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Reviewers' comments:
Reviewer #1 (Remarks to the Author):

The authors aimed to study the role of systemic inflammation as a mediator of racial/ethnic
disparities in dementia and the role of race/ethnicity as a moderator of the association between
systemic inflammation and dementia. The authors performed a secondary analysis of data from
the Health and Retirement Study. The authors used causal mediation analysis to decompose the
total racial/ethnic disparity in dementia into four components (controlled direct effect, pure natural
indirect effect, mediated interaction, and reference interaction). Although I believe that this
manuscript could be an important contribution to the literature, I do have some concerns
regarding the analyses and interpretations of the results. Please find my point-by-point review
below.

1. Dementia was determined using the Langa-Weir cut-off points to the composite score of the
modified Telephone Interview for Cognitive Status (TICS). The way this is currently described in
the manuscript makes it sound like all tests that were included in the TICS factored into the
composite score (range 0-27). This is not correct, as the naming and orientation items are not
included when determining dementia status using the Langa-Weir cut-off points. See also
Crimmens et al. (2011).

Crimmins, E. M., Kim, J. K., Langa, K. M., & Weir, D. R. (2011). Assessment of cognition using
surveys and neuropsychological assessment: the Health and Retirement Study and the Aging,
Demographics, and Memory Study. Journals of Gerontology Series B: Psychological Sciences and
Social Sciences, 66(suppl_1), i162-i171.

2. The authors excluded people with cognitive impairment (CIND) from the analyses. This means

that selection into the analytical sample was dependent on the outcome variable. By excluding this
group of participants who do not (yet) have dementia, the observed effects may be larger than the
true effects. Based on the Langa-Weir cut-offs the participants with CIND do not have dementia.

Therefore, I would suggest including the participants with cognitive impairment in the analyses by
including them in the group of participants who do not have dementia. This could be followed by a
sensitivity analysis in which the participants with CIND are included in the dementia group instead.

3. The authors choose to merge non-Hispanic Black and Hispanic participants into one group,
which they termed the minoritized category. In addition, the authors performed subgroup analyses
in which they compared 1) non-Hispanic Black and non-Hispanic White participants (i.e., excluding
Hispanic participants), and 2) Hispanic White participants with non-Hispanic White participants
(i.e., excluding non-Hispanic Black participants). It is unclear to me why the authors choose this
strategy rather than treating race/ethnicity as a categorical variable (non-Hispanic White, non-
Hispanic Black, and Hispanic). If race/ethnicity is treated as a categorical variable, comparisons
could be made between all categories while preserving power. I believe that the CMAverse package
also facilitates categorical (nominal) exposures, so software is not a limiting factor.

4. Race and ethnicity are not necessarily mutually exclusive categories. Were there any
participants who identified as Hispanic Black? If so, how were these participants categorized?

5. The authors adjusted the analyses for multiple confounders. The authors mention that APOE
may be an exposure-induced confounder of the mediator-outcome effect. Although this is explicitly
stated for APOE, this may also be the case for some of the other confounders. For example,
historically, people from minoritized groups had fewer educational opportunities compared to White
people. It would be important to clarify whether any of the other confounders were affected by
race/ethnicity, and if so, to treat these variables appropriately in the analyses.

6. The authors choose to dichotomize some of the categorical and continuous confounders (e.g.,
smoking, number of chronic health conditions). This may lead to residual confounding. Therefore,
it would be more appropriate to include these variables as categorical or continuous rather than
dichotomous.



7. Childhood socio-economic status could also be a potential confounder of the CRP-dementia
association, as childhood socio-economic status has been found to be associated with both
inflammation (e.g., see Milaniak & Jaffee, 2019) and dementia (e.g., see Cha, farina, & Hayward,
2011). If possible, it would be important to adjust for (a proxy of) childhood socio-economic status
in the analyses.

Cha, H., Farina, M. P., & Hayward, M. D. (2021). Socioeconomic status across the life course and
dementia-status life expectancy among older Americans. SSM-population health, 15, 100921.

Milaniak, I., & Jaffee, S. R. (2019). Childhood socioeconomic status and inflammation: a
systematic review and meta-analysis. Brain, behavior, and immunity, 78, 161-176.
8. Could the authors clarify their choice to dichotomize CRP?

9. The mediation analyses were performed using the CMAverse package for causal mediation
analysis. This package includes six estimation methods. Could the authors clarify which method
they used to estimate the effects? Could the authors also clarify what type of confidence intervals
were estimated for the mediation effect estimates?

10. The mediational E-value was determined for the Total Natural Indirect Effect estimate, while
this effect estimate is not displayed in Table 2. It would be helpful to report the Total Natural
Indirect effect, so that it is clear to which the mediational E-value applies.

11. The authors conclude that the observed disparity in dementia was mediated by CRP. Although
the mediated interaction was statistically significant, the estimate was small, and the estimate of
the pure indirect effect was small and not significant. Table 2 shows that most of the disparity is
explained by the direct effect (which includes the effects through other mediators than CRP) and
by the reference interaction. Furthermore, the mediational E-value showed that an unmeasured
confounder only needs to have a relatively small effect on CRP and dementia to explain away the
mediated effect. Given that the authors did not adjust for childhood socioeconomic status and that
there may be residual confounding, there is a possibility that the observed mediated effect is
explained by confounding. Therefore, the language used in the conclusion of the abstract and in
the discussion section is more conclusive than is supported by the results in the paper.

Reviewer #2 (Remarks to the Author):

The Mediating Role of Systemic Inflammation and Moderating Role of Race/Ethnicity in Racialized
Disparities in Incident Dementia: A Decomposition Analysis

This study was a systematic analysis of whether C-reactive protein (CRP), a marker of systemic
inflammation, mediates the relationship between race/ethnicity and dementia incidence or is
moderated by race/ethnicity to predict racial disparities in incident dementia. Among minoritized
participants (i.e., self-identified non-Hispanic Black and Hispanic Americans), high CRP was found
to be associated with increased risk for dementia; the association was strongest for Hispanic
Americans and was not significant for non-Hispanic Black Americans. CRP accounted for a small
proportion (2%) of the relationship between minoritized (vs. non-minoritized) group and dementia
incidence; however, the interaction between minoritized group status and increased CRP accounted
for 12% of the disparity in dementia incidence. The moderating role of race/ethnicity was largely
attributable to the Hispanic American group. The aims and findings of this study are very
important because there has been little prior research investigating mechanisms linking
racialization to health disparities in dementia risk. This study is one of the first to begin to
undertake this complex issue. Questions and concerns about the manuscript are outlined below.

Introduction

1. To provide support for collapsing the 2 racialized categories (i.e., non-Hispanic Black and
Hispanic) into one group, please describe how the deleterious consequences of racialization (i.e.,
the embodiment of racism) may operate similarly across marginalized groups.

2. Please explain in more detail why inflammation is a potential marker for racialization. What are



the pathways that link racialization to physiological and behavioral (e.g., coping) responses that
increase inflammation?

3. A more thorough discussion of research on inflammation and dementia risk is needed. Hegazy
et al, cited in the manuscript, found that low CRP was associated with greater risk for dementia. In
another study (Gabin et al., 2018 doi: 10.1186/s12979-017-0106-3), CRP levels were positively
associated with greater risk for dementia in younger old adults (60-70.5) but lower risk for
dementia in older old adults (>70.6). Mixed findings from the literature should be addressed.

4. To provide additional support for testing CRP as a mediator, please briefly describe physiological
mechanisms that may link increased inflammation and dementia risk.

5. The last sentence regarding APOE4 needs clarification; further elaboration should occur earlier
in the introduction. It sounds as though an additional test will be performed to show that the
mediation analysis, testing inflammation as a marker of racialization, is robust to influences from a
major genetic risk factor for dementia (APOE4) which is also associated with lower CRP and more
frequently found in the African American population. I think it would be important to note that
within the African American population, APOE4 may not increase risk for AD as much as in the
non-Hispanic White population (Tang et al., 1998).

6. The issue of APOE4 introduced in the last sentence raises the question of the potential overlap
between racialized group status and shared genetic ancestry. Racial groups are social constructs
and do not have any biological foundation; however, what if a certain proportion of the variance
within some racialized groups is due to shared genetic ancestry? To what extent do processes of
racialization interact with shared genetic ancestry, including and beyond APOE4? This is
undoubtedly a very complex issue, but one that might require some recognition in the discussion
section.

Methods

1. Please explain why 6-years was selected as the time frame for determining dementia incidence.
The preclinical phase of Alzheimer’s disease may last from 20-30 years. Participants who develop
dementia within the 6-year window are already experiencing the physiological consequences of AD,
which would likely include neuroinflammation. Can brain-derived CRP (Yasojima et al., 2000
doi.org/10.1016/S0006-8993(00)02970-X) increase plasma CRP levels? A longer time lag than 6-
years would be needed to decrease influence from reverse causation. This limitation should be
discussed.

2. Please explain what is meant by “any non-dementia baseline”. How was cognitive status
determined at baseline?

3. Regarding the correlation reported for plasma and blood spot CRP, was that result from a
subsample of the HRS or from another study?

4. Because sex differences have been reported for CRP, please explain why sex was not tested as a
moderator of racialized group status.

Results

1. Results that were not statistically significant should be reported as such and should be described
in the discussion section as not statistically significant. This is in reference to statements that
seem to imply an association, in spite of ClIs including 0, e.g., “those with high CRP had only 1.09
(95% CI: 0.83, 1.43) times higher risk of dementia than those with low CRP” and “When
decomposing the non-Hispanic Black vs non-Hispanic White disparity, we found that the mediating
effect of CRP accounted for 2% (95% CI: -1%, 8%) of the disparity, and the portion attributable to
the interaction accounted for 8% (95% CI: -5%, 21%)". And in the discussion: “When
decomposing the non-Hispanic Black versus non-Hispanic White disparity, we observed that 8%
was attributable to the interaction effect between non-Hispanic Black membership and high CRP.”

Discussion

1. Even though the non-Hispanic Black group had the greatest odds for high CRP, CRP was not
related to incident dementia in this group. This is an interesting finding that deserves greater
elaboration.

2. The sample size of the non-Hispanic Black group was described as possibly too small to detect
significant effects, but the size of the non-Hispanic Black group was slightly larger than the
Hispanic group, in which significant effects were found. Was CRP highest in the non-Hispanic Black
participants who dropped out?

3. Intersectionality (race x gender, race x education) may also play a role in dementia incidence



and should be discussed.

Reviewer #3 (Remarks to the Author):

The authors have written an interesting and important manuscript that evaluates the role of
inflammation in understanding incident dementia across race/ethnic groups in the United States.
They use the HRS data as well as the cognition file. Overall, I think it has great promise, and has
the appropriate framing and methods, but requires some additional rationale or discussion to
better place these findings in the larger literature.

The authors have indicated that they have excluded people who had CIND but never transitioned
to having dementia. If you are looking at dementia incidence, I think that these people should
remain in the denominator. I am wondering more about the justification of their removal,
especially as minoritized populations are more likely to have CIND. Relatedly, as a sensitivity
check, in order to not omit pertinent information, I might suggest the authors look at cognitive
impairment events (whether it is the transition to CIND or Dementia). Lastly, some participants
"recover" from dementia. I am wondering if the authors have explored back transitions (or if they
also looked at how sensitive the definition of dementia event-- for example, dementia event could
be based on having dementia status at two consecutive waves and/or death). Back transitions are
common in the overall data. I am not sure about the specific subsample used in this study. I think
this may be necessary if people who are misclassified may be experiencing infection or other
health problems (that may be temporary) that will also elevate CRP. These suggestions do not
need to go into the manuscript but would help in seeing how sensitive the models are to the
definition of the dependent variable.

Additionally, it would be helpful to discuss the number of events per group since this will be driving
the power of the model.

I am also wondering about the disciplinary norms of discussing findings that may not be
significant. Several of the findings have coefficients with CIs that cross "0". I might suggest the
authors amend the language to be cognizant that while the evidence is suggestive, it is not
powerful enough to reject the null that it is not "0".

Lastly, I am wondering about the role of the racialization of Hispanics. I think the authors have
done an admirable job discussing racialization, but I do think that the discussion or introduction
would benefit from stating how this might be different for Black and Latinx older adults, and how
different types of factors may be coming together to elevate CRP for both.

Overall, I think a few sensitivity checks and some minor changes to the manuscript would lead to a
unique and important paper for the field.



We thank the editor for the opportunity to resubmit this manuscript. The reviewers
provided incredibly thorough feedback, and while they highlighted the importance of
this research, they identified important areas for improvement of the research. In
particular, the reviewers suggested another operationalization of cognitive impaired
participants. In response to reviewer feedback, we have successfully incorporated
multiple sensitivity analyses into our manuscript and improved the rigor of multiple
aspects of the paper. To be explicit about our operationalization of race, we also
made a slight modification in our title to “The Mediating Role of Systemic
Inflammation and Moderating Role of Racialization in Disparities in Incident
Dementia: A Decomposition Analysis”. Our specific changes are described point by
point below.

Reviewer # 1
General Comment:

The authors aimed to study the role of systemic inflammation as a mediator of
racial/ethnic disparities in dementia and the role of race/ethnicity as a moderator of
the association between systemic inflammation and dementia. The authors
performed a secondary analysis of data from the Health and Retirement Study. The
authors used causal mediation analysis to decompose the total racial/ethnic disparity
in dementia into four components (controlled direct effect, pure natural indirect effect,
mediated interaction, and reference interaction). Although | believe that this
manuscript could be an important contribution to the literature, | do have some
concerns regarding the analyses and interpretations of the results. Please find my
point-by-point review below.

e Response: We thank the reviewer for their kind appreciation of this research
manuscript.

Comment 1: Dementia was determined using the Langa-Weir cut-off points to the
composite score of the modified Telephone Interview for Cognitive Status (TICS).
The way this is currently described in the manuscript makes it sound like all tests
that were included in the TICS factored into the composite score (range 0-27). This is
not correct, as the naming and orientation items are not included when determining
dementia status using the Langa-Weir cut-off points. See also Crimmins et al. (2011).

e Response 1: We thank the reviewers for this comment and agree that the
language employed was confusing. To address this comment, we have
modified the text under the methods section (outcome measure) in the
following way:

“Cognitive status was evaluated at baseline and every two years through the
Telephone Interview for Cognitive Status (TICS). Cognitive test results were
recorded in a continuous scale including: 10 word immediate and delayed
recall tests, a serial 7s subtraction test of working memory, counting
backwards to assess attention and processing speed, an object naming to
assess language, and recalling the date, president, and vice-president to
assess orientation. All these items represent a cognitive functioning measure



that ranges from 0-35 points, with larger values indicating better cognitive
performance. We used the Langa-Weir approach to classify HRS participants
cognitive status based on a subset of the TICS assessments, specifically the
immediate and delayed recall tests, serial 7s, and backwards counting. The
range of scores of this subset of cognitive measures was 0-27 points."
According to the Langa-Weir approach, participants scoring 0-6 points were
classified with dementia, 7-11 points were classified with CIND, and 12-27
points were classified as cognitively normal.' For the purpose of our analysis,
we focused solely on participants who developed dementia over the 6-year
study period, starting from cognitively normal or CIND at baseline. Proxy
respondents were not included in our sample, as they did not provide blood
spots.”

Comment 2: The authors excluded people with cognitive impairment (CIND) from
the analyses. This means that selection into the analytical sample was dependent on
the outcome variable. By excluding this group of participants who do not (yet) have
dementia, the observed effects may be larger than the true effects. Based on the
Langa-Weir cut-offs the participants with CIND do not have dementia. Therefore, |
would suggest including the participants with cognitive impairment in the analyses by
including them in the group of participants who do not have dementia. This could be
followed by a sensitivity analysis in which the participants with CIND are included in
the dementia group instead.

Response 2: We thank the reviewer for this insightful comment and agree
that excluding people with cognitive impairment non-dementia (CIND) from
the analysis could result in selection bias. To address this issue, we have
created a new analytic sample (N=6,908) in which participants with CIND at
baseline or that developed CIND during the 6-year follow-up period were
included as part of the reference group (i.e., cognitively normal or CIND).
Because of this change in the analytical sample size, we updated our
flowchart (Supplemental Figure 1), the descriptive (Table 1 & Supplemental
Tables 1 to 4) and regression (Table 2 & Supplemental Table 5 and 9)
tables; the mediation tables (Table 3 & Supplemental Tables 6 to 8), and all
the figures throughout the manuscript (Figure 1, 2 & Supplemental Tables 2-
4). Additionally, the cutoff point of C-reactive protein (CRP) was updated to -
high >4.73ug/mL and low (<4.73ug/mL), to represent the 75" percentile of the
distribution of the new analytic sample of 6,908 participants. As suggested by
the reviewer, we added relevant sensitivity analyses. We re-estimated
incidence rate ratios using Poisson regression and mediation-interaction
decomposition components but, this time, including CIND cases with the
dementia group. We present these sensitivity analysis results in the results
section and in the discussion.

In general, the incident rate ratios (IRR) estimated from the Poisson models
with the new analytic sample size of 6,908 participants (CIND cases grouped
with cognitively normal participants) were of similar magnitude to our initial
analysis (dementia vs cognitively normal participants, and excluding CIND
cases, N = 5,143). In the overall sample (N=6,098), and in fully adjusted
models, high levels of CRP (>4.73ug/mL) were associated with 1.23
(95%CI:1.05,1.44) times greater risk of 6-year incident dementia than low



CRP levels (<4.73ug/mL). This association was significant for Hispanic
participants (IRR: 1.85; 95%CI: 1.27,2.70); marginally significant for non-
Hispanic White participants (IRR: 1.19; 95%CI:0.98,1.45), null for non-
Hispanic Black participants (IRR: 1.00; 95%CI: 0.72,1.37), and marginally
significant for the minoritized group (non-Hispanic Black and Hispanic, IRR:
1.26, 95%ClI: 0.98, 1.62). With respect to the mediation-interaction
decomposition components, we found that when comparing the minoritized
group to the most privileged group, elevated CRP mediated 3% (95%CI: 0%,
6%) of the racial disparity, and the proportion attributable to the interaction
accounted for 14% (95%: 1%, 27%) of the racial disparity. For the non-
Hispanic Black vs non-Hispanic White disparity, the mediation and interaction
components were null. But, for the Hispanic vs non-Hispanic White disparity,
we found that 28% (95%CI: 8%, 51%) of the disparity was accounted for by
the interaction effect between the racialized social categories and the high
levels of the biomarker. These results were of similar magnitude for the
randomized analogue decomposition estimates.

We conducted appropriate changes throughout the methods, results, and
discussion sections of the manuscript to accommodate this comment, as well
as included the sensitivity analysis suggested by the reviewer.

Comment 3: The authors choose to merge non-Hispanic Black and Hispanic
participants into one group, which they termed the minoritized category. In addition,
the authors performed subgroup analyses in which they compared 1) non-Hispanic
Black and non-Hispanic White participants (i.e., excluding Hispanic participants), and
2) Hispanic White participants with non-Hispanic White participants (i.e., excluding
non-Hispanic Black participants). It is unclear to me why the authors choose this
strategy rather than treating race/ethnicity as a categorical variable (non-Hispanic
White, non-Hispanic Black, and Hispanic). If race/ethnicity is treated as a categorical
variable, comparisons could be made between all categories while preserving power.
| believe that the CMAverse package also facilitates categorical (nominal)
exposures, so software is not a limiting factor.

e Response 3: We thank the reviewer for this comment and would like to
provide clarity about our decision to group non-Hispanic Black and Hispanic
participants into a unique group membership or minoritized status. This
strategy, besides being a complementary approach to the suggestion to gain
statistical power, reflects a current recommendation for the use of causal
diagrams in the study of health disparity research.? This comment has
directed us to be more explicit in our conceptualization of racialization as
treatment assignment and to incorporate the historical processes that proceed
racial designations in our causal diagram. Therefore, we have implemented
the below changes in our methods section and our Figure 1.

Firstly, we would like to clarify that, in our study, the Hispanic group is
composed of participants from different racial backgrounds. In the Health and
Retirement Study questionnaire, participants are allowed to identify their race,
followed by their ethnicity. This means that the Hispanic group category is



made-up of diverse racialized social groups. We have cross-tabulated the
variables race and ethnicity in the complete sample of the HRS corresponding
to waves 2006 and 2008 (the baseline years for our study). We can observe
that nearly 60% of Hispanic participants identify themselves as White.
However, nearly 40% of Hispanic participants identified themselves as
belonging to “other” race, and only 3% of Hispanic participants identified
themselves as Black. For instance, when we contrast Hispanic participants to
their non-Hispanic White counterparts, we are comparing a heterogenous
group that in great proportion (around 40%) categorizes themselves as non-
White. However, even if Hispanic participants self-identify as White,
historically, and legally, Hispanic groups (i.e., Mexican Americans, Cubans,
Puerto Ricans, Colombians) have been rarely treated as White citizens.3# In
fact, in the United States, Hispanic groups have been subjected to unique
experiences of discrimination due to their racialized status. For example,
Hispanic individuals have been subjected to different forms of school and
occupational segregation, and to a large extent, have been relegated to low-
status positions due to their documentation status. Because throughout
history, Hispanic individuals have encountered similar barriers than other
oppressed racial groups (individuals racialized as Black and Indigenous
peoples), in our study, we designated them as a minoritized category and
therefore compared them to the most privileged racial group (participants
racialized as non-Hispanic White).

REDACTED

Current recommendations for the study of racial disparities in epidemiologic
research encourages researchers to contextualize race as a historical and
socially constructed category by including a variable that reflects membership
into a marginalized social designation (i.e., Hispanic, non-Hispanic Black,
Indigenous people, etc.,) and for comparison to a more privileged racialized
social group (non-Hispanic White).? Based on this recommendation, we
created our three racialized social categories, and because non-Hispanic
White participants occupy the most privilege position in our society, they
served as the reference category in our analysis. Further, non-Hispanic Black
and Hispanic individuals may undergo different racialized treatment and
experiences. These marginalized groups have undergone similar
discriminatory practices.3-® Since the aim of this study was to capture the
effect of the racialization process on a biological pathway, contrasting two
historically oppressed social groups would not address the main aim of our
study.



Methods
Exposure

“Following current recommendations for the study of racial disparities in
epidemiologic research,? we used participants’ self-reported racialized
categories as a proxy measure of exposure to the racialization process. We
compared each minoritized group (non-Hispanic Black and Hispanic) to the
most privileged category (non-Hispanic White, reference group).? Participants
racialized as Hispanic included those racialized as Hispanic White (58.6%),
Hispanic Other race (37.1%), and Hispanic Black (2.8%). Although, non-
Hispanic Black and Hispanic individuals are highly heterogenous groups; in
the United States, they have experienced structural discrimination in the form
of redlining, educational segregation, mob violence, Jim Crow and anti-
immigrant laws.35-° These historical events have placed generations of non-
Hispanic Black and Hispanic Americans behind their non-Hispanic White
counterparts and are the root cause of important disparities in health and
economic mobility.>11-13 To capture this minoritized status and to leverage a
larger sample size to detect small statistical effects, we combined non-
Hispanic Black and Hispanic participants into a minoritized category.
Throughout the manuscript, when comparing jointly non-Hispanic Black and
Hispanic participants to the most privilege group, we use the terminology
minoritized group; otherwise, we specify which racialized groups are being
compatred (i.e., non-Hispanic Black vs non-Hispanic White, or Hispanic vs
non-Hispanic White). In our causal diagram (Figure 1), the arrow from the
historical and institutional processes to the minoritized group membership
indicates that these historical events force individual-level memberships into
racially defined categories. These racialized social categories reflect
hierarchies of privilege and social position rather than phenotypical, ancestral,
or cultural attributes.'*”

Confounders (C):
Demographics
Behavioral factors
Chronic conditions
APOE-£4

Historical structural and
institutional racism (e.g.,
Slavery, Mob violence, Jim
Crow laws, Redlining)

-
Exposure (A): Membership v b —
»  in minoritized group vs Mediator (M): CRP Outcome (Y): Incident dementia
] (M): CRP_ |+ Oulcome (¥y: I

Privileged racial group

c

Figure 1: Directed Acyclic Graph illustrating the relationship between racialized
social groups, systemic inflammation, and 6-year incident dementia in the Health and
Retirement Study. Exposure (A) represents membership in a minoritized or racialized



group vs a privileged group (i.e., non-Hispanic Black and/or Hispanic participants vs
non-Hispanic White participants). Racialized group membership stems from
historical and structural processes related to racism and this forced membership
status directly associated with incident dementia, as denoted in arrow ¢, and through
systemic inflammation (Mediator M) as denoted by arrows (a) and (b). The
association between systemic inflammation and incident dementia is denoted by
arrow (b). However, the association between systemic inflammation and incident
dementia can be modified by membership in minoritized racial status, as this model
allows for exposure-mediator interaction. The set of confounders (C) account for
exposure (A) - outcome (Y), exposure (A) - mediator (M), and mediator (M) -
outcome (Y) confounders. This model also assumes that there are not mediator-
outcome confounders (L) affected by the exposure (A).

Comment 4: Race and ethnicity are not necessarily mutually exclusive categories.
Were there any participants who identified as Hispanic Black? If so, how were these
participants categorized?

e Response 4: We thank the reviewer for this comment. In the previous
response (response 3), we addressed how the Hispanic category was
created. Briefly, in our study, the Hispanic category is made-up of individuals
racialized as Hispanic White (58.6%), Hispanic Other race (37.1%), and to a
lesser extent those racialized as Black (2.8%). We also explained why we
studied the Hispanic group in relation to their non-Hispanic White counterpart,
and why we created a unique category combining both, participants racialized
as Hispanic and non-Hispanic Black.

Comment 5: The authors adjusted the analyses for multiple confounders. The
authors mention that APOE may be an exposure-induced confounder of the
mediator-outcome effect. Although this is explicitly stated for APOE, this may also be
the case for some of the other confounders. For example, historically, people from
minoritized groups had fewer educational opportunities compared to White people. It
would be important to clarify whether any of the other confounders were affected by
race/ethnicity, and if so, to treat these variables appropriately in the analyses.

e Response 5: We thank the reviewer for this comment and agree that there
are other potential confounders that may be affected by the exposure in our
analysis. Historically, educational attainment has been highly racialized and
segregated in the United States. To follow the reviewer’s comment, we treated
the variable educational attainment in the analysis as a mediator-outcome
confounder affected by the exposure. We performed this sensitivity analysis
when comparing the 1) minoritized vs non-Hispanic White disparity, 2) the
non-Hispanic Black vs non-Hispanic White disparity, and 3) the Hispanic vs
non-Hispanic White disparity. These sensitivity mediation-interaction models
included both, APOE-<4 allele carrier status, and educational attainment as
variables that could be affected by the exposure (racialized social categories).



To this end, we used the CMAverse package to fit educational attainment as
an ordered factor response and employed ordered logistic regression to
model education attainment as a function of the exposure variable and other
confounders. We have added this sensitivity analysis to the methods section
and results. Overall, we found that when treating APOE-¢4 and educational
attainment as mediator-outcome confounders affected by the exposure, high
levels of C-reactive protein mediated 3% (95%CI: 0%, 6%) of the minoritized
vs non-Hispanic White disparity in incident dementia, and the interaction
between minoritized status and high levels of C-reactive protein accounted for
15% (95%: 2%, 28%) of the observed racial disparities. This indicates that our
main results were robust to this sensitivity check. We recognize that some
health behaviors (body mass index, smoking, alcohol consumption) and multi-
morbid conditions may be also mediator-outcome confounders affected by the
exposure. However, because these variables were recorded at the same time
of biomarker assessment, we think that these relationships should be
explored in more detail in future work, in particular with mediation analyses
that incorporate time ordered confounders and mediators. To clarify this to the
reader we have added this limitation to the sections as stated below.

Methods

Sensitivity Analysis

“[...] Furthermore, educational attainment has historically been racialized and
segregated in the United States, and research has shown that this socio-
economic health determinant is associated with both systemic inflammation
and adverse cognitive outcomes.®'5-7 In an additional sensitivity randomized
analogue model, we treated both educational attainment and APOE-¢4 allele
as mediator-outcome confounders affected by the exposure.. [...]”

Results

Sensitivity Analysis

“[...] Finally, because educational attainment has historically been racialized
and segregated in the United States, and segregated schooling might be
associated with both dementia, and C-reactive protein; we similarly conducted
a randomized analogue mediation model to test the robustness of our
mediated and interaction effects. This sensitivity model assumes that more
than one confounder (i.e., APOE-&4 and educational attainment) was affected
by the exposure (racialization process). We found that when comparing the
minoritized group to the non-Hispanic White group, the mediating effect of
CRP on incident dementia accounted for 3% (95% CI: 0%, 6%) of the
disparity, and the proportion due to interaction accounted for 156% (95% ClI:
2%, 28%) (Supplemental Table 8). We obtained similar estimates for the
decomposition effects of the non-Hispanic Black vs non-Hispanic White
disparity, and the Hispanic vs non-Hispanic White disparity than in the
randomized analogue models that only included APOE-£4 as a sole mediator-



outcome confounder affected by the exposure (Supplemental Table 8 &
Supplemental Table 6) [...]”

Comment 6: The authors choose to dichotomize some of the categorical and
continuous confounders (e.g., smoking, number of chronic health conditions). This
may lead to residual confounding. Therefore, it would be more appropriate to include
these variables as categorical or continuous rather than dichotomous.

e Response 6: We thank the reviewers for this comment and agree that
dichotomizing categorical and continuous confounders could result in residual
confounding bias. To follow the reviewer’s recommendations, we used the
smoking variable in its three-level categorical form (current smoker, former
smoker, and never smoker - the reference group). Similarly, the chronic health
conditions variable was used in its continuous form (i.e., the number of
chronic health conditions a participant’s reports, this number ranges from 0 to
8). We implemented these changes throughout our descriptive tables,
regression models, and mediation-interaction decomposition models, and in
text in the methods section (subsection covariates).

Comment 7: Childhood socio-economic status could also be a potential confounder
of the CRP-dementia association, as childhood socio-economic status has been
found to be associated with both inflammation (e.g., see Milaniak & Jaffee, 2019)
and dementia (e.g., see Cha, farina, & Hayward, 2011). If possible, it would be
important to adjust for (a proxy of) childhood socio-economic status in the analyses.

e Response 7: We thank the reviewers for this comment and bringing up to our
attention the potential of confounding bias in our observational study. Although
our models do not provide adjustment by childhood socio-economic status,
research suggests that childhood socio-economic conditions are predictors of
educational attainment. In previous responses we performed sensitivity
analyses with models using educational attainment as a mediator-outcome
confounder affected by the exposure. We found that our results were robust to
this sensitivity check and given that educational attainment is strongly
associated with dementia risk and C-reactive protein levels in our data, we
believe that our results may be robust to this residual confounding bias.
However, we acknowledge this limitation in our discussion, and use the
references provided by the reviewer. Additionally, we reflect on the important
relationship between health determinants such as childhood socio-economic
position, and educational attainment and structural racism.

“[...] Another important limitation is that our models did not adjust for
childhood socio-economic status, and research suggests that this may be an
important confounder between inflammation and dementia.'®'® However, in
sensitivity models using APOE-&4 and educational attainment as mediator-
outcome confounders affected by the exposure, we did not observe significant
changes in the magnitude of the mediating effect of systemic inflammation, or
the moderating effect of the racialization process on the racial disparity. Our



sensitivity analyses comparing minoritized status to the most privileged group
yielded statistically significant results for the proportion due to mediation and
interaction. These results were of similar magnitude to the main mediation
models in which a potential violation of mediation analysis was ignored.
However, it is noteworthy that important health determinants such as
educational attainment, neighborhood characteristics, and childhood socio-
economic status are, by a large degree, driven by historical and structural
process that stem from racism.>8% It is difficult to identify the indirect effect of
systemic inflammation on the racial disparity in incident dementia without
relaying in the strong assumptions drawn in our causal diagram (Figure 1),
and the temporal relationships between confounders and mediators.
Structural racism through its multiple expressions is the root cause of
economic disparities and physiological disruptions that may affect racialized
individuals’ susceptibility to disease.®®'3 In this case, educational attainment,
and other social health determinants (i.e., childhood socio-economic status)
can be understood as mediator-outcome confounders affected by the
exposure. Some of these health determinants are not included in our DAG
and may be operating under the controlled direct effect of the racialization
process. Racist policies and historical events such as redlining, mob violence,
Jim Crow and anti-immigration laws have placed individuals racialized as non-
Hispanic Black, Hispanic, and Indigenous at generational economic
disadvantage and political underrepresentation. We argue that the cumulative
effect of these disadvantages may have negative repercussion for the stress
response with downstream consequences for cognitive aging. Our research
framework is innovative, not in that we accounted for every possible
confounding variable to identify the mediating effect of systemic inflammation
on the racial disparity. But, in that we integrated a downstream biological
determinant to understand the physiological underpinnings of the racialization
process (i.e., the process of racializing individuals and differentially treating
them across multiple domains of the social life).? Future research should
expand on integrating structural measures of racism with biomarkers of
disease to better capture the multiple biological expressions of racism, and its
deleterious effects in human physiology.?°”

Comment 8: Could the authors clarify their choice to dichotomize CRP?

Response 8: We thank the reviewer for this clarifying question. Clinical cut-off
points for C-reactive protein have been developed for risk stratification of
cardiovascular disease. The Center for Disease Control and Prevention
(CDC) and the American Heart Association (AHA) established that blood
concentration of C-reactive protein levels <1mg/L equated to a low risk for
cardiovascular events; C-reactive protein concentrations between 1-3mg/L
equated to an average risk, and C-reactive protein concentrations >3mg/L
conferred a high risk for future cardiovascular events. To our knowledge, there
are no current clinical cutoff points of C-reactive protein for risk stratification of
dementia or cerebrovascular events. The highest quartile of C-reactive protein
distribution (i.e., >75th) has been previously used for risk stratification of
cerebrovascular outcomes, such as ischemic stroke and transient ischemic
attack.?! Similarly, in our study, we used the highest quartile of the distribution



of C-reactive protein to denote high exposure to systemic inflammation. In our
sample, the concentrations of C-reactive protein >75™" percentile equated to >
4.73ng/mL. This value is also within the cutoff threshold for high risk of
cardiovascular events, as denoted by the CDC and the AHA. To clarify this to
the reader we have added the following language to the methods section:

“[...] Because there are no clinical thresholds for risk stratification of CRP in
blood and dementia incidence, we used the highest quartile of the distribution
to denote exposure to high systemic inflammation levels. Previous studies
have used the highest quartile of C-reactive protein to assess risk stratification
of cerebrovascular events, such as ischemic stroke, and ischemic attack.?' In
this study, we dichotomized CRP concentrations at the >75" percentile
(highest quatrtile, and blood concentrations >4.73ug/mL) to explore its
association with incident dementia, and its mediating effect of the racial
disparity. These concentrations of CRP (i.e., >4.73ug/mL) fall within the high
stratification risk for cardiovascular events as suggested by the Center for
Disease Control and Prevention (CDC) and the American Heart Association
(AHA).2 [...]”

Comment 9: The mediation analyses were performed using the CMAverse package
for causal mediation analysis. This package includes six estimation methods. Could
the authors clarify which method they used to estimate the effects? Could the
authors also clarify what type of confidence intervals were estimated for the
mediation effect estimates?

Response 9: We thank the reviewer for this clarifying question. The main
mediation-interaction decomposition models estimates were obtained using
the regression-based approach and direct counterfactual imputation
estimation. We calculated 95% confidence intervals using bootstrap inference
(i.e., 1000 boots in each mediation model), and set a random seed for
replicability purposes. In the sensitivity mediation-interaction decomposition
models, that is, the models that used APOE-¢4 allele carrier status, and
educational attainment as mediator-outcome confounders affected by the
exposure, we used the g-formula approach and direct counterfactual
imputation to estimate the decomposition effects. For these models, we also
used bootstrap inference to calculate the 95% confidence intervals of each
component of the decomposition. To clarify this to the reader, we have added
the following text to our methods section.

Methods

Statistical Analysis

“[...] We performed four-way mediation-interaction decomposition analysis to
evaluate whether CRP mediated disparities among racialized groups in

incident dementia using the CMAverse R studio package, accounting for any
interaction effect between minoritized group status and CRP.?3 This interaction



effect allowed us to capture whether belonging to a minoritized group
differentially affected the strength of the association between systemic
inflammation and incident dementia. Decomposition estimates were obtained
using the cmest function of the CMAverse package, and we employed the
regression-based approach and direct counterfactual imputation for
estimation.?® The 95% confidence intervals of our estimates were calculated
using bootstrapping inference. We performed 1000 bootstraps in each
procedure and set a random seed for reproducibility purposes. [...]”

Methods

Sensitivity Analysis

“[...] we employed randomized analogue models to test the robustness of our
mediation analysis findings. In these models, decomposition estimates were
obtained employing the g-formula approach and direct counterfactual
imputation for estimation. The 95% confidence intervals of these randomized
analogue model estimates were calculated using bootstrapping inference. We
performed 1000 bootstraps in each procedure and set a random seed for
reproducibility purposes. [...]”

Comment 10: The mediational E-value was determined for the Total Natural Indirect
Effect estimate, while this effect estimate is not displayed in Table 2. It would be
helpful to report the Total Natural Indirect effect, so that it is clear to which the
mediational E-value applies.

Response 10: We thank the reviewer for this comment. We also think that the
reviewer may be referring to table 3 instead of table 2. Table 3 shows the four
elements of the mediation-interaction decomposition in the excess risk scale
(i.e., controlled direct effect, the interaction reference, the interaction
mediation, and the pure indirect effect) and the proportions attributable to
each effect on the racial disparity. We reported the mediational E-value for the
total natural direct effect, the total natural indirect effect, and their 95%
confidence intervals in the Supplemental Table 7A (mediational E-values for
decomposition models using the regression-based approach) and in the
Supplemental Table 7B (mediational E-values for decomposition models
using the g-formula approach). These natural effects are reported by the
CMAverse package in the rate ratio scale. In these tables, and next to the
natural direct and indirect effects, we reported the mediational E-value, and
when applicable the E-value for the lower and upper bounds of the 95%
confidence interval of the natural effects. We present these estimates for the
minoritized vs non-Hispanic White disparity model, the non-Hispanic Black vs
non-Hispanic White disparity model, and the Hispanic vs the non-Hispanic
White disparity model.

Comment 11: The authors conclude that the observed disparity in dementia was
mediated by CRP. Although the mediated interaction was statistically significant, the



estimate was small, and the estimate of the pure indirect effect was small and not
significant. Table 2 shows that most of the disparity is explained by the direct effect
(which includes the effects through other mediators than CRP) and by the reference
interaction. Furthermore, the mediational E-value showed that an unmeasured
confounder only needs to have a relatively small effect on CRP and dementia to
explain away the mediated effect. Given that the authors did not adjust for childhood
socioeconomic status and that there may be residual confounding, there is a
possibility that the observed mediated effect is explained by confounding. Therefore,
the language used in the conclusion of the abstract and in the discussion section is
more conclusive than is supported by the results in the paper.

Response 11: We thank the reviewer for this comment and believe that the
reviewer has raised an important point for discussion. In our study we did not
adjust for childhood socio-economic status, and as in any observational study,
our analyses may be susceptible to residual confounding bias. However,
some of the sensitivity checks that we have provided suggest that our results
may be robust to this potential confounding bias. In the case of childhood
socio-economic status, it may be important to contextualize this variable as a
mediator-outcome confounder affected by the exposure (racialization), and
the historical processes (i.e., slavery, mob violence, Jim Crow laws, redlining,
anti-immigration laws) that relate to the racialization process. Just like in the
case raised previously with educational attainment, childhood socio-economic
status may be a variable affected by the racialization process and the
historical events that took place during the childhood of the study participants.
In our sensitivity analyses, we demonstrated that employing educational
attainment as a mediator-outcome confounder did not nullify our mediational
or interaction effects. Additionally, research has shown that childhood socio-
economic status may be an important determinant of an individual’s future
educational attainment. Therefore, some of the effect of childhood socio-
economic status may have imperfectly been captured by the educational
attainment variable in our analysis. However, because these are important
limitations of our study, we have explicitly stated so in the discussion section
(as discussed in response 7) and encourage future research to accommodate
time-ordered confounders to understand how early life exposure to economic
hardship, and structural racism may influence adulthood inflammatory
pathways and minoritized individuals’ risk of dementia.

“[...] Another important limitation is that our models did not adjust for
childhood socio-economic status, and research suggest that this may be an
important confounder between inflammation and dementia.'®'® However, in a
sensitivity models using APOE-&4 and educational attainment as mediator-
outcome confounders affected by the exposure, we did not observe significant
changes in the magnitude of the mediating effect of systemic inflammation, or
the moderating effect of the racialization process on the racial disparity. Our
sensitivity models comparing minoritized status to the most privileged group
yielded statistically significant results for the proportion due to mediation and
interaction, these results were of similar magnitude to the main mediation
models in which a potential violation of mediation analysis was ignored.
However, it is noteworthy that important health determinants such as
educational attainment, neighborhood characteristics, and childhood socio-



economic status are, by a large degree, driven by historical and structural
process that stem from racism.>8% It is difficult to identify the indirect effect of
systemic inflammation on the racial disparity in incident dementia without
relaying in the strong assumptions drawn in our causal diagram (Figure 1),
and the temporal relationships between confounders and mediator. Structural
racism through its multiple expressions is the root cause of economic
disparities and physiological disruptions that may affect racialized individuals’
susceptibility to disease.®®'3 In this case, educational attainment, and other
social health determinants (i.e., childhood socio-economic status) can be
understood as mediator-outcome confounders affected by the exposure.
Some of these health determinants are not included in our DAG and may be
operating under the controlled direct effect of the racialization process. Racist
policies and historical events such as redlining, mob violence, Jim Crow and
anti-immigration laws have placed individuals racialized as non-Hispanic
Black, Hispanic, and Indigenous at generational economic disadvantage and
political underrepresentation. We argue that the cumulative effect of these
disadvantages may have negative repercussion for the stress response with
downstream consequences for cognitive aging. Our research framework is
innovative, not in that we accounted for every possible confounding variable
to identify the mediating effect of systemic inflammation on the racial dispatrity.
But, in that we integrated a downstream biological determinant to understand
the physiological underpinnings of the racialization process (i.e., the process
of racializing individuals and differentially treating them across multiple
domains of the social life).??* Future research should expand on integrating
structural measures of racism with biomarkers of disease to better capture the
multiple biological expressions of racism, and its deleterious effects in human
physiology.?° Additionally, mediation analysis research should incorporate
multiple biomarkers of systemic inflammation, and time-ordered confounders
to better understand how eatrly life-exposure to racism may influence systemic
inflammation, and the cognitive trajectories of older adults. [...]”

Reviewer # 2
General Comment:

This study was a systematic analysis of whether C-reactive protein (CRP), a marker
of systemic inflammation, mediates the relationship between race/ethnicity and
dementia incidence or is moderated by race/ethnicity to predict racial disparities in
incident dementia. Among minoritized participants (i.e., self-identified non-Hispanic
Black and Hispanic Americans), high CRP was found to be associated with
increased risk for dementia; the association was strongest for Hispanic Americans
and was not significant for non-Hispanic Black Americans. CRP accounted for a
small proportion (2%) of the relationship between minoritized (vs. non-minoritized)
group and dementia incidence; however, the interaction between minoritized group
status and increased CRP accounted for 12% of the disparity in dementia incidence.
The moderating role of race/ethnicity was largely attributable to the Hispanic
American group. The aims and findings of this study are very important because
there has been little prior research investigating mechanisms linking racialization to



health disparities in dementia risk. This study is one of the first to begin to undertake
this complex issue. Questions and concerns about the manuscript are outlined
below.

e Response: We thank the reviewer for their assessment of our research and
its potential impact, and for acknowledging the complexity that lies in linking
structural racism to individual-level physiological processes.

Comment 1: To provide support for collapsing the 2 racialized categories (i.e., non-
Hispanic Black and Hispanic) into one group, please describe how the deleterious
consequences of racialization (i.e., the embodiment of racism) may operate similarly
across marginalized groups.

e Response 1: We thank the reviewer for the opportunity to expand of
pathways of embodiment among minoritized social groups. We have added
the following sentence to the introduction section to explain how the
deleterious consequences of racialization may operate similarly across
marginalized groups and how individuals racialized as White uniquely benefit
from racialization.

“[...] This study examines the mediating role of systemic inflammation, and
the moderating role of racialized group on dispatities in incident dementia in a
large, diverse, population-based study.?>?% During European colonization,
individuals were racialized based on skin tone, perceived country or continent
of origin, and/or religious affiliation.?” This categorization created social
hierarchies where a privileged racialized group (i.e., non-Hispanic White)
could receive the political and socioeconomic benefits at the expense
marginalization of other groups.'*28-3" Because individuals racialized as White
uniquely benefit from racialization, we examined their health benefits in
comparison to other racialized groups 3-%11.1228.32 We expected that a lack of
compounded negatives experiences of discrimination, social exclusion, and
marginalization was embodied as no chronic stress response or lower CRP.33-
37 Research shows that persistent experiences of discrimination in minoritized
individuals are associated with higher circulating levels of proinflammatory
cytokines (i.e., C-reactive protein, Interleukin-6).283° This inflammatory state
represents the pathway by which minoritized social groups embed the social
exclusionary system in which they live. In this way systemic inflammation may
be the central mechanism to understand minoritized individuals increased
susceptibility to chronic conditions (i.e., cardiovascular disease, dementia,
cancer) and early mortality.33-354041 [ ]

Comment 2: Please explain in more detail why inflammation is a potential marker for
racialization. What are the pathways that link racialization to physiological and
behavioral (e.g., coping) responses that increase inflammation?



Response 2: We thank the reviewer for this comment and the opportunity to
expand on pathways that link racialization to physiological responses that
increase inflammation. We have added the following paragraph to the
introduction to address this comment.

“[...] In addition, systemic inflammation may explain racialized disparities in
cognitive aging. The weathering hypothesis proposes that structural racism
regularly activates the body’s stress-response causing minoritized racialized
individuals to experience allostatic overload.*>** The hyperactivation of the
hypothalamus-pituitary-axis may lead to a chronic stress response
characterized by elevated biomarkers of systemic inflammation (i.e., C-
reactive protein, interleukin-6, tumoral necrosis factor-alpha), and stress
hormones (i.e., cortisol, adrenaline).3*4%4144 The inflammatory response is
linked to the racialization process in that, through racialization theory one
does not reduce racial discrimination to interpersonal forms of racism but
recognizes that key features of structural racism are integrated in the process
of assigning political value to fictional categorizations of race.'®42% For
instance, disparities in biological markers of disease between racialized social
groups are the mere physiological expressions of racism.*® Therefore,
systemic inflammation can be understood as the central mechanism linking
the stress of racism to the racialized bodies of who survive it.*> [.. ].

Comment 3: A more thorough discussion of research on inflammation and dementia
risk is needed. Hegazy et al, cited in the manuscript, found that low CRP was
associated with greater risk for dementia. In another study (Gabin et al., 2018 doi:
10.1186/s12979-017-0106-3), CRP levels were positively associated with greater risk
for dementia in younger old adults (60-70.5) but lower risk for dementia in older old
adults (>70.6). Mixed findings from the literature should be addressed.

Response 3: We thank the reviewer for this comment and the opportunity to
address mixed findings of the relationship between C-reactive protein and
dementia incidence in the literature. We have added the following sentence to
the introduction to clarify this important point.

“[...] In a large cohort of individuals racialized as White of Danish descent,
after adjusting for plasma lipids, health behaviors and the genetic influence of
APOQOE-&4 allele carrier status, low peripheral levels of CRP were associated
with higher risk of Alzheimer’s disease and all cause dementia.*® Other
studies in European populations have found that high circulating levels of
CRP were associated with higher risk of dementia.*’=° A recent study in
Norway demonstrated that elevated levels of CRP may be associated with
higher risk of dementia in adults of 60 to 70.5 years of age, but this
association shifted for senior adults (>70.6 years).° These conflicting findings
suggest that the relationship between circulating levels of CRP and dementia
risk is complex and modified by factors like age®® and cognitive domain;®' and
therefore, large studies in diverse populations are warranted.'#243 Some
research has shown that non-Hispanic Black women have the highest levels
of CRP in comparison to non-Hispanic White women and men, and even non-
Hispanic Black men.3%5253 Thus, there is reason to believe that systemic



inflammation, via elevated CRP, may be important in linking the downstream
effects of racialization to systemic inflammation and cognitive function.3342

[..]

Comment 4: To provide additional support for testing CRP as a mediator, please
briefly describe physiological mechanisms that may link increased inflammation and
dementia risk.

Response 4:

“[...] The co-localization of glia and pro-inflammatory cytokines in amyloid-f
plaques implicate neuro-inflammation has an important role in the
pathogenesis of dementia.®*%¢ The neurodegenerative process that follows
the extracellular deposits of amyloid-f peptide, the activation of the glial, and
production of pro-inflammatory cytokines suggest that inflammation may be
the result of a reaction to the abnormal accumulation of proteins in brain
parenchyma. °+57 However, mounting evidence from observational
epidemiological studies suggests a link between systemic inflammation and
dementia onset.*84954.58 Pro-inflammatory cytokines can induce
permeabilization of the brain blood barrier endothelium, inducing paracrine
signaling with surrounding macrophages, and activation of the microglia.>®
Therefore, increasing epidemiological evidence suggests that systemic
inflammation may be a driving force in the chain of events that lead to the
onset of dementia.5*5%59-61 [ J”

Comment 5: The last sentence regarding APOE4 needs clarification; further
elaboration should occur earlier in the introduction. It sounds as though an additional
test will be performed to show that the mediation analysis, testing inflammation as a
marker of racialization, is robust to influences from a major genetic risk factor for
dementia (APOE4) which is also associated with lower CRP and more frequently
found in the African American population. | think it would be important to note that
within the African American population, APOE-¢£4 may not increase risk for AD as
much as in the non-Hispanic White population (Tang et al., 1998).

Response 5: We thank the reviewer for this comment and have modified our
introduction to accommodate the differential cumulative risk conferred by the
APOE-&4 allele across population groups with different ancestry. We also
reflect on our choice to use randomized analogue models as sensitivity
analysis checks to test the robustness of our mediation models.

“[...] Finally, because apolipoprotein E (APOE) is associated with lower
circulating levels of CRP (our mediator),%%%3 and the carrier status of the
APOQE-¢4 allele confers a different cumulative risk for the development of
dementia in individuals of African, Hispanic, and European ancestry.%* We
used randomized analogue models, in sensitivity analyses, to test whether



APOE-¢4 allele could be better treated as a mediator-outcome confounder
affected by the exposure (racialized social categories) rather than solely as a
confounder. Although genetic ancestry can have important effects in human
health, its effects are distinct from the social construction of race.?® However,
in the Health and Retirement Study, racialized social categories are artificially
paired to genetic ancestry and this feature of the data represented an
opportunity to test the robustness of our main mediation analysis. In addition,
we treated educational attainment as another potential mediator-outcome
confounder affected by the exposure, given that in the United States
educational attainment has been highly segregated, and education is an
important factor associated with dementia onset.® We revised these sensitivity
analyses in light of our main mediation models, and provided a
comprehensive conceptualization for the use of C-reactive protein as a
potential pathway to understand dispatrities in incident dementia among
racialized social groups. [...]”

Comment 6: The issue of APOE4 introduced in the last sentence raises the question
of the potential overlap between racialized group status and shared genetic ancestry.
Racial groups are social constructs and do not have any biological foundation;
however, what if a certain proportion of the variance within some racialized groups is
due to shared genetic ancestry? To what extent do processes of racialization interact
with shared genetic ancestry, including and beyond APOE4? This is undoubtedly a
very complex issue, but one that might require some recognition in the discussion
section.

e Response 6: We thank the reviewer for this comment and have expanded on
the issue of racialization, genetic ancestry, APOE-e4 carrier status, and
dementia risk in the discussion section.

“[...] Notably, treating APOE-&4 allele carrier status as potential mediator-
outcome confounder affected by the exposure did not alter our conclusions.
However, this raises the question of the complex interrelation between the
social construction of race through the racialization process, and genetic
ancestry. The Health and Retirement Study correlated the genetic diversity of
its sample to self-reported racialized social categories. However, this artifact
of the data does not reflect genome-wide differences between racialized
groups.®® Additionally, research shows that individuals with African, Hispanic,
and Caribbean ancestry have a higher frequency of the APOE-&4 allele than
individuals with European ancestry. The higher frequency of the &4 allele does
not confer individuals of African or Hispanic ancestry a higher risk for
dementia as it does to individuals of European ancestry.5* This poses the
question of whether the observed variation in dementia risk among individuals
from different ancestral populations is modified through the interplay between
the APOE-¢4 allele and biological factors such as systemic inflammation,??:66
which in turn is highly influenced by the racialization process. [...]”



Comment 7: Please explain why 6-years was selected as the time frame for
determining dementia incidence. The preclinical phase of Alzheimer’s disease may
last from 20-30 years. Participants who develop dementia within the 6-year window
are already experiencing the physiological consequences of AD, which would likely
include neuroinflammation. Can brain-derived CRP (Yasojima et al., 2000
doi.org/10.1016/S0006-8993(00)02970-X) increase plasma CRP levels? A longer
time lag than 6-years would be needed to decrease influence from reverse
causation. This limitation should be discussed.

e Response 7: We thank the reviewer for the opportunity to explain our time
frame for determining dementia incidence. We acknowledged that Alzheimer’s
prodromal and preclinical phase window has an average of 20 years, while
the average clinical duration of the disease is 8-10 years and agree that due
to our short follow-up period, we are unable to rule out reverse causation. To
address this limitation, we have added the following sentence to the
discussion section.

“[...] Lastly, during the prodromal phase of Alzheimer’s disease (20 years)
there are changes in cerebrospinal fluid concentrations of Amyloid-£42 and
other inflammatory biomarkers that are predictive of disease onset.%’ In large
observational studies like the Health and Retirement Study, participants are
routinely screened for changes in their cognitive function; clinical impairment
debuts with changes in cognitive tests scores starting approximately 6 years
before symptoms onset.%” We used a 6-year follow-up period to estimate
incident dementia, but it is plausible that participants classified as incident
cases may have experienced a long prodromal period with changes in brain
anatomy and neuro-inflammatory biomarkers. Because of the colocalization of
CRP with amyloid-f plaques in brain parenchyma, and the correlation
between CRP cerebrospinal fluid concentrations and peripheral levels, our
results may be susceptible to reverse causation.*¢%8° Fyture studies
exploring longitudinal trajectories of inflammation with longer follow-up periods
should address this limitation. [...]”

Comment 8: Please explain what is meant by “any non-dementia baseline”. How
was cognitive status determined at baseline?

e Response 8: We thank the reviewer for this clarifying question and have
addressed in the methods section with the following sentence:

“For the purpose of our analysis we focused solely on participants who did
not have dementia at baseline (i.e., cognitively normal, or CIND) and who
developed dementia over the 6-year study period.”

Comment 9: Regarding the correlation reported for plasma and blood spot CRP,
was that result from a subsample of the HRS or from another study?

e Response 9: Thank you for the opportunity to clarify the CRP measurement
approaches. Validation of the laboratory approach for blood spot CRP
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measures was demonstrated in a previous independent sample with collection
procedures designed to mimic the Health and Retirement Study. In the
independent validation study, CRP concentrations from dried blood spot
samples were linearly related to concentrations in plasma samples (n =87
paired samples, Pearson R = 0.99).7° We revised the methods as follows:

Circulating CRP was measured in blood spots using an enzyme-linked
immunosorbent assay (ELISA).”° The CRP assay lower limit of detection was
0.035mg/L, the within-assay imprecision was 8.1%, and the between-assay
imprecision was 11.0%. In an independent sample, this dried blood spot
approach was validated against the more typical plasma sample measures (n
=87 paired samples, Pearson R = 0.99).7°

Comment 10: Because sex differences have been reported for CRP, please explain
why sex was not tested as a moderator of racialized group status.

e Response 10: We agree that this would be an important research question
and we thank the reviewer for the opportunity to clarify why an interaction
effect between race and sex was not tested. As shown in our distributional
tables (Supplemental Table 2 & Supplemental Table 3), we likely lack the
statistical power to detect meaningful difference in a race and sex stratified
analysis. For example, the sample size for minoritized men of color were
small. Our study had only n=260 men racialized as non-Hispanic Black, and
n=230 men racialized as Hispanic. An analysis exploring the interaction effect
between sex and race would require a larger sample size to detect statistically
meaningful effects, in particular, because the mediated effect of CRP protein
in the racial disparity was of small magnitude.

Comment 11: Results that were not statistically significant should be reported as
such and should be described in the discussion section as not statistically significant.
This is in reference to statements that seem to imply an association, in spite of Cls
including 0, e.g., “those with high CRP had only 1.09 (95% CI: 0.83, 1.43) times
higher risk of dementia than those with low CRP” and “When decomposing the non-
Hispanic Black vs non-Hispanic White disparity, we found that the mediating effect of
CRP accounted for 2% (95% CI: -1%, 8%) of the disparity, and the portion
attributable to the interaction accounted for 8% (95% CI: -5%, 21%)”. And in the
discussion: “When decomposing the non-Hispanic Black versus non-Hispanic White
disparity, we observed that 8% was attributable to the interaction effect between non-
Hispanic Black membership and high CRP.”

e Response 11: We thank the reviewers for their comment on the statistical
significance of our results. we have reported not statistically significant results
as such in both the results and the discussion section.

Comment 12: Even though the non-Hispanic Black group had the greatest odds for
high CRP, CRP was not related to incident dementia in this group. This is an
interesting finding that deserves greater elaboration.



Response 12: We thank the reviewer for this comment and have provided the
following sentences to better explain these findings.

[...] We found that high levels of systemic inflammation were associated with
incident dementia in the overall sample, in the minoritized group, the Hispanic
group, and the non-Hispanic White group. Although participants racialized as
non-Hispanic Black had the highest levels of systemic inflammation, among
this group, elevated CRP protein was not associated with incident dementia.
An explanation for this finding may be that adults racialized as non-Hispanic
Black exhibited high systemic inflammation levels as a result of the high-effort
of coping against the stress of racism, but this translated only superficially into
changes in their cognitive tests scores, a syndrome known in the literature as
John Henryism."="3 [..]

Comment 13: The sample size of the non-Hispanic Black group was described as
possibly too small to detect significant effects, but the size of the non-Hispanic Black
group was slightly larger than the Hispanic group, in which significant effects were
found. Was CRP highest in the non-Hispanic Black participants who dropped out?

Response 13: We thank the reviewer for this comment. An internal analysis
of our data reveled that among those who had missing information, the
distribution of mean CRP levels is as followed:

o Non-Hispanic Black (n=244) & CRP =7.41
o Hispanic (n=161) & CRP = 5.20
o Non-Hispanic White (n=1279) & CRP = 5.06

Therefore, we can confirm that among participants who were dropped out
from our study, those racialized as non-Hispanic Black had the highest levels
of CRP. As hypothesized in our discussion, these results suggest that:

“[...] Chronic systemic inflammation may predispose Black participants for other
competing events such as diabetes, cardiovascular disease, stroke, and premature
death;#-78 which in turn may affect Black participants’ likelihood of retention during
the study period. Although our models controlled for confounding bias by these
potential competing events, we did not account for selection bias issues in our
analysis, and future research should inform how differential loss to follow-up affects
the relationship between systemic inflammation and dementia in Black participants.

[.I

Comment 14: Intersectionality (race x gender, race x education) may also play a
role in dementia incidence and should be discussed.

Response 14: We agree and thank the reviewer for this comment and the
opportunity to discuss the how intersectionality should be integrated into



future research. To address this comment, we added the following sentence to
the discussion section.

“[...] And, because participants at the intersection of multiple marginalized
identities (i.e., non-Hispanic Black women and Hispanic women) exhibited
higher levels of systemic inflammation, future work should characterize the
role of racism and sexism in inflammation trajectories and dementia risk. [...]”

Reviewer # 3

General Comment: The authors have written an interesting and important
manuscript that evaluates the role of inflammation in understanding incident
dementia across race/ethnic groups in the United States. They use the HRS data as
well as the cognition file. Overall, | think it has great promise, and has the
appropriate framing and methods, but requires some additional rationale or
discussion to better place these findings in the larger literature.

e Response: We thank the reviewer for the assessment of our manuscript and
welcome their invitation to expand on our rationale with respect to our
methods and the operationalization of the racialized social categories

Comment 1: The authors have indicated that they have excluded people who had
CIND but never transitioned to having dementia. If you are looking at dementia
incidence, | think that these people should remain in the denominator. | am
wondering more about the justification of their removal, especially as minoritized
populations are more likely to have CIND. Relatedly, as a sensitivity check, in order
to not omit pertinent information, | might suggest the authors look at cognitive
impairment events (whether it is the transition to CIND or Dementia). Lastly, some
participants "recover" from dementia. | am wondering if the authors have explored
back transitions (or if they also looked at how sensitive the definition of dementia
event-- for example, dementia event could be based on having dementia status at
two consecutive waves and/or death). Back transitions are common in the overall
data. | am not sure about the specific subsample used in this study. | think this may
be necessary if people who are misclassified may be experiencing infection or other
health problems (that may be temporary) that will also elevate CRP. These
suggestions do not need to go into the manuscript but would help in seeing how
sensitive the models are to the definition of the dependent variable.

e Response 1: We thank the reviewer for this comment and have newly
addressed some of these issues throughout the manuscript. There are other
important comments, such as back transitions from dementia to CIND
“recovering” that can be explored in future research. First, we included
participants who experienced cognitive impairment non-dementia (CIND) in
the denominator. We re-estimated all our descriptive, regression, and
mediation analyses, and presented the updated results throughout the
manuscript. As a sensitivity analysis, we included participants with CIND in



the dementia groups and re-estimated all of the models. Having participants
with CIND in the denominators did not change the results in our main models,
or in the mediation analysis. However, when participants with CIND were
included in the numerator, our estimates became null. This indicates that CRP
may have a more important effect in differentiating dementia cases from
cognitive impairment non-dementia. The suggestion of adding CIND
participants into the denominator was also given by reviewer # 1, and we
have copied our respond below as it directly addresses this comment. We
believe that back transition events, as in the case of participants who were
classified as having dementia in a particular wave, but were reclassified as
cognitively normal or CIND in a future waves, deserves its own attention, and
we do not want to extend misclassification of incident dementia cases that
may have biased our current results. Future research in the Health and
Retirement Study should clarify what an incident dementia case is and how to
treat participants who experience transition from a cognitively impaired state
to a cognitively normal one.

‘Response 2 to reviewer # 1: We thank the reviewer for this insightful
comment and agree that excluding people with cognitive impairment non-
dementia (CIND) from the analysis could result in selection bias. To address
this issue, we have created a new analytic sample (N=6,908) in which
participants with CIND at baseline or that developed CIND during the 6-year
follow-up period were included as part of the reference group (i.e., cognitively
normal or CIND). Because of this change in the analytical sample size, we
updated our flowchart, the descriptive and regression tables; the mediation
tables, and all the figures throughout the manuscript. Additionally, the cutoff
point of C-reactive protein (CRP) was updated to high >4.73ug/mL and low
(<4.73pg/mL), to represent the 75" percentile of the distribution of the new
analytic sample of 6,908 participants. As suggested by the reviewer, we
added a sensitivity analyses. We re-estimated incidence rate ratios using
Poisson regression and mediation-interaction decomposition components but,
this time, including CIND cases with the dementia group. We present these
sensitivity analysis results in the results section and in the discussion.

In general, the incident rate ratios (IRR) estimated from the Poisson models
with the new analytic sample size of 6,908 participants (CIND cases grouped
with cognitively normal participants) were of similar magnitude to our initial
analysis (dementia vs cognitively normal participants, and excluding CIND
cases, N = 5,143). In the overall sample (N=6,098), and in fully adjusted
models, high levels of CRP (>4.73nug/mL) were associated with 1.23
(95%CI:1.05,1.44) time greater risk of 6-year incident dementia than low CRP
levels (<4.73ug/mL). This association was significant for Hispanic participants
(IRR: 1.85; 95%CI: 1.27,2.70); marginally significant for non-Hispanic White
participants (IRR: 1.19; 95%CI:0.98,1.45), null for non-Hispanic Black
participants (IRR: 1.00; 95%CI: 0.72,1.37), and marginally significant for the
minoritized group (non-Hispanic Black and Hispanic, IRR: 1.26, 95%CI: 0.98,
1.62). With respect to the mediation-interaction decomposition components,
we found that when comparing the minoritized group to the most privileged
group, elevated CRP mediated 3% (95%CI: 0%,6%) of the racial disparity,
and the proportion attributable to the interaction accounted for 14% (95%: 1%,



27%) of the racial disparity. For the non-Hispanic Black vs non-Hispanic White
disparity, the mediation and interaction components were null. But, for the
Hispanic vs non-Hispanic White disparity, we found that 28% (95%CI:
8%,51%) of the disparity was accounted for by the interaction effect between
the racialized social categories and the high levels of the biomarker. These
results were of similar magnitude for the randomized analogues
decomposition estimates.

We conducted appropriate changes through the methods, results, and
discussion sections of the manuscript to accommodate this comment, and the
sensitivity analysis suggested by the reviewer.”

Comment 2: Additionally, it would be helpful to discuss the number of events per
group since this will be driving the power of the model.

Response 2: We thank you for this opportunity. We agree that low number of
events per racialized social group can hinder our ability to detect statistically
significant associations and have added the following sentence to the
discussion.

“I...] Although patrticipants racialized as non-Hispanic Black had the highest
levels of systemic inflammation, elevated CRP protein was not associated
with incident dementia. An explanation for this finding may be that adults
racialized as non-Hispanic Black exhibit high systemic inflammation levels as
a result of high-effort coping against the stress of racism but this translated
only supefficially into changes in their cognitive tests scores, a syndrome
known in the literature as John Henryism.”'="3 Additionally, the majority of
incident dementia cases occurred in participants racialized as non-Hispanic
White (n=521 or 65.5%), and to a lesser extend in participants racialized as
non-Hispanic Black (n=171 or 21%) and Hispanic (n=103, 13%), the lower
number of events in minoritized participants also suggest that statistical power
issues may be a limitation [...]”

Comment 3: | am also wondering about the disciplinary norms of discussing findings
that may not be significant. Several of the findings have coefficients with Cls that
cross "0". | might suggest the authors amend the language to be cognizant that while
the evidence is suggestive, it is not powerful enough to reject the null that it is not

“O"_

Response 3: We thank the reviewer for this comment, and this issue has also
been raised by reviewer # 2 in comment 11. We have referred to results that
are not statistically significant as such throughout the results and discussion
section of the manuscript.

Comment 4: Lastly, | am wondering about the role of the racialization of Hispanics. |
think the authors have done an admirable job discussing racialization, but | do think



that the discussion or introduction would benefit from stating how this might be
different for Black and Latinx older adults, and how different types of factors may be
coming together to elevate CRP for both.

Response 4: We thank the reviewer for this comment and the opportunity to
expand on the process of racialization and how it may similarly affect
marginalized racial groups in the US. Reviewer # 2 also made a similar
comment, and we addressed in the following way:

“[...] This study examines the mediating role of systemic inflammation, and
the moderating role of racialized group on disparities in incident dementia in a
large, diverse, population-based study.?>2¢ During European colonization,
individuals were racialized based on skin tone, perceived country or continent
of origin, and/or religious affiliation.?” This categorization created social
hierarchies where a privileged racialized group (i.e., non-Hispanic White)
could receive the political and socioeconomic benefits at the expense
marginalization of other groups.'*?8-31 Because individuals racialized as White
uniquely benefit from racialization, we examined their health benefits in
comparison to other racialized groups 3-°11.1228.32 We expected that a lack of
compounded negatives experiences of discrimination, social exclusion, and
marginalization was embodied as no chronic stress response or lower CRP.33-
37 Research shows that persistent experiences of discrimination in minoritized
individuals are associated with higher circulating levels of proinflammatory
cytokines (i.e., C-reactive protein, Interleukin-6).383° This inflammatory state
represents the pathway by which minoritized social groups embed the social
exclusionary system in which they live. In this way systemic inflammation may
be the central mechanism to understand minoritized individuals increased
susceptibility to chronic conditions (i.e., cardiovascular disease, dementia,
cancer) and early mortality.33-3%4041 [ ]”
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Reviewers' comments:
Reviewer #1 (Remarks to the Author):

I thank the authors for their responses to my comments. I think that the paper has much
improved since the previous time I read it. However, I do still have three comments remaining.
Please find my point-by-point review below.

1. I thank the authors for clarifying their decision to dichotomize CRP. However, I still don’t
completely understand why the authors decided to dichotomize CRP rather than treating it as a
continuous variable. Their decision to dichotomize CRP is informed by previous papers that
stratified CRP to determine the risk of certain (cardiovascular) events based on CRP categories.
Risk stratification can help inform the decision-making process of physicians. However, the goal of
the current paper is to investigate CRP as a mechanism that may explain the association between
racialization in disparities in incident dementia. In this case, effect estimates based on a
continuous CRP variable may more accurately represent these mechanisms than effect estimates
based on a dichotomous version of CRP for which an arbitrary cut-off was used.

2. I thank the authors for clarifying that they estimated bootstrap confidence intervals. However,
CMAuverse facilitates the estimation of both Percentile Bootstrap Confidence Intervals and Bias-
Corrected and Accelerated Bootstrap Confidence Intervals. Could the authors clarify which of these
two they estimated?

3. I appreciate that the authors added a more extensive discussion of the limitations of their study
to the discussion section. However, the conclusion listed in the abstract is still rather strong and
not completely supported by the results in the paper. After all, only the RERI for the mediated
interaction for the analyses comparing minoritized vs. non-Hispanic White is statistically
significant. None of the pure indirect effects are statistically significant. Furthermore, in general
the estimates of the pure indirect effects and mediated interactions are relatively small in
magnitude. I would like to see a more nuanced conclusion in the abstract to avoid
misunderstanding of the results by readers who only read the abstract.

Reviewer #2 (Remarks to the Author):

The additional information in the introduction describing how racialization acts across minoritized
groups to increase physiological stress and systemic inflammation, subsequently elevating risk for
cognitive decline and dementia, adds to the strength of the manuscript. In general, many of my
concerns were addressed by the authors; however, I remain concerned that some of the
conclusions made are not sufficiently supported by the statistical evidence. The overall conclusion
is that systemic inflammation mediates disparities in incident dementia among minoritized social
groups; however, the mediation effect was very weak (3%) and oddly not accounted for by either
the Hispanic or non-Hispanic Black groups (at least not in the 4-way mediation analysis
represented in table 3). There was a higher rate of dementia incidence in Hispanic participants
with higher CRP, but this result was not found for non-Hispanic Black participants. The results for
non-Hispanic Black participants seem rather different than those for Hispanic participants which
brings into question whether the conclusions discussed are relevant to non-Hispanic Black
participants.

Although high CRP was significantly related to an increased risk for dementia in the overall sample
and non-Hispanic Black participants had significantly higher odds of elevated CRP than non-
Hispanic White participants, CRP did not significantly mediate or moderate the association between
the non-Hispanic Black/non-Hispanic White group and dementia incidence (ClIs included 0%).
These results seem to suggest that CRP does not account for the dementia disparity between non-
Hispanic Black and White participants, which could be an interesting finding in and of itself. John
Henryism doesn’t seem to be a viable explanation because one would expect that the burdens of
systemic racial discrimination and the associated effortful coping that increases risk for systemic
inflammation would translate into a physiological cost to health. In this analysis that cost does not



appear to be dementia. Perhaps a larger sample size is needed to identify the effect; however, a
significant moderating effect of CRP was found for the association between the Hispanic/non-
Hispanic White group and dementia incidence, despite the sample size of Hispanic participants
being smaller than non-Hispanic Black participants.

Further, Hispanic participants with high CRP had significantly higher dementia incidence than
Hispanic participants with low CRP, and in contrast to non-Hispanic Black participants, Hispanic
participants did not have significantly greater odds for elevated CRP compared to non-Hispanic
White participants. These results coupled with the moderation analysis seem to suggest that
systemic inflammation (or confounds associated with it) may have a more deleterious effect on
cognitive/brain function in individuals who self-identify as Hispanic. That finding deserves further
discussion.

Some results that were statistically not significant are discussed as though they were (e.g., among
minoritized participants, high CRP was associated with 1.26 (95% CI: 0.98, 1.62) times higher risk
of incident dementia than low CRP [CI includes 1.0], and When decomposing the non-Hispanic
Black vs non-Hispanic White disparity, we found that the mediating effect of CRP accounted for 2%
(95% CI: -3%, 8%) of the disparity, and the portion attributable to the interaction accounted for
4% (95% CI: -11%, 21%) [CIs include 0]).

In the discussion about reverse causation: it is the preclinical (not prodromal) phase that is long
(approximately 20 years). Based on studies of asymptomatic individuals with autosomal dominant
Alzheimer’s disease, which has similar pathophysiological features of late-onset AD, it is almost
certain that by the time participants were identified with Alzheimer’s dementia they had
experienced a long preclinical period during which time amyloid and tau accumulated, possibly
accompanied by neuroinflammation (DOI: 10.1056/NEJM0al1202753;
https://doi.org/10.1126/scitransimed.3007901).

Reviewer #3 (Remarks to the Author):

No additional comments. The authors addressed major concerns in a clear and concise manner. I
look forward to seeing this study in print.



We thank the editor for the opportunity to resubmit this manuscript. The reviewers
provided feedback on important aspects on the operationalization of C-reactive
protein (CRP), the interpretation of the results in light of not statistically significant
findings, and the observed heterogenous effect of CRP on dementia risk between
non-Hispanic Black and Hispanic participants. In response to the reviewers’
feedback, we have incorporated additional sensitivity analyses, and further
discussed the distinct results we observed between minoritized social groups. Our
specific responses are described point by point below:

Reviewer #1

| thank the authors for their responses to my comments. | think that the paper has
much improved since the previous time | read it. However, | do still have three
comments remaining. Please find my point-by-point review below.

Comment # 1

| thank the authors for clarifying their decision to dichotomize CRP. However, | still
don’t completely understand why the authors decided to dichotomize CRP rather
than treating it as a continuous variable. Their decision to dichotomize CRP is
informed by previous papers that stratified CRP to determine the risk of certain
(cardiovascular) events based on CRP categories. Risk stratification can help inform
the decision-making process of physicians. However, the goal of the current paper is
to investigate CRP as a mechanism that may explain the association between
racialization in disparities in incident dementia. In this case, effect estimates based
on a continuous CRP variable may more accurately represent these mechanisms
than effect estimates based on a dichotomous version of CRP for which an arbitrary
cut-off was used.

Answer # 1

We thank the reviewer for suggesting that effect estimates based on the
continuous form of C-reactive protein (CRP) could be better suited to investigate the
mechanisms implicated in racial disparities in dementia rather than an arbitrary cut-
off point. We agree, the issues on dichotomizing/categorizing continuous exposures
are well documented.'? To address the reviewers comment, in sensitivity models we
newly tested the association between the natural logarithmic transformation of CRP
(standardized) and 6-year incident dementia. We conducted multivariable Poisson
regression models in the overall sample, and within each racialized social group
(non-Hispanic Black, Hispanic, and non-Hispanic Black) and present those results in
the Supplemental Table 10. In a fully adjusted model, we found that 1 standard
deviation above the mean log-transformed CRP was associated with 1.06 (95%Cl:
0.99, 1.14) times greater risk of dementia in the overall sample. This estimate was of
slightly larger magnitude for non-Hispanic White participants (IRR = 1.07; 95%CI:
0.98, 1.16) in comparison to their non-Hispanic Black (IRR = 1.03; 95%CI: 0.89,
1.19) and Hispanic (IRR = 1.03; CI: 0.89, 1.16) counterparts. The estimated effects
of CRP in its continuous form were imprecise and of lesser magnitude than those
obtained when CRP was dichotomized at the 75" percentile of the sample
distribution (>4.73 ng/mL). Moreover, we conducted our regression-based
(Supplemental Table 11) and g-estimation (Supplemental Table 12) mediation
interaction decomposition analysis employing CRP in its continuous form. Since we



standardized the log-transformed CRP, we set the levels of the mediator at O (or the
mean), and to be evaluated at 1 (or 1SD above the mean) in the CMAverse. When
decomposing the minoritized vs non-Hispanic White disparity, regression-based
estimates were not indicative of interaction (i.e., interaction effect virtually zero), and
the mediated effect was small (percent mediated = 2%; 95%CI: 0%, 5%, p-value =
0.06) and imprecise (Supplemental Table 11). Similarly, when decomposing the
non-Hispanic Black vs non-Hispanic White disparity, regression-based estimates
were not indicative of interaction and the mediated effect was small (percent
mediated = 3%; 95%CI: -2%, 9%, p-value = 0.19) and imprecise (Supplemental
Table 11). Lastly, when decomposing the Hispanic vs non-Hispanic White disparity,
regression-based estimates did not suggest mediation nor interaction. We also
calculated these estimates employing randomized analogue models and using
APOE-&4 as a variable affected by racialized social categories (exposure). We
present those estimates on the Supplemental Table 12. Randomized analogue
estimates when using CRP in its continuous form are of similar magnitude to those
obtained from the previously discussed regression-based estimates (Supplemental
Table 11).

In addition to these new continuous analyses, we have elected to keep the
dichotomized analyses for several reasons. Although there are no clinical thresholds
of CRP for dementia, there are well known cutoff points for cardiovascular disease,
and given that dementia is frequently a mixed pathology that involves similar
vascular changes to those observed in cardiometabolic diseases, employing cutoff
points of CRP within the cardiovascular risk threshold might be relevant. Additionally
given the high burden of cardiometabolic diseases among minoritized racial groups,
our suggested cutoff point may be informative of future cognitive deterioration.

To clarify these changes to the reader we added the following tables and sentences
to the manuscript.

Methods
Sensitivity Analysis

“[...] Because of the well described issues on dichotomizing continuous exposures
in health science research,’? we also estimated incident rate ratios of dementia
using the standardized natural logarithmic transformation of CRP as the primary
predictor; and re-calculated the regression-based and g-estimation mediation-
interaction decomposition models setting the mediator levels at zero (or the mean)
and to be evaluated at one (or one SD above the mean) [...]”

Results
Sensitivity Analysis

“[...] Lastly, in a fully adjusted model, we found that 1 standard deviation above the
mean log-transformed CRP was associated with 1.06 (95%CI: 0.99, 1.14) times
greater risk of dementia in the overall sample. This estimate was of slightly larger
magnitude for non-Hispanic White participants (IRR = 1.07; 95%CI: 0.98, 1.16) in
comparison to their non-Hispanic Black (IRR = 1.03; 95%ClI: 0.89, 1.19) and
Hispanic (IRR = 1.03; CI: 0.89, 1.16) counterparts (Supplemental Table 10).
Nonetheless, none of these estimates achieved the statistically significant threshold



of 5%. When decomposing the minoritized versus non-Hispanic White disparity, the
non-Hispanic Black versus the non-Hispanic White disparity, and the Hispanic versus
the non-Hispanic White disparity using the natural log-transformed CRP variable in
regression-based (Supplemental Table 11) and randomized analogue models
(Supplemental Table 12), we did not find statistically significant evidence of
interaction or mediation, suggesting that the underlying interaction and mediated
effects between racialized social categories and systemic inflammation may be
dependent on a particular threshold of systemic inflammation [...]”

Discussion

“[...] Finally, in sensitivity models using the continuous log-transformation of CRP, we
did not find statistical evidence of interaction or mediation. Further research should
consider testing mediation and interaction at different cutoff points for CRP to
understand if the relationship between racialization, systemic inflammation, and
incident dementia is sensitive to different CRP thresholds.® [...]”

Comment # 2

| thank the authors for clarifying that they estimated bootstrap confidence intervals.
However, CMAverse facilitates the estimation of both Percentile Bootstrap
Confidence Intervals and Bias-Corrected and Accelerated Bootstrap Confidence
Intervals. Could the authors clarify which of these two they estimated?

Answer # 2

We thank the reviewer for the opportunity to clarify the method used to calculate the
confidence intervals of our decomposition components. We used the default
CMAverse method: the percentile bootstrap confidence interval. To make this explicit
to the reader we added the following sentence in the methods section of the
manuscript.

“[...] The 95% confidence intervals of our estimates were calculated using the
percentile bootstrapping inference method, we performed 1000 bootstraps in each
procedure and set a random seed for reproducibility purposes [...]”

Comment # 3

| appreciate that the authors added a more extensive discussion of the limitations of
their study to the discussion section. However, the conclusion listed in the abstract is
still rather strong and not completely supported by the results in the paper. After all,
only the RERI for the mediated interaction for the analyses comparing minoritized vs.
non-Hispanic White is statistically significant. None of the pure indirect effects are
statistically significant. Furthermore, in general the estimates of the pure indirect
effects and mediated interactions are relatively small in magnitude. | would like to
see a more nuanced conclusion in the abstract to avoid misunderstanding of the
results by readers who only read the abstract.

Answer # 3
We thank the reviewer for this comment and the opportunity to clarify the study
findings to our future audience. We agree that our pure indirect effect were not



statistically significant and have shifted the focus of the abstract conclusion to the
moderating effect of the racialization process in the relationship between CRP and
incident dementia. To avoid overstaying our conclusions we have made the following
changes to the abstract.

“[...] Conclusions: Minoritized group membership modifies the relationship
between systemic inflammation and incident dementia [...]”

Reviewer #2 (Remarks to the Author):

Comment # 1

The additional information in the introduction describing how racialization acts across
minoritized groups to increase physiological stress and systemic inflammation,
subsequently elevating risk for cognitive decline and dementia, adds to the strength
of the manuscript. In general, many of my concerns were addressed by the authors;
however, | remain concerned that some of the conclusions made are not sufficiently
supported by the statistical evidence. The overall conclusion is that systemic
inflammation mediates disparities in incident dementia among minoritized social
groups; however, the mediation effect was very weak (3%) and oddly not accounted
for by either the Hispanic or non-Hispanic Black groups (at least not in the 4-way
mediation analysis represented in table 3). There was a higher rate of dementia
incidence in Hispanic participants with higher CRP, but this result was not found for
non-Hispanic Black participants. The results for non-Hispanic Black participants
seem rather different than those for Hispanic participants which brings into question
whether the conclusions discussed are relevant to non-Hispanic Black participants.

Answer # 1

We thank the reviewer for their assessment of the quality and improvements made to
the introduction of our manuscript. We acknowledge the reviewer’s concerns on the
concluding remarks of our manuscript and their apparent lack of support by the
statistical evidence presented. Reviewer # 1 made a similar point, for which we
made a change in the conclusions of the abstract. Instead of focusing on the
mediating effect of systemic inflammation, we centered attention on the moderating
effect of minoritized group membership on the relationship between systemic
inflammation and incident dementia. The magnitude of the moderating effect was
14% (95CI: 1%, 27%, p-value = 0.04) and statistically significant. Although the
mediating effect of systemic inflammation when decomposing the minoritized vs the
non-Hispanic White disparity was very weak (3%), we have stated in the discussion
that:

“[...] The slight mediation effect was expected since disparities between these
groups emerge from structural forces acting differentially on groups rather than
physiological processes that might be different among groups. These structural
forces operate tacitly under the controlled direct effect, which represents a large
proportion (88%) of the observed minoritized disparity [...]”

Our weak mediated effect may be related to the fact that, in our study, systemic
inflammation was only assessed through the CRP pathway, and combining several
inflammatory biomarkers may be a better strategy to capture the mediating effect of



inflammation on racial disparities in chronic health outcomes. We have further
elaborated on this in the discussion section:

“[...] systemic inflammation and likely other biological responses, represent plausible
mechanisms through which racism operates. In this study, we solely focused
attention on a single biomarker of inflammation, but current research suggest that
multiple inflammatory cytokines are related to dementia risk;*® and population-based
studies that incorporate multiple inflammatory mediators as pathways to understand
racialized disparities in dementia could be better suited to detect larger mediated
effects. The interplay between different racialized experiences and treatment with
multiple cytokine measures deserves further attention. Our results suggest that even
though non-Hispanic Black participants had higher levels of CRP than their non-
Hispanic White counterparts, their risk of dementia was not statistically significant
when comparing those with high CRP to those with low CRP. These results indicate
that in future work, studies should incorporate multiple systemic inflammatory
biomarkers across diverse racialized groups to characterize the etiological role of
peripheral immunity on neurodegenerative diseases [...]”

A change to the conclusion in the abstract was made as follows:
“[...] Conclusions: Minoritized group membership modifies the relationship
between systemic inflammation and incident dementia [...]”

Additionally, reviewer # 2 comments that: the results for non-Hispanic Black
participants seem rather different than those for Hispanic participants which brings
into question whether the conclusions discussed are relevant to non-Hispanic Black
participants.

We agree that there are differences in the findings among the non-Hispanic Black
participants and the Hispanic participants. We hypothesize that selection bias issues
among non-Hispanic Black participants may explain these findings and require
further examination. If systemic inflammation is causally related to chronic disease
development and earlier mortality occurs in participants racialized as non-Hispanic
Black, it can be the case that multimorbid conditions and early mortality are events
precluding Black participants from developing dementia. For instance, the non-
Hispanic Black participants that remain in the study cohort may differ from those of
the general population in their susceptibility to chronic disease development. In the
discussion we have stated that:

“[...] Moreover, in stratified mediation models, we did not observe statistically
significant mediated or moderated effects when comparing the non-Hispanic Black
versus non-Hispanic White disparity than when comparing the minoritized dispatrity.
We attribute these findings to the null association between CRP and incident
dementia among non-Hispanic Black participants, for which we have other possible
explanation. We hypothesize that the higher levels of CRP found in non-Hispanic
Black participants are characteristic of a chronic stress response that results from
persistent experiences with structural racism.®=8 Therefore, chronic systemic
inflammation may predispose Black participants for other competing events such as
diabetes, cardiovascular disease, stroke, and premature death;*-"" which in turn may
affect Black patrticipants’ likelihood of retention during the study period. Although our
models controlled for confounding bias by these potential competing events, we did



not account for selection bias issues in our analysis, and future research should
inform how differential loss to follow-up affects the relationship between systemic
inflammation and dementia in Black participants [...]”

Comment # 2

Although high CRP was significantly related to an increased risk for dementia in the
overall sample and non-Hispanic Black participants had significantly higher odds of
elevated CRP than non-Hispanic White participants, CRP did not significantly
mediate or moderate the association between the non-Hispanic Black/non-Hispanic
White group and dementia incidence (Cls included 0%). These results seem to
suggest that CRP does not account for the dementia disparity between non-Hispanic
Black and White participants, which could be an interesting finding in and of itself.
John Henryism doesn’t seem to be a viable explanation because one would expect
that the burdens of systemic racial discrimination and the associated effortful coping
that increases risk for systemic inflammation would translate into a physiological cost
to health. In this analysis that cost does not appear to be dementia. Perhaps a larger
sample size is needed to identify the effect; however, a significant moderating effect
of CRP was found for the association between the Hispanic/non-Hispanic White
group and dementia incidence, despite the sample size of Hispanic participants
being smaller than non-Hispanic Black participants.

Further, Hispanic participants with high CRP had significantly higher dementia
incidence than Hispanic participants with low CRP, and in contrast to non-Hispanic
Black participants, Hispanic participants did not have significantly greater odds for
elevated CRP compared to non-Hispanic White participants. These results coupled
with the moderation analysis seem to suggest that systemic inflammation (or
confounds associated with it) may have a more deleterious effect on cognitive/brain
function in individuals who self-identify as Hispanic. That finding deserves further
discussion.

Answer comment # 2

We thank the reviewer for this insightful comment and agree that when analyzing the
relationship between high CRP levels and incident dementia, the heterogenous
results between non-Hispanic Black and Hispanic participants were puzzling. To
clarify to the reader the observed heterogeneous effect of CRP on dementia between
non-Hispanic Black and Hispanic participants, we have added the following remark:

“[...] The substantial heterogeneity in the relationship between high CRP and
dementia risk across the distinct racialized experiences and treatment of minoritized
social groups shows that Hispanic participants are more susceptible to the effect of
high CRP levels on cognitive health than non-Hispanic Black participants. This
suggest that unique racialized processes link biological pathways to health
outcomes. Studies should further explore how diverse racialized experiences (i.e.,
immigration, segregation, unemployment, underemployment) influence inflammatory-
related pathways and their relation to cognitive health in minoritized populations. It is
noteworthy to mention that when comparing the minoritized status of non-Hispanic
Black and Hispanic participants together to the most privilege social position of non-
Hispanic White participants, the effect of systemic inflammation on dementia risk



was moderated by the participants’ position on this binary spectrum, demonstrating
that on average minoritized group membership influence inflammatory pathways and
brain health [...]”

Comment # 3

Some results that were statistically not significant are discussed as though they were
(e.g., among minoritized participants, high CRP was associated with 1.26 (95% CI:
0.98, 1.62) times higher risk of incident dementia than low CRP [CI includes 1.0],
and When decomposing the non-Hispanic Black vs non-Hispanic White disparity, we
found that the mediating effect of CRP accounted for 2% (95% CI: -3%, 8%) of the
disparity, and the portion attributable to the interaction accounted for 4% (95% CI: -
11%, 21%) [Cls include 0]).

Answer # 3

We thank the reviewer for the opportunity to clarify the statistically significant
threshold of our estimates and have made the following changes when describing
our associations.

“[...] For example, among minoritized participants, high CRP was associated with
1.26 (95% CI: 0.98, 1.62) times higher risk of incident dementia than low CRP,
although this finding was not statistically significant. Similarly, the risk of 6-year
incident dementia for non-Hispanic White participants with high CRP was 1.19 (95%
Cl: 0.98, 1.45) times higher than those with low CRP, but this finding was not
statistically significant. However, among Hispanic participants, high CRP was
associated with 1.85 (95% CI: 1.27, 2.70) times higher risk of dementia than low
CRP. Among non-Hispanic Black participants, the association between CRP and
incident dementia was null (IRR: 1.00; 95%CI: 0.72, 1.37) (Table 2) [...]”

“[...] When decomposing the non-Hispanic Black vs non-Hispanic White disparity, we
found that the mediating effect of CRP accounted for 2% (95% CI: -3%, 8%) of the
disparity, and the portion attributable to the interaction accounted for 4% (95% CI.: -
11%, 21%), while neither of these estimates was statistically significant (Table 3 &
Supplemental Figure 3) [...]”

“[...] When decomposing the non-Hispanic Black vs non-Hispanic White disparity, we
found that the mediating effect of CRP accounted for 2% (95% CI: -3%, 7%) of the
disparity, and the portion attributable to the interaction accounted for 5% (95% CI.: -
12%, 23%), but these estimates were not statistically significant (Supplemental
Table 6 & Supplemental Figure 3) [...]”

Comment # 4

In the discussion about reverse causation: it is the preclinical (not prodromal) phase
that is long (approximately 20 years). Based on studies of asymptomatic individuals
with autosomal dominant Alzheimer’s disease, which has similar pathophysiological
features of late-onset AD, it is almost certain that by the time participants were
identified with Alzheimer’s dementia they had experienced a long preclinical period
during which time amyloid and tau accumulated, possibly accompanied by
neuroinflammation (DOI: 10.1056/NEJMoa1202753;



https://doi.org/10.1126/scitransimed.3007901).

Answer # 4

We thank the reviewer for their comment, we have now corrected the word
prodromal for preclinical and referenced their suggested source.

“Lastly, during the preclinical phase of Alzheimer’s disease (20 years) there are
changes in cerebrospinal fluid concentrations of Amyloid-$42 and other inflammatory
biomarkers that are predictive of disease onset.' ' In large observational studies
like the Health and Retirement Study, participants are routinely screened for changes
in their cognitive function; clinical impairment debuts with changes in cognitive tests
scores starting approximately 6 years before symptoms onset.'®> We used a 6-year
follow-up period to estimate incident dementia, but it is plausible that participants
classified as incident cases may have experienced a long preclinical period with
changes in brain anatomy and neuro-inflammatory biomarkers.">'® Because of the
colocalization of CRP with amyloid-f plaques in brain parenchyma, and the
correlation between CRP cerebrospinal fluid concentrations and peripheral levels,
our results may be susceptible to reverse causation.’=19”

Reviewer #3 (Remarks to the Author):

Comment # 1
No additional comments. The authors addressed major concerns in a clear and
concise manner. | look forward to seeing this study in print.

Answer # 1
We thank the reviewer for their kind assessment of our manuscript and appreciate
their opportunity to present our science to a broader audience.
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REVIEWERS' COMMENTS:
Reviewer #1 (Remarks to the Author):

I thank the authors for their responses to my comments. I appreciate that the authors added
additional analyses with CRP as a continuous variable. At this point, I have only one remaining
minor comment.

1. In the revised methods section, the authors state that they set the mediator levels to zero and
one. For readers less familiar with mediation analysis, it would be helpful to clarify that the
mediator levels are set to zero and one for the estimation of the controlled direct effect.

Reviewer #2 (Remarks to the Author):

I have reviewed the manuscript by Dr. Tejera and colleagues. My previous concerns have been
addressed, and I have no additional comments. I look forward to seeing the manuscript in print.
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remaining minor comment.

1. In the revised methods section, the authors state that they set the mediator levels to zero
and one. For readers less familiar with mediation analysis, it would be helpful to clarify that
the mediator levels are set to zero and one for the estimation of the controlled direct effect.

Response: We thank the reviewer for their assessment of our manuscript and appreciate
their clarification comment with regards to the operationalization of a continuous mediator to
estimate the controlled direct effect. To address this comment, we included the following
clarifying language in the methods section of the manuscript. “[...] We also estimated
incident rate ratios of dementia using the standardized natural logarithmic transformation of
CRP as the primary predictor; and re-calculated the regression-based and g-estimation
mediation-interaction decomposition models setting the mediator levels at zero (or the mean)
and to be evaluated at one (or one SD above the mean) for the estimation of the controlled
direct effect. [...]”

Reviewer #2:

Remarks to the Author:

| have reviewed the manuscript by Dr. Tejera and colleagues. My previous concerns have
been addressed, and | have no additional comments. | look forward to seeing the manuscript
in print.

Response: We thank the reviewer for their previous comments and their kind assessment of
our manuscript.
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