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Abstract.
Background: Queries for the presence of cardiovascular and cerebrovascular risk factors are typically assessed through
self-report. However, the reliability and validity of self-reported cardiovascular and cerebrovascular risk factors remain
inconsistent in aging research.
Objective: To determine the reliability and validity of the most frequently self-reported vascular risk factors: hypertension,
diabetes, and heart disease.
Methods: 1,870 individuals aged 65 years or older among African Americans, Caribbean Hispanics, and white non-Hispanic
individuals were recruited as part of a community study of aging and dementia. We assessed the reliability, validity, sensitivity,
specificity, and percent agreement of self-reported hypertension, diabetes, and heart disease, in comparison with direct
measures of blood pressure, hemoglobin A1c (HbA1c), and medication use. The analyses were subsequently stratified by
age, sex, education, and ethnic group.
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Results: Reliability of self-reported hypertension, diabetes, and heart disease was excellent. Agreement between self-reports
and clinical measures was moderate for hypertension (kappa: 0.58), good for diabetes (kappa: 0.76–0.79), and moderate
for heart disease (kappa: 0.45) differing slightly by age, sex, education, and ethnic group. Sensitivity and specificity for
hypertension was 88.6%–78.1%, for diabetes was 87.7%–92.0% (HbA1c ≥6.5%) or 92.7%–92.8% (HbA1c ≥7%), and for
heart disease was 85.8%–75.5%. Percent agreement of self-reported was 87.0% for hypertension, 91.6%–92.6% for diabetes,
and 77.4% for heart disease.
Conclusion: Ascertainment of self-reported histories of hypertension, diabetes, and heart disease are reliable and valid
compared to direct measurements or medication use.
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INTRODUCTION

Cardiovascular and cerebrovascular risk factors are
frequent among elderly adults and their presence is
associated with increased risk of Alzheimer’s disease
[1, 2]. Self-reported questionnaires are often used
to gather information about antecedent risk factors,
including cardiovascular and cerebrovascular risk,
for Alzheimer’s disease in observational studies [2, 3]
due to convenience and lower cost relative to clinical
diagnosis [4]. It is the only feasible way of obtaining
information on the disease in the absence of clinical
or medical records. However, the reliability, validity,
and overall accuracy of self-reports may be affected
by the participant’s understanding of the diagnosis,
willingness to report it, and ability to recall their per-
sonal information, which can be of concern among
elderly individuals [4]. Well-validated and reliable
self-reported information of disease risks is impor-
tant for understanding the cause of the disease and
may provide clues to preventive strategies.

Hypertension, diabetes, and heart disease are major
cardiovascular risk factors leading to an increased
burden of cardiovascular and cerebrovascular dis-
eases [5, 6] and risk of dementia and Alzheimer’s
disease [1, 2]. The validity of self-reported informa-
tion regarding vascular risk factors found in several
studies [3, 4, 7–15] was found to be uncertain and
highly variable reflecting differences in study popu-
lation, sociodemographic characteristics, and the use
of clinical measurements or treatments. There is also
limited information available on the reliability and
validity of self-reported hypertension, diabetes, and
heart disease among racially and ethnically diverse
older adults.

The Washington Heights, Hamilton Heights,
Inwood Columbia Aging Project (WHICAP) is a
community-based longitudinal study of aging and
dementia in elderly individuals living in northern

Manhattan [16, 17]. This cohort includes older adults
who identify as non-Hispanic Black or African Amer-
ican, Caribbean Hispanic, and non-Hispanic White,
and it also provides an opportunity to assess differ-
ences by educational level, sex, clinical, and genetic
factors in relation to age-related diseases [18]. We
previously reported higher prevalence and incidence
rates of cerebrovascular disease and dementia among
non-Hispanic Black and Hispanic older adults com-
pared to non-Hispanic white individuals in WHICAP
[17, 19]. Thus, understanding whether the reliability
and validity of self-reported vascular risk factors dif-
fers by racial and race/ethnic group is an important
objective.

Among older participants in this multi-ethnic
community-based WHICAP cohort, the validity
of self-reported hypertension, diabetes, and heart
disease was investigated using Cohen’s kappa,
sensitivity, specificity, and percent agreement by
comparing participant responses to direct measure-
ments or reviewing disease-specific medications use.
We also investigated the reliability of self-reports
using longitudinal data, and whether the validity of
self-reported hypertension, diabetes, and heart dis-
ease differed by age, sex, education, or ethnic group.

METHODS

Participants

Participants were from WHICAP, a community-
based longitudinal study of aging and dementia in
a multiethnic cohort of individuals aged 65 years or
older residing in northern Manhattan [16, 17]. Par-
ticipants were initially recruited as non-demented by
self-report in waves in 1992, 1999, and 2009 using
similar sampling strategies, assessments, and study
design and procedures [17].
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Consent statement

The study was approved by the Institutional
Review Boards of Columbia University. All partic-
ipants provided written informed consent. A detailed
description of the study was previously published
[16].

Cardio- and cerebrovascular risk factors
(vascular risk factors)

At the initial and each follow-up visit, self-
reported medical history, self-reported use of
disease-specific medications, and physical examina-
tions were recorded. Evaluations were conducted in
English or Spanish, based on the language prefer-
ence of the participant. Self-reported information
on hypertension, diabetes, and heart disease was
obtained from each participant at last visit by three
questions “Have you ever had a hypertension / dia-
betes / heart disease?” (Ever Had or Never Had).

Clinical measures were also obtained by direct
measurement in a subset of the most recent WHICAP
participants and from available information obtained
at the interviews. For hypertension we used two
approaches. First, we used the measurement of blood
pressure defined as systolic blood pressure ≥140
mmHg, diastolic blood pressure ≥90 mmHg [20],
based on the World Health Organization guidelines
[21]. If no measurement of blood pressure was
available, we used information regarding the use
of anti-hypertension medications. For diabetes we
considered two reference definitions: definition 1:
measurement of hemoglobin A1C level ≥6.5% at last
visit or the use of any medications to manage dia-
betes at the initial or follow-up visits; definition 2:
hemoglobin A1C level ≥7% at last visit or diabetes
medication use at the initial or follow-up visits. Cut-
points for hemoglobin A1C level were based on the
current American Diabetes Association guidelines
[22] (≥6.5%) and current Department of Veterans
Affairs’ recommendations (≥7%) [23, 24]. For heart
disease we relied entirely on the use of medications
to manage heart disease at the initial or follow-up
visits. The use of medications was classified as fol-
lows: Hypertension: angiotensin-converting enzyme
inhibitors, beta-blockers, calcium channel blockers,
or diuretics; Diabetes: glitazones, insulin, metformin,
oral hypoglycemics, or sulfonylurea; Heart disease:
digitalis or digoxin, anti-anginal agents, nitrates, or
other anti-arrhythmics/anginals. The reported use of
medications was recorded as “Taken or Not Taken”.

Covariates

Information on age at last visit, sex, education, and
ethnic group was queried. Years of education was
self-reported and ranged from 0 to 20. The determina-
tion of ethnic group was self-reported using the 2000
US Census [25] as a guide. We excluded the small
number of individuals who did not identify as non-
Hispanic Black, Caribbean Hispanic or non-Hispanic
white (n = 24).

Statistical analyses

Reliability [26, 27] of self-reported hypertension,
diabetes, and heart disease was assessed at the indi-
vidual level for participants with at least two visits by
fitting a mixed effects logistic regression model with
fixed effects including age, sex, educational level, and
ethnicity and a random intercept for each individ-
ual using rpt function in R package rptR [26]. We
assessed the reliability of each self-reported vascu-
lar factor beginning from the first interview at which
there was an affirmative response. We also investi-
gated the reliability of self-reported risk factors at
the individual level for participants with at least two
visits excluding the first negative reports if they later
had a positive self-report. The reliability value ranges
from 0 to 1 and the value of less than 0.40 was con-
sidered poor, 0.40–0.59 as fair, 0.60–0.74 as good,
and 0.75–1.00 as excellent reliability.

Validity of self-reported risk factors data was com-
pared to measured hypertension, diabetes and heart
disease using Cohen’s kappa [28], sensitivity [29],
specificity [29], and percent agreement [28]. Cohen’s
kappa was used to measure the agreement between
self-reported and measured risk factor by taking
into account the agreement expected to occur by
chance. The kappa value ranges from –1 to 1 and
the value of less than or equal to 0 was considered
no, 0.01–0.40 as poor-to-fair, 0.41–0.60 as moderate,
0.61–0.80 as good, and 0.81–1.00 as excellent agree-
ment [28]. Sensitivity was defined as the proportion of
participants who self-reported to ever had a risk fac-
tor among those with positive measured risk factor.
Specificity was defined as the proportion of partici-
pants who self-reported to never had a risk factor in
whom we found no evidence of the measured risk
factor. False negative rate (1-sensitivity) and false
positive rate (1-specificity) were used to examine
the proportion of under-reported and over-reported,
respectively, for risk factors. Percent agreement was
defined as the proportion of all participants with pos-
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itive self-report with positive measured risk factor
or negative self-report with negative measured risk
factor [28]. We compared the percent agreement for
hypertension, diabetes, and heart disease.

Stratified analyses of the validity measures for
self-reported hypertension, diabetes, and heart dis-
ease were subsequently compared across several
demographic variables (age, sex, education, and
race/ethnic group). Participants were stratified by
median age of 80.9 years, younger (65 years ≤ age
<80.9 years) and older (age ≥80.9 years). Participants
were categorized into three groups of educational
level using cut-points based on the education quar-
tiles of the samples, low (education <6), medium (6
≤ education <12), and high (education ≥12 years
of education) [30]. Exact method [31–33] was used
to compute the confidence intervals. Kappa statis-
tic and its confidence interval were computed using
epi.kappa function in R package epiR [34]. Sensitiv-
ity and specificity and its confidence intervals were
computed using BDtest function in R package bdpv
[35]. Difference between two proportions was tested
using two-proportions z-test using prop.test function
in R package stats [36]. A p-value less than 0.05
was considered significant. The false discovery rate
(FDR) of 0.05 was used to correct for multiple test-
ing. All statistical analyses were performed using R
[36] version 4.1.3.

RESULTS

A total of 1,870 participants were 65 years or
older and had complete data on self-reported and
measured hypertension, diabetes, and heart disease,
in addition to age at last visit, sex, education, and
race/ethnic group. The demographics characteris-
tics of this cohort are in Table 1. The frequency
of individuals with self-reported vascular risk fac-
tors: hypertension, diabetes, and heart disease are
also listed in Table 1 and Supplementary Table 1.
The clinical measures showed a higher frequency of
hypertension (p < 0.001) and lower frequencies for
diabetes (p = 0.030 for definition 1 and p = 0.003 for
definition 2) and heart disease (p < 0.001) than the
self-reported assessments (Supplementary Table 1).

The 1,870 participants had a total of 4,743
self-reported hypertension assessments and 4,739
self-reported diabetes and heart disease assessments
at the initial and follow-up visits. Of those, when we
restricted to participants with at least two visits, 1,307
participants had self-reported hypertension assess-

Table 1
Participant demographics and clinical characteristics of the study

sample

Characteristic Total Sample
(n = 1,870)

Age (y), mean, median (SD) 81.16, 80.9 (7.18)
65 ≤ Age <80.9, n (%) 847 (45%)
Age ≥80.9, n (%) 1,023 (55%)

Sex
Women, n (%) 1,212 (65%)
Men, n (%) 658 (35%)

Education (y), mean (SD) 9.39 (4.79)
Low: Education <6, n (%) 436 (23%)
Medium: 6 ≤ Education <12, n (%) 616 (33%)
High: Education ≥12, n (%) 818 (44%)

Race/ethnic group
Non-Hispanic white, n (%) 483 (26%)
African American, n (%) 635 (34%)
Caribbean Hispanic, n (%) 752 (40%)

Self-reported
Hypertension, n (%) 1459 (78%)
Diabetes, n (%) 462 (25%)
Heart disease, n (%) 670 (36%)

Measured
Hypertension, n (%) 1573 (84%)
Diabetes (definition 1), n (%) 405 (22%)
Diabetes (definition 2), n (%) 386 (21%)
Heart disease, n (%) 346 (19%)

SD, standard deviation; definition 1, hemoglobin A1C level ≥6.5%
at last visit or the use of any medications to manage diabetes at
initial or follow-up visits; definition 2, hemoglobin A1C level ≥7%
at last visit or diabetes medication use at initial or follow-up visits.

ments with a total of 4,183 visits, 1,306 participants
had self-reported diabetes with a total of 4,178 visits,
and 1,307 participants had self-reported heart disease
with a total of 4,179 visits (Supplementary Table 2).
When we excluded the first negative self-reports of
participants when they later had positive self-report
due to a change in health status, after restricting to
participants with at least two visits, 1,240 participants
had self-reported hypertension with a total of 3,860
visits, 1,269 participants had self-reported diabetes
with a total of 3,985 visits, and 1,222 participants had
self-reported heart disease with a total of 3,795 visits
(Supplementary Table 2). The self-reported hyperten-
sion, diabetes, and heart disease were assessed from
three visits per individual on average. The distribu-
tion of the proportion of positive self-reported risk
factors among individuals is shown in Supplementary
Table 2.

The reliability of self-reports was excellent for
hypertension (0.96 and 0.97), diabetes (0.98 and
0.99), and heart disease (0.95 and 0.95) unadjusted
and adjusted for age, sex, education, and ethnicity,
respectively (Table 2). The subsequent reliability of
self-reports was excellent for hypertension (0.987),
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Table 2
Reliability of self-reported hypertension, diabetes, and heart disease among individuals, before

and after excluding the first consecutive negative self-reports of participants when they later
consistently had positive self-reports

Before exclusion Hypertension Diabetes Heart disease

Unadjusted 0.959 0.983 0.948
Adjusted for sex, age, education, and ethnicity 0.968 0.987 0.951

After exclusion Hypertension Diabetes Heart disease
Unadjusted 0.987 0.995 0.986
Adjusted for sex, age, education, and ethnicity 0.987 0.995 0.986

diabetes (0.995), and heart disease (0.986) when
unadjusted and adjusted for age, sex, education, and
ethnicity (Table 2).

The validity of self-reported against measured
hypertension, diabetes, and heart disease is shown
in Table 3. The agreement between self-reported
and measured vascular risk factors was moderate for
hypertension (kappa: 0.58, 95% confidence interval
(CI): 0.53–0.63), good for diabetes (kappa: 0.76, 95%
CI: 0.73–0.80 for definition 1; kappa: 0.79, 95% CI:
0.76–0.82 for definition 2), and moderate for heart
disease (kappa: 0.45, 95% CI: 0.40–0.50). Our agree-
ment for diabetes was higher than that of hypertension
(p = 0.013 for definition 1; p = 0.004 for definition
2) and heart disease (p < 0.001 for definition 1 and
2). Sensitivity and specificity for hypertension was
88.6% (95% CI: 86.9–90.1) and 78.1% (95% CI:
73.0–82.7), that of diabetes for definition 1 was 87.7%
(95% CI: 84.0–90.7) and 92.7% (95% CI: 91.2–94.0),
that of diabetes for definition 2 was 92.0% (95% CI:
88.8–94.5) and 92.8% (95% CI: 91.4–94.1), and that
of heart disease was 85.8% (95% CI: 81.7–89.3) and
75.5% (95% CI: 73.3–77.7), respectively, resulting
in over-reporting and under-reporting of 21.9% and
11.4% for hypertension, 7.3% and 12.3% for diabetes
for definition 1, 7.2% and 8.0% for diabetes for def-
inition 2, and 24.5% and 14.2% for heart disease.
Percent agreement for hypertension, diabetes, and
heart disease were 87.0%, 91.6% for definition 1 and
92.6% for definition 2, and 77.4%, respectively, and
diabetes had a higher percent agreement than hyper-
tension (p < 0.001) and heart disease (p < 0.001) for
definition 1 and 2.

When stratified by sex, age, education, or eth-
nic group, the sensitivity of hypertension was higher
for older, than younger adults (91.5% versus 85.6%,
p = 0.0003) and higher for women, than men (90.3%
versus 85.2%, p = 0.004) (Table 3). Specificity of
hypertension was higher for non-Hispanic Whites,
than Hispanics (89.7% versus 71.9%, p = 0.007),
that of diabetes was higher for participants with
high education, than low education (95.2% ver-

sus 90.2%, p = 0.006 for definition 1; 95.3% versus
90.4%, p = 0.006 for definition 2), that of diabetes
was higher for non-Hispanic white individuals, than
Hispanics (95.7% versus 90.8%, p = 0.015 for defini-
tion 1; 95.8% versus 90.8%, p = 0.013 for definition
2), and that of heart disease was lower for older,
than younger adults (72.2% versus 78.5%, p = 0.006).
Percent agreement of hypertension was higher for
older, than younger adults (89.6% versus 84.3%,
p = 0.001) and higher for women, than men (88.8%
versus 83.6, p = 0.002), that of diabetes was higher
for participants with high education, than medium
education (94.4% versus 90.9%, p = 0.046 for defini-
tion 2) and higher for non-Hispanic white individuals,
than non-Hispanic Black participants and Hispan-
ics (95.2% versus 91.7%, p = 0.038; 95.2% versus
91.8%, p = 0.038 for definition 2), that of heart dis-
ease was lower for older, than younger adults (75.2%
versus 79.6%; p = 0.026). There were no significant
differences in Cohen’s kappa, sensitivity, specificity,
and percent agreement of the risk factors for the other
strata.

DISCUSSION

This investigation assessed the reliability of self-
reported vascular risk factors and the validity when
compared with directly measured hypertension, dia-
betes, and heart disease in a community-based study
of older individuals of African and Hispanic ances-
try, and non-Hispanic white individuals of European
ancestry. We found excellent reliability of self-
reported hypertension, diabetes, and heart disease
with and without adjustment for age, sex, educa-
tion, and ethnicity. We also found good agreement
between self-reports of vascular risk factors and mea-
sured HbA1c, and moderate agreement for measured
hypertension and medication use for heart disease.
Sensitivity, specificity, and percent agreement were
high for diabetes and moderate for hypertension and
heart disease. In stratified analyses, sensitivity and
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Table 3
Validity of self-reported against measured hypertension, diabetes, and heart disease stratified by participants characteristics

Hypertension
Variable Group Cohen’s kappa Sensitivity (%) Specificity (%) Underreported Overreported %agree

All 0.58 (0.53–0.63) 88.6 (86.9–90.1) 78.1 (73.0–82.7) 11.4 (9.9–13.1) 21.9 (17.3–27.0) 87.0
Age 65–80.9 0.56 (0.49–0.62) 85.6 (82.9–88.0) 79.0 (72.2–84.7) 14.4 (12.0–17.1) 21.0 (15.3–27.8) 84.3

≥80.9 0.60 (0.52–0.67) 91.5 (89.4–93.3)∗ 76.9 (68.3–84.0) 8.5 (6.7–10.6)∗ 23.1 (16–31.7) 89.6∗
Sex Women 0.59 (0.52–0.65) 90.3 (88.3–92.0) 78.9 (71.8–84.9) 9.7 (8.0–11.7) 21.1 (15.1–28.2) 88.8

Men 0.56 (0.48–0.63) 85.2 (81.9–88.2)∗ 77.2 (69.2–84.0) 14.8 (11.8–18.1)∗ 22.8 (16.0–30.8) 83.6∗
Education <6 0.51 (0.40–0.63) 89.8 (86.2–92.7) 67.2 (54.3–78.4) 10.2 (7.3–13.8) 32.8 (21.6–45.7) 86.5

6–12 0.57 (0.48–0.66) 89.8 (86.9–92.3) 76.7 (66.4–85.2) 10.2 (7.7–13.1) 23.3 (14.8–33.6) 88.0
≥12 0.61 (0.54–0.67) 87.0 (84.3–89.5) 83.7 (76.7–89.3) 13.0 (10.5–15.7) 16.3 (10.7–23.3) 86.4

Ethnicity Whites 0.63 (0.55–0.71) 85.0 (81.0–88.4) 89.7 (81.9–94.9) 15.0 (11.6–19.0) 10.3 (5.1–18.1) 85.9
AfAm 0.57 (0.47–0.66) 90.9 (88.2–93.2) 73.3 (62.6–82.2) 9.1 (6.8–11.8) 26.7 (17.8–37.4) 88.5
Hispanics 0.53 (0.45–0.62) 88.9 (86.2–91.2) 71.9 (62.7–79.9)∗ 11.1 (8.8–13.8) 28.1 (20.1–37.3)∗ 86.3

Diabetes (definition 1)
Variable Group Cohen’s kappa Sensitivity (%) Specificity (%) Underreported Overreported %agree
All 0.76 (0.73–0.80) 87.7 (84.0–90.7) 92.7 (91.2–94.0) 12.3 (9.3–16.0) 7.3 (6.0–8.8) 91.6
Age 65–80.9 0.78 (0.73–0.82) 91.2 (86.6–94.6) 91.7 (89.4–93.6) 8.8 (5.4–13.4) 8.3 (6.4–10.6) 91.6

≥80.9 0.75 (0.70–0.80) 83.6 (77.5–88.6) 93.7 (91.7–95.3) 16.4 (11.4–22.5) 6.3 (4.7–8.3) 91.6
Sex Women 0.77 (0.72–0.81) 86.6 (81.9–90.5) 93.2 (91.4–94.7) 13.4 (9.5–18.1) 6.8 (5.3–8.6) 91.7

Men 0.76 (0.70–0.82) 89.5 (83.3–94.0) 91.8 (89.1–94.1) 10.5 (6.0–16.7) 8.2 (5.9–10.9) 91.3
Education <6 0.78 (0.71–0.84) 91.6 (85.1–95.9) 90.2 (86.4–93.3) 8.4 (4.1–14.9) 9.8 (6.7–13.6) 90.6

6–12 0.75 (0.69–0.81) 89.4 (83.1–93.9) 90.7 (87.8–93.2) 10.6 (6.1–16.9) 9.3 (6.8–12.2) 90.4
≥12 0.77 (0.71–0.82) 82.8 (75.6–88.5) 95.2 (93.4–96.7)∗ 17.2 (11.5–24.4) 4.8 (3.3–6.6) 93.0

Ethnicity Whites 0.74 (0.65–0.83) 80.3 (68.7–89.1) 95.7 (93.3–97.4) 19.7 (10.9–31.3) 4.3 (2.6–6.7) 93.6
AfAm 0.74 (0.67–0.80) 84.3 (77.2–89.9) 92.3 (89.6–94.5) 15.7 (10.1–22.8) 7.7 (5.5–10.4) 90.6
Hispanics 0.79 (0.74–0.84) 92.5 (87.9–95.7) 90.8 (88.1–93.1)∗ 7.5 (4.3–12.1) 9.2 (6.9–11.9) 91.2

Diabetes (definition 2)
Variable Group Cohen’s kappa Sensitivity (%) Specificity (%) Underreported Overreported %agree
All 0.79 (0.76–0.82) 92.0 (88.8–94.5) 92.8 (91.4–94.1) 8.0 (5.5–11.2) 7.2 (5.9–8.6) 92.6
Age 65–80.9 0.80 (0.75–0.84) 94.7 (90.7–97.3) 91.8 (89.5–93.7) 5.3 (2.7–9.3) 8.2 (6.3–10.5) 92.4

≥80.9 0.78 (0.73–0.83) 88.8 (83.2–93.0) 93.8 (91.8–95.4) 11.2 (7.0–16.8) 6.2 (4.6–8.2) 92.8
Sex Women 0.80 (0.76–0.84) 91.9 (87.8–95.0) 93.3 (91.5–94.8) 8.1 (5.0–12.2) 6.7 (5.2–8.5) 93.0

Men 0.78 (0.72–0.83) 92.1 (86.3–96.0) 91.9 (89.2–94.1) 7.9 (4.0–13.7) 8.1 (5.9–10.8) 91.9
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Education <6 0.80 (0.74–0.86) 95.6 (90.1–98.6) 90.4 (86.6–93.4) 4.4 (1.4–9.9) 9.6 (6.6–13.4) 91.7
6–12 0.76 (0.70–0.82) 91.3 (85.3–95.4) 90.8 (87.8–93.2) 8.7 (4.6–14.7) 9.2 (6.8–12.2) 90.9
≥12 0.81 (0.75–0.86) 89.6 (83.1–94.2) 95.3 (93.5–96.8)∗ 10.4 (5.8–16.9) 4.7 (3.2–6.5) 94.4∗

Ethnicity Whites 0.79 (0.71–0.88) 91.4 (81.0–97.1) 95.8 (93.4–97.5) 8.6 (2.9–19.0) 4.2 (2.5–6.6) 95.2
AfAm 0.76 (0.70–0.82) 88.7 (82.1–93.5) 92.4 (89.8–94.6) 11.3 (6.5–17.9) 7.6 (5.4–10.2) 91.7∗
Hispanics 0.80 (0.75–0.85) 94.4 (90.1–97.2) 90.8 (88.1–93.1) 5.6 (2.8–9.9) 9.2 (6.9–11.9) 91.8∗

Heart disease
Variable Group Cohen’s kappa Sensitivity (%) Specificity (%) Underreported Overreported %agree
All 0.45 (0.40–0.50) 85.8 (81.7–89.3) 75.5 (73.3–77.7) 14.2 (10.7–18.3) 24.5 (22.3–26.7) 77.4
Age 65–80.9 0.43 (0.36–0.51) 86.9 (79.9–92.2) 78.5 (75.5–81.3) 13.1 (7.8–20.1) 21.5 (18.7–24.5) 79.6

≥80.9 0.45 (0.39–0.51) 85.2 (79.7–89.6) 72.2 (68.8–75.5)∗ 14.8 (10.4–20.3) 27.8 (24.5–31.2)∗ 75.2∗
Sex Women 0.45 (0.39–0.50) 83.3 (77.8–87.9) 76.1 (73.4–78.8) 16.7 (12.1–22.2) 23.9 (21.2–26.6) 77.5

Men 0.46 (0.38–0.54) 90.8 (84.1–95.3) 74.4 (70.5–78.0) 9.2 (4.7–15.9) 25.6 (22.0–29.5) 77.4
Education <6 0.48 (0.38–0.58) 80.2 (70.2–88.0) 79.4 (74.8–83.5) 19.8 (12–29.8) 20.6 (16.5–25.2) 79.6

6–12 0.45 (0.37–0.53) 87.9 (80.6–93.2) 74.4 (70.3–78.2) 12.1 (6.8–19.4) 25.6 (21.8–29.7) 76.9
≥12 0.43 (0.36–0.50) 87.5 (81.0–92.4) 74.3 (70.9–77.6) 12.5 (7.6–19.0) 25.7 (22.4–29.1) 76.7

Ethnicity Whites 0.42 (0.33–0.51) 91.2 (83.4–96.1) 70.2 (65.4–74.6) 8.8 (3.9–16.6) 29.8 (25.4–34.6) 74.1
AfAm 0.44 (0.36–0.52) 84.2 (75.6–90.7) 77.9 (74.1–81.4) 15.8 (9.3–24.4) 22.1 (18.6–25.9) 78.9
Hispanics 0.48 (0.41–0.55) 83.8 (77.0–89.2) 76.9 (73.3–80.2) 16.2 (10.8–23.0) 23.1 (19.8–26.7) 78.3

Whites, Non-Hispanic Whites; AfAm, African Americans; %agree, Percent agreement; definition 1, hemoglobin A1C level ≥6.5% at last visit or the use of any medications
to manage diabetes at initial or follow-up visits; definition 2, hemoglobin A1C level ≥7% at last visit or diabetes medication use at initial or follow-up visits. ∗significant
at p-value <0.05.
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percent agreement of hypertension were highest in
older adults and women. The specificity of hyperten-
sion and diabetes was slightly higher in non-Hispanic
white individuals compared with Hispanic individu-
als. Individuals with more education also had higher
specificity for diabetes. The specificity of heart dis-
ease was lowest for the oldest individuals. Percent
agreement of diabetes was higher among individu-
als with more education, and higher in non-Hispanic
White individuals, than African-Americans or His-
panics.

The agreement for hypertension was within the
range of prior studies in older adults where kappa
ranged from 0.44 to 0.62 [8, 10–12]. The sensitiv-
ity was higher than that observed in previous studies
which ranged from 82.0% to 86.0% [7, 9, 11, 13].
The sensitivity for non-Hispanic White (85.0%) and
non-Hispanic Black individuals (90.9%), and His-
panics (88.9%) were similar to previously reported
older US-born adults [13]. The specificity and the
percent agreement of self-reported hypertension was
within the range of with prior studies where speci-
ficity ranged from 64.5% to 92.0% [7, 9, 11, 13]
and percent agreement ranged from 81.1% to 88.4%
[7, 9, 11, 13]. It is possible that these participants
were 15–20 years older than in previous studies [7,
9, 13] and perhaps more accustomed to reporting the
presence of hypertension [37–39].

For diabetes, agreement for both categories of
HbA1c was within the range of prior studies in older
adults where kappa ranged from 0.76 to 0.80 [8, 11,
12]. The sensitivity was higher than that observed in
previous studies in older adults which ranged from
55.9% to 86.0% [8, 11, 12]. The specificity and the
percent agreement were similar to prior studies where
specificity ranged from 96.4% to 99.0% [8, 11, 12]
and percent agreement ranged from 90.6% to 96.0%
[9, 11]. Only a few studies compared self-reported
diabetes with hemoglobin HbA1c [8, 12, 40]. The
intensive intervention, lifestyle management in terms
of diet and exercise, and use of medications required
for diabetes may explain the higher awareness of dia-
betes [11].

The agreement for heart disease was within the
range of previous studies where kappa for myocar-
dial infarction ranged from 0.45 to 0.80 [10–12] and
kappa for heart failure ranged from 0.19 to 0.46 [7,
9–12]. Self-reported heart failure has been difficult to
validate compared with clinical measures throughout
the literature [41]. The low agreement may reflect
the complexity of diagnosing and classifying various
types of heart disease and conveying these diagnoses

to patients [41]. Despite these limitations, the sensi-
tivity was reasonable and within the range of previous
reports on myocardial infarction and heart failure
which ranged from 43.0% to 88.0% [7, 9, 11, 12].
The specificity and the percent agreement were lower
than that observed in previous studies where speci-
ficity ranged from 95.0% to 98.0% [7, 9, 11, 12] and
the percent agreement ranged from 91.0% to 96.3%
[7, 9, 11, 42]. A possible explanation for the dif-
ference was the definition of heart disease. Medical
documentation was not available for the heart disease
in this study. This required that we rely entirely on
the reported use of medications to manage all types
of heart disease. Another explanation could be lim-
ited knowledge about types of heart disease [12]. It
has been shown that awareness for heart failure is
lower than for other heart conditions in the general
population [43].

Previous studies have investigated the validity
of self-reported cardiovascular risk factors in pop-
ulations at risk for stroke [4, 18]. Similar to our
investigation, data were extracted from question-
naires and compared with direct measurements or
medical records. Overall accuracy was best for
hypertension and diabetes, but not for hypercholes-
terolemia. The sensitivities for hypertension reported
in other studies reviewed by Bowlin et al. [44] were
slightly lower than those reported here. However,
high sensitivity and specificity were found in older
non-Hispanic Blacks, Hispanics, and non-Hispanic
Whites in the Health and Retirement Study [13]. This
suggests that the accuracy of self-reported vascular
risk factors is variable but not limiting.

Strengths of our study include the use of a large,
well-characterized, longitudinal, multi-ethnic cohort
that allowed us to evaluate the reliability and validity
of self-reported risk factors among a diverse group of
older adults. Moreover, the use of HbA1c to assess the
validity of self-reported diabetes is important because
using this measure is recommended for the diagnosis
of diabetes by the American Diabetes Association
[22].

Despite these strengths, our study is subject to
potential limitations. The study was conducted in
older population aged 65 years or older living in
northern Manhattan with a high frequency of cardio-
and cerebrovascular risk factors. This may have lim-
ited generalizability to other age groups or cohorts
with lower morbidity. The medical documentation
of heart disease was not available, and we relied
entirely on self-reported medication use. This may
have resulted in lower specificity and lower per-
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cent agreement than the previous literatures. Hispanic
individuals have fewer years of education than non-
Hispanic Black and non-Hispanic White individuals,
which can affect the accuracy of self-reports [45].
Though this study was restricted to hypertension, dia-
betes, and heart disease and did not assess all relevant
vascular risk factors, these were the key risk factors
associated with Alzheimer’s disease.

Validated and reliable self-reported vascular risk
factors, such as hypertension, diabetes, and heart
disease can help to improve the quality of research
and practice in similar populations. The use of self-
reported vascular risk factors with proven validity
and reliability will improve the estimation of health
indices (such as incidence and prevalence) of chronic
diseases or identification of individuals who are at
risk of developing chronic diseases or Alzheimer’s
disease.

Our results indicate that there is excellent reli-
ability among older individuals for self-reported
hypertension, diabetes, and heart disease. Further-
more, agreement, sensitivity, specificity, and percent
agreement of self-reported diabetes were good and
that of hypertension and heart disease were moderate
when using clinical measures as validation. Establish-
ing reliability and validity will also augment efforts to
harmonize data across similar epidemiological stud-
ies.

ACKNOWLEDGMENTS

The authors have no acknowledgments to report.

FUNDING

This research is supported by National Institutes
of Health grants R01AG037212, R01AG072474,
R25GM143298, and U24AG074855.

CONFLICT OF INTEREST

The authors have no conflict of interest to report.

DATA AVAILABILITY

The data supporting the findings of this study
are available on request at https://www.neurology.
columbia.edu/research/research-centers-and-progra
ms/alzheimers-disease-research-center-adrc/investig
ators/investigator-resources.

SUPPLEMENTARY MATERIAL

The supplementary material is available in the
electronic version of this article: https://dx.doi.org/
10.3233/JAD-230374.

REFERENCES

[1] Luchsinger JA, Mayeux R (2004) Cardiovascular risk fac-
tors and Alzheimer’s disease. Curr Atheroscler Rep 6,
261-266.

[2] Tosto G, Bird TD, Bennett DA, Boeve BF, Brickman
AM, Cruchaga C, Faber K, Foroud TM, Farlow M, Goate
AM, Graff-Radford NR, Lantigua R, Manly J, Ottman
R, Rosenberg R, Schaid DJ, Schupf N, Stern Y, Sweet
RA, Mayeux R, National Institute on Aging Late-Onset
Alzheimer Disease/National Cell Repository for Alzheimer
Disease (NIA-LOAD/NCRAD) Family Study Group (2016)
The role of cardiovascular risk factors and stroke in familial
Alzheimer disease. JAMA Neurol 73, 1231-1237.

[3] Haapanen N, Miilunpalo S, Pasanen M, Oja P, Vuori I (1997)
Agreement between questionnaire data and medical records
of chronic diseases in middle-aged and elderly Finnish men
and women. Am J Epidemiol 145, 762-769.

[4] Dey AK, Alyass A, Muir RT, Black SE, Swartz RH, Murray
BJ, Boulos MI (2015) Validity of self-report of cardiovas-
cular risk factors in a population at high risk for stroke. J
Stroke Cerebrovasc Dis 24, 2860-2865.

[5] Yusuf S, Reddy S, Ounpuu S, Anand S (2001) Global burden
of cardiovascular diseases: Part I: General considerations,
the epidemiologic transition, risk factors, and impact of
urbanization. Circulation 104, 2746-2753.

[6] Vaduganathan M, Mensah GA, Turco JV, Fuster V, Roth
GA (2022) The global burden of cardiovascular diseases
and risk: A compass for future health. J Am Coll Cardiol
80, 2361-2371.

[7] Okura Y, Urban LH, Mahoney DW, Jacobsen SJ, Rodehef-
fer RJ (2004) Agreement between self-report questionnaires
and medical record data was substantial for diabetes, hyper-
tension, myocardial infarction and stroke but not for heart
failure. J Clin Epidemiol 57, 1096-1103.

[8] Hansen H, Schafer I, Schon G, Riedel-Heller S, Gensichen
J, Weyerer S, Petersen JJ, Konig HH, Bickel H, Fuchs
A, Hofels S, Wiese B, Wegscheider K, van den Buss-
che H, Scherer M (2014) Agreement between self-reported
and general practitioner-reported chronic conditions among
multimorbid patients in primary care - results of the Multi-
Care Cohort Study. BMC Fam Pract 15, 39.

[9] Englert H, Muller-Nordhorn J, Seewald S, Sonntag F, Voller
H, Meyer-Sabellek W, Wegscheider K, Windler E, Katus H,
Willich SN (2010) Is patient self-report an adequate tool
for monitoring cardiovascular conditions in patients with
hypercholesterolemia? J Public Health (Oxf) 32, 387-394.

[10] Teh R, Doughty R, Connolly M, Broad J, Pillai A, Wilkinson
T, Edlin R, Jatrana S, Dyall L, Kerse N (2013) Agreement
between self-reports and medical records of cardiovascular
disease in octogenarians. J Clin Epidemiol 66, 1135-1143.

[11] Steinkirchner AB, Zimmermann ME, Donhauser FJ, Dietl
A, Brandl C, Koller M, Loss J, Heid IM, Stark KJ (2022)
Self-report of chronic diseases in old-aged individuals:
Extent of agreement with general practitioner medical
records in the German AugUR study. J Epidemiol Com-
munity Health 76, 931-938.

https://www.neurology.columbia.edu/research/research-centers-and-programs/alzheimers-disease-research-center-adrc/investigators/investigator-resources
https://dx.doi.org/10.3233/JAD-230374


284 A.J. Lee et al. / Reliability and Validity of Self-Reported Vascular Risk Factors

[12] Ryden L, Sigstrom R, Nilsson J, Sundh V, Falk Erhag H,
Kern S, Waern M, Ostling S, Wilhelmson K, Skoog I (2019)
Agreement between self-reports, proxy-reports and the
National Patient Register regarding diagnoses of cardiovas-
cular disorders and diabetes mellitus in a population-based
sample of 80-year-olds. Age Ageing 48, 513-518.

[13] White K, Avendano M, Capistrant BD, Robin Moon J, Liu
SY, Maria Glymour M (2012) Self-reported and measured
hypertension among older US- and foreign-born adults. J
Immigr Minor Health 14, 721-726.

[14] Klungel OH, de Boer A, Paes AH, Seidell JC, Bakker
A (1999) Cardiovascular diseases and risk factors in a
population-based study in The Netherlands: Agreement
between questionnaire information and medical records.
Neth J Med 55, 177-183.

[15] Alonso A, Beunza JJ, Delgado-Rodriguez M, Martinez-
Gonzalez MA (2005) Validation of self reported diagnosis
of hypertension in a cohort of university graduates in Spain.
BMC Public Health 5, 94.

[16] Tang MX, Stern Y, Marder K, Bell K, Gurland B, Lantigua
R, Andrews H, Feng L, Tycko B, Mayeux R (1998) The
APOE-epsilon4 allele and the risk of Alzheimer disease
among African Americans, whites, and Hispanics. JAMA
279, 751-755.

[17] Tang MX, Cross P, Andrews H, Jacobs DM, Small S, Bell K,
Merchant C, Lantigua R, Costa R, Stern Y, Mayeux R (2001)
Incidence of AD in African-Americans, Caribbean Hispan-
ics, and Caucasians in northern Manhattan. Neurology 56,
49-56.

[18] Reitz C, Schupf N, Luchsinger JA, Brickman AM, Manly
JJ, Andrews H, Tang MX, DeCarli C, Brown TR, Mayeux
R (2009) Validity of self-reported stroke in elderly African
Americans, Caribbean Hispanics, and Whites. Arch Neurol
66, 834-840.

[19] Brickman AM, Schupf N, Manly JJ, Luchsinger JA,
Andrews H, Tang MX, Reitz C, Small SA, Mayeux R,
DeCarli C, Brown TR (2008) Brain morphology in older
African Americans, Caribbean Hispanics, and whites from
northern Manhattan. Arch Neurol 65, 1053-1061.

[20] Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo JL, Jr., Jones DW, Materson BJ, Oparil S, Wright
JT, Jr., Roccella EJ, Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of High
Blood Pressure. National Heart, Lung, and Blood Institute;
National High Blood Pressure Education Program Coordi-
nating Committee (2003) Seventh report of the joint national
committee on prevention, detection, evaluation, and treat-
ment of high blood pressure. Hypertension 42, 1206-1252.

[21] Whelton PK, Carey RM, Aronow WS, Casey DE, Jr., Collins
KJ, Dennison Himmelfarb C, DePalma SM, Gidding S,
Jamerson KA, Jones DW, MacLaughlin EJ, Muntner P,
Ovbiagele B, Smith SC, Jr., Spencer CC, Stafford RS,
Taler SJ, Thomas RJ, Williams KA, Sr., Williamson JD,
Wright JT Jr (2018) 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
prevention, detection, evaluation, and management of high
blood pressure in adults: Executive summary: A report of the
American college of cardiology/American heart association
task force on clinical practice guidelines. Hypertension 71,
1269-1324.

[22] American Diabetes Association (2010) Diagnosis and clas-
sification of diabetes mellitus. Diabetes Care 33(Suppl 1),
S62-69.

[23] Tschanz MP, Watts SA, Colburn JA, Conlin PR, Pogach
LM (2017) Overview and discussion of the 2017 VA/DoD

Clinical Practice Guideline for the management of type
2 diabetes mellitus in primary care. Fed Pract 34,
S14-S19.

[24] Cicchetti DV (2007) Prenatal chlorpyrifos and early neu-
rodevelopment: How good is the science? Pediatrics 120,
243; author reply 243-244.

[25] United States Census Bureau (1990) Census of Population
and Housing Summary Tape File1, Technical Documenta-
tion. Washington, DC.

[26] Stoffel MA, Nakagawa S, Schielzeth H (2017) rptR:
Repeatability estimation and variance decomposition by
generalized linear mixed-effects models. Methods Ecol Evol
8, 1639-1644.

[27] Chervet N, Zottl M, Schurch R, Taborsky M, Heg D (2011)
Repeatability and heritability of behavioural types in a social
cichlid. Int J Evol Biol 2011, 321729.

[28] McHugh ML (2012) Interrater reliability: The kappa statis-
tic. Biochem Med (Zagreb) 22, 276-282.

[29] Parikh R, Mathai A, Parikh S, Chandra Sekhar G, Thomas R
(2008) Understanding and using sensitivity, specificity and
predictive values. Indian J Ophthalmol 56, 45-50.

[30] Bertola L, Wei-Ming Watson C, Avila JF, Zahodne LB,
Angevaare M, Schupf N, Manly JJ (2019) Predictors of
episodic memory performance across educational strata:
Multiple-group comparisons. J Int Neuropsychol Soc 25,
901-909.

[31] Clopper CJ, Pearson ES (1934) The use of confidence
or fiducial limits illustrated in the case of the binomial.
Biometrika 26, 404-413.

[32] Searle SR (2007) Linear Models, John Wiley & Sons, Ltd,
Biometrische Zeitschrift.

[33] Collett D (1999) Modelling Binary Data, Chapman and
Hall/CRC, New York.

[34] Stevenson M, Nunes T, Heuer C, Marshall J, Sanchez J,
Thornton R, Reiczigel J, Robison-Cox J, Sebastiani P, Soly-
mos P, Yoshida K, Jones G, Pirikahu S, Firestone S, Kyle R
(2018) epiR: Tools for the analysis of epidemiological data.
R package version 2.0.52.

[35] Schaarschmidt F (2019) bdpv: Inference and design for pre-
dictive values in diagnostic tests. R package version 1.3.

[36] R Core Team (2022) R: A language and environment for
statistical computing. R Foundation for Statistical Comput-
ing.

[37] Thomas SJ, Booth JN, 3rd, Dai C, Li X, Allen N, Calhoun
D, Carson AP, Gidding S, Lewis CE, Shikany JM, Shimbo
D, Sidney S, Muntner P (2018) Cumulative incidence of
hypertension by 55 years of age in blacks and whites: The
CARDIA Study. J Am Heart Assoc 7, e007988.

[38] Fuchs FD (2011) Why do black Americans have higher
prevalence of hypertension? An enigma still unsolved.
Hypertension 57, 379-380.

[39] Lackland DT (2014) Racial differences in hypertension:
Implications for high blood pressure management. Am J
Med Sci 348, 135-138.

[40] Schneider AL, Pankow JS, Heiss G, Selvin E (2012) Validity
and reliability of self-reported diabetes in the Atheroscle-
rosis Risk in Communities Study. Am J Epidemiol 176,
738-743.

[41] Camplain R, Kucharska-Newton A, Loehr L, Keyserling
TC, Layton JB, Wruck L, Folsom AR, Bertoni AG, Heiss
G (2017) Accuracy of self-reported heart failure. The
Atherosclerosis Risk in Communities (ARIC) Study. J Card
Fail 23, 802-808.

[42] van den Akker M, van Steenkiste B, Krutwagen E, Metse-
makers JF (2015) Disease or no disease? Disagreement on



A.J. Lee et al. / Reliability and Validity of Self-Reported Vascular Risk Factors 285

diagnoses between self-reports and medical records of adult
patients. Eur J Gen Pract 21, 45-51.

[43] Remme WJ, McMurray JJ, Rauch B, Zannad F, Keukelaar
K, Cohen-Solal A, Lopez-Sendon J, Hobbs FD, Grobbee
DE, Boccanelli A, Cline C, Macarie C, Dietz R, Ruzyllo
W (2005) Public awareness of heart failure in Europe: First
results from SHAPE. Eur Heart J 26, 2413-2421.

[44] Bowlin SJ, Morrill BD, Nafziger AN, Lewis C, Pearson TA
(1996) Reliability and changes in validity of self-reported

cardiovascular disease risk factors using dual response: The
behavioral risk factor survey. J Clin Epidemiol 49, 511-517.

[45] Zajacova A, Lawrence EM (2018) The relationship between
education and health: Reducing disparities through a con-
textual approach. Annu Rev Public Health 39, 273-289.


