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ABSTRACT

The Panama Aging Research Initiative is a cohort study of 423 adults
aged 265 years recruited from an outpatient geriatric department of
Panama’s largest public hospital, the Social Security Fund’s Dr Ar-
nulfo Arias Madrid Hospital Complex (Complejo Hospitalario Dr Ar-
nulfo Arias Madrid de la Caja de Seguro Social). The study provides
the first reports of modifiable and non-modifiable risk factors of cogni-
tive impairment and dementia, as well as various health conditions
common among older adults in Panama, including chronic illnesses,
polypharmacy and rates of comorbidity. The initial study, conducted
September 2012—May 2016, included a clinical interview; physical as-
sessments of body mass index and handgrip strength; and cognitive
testing, plus non-fasting blood draws for measurements of genetic
(Apolipoprotein E genotype) and blood-based biological markers.

INTRODUCTION

Population aging projections suggest that by 2025 about three-
quarters of the world’s population aged =60 years will reside
in developing countries.[1] This later stage of the demographic
transition, resulting from declining fertility and infant mortality
combined with increased life expectancy, is accompanied by sig-
nificant social and economic challenges associated with caring for
an increasingly older adult population. In Panama with a popula-
tion of 4 million (2017), litle emphasis has been placed on pro-
grams to prevent and manage risk factors for the most prevalent
health problems associated with aging. In light of a growing older
adult population—persons aged =60 years are expected to reach
23.5% of Panama'’s population by 2050[2]—it is urgent to address
aging-related health issues.

The Panama Aging Research Initiative (PARI) is the first prospec-
tive study of age-related health factors in older Panamanians.
Due to the rapid growth of Hispanic populations in the Americas
and the extant literature documenting a significant impact of race
and ethnicity on disease status,[3] this line of research contributes
not only to national but also international aging-related research.
PARI aims to (1) characterize demographic, clinical and genetic
factors associated with cognitive impairment; (2) describe asso-
ciated risks, including demographic, genetic and health-related
factors, such as Apolipoprotein E (ApoE) genotype and non-
communicable chronic diseases; (3) examine the utility of non-
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invasive techniques such as electroencephalography (EEG) and
ultrasonography to determine risk of cognitive impairment; and
(4) examine links between blood-based biomarkers and dementia
using a longitudinal approach. To date, PARI has found various
risk factors associated with dementia and cognitive impairment
and provided evidence of the feasibility of applying methods to
identify individuals at risk for these conditions. This report de-
scribes the general research study design, and highlights lessons
learned and future directions.

INTERVENTION

The methodology published previously was based on standard
protocols for conducting longitudinal studies of cognitive health in
older adults.[4—8] Participants were recruited from the outpatient
geriatric services of the Social Security Fund’'s Dr Arnulfo Arias
Madrid Hospital Complex (Complejo Hospitalario Dr Arnulfo Arias
Madrid de la Caja de Seguro Social, CHAAM-CSS), the largest
public hospital in Panama City. Inclusion criteria were age 265
years and willingness to participate in baseline and followup as-
sessments. Exclusion criteria were any medical condition requir-
ing hospitalization and/or participation in an ongoing clinical study
at the time of enrollment. In total, 423 participants were enrolled
from September 2012 through January 2013; followup assess-
ments were conducted in participant subsamples from February
2013 through January 2016. Table 1 summarizes the variables
and instruments employed at baseline and in followup studies.
The protocol was approved by the National Bioethics Commit-
tee of the Gorgas Commemorative Institute of Health Studies
(Instituto Conmemorativo Gorgas de Estudios de la Salud), the
only competent national bioethics committee at that time. All par-
ticipants (or their caregivers) provided written informed consent in
accordance with the Declaration of Helsinki.[9]

Participant interviews and clinical exams Interviews were con-
ducted by health professionals as well as medical, undergradu-
ate and graduate students trained by a multidisciplinary group of
specialists. Sociodemographic data collected included age, sex,
years of education completed, marital status and household in-
come. Chronic conditions, medications and performance in basic
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Table 1 Variables and instruments by study phase

Base- Followup
line assessments

Sociodemographic factor

Age, sex, marital status, educational level X
completed
Household income X

Current or past occupation

Clinical interview

Chronic conditions X
Number of medications X
BADL and IADL limitations[4,7] X X
Tobacco use X
Neuropsychiatric status (n = 204) X
EQ-5D-3L X
FAQ X
Lawton-Brody IADL Scale X
GDS-30[11] X

Physical assessments

Weight, height, pulse/blood pressure

Handgrip strength (kg) X
Electroencephalography (n = 60)

Ultrasonography (n = 159)

MMSE

TMTAand B

Clock drawing test: order

Clock drawing test: copy

Wechsler Memory Scale: Digit Span
Semantic Verbal Fluency

Boston Naming

Phototest

Poppelreuter figure visual perceptual func-
tion test

Object use test: imitation and verbal request
Verbal comprehension
10-word free recall

X X X X X X X X X X X X X

X X X X

Global Deterioration Scale

Biological Assays

Blood chemistry X X
Apolipoprotein E genotype (n = 267)[5,6] X
Blood based biomarkers (24-protein panel; X
n = 267)[5]

CSF biomarkers (T-tau, P-tau, Ab 1-42; n = 51) X

AR 1-42: amyloid $ 1-42; BADL: Basic activities of daily living; COPD: Chronic ob-
structive pulmonary disease; CSF: Cerebrospinal fluid; EQ-5D-3L: European Quality of
Life,EuroQol Questionnaire five-dimensional three-level version; FAQ: Functional Ac-
tivity Questionnaire; GDS-30: Geriatric Depression Scale (30-item); IADL: Instrumental
activities of daily living; MMSE: Mini Mental State Examination; P-tau: phosphorylated
tau protein; TMT A and B: Trail Making Test A and B; T-tau: total tau protein.

24-protein panel: Eotaxin 3 and Adinoponectin; A2M: alfa-2 Macroglobulin; B2M:
beta-2-microglobulin;CA-125: Cancer Antigen-125; CRP: C-reactive Protein; FABP:
Fatty Acid-Binding Protein; FVII: Factor VII; 1309: T-Lymphocyte-Secreted Protein
1-309; IL-1B: Interleukin-1 Beta; IL-5: Interleukin-5; IL-6: Interleukin-6; IL-7: Interleu-
kin-7; IL-10: Interleukin-10; IL-18: Interleukin-18; MIP-1a: Macrophage Inflammatory
Protein-1 Alpha; PPY: Pancreatic Polypeptide Y; SAA: Serum Amyloid Protein A; sl-
CAM1: Intercellular Adhesion Molecule; sVCAM1: Vascular Cell Adhesion Molecule;
TARC: Thymus and activation-regulated chemokine; THPO: Thrombopoietin; TN-C:
Tenascin-C; TNF-a: Tumor Necrosis Factor alpha.

and instrumental activities of daily living (BADL and IADL, respec-
tively) were evaluated through self-report as published previously.
[4,7] Clinical exams measured body mass index (BMI; kg/m?),
handgrip strength (kg), pulse rate and blood pressure.

Cognitive, psychiatric and other assessments Cognitive (n =
328) and psychiatric (n = 204) assessments were conducted during
the first followup screening (M = 4.5 months after baseline, SD =
1.9), and a non-fasting blood draw was performed. Global cognition
was assessed using the 30-item Spanish version of the Mini-Mental
State Examination (MMSE)[10] adjusted for age and education. To
screen for depressive symptoms, the Spanish version of the 30-
item Geriatric Depression Scale (GDS-30)[11] was administered by
an interviewer. Additional health measures included current or past
tobacco use and frequency of physical exercise.

A subsample of participants (n = 93) was evaluated with a com-
plete cognitive test battery approximately 17 months (M = 16.8,
SD = 3.4) after baseline evaluations.[8] The assessment included
clinical and demographic factors and cognitive/functional tests,
summarized in Table 1. The protocol also included a non-fasting
blood draw. In this sample, diagnoses of Alzheimer’s disease
(AD), mild cognitive impairment (MCI), no cognitive impairment
or other, were made by a consensus committee according to
published criteria.[12,13] Participants were classified as controls
if they performed within normal limits in the neuropsychological
assessment and scored below the threshold for symptoms of de-
pression in the GDS-30. The Global Deterioration Scale[14] was
used to provide information on the stage of illness or condition.
The tests in the battery assessed the following cognitive domains:
global cognition, language, visuospatial ability, memory, executive
function, attention, praxis and gnosis.

EEGs were obtained in a subsample of participants (n = 60) se-
lected at random using a standard 10-20 system (Natus Medi-
cal Incorporated, Canada). Records were classified as normal or
abnormal by an experienced clinician blind to all other participant
information. In another subsample (n = 159), also selected at
random, high resolution B-mode ultrasonography was used to
measure volume and speed of blood flow, intima media thickness
(IMT), and presence of stenosis in the left carotid artery. The pro-
cedure for obtaining and classifying these measures is described
in a recent report.[8]

Biological assays Serum samples were obtained from 63% of
participants and assayed in duplicate via a multiplex biomarker
assay platform using electrochemiluminescence. In order to
pursue studies in biomarker discovery, we partnered with Dr Sid
O’Bryant at the University of North Texas Health Science Center,
whose team has a long history of conducting aging studies with
Mexican-Americans.[15—17] Our current aim is to identify blood
biomarkers that could be used to select potential clinical trial
subjects, improve early diagnosis and enable longitudinal track-
ing of various disease indicators over extended periods of time.
For comparative purposes, subjects were divided into three age
groups: 65-74 years, 75-84 years and 285 years.

Cerebrospinal fluid samples (CSF; 5-10 mL) were obtained from
participants who provided additional written informed consent (n =
51). Standardized lumbar puncture procedure was performed during
morning hours by experienced professionals using a 20- or 22-gauge
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needle after local lidocaine application. Samples were centrifuged at
low speed to discard any cellular material, then aliquoted into indi-
vidual polypropylene tubes (400-500 pL) without preservative, and
frozen at —80 °C until analysis. Protein concentrations for AR1-42,
T-tau, and P-tau181 were measured using standardized commer-
cially available ELISA methods [INNOTEST B-AMYLOID(1-42),
INNOTEST hTAU Ag and INNOTEST PHOSPHO-TAU(181P)], ac-
cording to manufacturer specifications (Fujirebio Europe NV, former-
ly Innogenetics NV, Ghent, Belgium). Samples were run in duplicate
along with the calibration controls and validation solutions.

LESSONS LEARNED FROM INTERVENTION RESULTS
Mean age of participants was 79.1 years (SD = 7.7). Female
participants outnumbered male by a ratio of 2:1. Mean level of
education was 7.3 years (SD = 4.4) and inversely related to age,
with the oldest participants having the lowest levels of education.
Participants, on average, were taking 3.9 medications (SD = 2.0)
and levels of polypharmacy did not differ among age groups. As
expected, hypertension was the most frequent chronic condition
followed by diabetes and ischemic heart disease. In our sample,
59.7% of individuals aged >85 years were classified as cogni-
tively impaired, consistent with other studies in the region in indi-
viduals with low levels of education.[18] Increased age combined
with low educational level were found to be primary risk factors for
cognitive impairment. Among the cognitive, physical function and
depression variables, participants aged =85 years scored lower
on cognitive tests, and had more BADL and IADL limitations and
depressive symptoms.[4,7]

For Panama, PARI provided the first data regarding health-related
factors in older adults, a line of research that has been active in
most high-income countries for decades. In the initial cohort, we
collected information on a wide range of variables and reported
age-related impairments in cognition and everyday function, many
of which were expected based on the international literature. At
the same time, we established a line of research in blood-based
biomarkers of AD, a relatively novel but rapidly growing area of
global AD research. First, we demonstrated that a 21-protein pan-
el could reliably distinguish AD individuals from healthy controls.
[5] In subsequent studies analyzing biomarker data across co-
horts, we showed that pooled data of a 24-protein panel of blood
biomarkers to screen for AD had excellent diagnostic accuracy
and positive and negative predictive power.[16]

Importantly, a blood screen as a first step in the diagnostic process
in primary care can significantly reduce costs that represent a ma-
jor barrier in health and social services in low-resource settings
such as Panama. In our current (community-based) cohort, we
continue to collect blood samples periodically in order to assess if
previous findings are repeated. We are also extending our analy-
sis to include the utility of the biomarker profile to indicate risk
for incident cognitive impairment. Based on our findings to date
and considering the time- and cost-effectiveness of blood tests in
primary care, we consider this a promising line of research.

We found that age and APOE4 are the strongest risk factors as-
sociated with AD and MCI. This is one of our most relevant results
concerning cognitive impairment and other age-related condi-
tions.[6] Notably, 32.6% of participants tested (n = 267) had at
least one copy of APOE4. Table 2 summarizes the distribution
of APOE genotypes by age group. Our published results have

revealed that APOE4 is a strong predictor of AD and MCI[4] and
underscore the potential of blood-biomarker screening to identify
those at highest risk for dementia.[15] Our studies also confirm
the feasibility of applying common biomarkers to clinical evalua-
tions of cognitive impairment (APOE, CSF and blood).[5,6]

It is important to take into account other measures that could
contribute to the development of minimal requirements for de-
tecting risk in primary care (screening for depressive symptoms,
ADL limitations, handgrip strength, etc.).[4,7] We showed that the
GDS-30 has a high negative predictive value and thus serves as
a useful tool in primary care to identify individuals who should be
referred for a full psychiatric evaluation.[19]

Table 2: Distribution of APOE genotype by age group

65-74 years 0.0% 5.8% 23% 57.0% 302% 4.7%
75-84 years 0.9% 6.8% 0.9% 61.5% 274% 2.6%
285 years 0.0% 6.3% 1.6% 57.8% 34.4% 0.0%
Total (n = 267) 0.4% 6.4% 1.5% 59.2% 30.0% 2.6%

The study has important limitations. The sample is not represen-
tative of the entire older-adult population. Specifically, because
it consists of individuals who utilize public health services, re-
sults may underestimate the extent of cognitive impairment and
age-related chronic conditions among older Panamanians, and
comparisons of our results with others should be made with cau-
tion. In addition, due to time constraints imposed by the hospital
setting in which we collected our data, we could not schedule all
tests in a single visit. Consequently, we experienced significant
losses to followup assessments. This was beyond our control,
although with the exception of EEG tests, we were able to evalu-
ate an acceptable number of participants in most followup tests,
resulting in published reports.[4,8]

Building upon lessons learned in the initial cohort, we are current-
ly conducting a longitudinal study in a community-based cohort
and have been successful in enrolling participants from diverse
backgrounds using a variety of strategies (social and print media).
In our current protocol, we conduct the clinical interview, physical
exam, fasting blood draw and cognitive testing in one visit and
repeat them on a followup visit 12—18 months later, thus reducing
the dropout rate significantly. Upon the advice of clinicians, we
also include measures of frailty, which are highly effective in de-
tecting patients at risk and are cost- and time-effective in primary
care settings.

We also simplified our research protocol to retain cognitive and
functional measures and eliminate EEG or ultrasound markers re-
lated to cognitive impairment and the collection of CSF samples.
The main reason for this modification was that students could not
be trained to conduct these tests, which require paid specialists.

Another important lesson learned was to provide study partici-
pants access to their cognitive test results, which has resulted
in greater participant interest and retention in the study. In fact,
as a result of this initial research, we concluded that all persons
should have the opportunity to discuss clinical study findings with
their health care providers to determine the appropriate course of
action, as is done in many other countries.
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IMPLICATIONS FOR RESEARCH

AND POLICY DECISION-MAKING

One of the most common health concerns in older adults is cogni-
tive decline. Recently published population-based studies confirm
that rates of AD and MCI in developing countries are similar to
those of developed countries[20] and are expected to increase in
the coming decades due to high rates of modifiable risk factors
such as diabetes, obesity and illiteracy. Thus, identifying individu-
als with MCI who are more likely to develop AD or other demen-
tias is one of the primary challenges in cognitive aging research.
Importantly, evidence indicates that AD-associated neuropathol-
ogy is likely to appear decades before clinical symptoms,[21] sug-
gesting that treatments that can potentially modify disease course
will likely be most effective during pre-clinical disease stages. In
this regard, the search for reliable biomarkers that can aid in early
detection of dementia is essential for reducing the burden of cog-
nitive impairment.

In rapidly aging countries such as Panama where more people
are living with various chronic diseases—their treatment ac-
counting for a significant portion of the country’s health care
expenditures—clinical studies like PARI are urgently needed to
understand how modifiable and non-modifiable risk factors inter-
act to produce common health-related conditions in older adults,
such as functional disability and cognitive impairment.

Older adults commonly experience mental health conditions, yet
most healthcare professionals in Panama receive no training in
their assessment and treatment. Perhaps related to this, cognitive
impairment is rarely diagnosed using published diagnostic criteria
and in many cases is seen as a normal part of the aging process.
Complicating this scenario, family members of affected individu-
als rarely seek formal medical services until advanced stages of
impairment, which increases the burden of aging on individuals,
family members and health systems.

PARI has helped to draw attention to the importance of compre-
hensive (cognitive, functional and psychiatric) evaluations of older
adults. The proven predictive value of GDS-30 in primary care
settings has already been used by the Ministry of Health to sup-
port the screening of depressive symptoms in this population. Our
program has trained an average of ten research assistants an-
nually, most of them students in social and biomedical sciences,
which in turn has increased the number of students pursuing ad-
vanced degrees focused on health and aging.

PARI’s collaboration with academic institutions has been indispens-
able to the program’s day-to-day activities and to capacity building
in areas directly impacting geriatric health. We have also built a
strong alliance with international collaborations and the Ministry of
Health, which looks to the PARI program as the first source of meta-
data collected from older adults in Panama. We continue to build
relationships in local communities, and to increase recruitment and
retention of participants, centering on characteristics such as age,
socioeconomic factors, urban-rural demographics and cognitive
status (healthy, asymptomatic and MCI).

Our study adds to the effort to document the cognitive status
of older adults in Panama and constitutes a contribution to our
understanding of the risk factors of cognitive outcomes among
Hispanic populations in general. Its ultimate aim is to provide a
body of evidence to support the development of public policies
to improve geriatric public health care and reduce the burden of
aging on health systems and individuals.
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