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A B S T R A C T

Introduction: Race is an important health determinant and should adequately be considered in research and drug
development protocols targeting Alzheimer’s disease (AD).
Methods: A systematic review of available randomized controlled trials (RCTs) on the currently marketed
treatments for AD was conducted with the aim of 1) documenting the reporting of race, and 2) exploring the
impact of race on the efficacy and safety/tolerability of the considered medications.
Results: Overall, 59.2% of the 49 retained RCTs reported information concerning the race of participants. Only a
striking minority of enrolled patients was constituted of blacks and Hispanics. None on the retained studies
reported results on the efficacy and safety/tolerability of the tested treatment separately for racial groups nor
performed sensitivity analyses accounting for the race of participants.
Discussion: Race has insufficiently been reported in previous interventional studies on AD. Its potential asso-
ciation with the effectiveness and safety/tolerability of the tested medications has completely been neglected.

1. Introduction

Race is an important health determinant. Substantial differences
across racial groups for various medical conditions (e.g., cancer (Eley
et al., 1994),cardiovascular diseases (Gillum et al., 2011) and risk
factors (Frank et al., 2014), HIV/AIDS (Chapin-Bardales et al., 2017)) in
terms of incidence, pathophysiology, phenotypic expression, and out-
comes have been documented. Such disparities assume special re-
levance nowadays due to the increasing racial diversity of our popu-
lations and the promises of “precision medicine” approaches (Collins
and Varmus, 2015). Nevertheless, minority groups are generally un-
derrepresented in randomized controlled trials (RCTs) (Sardar et al.,
2014). Furthermore, a poor reporting of information on the race of
research participants has repeatedly been documented (Berger et al.,
2009; Corbie-Smith et al., 2003; Ma et al., 2007).

In line with other chronic diseases, Alzheimer’s disease (AD) and
related dementias are significantly influenced by racial determinants at
different levels. Cohort studies (mostly conducted in the US) have re-
peatedly reported major racial inequalities in dementia incidence

(Mayeda et al., 2016). Accordingly, cross-sectional studies have fre-
quently shown a higher prevalence of dementia among blacks and
Hispanics compared to whites and Asians (Alzheimer’s Association,
2016; Mehta and Yeo, 2017). These discrepancies have mostly been
attributed to differences in socioeconomic factors (e.g., educational
level) and, to a lesser extent, in other genetic or clinical variables (e.g.,
apolipoprotein E genotype, depression, cerebrovascular diseases,
smoking) (Rodriguez et al., 2018; Yaffe et al., 2013). Race has also been
found to affect the phenotypic manifestation of AD in terms of disease
severity and presentation, with black patients commonly exhibiting an
earlier onset of cognitive disturbances, a greater severity of cognitive
and functional symptoms, and a more evident impairment of specific
cognitive domains (e.g., visual naming and constructional praxis)
compared to white individuals (Shadlen et al., 1999; Welsh et al.,
1995). Similarly, AD symptoms may appear earlier among Hispanics
than in non-Hispanic whites (Clark et al., 2005). Relevant differences
across racial groups have been observed for other clinical aspects and
outcomes such as neuropsychiatric symptoms (Sink et al., 2004), mor-
tality rate (Mehta et al., 2008), likelihood of receiving diagnosis and
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anti-dementia treatments (Mehta et al., 2005), and use of long-term
services and support (Cooper et al., 2010). Finally, recent post-mortem
studies have revealed that African American and Caucasian patients
with dementia differ in neuropathological changes, suggesting a
varying magnitude of the underlying pathophysiological processes
(mostly attributable to differences in genetic susceptibility) (Graff-
Radford et al., 2016).

All these considerations represent compelling reasons for con-
sidering race in research and drug development protocols targeting AD.
Nevertheless, most of the available knowledge in the field almost ex-
clusively comes from research studies of Caucasians, and non-white
groups are still marginally included in dementia trials (Shin and
Doraiswamy, 2016). However, it might be expected the race of research
participants to be at least adequately reported (if not even considered
for dedicated analyses) in order to enhance the generalizability of the
emerging evidence. To test this hypothesis, we conducted a systematic
review of available RCTs on the currently marketed treatments for AD
(i.e., cholinesterase inhibitors [ChEIs] and memantine) with the aim of
1) documenting and quantifying the reporting of race, and 2) exploring
the impact of such determinant on the efficacy and safety/tolerability of
the considered medications.

2. Methods

The present review was conducted and reported according to the
PRISMA statement for systematic reviews (http://www.prisma-
statement.org).

2.1. Search strategy and selection criteria

A structured literature search was conducted on PubMed and the
Cochrane databases to identify all relevant studies on humans pub-
lished in English between 1996 (year of publication of the first RCT on
donepezil in AD (Rogers and Friedhoff, 1996)) and March 2018. A
combination of the following search terms was used: (“donepezil” OR
“galantamine” OR “rivastigmine” OR “memantine” OR “cholinesterase
inhibitor*”) AND (“Alzheimer” OR “alzheimer’s” OR “alzheimers”). The
bibliographies of the retrieved studies were also examined to identify
further potentially eligible publications.

Two authors (M.Ca. and V.Z.) independently screened the records

identified by the search strategy, based on their title and abstract. The
full-texts of studies pertinent to the topic of the review were then col-
lected and examined. The following set of predefined inclusion criteria
was adopted:

1) reporting results from randomized, placebo-controlled trials;
2) recruiting participants with a diagnosis of “probable AD” formulated

according to the National Institute of Neurological and
Communicative Disorders and Stroke -Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) criteria (McKhann
et al., 1984) or to the Diagnostic and Statistical Manual of mental
disorders - fourth edition (DSM-IV) criteria (American Psychiatric
Association, 2000);

3) exploring the efficacy of one ChEI (i.e., donepezil, rivastigmine,
galantamine) or memantine in monotherapy or in combination with
a ChEI on cognitive and/or functional and/or behavioral outcomes.

Studies reporting head-to-head comparisons between two or more
drugs or between different doses of the same pharmacological com-
pound, or investigating non-clinical outcomes (e.g., biomarker-based
surrogate endpoints) were not considered.

The impact of race on the efficacy and safety/tolerability of the four
medications was secondarily explored in those studies 1) reporting re-
sults separately for racial groups, and/or 2) performing ad hoc, sec-
ondary, or post hoc analyses accounting for variables pertaining to the
race of participants.

Disagreements in the above-described selection process were solved
by consensus, or involving a third reviewer (F.R.). The flow diagram
depicted in Fig. 1 shows the selection of the articles of interest for the
present review.

2.2. Data extraction and analysis

Two independent reviewers (M.Ca. and V.Z.) extracted the fol-
lowing data from the retained studies: number of participants, mean
age, sex distribution, tested pharmacological intervention, country/
countries where the RCT was carried out, and year of publication. For
each clinical trial, data on whether the race of participants was reported
(in the tables or the Results section) and how race was classified were
collected. The following races were considered: white (or Caucasian or

Fig. 1. Flowchart of articles selection.
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Non-Hispanic white); Black (or African American); Asian (or Oriental or
Asian/Pacific); and Native American. We also collected data on
Hispanics (or Latino) because the Hispanic origin of participants is still
commonly intended as a race category in research reports (Berger et al.,
2009), despite being more frequently indicated as an ethnicity by US
federal policies (United States Census Bureau, 2017).

Finally, we examined whether any efficacy and/or safety toler-
ability analysis was conducted by race (as mentioned in the Methods,
Results, or Discussion sections). Changes in reporting race over time
were assessed with Chi-Square test for trend.

3. Results

3.1. Search results

The bibliographic searches identified a total of 1305 articles, with
45 records considered as potentially relevant after the screening based
on titles and abstracts. Ten articles were additionally selected by
manually examining the bibliographies of the retrieved studies. Six
articles were subsequently excluded because they did not meet the
predefined inclusion criteria. Thus, 50 publications, reporting the
findings of 49 unique RCTs (two articles provided complementary in-
formation on the same research protocol) were ultimately selected
(Fig. 1). A high inter-rater agreement (> 90%) was reported by the two
reviewers performing the study selection process. The detailed char-
acteristics of the retained studies are reported in Table A1. Their geo-
graphical location is depicted in Fig. 2.

3.2. Reporting of race

Overall, 59.2% of RCTs reported information concerning the race of
participants (Table 1). The reporting rate was higher for the trials
testing the efficacy of memantine (75.0%), donepezil (66.7%) and ga-
lantamine (55.6%), whereas it was lower in those on rivastigmine
(30.0%). The reporting of race was found to not significantly change
over time considering four consecutive time periods (i.e., 61.5% in
1996–2000, 33.3% in 2001–2004, 71.4% in 2005–2008 and 70.0% in
2009–2017; p = 0.42). Moreover, no differences in race reporting were
detected between RCTs including or not including US sites (p = 0.25).

Among the 29 studies with available data on race, two were re-
stricted to patients of white race, five to only Asian participants,
whereas 22 enrolled multiracial populations. Half of these latter studies
specified only the most frequent racial group. Only three reports pro-
vided information on how race was assessed. Specifically, race was
defined by assignment from the investigator in two studies (Howard
et al., 2007, 2012) and by self-identification of participating subjects in

the remaining one (Winblad et al., 2007).
Overall, 78.4% of patients with AD recruited in the considered RCTs

were whites, 13.0% were of Asian race, while only a striking minority
was constituted of blacks and Hispanics (4.4% cumulatively)(Table 1
and Fig. 3). In particular, the median percentage of whites included in
the multiracial studies was 92.5% (interquartile range: 90.5%–96.8%).

3.3. Exploring the impact of race on treatment outcomes

None on the retained studies reported results on the efficacy and
safety/tolerability of the tested treatment separately for racial groups
nor performed ad hoc, secondary, or post hoc analyses accounting for the
race of participants. Specifically, no study examined the possible as-
sociation between race and treatment outcomes, adopted data on race
in subgroup analysis or as adjustment covariates in the statistical
models.

4. Discussion

To our knowledge, this study constitutes the first attempt to sys-
tematically collect and discuss the available evidence concerning the
reporting of race in RCTs on AD, and to explore if and to what extent
such health determinant is taken into account when investigating the
efficacy of novel, targeted pharmacological compounds and their
safety/tolerability profiles.

Encouragingly, the majority of RCTs provided information re-
garding the racial composition of the sampled populations, with a rate
of reporting that, though far to be considered as optimal, is higher in
comparison to that registered in other medical fields (Berger et al.,
2009; Hoel et al., 2009; Mitchell et al., 2009) and for other baseline
characteristics of AD patients (Canevelli et al., 2018a,b). Nevertheless,
the description of the race of participants was mostly insufficient and
incomplete. In particular, the majority of reports did not specify how
race was assessed, as instead required by available guidelines (Kaplan
and Bennett, 2003; "Uniform requirements for manuscripts submitted to
biomedical journals", 2010). In fact, the agreement between different
assignment methods is high in white and black populations, while is
lower for other racial groups (Lee et al., 2003). Moreover, in most of the
studies, the reporting was restricted only to the principal racial group
despite recruiting variegate populations. Indeed, providing a more
complete and detailed description of such determinant should greatly
enhance the external validity (i.e., generalizability) of the study find-
ings and their clinical implementation in “real world” contexts that are
increasingly characterized by racial and ethnic pluralisms and in-
equalities.

It seems even more worrisome that the potential impact of race on

Fig. 2. Geographical location of the clinical sites involved in the 49 included studies.
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the efficacy and safety profiles of novel pharmacological treatments has
totally been overlooked in RCTs targeting AD. In fact, none of the re-
trieved studies reported outcome data tabulated by race groups, as now
recommended by the Food and Drug Administration(FDA)(Food and
Drug Administration, 2016). Moreover, no study performed dedicated
analyses to explore the possible association between race and outcomes.
In other words, to date, no evidence exists concerning differences across
racial groups in the response to the currently marketed pharmacolo-
gical treatments for AD. Nevertheless, race may account for substantial
differences in both pharmacodynamics and pharmacokinetics of drugs
(Yasuda et al., 2008). Differences in the effectiveness of medical pro-
ducts (e.g., beta-blockers, angiotensin converting enzyme inhibitors,
antidepressants) have already been observed in racially distinct sub-
groups (Food and Drug Administration, 2016; Murphy et al., 2013;
Yasuda et al., 2008). Accordingly, there is evidence for racial disparities
in adverse drug events associated with various pharmacological classes
(e.g., antiepileptic drugs, anticoagulants, cardiovascular therapies)
(Food and Drug Administration, 2016; Baehr et al., 2015; McDowell
et al., 2006). More specifically, since AD is increasingly recognized as
an area of health disparities, addressing its biological and phenotypic
variability will be crucial for the development of precise and effective
therapeutics (Ferretti et al., 2018). Therefore, a proper attention should

be dedicated to the main sources of heterogeneity (e.g., sex and gender,
race, socioeconomic status, comorbidities) when designing and con-
ducting drug development protocols. Encouragingly, a relevant amount
of data on these determinants has already been collected by previous
RCTs and may be readily available for dedicated analyses within a cost-
effective open-data approach (Krumholz and Peterson, 2014).

The present findings are also confirmatory of previous reports
concerning the representation of racial groups in AD research. To date,
most of existing evidence on the efficacy and safety of the currently
adopted medications for AD has been produced in white populations (as
easily understood from the geographic location of the studies), whereas
only few data have been obtained in other groups (i.e., African
Americans and Hispanics). This trend does not reflect the profound
demographic modifications that are transforming (and will further
transform) our societies worldwide. In the US, more than half of all
Americans are projected to belong to a minority group by 2044
(Bureau, 2019). Along the same lines, by 2050, the proportion of racial
minorities with AD will increase from 20% to 42% (Alzheimer’s
Association, 2010). Thus, there is the risk that most of our knowledge
on the disease may hardly be transferable to a large part of the global
populations of AD patients.

Several hypotheses can be posited to explain our findings. The poor

Table 1
Main characteristics of the 49 included studies.

Donepezil Rivastigmine Galantamine Memantine Total

Studies (n) 18 10 9 12 49
Participants (n) 5,504 4,908 6,493 4,089 21,000
Age (weighted mean ± SD) 75.8 ± 5.1 73.2 ± 2.4 75.1 ± 3.3 76.2 ± 4.3 74.8 ± 4.4
Sex (F,%) 64.5 63.3 64.4 63.9 64.1
Studies reporting race (n) 12 3 5 9 29
Race of participants*

White (%) 76.4 57.6 92.6 78.2 78.4
Black (%) 1.9 0.4 0.7 0.6 1.0
Hispanic (%) 0.8 0 0.3 14.3 3.4
Asian (%) 19.6 35.0 3.3 0 13.0
Native American (%) 0.02 0 0 0 ≈0
Missing/unspecified (%) 1.3 7.0 3.1 6.9 4.2

Impact of race on treatment outcomes (n) – – – – –

* White or Caucasian or Non-Hispanic white; Black or African American; Asian or Oriental or Asian/Pacific; the “Missing” category includes missing information,
and unspecified races.

Fig. 3. Race representation in the considered randomized controlled trials. Data are expressed as number of participants.
White or Caucasian or Non-Hispanic white; Black or African American; Asian or Oriental or Asian/Pacific.
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description of race in RCTs should be framed in a wider tendency to
underreport the main sociodemographic attributes of research partici-
pants (particularly when represented by older people) (van Deudekom
et al., 2017). More specifically, diverse factors might limit the reporting
of race such as the reticence of subjects to disclose race/ethnicity, the
lack of confidence in methods of ascertaining these attributes, or pub-
lication bias (Burke et al., 2011; Corbie-Smith et al., 2003). Language
barriers, concerns on documentation status, the lack of accurate
knowledge about ongoing protocols, the poor understanding and trust
of informed consent procedures, the geographic distribution of enroll-
ment sites can hinder the participation of minority groups in research
(Murthy et al., 2004; Swanson and Ward, 1995). Moreover, con-
troversies about “data dredging” and subgroup analysis (frequently not
planned in advance and, thus, underpowered to detect statistical dif-
ferences) could have made the investigators less prone to report and
analyze their data by race (Corbie-Smith et al., 2003; Altman, 1998;
Schwartz, 2001).

Some limitations of the present review are worth to be mentioned
and discussed. Given the main aim of the study (i.e., describing and
evaluating the reporting of race in RCTS on AD), we did not perform a
quality assessment of the retained articles. In fact, providing informa-
tion concerning other methodological aspects and risk of biases would
not have added further relevance to the observed findings. We had
instead decided to restrict the quality ascertainment only to studies
investigating the impact of race on treatment outcomes (secondary
objective of the review). Nevertheless, no study met the predefined
eligibility criteria to be included in this analysis. We limited our review
to AD dementia and to the pharmacological therapies currently avail-
able in the market. It is possible that race has been (and is being) dif-
ferently considered by studies targeting other dementias and/or testing
novel compounds and/or adopting different methodological designs
(e.g., head-to-head randomized trials and studies exploring non-clinical
surrogate endpoints). In this latter regard, we only focused on placebo-
controlled RCTs investigating clinical outcomes as they are the most
commonly used standards for evaluating efficacy and safety/tolerability
in clinical research and guiding physicians toward evidence-based de-
cision-making (especially in the field of AD (Cummings et al., 2018)).
Finally, we did not focus on those sociocultural determinants (e.g.,

nationality, language, religion) defining the ethnicity of participants.
In conclusion, race has insufficiently been reported in previous in-

terventional studies on AD. Its potential association with the effec-
tiveness and safety/tolerability of the tested medications has com-
pletely been neglected. According to available guidelines and
recommendations (Food and Drug Administration, 2016; "Uniform re-
quirements for manuscripts submitted to biomedical journals", 2010), a
greater effort should be made to improve the collection and reporting of
data on the race (and ethnicity) of research participants, including
those with AD. Moreover, this attribute should always be taken into
account when performing efficacy and safety analysis. In this regard,
the FDA requires sponsors to present a summary of safety and effec-
tiveness data by demographic subgroups (including racial subgroups),
as well as an analysis of whether modifications of dose or dosage in-
tervals are needed for specific subsamples (Food and Drug
Administration, 2016). Overall, these measures may likely enhance the
external validity of RCTs findings, improve the discrimination between
responders and non-responders (thus resulting in a better definition of
efficacy and safety profiles for novel medications), and pave the way for
the identification of precision medicine approaches.
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Appendix A

Table A1

Table A1
Characteristics of the 49 studies included in the primary and secondary analyses. Data are expressed as % or mean ± standard deviation.

Reference Country n= Mean age Sex (F) Race #

White Black Asian Hispanic Nat. Am. Missing

Donepezil
Rogers 1996 US 161 71.8 ± 1.1* 60.2 96.3 3.1 0 0 0 0.6
Rogers 1998a US 468 73.7 63.5 95.7 2.8 0 0 0 1.5
Rogers 1998b US 473 73.4 ± 1.1* 61.9 94.9 3.0 0 0 0 2.1
Burns 1999 AU, BE, CA, DE, FR, IE, NZ, UK, ZA 818 71.7 ± 0.6* 57.5 99.4 0 0 0 0 0.6
Greenberg 2000 US 60 75.0 ± 9.5 50.0 – – – – – –
Homma 2000 JP 228 69.8 ± 0.5* 67.1 0 0 100 0 0 0
Feldman 2001 AU, CA, FR 290 73.6 ± 0.5* 61.0 – – – – – –
Mohs 2001 US 431 75.3 ± 0.1* 62.9 92.1 2.8 0 0 0 5.1
Winblad 2001 DK, FI, NL, NO, SE 286 72.5 ± 0.6* 64.3 100 0 0 0 0 0
Courtney 2004 UK 565 – 59.2 – – – – – –
Holmes 2004 UK 96 78.7 ± 0.1* 61.5 – – – – – –
Seltzer 2004 US 153 74.0 ± 1.3* 53.6 – – – – – –
Winblad 2006 SE 248 84.9 ± 0.6* 76.6 99.6 0 0 0 0 0.4
Black 2007 AU, CA, FR, UK, US 343 78.0 ± 8.1 70.3 76.1 11.7 1.2 10.5 0.3 0.2

(continued on next page)
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Reference Country n= Mean age Sex (F) Race #

White Black Asian Hispanic Nat. Am. Missing
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Rivastigmine
Agid 1998 AT, BE, CH, CZ-SK, DE, DK, FI, FR, IE, NO, SE, UK 402 69.4 ± 8.4 56.2 – – – – – –
Corey-Bloom 1998 US 699 74.5 60.9 – – – – – –
Forette 1999 BE, CA, FR, NO, UK 70 71.2 ± 7.5 – – – – – – –
Rosler 1999 AT, CH, DE, FR, US 725 72.0 59.0 97.0 0 0 0 0 3.0
Potkin 2001 US 27 75.9 ± 6.9 – – – – – – –
Lopez-Pousa 2004 ES 218 77.6 77.1 – – – – – –
Karaman 2005 TR 44 73.7 ± 0.5* 54.5 – – – – – –
Feldman 2007 AU, CA, IE, IT, UK, ZA 678 71.4 ± 0.4* 59.0 – – – – – –
Winblad 2007a-b CL, CZ, DE, DK, FI, GT, IL, IT, KR, MX, NO, PE, PL, PT, RU, SE, SK,
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