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BACKGROUND:Health literacy is often viewed as a static
trait in longitudinal studies, which may over or underes-
timate an individual’s ability to manage one’s health.
OBJECTIVES: We sought to examine health literacy over
time among older adults using three widely used
measures.
DESIGN: A prospective cohort study.
PARTICIPANTS: Community-dwelling adults ages 55 to
74 at baseline with at least one follow-up visit (N = 656)
recruited from one academic internal medicine clinic and
six community health centers in Chicago, IL.
MEASURES:Health literacywasmeasured using the Test
of Functional Health Literacy in Adults (TOFHLA), Newest
Vital Sign (NVS), and Rapid Estimate of Adult Literacy in
Medicine (REALM) at baseline and up to three follow-up
time points.
RESULTS: In unadjusted analyses, significant changes
since baseline were found beginning at the second follow-
up (mean (M) = 6.0 years, SD = 0.6) for the TOFHLA (M = −
0.9, SD = 0.95, p = 0.049) and the REALM (M = 0.3, SD =
2.5, p = 0.004) and at the last follow-up (M = 8.6 years, SD
= 0.5) for the NVS (M = − 0.2, SD = 1.4, p = 0.02). There
were non-linear effects of baseline age on TOFHLA and
NVS scores over time (piecewise cubic spline p = 0.01 and
p < 0.001, respectively) and no effect on REALM scores (B
= 0.02, 95% CI − 0.01 to 0.04, p = 0.17) using multivari-
able mixed-effects linear regression models, controlling
for race, education, income, and comorbidity.
CONCLUSION: We found a negative relationship between
age and health literacy over time as measured by the
TOFHLA and NVS. Health literacy barriers appear to be
more prevalent among individuals in later life, when self-
care demands are similarly increasing. Clinicians might
consider strategies to assess and respond to limited
health literacy, particularly among patients 70 and older.
REALM performance remained stable over 10 years of
follow-up. This questions whether health literacy tools
measure the same attribute. Prospective health literacy
studies should carefully consider what measures to use,
depending on their objective.
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H ealth literacy is most commonly defined as “the degree
to which individuals have the capacity to obtain, process,

and understand basic health information and services needed
to make appropriate health decisions”.1 More than three de-
cades of research have established limited health literacy as a
risk factor for poorer health.2, 3 Interestingly, nearly all pro-
spective health literacy investigations to date have treated
health literacy as a static individual trait, using baseline mea-
sures to predict future health outcomes. However, it is plausi-
ble that with older age when many cognitive processes decline
on average, health literacy skills may also degrade in a similar
trajectory.
Multiple studies have established relationships between

health literacy and cognitive function.4–12 In addition, research
has found that cognitive abilities explain a large proportion (35
to 77%) of the relationship between health literacy and health
behaviors and outcomes.5, 6, 13 Collectively, this suggests that
health literacy assessments may reflect a range of cognitive
abilities.
Fluid cognitive abilities or those that are necessary to prob-

lem solve and learn new skills are known to decline with age,
while crystallized abilities or those that reflect aspects of
general knowledge and vocabulary amassed over one’s
lifespan remain stable or increase.14 Considering three of the
most widely used health literacy assessments, the Test of
Functional Health Literacy in Adults (TOFHLA)15 and the
Newest Vital Sign (NVS)16 measure reading comprehension,
reasoning, and numeracy are highly correlated with more
“fluid” cognitive abilities; whereas the Rapid Estimate of
Adult Learning in Medicine (REALM)17 assesses correct

Received April 8, 2020
Accepted December 8, 2020

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-020-06423-8&domain=pdf


pronunciation of medical terms and is more closely aligned
with “crystallized” abilities.8, 9, 13, 18 Cross-sectional studies
have observed an inverse relationship between age and health
literacy when measured by assessments more closely linked to
fluid abilities.18–21 This might suggest that decline likely oc-
curs in these measures over time. Weaker associations, if any,
exist with crystallized measures (i.e., REALM).18, 20, 22, 23

Therefore, depending on how health literacy is measured, an
individual’s skills and capacity to access, understand, and use
health information may deteriorate with time. Failure to ade-
quately address a decline in these skills may be particularly
detrimental among older adults who naturally experience
poorer cognitive and physical health with aging.
Few observational studies have prospectively examined

performance on health literacy measures over time, and these
studies are limited by design, with homogeneous samples and
the use of only one assessment.7, 24, 25 It is unclear whether the
relationships between health literacy assessments and fluid or
crystallized cognitive abilities found in cross-sectional studies
persist over time. No studies to our knowledge have prospec-
tively examined the trajectories of multiple health literacy
measures.
The objective of this study was to examine the overall and

age-specific change in health literacy over 10 years of follow-
up on three of the most widely used measures among a diverse
cohort of aging adults. We hypothesized health literacy as-
sessments known to be more closely associated with fluid
cognitive abilities (TOFHLA, NVS) would decline with older
age, while a more knowledge-based measure (REALM)
would remain stable.

METHODS

Study Population and Procedure

The Health Literacy and Cognitive Function among Older
Adults study (“LitCog”) is a prospective cohort study
consisting of 900 participants enrolled from one academic
general internal medicine clinic and six community health
centers beginning in 2008. More details are reported else-
where.6, 12 Briefly, English-speaking patients ages 55 to 74
years who sought regular care from study sites (defined as 2
visits within 2 years) and had adequate cognitive capacity,
based on the 6-item screener,26 were eligible. Research coor-
dinators, trained and certified according to a manual of oper-
ations, administered structured in-person interviews with en-
rolled participants at baseline and every 2–5 years thereafter.
Our a priori protocol was to contact participants after 2.5
years, but the window was extended to maximize retention.
Of the 900 enrolled, 656 (73%) completed at least one follow-
up interview at the time of this investigation andwere included
in these analyses. Northwestern University’s Institutional Re-
view Board approved the study (STU00026255) and patients
provided written informed consent prior to participation at
each time point.

Health Literacy Assessments

Health literacy was assessed using the three most commonly
used measures: the full version of the Test of Functional
Health Literacy in Adults (TOFHLA), the Newest Vital Sign
(NVS), and the Rapid Estimate of Adult Literacy in Medicine
(REALM).15–17

The TOFHLA uses actual materials that patients might
encounter in healthcare to test their reading fluency and nu-
meracy and takes approximately 20 min to complete. The 50-
item reading comprehension section uses the cloze procedure
where words in a passage are omitted and four multiple-choice
items are provided. For the 17-item numeracy assessment,
participants answer questions such as “If you take your first
tablet at 7:00 am, when should you take the next one?” after
being shown a prescription label. Total scores are weighted for
possible scores ranging 0–100 and can be interpreted as inad-
equate (0–59), marginal (60–74), or adequate (75–100) health
literacy.15

The NVS is a screening tool used to determine risk for
limited health literacy. Patients are provided a nutrition label
from a pint of ice cream and asked six questions about how
they would interpret and act on the information, including “If
you eat the entire container, how many calories will you eat?.”
Scores are classified as high likelihood (0–1) or possibility2, 3

of limited health literacy, and adequate health literacy4–6.16

The REALM is a word-recognition test where patients are
asked to read aloud as manywords as they can from a list of 66
health-related terms arranged in order of increasing difficulty,
beginning with fat and ending with impetigo. Scores are based
on the total number of words pronounced correctly, with
dictionary pronunciation being the scoring standard and
interpreted as low (0–44), marginal (45–60), or adequate
(61–66) literacy.17

Covariates

For descriptive analyses, baseline age (55–74) was categorized
into 5-year increments (i.e., 55–59, 60–64, 65–69, 70–74).
The latter 2 groups were ultimately combined to create three
groups, with approximately one-third of participants in each.
Race (Black, White, other), education (high school or less,
some college or technical school, college graduate, graduate
degree), and annual household income (< $15,000, $15,000–
29,999, $30,000–49,999, ≥ $50,000, missing) were captured
via self-report at baseline, and a number of chronic conditions
(diabetes, chronic obstructive pulmonary disease, coronary
vascular disease, coronary heart failure, asthma, hypertension,
hypercholesterolemia, stroke, arthritis, cancer, depression)
were reported at each time point.

Statistical Analysis

Participant characteristics were compared across the three age
groups using chi-square tests for categorical characteristics
and one-way ANOVA tests for continuous characteristics.
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Change in performance on each health literacy measure be-
tween baseline and each follow-up interview was compared
using paired t tests overall and within age groups. Change
scores were then compared between age categories using one-
way ANOVA. We examined the decline in health literacy
category for each measure to determine if changes were clin-
ically meaningful. We compared the proportions of partici-
pants with adequate literacy at baseline that declined to mar-
ginal or low categories by age groups using chi-square tests.
Multivariable mixed-effects linear regression models with

random intercepts were fit with each health literacy measure as
the outcome, and including age in years as the main variable of
interest, adjusting for a priori selected sociodemographic var-
iables including race, education, and income, along with the
number of chronic conditions at each time point. Markov
chain Monte Carlo methods were used to impute missing
values of health literacy scores.27 Initial parameter estimates
were set using expectation-maximization (EM) estimates, and
multiple chains were used to create five complete datasets.
Parameter estimates from generalized linear mixed models
conducted on each of these datasets were combined using
PROC MIANALYZE in SAS version 9.4 (Cary, NC).
To test for evidence that the change in health literacymay not

be linear over time, a spline effect of age was fit for each
outcome using a piecewise cubic spline effect in PROC
GLIMMIX with knots placed at the 10th, 50th, and 90th
percentiles.28 In the event that the additional parameter required
for the spline was not significant (i.e., no evidence to suggest a
non-linear relationship), a linear model was fit instead. Plots
were created using only the first imputed data set, as the
multiple data sets showed similar trends. All analyses were
completed using SAS software version 9.4 (Cary, NC).

Role of the Funding Source

This research was supported by the National Institute of Aging
(R01AG030611) and the Agency for Healthcare Research and
Quality (R01HL116630). The funders had no role in the
design, conduct, study analysis, or the decision to submit the
manuscript for publication.

RESULTS

Study Sample

Characteristics of the cohort (n = 656) are described in Table 1,
both as an overall sample and by age category. On average,
participants were 63 years old (SD = 5.4; range 55–74 years) at
baseline with 31.4% being 55–59, 30.8% 60–64, and 37.8%
65–74 years old. The majority of the sample were female
(70.3%) and self-reported either Black (44.2%) or non-
Hispanic White race (49.2%). Participants were socially and
economically diverse by years of schooling (26.1% completing
high school or less), and household income (34.6% earned less
than $25,000 a year). Individuals on average had 2.6 chronic

conditions (SD = 1.8). Participant characteristics did not gener-
ally differ by age category; the exception being income, with the
youngest age group reporting more extremes of household
income (with 17.1% reporting less than $10,000 per year, and
55.3% reporting more than $50,000, compared to overall sam-
ple estimates of 12.4% and 49.8%, respectively, p = 0.003).

Unadjusted Change in Health Literacy
Performance

Average scores for all three health literacy measures did not
differ by age group at baseline (Table 2). From baseline to the
first follow-up (mean (M) time = 3.2 years, SD = 0.5), there
were no significant changes in health literacy, except with
TOFHLA scores among LitCog participants ages 65–74 at
baseline (M = − 1.4, SD = 8.2, p = 0.01). From baseline to the
second follow-up (M time = 6.0 years, SD = 0.6), there was a
significant change in health literacy as measured by the
TOFHLA (M = − 0.9, SD = 9.5, p = 0.049) and REALM (M
= 0.3, SD = 2.5, p = 0.004), but not the NVS (M = − 0.1, SD =
1.6, p = 0.32). Finally, from baseline to the last follow-up (M
time = 8.6 years, SD = 0.5), a significant decline occurred in
TOFHLA scores, overall (M = − 1.8, SD = 8.7, p < 0.001) and
within all age groups (Table 2). NVS scores declined as well
(M = − 0.2, SD = 1.4, p = 0.02), particularly in those 65 and
older at baseline (M = − 0.4, SD = 1.6, p = 0.005).

Multivariable Analysis of Age on Health
Literacy Performance over Time

Results of the multivariable mixed linear models controlling
for race, education, income, and number of chronic conditions
are displayed in Figure 1. The spline effect for age is shown for
all measures. This was significant for TOFHLA (p = 0.01),
suggesting a non-linear effect of age on health literacy over
time, with gradual decline beginning around age 60 and be-
coming more prominent after age 75. Similarly, there was a
non-linear effect for the NVS (p < 0.001), with decline not
occurring until age 65 and more rapid decline after age 75.
There was no evidence of non-linearity for the REALM (p =
0.10); therefore, the linear effect was also shown (B = 0.02,
95% CI − 0.01 to − 0.04, p = 0.17).

Decline in Health Literacy Category

In those with adequate literacy based on the TOFHLA at
baseline and complete follow-up data (n = 427 at first, n =
350 at second, n = 289 at last follow-up), 8.4%, 11.1%, and
11.1% declined to either marginal or low categories at the
respective time points (Table 3). While higher proportions
declined in those 65–74, these category changes were not
significant by age. Declines in NVS categories were 22.3%,
20.4%, and 23.4%, respectively, with significant gradient de-
cline by age at all three time points. Very few declined REALM
categories from baseline to follow-up (range 1.6–3.0%), with no
differences by age.
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DISCUSSION

In this community-based cohort of older adults, we observed
differential change in health literacy skills over time across
three commonly used assessments. We first observed overall
changes in our cohort from baseline to second follow-up
(mean 6 years) in health literacy assessed by the TOFHLA
and REALM, but not the NVS, although the NVS exhibited
significant changes with longer follow-up (mean 8.6 years).
These changes occurred more prominently in older

participants. When accounting for aging in multilevel models,
and for attrition using multiple imputation methods, both the
NVS and TOFHLA demonstrated non-linear declines, while
performance on the REALM remained unchanged. This sup-
ports our hypotheses, as trajectories for the TOFHLA and
NVS mimicked fluid cognitive abilities and REALM trajec-
tories remained stable over time, similar to crystallized abili-
ties. These results align with a review of cross-sectional stud-
ies that found associations between age and health literacy

Table 2 Health Literacy Scores at Baseline and Change in Scores from Baseline at Each Follow-up, Overall, and by Age Group

Health literacy assessment
(range)

Baseline (n =
656)

Change at first follow-up§

(n = 615)
Change at second follow-up||

(n = 492)
Change at final follow-up¶

(n = 383)

TOFHLA* (0–100) 77.7 (15.3) − 0.4 (8.2) − 0.9 (9.5)** − 1.8 (8.7) ‡‡

55–59 78.5 (15.1) 0.1 (8.2) − 0.5 (8.7) − 2.1 (8.5) ††

60–64 78.0 (15.4) 0.3 (8.2) − 0.2 (8.6) − 1.8 (7.8)**

65–74 76.6 (15.5) − 1.4 (8.2)** − 1.8 (11.0)** − 1.7 (9.6)**

p value# 0.40 0.07 0.31 0.93
NVS† (0–6) 3.2 (2.1) − 0.1 (1.4) − 0.1 (1.6) − 0.2 (1.4)**

55–59 3.3 (2.2) − 0.1 (1.4) − 0.1 (1.4) 0.1 (1.3)
60–64 3.3 (2.1) − 0.1 (1.4) − 0.1 (1.6) − 0.2 (1.5)
65–74 2.9 (1.9) − 0.1 (1.4) − 0.05 (1.6) − 0.4 (1.6) ††

p value# 0.12 0.98 0.97 0.04
REALM‡ (0–66) 59.9 (11.0) 0.2 (3.3) 0.3 (2.5) †† 0.1 (2.1)
55–59 59.4 (12.2) 0.5 (4.0) − 0.1 (2.4) − 0.1 (1.9)
60–64 60.4 (10.2) − 0.1 (1.9) 0.5 (2.0) †† 0.01 (2.1)
65–74 60.0 (10.5) 0.2 (3.5) 0.6 (3.0)** 0.4 (2.2)**

p value# 0.63 0.26 0.05 0.08

*TOFHLA, Test of Functional Health Literacy in Adults
†NVS, Newest Vital Sign
‡REALM, Rapid Estimate of Adult Literacy in Medicine
Values represent mean (SD)
§Average time 3.2 (0.5) years
||Average time 6.0 (0.6) years
¶Average time 8.6 (0.5) years
#p value represents comparisons of scores by age group using ANOVA
Paired t tests were used to assess change in performance between baseline and each follow-up interview overall and within age groups
**p < 0.05
††p < 0.01
‡‡p < 0.001

Table 1 Participant Characteristics at Baseline, Overall and by Age Group

Variable Total Age at Baseline p value*

N = 656 55–59, n = 206 60–64, n = 202 65–74, n = 248

Gender, %
Female 70.3 69.9 69.3 71.4 0.88

Race, % 0.43
Black 44.2 49.0 43.6 40.7
White 49.2 44.7 49.0 53.2
Other 6.6 6.3 7.4 6.1

Education, % 0.41
High school or less 26.1 30.6 25.2 23.0
Some College 22.3 18.5 23.3 24.6
College graduate 20.1 21.8 17.8 20.6
Graduate degree 31.8 29.1 33.7 31.8

Income, % 0.003
< $10,000 12.4 17.1 12.2 8.9
$10,000–$24,999 22.1 16.6 22.2 26.7
$25,000–$49,999 15.7 11.1 14.8 20.3
> $50,000 49.8 55.3 50.8 44.1

Total number of chronic conditions, mean (SD) 2.6 (1.8) 2.5 (1.9) 2.7 (1.9) 2.7 (1.6) 0.22

*p values represent chi-square tests for comparing gender, race, education, and income by age categories and one-way ANOVA for comparing the
mean number of chronic conditions by age categories
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varied depending on the measure.18 Deficits in older individ-
uals were found in 80% of the studies using the TOFHLA, S-
TOFHLA, or the NVS to measure health literacy, whereas
only 23% of studies using the REALM found age-related
associations. Our study is the first to show this pattern also
holds in longitudinal versus cross-sectional analyses.
Our findings highlight how these three longstanding

health literacy assessments capture different aspects of
the multifaceted, underlying construct. With the REALM
often considered a proxy for acquired health knowledge, it
makes sense that despite age-related declines in cognitive
function, one is still able to maintain knowledge over
time. Yet, noted declines in health literacy, as measured
by the TOFHLA and NVS, suggest potential challenges
patients may face to accurately perform common
healthcare tasks. Interestingly, our findings suggest skills
measured by the TOFHLA (i.e., reading comprehension,
reasoning, and numeracy) remain only slightly affected in
early older age, with gradual decline beginning around
age 60 and steeper decline into the seventies. The NVS,
which primarily measures numeracy, remains stable until
around 65, with steeper decline until 80 and steeper de-
cline thereafter. This may be particularly salient to clini-
cians, as patients’ abilities to process new information
may decline at a time when self-care demands are increas-
ing. Periodically confirming patients are able to under-
stand and apply new information may be necessary, par-
ticularly when numeracy skills are needed.

These results further emphasize the implications of choos-
ing the optimal health literacymeasure for research, depending
on the purpose and design of the study. In general, health
literacy appears to remain stable until adults reach their sixties.
Declines in certain health literacy skills in older adults would
likely be masked if a study were to only use the REALM.
However, if the purpose is to examine or control for literacy,
premorbid function, or general health knowledge, the REALM
may be sufficient. The NVS continues to grow in popularity
due to its short administration time, availability in Spanish,
and lack of ceiling effects often found with the TOFHLA and
the REALM.29 It appears performance on the NVS does
decline over longer follow-up, but its abbreviated score (0–
6) may lack the precision to detect decline across only two
time points less than a decade apart. Therefore, it may not be as
useful in longitudinal studies examining changes in health
literacy pre- and post-intervention.
Similar to our study, research performed to date found a

significant longitudinal decline in health literacy assessments
reflecting fluid abilities.7, 24, 25Morris et al. found S-TOFHLA
scores to decline over 2 years in older patients with diabetes,
particularly in those 65 or older at baseline, who declined 1.1
points on average.24 We found comparable results in our
sample using the full TOFHLA, with those 65 and older
decreasing 1.4 points on average over a 3-year period and
closer to 2 points with longer follow-up.
Kobayashi et al. similarly found a change in health literacy

between 2 time points in older adults over a period of 6 years,

Figure 1 Associations between age and health literacy over time for each measure (TOFHLA, Test of Functional Health Literacy in Adults
(range 0–100); NVS, Newest Vital Sign (range 0–6); REALM, Rapid Estimate of Adult Literacy in Medicine (range 0–66)). Solid curves depict
mean scaled health literacy scores modeled using piecewise cubic splines (with knots at 10th percentiles, 50th percentiles, and 90th percentiles of
age distributions). The dashed line depicts the linear regression curve for the REALM as there was no evidence to indicate the model was non-

linear. All models were adjusted for race, income, and the total number of chronic conditions.
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with 20% declining at least 1 point using a 4-item measure.7

The first to examine a change in health literacy over more than
2 time points included yearly assessments over 6 years using
the health literacy component of a general literacy measure,
although this measure has not been validated to our knowl-
edge.25 Both studies found strong relationships between health
literacy decline and cognition, with the former finding associ-
ations with decline in memory and executive function, while
the latter determined decline in health literacy predicted inci-
dent dementia and mild cognitive impairment.7, 25

The LitCog study includes an extensive cognitive battery
performed at each time point including measures from 5
domains13; future research will investigate additional cogni-
tive abilities not measured in these studies while also examin-
ing potential non-linear trajectories of cognition. Our results
also build on this research by extending to multiple health
literacy measures in a more diverse cohort, enabling us to
compare differential decline by measure. Examining more
than two time points allowed us to conduct more robust
analyses looking at both differences by age and non-linear
longitudinal decline.
Our study has limitations. Although the LitCog cohort is

socially and economically diverse, the generalizability may be
limited to an English-speaking, predominantly female sample

from one urban location. While we found health literacy
scores changed significantly over time, the extent of decline
may not be clinically meaningful. It is unclear what amount of
change could have an effect on self-care behaviors, thereby
leading to worse health outcomes. However, a fifth of our
sample went from adequate to limited health literacy as mea-
sured by the NVS over a 3-year period; health outcomes
including functional health status and mortality risk have been
shown to differ by these established cutoffs.30, 31 In addition,
the LitCog samplemay be too young to observe major decline,
supported by the observed decline beingmost prominent in the
older age groups. However, with additional assessments being
collected for longer follow-up (through 2025), we anticipate
more significant decline and may be able to determine what
amount of change will have detrimental effects on the health
of older adults.
In summary, viewing health literacy as a static trait among

older adults may be problematic, both clinically and in re-
search settings. Skills needed to actively learn and apply new
information may decline with older age and providers may
need to routinely assess patients’ capacity to self-manage
health. Health literacy and aging studies should carefully
consider the appropriate health literacy measure for study,
depending on the purpose.

Table 3 Percent of Participants with Adequate Health Literacy at Baseline Who Decline to Marginal or Low Health Literacy at Follow-up,
Overall, and by Age Group

Health literacy assessment Time point

First follow-up§ Second follow-up|| Final follow-up¶

TOFHLA* n = 595 n = 475 n = 373
N (%) adequate at baseline 427 (71.8) 350 (73.7) 289 (77.5)
% declined 8.4 11.1 11.1
% declined by age
55–59 6.9 8.4 9.1
60–64 5.6 10.6 13.0
65–74 12.1 14.4 11.2
p value# 0.10 0.33 0.68

NVS† n = 614 n = 492 n = 383
N (%) adequate at baseline 301 (49.2) 255 (51.8) 214 (55.9)
% declined 22.3 20.4 22.4
% declined by age
55–59 14.7 13.2 12
60–64 21.7 19 25
65–74 30.4 29.4 31
p value# 0.03 0.03 0.02

REALM‡ n = 615 n = 487 n = 374
N (%) adequate at baseline 461 (75.0) 379 (77.7) 298 (79.7)
% declined 2.8 1.6 3
% declined by age
55–59 4.3 2.4 3
60–64 2.1 0.9 5.8
65–74 2.2 1.4 0.9
p value# 0.47 0.64 0.14

*TOFHLA, Test of Functional Health Literacy in Adults
†NVS, Newest Vital Sign
‡REALM, Rapid Estimate of Adult Literacy in Medicine
§Average time 3.2 (0.5) years
||Average time 6.0 (0.6) years
¶Average time 8.6 (0.5) years
#p value represents comparisons of the proportion of participants who declined from adequate to marginal or low health literacy categories by age
group using chi-square tests
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