.0085242 0.63 __

+0.000093  (0.0000654 +0.000044 (0.0000744
Mean MD 6 ) 016 __ 5 ) 055 __
Females (N=117)
dMRI, Analysis A
Mean FA -0.002265  (0.003989) 057 __ -0.00307  (0.00498) 0.54 __

(0.0000362

Mean MD +7.78e-06 ) 083 — +0.000016 (0.000045) 0.72 —
Visit 1 Hb
Total sample q- P for Interaction

(N=214) p (SE) p value B (SE) P By of Hbw sex
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dMRI, Analysis A
0.06 SA 0.07
Mean FA +0.0018 (0.0009) 0 +0.0023 (0.0012) 0 0.15
Mean MD 0.0000104 (2.28E-06)  0.21 SA 00000122 (0.000011) 027  0.052
Males (N=97)
dMRI, Analysis A
0.02 0.09
Mean FA +0.0040 (0.0018) 8 SA +0.0034 (0.0020) 8 _
0.06
Mean MD -0.000029  (0.000015) 1 SA -0.000023  (0.000018) 0.20 __
dMRI, Analysis B
Left Brain
Frontal FA 0:.09
+0.00278  (0.00165) 5 SA _ _ _ _
Frontal MD -0.000017  (0.000015) 026 SA _ _ _ _
Temporal FA +0.00264  (0.00166) 0.12 SA _ _ _ _
Temporal MD -0.000021  (0:000014) 0.14 SA _ _ _ _
Parietal FA +0.00251 - (0.0016) 0.13 SA _ _ _ _
Parietal MD -1.51E-07  (0.000019) 0.99 SA _ _ _ _
Occipital FA 0.03
+0.0032 (0.0015) 3 SA _ _ _ _
Occipital MD 0.07

-0.000028  (0.000016) 5 SA

Right Brain
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Frontal FA 0.01

+0.0040 (0.0016) 3 SA _ _ _ _
Frontal MD (0.0000014  0.09

-0.000023 ) 8 SA _ _ _ _
Temporal FA 0.06

+0.0032 (0.0018) 2 SA _ N _ _
Temporal MD -0.000010  (0.000013) 042 SA _ - _ _
Parietal FA +0.0025 (0.0018) 0.18 SA _ ] _ _
Parietal MD 5.24E-06  (0.00002) 0.80 SA _ _ _ _
Occipital FA 0.05

+0.0034 (0.0017) 0 SA N _ _ _
Occipital MD 0.06

-0.000031  (0.000017) 6 SA

Females (N=117)

dMRI, Analysis A
Mean FA +0.00076  (0.0011) 048 SA +0.0019 (0.0016) 023 __
Mean MD -2.85E-06  (9.64E-06) 0.77 SA -8.92E-06  (0.000014) 0.53

Abbreviations: Agen=age measured at HANDLS visit 1 (2004-2009); CV=Coefficient of Variation; dMRI=Diffusion Magnetic
Resonance Imaging; ESR=Erythrocyte Sedimentation Rate; FA=Frational anisotropy; FDR=False Discovery Rate;
HANDLS=Healthy Aging in Neighborhoods of Diversity Across the Life Span; HANDLS-SCAN=Brain magnetic
resonance imaging scan ancillary study of HANDLS; MCH=Mean Cell Hemoglobin; MD=Mean Diffusivity; RDW=Red
Cell Distribution Width; SA=Sensitivity Analysis; SE=Standard Error; vi=visit 1 of HANDLS (2004-2009); v2=visit 2 of
HANDLS (2009-2018); vscan=FHANDLS-SCAN visit (2011-2015).
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a Values are adjusted linear regression coefficients 3 with associated SE, standardized beta, uncorrected p-values,
corrected g-values (false discovery rate) and results of sensitivity analysis. (N) is the sample size in each analysis. Q-
values presented only for uncorrected P-values<0.05 for model 1, __ otherwise. Model 1 was adjusted for age, sex, race,
poverty status and time of follow-up between visit 1 and vsan. MD is measured in mm?/sec.

® Model 2 is a sensitivity analysis further adjusting Model 1 for selected hematological measures [i.e RDW + other
hematological measures (MCH, Serum iron, ESR)] after screening using machine learning techniques (See Supplemental
methods 3).

Table 3. RDW analyses: Minimally and hematological measure adjusted associations from analyses A (global FA/MD), B
(Regional cortical FA/MD, Left/Right) vs. visit 1 RDW (overall and stratified by sex; and among non-anemic participants):
ordinary least square analyses; HANDLS 2004-2009 and HANDLS-SCAN 2011-20152

Model 2: Hematological measure-adjusted, sensitivity

Model 1: Minimally adjusted analysis (SA)"
P for Interaction
7 of RDWewn
Total sample (N=214) B (SE) b P value B (SE) P by sex

dMRI, Analysis A
Mean FA -0.00091 (0.00075)  -0.085  0.23 -0.00131 (0.00106) 022 __
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Mean MD +450e-06  (6.68e-06)  +0.043  0.50 +3.14e-06  (9.4%-06) 091

Males (N=97)

dMRI, Analysis A

Mean FA -0.00593 (0.00196) -0.30 0.003 0.038 -0.006473 (0.002433) 0.009 0.004

Mean MD +4.28e-05 (1.71e-05)  +0.24 0.014 0.086 +0.000045 (0.000021) 0.038 0.029

dMRI, Analysis B

Left Brain
Frontal FA -0.005704 (0.001796)  -0.31 0.002° 0.037 -0.0066874  (0.002241) 0.004 0.011
Frontal MD +0.0000316  (0.000017) +0.18 0.066 +0.0000351  (0.0000213) 0.10  0.028
Temporal FA -0.0046025  (0.001839) -0.26 0.014 0.14 -0.0043301  (0.0023103) 0.064 0.022
Temporal MD +0.0000257  (0.000016) +0.17 0.11 _ +0.000021 (0.00002) 031 017
Parietal FA -0.005925 (0.001778)  -0.33 0.001 0.030 -0.007343 (0.002212) 0.001 0.003
Parietal MD +0.0000345  (0.0000209) +0.16 0.10 - +0.000061 (0.000026) 0.021 0.20
Occipital FA -0.0051361  (0.001637)  -0.32 0.002 0.037 -0.0056694  (0.0020237) 0.006 0.003
Occipital MD +0.0000507  (0.0000173) +0.28 0.004 0.051 +0.0000619  (0.0000213) 0.005 0.020

Right Brain
Frontal FA -0.005948 (0.0017423) -0.33 0.001 0.028 -0.006399 (0.002151) 0.004 0.001
Frontal MD +0.0000286  (0.0000152) +0.18 0.064 __ +0.000030 (0.000019) 0.12  0.036
Temporal FA -0.004967 (0.001916) -0.27 0.011 0.12 -0.005407 (0.002380) 0.026 0.011
Temporal MD +0.000027 (0.0000139) +0.19 0.058 __ +0.0000331  (0.0000175) 0.061 0.14
Parietal FA -0.0067969  (0.001986) -0.34 0.001 0.030 -0.0085593  (0.002467) 0.001 0.001
Parietal MD +0.0000388  (0.0000232) +0.16 0.097 +0.0000702  (0.0000286) 0.016 0.18
Occipital FA -0.0065511  (0.0018366) -0.36 0.001 0.028 -0.0076675  (0.0022795) 0.001 0.001

Occipital MD +0.0000534  (0.0000182) +0.29 0.004 0.051 +0.0000628  (0.0000225) 0.006 0.040
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Females (N=117)

dMRI, Analysis A
Mean FA +0.0001416 ~ (0.0007934) +0.017 086  __ -0.0003437  (0.0012155)  0.78
Mean MD -2.99e-06 (7.18e-06)  -0.037  0.68 _ -7.01e-06 (0.0000111) 053 __

Non-Anemic (N=190)

dMRI, Analysis A
Mean FA -0.0005986  (0.0011114) -0.041 0.59. SA -0.0008299  (0.0012592) 051 __
Mean MD -4.42e-06 (0.0000104) -0.030 0.67 . SA -6.08e-06 (0.0000118)  0.61

Abbreviations: Agen=age measured at HANDLS visit 1 (2004-2009); CV=Coefficient of Variation; dMRI=Diffusion Magnetic
Resonance Imaging; ESR=Erythrocyte Sedimentation Rate; FA=Fractional Anisotropy; FDR=False Discovery Rate;
HANDLS=Healthy Aging in Neighborhoods of Diversity Across the Life Span; HANDLS-SCAN=Brain magnetic
resonance imaging scan ancillary study of HANDLS; MCH=Mean Cell Hemoglobin; MD=Mean Diffusivity; RDW=Red
Cell Distribution Width; SA=Sensitivity Analysis; SE=Standard Error; vi=visit 1 of HANDLS (2004-2009); v2=visit 2 of
HANDLS (2009-2013); vsean=HANDLS-SCAN visit (2011-2015).

a Values are adjusted linear regression coefficients (3 with associated SE, standardized beta, uncorrected p-values,
corrected g-values (false discovery rate) and results of sensitivity analysis. (N) is the sample size in each analysis.
Standardized betas for RDW are computed as SD in outcome per SD in visit 1 RDW. Q-values presented only for
uncorrected P-values<0.05 for model 1, __ otherwise. Model 1 was adjusted for age, sex, race, poverty status and time of
follow-up between visit 1 and viean. MD is measured in mm?/sec.

b Model 2 is a sensitivity analysis further adjusting Model 1 for selected hematological measures [i.e Hb + other
hematological measures (MCH, Serum iron, ESR)] after screening using machine learning techniques (See Supplemental
methods 3).
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FIGURE LEGENDS

FIGURE 1 WAsit 1 20042009 HAMDLS (age: 30-65 vears, White and A4 men and women’)
(n=3,720, 54.7 % females, 45.2% males )

3

DOata awvailable on ROW (visits 1 (200420097 or 2 (2008-2013
(n=3,017, 56.2% females, 43.8% males )

3

Data awvailable on Hemoglobin (@anemia) at wisit 1
(n=2, 74, 566 % females, 43.4% malas)

L

Data awvailable on brain dR I, HAMDOLS SCAN Z011-2018%: Total populstion
(n=214, 117 females; 97 males)

Data awvailable o Mon-anemic

Figure 1. Study participant schematic: HANDLS 2004-2013 and HANDLS-SCAN
2011-2015°

Abbreviations: HANDLS=Healthy Aging in Neighborhoods of Diversity Across the Life
Span; HANDLS-SCAN=HANDLS brain MRI ancillary study; MRI=Magnetic
Resonance Imaging

aVisit 1 refers to HANDLS 2004-2009; Visit 2 refers to HANDLS 2009-2013; and
HANDLS-SCAN visit (vsan) was carried out between 2011 and 2015.
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FIGURE 2
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Figure 2. Volcano plots and brain images of FA and MD vs. RDW(v1) among males:
HANDLS 2004-2013 and HANDLS-SCAN 2011-20152b<

Abbreviations: bayesIRDW=0RDW ; DTI=Diffusion Tensor Imaging; FA=Fractional
Anisotropy; HANDLS=Healthy Aging in Neighborhoods of Diversity Across the Life
Span; HANDLS-SCAN=HANDLS brain MRI ancillary study; MD=Mean Diffusivity;
MRI=Magnetic Resonance Imaging; TR=Tracts.

2 In both the volcano plot and the brain images: Values are effect sizes from adjusted
linear regression models restricted to males only with RDW(v1) as the exposure and
outcomes being alternately regional bilateral FA and regional bilateral MD. The
multiple linear models were adjusted for age, race, poverty status and time of follow-up
between visit 1 and vscan.

 The volcano plot represents the results of the two models among men, with outcomes
being regional FA and MD (A) RDW(v1) vs. DTI-FA; (B) RDW(v1) vs. DTI-MD.
“Estimate” refers to the standardized beta coefficient or effect size; -Log10(p) is the
associated negative Log base 10 of the p-value for each regional association. Red dots
represent p<0.05 with b<+0.20 for positive associations or b>-0.20 for negative
associations; Green dots represent p<0.05 with b>+0.20 for positive associations or b<-
0.20 for negative associations.
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¢ The brain images represent the same results of the two models among men, using
FSLEYES software for visualizing effect sizes. Those effect sizes were selected for
regions with p<0.05 and are presented at a threshold of 0.20 up to the maximum effect
size, using a color gradient. Colder (blue) colors are for negative associations (expected
for DTI-FA) and warmer colors (red through yellow) are for positive associations
(expected for DTI-MD). Lighter colors indicate stronger effect sizes.

FIGURE 3
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Figure 3. Associations of mean FA and MD with the 3 main exposures (Anemic(v1),
RDW(v1) and 8RDW) by age group, race and poverty status, minimally adjusted
model (Model 1): HANDLS 2004-2013 and HANDLS-SCAN 2011-2015*

Abbreviations: AA=African Americans; AP=Above Poverty; BP=Below Poverty;
ESR=Erythrocyte Sedimentation Rate; FA=Fractional Anisotropy; HANDLS=Healthy
Aging in Neighborhoods of Diversity Across the Life Span; HANDLS-SCAN=HANDLS
brain MRI ancillary study; Hb=Hemoglobin; MCH=Mean Cell Hemoglobin; MD=Mean
Diffusivity; MRI=Magnetic Resonance Imaging.

@ Values are adjusted linear regression coefficients 3 with associated 95% CI. All
stratified multiple linear models with outcomes being global Mean FA and global Mean
MD and the 3 exposures entered alternately, were adjusted for age, sex, race, poverty
status and time of follow-up between visit 1 and vscan (Analysis A’) The models
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presented are stratified by age group (<50 years: group 1, n=127; > 50 years: group 2,
n=87); race (Whites: group 3, n=127; African-Americans: group 4, n=87); and poverty
status (Below poverty: group 5, n=70; Above poverty: group 6, n=144). DRDW is the
empirical bayes estimator from mixed-effects regression model using the full HANDLS
cohort with two repeats, over time, representing annual rates of change at the
individual-level in RDW. Anemia (using sex-specific WHO criteria) and RDW(v1) are
measured at visit 1. Model 2 was conducted on selected findings, further adjusting
Model 1 by RDW (for anemia), Hb (for RDW), ESR, serum iron and MCH.

P Mean FA vs. anemia at vi among older adults (aged 250 years) in Model 1: 3=-0.0152,
SE=0.00070, p=0.033. P>0.05 in Model 2.

¢ Mean FA vs. anemia at vi among individuals living above poverty in Model 2: 3=-
0.0088, SE=0.0044, p=0.048. P>0.05 in Model 2.

4 Mean FA vs. RDW at vi among individuals living above poverty in Model 1: 3=-
0.0021, SE=0.0009, p=0.020.

¢ Mean FA vs. RDW at vi among individuals living above poverty in Model 2: 3+SE: -
0.00391+0.00130, p=0.004.
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