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VERSION 1 - REVIEW 

REVIEWER Erica Shelton 
Department of Emergency Medicine  
Johns Hopkins University  
USA 

REVIEW RETURNED 05-Jan-2015 

 

GENERAL COMMENTS Comments to Authors:  
Excellent paper on a topic that is of vital interest among health care 
providers, but often difficult to study and infrequently investigated. 
Background reading of the 2012 LitCog study findings published in 
the Journal of General Internal Medicine made the study design and 
constructs used by the authors in this work easier to follow and their 
analysis more clear. For the reader unfamiliar with health literacy 
metrics, a few key descriptions of operational constructs, as 
discussed in the 2012 LitCog publication, will increase readability 
(see specific examples correlating with the review checklist below). 
Overall, a very enjoyable and educational read.  
 
#1 A brief definition of fluid and crystallized cognitive abilities would 
be helpful to the reader within the Introduction when the terms are 
introduced in lines 46-56, p.4. For example, in the 2012 publication 
of findings from the LitCog study, the authors state “Fluid abilities 
refer to cognitive traits associated with active information processing 
in which prior knowledge is of relatively little help, whereas 
crystallized abilities embody stored information in long-term memory, 
or general background knowledge. “Use of a similar statement would 
be helpful to the reader in this section.  
 
#2. To provide balance, a brief description of how fluid and 
crystallized cognitive abilities were assessed would be helpful in the 
Abstract under Outcome Measures, as was given for TOFLHA/NVS 
and REALM assessments of health literacy. Mention of fluid 
cognitive ability as being assessed through the cognitive domains of 
processing speed, working memory, inductive reasoning, long-term 
memory, and prospective memory should suffice. Likewise, a 
concise description of crystallized cognitive ability being assessed 
through the cognitive domain of verbal ability would also be helpful 
for this section. (Both descriptions taken from the Methods section, 
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Measures subsection, lines 20-29 on p.7)  
 
#3 Although the authors referenced their 2012 publication of findings 
from the LitCog study, a brief description of why latent trait analysis 
is pertinent to a study of health literacy would be helpful to the 
reader. In the 2012 study, the authors state “…controversy remains 
as to the definition of health literacy - whether it is an individual risk 
factor or asset, a reflection on healthcare providers’ skills and health 
systems’ accessibility, or all of these. Clearly, the term has sparked 
unprecedented interest around simplifying healthcare and helping 
individuals manage their health. The intent of the LitCog study was 
to revisit the measures previously used, almost exclusively, in health 
literacy research and better understand the latent psychological 
traits [actually] being evaluated.”  
A similar statement would be helpful to guide the reader in following 
the authors’ analyses, particularly for those not familiar with health 
literacy as a research field or the nuances required for health literacy 
metrics.  
 
#5 There is a general statement that “A full description of the 
recruitment procedures are published elsewhere” (line 46, p.5). This 
statement, in combination with mention that the study was approved 
by Northwestern University’s IRB, is adequate to conclude that 
research ethics were addressed appropriately. However, explicit 
mention of the method of participant contact and consent (telephone 
versus mail, verbal versus written, etc.) is of particular importance 
for a study whose target population contains participants with low 
health literacy.  
 
**Note: Lines 10-13, p. 8: Is “processing speed” missing as a 
cognitive domain for latent item calculation? 

 

REVIEWER S. Duke Han 
Rush Alzheimer's Disease Center  
Rush University Medical Center  
USA 

REVIEW RETURNED 28-Jan-2015 

 

GENERAL COMMENTS This study investigated how three measures of health literacy 
correlated with age and whether measures of fluid or crystallized 
cognitive abilities might explain this association. The authors found 
that two of the health literacy measures were significantly lower in 
the oldest age group (70-74), and fluid cognitive abilities attenuated 
the relationship between two health literacy measures and age. The 
paper is very well-written and focused, the study benefits from clear 
hypotheses and utilizes well-established measures of health literacy, 
and overall this is an important contribution that clearly expands 
knowledge about a topic with real-world health impact. There are a 
few issues that need to be addressed in the manuscript as it is 
written in its present form:  
 
1. On page 3 in the "Strengths and limitations of this study" section, 
the authors state this is "The first study to simultaneously assess a 
range of cognitive abilities and health literacy skill in a sample of 
older adults". However, this is not true. Bennett et al. BMC Geriatrics 
2012, 12:30, explored multiple correlates of health literacy in a large 
sample of older adults, one set of which was a battery of 21 
cognitive measures yielding a measure of global cognition and five 
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subdomains of cognition. Furthermore, Boyle et al. Psychol Aging. 
2013 Sep;28(3):614-24, showed that cognitive decline impairs health 
literacy in nondemented older adults.  
 
2. On page 5, the manuscript describes 3176 age-eligible 
participants and 1884 successfully contacted for invitations to 
participate. Why were only 1884 of the 3176 eligible able to be 
contacted? This is not clear. The section goes on to state that 1640 
were eligible of the 1884, but it is not clear what the exclusion 
criteria were that only 1640 of the 1884 were eligible. Please clarify 
exclusion criteria.  
 
3. The authors describe converting cognitive measures to ultimately 
a measure of "fluid" abilities and "crystallized" abilities. The fluid 
abilities are a composite of five cognitive domains, namely 
processing speed, working memory, inductive reasoning, long-term 
memory, and prospective memory, while the crystallized abilities 
were essentially the verbal ability domain. Since the fluid abilities 
had a specific attenuating effect, it would be interesting to see what 
the specific contributions of the five cognitive domains are to the 
relationship between the TOFHLA and NVS to age, as each of these 
domains implicates a different set of brain networks that could be 
particularly relevant to health literacy decline in old age.  
 
4. The authors note on page 10 that education differences explained 
age differences in STOFHLA score. Did the authors look at the 
effect of education separately on results? Related to this point, it 
would be helpful to know if there were education differences by age 
group, and specifically what the distributions of years of education 
by age group were. As presented, 0-10 years of education are one 
group. There is a significant difference between having 0 years of 
education and 10 years of education. More specifics on education 
across age groups would be helpful.  
 
5. The authors show in a very compelling manner that fluid abilities 
attenuate by 84.6% the relation of TOHFLA to age, and 68.4% the 
relation of NVS to age. This suggests that about 15-30% is 
unaccounted by cognitive abilities. What do the authors speculate 
accounts for the other 15 to 30%? This should be discussed in the 
discussion. 

 

VERSION 1 – AUTHOR RESPONSE 

Authors’ Responses to Reviews:  

 

Thank you to the editor and reviewers for considering our paper, and for this opportunity to revise and 

resubmit. Please see our point-by-point responses to all comments below. The page numbers 

referred to are for the tracked changes version of the manuscript.  

 

Editorial comments  

1. Please include some kind of geographical information in the title  

Authors’ response: We have now included the location of the study (Chicago, USA) in the title.  

 

Reviewer 1  

1. A brief definition of fluid and crystallized cognitive abilities would be helpful to the reader within the 

Introduction when the terms are introduced in lines 46-56, p.4. For example, in the 2012 publication of 

findings from the LitCog study, the authors state “Fluid abilities refer to cognitive traits associated with 
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active information processing in which prior knowledge is of relatively little help, whereas crystallized 

abilities embody stored information in long-term memory, or general background knowledge. “Use of 

a similar statement would be helpful to the reader in this section.  

 

Authors’ Response: Thank you for this helpful suggestion. We now define fluid and crystallized 

cognitive abilities where they are introduced on in paragraph 3 of the Introduction (pages 4-5).  

 

2. To provide balance, a brief description of how fluid and crystallized cognitive abilities were 

assessed would be helpful in the Abstract under Outcome Measures, as was given for TOFLHA/NVS 

and REALM assessments of health literacy. Mention of fluid cognitive ability as being assessed 

through the cognitive domains of processing speed, working memory, inductive reasoning, long-term 

memory, and prospective memory should suffice. Likewise, a concise description of crystallized 

cognitive ability being assessed through the cognitive domain of verbal ability would also be helpful 

for this section. (Both descriptions taken from the Methods section, Measures subsection, lines 20-29 

on p.7)  

 

Author’s Response: Thank you for this helpful suggestion. We now provide brief descriptions of the 

cognitive domains through which fluid and crystallized abilities were assessed in the ‘Outcome 

measures’ section of the Abstract.  

 

3. Although the authors referenced their 2012 publication of findings from the LitCog study, a brief 

description of why latent trait analysis is pertinent to a study of health literacy would be helpful to the 

reader. In the 2012 study, the authors state “…controversy remains as to the definition of health 

literacy - whether it is an individual risk factor or asset, a reflection on healthcare providers’ skills and 

health systems’ accessibility, or all of these. Clearly, the term has sparked unprecedented interest 

around simplifying healthcare and helping individuals manage their health. The intent of the LitCog 

study was to revisit the measures previously used, almost exclusively, in health literacy research and 

better understand the latent psychological traits [actually] being evaluated.” A similar statement would 

be helpful to guide the reader in following the authors’ analyses, particularly for those not familiar with 

health literacy as a research field or the nuances required for health literacy metrics.  

 

Authors’ Response: The latent trait analysis of cognitive domains was done because 16 separate 

cognitive tests were administered, with the intent of performing factor analysis to load them onto a 

smaller number of pre-identified cognitive domains (processing speed, working memory, inductive 

reasoning, long-term memory, prospective memory, and verbal ability). This latent trait analysis 

provides robust measures of cognitive domains for the purpose of better understanding which 

domains are correlated with different measures of health literacy, an objective of the LitCog study. We 

have now briefly elaborated on the reason for the latent trait analysis in paragraph 1 of the Statistical 

Analysis section of the Methods (pages 8-9).  

 

4. There is a general statement that “A full description of the recruitment procedures are published 

elsewhere” (line 46, p.5). This statement, in combination with mention that the study was approved by 

Northwestern University’s IRB, is adequate to conclude that research ethics were addressed 

appropriately. However, explicit mention of the method of participant contact and consent (telephone 

versus mail, verbal versus written, etc.) is of particular importance for a study whose target population 

contains participants with low health literacy.  

Authors’ Response: Thank you for this helpful suggestion. We now fully describe the study 

recruitment flow, including methods of contact with potential participants, so that the reader can better 

understand the recruitment strategy (‘Study sample’ paragraph of the Methods, top of page 6).  

 

**Note: Lines 10-13, p. 8: Is “processing speed” missing as a cognitive domain for latent item 

calculation?  
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Authors’ Response: Thank you for catching this omission, you are correct. We have inserted 

‘processing speed’ into the list.  

 

 

Reviewer 2  

 

1. On page 3 in the "Strengths and limitations of this study" section, the authors state this is "The first 

study to simultaneously assess a range of cognitive abilities and health literacy skill in a sample of 

older adults". However, this is not true. Bennett et al. BMC Geriatrics 2012, 12:30, explored multiple 

correlates of health literacy in a large sample of older adults, one set of which was a battery of 21 

cognitive measures yielding a measure of global cognition and five subdomains of cognition. 

Furthermore, Boyle et al. Psychol Aging. 2013 Sep;28(3):614-24, showed that cognitive decline 

impairs health literacy in nondemented older adults.  

 

Authors’ Response: Thank you for raising this important point. In the Strengths and Limitations 

section, what we meant was that we had measures of a range of both cognitive abilities and health 

literacy skills, so as to better understand which cognitive abilities map onto different health literacy 

skills. The Bennett et al. and Boyle et al. studies both investigate a range of cognitive abilities but a 

single measure of health literacy. We do not wish to overstate the novelty of our findings, as several 

studies have previously examined the relationship between cognitive ability and health literacy; these 

two constructs are generally accepted to overlap. We have now added the Bennett et al. and Boyle et 

al. studies to the citations in the Introduction (paragraph 3, top of page 4), along with two references 

to the Lothian Birth Cohort (paragraph 4), which has also investigated the relationship between health 

literacy and cognitive ability in older adults.  

 

2. On page 5, the manuscript describes 3176 age-eligible participants and 1884 successfully 

contacted for invitations to participate. Why were only 1884 of the 3176 eligible able to be contacted? 

This is not clear. The section goes on to state that 1640 were eligible of the 1884, but it is not clear 

what the exclusion criteria were that only 1640 of the 1884 were eligible. Please clarify exclusion 

criteria.  

 

Authors’ Response: We have now included the full recruitment strategy with the recruitment flow and 

exclusion criteria in the ‘Study sample’ paragraph of the Methods (top of page 6).  

 

3. The authors describe converting cognitive measures to ultimately a measure of "fluid" abilities and 

"crystallized" abilities. The fluid abilities are a composite of five cognitive domains, namely processing 

speed, working memory, inductive reasoning, long-term memory, and prospective memory, while the 

crystallized abilities were essentially the verbal ability domain. Since the fluid abilities had a specific 

attenuating effect, it would be interesting to see what the specific contributions of the five cognitive 

domains are to the relationship between the TOFHLA and NVS to age, as each of these domains 

implicates a different set of brain networks that could be particularly relevant to health literacy decline 

in old age.  

 

Authors’ Response: Thank you for this valuable suggestion. We have now performed several linear 

regression models that show the mediating effects of each of the fluid cognitive abilities individually 

(i.e. a model with covariates + processing speed; a model with covariates + working memory, etc.). 

With respect to the TOFHLA, it appears that processing speed is the ability which accounts for most 

of the age differences in performance. Prospective memory and long-term memory minimally 

explained age differences in TOFHLA score. Working memory and inductive reasoning somewhat 

attenuated the age-TOFHLA score relationship. Together, all of these components of fluid cognitive 

ability explained age differences in TOFHLA performance to the degree shown in Table 2 in the 

manuscript. With respect to the NVS, these individual abilities did not explain age differences in 
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performance to the same degree as observed with the TOFHLA. All three aspects of memory 

minimally explained age differences in NVS scores, while processing speed and inductive reasoning 

somewhat attenuated the age-NVS score relationship. However, again the totality of these 

components of fluid ability did mostly eradicate the age-NVS score relationship, as shown in Table 2 

in the manuscript. These results are helpful knowledge and are now included in the manuscript. We 

thank the reviewer for suggesting this analysis. We discuss it in the final paragraph of the Methods 

section (page 9), the final paragraph of the Results section (page 11), and in paragraph 3 of the 

Discussion section (page 13 in the tracked changes version/page 12 in the clean version).  

 

4. The authors note on page 10 that education differences explained age differences in STOFHLA 

score. Did the authors look at the effect of education separately on results? Related to this point, it 

would be helpful to know if there were education differences by age group, and specifically what the 

distributions of years of education by age group were. As presented, 0-10 years of education are one 

group. There is a significant difference between having 0 years of education and 10 years of 

education. More specifics on education across age groups would be helpful.  

 

Authors’ Response: The important relationship between education and health literacy is relatively 

under-studied, so we thank the reviewer for raising these points. To recap, the reviewer is asking to 

see (1) the effect of education on health literacy score, (2) differences in education by age group, and 

(3) he also appears to have concerns that there is variation within a category of ‘0-10’ years of 

education. Firstly, it is important to note that we did not measure or present education as 0-10 years, 

although we did have a category for “High school or less”. We assume the reviewer is referring to this 

category. Our responses to the reviewer’s questions are listed below:  

 

1) The relationship between education and health literacy score: Although we do not present the 

regression coefficients in the manuscript, educational attainment was significantly associated with 

performance on all three health literacy tests bivariately and in models adjusted for sex, race/ethnicity, 

education, marital status, and number of chronic diseases. For example, the coefficient for ‘high 

school or less’, compared to ‘graduate degree’ was -0.93 (95% CI: -1.10, -0.77) for TOFHLA score, -

1.03 (95% CI: -1.18, -0.87) for NVS score, and -0.90 (-1.07, -0.73) for REALM score (adjusted for 

age, race/ethnicity, marital status, and number of chronic conditions). Although not shown, as this was 

not the intent of the study, the relationship between education and TOFHLA score was retained with 

adjustment for fluid cognitive abilities (Table 2, Model 2 in the manuscript), but not when crystallized 

cognitive ability was added to the model (Table 2, Models 3 and 4). The relationship between 

education and NVS score was retained following adjustment for fluid and crystallized cognitive 

abilities (Table 2, Models 2-4). The relationship between education and REALM score was retained 

with adjustment for fluid cognitive abilities (Table 2, Model 2), but not when crystallized cognitive 

ability was added to the model (Table 2, Models 3 and 4).  

 

2. Differences in education by age group: There were no differences in educational attainment by age 

group in our study (Pearson χ2 (df 9) = 9.29; p=0.422). For example, 69/239 (29%) of those aged 55-

59, 63/250 (25%) of those aged 60-69, 37/154 (24%) of those aged 65-69, and 38/131 (29%) aged 

70-74 had ‘high school or less’ education; and 69/239 (29%), 84/250 (34%), 55/154 (36%), and 

32/131 (24%) of the same age groups had ‘graduate degree’ education. Contrary to Morrow et al.’s 

2006 study (the study that observed that education explained age-health literacy relationships, which 

we cited on page 10, and which the reviewer is referring to), we did not find that education explained 

age differences in health literacy. This is evidenced where the association between age and health 

literacy presented in Model 1 of Table 2 of the manuscript is independent of education. Rather, 

differences in cognitive function explained age differences in health literacy (Table 2, Models 2-4), 

and also appeared to mediate the relationship between education and health literacy (described 

above).  
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3) Variation within 0 to 10 years of education: We agree with the reviewer, there is a marked 

difference between having absolutely no schooling (0 years) and having completed high school (10+ 

years). We unfortunately do not know the distribution of educational attainment within the “High 

school or less” category in our study. This is a commonly used category in measures of education in 

health research. It is unlikely that educational attainment is concentrated at the lower end of the range 

or even equally distributed across the range of this category, given that public education through 

elementary school has been compulsory in the United States since 1918. We do not think that 

variation within this category introduces bias in our study, particularly since educational attainment is 

not a mediator of the age-health literacy relationship we are examining in this study.  

 

5. The authors show in a very compelling manner that fluid abilities attenuate by 84.6% the relation of 

TOHFLA to age, and 68.4% the relation of NVS to age. This suggests that about 15-30% is 

unaccounted by cognitive abilities. What do the authors speculate accounts for the other 15 to 30%? 

This should be discussed in the discussion.  

 

Authors’ Response: We postulated in paragraph 4 of the Discussion (page 13) that the differences in 

health literacy that we observed between older and younger adults may be due to cohort effects, such 

as differential educational experiences (i.e. public education would likely have been of a higher quality 

for the younger participants in our study, which may lead them to have higher health literacy than the 

older participants at the same level of education, an effect which cannot be teased out in this cross-

sectional study). Other than this explanation, it is hard to say what else would account for the 

remaining 15-30% aside from imperfect measurement of either health literacy or cognitive abilities, 

which we discuss in paragraph 4 the Discussion (page 13). Regardless, it is important to note that the 

point estimates for the relationships between age to TOFHLA score and age to NVS score (i.e. the 

remaining 15-30%) were not statistically significant after accounting for fluid cognitive abilities. 
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