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ABSTRACT 

Objectives We investigated the role that childhood and old age cognitive ability play in the 

association between health literacy and mortality. 

Design Prospective cohort study.  

Setting This study used data from the Lothian Birth Cohort 1936 study, which recruited 

participants living in the Lothian region of Scotland when aged 70 years, most of whom had 

completed an intelligence test at age 11.  

Participants 795 members of the Lothian Birth Cohort 1936 with scores on measures of 

health literacy and cognitive ability in childhood and older adulthood.  

Primary and secondary outcome measures Participants were followed up for 8 years to 

determine mortality. Time to death in days was used as the primary outcome measure.  

Results Using Cox regression, higher health literacy was associated with lower risk of 

mortality adjusting for age and sex, using the Shortened Test of Functional Health Literacy in 

Adults (HR = 0.948, 95% CI 0.919 to 0.978), the Newest Vital Sign (HR = 0.882, 95% CI 

0.805 to 0.966), and a general health literacy measure (HR = 0.774, 95% CI 0.650 to 0.922), 

but not the Rapid Estimate of Adult Literacy in Medicine (HR = 0.954, 95% CI 0.904 to 

1.007). Adjusting for childhood intelligence did not change these associations. When 

additionally adjusting for fluid-type cognitive ability in older age associations between health 

literacy and mortality were attenuated and non-significant.  

Conclusions Current fluid ability but not childhood intelligence attenuated the association 

between health literacy and mortality. Health literacy measures may, in part, assess fluid-type 

cognitive abilities and this may account for the association between health literacy and 

mortality.    
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Strengths and limitations of this study 

• This study had multiple tests of health literacy which measure different components of 

health literacy. 

• This study had comprehensive measures of cognitive ability measured in both childhood 

and old age which allowed us to investigate whether childhood and old age cognitive 

ability independently played a role in the relationship between health literacy and 

mortality.  

• Larger samples and a longer follow-up time are needed to determine the role of cognitive 

ability in the association between health literacy and cause-specific mortality.  
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INTRODUCTION 

Health literacy is “the degree to which individuals have the capacity to obtain, process and 

understand basic health information and services needed to make basic health decisions”.[1] 

This ability is thought to be multifaceted and encompass the set of skills required to navigate 

the health care environment, including reading, numeracy, and knowledge relating to 

health.[2, 3] Health literacy is thought to be important at all levels of health care, including 

making decisions about seeking and following medical advice, self-management of chronic 

illnesses, and undertaking health-promoting behaviours. These activities require individuals 

to find, understand, and act upon health information.[4] 

Tests have been developed to measure these skills, including the commonly used Test of 

Functional Health Literacy in Adults.[5] Performance on health literacy tests have been 

associated with a range of health outcomes. Individuals with lower health literacy are more 

likely to require emergency care and have poorer skills in relation to correctly taking 

medication and interpreting written health materials.[6] Individuals with higher health 

literacy are more likely to take part in health-promoting behaviours such as eating a healthy 

diet, and are more likely to take part in routine cancer screening.[7, 8]  

Successful completion of health literacy measures rely on cognitive functions, such as 

processing capacity and reasoning.[2, 3] One dominant theory in intelligence research is that 

there is a distinction between fluid ability, the ability to problem solve using novel material, 

which tends to decline with increasing age, and crystallised ability, which is the knowledge 

acquired throughout life which remains relatively stable across the lifespan.[9-13] 

Completing tests of health literacy requires both crystallised abilities such as specific 

knowledge relating to health, and fluid abilities such as reasoning.[2, 3] Performance on tests 

of health literacy and cognitive ability are strongly related.[14-21] Some tests of health 
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literacy have been found to correlate more strongly with measures of cognitive ability than 

with each other.[20, 22, 23] This overlap is so strong that some have proposed that health 

literacy should not be considered a unique construct but, instead, should be thought of as a 

specific component of cognitive function.[23] 

Researchers have investigated the role that cognitive function plays in the association 

between health literacy and health status. Whereas most evidence suggests that cognitive 

function explains a large proportion of the association between health literacy and health, the 

degree of attenuation varies.[22, 24, 25] A study using participants from the Lothian Birth 

Cohort 1936[22]—the same sample used in the current study—investigated whether 

cognitive ability in childhood and late adulthood attenuated the association between health 

literacy and measures of physical health. In models without cognitive measures, health 

literacy was associated with all three of the measures of physical health assessed. Addition of 

cognitive ability in older age significantly attenuated the association between health literacy 

with physical fitness and number of natural teeth; however, it did not attenuate the 

association between health literacy and body mass index (BMI). Conversely, while childhood 

cognitive ability did not attenuate the association between health literacy and physical fitness, 

it attenuated the association between health literacy and number of teeth by 30%, and BMI by 

88%. In the fully adjusted model which included childhood and late adulthood cognitive 

ability, as well as other early-life factors, the association between health literacy and physical 

fitness, though attenuated, remained significant.[22] 

Mortality is arguably one of the most important health outcomes to examine. Both cognitive 

ability[26, 27] and health literacy[28] have been found to  predict mortality. Researchers have 

therefore investigated the degree to which cognitive function explains the association 

between health literacy and mortality. In two studies,[29, 30] cognitive function was found to 

attenuate the association between health literacy and risk of dying; however, the association 
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between health literacy and mortality remained, thus, cognitive function did not fully explain 

this relationship. These two studies, however, used brief measures of health literacy and 

cognitive function.  

The current analysis sought to better understand the relationship between health literacy, 

cognitive ability and mortality using comprehensive measures of health literacy and cognitive 

ability. This study used the LBC1936—the same sample as used in Mõttus et al.[22]—which 

has a wealth of cognitive data, including measures of childhood and old age cognitive ability. 

The aim was to understand the role that both the trait of lifelong intelligence, measured using 

an intelligence test administered at age 11 years, and current cognitive ability in older age, 

measured at approximately 73 years and contemporaneously with health literacy, play in any 

association between health literacy and mortality.  

  

METHODS 

Participants 

LBC1936 is a cohort study of 1091 older adults born in 1936, most of whom reside in the 

Lothian area in Scotland. Most had taken part in the Scottish Mental Survey 1947, which 

tested the intelligence of almost all children born in 1936 and attending Scottish schools on 

4
th
 June 1947.[31] LBC1936 consists of a sample of these individuals who were subsequently 

followed-up, for the first time, at age 70 years (wave 1). To date, these participants have been 

followed-up a further three times at approximately 3 year intervals (waves 2-4). LBC1936 

was designed to investigate healthy cognitive ageing. Detailed information on this cohort is 

provided elsewhere.[32, 33] The present study used a sub-sample of 795 (413 male, 382 

female) LBC1936 participants who completed tests of health literacy at wave 2 when 

participants were approximately aged 73 years. Ethical approval was obtained from the 
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Scotland A Research Ethics Committee (07/MRE00/58). This study conformed to the 

principles embodied in the Declaration of Helsinki. 

 

Measures 

Mortality and survival time  

The General Register Office for Scotland was used to identify deaths. Deaths through to end 

of March 2017 were recorded and this date is used as the censoring date for participants who 

survived. Survival time was measured in days from date of attending study visit at wave 2 to 

date of death or censoring date.   

 

Health literacy 

Health literacy tests were administered at wave 2.  

Rapid Estimate of Adult Literacy in Medicine (REALM):[34] This test measures participants’ 

ability to read and correctly pronounce medical words. Participants are presented a piece of 

paper with a list of 66 medical words and are asked to read these words aloud. The words 

range in difficulty from easy (“fat”) to difficult (“impetigo”). One point is given for each 

correctly pronounced word. One week test-retest (r = 0.99)[34] and internal consistency 

(Cronbach’s alpha = 0.98)[35] have been found to be very high. 

Shortened Test of Functional Health Literacy in Adults (S-TOFHLA):[5, 36]  In the 

numeracy section, participants are provided with cards with medical information on them and 

are asked four questions about this information. The reading comprehension section 

comprised a 36-item task which involved participants reading two health-related passages 

where every fifth to seventh word was missing and participants were to select the missing 
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word from four options. Here, the British version of the S-TOFHLA[8] was used which 

substitutes the Medicaid passage for a passage about UK prescription fee exemptions. This 

measure is seen as the gold standard health literacy test[37] and successful completion of the 

S-TOFHLA requires the ability to read and comprehend written words and numbers in a 

health context. Internal consistency is high for reading comprehension (Cronbach’s alpha = 

0.97)[36] and adequate for numeracy (Cronbach’s alpha = 0.68).[36] The S-TOFHLA has 

been found to correlate strongly with the REALM (r = 0.80).[36] 

Newest Vital Sign (NVS):[38] Participants were presented with a nutrition label from a 

container of ice cream and were asked to answer six questions about the information provided 

on this label. The NVS assesses both reading and numeracy skills associated with health as 

participants need to use the written text and numbers on the label to answer the questions.[38] 

The NVS correlates with the S-TOFHLA at r = 0.59[38] and shows reasonable internal 

consistency (Cronbach’s alpha = 0.76).[38] 

General health literacy: Health literacy is multifaceted and the measures described above 

individually only measure some aspects of health literacy. A general measure of health 

literacy was created which is thought to more accurately represent the complex nature of this 

ability by entering scores on the three health literacy tests into a principal component analysis 

(PCA). Two of these measures had skewed distributions (see Supplementary Figures 1-8), 

therefore Spearman’s rank correlation was used in the PCA. Only the first component had an 

eigenvalue greater than 1, and the scree slope indicated a single component; therefore, scores 

from the first unrotated principal component were used as a measure of health literacy 

(general health literacy). This component accounted for 59.7% of the total variance, and the 

REALM, S-TOFHLA and NVS loaded 0.74, 0.80, and 0.77, respectively, on this component.  
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Cognitive ability 

Childhood cognitive ability (age-11 IQ): As part of the Scottish Mental Survey 1947, almost 

all 11 year old children in Scotland in 1947 sat the Moray House Test No. 12 (MHT);[31] a 

45-minute, group-administered intelligence test that included tasks of verbal reasoning and 

spatial ability, and had a maximum score of 76. In LBC1936, scores on the MHT were 

adjusted for age in days at testing and then were converted into standard IQ-type scores with 

a mean of 100 and a standard deviation of 15. This score will be used as a measure of prior, 

or crystallised, ability.  

Current fluid ability: Participants completed a lengthy cognitive assessment.[32, 33] As has 

been done in previous LBC1936 studies,[20, 22] six tests administered at wave 2 thought to 

measure fluid-type cognitive abilities that tend decline across the  lifespan[11-13] were 

entered into a PCA. The following tests from the Wechsler Adult Intelligence Scale-III[39] 

that assess non-verbal reasoning, visuospatial ability, working memory, and processing speed 

were used: Matrix Reasoning, Block Design, Letter-Number Sequencing, Symbol Search, 

Digit Span Backwards, and Digit Symbol-coding. Only the first component had an 

eigenvalue greater than 1 and the scree slope indicated one component, and therefore scores 

from this first principal component were used as a measure of current fluid ability. This 

component accounted 50.2% of the total variance. The loadings for the six tests were: Matrix 

Reasoning = 0.69; Block Design = 0.71; Letter-Number Sequencing = 0.71; Symbol Search = 

0.75; Digit Span Backwards = 0.64; Digit Symbol-coding = 0.75.   

 

Covariates 

Sociodemographic variables included in this analysis were education and occupational social 

class. Years of full-time education completed, recorded at wave 1 when participants were 
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aged 70 years, was used to measure education. At wave 1, participants were assigned to one 

of the following occupational social classes based on their highest occupational status prior to 

retirement:[40] professional, managerial and technical, skilled, partly skilled manual, 

unskilled manual. Female participants were assigned the occupational class of their husband 

if this was higher than their own. Skilled was separated into skilled non-manual and skilled 

manual. Only 5 participants in this sample were assigned the occupational class of unskilled, 

therefore partly skilled manual, and unskilled manual were combined into one class, hereafter 

referred to as manual (N = 31).  

Three measures of health status measured at wave 2 were used. Self-reported health was 

measured by asking participants whether they rated their general health to be excellent, very 

good, good, fair or poor. Only a small number of participants who were recorded dead at the 

censoring date reported poor (N = 3) or excellent (N = 17) health. Therefore, poor and fair 

were collapsed into one category (fair/poor; N = 73), as were very good and excellent (very 

good/excellent; N = 487). Total score on the Hospital Anxiety and Depression Scale 

(HADS)[41] was used as a measure of mood state. Higher scores on the HADS represent 

higher levels of anxiety and depression.  Activities of daily living were assessed using the 

Townsend Disability Scale.[42] Participants were given a score of 0 (no difficulty completing 

this activity) to 2 (not able complete this activity) for nine activities, and thus higher scores 

represent more functional disability.  

 

Patient and public involvement  

LBC1936 participants were not involved in the development of any part of this study.  The 

results will be disseminated to participants via a quarterly newsletter sent to LBC1936 

participants.  
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Statistical analysis 

SPSS version 21.0 was used to carry out this analysis. To determine whether those recorded 

as alive or dead at censoring date differ on demographic, health literacy, cognitive function, 

or health status variables, chi-square tests were conducted for categorical variables, 

independent t-tests were used for normally-distributed continuous variables, and Mann-

Whitney U tests were used for non-normal continuous variables. Spearman’s rank-order 

correlation was used to examine the relationship between health literacy and cognitive ability 

scores. To investigate the association between health literacy and time to death, Cox 

proportional hazard regression was used. For each of the health literacy measures of interest 

(REALM, S-TOFHLA, NVS, and the component score of general health literacy) five 

models were run. In Model 1 the health literacy measure of interest and age and sex were 

entered. To determine whether cognitive ability in childhood attenuated the association 

between health literacy and mortality, age-11 IQ was added (Model 2). In Model 3, fluid-type 

cognitive ability in older age was additionally added to determine its role in the association 

between health literacy and mortality. Years of education and occupational class were 

additionally included in Model 4. Health status variables (self-reported health, HADS, and 

Townsend) were included in Model 5. Methods to control for multiple testing were not used 

here. We were interested in the change in the effect size of the association between health 

literacy and mortality following the inclusion of various cognitive, sociodemographic and 

health variables. In the results section of the main text here, only the hazard ratios (HRs) and 

95% confidence intervals (CIs) for health literacy are reported. A more detailed description of 

the results for all variables in the models is given in the supplementary materials. 
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RESULTS 

A total of 796 participants completed the health literacy measures at wave 2. Following 

removal of one participant without information on date of death, 130 participants had died, 

and 665 participants were alive at the censoring date. Participant characteristics are reported 

in Table 1 and health literacy and cognitive ability scores are shown in Table 2. Those who 

died were more likely to be from a lower occupational class, were more likely to report 

poorer health, and reported more disability than those who survived. Participants who had 

died had lower scores on all the health literacy measures, and had lower fluid cognitive 

ability scores in older age. Age-11 IQ did not differ between the two groups. 

Table 3 shows the rank order correlations between health literacy and cognitive ability 

measures. These have been reported elsewhere.[20, 22] The three health literacy measures 

correlated moderately with each other (r = 0.348-0.444, p < .001), and higher scores on the 

health literacy measures were correlated with higher age-11 IQ (r = 0.438-0.513, p < .001), 

and higher fluid ability (r = 0.378-0.550, p < .001). The three health literacy measures tended 

to correlate more strongly with measures of cognitive ability than with each other. The 

general health literacy measure also showed a strong positive correlation with both age-11 IQ 

(r = 0.611, p < .001) and fluid ability in older age (r = 0.632, p < .001). The correlations 

between all variables examined in this analysis are reported in Supplementary Table 1. 

The HRs for the association between health literacy and mortality are shown in Table 4. HRs 

for all variables entered into the models are reported in Supplementary Tables 2-5. In all 

models, the assumptions of proportional hazards were met. Given the high correlations 

between health literacy and cognitive ability, variance inflation factors (VIF) were calculated 

to check for multicollinearity. VIF values for all models were low (highest VIF = 2.149), 

suggesting there was no multicollinearity in these models. 
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Table 1 Participant characteristics for participants alive or dead at censoring date and p-

values to determine whether these characteristics differed by survival status 

 N Alive Dead p-value 

Survival time (years), mean (SD) 795 8.19 (0.66) 5.23 (2.14)  

Age (years) at wave 2, mean (SD) 795 72.54 (0.70) 72.41 (0.72) .068 

Sex, n (%) 795   .069 

Male  336 (50.5) 77 (59.2)  

Female  329 (49.5) 53 (40.8)  

Years of education, mean (SD)  795 10.80 (1.16) 10.71 (1.10) .417 

Occupational class, n (%) 780   .001 

Professional  142 (21.7) 12 (9.4)  

Managerial/technical  249 (38.1) 49 (38.6)  

Skilled: non-manual  140 (21.4) 26 (20.5)  

Skilled: manual  96 (14.7) 35 (27.6)  

Manual   26 (4.0) 5 (3.9)  

Self-reported health, n (%) 795   <.001 

Poor/fair  47 (7.1) 26 (19.9)  

Good  195 (29.4) 40 (30.5)  

Very good/excellent  422 (63.5) 65 (49.6)  

HADS total, mean (SD) 794 7.02 (4.37) 7.42 (4.62) .342 

Townsend disability, mean (SD) 794 0.89 (1.82) 1.60 (2.48) .001 

HADS, Hospital Anxiety and Depression Scale. 
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Table 2 Mean scores (SD) on measures of health literacy and cognitive ability by survival 

status, and p-values to determine whether these scores differ by survival status  

 N Alive  Dead  p-value  

REALM score 794 65.08 (2.39) 64.67 (3.02) .015 

TOFHLA score 744 38.00 (3.85) 36.69 (5.37) .025 

NVS score 789 2.92 (1.90) 2.46 (1.91) .011 

General health literacy  740 0.05 (0.98) -0.24 (1.08) .007 

Age-11 IQ 752 101.08 (14.99) 98.55 (16.33) .091 

Current fluid ability  789 0.07 (0.99) -0.34 (1.00) <.001 

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of 

Functional Health Literacy in Adults; NVS, Newest Vital Sign; IQ, Intelligence Quotient.  

 

REALM: The HRs for the REALM represent the risk of dying for a one point increase in the 

REALM (max score = 66). The REALM did not significantly predict mortality in Model 1 

(HR = 0.954, 95% CI 0.904 to 1.007) adjusting for age and sex, or subsequently with the 

addition of age-11 IQ (Model 2), fluid ability (Model 3), sociodemographic (Model 4), or 

health status (Model 5).  

S-TOFHLA: The HRs for the S-TOFHLA represent the risk of mortality for a one point 

increase in S-TOFHLA score (max score = 40). With age and sex controlled for, a one-point 

increase in S-TOFHLA reduced the risk of dying by 5.2% (Model 1 HR = 0.948, 95% CI 

0.919 to 0.978). Inclusion of age-11 IQ (Model 2) did not attenuate this association. This 

association was attenuated and became non-significant in Model 3 with the inclusion of fluid 

ability (HR = 0.967, 95% CI 0.929 to 1.007), and remained non-significant and continued to 
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reduce in size following the inclusion of sociodemographic variables (Model 4) and health 

status in (Model 5).  

NVS: The HRs for NVS represent the risk of mortality for a one point increase in NVS score 

(max score = 6). In Model 1, in which age and sex were entered as covariates, NVS 

significantly predicted mortality. A one point increase in NVS score reduced the risk of dying 

by 11.8% (HR = 0.882, 95% CI 0.805 to 0.966). Age-11 IQ was added in Model 2 and this 

did little to change the association between NVS and mortality. The inclusion of fluid ability 

in Model 3 greatly attenuated the association between NVS and mortality, and this 

association became non-significant (HR = 0.972, 95% CI 0.869 to 1.087). This association 

remained non-significant following the inclusion of sociodemographic variables (Model 4) 

and health status variables (Model 5).  

General health literacy: The HRs for general health literacy represent the risk of mortality for 

a one SD increase in general health literacy. General health literacy predicted mortality in 

Model 1, controlling for age and sex. A one SD increase in general health literacy reduced the 

risk of mortality by 22.6% (HR = 0.774, 95% CI 0.650 to 0.922). Including age-11 IQ in 

Model 2 did little to change the association between general health literacy and mortality. 

Current fluid ability was included in Model 3 and this attenuated the association between 

general health literacy and mortality and this association was no longer significant (HR = 

0.901, 95% CI 0.701 to 1.158). Adding years of education and occupational social class in 

Model 4 did little to change the association between general health literacy and mortality. 

Health status variables were added in Model 5 and the association between general health 

literacy and mortality was further attenuated and remained non-significant. 

All models were re-run using only participants who had complete data on all of the variables 

of interest. These models are shown in Supplementary Tables 6-9. The associations between 
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health literacy and mortality were similar to those reported here, except that, in Model 1 for 

the REALM (Supplementary Table 6), higher scores on the REALM significantly reduced 

the risk of mortality. This association was no longer significant in Model 2, following the 

inclusion of age-11 IQ. 

 

Table 3 Rank order correlations between health literacy and cognitive ability measures  

1 2 3 4 5 6 

1  REALM 1.000      

2  S-TOFHLA 0.398* 1.000     

3  NVS 0.348* 0.444* 1.000    

4  General health literacy 0.706* 0.803* 0.781* 1.000   

5  Age-11 IQ 0.438* 0.481* 0.513* 0.611* 1.000  

6  Current fluid ability  0.378* 0.550* 0.549* 0.632* 0.565* 1.000 

*p < .001.  

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of Functional 

Health Literacy in Adults; NVS, Newest Vital Sign; IQ, Intelligence Quotient. 

Page 16 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

17 

 

Table 4 Hazard ratios (95% confidence intervals) for the association between four measures of health literacy and mortality, controlling for 

sociodemographic, cognitive, and health variables  

 

Model 1 

Age and sex 

Model 2 

+ age-11 IQ 

Model 3 

+ current fluid ability 

in older age 

Model 4 

+ sociodemographics 

Model 5 

+ health status  

REALM 

 

0.954 (0.904 to 1.007) 

N = 794 

0.962 (0.903 to 1.025) 

N = 752 

0.972 (0.909 to 1.040) 

N = 746 

0.970 (0.904 to 1.040) 

N = 731 

0.996 (0.924 to 1.074) 

N = 728 

S-TOFHLA 

 

0.948 (0.919 to 0.978)** 

N = 744 

0.948 (0.913 to 0.983)** 

N = 702 

0.967 (0.929 to 1.007) 

N = 697 

0.976 (0.935 to 1.019) 

N = 682 

0.998 (0.953 to 1.046) 

N = 680 

NVS 

 

0.882 (0.805 to 0.966)** 

N = 789 

0.899 (0.810 to 0.997)* 

N = 746 

0.972 (0.869 to 1.087) 

N = 742 

0.967 (0.861 to 1.086) 

N = 727 

0.961 (0.853 to 1.082) 

N = 724 

General  

health literacy 

0.774 (0.650 to 0.922)** 

N = 740 

0.766 (0.612 to 0.959)* 

N = 698 

0.901 (0.701 to 1.158) 

N = 694 

0.911 (0.700 to 1.186) 

N = 679 

0.950 (0.725 to 1.245) 

N = 677 

*p < .05, **p < .01 

IQ, intelligence quotient; REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of Functional Health Literacy 

in Adults; NVS, Newest Vital Sign. 
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DISCUSSION 

This study investigated whether prior cognitive ability measured in childhood and current 

fluid cognitive ability measured in older adulthood played different roles in the association 

between health literacy and mortality. When age and sex were controlled for, S-TOFHLA, 

NVS and general health literacy predicted mortality; the REALM did not (though it had a 

slightly stronger and significant association when only those with full data were included, as 

shown in supplementary analysis). Individuals who had higher scores on the S-TOFHLA, 

NVS, and general health literacy had a lower risk of mortality than those with lower scores. 

Accounting for prior intelligence measured in childhood did not change this association. The 

association between health literacy and mortality disappeared when contemporaneous fluid 

ability was accounted for. The attenuation was particularly large for NVS and general health 

literacy.  

Childhood cognitive ability, which was measured decades prior to the health literacy 

assessment, is thought to reflect the relatively stable trait of lifelong intelligence, whereas 

current fluid ability, which was measured when participants were approximately 73 years old, 

is a measure of current cognitive competence.[20] These results suggest that, whereas 

childhood intelligence did not play a role in the association between health literacy and 

mortality, current fluid-type cognitive ability in older adulthood accounted for a large 

proportion of this association.  

Previous studies found that, although the size of the association between health literacy and 

mortality was reduced, health literacy still predicted mortality when cognitive function was 

controlled for.[29, 30] Here, fluid ability attenuated the association between health literacy 

and mortality such that the association was no longer significant. A strength of this current 

study is that detailed measures of cognitive ability were used. Childhood intelligence was 
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measured using a standardised test of intelligence which had good concurrent validity with 

other intelligence tests.[32] The fluid ability measure comprised many standardised 

neuropsychological tests. Both Baker et al.[29] and Bostock and Steptoe[30] used brief 

measures of cognitive function. Baker et al.[29] used specific items from the mini-mental 

state exam, a measure designed to screen for cognitive impairment[43] which is insensitive to 

individual differences in healthy cognitive ageing. Bostock and Steptoe[30] used three brief 

cognitive tests administered in a non-standardised way in the participants’ own home. These 

studies may not have used tests sensitive enough, or that covered a necessary range of 

cognitive functions, to fully account for the association between health literacy and mortality.  

The results of this study support the proposal by Reeve and Basalik[23] that health literacy 

may not be a unique construct, and instead, measures of health literacy are in fact domain-

specific measures of cognitive ability. Here, NVS, S-TOFHLA and general health literacy no 

longer predicted mortality when accounting for fluid ability; however, this attenuation was 

not seen for childhood cognitive ability. This suggests that these tests are likely to be 

substantially measuring more fluid-type cognitive abilities that decline with increasing 

age.[12] 

We note that, because of the heterogeneity of the health literacy tests, a general health 

literacy measure may be a problematic method of assessing health literacy. This general 

measure was derived with the aim of creating a score that more accurately reflects the 

multifaceted nature of health literacy. However, the heterogeneity of the health literacy 

measures is reflected in the modest correlations between these tests (largest r = 0.445). The 

health literacy tests correlated more strongly with fluid ability than with each other which 

provides further support that health literacy and cognitive function overlap. 
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This analysis only examined the association between health literacy and all-cause mortality. 

It is possible that there are different relationships between health literacy and cause-specific 

mortality, for example health literacy may only predict deaths linked to unhealthy lifestyles, 

such as cardiovascular disease. The follow-up period in this study was relatively short, and 

therefore only a small percentage of participants had died. Future studies should investigate 

mortality over a longer follow-up period and in larger samples to examine whether there are 

different patterns of association between health literacy and cause-specific mortality.   

We investigated the role that childhood cognitive ability and fluid ability in older age play in 

the association between health literacy and mortality. The results indicate that fluid-type 

cognitive capability may account for the association between health literacy and mortality, 

while childhood cognitive ability—an indicator of lifelong intelligence—does not. 

Researchers and clinicians should be aware that lower health literacy scores may actually 

reflect lower cognitive ability in older age, and that current cognitive capacity in older 

adulthood, but not lifelong intelligence, may be driving the association between health 

literacy and mortality. Future research examining the association between health literacy and 

mortality, and other health indicators, should also include measures of cognitive ability to be 

able to properly disentangle the relationship between health literacy and health.  
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Supplementary material for: The role of cognitive ability in the association between 

health literacy and mortality in the Lothian Birth Cohort 1936:  

a prospective cohort study 

 

 

Supplementary Figure 1 Distribution of scores on the Rapid Estimate of Adult Literacy in 

Medicine for participants who were alive at censoring date. 
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Supplementary Figure 2 Distribution of scores on the Rapid Estimate of Adult Literacy in 

Medicine for participants who had died by censoring date. 
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Supplementary Figure 3 Distribution of scores on the Shortened Test of Functional Health 

Literacy in Adults for participants who were alive at censoring date.  
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Supplementary Figure 4 Distribution of scores on the Shortened Test of Functional Health 

Literacy in Adults for participants who has died by censoring date. 
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Supplementary Figure 5 Distribution of scores on the Newest Vital Sign for participants 

who were alive at censoring date. 
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Supplementary Figure 6 Distribution of scores on the Newest Vital Sign for participants 

who had died by censoring date. 
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Supplementary Figure 7 Distribution of scores on General Health Literacy for participants 

who were alive at censoring date.   
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Supplementary Figure 8 Distribution of scores on General Health Literacy for participants 

who had died by censoring date. 
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Supplementary Table 1 Rank order correlations between sociodemographic, health literacy, cognitive and health variables  

 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Age 1.000             

2 Sex† 0.044 1.000            

3 REALM -0.119** 0.167*** 1.000           

4 S-TOFHLA -0.050 0.101** 0.398*** 1.000          

5 NVS -0.115** 0.012 0.348*** 0.444*** 1.000         

6 General health 

literacy -0.094* 0.136*** 0.706*** 0.803*** 0.781*** 1.000        

7 Age-11 IQ -0.072* 0.105** 0.438*** 0.481*** 0.513*** 0.611*** 1.000       

8 Fluid ability  -0.133*** 0.001 0.378*** 0.550*** 0.549*** 0.632*** 0.565*** 1.000      

9 Education  -0.054 0.033 0.314*** 0.333*** 0.368*** 0.451*** 0.454*** 0.368*** 1.000     

10 Occup class 0.046 -0.150*** -0.305*** -0.310*** -0.317*** -0.388*** -0.403*** -0.352*** -0.466*** 1.000    

11 Self-rated 

health -0.023 0.059 0.118** 0.196*** 0.110** 0.184*** 0.168*** 0.235*** 0.110** -0.107** 1.000   

12 HADS 0.057 0.076* -0.065 -0.127** -0.109** -0.137*** -0.129*** -0.222*** -0.082* 0.077* -0.320*** 1.000  

13 Townsend 0.127*** 0.159*** -0.077* -0.119** -0.154*** -0.140*** -0.118** -0.174*** -0.122** 0.092* -0.349*** 0.218*** 1.000 

*p < .05, **p < .01, ***p < .001. 

†Correlations are point-biseral correlations. Female is coded 1 and male is coded 2.  

Occupational class (ranging from 1-professional to 4-manual) and self-rated health (ranging from 1-poor/fair to 3-very good/excellent) are entered as ordinal variables.  

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; NVS, Newest Vital Sign; IQ, 

Intelligence Quotient; Occup class, occupational class; HADS, Hospital Anxiety and Depression Scale; Townsend, Townsend Disability Scale. 
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DETAILED RESULTS 

REALM: Hazard ratios (HRs) and 95% confidence intervals (CIs) for the associations between the 

REALM and mortality are shown in Supplementary Table 2. In Model 1, in which age and sex were 

controlled, the REALM did not significantly predict mortality (HR = 0.954, 95% CI 0.904 to 1.007), 

nor did age or sex. The REALM remained a non-significant predictor of mortality in Model 2, with 

the addition of age-11 IQ. Age-11 IQ did not predict mortality (HR = 0.993, 95% CI 0.981 to 1.006). 

The REALM remained a non-significant predictor of mortality following the inclusion of current fluid 

ability in Model 3. A one SD increase in fluid ability score reduced the risk of death by 36.8% (HR = 

0.632, 95% CI 0.506 to 0.789). In Model 4, the sociodemographic variables years of education and 

occupational social class were included in the model. The REALM remained non-significant. Years of 

education did not predict mortality. Individuals with a managerial/technical social class (HR = 2.278, 

95% CI 1.161 to 4.470), a skilled non-manual social class (HR = 2.464, 95% CI 1.167 to 5.201) or a 

skilled manual social class (HR = 3.608, 95% CI 1.647 to 7.907) had a higher risk of death than 

individuals with a professional social class. Health status variables were additionally added in Model 

5. The REALM remained a non-significant predictor of mortality. Risk of death for those who self-

reported their health as fair or poor was over 2 times greater than those who reported their health to be 

very good or excellent (HR = 2.071, 95% CI 1.147 to 3.739). While HADS score did not predict 

mortality, Townsend disability did. A one-point increase on the Townsend disability scale increased 

risk of mortality by 13.3% (HR = 1.133, 95% CI 1.044 to 1.229).  

S-TOFHLA: The HRs for the association between S-TOFHLA and mortality are shown in 

Supplementary Table 3. In Model 1, controlling for age and sex, S-TOFHLA significantly predicted 

mortality. A one-point increase in S-TOFHLA reduced the risk of death by 5.2% (HR = 0.948, 95% 

CI 0.919 to 0.978). In this model, age and sex did not predict mortality. The inclusion of age-11 IQ in 

Model 2 did not change the association between the S-TOFHLA and mortality. Age-11 IQ also did 

not predict mortality (HR = 0.999, 95% CI 0.986 to 1.012). The association between the S-TOFHLA 

and mortality was attenuated and became non-significant (HR = 0.967, 95% CI 0.929 to 1.007) in 

Model 3, additionally accounting current fluid ability. Current fluid ability significantly predicted 
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mortality in this model. A one SD increase in fluid ability reduced the risk of death by 28.9% (HR = 

0.711, 95% CI 0.558 to 0.905). Sociodemographic variables were included in Model 4, and the 

association between S-TOFHLA and mortality remained non-significant. Individuals with more years 

of education, controlling for other sociodemographic variables and cognitive function, had increased 

risk of death (HR = 1.219, 95% CI 1.004 to 1.481). Risk of dying was three times greater for 

participants with a skilled manual social class, compared to individuals with a professional social 

class (HR = 3.096, 95% CI 1.385 to 6.922). S-TOFHLA remained a non-significant predictor or 

mortality in Model 5, which included health status variables. Self-reporting health as fair or poor, 

compared to very good or excellent, was associated with increased risk of mortality (HR = 2.209, 95% 

CI 1.216 to 4.014). Higher scores on the HADS were not associated with mortality, while a higher 

Townsend disability score increased risk of death (HR = 1.131, 95% CI 1.039 to 1.232). 

NVS: HRs for the association between NVS and mortality are shown in Supplementary Table 4. In 

Model 1, in which age and sex were entered as covariates, NVS significantly predicted mortality. A 

one point increase in NVS score reduced the risk of death by 11.8% (HR = 0.882, 95% CI 0.805 to 

0.966). Age and sex did not predict mortality. Age-11 IQ was additionally added to the model in 

Model 2 and this did little to change the association between NVS and mortality and this association 

remained significant. Age-11 IQ did not predict mortality (HR = 0.996, 95% CI 0.984 to 1.009). The 

inclusion of fluid ability in Model 3 greatly attenuated the association between NVS and mortality, 

and this became non-significant (HR = 0.972, 95% CI 0.869 to 1.087). Fluid ability was strongly 

associated with risk of death. A one SD increase in fluid ability score reduced risk of dying by 36.6% 

(HR = 0.637, 95% CI 0.501 to 0.809). The association between NVS and mortality remained non-

significant in Model 4 following the inclusion of sociodemographic variables in the model. Years of 

education did not predict mortality. Compared to those with a professional social class, participants 

with managerial or technical (HR = 2.288, 95% CI 1.166 to 4.490), skilled non-manual (HR = 2.421, 

95% CI 1.147 to 5.112), and skilled manual (HR = 3.631, 95% CI 1.658 to 7.951) social class had an 

increased risk of death. Finally, health status variables were included in Model 5. The inclusion of 

health status variables did little to change the association between NVS and mortality, which 
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remained non-significant. Those who reported their health as fair or poor had 2.10 times (HR = 2.099, 

95% CI 1.167 to 3.775) increased risk of mortality, compared to those who self-reported their health 

as very good or excellent. Participants with higher scores on the Townsend disability scale also had an 

increased risk of mortality (HR = 1.132, 95% CI 1.044 to 1.228).  

General health literacy: HRs for the association between general health literacy and mortality are 

shown in Supplementary Table 5. General health literacy predicted mortality in Model 1 (HR = 0.774, 

95% CI 0.650 to 0.922), while age and sex did not. A one point increase in the general health literacy 

score reduced the risk of mortality by 22.6%. General health literacy remained a significant predictor 

of mortality when age-11 IQ was added in Model 2. Age-11 IQ did not predict morality (HR = 1.001, 

95% CI 0.986 to 1.015). The inclusion of current fluid ability in Model 3 attenuated the association 

between general health literacy and risk of death, and this association became non-significant (HR = 

0.901, 95% CI 0.701 to 1.158). Fluid ability was a significant predictor of mortality, such that a one 

SD increase in fluid ability reduced risk of death by 30.7% (HR = 0.693, 95% CI 0.536 to 0.895). 

Including years of education and occupational social class in Model 4 did little to change the 

association between general health literacy and mortality, and this association remained non-

significant. In Model 4, individuals with more years of education had a greater risk of death (HR = 

1.240, 95% CI 1.019 to 1.508), and those with an occupational social class of skilled manual (HR = 

3.134, 95% CI 1.405 to 6.991), when compared to those with a professional occupational class, had an 

increased risk of mortality. Finally, health status variables were added in Model 5. The association 

between general health literacy and mortality was attenuated further and remained non-significant. 

Reporting fair or poor health, compared to reporting very good or excellent health increased the risk 

of mortality (HR = 2.229, 95% CI 1.229 to 4.042). Higher Townsend disability scores were also 

associated with increased risk of death (HR = 1.128, 95% CI 1.040 to 1.225). In this final model, 

controlling for sociodemographics and health variables, as well as age-11 IQ, the association between 

fluid ability and mortality was attenuated and became non-significant (HR = 0.770, 95% CI 0.589 to 

1.007). 
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Supplementary Table 2 Hazard ratios (95% confidence intervals) for the association between REALM and mortality, controlling for sociodemographic, cognitive 

ability, and health status variables 

 

Model 1 

Age and sex 

N = 794 

Model 2 

+ age-11 IQ 

N = 752 

Model 3 

+ current fluid ability 

N = 746 

Model 4 

+ sociodemographics 

N = 731 

Model 5 

+ health status 

N = 728 

REALM 0.954 (0.904 to 1.007) 0.962 (0.903 to 1.025) 0.972 (0.909 to 1.040) 0.970 (0.904 to 1.040) 0.996 (0.924 to 1.074) 

Age 0.940 (0.725 to 1.219) 0.944 (0.724 to 1.230) 0.880 (0.670 to 1.156) 0.908 (0.686 to 1.203) 0.933 (0.704 to 1.235) 

Sex      

Female Reference Reference Reference Reference Reference 

Male 1.297 (0.909 to 1.850) 1.254 (0.871 to 1.805) 1.330 (0.924 to 1.913) 1.176 (0.787 to 1.756) 1.364 (0.898 to 2.073) 

Age-11 IQ  0.993 (0.981 to 1.006) 1.010 (0.995 to 1.025) 1.009 (0.994 to 1.024) 1.008 (0.993 to 1.024) 

Fluid ability   0.632 (0.506-0.789)*** 0.662 (0.526 to 0.834)*** 0.727 (0.574 to 0.922)** 

Years of education    1.201 (0.995 to 1.450) 1.232 (1.018 to 1.492)* 

Occupational class      

Professional    Reference Reference 

Managerial/technical    2.278 (1.161 to 4.470 )* 2.218 (1.127 to 4.365)* 

Skilled: non-manual    2.464 (1.167 to 5.201)* 2.596 (1.232 to 5.474)* 

Skilled: manual    3.608 (1.647 to 7.907)** 3.393 (1.532 to 7.516)** 

Partly skilled/ 

unskilled manual    2.054 (0.651 to 6.473) 2.067 (0.656 to 6.510) 

Self-rated health      

Very good/excellent     Reference 

Good     1.153 (0.742 to 1.791) 

Fair/poor     2.071 (1.147 to 3.739)* 

HADS total score     0.972 (0.929 to 1.018) 

Townsend disability     1.133 (1.044 to 1.229)** 

* p < .05, **p < .01, ***p < .001. 

REALM, Rapid Estimate of Adult Literacy in Medicine; IQ, Intelligence Quotient; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 3 Hazard ratios (95% confidence intervals) for the association between S-TOFHLA and mortality, controlling for sociodemographic, cognitive 

ability, and health variables 

 

Model 1 

Age and sex 

N = 744 

Model 2 

+ age-11 IQ 

N = 702 

Model 3 

+ current fluid ability 

N = 697 

Model 4 

+ sociodemographics 

N = 682 

Model 5 

+ health status 

N = 680 

S-TOFHLA  0.948 (0.919 to 0.978)** 0.948 (0.913 to 0.983)** 0.967 (0.929 to 1.007) 0.976 (0.935 to 1.019) 0.998 (0.953 to 1.046) 

Age 0.882 (0.665 to 1.170) 0.888 (0.666 to 1.185) 0.871 (0.652 to 1.164) 0.919 (0.682 to 1.238) 0.936 (0.697 to 1.256) 

Sex      

Female  Reference Reference Reference Reference Reference 

Male 1.307 (0.909 to 1.879) 1.277 (0.881 to 1.852) 1.339 (0.924 to 1.942) 1.204 (0.797 to 1.818) 1.352 (0.881 to 2.074) 

Age-11 IQ  0.999 (0.986 to 1.012) 1.009 (0.994 to 1.024) 1.007 (0.991 to 1.022) 1.006 (0.991 to 1.022) 

Fluid ability   0.711 (0.558-0.905)** 0.717 (0.557 to 0.922)* 0.759 (0.587 to 0.982)* 

Years of education     1.219 (1.004 to 1.481)* 1.249 (1.026 to 1.520)* 

Occupational class      

Professional     Reference Reference 

Managerial/technical    1.889 (0.956 to 3.734) 1.844 (0.931 to 3.650) 

Skilled: non-manual    2.108 (0.994 to 4.470) 2.207 (1.042 to 4.673)* 

Skilled: manual    3.096 (1.385 to 6.922)** 2.881 (1.275 to 6.509)* 

Partly skilled/ 

unskilled manual    1.786 (0.566 to 5.636) 1.773 (0.562 to 5.598) 

Self-rated health      

Very good/excellent      Reference 

Good     1.147 (0.728 to 1.807) 

Fair/poor     2.209 (1.216 to 4.014)** 

HADS total score     0.974 (0.930 to 1.021) 

Townsend disability     1.131 (1.039 to 1.232)** 

*p < .05, **p < .01, ***p < .001. 

S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; IQ, Intelligence Quotient; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 4 Hazard ratios (95% confidence intervals) for the association between NVS and mortality, controlling for sociodemographic, cognitive 

ability, and health variables 

 

Model 1 

Age and sex 

N = 789 

Model 2 

+ age-11 IQ 

N = 746 

Model 3 

+ current fluid ability 

N = 742 

Model 4 

+ sociodemographics 

N = 727 

Model 5  

+ health status 

N = 724 

NVS 0.882 (0.805 to 0.966)** 0.899 (0.810 to 0.997)* 0.972 (0.869 to 1.087) 0.967 (0.861 to 1.086) 0.961 (0.853 to 1.082) 

Age 0.942 (0.727 to 1.221) 0.942 (0.722 to 1.229) 0.892 (0.680 to 1.172) 0.919 (0.694 to 1.217) 0.937 (0.708 to 1.242) 

Sex      

Female Reference Reference Reference Reference Reference 

Male 1.343 (0.946 to 1.906) 1.282 (0.895 to 1.838) 1.342 (0.937 to 1.923) 1.180 (0.791 to 1.760) 1.355 (0.893 to 2.057) 

Age-11 IQ  0.996 (0.984 to 1.009) 1.009 (0.994 to 1.023) 1.008 (0.993 to 1.023) 1.009 (0.994 to 1.023) 

Fluid ability    0.637 (0.501 to 0.809)*** 0.670 (0.524 to 0.857)** 0.748 (0.580 to 0.966)* 

Years of education     1.208 (0.998 to 1.463) 1.242 (1.023 to 1.508)* 

Occupational class      

Professional    Reference Reference 

Managerial/technical    2.288 (1.166 to 4.490)* 2.243 (1.140 to 4.414)* 

Skilled: non-manual     2.421 (1.147 to 5.112)* 2.593 (1.231 to 5.463)* 

Skilled: manual    3.631 (1.658 to 7.951)** 3.360 (1.522 to 7.415) ** 

Partly skilled/ 

unskilled manual    2.125 (0.677 to 6.669) 2.086 (0.661 to 6.578) 

Self-rated health      

Very good/excellent     Reference 

Good     1.175 (0.756 to 1.826) 

Fair/poor     2.099 (1.167 to 3.775)* 

HADS total score     0.973 (0.930 to 1.018) 

Townsend disability     1.132 (1.044 to 1.228)** 

*p < .05, **p < .01. 

NVS, Newest Vital Sign; IQ, Intelligence Quotient; HADS, Hospital Anxiety and Depression Scale.

Page 41 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

16 

 

Supplementary Table 5 Hazard ratios (95% confidence intervals) for the association between general health literacy and mortality, controlling for sociodemographic, 

cognitive ability, and health variables 

 

Model 1 

Age and sex 

N = 740 

Model 2 

+ age-11 IQ 

N = 698 

Model 3 

+ current fluid ability 

N = 694 

Model 4 

+ sociodemographics 

N = 679 

Model 5 

+ health status 

N = 677 

General health literacy 0.774 (0.650 to 0.922)** 0.766 (0.612 to 0.959)* 0.901 (0.701 to 1.158) 0.911 (0.700 to 1.186) 0.950 (0.725 to 1.245) 

Age 0.897 (0.678 to 1.187) 0.906 (0.680 to 1.206) 0.890 (0.666 to 1.188) 0.933 (0.693 to 1.257) 0.942 (0.700 to 1.266) 

Sex      

Female  Reference Reference Reference Reference Reference 

Male 1.276 (0.886 to 1.838) 1.248 (0.859 to 1.813) 1.327 (0.913 to 1.930) 1.178 (0.778 to 1.784) 1.337 (0.869 to 2.056) 

Age-11 IQ  1.001 (0.986 to 1.015) 1.008 (0.993 to 1.024) 1.006 (0.991 to 1.022) 1.007 (0.992 to 1.023) 

Fluid ability   0.693 (0.536 to 0.895)** 0.707 (0.543 to 0.921)* 0.770 (0.589 to 1.007) 

Years of Education     1.240 (1.019 to 1.508)* 1.255 (1.030 to 1.528)* 

Occupational class      

Professional    Reference Reference 

Managerial/technical    1.901 (0.962 to 3.756) 1.870 (0.945 to 3.700) 

Skilled: non-manual    2.076 (0.979 to 4.401) 2.192 (1.035 to 4.640)* 

Skilled: manual    3.134 (1.405 to 6.991)** 2.823 (1.252 to 6.365)* 

Partly skilled/ 

unskilled manual     1.824 (0.580 to 5.741) 1.759 (0.557 to 5.561) 

Self-rated health      

Very good/excellent     Reference 

Good     1.152 (0.733 to 1.810) 

Fair/poor     2.229 (1.229 to 4.042)** 

HADS total score     0.975 (0.931 to 1.022) 

Townsend disability     1.128 (1.040 to 1.225)** 

* p < .05, **p < .01. 

General health literacy, general measure of health literacy created by entering the REALM, S-TOFHLA and NVS into a PCA; IQ, Intelligence Quotient; HADS, 

Hospital Anxiety and Depression Scale. 
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Supplementary Table 6 Hazard ratios (95% confidence intervals) for the association between REALM and mortality, controlling for sociodemographic, cognitive 

ability, and health status variables. Models are run on a sub-sample participants with all variables of interest (N = 728). 

 

Model 1 

Age and sex 

Model 2 

+ age-11 IQ 

Model 3 

+ current fluid ability 

Model 4 

+ sociodemographics 

Model 5 

+ health status 

REALM 0.944 (0.894 to 0.997)* 0.959 (0.901 to 1.022) 0.968 (0.905 to 1.035) 0.969 (0.904 to 1.039) 0.996 (0.924 to 1.074) 

Age 1.002 (0.763 to 1.316) 0.999 (0.761 to 1.312) 0.931 (0.704 to 1.232) 0.930 (0.700 to 1.234) 0.933 (0.704 to 1.235) 

Sex      

Female Reference Reference Reference Reference Reference 

Male 1.303 (0.897 to 1.892) 1.290 (0.888 to 1.873) 1.356 (0.934 to 1.968) 1.224 (0.815 to 1.836) 1.364 (0.898 to 2.073) 

Age-11 IQ  0.993 (0.981 to 1.006) 1.009 (0.994 to 1.024) 1.009 (0.993 to 1.025) 1.008 (0.993 to 1.024) 

Fluid ability   0.642 (0.512 to 0.804)*** 0.666 (0.528 to 0.841)** 0.727 (0.574 to 0.922)** 

Years of education    1.203 (0.994 to 1.455) 1.232 (1.018 to 1.492)* 

Occupational class      

Professional    Reference Reference 

Managerial/technical    2.201 (1.118 to 4.333)* 2.218 (1.127 to 4.365)* 

Skilled: non-manual    2.482 (1.175 to 5.245)* 2.596 (1.232 to 5.474)* 

Skilled: manual    3.570 (1.627 to 7.837)** 3.393 (1.532 to 7.516)** 

Partly skilled/ 

unskilled manual    2.023 (0.641 to 6.388) 2.067 (0.656 to 6.510) 

Self-rated health      

Very good/excellent     Reference 

Good     1.153 (0.742 to 1.791) 

Fair/poor     2.071 (1.147 to 3.739)* 

HADS total score     0.972 (0.929 to 1.018) 

Townsend disability     1.133 (1.044 to 1.229)** 

*p < .05, **p < .01, ***p < .001.  

REALM, Rapid Estimate of Adult Literacy in Medicine; IQ, Intelligence Quotient; HADS, Hospital Anxiety and Depression Scale. 
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Supplementary Table 7 Hazard ratios (95% confidence intervals) for the association between S-TOFHLA and mortality, controlling for sociodemographic, 

cognitive ability, and health variables. Models are run on a subsample of participants with all variables of interest (N = 680). 

 

Model 1 

Age and sex 

Model 2 

+ age-11 IQ 

Model 3 

+ current fluid ability 

Model 4 

+ sociodemographics 

Model 5 

+ health status 

S-TOFHLA  0.947 (0.917 to 0.978)** 0.949 (0.914 to 0.986)** 0.969 (0.929 to 1.009) 0.975 (0.934 to 1.018) 0.998 (0.953 to 1.046) 

Age 0.924 (0.688 to 1.242) 0.925 (0.689 to 1.243) 0.909 (0.676 to 1.223) 0.919 (0.681 to 1.240) 0.936 (0.697 to 1.256) 

Sex      

Female  Reference Reference Reference Reference Reference 

Male 1.304 (0.893 to 1.902) 1.299 (0.889 to 1.897) 1.350 (0.925 to 1.972) 1.233 (0.814 to 1.866) 1.352 (0.881 to 2.074) 

Age-11 IQ  0.998 (0.985 to 1.012) 1.008 (0.993 to 1.024) 1.007 (0.992 to 1.023) 1.006 (0.991 to 1.022) 

Fluid ability   0.712 (0.557-0.910)** 0.717 (0.556 to 0.923)* 0.759 (0.587 to 0.982)* 

Years of education     1.208 (0.994 to 1.469) 1.249 (1.026 to 1.520)* 

Occupational class      

Professional     Reference Reference 

Managerial/technical    1.853 (0.935 to 3.670) 1.844 (0.931 to 3.650) 

Skilled: non-manual    2.105 (0.992 to 4.464) 2.207 (1.042 to 4.673)* 

Skilled: manual    3.038 (1.358 to 6.796)** 2.881 (1.275 to 6.509)* 

Partly skilled/ 

unskilled manual    1.755 (0.556 to 5.541) 1.773 (0.562 to 5.598) 

Self-rated health      

Very good/excellent      Reference 

Good     1.147 (0.728 to 1.807) 

Fair/poor     2.209 (1.216 to 4.014)** 

HADS total score     0.974 (0.930 to 1.021) 

Townsend disability     1.131 (1.039 to 1.232)** 

*p < .05, **p < .01. 

S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; IQ, Intelligence Quotient; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 8 Hazard ratios (95% confidence intervals) for the association between NVS and mortality, controlling for sociodemographic, cognitive 

ability, and health variables. Models are run on a sub-sample of participants with all variables of interest (N = 724). 

 

Model 1 

Age and sex 

Model 2 

+ age-11 IQ 

Model 3 

+ current fluid ability 

Model 4 

+ sociodemographics 

Model 5  

+ health status 

NVS 0.880 (0.800 to 0.968)** 0.893 (0.803 to 0.993)* 0.961 (0.858 to 1.078) 0.960 (0.854 to 1.079) 0.961 (0.853 to 1.082) 

Age 0.993 (0.756 to 1.306) 0.991 (0.754 to 1.303) 0.945 (0.714 to 1.250) 0.940 (0.709 to 1.248) 0.937 (0.708 to 1.242) 

Sex      

Female Reference Reference Reference Reference Reference 

Male 1.346 (0.933 to 1.943) 1.329 (0.919 to 1.923) 1.371 (0.948 to 1.982) 1.228 (0.820 to 1.840) 1.355 (0.893 to 2.057) 

Age-11 IQ  0.996 (0.983 to 1.009) 1.008 (0.993 to 1.022) 1.008 (0.993 to 1.023) 1.009 (0.994 to 1.023) 

Fluid ability    0.651 (0.511 to 0.830)** 0.678 (0.529 to 0.869)** 0.748 (0.580 to 0.966)* 

Years of education     1.212 (0.999 to 1.470) 1.242 (1.023 to 1.508)* 

Occupational class      

Professional    Reference Reference 

Managerial/technical    2.211 (1.123 to 4.354)* 2.243 (1.140 to 4.414)* 

Skilled: non-manual     2.435 (1.152 to 5.146)* 2.593 (1.231 to 5.463)* 

Skilled: manual    3.590 (1.637 to 7.874)** 3.360 (1.522 to 7.415) ** 

Partly skilled/ 

unskilled manual    2.101 (0.668 to 6.604) 2.086 (0.661 to 6.578) 

Self-rated health      

Very good/excellent     Reference 

Good     1.175 (0.756 to 1.826) 

Fair/poor     2.099 (1.167 to 3.775)* 

HADS total score     0.973 (0.930 to 1.018) 

Townsend disability     1.132 (1.044 to 1.228)** 

 *p < .05, **p < .01.  

NVS, Newest Vital Sign; IQ, Intelligence Quotient; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 9 Hazard ratios (95% confidence intervals) for the association between general health literacy and mortality, controlling for sociodemographic, 

cognitive ability, and health variables. Models are run on a sub-sample of participants with all variables of interest (N = 677). 

 

Model 1 

Age and sex 

Model 2 

+ age-11 IQ 

Model 3 

+ current fluid ability 

Model 4 

+ sociodemographics 

Model 5 

+ health status 

General health literacy 0.769 (0.640 to 0.924)** 0.765 (0.609 to 0.961)* 0.894 (0.693 to 1.153) 0.903 (0.694 to 1.176) 0.950 (0.725 to 1.245) 

Age 0.940 (0.701 to 1.260) 0.940 (0.701 to 1.260) 0.928 (0.690 to 1.247) 0.934 (0.692 to 1.260) 0.942 (0.700 to 1.266) 

Sex      

Female  Reference Reference Reference Reference Reference 

Male 1.264 (0.863 to 1.851) 1.265 (0.864 to 1.852) 1.330 (0.908 to 1.949) 1.205 (0.794 to 1.829) 1.337 (0.869 to 2.056) 

Age-11 IQ  1.001 (0.986 to 1.015) 1.008 (0.992 to 1.024) 1.007 (0.991 to 1.023) 1.007 (0.992 to 1.023) 

Fluid ability   0.698 (0.538 to 0.905)** 0.708 (0.543 to 0.922)* 0.770 (0.589 to 1.007) 

Years of Education     1.229 (1.010 to 1.497)* 1.255 (1.030 to 1.528)* 

Occupational class      

Professional    Reference Reference 

Managerial/technical    1.863 (0.941 to 3.689) 1.870 (0.945 to 3.700) 

Skilled: non-manual    2.070 (0.976 to 4.390) 2.192 (1.035 to 4.640)* 

Skilled: manual    3.072 (1.377 to 6.857)** 2.823 (1.252 to 6.365)* 

Partly skilled/ 

unskilled manual     1.794 (0.570 to 5.649) 1.759 (0.557 to 5.561) 

Self-rated health      

Very good/excellent     Reference 

Good     1.152 (0.733 to 1.810) 

Fair/poor     2.229 (1.229 to 4.042)* 

HADS total score     0.975 (0.931 to 1.022) 

Townsend disability     1.128 (1.040 to 1.225)** 

*p < .05, **p < .01.  

General health literacy, general measure of health literacy created by entering the REALM, S-TOFHLA and NVS into a PCA; IQ, Intelligence Quotient; HADS, 

Hospital Anxiety and Depression Scale. 
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ABSTRACT 

Objectives We investigated the role that childhood and old age cognitive ability play in the 

association between functional health literacy and mortality. 

Design Prospective cohort study.  

Setting This study used data from the Lothian Birth Cohort 1936 study, which recruited 

participants living in the Lothian region of Scotland when aged 70 years, most of whom had 

completed an intelligence test at age 11.  

Participants 795 members of the Lothian Birth Cohort 1936 with scores on tests of 

functional health literacy and cognitive ability in childhood and older adulthood.  

Primary and secondary outcome measures Participants were followed up for 8 years to 

determine mortality. Time to death in days was used as the primary outcome measure.  

Results Using Cox regression, higher functional health literacy was associated with lower 

risk of mortality adjusting for age and sex, using the Shortened Test of Functional Health 

Literacy in Adults (HR = 0.95, 95% CI 0.92 to 0.98), the Newest Vital Sign (HR = 0.88, 95% 

CI 0.80 to 0.97), and a functional health literacy composite measure (HR = 0.77, 95% CI 0.65 

to 0.92), but not the Rapid Estimate of Adult Literacy in Medicine (HR = 0.95, 95% CI 0.90 

to 1.01). Adjusting for childhood intelligence did not change these associations. When 

additionally adjusting for fluid-type cognitive ability in older age associations between 

functional health literacy and mortality were attenuated and non-significant.  

Conclusions Current fluid ability but not childhood intelligence attenuated the association 

between functional health literacy and mortality. Functional health literacy measures may, in 

part, assess fluid-type cognitive abilities and this may account for the association between 

functional health literacy and mortality.    
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Strengths and limitations of this study 

• This study had multiple tests of functional health literacy that assess different components 

of functional health literacy, which enabled us to create a composite functional health 

literacy measure. 

• This study had comprehensive tests of cognitive ability measured in both childhood and 

old age which allowed us to investigate whether childhood and old age cognitive ability 

independently played a role in the relationship between health literacy and mortality.  

• The health literacy measures used here only assessed functional health literacy and 

therefore we cannot determine whether cognitive ability would attenuate the association 

between health literacy and mortality if we used multi-dimensional health literacy 

measures. 

• Larger samples and a longer follow-up time are needed to determine the role of cognitive 

ability in the association between functional health literacy and cause-specific mortality.  
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INTRODUCTION 

Health literacy is “the degree to which individuals have the capacity to obtain, process and 

understand basic health information and services needed to make basic health decisions”.[1] 

This ability is thought to be multifaceted and encompass the set of skills required to navigate 

the health-care environment.[2-4] One component of health literacy is functional health 

literacy—the reading, writing, and numeracy skills required to understand health information. 

[3, 5, 6] Tests designed to assess functional health literacy have been developed to measure 

health-related reading and numeracy skills, such as the commonly used Test of Functional 

Health Literacy in Adults.[5, 6] This test requires participants to read materials often used in 

the health-care setting, such as a medicine bottle, and answer questions about these materials.  

Performance on functional health literacy tests have been associated with a range of health 

outcomes. Individuals with lower functional health literacy are more likely to require 

emergency care and have poorer skills in relation to correctly taking medication and 

interpreting written health materials.[7] Individuals with higher functional health literacy are 

more likely to take part in health-promoting behaviours such as eating a healthy diet, and are 

more likely to take part in routine cancer screening.[8, 9] 

Successful completion of functional health literacy measures rely on cognitive functions, 

such as processing capacity and reasoning.[10, 11] One dominant theory in intelligence 

research is that there is a distinction between fluid ability, the ability to problem solve using 

novel material, which tends to decline with increasing age, and crystallised ability, which is 

the knowledge acquired throughout life which remains relatively stable across the 

lifespan.[12-16] Successful completion of tests of functional health literacy likely requires 

both crystallised abilities such as specific knowledge relating to health, and fluid abilities 

such as reasoning.[10, 11] It is therefore unsurpring that performance on tests of functional 
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health literacy and cognitive function are strongly related.[17-24] Some tests of functional 

health literacy have been found to correlate more strongly with measures of cognitive ability 

than with each other.[23, 25, 26] This overlap is so strong that some have proposed that 

functional health literacy should not be considered a unique construct but, instead, should be 

thought of as a specific component of cognitive function.[26] 

Given the association between performance on tests of functional health literacy and 

cognitive ability tests, researchers have investigated whether the relationship between 

functional health literacy and health remain when also measuring cognitive ability. Whereas 

most evidence suggests that cognitive function explains a large proportion of the association 

between functional health literacy and health, the degree of attenuation varies.[25, 27, 28] A 

study using participants from the Lothian Birth Cohort 1936[25]—the same sample used in 

the current study—investigated whether cognitive ability in childhood and late adulthood 

attenuated the association between functional health literacy and physical health. In models 

without cognitive function, functional health literacy was associated with all three of the 

measures of physical health assessed. Addition of cognitive ability in older age significantly 

attenuated the association between functional health literacy with physical fitness by 43%, 

and number of natural teeth by 39%; however, it did not attenuate the association between 

functional health literacy and body mass index (BMI). Conversely, whereas childhood 

cognitive ability did not attenuate the association between functional health literacy and 

physical fitness, it attenuated the association between functional health literacy and number 

of teeth by 30%, and BMI by 88%. In the fully adjusted model which included childhood and 

late adulthood cognitive ability, as well as other early-life factors, the association between 

functional health literacy and physical fitness, though attenuated by 43%, remained 

significant,[25] suggesting that functional health literacy may play a small but unique role in 

physical fitness.  
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Mortality is arguably one of the most important health outcomes to examine. Both cognitive 

ability[29, 30] and functional health literacy[31] have been found to  predict mortality. 

Researchers have therefore investigated the degree to which cognitive function explains the 

association between functional health literacy and mortality. When not controlling for 

cognitive function, Baker et al.[32] found that individuals with inadequate compared to 

adequate health literacy had a 50% higher risk of dying. When additionally adjusting for 

cognitive function, the risk reduced to 27%, but remained significant. A similar pattern of 

attenuation was found in another study.[33] Thus, cognitive function did not fully explain this 

relationship. These two studies, however, used brief measures of functional health literacy 

and cognitive function.  

The present study sought to better understand the relationship between functional health 

literacy, cognitive ability and mortality using data from the LBC1936. We note that this is the 

same sample as used in Mõttus et al.[25] to investigate the association between functional 

health literacy, cognitive ability and physical health. In this previous study,[25] physical 

health was measured concurrently with fluid ability and functional health literacy. The 

current analysis is different from and complementary to this previous study in that we 

followed up the participants for 8 years to determine mortality status—obviously a most 

important health outcome.  Studies that have examined the role that cognitive function plays 

in the association between functional health literacy and mortality used brief cognitive 

measures collected at the same time as the functional health literacy tests.[32, 33] It is not 

known whether early life cognitive ability and cognitive ability in older age play different 

roles in the association between health literacy and mortality. The current analysis utilises 

cognitive test scores collected in childhood, which are thought to measure the trait of lifelong 

intelligence, and current cognitive ability in older age, measured at approximately 73 years 

and contemporaneously with functional health literacy. The aim of this study was to 
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determine whether childhood cognitive ability and current cognitive ability in older 

adulthood play unique roles in the association between functional health literacy and 

mortality. 

 

METHODS 

Participants 

LBC1936 is a cohort study of 1091 older adults born in 1936, most of whom reside in the 

Lothian area in Scotland. Most had taken part in the Scottish Mental Survey 1947, which 

tested the intelligence of almost all children born in 1936 and attending Scottish schools on 

4
th
 June 1947.[34] LBC1936 consists of a sample of these individuals who were subsequently 

followed-up, for the first time, at age 70 years (wave 1). To date, these participants have been 

followed-up a further three times at approximately 3 year intervals (waves 2-4). LBC1936 

was designed principally to investigate healthy, non-pathological, cognitive ageing. Detailed 

information on this cohort is provided elsewhere.[35, 36] The present study used a sub-

sample of 795 (413 male, 382 female) LBC1936 participants who completed tests of health 

literacy at wave 2 when participants were approximately aged 73 years. Figure 1 shows a 

flow chart of how the analytic sample for this current study was derived.  

Ethical approval was obtained from the Scotland A Research Ethics Committee 

(07/MRE00/58). Written informed consent was obtained from participants. This study 

conformed to the principles embodied in the Declaration of Helsinki. 

 

Measures 

Mortality and survival time  
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The General Register Office for Scotland was used to identify deaths. Deaths through to end 

of March 2017 were recorded and this date is used as the censoring date for participants who 

survived. Survival time was measured in days from date of attending study visit at wave 2 to 

date of death or censoring date.   

 

Functional health literacy 

Three functional health literacy tests were administered at wave 2.  

Rapid Estimate of Adult Literacy in Medicine (REALM):[37] This test measures participants’ 

ability to read and correctly pronounce medical words. Participants are presented a piece of 

paper with a list of 66 medical words and are asked to read these words aloud. The words 

range in difficulty from easy (“fat”) to difficult (“impetigo”). One point is given for each 

correctly pronounced word. One week test-retest (r = 0.99)[37] and internal consistency 

(Cronbach’s alpha = 0.98)[38] have been found to be very high. 

Shortened Test of Functional Health Literacy in Adults (S-TOFHLA):[5, 6]. In the numeracy 

section, participants are provided with cards with medical information on them and are asked 

four questions about this information. The reading comprehension section comprised a 36-

item task which involved participants reading two health-related passages where every fifth 

to seventh word was missing and participants were to select the missing word from four 

options. Participants had 12 minutes to complete both sections. Here, the British version of 

the S-TOFHLA[9] was used which substitutes the Medicaid passage for a passage about UK 

prescription fee exemptions. This measure is a shortened version of the Test of Functional 

Health Literacy in Adults, which is seen as the gold standard functional health literacy 

test[39]. Successful completion of the S-TOFHLA requires the ability to read and 

comprehend written words and numbers in a health context. Internal consistency is high for 
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reading comprehension (Cronbach’s alpha = 0.97)[6] and adequate for numeracy (Cronbach’s 

alpha = 0.68).[6] The S-TOFHLA has been found to correlate strongly with the REALM (r = 

0.80).[6] 

Newest Vital Sign (NVS):[40] Participants were presented with a nutrition label from a 

container of ice cream and were asked to answer six questions about the information provided 

on this label. The NVS assesses both reading comprehension and numeracy skills associated 

with health as participants need to use the written text and numbers on the label to answer the 

questions.[40] The NVS correlates with the S-TOFHLA at r = 0.59[40] and shows reasonable 

internal consistency (Cronbach’s alpha = 0.76).[40] 

General health literacy: The three functional health literacy measures used here have been 

found to correlate moderately with each other.[25] To capture the shared variance between 

these tests, a general measure of functional health literacy was created by entering scores on 

the three tests into a principal component analysis (PCA). Two of these measures had skewed 

distributions (see Supplementary Figures 1-8), therefore Spearman’s rank correlation was 

used in the PCA. Only the first component had an eigenvalue greater than 1, and the scree 

slope indicated a single component; therefore scores from the first unrotated principal 

component were used as a composite of functional health literacy (general functional health 

literacy). This component accounted for 59.7% of the total variance, confirming there was 

substantial shared variance between the three functional health literacy tests. The REALM, S-

TOFHLA and NVS loaded 0.74, 0.80, and 0.77, respectively, on this component.  

 

Cognitive ability 

Childhood cognitive ability (age-11 IQ): As part of the Scottish Mental Survey 1947, almost 

all 11 year old children in Scotland in 1947 sat the Moray House Test No. 12 (MHT);[34] a 
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45-minute, group-administered intelligence test that included tasks of verbal reasoning and 

spatial ability, and had a maximum score of 76. In LBC1936, scores on the MHT were 

adjusted for age in days at testing and then were converted into standard IQ-type scores with 

a mean of 100 and a standard deviation of 15. This score will be used as a measure of prior, 

or crystallised, ability.  

Current fluid ability: Participants completed a lengthy cognitive assessment.[35, 36] As has 

been done in previous LBC1936 studies,[23, 25] six tests administered at wave 2 thought to 

measure fluid-type cognitive abilities that tend decline across the  lifespan[14-16] were 

entered into a PCA. The following tests from the Wechsler Adult Intelligence Scale-III[41] 

that assess non-verbal reasoning, visuospatial ability, working memory, and processing speed 

were used: Matrix Reasoning, Block Design, Letter-Number Sequencing, Symbol Search, 

Digit Span Backwards, and Digit Symbol-coding. Only the first component had an 

eigenvalue greater than 1 and the scree slope indicated one component, and therefore scores 

from this first principal component were used as a measure of current fluid ability. This 

component accounted 50.2% of the total variance. The loadings for the six tests were: Matrix 

Reasoning = 0.69; Block Design = 0.71; Letter-Number Sequencing = 0.71; Symbol Search = 

0.75; Digit Span Backwards = 0.64; Digit Symbol-coding = 0.75.   

 

Covariates 

Sociodemographic variables included in this analysis were education and occupational social 

class. Years of full-time education completed, recorded at wave 1 when participants were 

aged 70 years, was used to measure education. At wave 1, participants were assigned to one 

of the following occupational social classes based on their highest occupational status prior to 

retirement:[42] professional, managerial and technical, skilled, partly skilled manual, 
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unskilled manual. Female participants were assigned the occupational class of their husband 

if this was higher than their own. Skilled was separated into skilled non-manual and skilled 

manual. Only 5 participants in this sample were assigned the occupational class of unskilled, 

therefore partly skilled manual, and unskilled manual were combined into one class, hereafter 

referred to as manual (N = 31).  

Three measures of health status measured at wave 2 were used. Self-reported health was 

measured by asking participants whether they rated their general health to be excellent, very 

good, good, fair or poor. Only a small number of participants who were recorded dead at the 

censoring date reported poor (N = 3) or excellent (N = 17) health. Therefore, poor and fair 

were collapsed into one category (fair/poor; N = 73), as were very good and excellent (very 

good/excellent; N = 487). Total score on the Hospital Anxiety and Depression Scale 

(HADS)[43] was used as a measure of mood state. Higher scores on the HADS represent 

higher levels of anxiety and depression.  Activities of daily living were assessed using the 

Townsend Disability Scale.[44] Participants were given a score of 0 (no difficulty completing 

this activity) to 2 (not able complete this activity) for nine activities, and thus higher scores 

represent more functional disability.  

 

Patient and public involvement  

LBC1936 participants were not involved in the development of any part of this study.  The 

results will be disseminated to participants via a quarterly newsletter sent to LBC1936 

participants.  

 

 

Page 11 of 56

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

12 

 

Statistical analysis 

SPSS version 21.0 was used to carry out this analysis. To determine whether those recorded 

as alive or dead at censoring date differ on demographic, functional health literacy, cognitive 

function, or health status variables, chi-square tests were conducted for categorical variables, 

independent t-tests were used for normally-distributed continuous variables, and Mann-

Whitney U tests were used for non-normal continuous variables. Spearman’s rank-order 

correlation was used to examine the relationship between functional health literacy and 

cognitive ability scores. To investigate the association between functional health literacy and 

time to death, Cox proportional hazard regression was used. For each of the functional health 

literacy measures of interest (REALM, S-TOFHLA, NVS, and the component score of 

general functional health literacy) six models were run. In Model 1 the functional health 

literacy measure of interest and age and sex were entered. Years of education was added in 

Model 2 as this has been found to be associated with functional health literacy. To determine 

whether cognitive ability in childhood attenuated the association between functional health 

literacy and mortality, age-11 IQ was added (Model 3). In Model 4, fluid-type cognitive 

ability in older age was additionally added to determine its role in the association between 

functional health literacy and mortality. Occupational class was additionally included in 

Model 5. Finally, health status variables (self-reported health, HADS, and Townsend) were 

included in Model 6. Methods to control for multiple testing were not used here. We were 

interested in the change in the effect size of the association between functional health literacy 

and mortality following the inclusion of various cognitive, sociodemographic and health 

variables. In the results section of the main text here, only the hazard ratios (HRs) and 95% 

confidence intervals (CIs) for the functional health literacy measures are reported. A more 

detailed description of the results for all variables in the models is given in the supplementary 

materials. 
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RESULTS 

A total of 796 participants completed the functional health literacy measures at wave 2 

(Figure 1). Following removal of one participant without information on date of death, 130 

participants had died, and 665 participants were alive at the censoring date. Participant 

characteristics are reported in Table 1 and functional health literacy and cognitive ability 

scores are shown in Table 2. Those who died were more likely to be from a lower 

occupational class, were more likely to report poorer health, and reported more disability than 

those who survived. Participants who had died had lower scores on all the functional health 

literacy measures, and had lower fluid cognitive ability scores in older age. Age-11 IQ did 

not differ between the two groups. 

Table 3 shows the rank order correlations between functional health literacy and cognitive 

ability measures. These have been reported elsewhere.[23, 25] The three functional health 

literacy measures correlated moderately with each other (r = 0.35-0.44, p < .001), and higher 

scores on the functional health literacy measures were correlated with higher age-11 IQ (r = 

0.44-0.51, p < .001), and higher fluid ability (r = 0.38-0.55, p < .001). The three functional 

health literacy measures tended to correlate more strongly with measures of cognitive ability 

than with each other. The general functional health literacy measure also showed a strong 

positive correlation with both age-11 IQ (r = 0.61, p < .001) and fluid ability in older age (r = 

0.63, p < .001). The correlations between all variables examined in this analysis are reported 

in Supplementary Table 1. 
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Table 1 Participant characteristics for participants alive or dead at censoring date and p-

values to determine whether these characteristics differed by survival status 

 N Alive Dead p-value 

Survival time (years), mean (SD) 795 8.19 (0.66) 5.23 (2.14)  

Age (years) at wave 2, mean (SD) 795 72.54 (0.70) 72.41 (0.72) .068 

Sex, n (%) 795   .069 

Male  336 (50.5) 77 (59.2)  

Female  329 (49.5) 53 (40.8)  

Years of education, mean (SD)  795 10.80 (1.16) 10.71 (1.10) .417 

Occupational class, n (%) 780   .001 

Professional  142 (21.7) 12 (9.4)  

Managerial/technical  249 (38.1) 49 (38.6)  

Skilled: non-manual  140 (21.4) 26 (20.5)  

Skilled: manual  96 (14.7) 35 (27.6)  

Manual   26 (4.0) 5 (3.9)  

Self-reported health, n (%) 795   <.001 

Poor/fair  47 (7.1) 26 (19.9)  

Good  195 (29.4) 40 (30.5)  

Very good/excellent  422 (63.5) 65 (49.6)  

HADS total, mean (SD) 794 7.02 (4.37) 7.42 (4.62) .342 

Townsend disability, mean (SD) 794 0.89 (1.82) 1.60 (2.48) .001 

HADS, Hospital Anxiety and Depression Scale. 
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Table 2 Mean scores (SD) on measures of functional health literacy and cognitive ability by 

survival status, and p-values to determine whether these scores differ by survival status  

 N Alive  Dead  p-value  

REALM score 794 65.08 (2.39) 64.67 (3.02) .015 

S-TOFHLA score 744 38.00 (3.85) 36.69 (5.37) .025 

NVS score 789 2.92 (1.90) 2.48 (1.92) .011 

General functional health 

literacy  

740 0.05 (0.98) -0.24 (1.08) .007 

Age-11 IQ 752 101.08 (14.99) 98.55 (16.33) .091 

Current fluid ability  789 0.07 (0.99) -0.34 (1.00) <.001 

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of 

Functional Health Literacy in Adults; NVS, Newest Vital Sign; IQ, Intelligence Quotient.  

 

The HRs for the association between functional health literacy and mortality are shown in 

Table 4. HRs for all variables entered into the models are reported in Supplementary Tables 

2-5. In all models, the assumptions of proportional hazards were met. Given the high 

correlations between functional health literacy and cognitive ability, variance inflation factors 

(VIF) were calculated to check for multicollinearity. VIF values for all models were low 

(highest VIF = 2.15), suggesting there was no multicollinearity in these models. 

REALM: The HRs for the REALM represent the risk of dying for a one point increase in the 

REALM (max score = 66). The REALM did not significantly predict mortality in Model 1 

(HR = 0.95, 95% CI 0.90 to 1.01) adjusting for age and sex, or subsequently with the addition 

of education (Model 2), age-11 IQ (Model 3), fluid ability (Model 4), occupational class 

(Model 5), or health status (Model 6).  
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Table 3 Rank order correlations between functional health literacy and cognitive ability measures  

1 2 3 4 5 6 

1  REALM -      

2  S-TOFHLA 0.40* -     

3  NVS 0.35* 0.44* -    

4  General functional health literacy 0.71* 0.80* 0.78* -   

5  Age-11 IQ 0.44* 0.48* 0.51* 0.61* -  

6  Current fluid ability  0.38* 0.55* 0.55* 0.63* 0.57* - 

*p < .001.  

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of 

Functional Health Literacy in Adults; NVS, Newest Vital Sign; IQ, Intelligence Quotient. 

 

S-TOFHLA: The HRs for the S-TOFHLA represent the risk of mortality for a one point 

increase in S-TOFHLA score (max score = 40). With age and sex controlled for, a one-point 

increase in S-TOFHLA reduced the risk of dying by 5% (Model 1 HR = 0.95, 95% CI 0.92 to 

0.98). Inclusion of education (Model 2) and age-11 IQ (Model 3) did not attenuate this 

association. This association was attenuated and became non-significant in Model 4 with the 

inclusion of fluid ability (HR = 0.97, 95% CI 0.93 to 1.01), and remained non-significant and 

continued to reduce in size following the addition of occupational class (Model 5) and health 

status (Model 6).  

NVS: The HRs for NVS represent the risk of mortality for a one point increase in NVS score 

(max score = 6). In Model 1, in which age and sex were entered as covariates, NVS 

significantly predicted mortality. A one point increase in NVS score reduced the risk of dying 

by 12% (HR = 0.88, 95% CI 0.80 to 0.97). The addition of years of education (Model 2) did 
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not attenuate this association. Age-11 IQ was added in Model 3 and this did little to change 

the association between NVS and mortality. The inclusion of fluid ability in Model 4 greatly 

attenuated the association between NVS and mortality, and this association became non-

significant (HR = 0.96, 95% CI 0.86 to 1.08). This association remained non-significant 

following the inclusion of occupational class (Model 5) and health status variables (Model 6).  

General functional health literacy: The HRs for general functional health literacy represent 

the risk of mortality for a one SD increase in general functional health literacy. General 

functional health literacy predicted mortality in Model 1, controlling for age and sex. A one 

SD increase in general functional health literacy reduced the risk of mortality by 23% (HR = 

0.77, 95% CI 0.65 to 0.92). Including years of education in Model 2 and age-11 IQ in Model 

3 did little to change the association between general functional health literacy and mortality. 

Current fluid ability was included in Model 4 and this attenuated the association between 

general functional health literacy and mortality and this association was no longer significant 

(HR = 0.87, 95% CI 0.67 to 1.13). Adding occupational social class in Model 5 did little to 

change the association between general functional health literacy and mortality. Health status 

variables were added in Model 6 and the association between general functional health 

literacy and mortality was further attenuated and remained non-significant. 

All models were re-run using only participants who had complete data on all of the variables 

of interest. These models are shown in Supplementary Tables 6-9. The associations between 

functional health literacy and mortality were similar to those reported here, except that, in 

Model 1 for the REALM (Supplementary Table 6), higher scores on the REALM 

significantly reduced the risk of mortality. This association was no longer significant in 

Model 2, following the inclusion of age-11 IQ. 
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Table 4 Hazard ratios (95% confidence intervals) for the association between four measures of functional health literacy and mortality, 

controlling for sociodemographic, cognitive, and health variables  

Model 1 

Age and sex 

Model 2  

+ education 

Model 3 

+ age-11 IQ 

Model 4 

+ current fluid 

ability in older age 

Model 5 

+ occup class 

Model 6 

+ health status  

REALM 

 

0.95 (0.90 to 1.01) 

N = 794 

0.96 (0.90 to 1.01) 

N = 794 

0.96 (0.90 to 1.02) 

N = 752 

0.97 (0.91 to 1.04) 

N = 746 

0.97 (0.90 to 1.04) 

N = 731 

1.00 (0.92 to 1.07) 

N = 728 

S-TOFHLA 

 

0.95 (0.92 to 0.98)** 

N = 744 

0.95 (0.92 to 0.98)** 

N = 744 

0.95 (0.91 to 0.98)** 

N = 702 

0.97 (0.93 to 1.01) 

N = 697 

0.98 (0.94 to 1.02) 

N = 682 

1.00 (0.95 to 1.05) 

N = 680 

NVS 

 

0.88 (0.80 to 0.97)** 

N = 789 

0.88 (0.80 to 0.97)* 

N = 789 

0.89 (0.80 to 0.99)* 

N = 746 

0.96 (0.86 to 1.08) 

N = 742 

0.97 (0.86 to 1.09) 

N = 727 

0.96 (0.85 to 1.08) 

N = 724 

General functional  

health literacy 

0.77 (0.65 to 0.92)** 

N = 740 

0.75 (0.61 to 0.90)** 

N = 740 

0.74 (0.59 to 0.93)* 

N = 698 

0.87 (0.67 to 1.13) 

N = 694 

0.911 (0.70 to 1.19) 

N = 679 

0.95 (0.72 to 1.25) 

N = 677 

*p < .05, **p < .01 

IQ, intelligence quotient; occup class, occupational class; REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened 

Test of Functional Health Literacy in Adults; NVS, Newest Vital Sign. 
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Sensitivity analyses: Participants who may have a dementia or possible pathological cognitive 

impairment were not removed prior to running these analyses. One participant self-reported a 

diagnosis of dementia at the wave 2 assessment. Five participants in this sample have mini-

mental state exam scores below the often-used cutoff of 24[45] (one participant scored 20/30, 

one scored 22/30 and three scored 23/30), which suggests a possible cognitive impairment. 

To determine whether the presence of dementia or possible cognitive impairment affects the 

results, these analyses were re-run excluding these 6 individuals. All associations were very 

similar to those reported above (results not shown; available from the authors) and therefore 

the presence of dementia or possible cognitive impairment did not affect the main results. 

 

DISCUSSION 

This study investigated whether prior cognitive ability measured in childhood and current 

fluid cognitive ability measured in older adulthood played different roles in the association 

between functional health literacy and mortality. Four measures of functional health literacy 

were used; the REALM, S-TOFHLA, NVS, and a composite measure of functional health 

literacy. The REALM, a test that requires only the ability to read and correctly pronounce 

medical words, did not predict mortality, even in minimally adjusted models (though it had a 

slightly stronger and significant association when only those with full data were included, as 

shown in supplementary analysis). When using functional health literacy tests that assessed 

reading comprehension and numeracy (S-TOFHLA, NVS, and general functional health 

literacy), functional health literacy predicted mortality in models adjusting for age, sex and 

education only. Individuals who had higher scores on the S-TOFHLA, NVS, and general 

functional health literacy had a lower risk of mortality than those with lower scores. 

Accounting for prior intelligence measured in childhood did not change this association. The 
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association between functional health literacy and mortality disappeared when 

contemporaneous fluid ability was accounted for. The attenuation was particularly large for 

the NVS and general functional health literacy.  

Two previous studies used functional health literacy tests that measure reading 

comprehension and numeracy to investigate the role that cognitive function plays in the 

association between functional health literacy and mortality.[32, 33] These studies measured 

cognitive function concurrently with health literacy in middle-age or older adulthood and 

found that, although the size of the association between functional health literacy and 

mortality was reduced, functional health literacy still predicted mortality when cognitive 

function was controlled for.[32, 33] We investigated the role that both childhood cognitive 

ability, and cognitive ability in older age have on the association between functional health 

literacy and mortality. Here, fluid ability, but not childhood intelligence, attenuated the 

association between functional health literacy and mortality such that the association was no 

longer significant. Childhood cognitive ability, which was measured decades prior to the 

functional health literacy assessment, is thought to reflect the relatively stable trait of lifelong 

intelligence, whereas current fluid ability, which was measured when participants were 

approximately 73 years old, is a measure of current cognitive competence.[23] These results 

suggest that, whereas childhood intelligence did not play a role in the association between 

functional health literacy and mortality, current fluid-type cognitive ability in older adulthood 

accounted for a large proportion of this association.  

A strength of this current study is that detailed measures of cognitive ability were used. 

Childhood intelligence was measured using a standardised test of intelligence which had 

good concurrent validity with other intelligence tests.[35] The fluid ability measure 

comprised many standardised neuropsychological tests. Both Baker et al.[32] and Bostock 

and Steptoe[33] used brief measures of cognitive function. Baker et al.[32] used specific 
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items from the mini-mental state exam, a measure designed to screen for cognitive 

impairment[45] which is insensitive to individual differences in healthy cognitive ageing. 

Bostock and Steptoe[33] used three brief cognitive tests administered in a non-standardised 

way in the participants’ own home. These studies may not have used tests sensitive enough, 

or that covered a necessary range of cognitive functions, to fully account for the association 

between health literacy and mortality.  

Another advantage of the current study is the use of three different tests of functional health 

literacy. All tests were used to measure functional health literacy; however, each test required 

the participant to carry out different health-related tasks. Whereas the REALM required the 

participant only to read and correctly pronounce words, the S-TOFHLA and NVS are more 

cognitively demanding tasks that assessed both reading comprehension and numeracy skills. 

Using these three measures enabled us to investigate whether different patterns of association 

between functional health literacy and mortality were found when using the different tests. 

By using three measures of functional health literacy, we were also able to create a composite 

measure of functional health literacy. This general measure was derived with the aim of 

creating a score that captures the shared variance between the three functional health literacy 

tests, providing a more comprehensive measure of functional health literacy.  

The results of this study support the proposal by Reeve and Basalik[26] that functional health 

literacy may not be a unique construct; instead, it is tenable that tests of functional health 

literacy may in fact be measuring cognitive ability. Here, NVS, S-TOFHLA and general 

functional health literacy no longer predicted mortality when accounting for fluid ability. 

This attenuation is likely to be because there is an overlap in the content of tests of fluid 

ability and the NVS and S-TOFHLA. The NVS and S-TOFHLA are cognitively demanding 

tasks that are likely to be substantially measuring fluid-type cognitive abilities, such as 

working memory and reasoning, that decline with increasing age.[15] Childhood cognitive 
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ability did not attenuate the association between functional health literacy, suggesting that the 

NVS and S-TOFHLA are measuring current fluid-type cognitive capability in old age, and 

not lifelong intelligence. Current fluid ability in old age may be driving the association 

between functional health literacy and mortality simply because tests of functional health 

literacy are assessing the same underlying abilities as measures of fluid ability.   

Some researchers have questioned the validity of some of the functional health literacy tests 

used here. The Test of Functional Health Literacy in Adults is often reported as the gold 

standard functional health literacy test.[39] However,  the NVS has been found to have poor 

concurrent validity with the Test of Functional Health Literacy in Adults.[39] In support of 

this, we found that the rank-order correlation between the NVS and S-TOFHLA was modest 

(r = 0.44). Concerns have been raised about the fact that the REALM assesses only the ability 

to read and pronounce words.[38] Knowing how to pronounce medical words may not be 

directly related to the ability to understand medical information, and therefore this may not 

adequately cover all the domains of functional health literacy.[38] Indeed, all the tests used 

here were designed to largely measure the component of health literacy known as functional 

health literacy. None of these measures assess other components of health literacy such as the 

skills required to critically analyse health information or the communicative skills needed to 

participate and navigate in the health-care environment.[3] Assessments of health literacy that 

are designed to measure a much broader range of health literacy skills are available. The 

European Health Literacy Survey Questionnaire measures self-reported skills in being able to 

access, understand, appraise, and apply health-related information in the health-care setting, 

as well as in disease prevention and health promotion.[46] Fluid cognitive ability may not 

play a role in the association between health literacy and mortality if we used these self-

reported, broad, measures of health literacy, rather than the objective, but narrow, functional 

health literacy tests used here.  
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There are some limitations to this study. The LBC1936 participants were followed-up for the 

first time at age 70 years and therefore the sample used in this analysis will likely suffer from 

a survival bias as this sample is made up of individuals who have survived to the age of 70 

years. LBC1936 participants also tended to have higher scores on the Moray House Test 

(age-11 IQ test) than Scottish-wide and Edinburgh-wide participants who also sat this test in 

1947 as part of the Scottish Mental Survey.[36] Thus, individuals in this sample tended to be 

brighter than the original Scottish Mental Survey 1947 participants. This analysis only 

examined the association between functional health literacy and all-cause mortality. It is 

possible that there are different relationships between functional health literacy and cause-

specific mortality, for example functional health literacy may only predict deaths linked to 

unhealthy lifestyles, such as cardiovascular disease. The follow-up period in this study was 

relatively short, and therefore only a small percentage of participants had died. Future studies 

should investigate mortality over a longer follow-up period and in larger samples to examine 

whether there are different patterns of association between functional health literacy and 

cause-specific mortality.   

We investigated whether childhood cognitive ability and fluid ability in older age play 

independent roles in the association between functional health literacy and mortality. The 

results indicate that fluid-type cognitive capability may account for the association between 

functional health literacy and mortality, while childhood cognitive ability—an indicator of 

lifelong intelligence—does not. Researchers and clinicians should be aware that lower 

functional health literacy scores may actually reflect lower cognitive ability in older age, and 

that current cognitive capacity in older adulthood, but not lifelong intelligence, may be 

driving the association between functional health literacy and mortality. Future research 

examining the association between functional health literacy and mortality, and other health 
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indicators, should also include measures of cognitive ability to be able to properly disentangle 

the relationship between functional health literacy and health.  
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Figure 1 Flow diagram of the sample used to investigate the role of cognitive ability in the 

association between health literacy and mortality (n = 795) 
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Supplementary material for: The role of cognitive ability in the association between 
functional health literacy and mortality in the Lothian Birth Cohort 1936:  

a prospective cohort study 
 

 

Supplementary Figure 1 Distribution of scores on the Rapid Estimate of Adult Literacy in 
Medicine for participants who were alive at censoring date 
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Supplementary Figure 2 Distribution of scores on the Rapid Estimate of Adult Literacy in 
Medicine for participants who had died by censoring date 
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Supplementary Figure 3 Distribution of scores on the Shortened Test of Functional Health 
Literacy in Adults for participants who were alive at censoring date 
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Supplementary Figure 4 Distribution of scores on the Shortened Test of Functional Health 
Literacy in Adults for participants who has died by censoring date 
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Supplementary Figure 5 Distribution of scores on the Newest Vital Sign for participants 
who were alive at censoring date
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Supplementary Figure 6 Distribution of scores on the Newest Vital Sign for participants 
who had died by censoring date 
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Supplementary Figure 7 Distribution of scores on General Health Literacy for participants 
who were alive at censoring date 
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Supplementary Figure 8 Distribution of scores on General Health Literacy for participants 
who had died by censoring date 
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Supplementary Table 1 Rank order correlations between sociodemographic, functional health literacy, cognitive and health variables  

 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Age -             

2 Sex† 0.04 -            

3 REALM -0.12** 0.17*** -           

4 S-TOFHLA -0.05 0.10** 0.40*** -          

5 NVS -0.12** 0.01 0.35*** 0.44*** -         

6 General functional 
health literacy -0.09* 0.14*** 0.71*** 0.80*** 0.78*** -        

7 Age-11 IQ -0.07* 0.11** 0.44*** 0.48*** 0.51*** 0.61*** -       

8 Fluid ability  -0.13*** 0.00 0.38*** 0.55*** 0.55*** 0.63*** 0.57*** -      

9 Education  -0.05 0.03 0.31*** 0.33*** 0.37*** 0.45*** 0.45*** 0.37*** -     

10 Occup class 0.05 -0.15*** -0.31*** -0.31*** -0.32*** -0.39*** -0.40*** -0.35*** -0.47*** -    

11 Self-rated health -0.02 0.06 0.12** 0.20*** 0.11** 0.18*** 0.17*** 0.24*** 0.11** -0.11** -   

12 HADS 0.06 0.08* -0.07 -0.13** -0.11** -0.14*** -0.13*** -0.22*** -0.08* 0.08* -0.32*** -  

13 Townsend 0.13*** 0.16*** -0.08* -0.12** -0.15*** -0.14*** -0.12** -0.17*** -0.12** 0.09* -0.35*** 0.22*** - 

*p < .05, **p < .01, ***p < .001. 

†Correlations are point-biseral correlations. Female is coded 1 and male is coded 2.  

Occupational class (ranging from 1-professional to 4-manual) and self-rated health (ranging from 1-poor/fair to 3-very good/excellent) are entered as ordinal variables.  

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; NVS, Newest Vital Sign; IQ, 
Intelligence Quotient; Occup class, occupational class; HADS, Hospital Anxiety and Depression Scale; Townsend, Townsend Disability Scale. 
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DETAILED RESULTS 

REALM: Hazard ratios (HRs) and 95% confidence intervals (CIs) for the associations between the 

REALM and mortality are shown in Supplementary Table 2. In Model 1, in which age and sex were 

controlled, the REALM did not significantly predict mortality (HR = 0.954, 95% CI 0.904 to 1.007), 

nor did age or sex. The REALM remained a non-significant predictor of mortality in Model 2, with 

the addition of years of education. Years of education did not predict mortality (HR = 0.963, 95% CI 

0.822 to 1.128). Age-11 IQ was added in Model 3, and this did little to change the association 

between the REALM and mortality. Age-11 IQ did not predict mortality (HR = 0.993, 95% CI 0.980 

to 1.006). The REALM remained a non-significant predictor of mortality following the inclusion of 

current fluid ability in Model 4. A one SD increase in fluid ability score reduced the risk of death by 

37.9% (HR = 0.621, 95% CI 0.496 to 0.777). In Model 5, occupational social class was included in 

the model. The REALM remained non-significant. Individuals with a managerial/technical social 

class (HR = 2.278, 95% CI 1.161 to 4.470), a skilled non-manual social class (HR = 2.464, 95% CI 

1.167 to 5.201) or a skilled manual social class (HR = 3.608, 95% CI 1.647 to 7.907) had a higher risk 

of death than individuals with a professional social class. Health status variables were additionally 

added in Model 6. The REALM remained a non-significant predictor of mortality. In this model, 

individuals with more years of education had a higher risk of dying (HR = 1.232, 95% CI 1.018 to 

1.492). Risk of death for those who self-reported their health as fair or poor was over 2 times greater 

than those who reported their health to be very good or excellent (HR = 2.071, 95% CI 1.147 to 

3.739). Whereas HADS score did not predict mortality, Townsend disability did. A one-point increase 

on the Townsend disability scale increased risk of mortality by 13.3% (HR = 1.133, 95% CI 1.044 to 

1.229).  

S-TOFHLA: The HRs for the association between S-TOFHLA and mortality are shown in 

Supplementary Table 3. In Model 1, controlling for age and sex, S-TOFHLA significantly predicted 

mortality. A one-point increase in S-TOFHLA reduced the risk of death by 5.2% (HR = 0.948, 95% 

CI 0.919 to 0.978). In this model, age and sex did not predict mortality. Adding years of education in 

Model 2 did not change the association between the S-TOFHLA and mortality. Years of education did 

Page 43 of 56

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

11 
 

not predict mortality (HR = 1.020, 95% CI 0.870 to 1.197). The inclusion of age-11 IQ in Model 3 did 

not change the association between the S-TOFHLA and mortality. Age-11 IQ also did not predict 

mortality (HR = 0.997, 95% CI 0.983 to 1.011). The association between the S-TOFHLA and 

mortality was attenuated and became non-significant (HR = 0.967, 95% CI 0.929 to 1.007) in Model 

4, additionally accounting current fluid ability. Current fluid ability significantly predicted mortality 

in this model. A one SD increase in fluid ability reduced the risk of death by 30.5% (HR = 0.695, 95% 

CI 0.545 to 0.887). Occupational class was included in Model 5, and the association between S-

TOFHLA and mortality remained non-significant. Individuals with more years of education, 

controlling for other sociodemographic variables and cognitive function, had increased risk of death 

(HR = 1.219, 95% CI 1.004 to 1.481). Risk of dying was three times greater for participants with a 

skilled manual social class, compared to individuals with a professional social class (HR = 3.096, 

95% CI 1.385 to 6.922). S-TOFHLA remained a non-significant predictor or mortality in Model 6, 

which included health status variables. Self-reporting health as fair or poor, compared to very good or 

excellent, was associated with increased risk of mortality (HR = 2.209, 95% CI 1.216 to 4.014). 

Higher scores on the HADS were not associated with mortality, while a higher Townsend disability 

score increased risk of death (HR = 1.131, 95% CI 1.039 to 1.232). 

NVS: HRs for the association between NVS and mortality are shown in Supplementary Table 4. In 

Model 1, in which age and sex were entered as covariates, NVS significantly predicted mortality. A 

one point increase in NVS score reduced the risk of death by 11.8% (HR = 0.882, 95% CI 0.805 to 

0.966). Age and sex did not predict mortality. Years of education was included in Model 2 and this 

did not change the association between the NVS and mortality. Years of education did not predict 

mortality (HR = 1.007, 95% CI 0.855 to 1.186). Age-11 IQ was additionally added to the model in 

Model 3 and this did little to change the association between NVS and mortality and this association 

remained significant. Age-11 IQ did not predict mortality (HR = 0.995, 95% CI 0.982 to 1.008). The 

inclusion of fluid ability in Model 4 greatly attenuated the association between NVS and mortality, 

and this became non-significant (HR = 0.963, 95% CI 0.860 to 1.078). Fluid ability was strongly 

associated with risk of death. A one SD increase in fluid ability score reduced risk of dying by 37.0% 

Page 44 of 56

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

12 
 

(HR = 0.630, 95% CI 0.496 to 0.800). The association between NVS and mortality remained non-

significant in Model 5 following inclusion of occupational class in the model. Compared to those with 

a professional social class, participants with managerial or technical (HR = 2.288, 95% CI 1.166 to 

4.490), skilled non-manual (HR = 2.421, 95% CI 1.147 to 5.112), and skilled manual (HR = 3.631, 

95% CI 1.658 to 7.951) social class had an increased risk of death. Finally, health status variables 

were included in Model 6. The inclusion of health status variables did little to change the association 

between NVS and mortality, which remained non-significant. In this model, having more years of 

education was associated with increased risk of mortality (HR = 1.242, 95% CI 1.023 to 1.508).  

Those who reported their health as fair or poor had 2.10 times (HR = 2.099, 95% CI 1.167 to 3.775) 

increased risk of mortality, compared to those who self-reported their health as very good or excellent. 

Participants with higher scores on the Townsend disability scale also had an increased risk of 

mortality (HR = 1.132, 95% CI 1.044 to 1.228).  

General functional health literacy: HRs for the association between general functional health literacy 

and mortality are shown in Supplementary Table 5. General functional health literacy predicted 

mortality in Model 1 (HR = 0.774, 95% CI 0.650 to 0.922), while age and sex did not. A one point 

increase in the general functional health literacy score reduced the risk of mortality by 22.6%. Adding 

years of education (Model 2) did little to change the association between general functional health 

literacy and mortality and this association remained significant. Years of education was not associated 

with mortality (HR = 1.080, 95% CI 0.909 to 1.284). General functional health literacy remained a 

significant predictor of mortality when age-11 IQ was added in Model 3. Age-11 IQ did not predict 

morality (HR = 0.999, 95% CI 0.984 to 1.014). The inclusion of current fluid ability in Model 4 

attenuated the association between general functional health literacy and risk of death, and this 

association became non-significant (HR = 0.871, 95% CI 0.674 to 1.125). Fluid ability was a 

significant predictor of mortality, such that a one SD increase in fluid ability reduced risk of death by 

31.3% (HR = 0.687, 95% CI 0.531 to 0.887). Including occupational social class in Model 5 did little 

to change the association between general functional health literacy and mortality, and this association 

remained non-significant. In Model 5, individuals with more years of education had a greater risk of 
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death (HR = 1.240, 95% CI 1.019 to 1.508), and those with an occupational social class of skilled 

manual (HR = 3.134, 95% CI 1.405 to 6.991), when compared to those with a professional 

occupational class, had an increased risk of mortality. Finally, health status variables were added in 

Model 6. The association between general functional health literacy and mortality was attenuated 

further and remained non-significant. Reporting fair or poor health, compared to reporting very good 

or excellent health increased the risk of mortality (HR = 2.229, 95% CI 1.229 to 4.042). Higher 

Townsend disability scores were also associated with increased risk of death (HR = 1.128, 95% CI 

1.040 to 1.225). In this final model, controlling for sociodemographics and health variables, as well as 

age-11 IQ, the association between fluid ability and mortality was attenuated and became non-

significant (HR = 0.770, 95% CI 0.589 to 1.007). 
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Supplementary Table 2 Hazard ratios (95% confidence intervals) for the association between REALM and mortality, controlling for sociodemographic, cognitive 
ability, and health status variables 

 

Model 1 
Age and sex 
N = 794 

Model 2 
+ education  
N = 794 

Model 3 
+ age-11 IQ 
N = 752 

Model 4 
+ current fluid ability 
N = 746 

Model 5 
+ occup class 
N = 731 

Model 6 
+ health status 
N = 728 

REALM 0.954 (0.904 to 1.007) 0.957 (0.905 to 1.013) 0.962 (0.903 to 1.025) 0.971 (0.907 to 1.039) 0.970 (0.904 to 1.040) 0.996 (0.924 to 1.074) 
Age 0.940 (0.725 to 1.219) 0.939 (0.724 to 1.218) 0.944 (0.725 to 1.231) 0.879 (0.669 to 1.154) 0.908 (0.686 to 1.203) 0.933 (0.704 to 1.235) 
Sex       

Female Reference Reference  Reference Reference Reference Reference 
Male 1.297 (0.909 to 1.850) 1.298 (0.910 to 1.852) 1.252 (0.869 to 1.802) 1.333 (0.927 to 1.918) 1.176 (0.787 to 1.756) 1.364 (0.898 to 2.073) 

Years of education  0.963 (0.822 to 1.128) 1.022 (0.862 to 1.211) 1.089 (0.916 to 1.295) 1.201 (0.995 to 1.450) 1.232 (1.018 to 1.492)* 
Age-11 IQ   0.993 (0.980 to 1.006) 1.008 (0.993 to 1.023) 1.009 (0.994 to 1.024) 1.008 (0.993 to 1.024) 
Fluid ability    0.621 (0.496 to 0.777)*** 0.662 (0.526 to 0.834)*** 0.727 (0.574 to 0.922)** 
Occupational class       

Professional     Reference Reference 
Managerial/technical     2.278 (1.161 to 4.470 )* 2.218 (1.127 to 4.365)* 
Skilled: non-manual     2.464 (1.167 to 5.201)* 2.596 (1.232 to 5.474)* 
Skilled: manual     3.608 (1.647 to 7.907)** 3.393 (1.532 to 7.516)** 
Partly skilled/ 
unskilled manual     2.054 (0.651 to 6.473) 2.067 (0.656 to 6.510) 

Self-rated health       
Very good/excellent      Reference 
Good      1.153 (0.742 to 1.791) 
Fair/poor      2.071 (1.147 to 3.739)* 

HADS total score      0.972 (0.929 to 1.018) 
Townsend disability      1.133 (1.044 to 1.229)** 

* p < .05, **p < .01, ***p < .001. 
REALM, Rapid Estimate of Adult Literacy in Medicine; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 3 Hazard ratios (95% confidence intervals) for the association between S-TOFHLA and mortality, controlling for sociodemographic, cognitive 
ability, and health variables 

 

Model 1 
Age and sex 
N = 744 

Model 2 
+ education  
N = 744 

Model 3 
+ age-11 IQ 
N = 702 

Model 4 
+ current fluid ability 
N = 697 

Model 5 
+ occup class 
N = 682 

Model 6 
+ health status 
N = 680 

S-TOFHLA  0.948 (0.919 to 0.978)** 0.947 (0.917 to 0.978)** 0.947 (0.913 to 0.982)** 0.967 (0.929 to 1.007) 0.976 (0.935 to 1.019) 0.998 (0.953 to 1.046) 
Age 0.882 (0.665 to 1.170) 0.882 (0.665 to 1.170) 0.889 (0.666 to 1.186) 0.871 (0.652 to 1.164) 0.919 (0.682 to 1.238) 0.936 (0.697 to 1.256) 
Sex       

Female  Reference Reference Reference Reference Reference Reference 
Male 1.307 (0.909 to 1.879) 1.309 (0.910 to 1.881) 1.277 (0.881 to 1.851) 1.349 (0.930 to 1.956) 1.204 (0.797 to 1.818) 1.352 (0.881 to 2.074) 

Years of education  1.020 (0.870 to 1.197) 1.066 (0.896 to 1.268) 1.111 (0.932 to 1.326) 1.219 (1.004 to 1.481)* 1.249 (1.026 to 1.520)* 
Age-11 IQ   0.997 (0.983 to 1.011) 1.006 (0.991 to 1.022) 1.007 (0.991 to 1.022) 1.006 (0.991 to 1.022) 
Fluid ability    0.695 (0.545 to 0.887)** 0.717 (0.557 to 0.922)* 0.759 (0.587 to 0.982)* 
Occupational class       

Professional      Reference Reference 
Managerial/technical     1.889 (0.956 to 3.734) 1.844 (0.931 to 3.650) 
Skilled: non-manual     2.108 (0.994 to 4.470) 2.207 (1.042 to 4.673)* 
Skilled: manual     3.096 (1.385 to 6.922)** 2.881 (1.275 to 6.509)* 
Partly skilled/ 
unskilled manual     1.786 (0.566 to 5.636) 1.773 (0.562 to 5.598) 

Self-rated health       
Very good/excellent       Reference 
Good      1.147 (0.728 to 1.807) 
Fair/poor      2.209 (1.216 to 4.014)** 

HADS total score      0.974 (0.930 to 1.021) 
Townsend disability      1.131 (1.039 to 1.232)** 
*p < .05, **p < .01, ***p < .001. 
S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and 
Depression Scale.
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Supplementary Table 4 Hazard ratios (95% confidence intervals) for the association between NVS and mortality, controlling for sociodemographic, cognitive 
ability, and health variables 

 

Model 1 
Age and sex 
N = 789 

Model 2 
+ education  
N = 789 

Model 3 
+ age-11 IQ 
N = 746 

Model 4 
+ current fluid ability 
N = 742 

Model 5 
+ occup class 
N = 727 

Model 6 
+ health status 
N = 724 

NVS 0.882 (0.805 to 0.966)** 0.880 (0.799 to 0.970)* 0.892 (0.802 to 0.992)* 0.963 (0.860 to 1.078) 0.967 (0.861 to 1.086) 0.961 (0.853 to 1.082) 
Age 0.942 (0.727 to 1.221) 0.942 (0.726 to 1.221) 0.942 (0.722 to 1.228) 0.890 (0.678 to 1.168) 0.919 (0.694 to 1.217) 0.937 (0.708 to 1.242) 
Sex       

Female Reference Reference  Reference Reference Reference Reference 
Male 1.343 (0.946 to 1.906) 1.343 (0.947 to 1.907) 1.279 (0.892 to 1.834) 1.346 (0.939 to 1.928) 1.180 (0.791 to 1.760) 1.355 (0.893 to 2.057) 

Years of education  1.007 (0.855 to 1.186) 1.056 (0.888 to 1.257) 1.093 (0.917 to 1.302) 1.208 (0.998 to 1.463) 1.242 (1.023 to 1.508)* 
Age-11 IQ   0.995 (0.982 to 1.008) 1.007 (0.993 to 1.021) 1.008 (0.993 to 1.023) 1.009 (0.994 to 1.023) 
Fluid ability     0.630 (0.496 to 0.800)*** 0.670 (0.524 to 0.857)** 0.748 (0.580 to 0.966)* 
Occupational class       

Professional     Reference Reference 
       
Managerial/technical     2.288 (1.166 to 4.490)* 2.243 (1.140 to 4.414)* 
Skilled: non-manual      2.421 (1.147 to 5.112)* 2.593 (1.231 to 5.463)* 
Skilled: manual     3.631 (1.658 to 7.951)** 3.360 (1.522 to 7.415) ** 
Partly skilled/ 
unskilled manual     2.125 (0.677 to 6.669) 2.086 (0.661 to 6.578) 

Self-rated health       
Very good/excellent      Reference 
Good      1.175 (0.756 to 1.826) 
Fair/poor      2.099 (1.167 to 3.775)* 

HADS total score      0.973 (0.930 to 1.018) 
Townsend disability      1.132 (1.044 to 1.228)** 

*p < .05, **p < .01. 
NVS, Newest Vital Sign; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 5 Hazard ratios (95% confidence intervals) for the association between general functional health literacy and mortality, controlling for 
sociodemographic, cognitive ability, and health variables 

 

Model 1 
Age and sex 
N = 740 

Model 2 
+ education  
N = 740 

Model 3 
+ age-11 IQ 
N = 698 

Model 4 
+ current fluid ability 
N = 694 

Model 5 
+ occup class 
N = 679 

Model 6 
+ health status 
N = 677 

General functional 
health literacy 0.774 (0.650 to 0.922)** 0.746 (0.615 to 0.905)** 0.738 (0.585 to 0.931)* 0.871 (0.674 to 1.125) 0.911 (0.700 to 1.186) 0.950 (0.725 to 1.245) 
Age 0.897 (0.678 to 1.187) 0.893 (0.675 to 1.182) 0.902 (0.677 to 1.200) 0.885 (0.663 to 1.182) 0.933 (0.693 to 1.257) 0.942 (0.700 to 1.266) 
Sex       

Female  Reference Reference Reference Reference Reference Reference 
Male 1.276 (0.886 to 1.838) 1.272 (0.883 to 1.833) 1.238 (0.852 to 1.799) 1.327 (0.912 to 1.930) 1.178 (0.778 to 1.784) 1.337 (0.869 to 2.056) 

Years of education  1.080 (0.909 to 1.284) 1.119 (0.936 to 1.339) 1.134 (0.948 to 1.357) 1.240 (1.019 to 1.508)* 1.255 (1.030 to 1.528)* 
Age-11 IQ   0.999 (0.984 to 1.014) 1.006 (0.991 to 1.022) 1.006 (0.991 to 1.022) 1.007 (0.992 to 1.023) 
Fluid ability    0.687 (0.531 to 0.887)** 0.707 (0.543 to 0.921)* 0.770 (0.589 to 1.007) 
Occupational class       

Professional     Reference Reference 
Managerial/technical     1.901 (0.962 to 3.756) 1.870 (0.945 to 3.700) 
Skilled: non-manual     2.076 (0.979 to 4.401) 2.192 (1.035 to 4.640)* 
Skilled: manual     3.134 (1.405 to 6.991)** 2.823 (1.252 to 6.365)* 
Partly skilled/ 
unskilled manual      1.824 (0.580 to 5.741) 1.759 (0.557 to 5.561) 

Self-rated health       
Very good/excellent      Reference 
Good      1.152 (0.733 to 1.810) 
Fair/poor      2.229 (1.229 to 4.042)** 

HADS total score      0.975 (0.931 to 1.022) 
Townsend disability      1.128 (1.040 to 1.225)** 
* p < .05, **p < .01. 
General functional health literacy, general measure of functional health literacy created by entering the REALM, S-TOFHLA and NVS into a PCA; IQ, Intelligence 
Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale. 
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Supplementary Table 6 Hazard ratios (95% confidence intervals) for the association between REALM and mortality, controlling for sociodemographic, cognitive 
ability, and health status variables. Models are run on a sub-sample participants with all variables of interest (N = 728). 

 

Model 1 
Age and sex 

Model 2 
+ education  

Model 3 
+ age-11 IQ 

Model 4 
+ current fluid ability 

Model 5 
+ occup class 

Model 6 
+ health status 

REALM 0.944 (0.894 to 0.997)* 0.946 (0.894 to 1.001) 0.959 (0.900 to 1.021) 0.966 (0.904 to 1.033) 0.969 (0.904 to 1.039) 0.996 (0.924 to 1.074) 
Age 1.002 (0.763 to 1.316) 1.001 (0.762 to 1.315) 0.999 (0.761 to 1.312) 0.931 (0.704 to 1.231) 0.930 (0.700 to 1.234) 0.933 (0.704 to 1.235) 
Sex       

Female Reference Reference Reference Reference Reference Reference 
Male 1.303 (0.897 to 1.892) 1.304 (0.898 to 1.893) 1.289 (0.887 to 1.872) 1.358 (0.935 to 1.971) 1.224 (0.815 to 1.836) 1.364 (0.898 to 2.073) 

Years of education  0.981 (0.831 to 1.158) 1.010 (0.848 to 1.204) 1.077 (0.902 to 1.287) 1.203 (0.994 to 1.455) 1.232 (1.018 to 1.492)* 
Age-11 IQ   0.993 (0.980 to 1.006) 1.007 (0.992 to 1.023) 1.009 (0.993 to 1.025) 1.008 (0.993 to 1.024) 
Fluid ability    0.632 (0.503 to 0.794)*** 0.666 (0.528 to 0.841)** 0.727 (0.574 to 0.922)** 
Occupational class       

Professional     Reference Reference 
Managerial/technical     2.201 (1.118 to 4.333)* 2.218 (1.127 to 4.365)* 
Skilled: non-manual     2.482 (1.175 to 5.245)* 2.596 (1.232 to 5.474)* 
Skilled: manual     3.570 (1.627 to 7.837)** 3.393 (1.532 to 7.516)** 
Partly skilled/ 
unskilled manual     2.023 (0.641 to 6.388) 2.067 (0.656 to 6.510) 

Self-rated health       
Very good/excellent      Reference 
Good      1.153 (0.742 to 1.791) 
Fair/poor      2.071 (1.147 to 3.739)* 

HADS total score      0.972 (0.929 to 1.018) 
Townsend disability      1.133 (1.044 to 1.229)** 
*p < .05, **p < .01, ***p < .001.  
REALM, Rapid Estimate of Adult Literacy in Medicine; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale. 
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Supplementary Table 7 Hazard ratios (95% confidence intervals) for the association between S-TOFHLA and mortality, controlling for sociodemographic, 
cognitive ability, and health variables. Models are run on a subsample of participants with all variables of interest (N = 680). 

 

Model 1 
Age and sex 

Model 2 
+ education 

Model 3 
+ age-11 IQ 

Model 4 
+ current fluid ability 

Model 5 
+ occup class 

Model 6 
+ health status 

S-TOFHLA  0.947 (0.917 to 0.978)** 0.945 (0.914 to 0.977)** 0.949 (0.913 to 0.985)** 0.969 (0.930 to 1.010) 0.975 (0.934 to 1.018) 0.998 (0.953 to 1.046) 
Age 0.924 (0.688 to 1.242) 0.925 (0.688 to 1.242) 0.927 (0.690 to 1.245) 0.911 (0.677 to 1.224) 0.919 (0.681 to 1.240) 0.936 (0.697 to 1.256) 
Sex       

Female  Reference Reference  Reference Reference Reference Reference 
Male 1.304 (0.893 to 1.902) 1.306 (0.895 to 1.905) 1.298 (0.889 to 1.896) 1.356 (0.928 to 1.981) 1.233 (0.814 to 1.866) 1.352 (0.881 to 2.074) 

Years of education   1.033 (0.874 to 1.222) 1.046 (0.875 to 1.250) 1.092 (0.911 to 1.309) 1.208 (0.994 to 1.469) 1.249 (1.026 to 1.520)* 
Age-11 IQ   0.997 (0.983 to 1.011) 1.006 (0.991 to 1.022) 1.007 (0.992 to 1.023) 1.006 (0.991 to 1.022) 
Fluid ability    0.699 (0.545 to 0.895)** 0.717 (0.556 to 0.923)* 0.759 (0.587 to 0.982)* 
Occupational class       

Professional      Reference Reference 
Managerial/technical     1.853 (0.935 to 3.670) 1.844 (0.931 to 3.650) 
Skilled: non-manual     2.105 (0.992 to 4.464) 2.207 (1.042 to 4.673)* 
Skilled: manual     3.038 (1.358 to 6.796)** 2.881 (1.275 to 6.509)* 
Partly skilled/ 
unskilled manual     1.755 (0.556 to 5.541) 1.773 (0.562 to 5.598) 

Self-rated health       
Very good/excellent       Reference 
Good      1.147 (0.728 to 1.807) 
Fair/poor      2.209 (1.216 to 4.014)** 

HADS total score      0.974 (0.930 to 1.021) 
Townsend disability      1.131 (1.039 to 1.232)** 

*p < .05, **p < .01. 
S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and 
Depression Scale.
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Supplementary Table 8 Hazard ratios (95% confidence intervals) for the association between NVS and mortality, controlling for sociodemographic, cognitive 
ability, and health variables. Models are run on a sub-sample of participants with all variables of interest (N = 724). 

 

Model 1 
Age and sex 

Model 2 
+ education 

Model 3 
+ age-11 IQ 

Model 4 
+ current fluid ability 

Model 5 
+ occup class 

Model 6  
+ health status 

NVS 0.880 (0.800 to 0.968)** 0.875 (0.790 to 0.968)* 0.887 (0.796 to 0.989)* 0.953 (0.850 to 1.070) 0.960 (0.854 to 1.079) 0.961 (0.853 to 1.082) 
Age 0.993 (0.756 to 1.306) 0.993 (0.756 to 1.306) 0.992 (0.754 to 1.304) 0.944 (0.714 to 1.248) 0.940 (0.709 to 1.248) 0.937 (0.708 to 1.242) 
Sex       

Female Reference Reference Reference Reference Reference Reference 
Male 1.346 (0.933 to 1.943) 1.346 (0.933 to 1.943) 1.326 (0.916 to 1.919) 1.373 (0.950 to 1.986) 1.228 (0.820 to 1.840) 1.355 (0.893 to 2.057) 

Years of education  1.029 (0.866 to 1.222) 1.048 (0.876 to 1.253) 1.084 (0.905 to 1.298) 1.212 (0.999 to 1.470) 1.242 (1.023 to 1.508)* 
Age-11 IQ   0.995 (0.982 to 1.008) 1.006 (0.992 to 1.021) 1.008 (0.993 to 1.023) 1.009 (0.994 to 1.023) 
Fluid ability     0.645 (0.506 to 0.822)*** 0.678 (0.529 to 0.869)** 0.748 (0.580 to 0.966)* 
Occupational class       

Professional     Reference Reference 
Managerial/technical     2.211 (1.123 to 4.354)* 2.243 (1.140 to 4.414)* 
Skilled: non-manual      2.435 (1.152 to 5.146)* 2.593 (1.231 to 5.463)* 
Skilled: manual     3.590 (1.637 to 7.874)** 3.360 (1.522 to 7.415) ** 
Partly skilled/ 
unskilled manual     2.101 (0.668 to 6.604) 2.086 (0.661 to 6.578) 

Self-rated health       
Very good/excellent      Reference 
Good      1.175 (0.756 to 1.826) 
Fair/poor      2.099 (1.167 to 3.775)* 

HADS total score      0.973 (0.930 to 1.018) 
Townsend disability      1.132 (1.044 to 1.228)** 

 *p < .05, **p < .01.  
NVS, Newest Vital Sign; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 9 Hazard ratios (95% confidence intervals) for the association between general functional health literacy and mortality, controlling for 
sociodemographic, cognitive ability, and health variables. Models are run on a sub-sample of participants with all variables of interest (N = 677). 

 

Model 1 
Age and sex 

Model 2 
+ education 

Model 3 
+ age-11 IQ 

Model 4 
+ current fluid ability 

Model 5 
+ occup class 

Model 6 
+ health status 

General health literacy 0.769 (0.640 to 0.924)** 0.736 (0.602 to 0.901)** 0.742 (0.586 to 0.939)* 0.868 (0.669 to 1.126) 0.903 (0.694 to 1.176) 0.950 (0.725 to 1.245) 
Age 0.940 (0.701 to 1.260) 0.937 (0.699 to 1.256) 0.937 (0.699 to 1.257) 0.925 (0.688 to 1.243) 0.934 (0.692 to 1.260) 0.942 (0.700 to 1.266) 
Sex       

Female  Reference Reference Reference Reference Reference Reference 
Male 1.264 (0.863 to 1.851) 1.256 (0.858 to 1.840) 1.255 (0.857 to 1.839) 1.328 (0.906 to 1.947) 1.205 (0.794 to 1.829) 1.337 (0.869 to 2.056) 

Years of Education  1.096 (0.915 to 1.312) 1.098 (0.914 to 1.320) 1.114 (0.927 to 1.340) 1.229 (1.010 to 1.497)* 1.255 (1.030 to 1.528)* 
Age-11 IQ   0.999 (0.984 to 1.014) 1.006 (0.991 to 1.022) 1.007 (0.991 to 1.023) 1.007 (0.992 to 1.023) 
Fluid ability    0.692 (0.534 to 0.898)** 0.708 (0.543 to 0.922)* 0.770 (0.589 to 1.007) 
Occupational class       

Professional     Reference Reference 
Managerial/technical     1.863 (0.941 to 3.689) 1.870 (0.945 to 3.700) 
Skilled: non-manual     2.070 (0.976 to 4.390) 2.192 (1.035 to 4.640)* 
Skilled: manual     3.072 (1.377 to 6.857)** 2.823 (1.252 to 6.365)* 
Partly skilled/ 
unskilled manual      1.794 (0.570 to 5.649) 1.759 (0.557 to 5.561) 

Self-rated health       
Very good/excellent      Reference 
Good      1.152 (0.733 to 1.810) 
Fair/poor      2.229 (1.229 to 4.042)** 

HADS total score      0.975 (0.931 to 1.022) 
Townsend disability      1.128 (1.040 to 1.225)** 
*p < .05, **p < .01.  
General health literacy, general measure of health literacy created by entering the REALM, S-TOFHLA and NVS into a PCA; IQ, Intelligence Quotient; occup 
class, Occupational class; HADS, Hospital Anxiety and Depression Scale. 
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cohort studies 

 

Section/Topic Item 

# 
Recommendation Reported on page # 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1, 2 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 4-6 

Objectives 3 State specific objectives, including any prespecified hypotheses 6-7 

Methods  

Study design 4 Present key elements of study design early in the paper 6-7, 7-12 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

7-12 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 7 

(b) For matched studies, give matching criteria and number of exposed and unexposed NA 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

7-11 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

7-11 

Bias 9 Describe any efforts to address potential sources of bias NA 

Study size 10 Explain how the study size was arrived at 7, Figure 1, 13 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

12 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 12 

(b) Describe any methods used to examine subgroups and interactions NA 

(c) Explain how missing data were addressed 7, figure 1, 13 

(d) If applicable, explain how loss to follow-up was addressed NA 

(e) Describe any sensitivity analyses 19 

Results  
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

7, Figure 1, 13 

  (b) Give reasons for non-participation at each stage 7 

  (c) Consider use of a flow diagram Figure 1 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

14, 15 

  (b) Indicate number of participants with missing data for each variable of interest 14, 15 

  (c) Summarise follow-up time (eg, average and total amount) 14 

Outcome data 15* Report numbers of outcome events or summary measures over time 14, 15 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

18 

  (b) Report category boundaries when continuous variables were categorized 14 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 17, 19 

Discussion    

Key results 18 Summarise key results with reference to study objectives 19-20 

Limitations    

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

20-24 

Generalisability 21 Discuss the generalisability (external validity) of the study results 22-23 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

25 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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ABSTRACT 

Objectives We investigated the role that childhood and old age cognitive ability play in the 

association between functional health literacy and mortality. 

Design Prospective cohort study.  

Setting This study used data from the Lothian Birth Cohort 1936 study, which recruited 

participants living in the Lothian region of Scotland when aged 70 years, most of whom had 

completed an intelligence test at age 11.  

Participants 795 members of the Lothian Birth Cohort 1936 with scores on tests of 

functional health literacy and cognitive ability in childhood and older adulthood.  

Primary and secondary outcome measures Participants were followed up for 8 years to 

determine mortality. Time to death in days was used as the primary outcome measure.  

Results Using Cox regression, higher functional health literacy was associated with lower 

risk of mortality adjusting for age and sex, using the Shortened Test of Functional Health 

Literacy in Adults (HR = 0.95, 95% CI 0.92 to 0.98), the Newest Vital Sign (HR = 0.88, 95% 

CI 0.80 to 0.97), and a functional health literacy composite measure (HR = 0.77, 95% CI 0.65 

to 0.92), but not the Rapid Estimate of Adult Literacy in Medicine (HR = 0.95, 95% CI 0.90 

to 1.01). Adjusting for childhood intelligence did not change these associations. When 

additionally adjusting for fluid-type cognitive ability in older age associations between 

functional health literacy and mortality were attenuated and non-significant.  

Conclusions Current fluid ability but not childhood intelligence attenuated the association 

between functional health literacy and mortality. Functional health literacy measures may, in 

part, assess fluid-type cognitive abilities and this may account for the association between 

functional health literacy and mortality.    
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Strengths and limitations of this study 

• This study used three functional health literacy tests, which enabled us to create a 

composite functional health literacy measure. 

• This study had comprehensive tests of cognitive ability measured in both childhood and 

old age which allowed us to investigate whether childhood and old age cognitive ability 

independently played a role in the relationship between functional health literacy and 

mortality.  

• The health literacy measures used here only assessed functional health literacy and 

therefore we cannot determine whether cognitive ability would attenuate the association 

between health literacy and mortality if we used multi-dimensional health literacy 

measures. 

• Larger samples and a longer follow-up time are needed to determine the role of cognitive 

ability in the association between functional health literacy and cause-specific mortality.  
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INTRODUCTION 

Health literacy is “the degree to which individuals have the capacity to obtain, process and 

understand basic health information and services needed to make basic health decisions”.[1] 

This ability is thought to be multifaceted and encompass the set of skills required to navigate 

the health-care environment.[2-4] One component of health literacy is functional health 

literacy—the reading, writing, and numeracy skills required to understand health information. 

[3, 5, 6] Tests designed to assess functional health literacy have been developed to measure 

health-related reading and numeracy skills, such as the commonly used Test of Functional 

Health Literacy in Adults.[5, 6] This test requires participants to read materials often used in 

the health-care setting, such as a medicine bottle, and answer questions about these materials.  

Performance on functional health literacy tests have been associated with a range of health 

outcomes. Individuals with lower functional health literacy are more likely to require 

emergency care and have poorer skills in relation to correctly taking medication and 

interpreting written health materials.[7] Individuals with higher functional health literacy are 

more likely to take part in health-promoting behaviours such as eating a healthy diet, and are 

more likely to take part in routine cancer screening.[8, 9] 

Successful completion of functional health literacy measures rely on cognitive functions, 

such as processing capacity and reasoning.[10, 11] One dominant theory in intelligence 

research is that there is a distinction between fluid ability, the ability to problem solve using 

novel material, which tends to decline with increasing age, and crystallised ability, which is 

the knowledge acquired throughout life which remains relatively stable across the 

lifespan.[12-16] Successful completion of tests of functional health literacy likely requires 

both crystallised abilities such as specific knowledge relating to health, and fluid abilities 

such as reasoning.[10, 11] It is therefore unsurpring that performance on tests of functional 
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health literacy and cognitive function are strongly related.[17-24] Some tests of functional 

health literacy have been found to correlate more strongly with measures of cognitive ability 

than with each other.[23, 25, 26] This overlap is so strong that some have proposed that 

functional health literacy should not be considered a unique construct but, instead, should be 

thought of as a specific component of cognitive function.[26] 

Given the association between performance on tests of functional health literacy and 

cognitive ability tests, researchers have investigated whether the relationship between 

functional health literacy and health remain when also measuring cognitive ability. Whereas 

most evidence suggests that cognitive function explains a large proportion of the association 

between functional health literacy and health, the degree of attenuation varies.[25, 27, 28] A 

study using participants from the Lothian Birth Cohort 1936[25]—the same sample used in 

the current study—investigated whether cognitive ability in childhood and late adulthood 

attenuated the association between functional health literacy and physical health. In models 

without cognitive function, functional health literacy was associated with all three of the 

measures of physical health assessed. Addition of cognitive ability in older age significantly 

attenuated the association between functional health literacy with physical fitness by 43%, 

and number of natural teeth by 39%; however, it did not attenuate the association between 

functional health literacy and body mass index (BMI). Conversely, whereas childhood 

cognitive ability did not attenuate the association between functional health literacy and 

physical fitness, it attenuated the association between functional health literacy and number 

of teeth by 30%, and BMI by 88%. In the fully adjusted model which included childhood and 

late adulthood cognitive ability, as well as other early-life factors, the association between 

functional health literacy and physical fitness, though attenuated by 43%, remained 

significant,[25] suggesting that functional health literacy may play a small but unique role in 

physical fitness.  
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Mortality is arguably one of the most important health outcomes to examine. Both cognitive 

ability[29, 30] and functional health literacy[31] have been found to  predict mortality. 

Researchers have therefore investigated the degree to which cognitive function explains the 

association between functional health literacy and mortality. When not controlling for 

cognitive function, Baker et al.[32] found that individuals with inadequate compared to 

adequate health literacy had a 50% higher risk of dying. When additionally adjusting for 

cognitive function, the risk reduced to 27%, but remained significant. A similar pattern of 

attenuation was found in another study.[33] Thus, cognitive function did not fully explain this 

relationship. These two studies, however, used brief measures of functional health literacy 

and cognitive function.  

The present study sought to better understand the relationship between functional health 

literacy, cognitive ability and mortality using data from the LBC1936. We note that this is the 

same sample as used in Mõttus et al.[25] to investigate the association between functional 

health literacy, cognitive ability and physical health. In this previous study,[25] physical 

health was measured concurrently with fluid ability and functional health literacy. The 

current analysis is different from and complementary to this previous study in that we 

followed up the participants for 8 years to determine mortality status—obviously a most 

important health outcome.  Studies that have examined the role that cognitive function plays 

in the association between functional health literacy and mortality used brief cognitive 

measures collected at the same time as the functional health literacy tests.[32, 33] It is not 

known whether early life cognitive ability and cognitive ability in older age play different 

roles in the association between health literacy and mortality. The current analysis utilises 

cognitive test scores collected in childhood, which are thought to measure the trait of lifelong 

intelligence, and current cognitive ability in older age, measured at approximately 73 years 

and contemporaneously with functional health literacy. The aim of this study was to 
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determine whether childhood cognitive ability and current cognitive ability in older 

adulthood play unique roles in the association between functional health literacy and 

mortality. 

 

METHODS 

Participants 

LBC1936 is a cohort study of 1091 older adults born in 1936, most of whom reside in the 

Lothian area in Scotland. Most had taken part in the Scottish Mental Survey 1947, which 

tested the intelligence of almost all children born in 1936 and attending Scottish schools on 

4
th
 June 1947.[34] LBC1936 consists of a sample of these individuals who were subsequently 

followed-up, for the first time, at age 70 years (wave 1). To date, these participants have been 

followed-up a further three times at approximately 3 year intervals (waves 2-4). LBC1936 

was designed principally to investigate healthy, non-pathological, cognitive ageing. Detailed 

information on this cohort is provided elsewhere.[35, 36] The present study used a sub-

sample of 795 (413 male, 382 female) LBC1936 participants who completed tests of health 

literacy at wave 2 when participants were approximately aged 73 years. Figure 1 shows a 

flow chart of how the analytic sample for this current study was derived.  

Ethical approval was obtained from the Scotland A Research Ethics Committee 

(07/MRE00/58). Written informed consent was obtained from participants. This study 

conformed to the principles embodied in the Declaration of Helsinki. 

 

Measures 

Mortality and survival time  
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The General Register Office for Scotland was used to identify deaths. Deaths through to end 

of March 2017 were recorded and this date is used as the censoring date for participants who 

survived. Survival time was measured in days from date of attending study visit at wave 2 to 

date of death or censoring date.   

 

Functional health literacy 

Three functional health literacy tests were administered at wave 2.  

Rapid Estimate of Adult Literacy in Medicine (REALM):[37] This test measures participants’ 

ability to read and correctly pronounce medical words. Participants are presented a piece of 

paper with a list of 66 medical words and are asked to read these words aloud. The words 

range in difficulty from easy (“fat”) to difficult (“impetigo”). One point is given for each 

correctly pronounced word. One week test-retest (r = 0.99)[37] and internal consistency 

(Cronbach’s alpha = 0.98)[38] have been found to be very high. 

Shortened Test of Functional Health Literacy in Adults (S-TOFHLA):[5, 6]. In the numeracy 

section, participants are provided with cards with medical information on them and are asked 

four questions about this information. The reading comprehension section comprised a 36-

item task which involved participants reading two health-related passages where every fifth 

to seventh word was missing and participants were to select the missing word from four 

options. Participants had 12 minutes to complete both sections. Here, the British version of 

the S-TOFHLA[9] was used which substitutes the Medicaid passage for a passage about UK 

prescription fee exemptions. This measure is a shortened version of the Test of Functional 

Health Literacy in Adults, which is seen as the gold standard functional health literacy 

test[39]. Successful completion of the S-TOFHLA requires the ability to read and 

comprehend written words and numbers in a health context. Internal consistency is high for 
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reading comprehension (Cronbach’s alpha = 0.97)[6] and adequate for numeracy (Cronbach’s 

alpha = 0.68).[6] The S-TOFHLA has been found to correlate strongly with the REALM (r = 

0.80).[6] 

Newest Vital Sign (NVS):[40] Participants were presented with a nutrition label from a 

container of ice cream and were asked to answer six questions about the information provided 

on this label. The NVS assesses both reading comprehension and numeracy skills associated 

with health as participants need to use the written text and numbers on the label to answer the 

questions.[40] The NVS correlates with the S-TOFHLA at r = 0.59[40] and shows reasonable 

internal consistency (Cronbach’s alpha = 0.76).[40] 

General health literacy: The three functional health literacy measures used here have been 

found to correlate moderately with each other.[25] To capture the shared variance between 

these tests, a general measure of functional health literacy was created by entering scores on 

the three tests into a principal component analysis (PCA). Two of these measures had skewed 

distributions (see Supplementary Figures 1-8), therefore Spearman’s rank correlation was 

used in the PCA. Only the first component had an eigenvalue greater than 1, and the scree 

slope indicated a single component; therefore scores from the first unrotated principal 

component were used as a composite of functional health literacy (general functional health 

literacy). This component accounted for 59.7% of the total variance, confirming there was 

substantial shared variance between the three functional health literacy tests. The REALM, S-

TOFHLA and NVS loaded 0.74, 0.80, and 0.77, respectively, on this component.  

 

Cognitive ability 

Childhood cognitive ability (age-11 IQ): As part of the Scottish Mental Survey 1947, almost 

all 11 year old children in Scotland in 1947 sat the Moray House Test No. 12 (MHT);[34] a 

Page 9 of 56

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

10 

 

45-minute, group-administered intelligence test that included tasks of verbal reasoning and 

spatial ability, and had a maximum score of 76. In LBC1936, scores on the MHT were 

adjusted for age in days at testing and then were converted into standard IQ-type scores with 

a mean of 100 and a standard deviation of 15. This score will be used as a measure of prior, 

or crystallised, ability.  

Current fluid ability: Participants completed a lengthy cognitive assessment.[35, 36] As has 

been done in previous LBC1936 studies,[23, 25] six tests administered at wave 2 thought to 

measure fluid-type cognitive abilities that tend decline across the  lifespan[14-16] were 

entered into a PCA. The following tests from the Wechsler Adult Intelligence Scale-III[41] 

that assess non-verbal reasoning, visuospatial ability, working memory, and processing speed 

were used: Matrix Reasoning, Block Design, Letter-Number Sequencing, Symbol Search, 

Digit Span Backwards, and Digit Symbol-coding. Only the first component had an 

eigenvalue greater than 1 and the scree slope indicated one component, and therefore scores 

from this first principal component were used as a measure of current fluid ability. This 

component accounted 50.2% of the total variance. The loadings for the six tests were: Matrix 

Reasoning = 0.69; Block Design = 0.71; Letter-Number Sequencing = 0.71; Symbol Search = 

0.75; Digit Span Backwards = 0.64; Digit Symbol-coding = 0.75.   

 

Covariates 

Sociodemographic variables included in this analysis were education and occupational social 

class. Years of full-time education completed, recorded at wave 1 when participants were 

aged 70 years, was used to measure education. At wave 1, participants were assigned to one 

of the following occupational social classes based on their highest occupational status prior to 

retirement:[42] professional, managerial and technical, skilled, partly skilled manual, 
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unskilled manual. Female participants were assigned the occupational class of their husband 

if this was higher than their own. Skilled was separated into skilled non-manual and skilled 

manual. Only 5 participants in this sample were assigned the occupational class of unskilled, 

therefore partly skilled manual, and unskilled manual were combined into one class, hereafter 

referred to as manual (N = 31).  

Three measures of health status measured at wave 2 were used. Self-reported health was 

measured by asking participants whether they rated their general health to be excellent, very 

good, good, fair or poor. Only a small number of participants who were recorded dead at the 

censoring date reported poor (N = 3) or excellent (N = 17) health. Therefore, poor and fair 

were collapsed into one category (fair/poor; N = 73), as were very good and excellent (very 

good/excellent; N = 487). Total score on the Hospital Anxiety and Depression Scale 

(HADS)[43] was used as a measure of mood state. Higher scores on the HADS represent 

higher levels of anxiety and depression.  Activities of daily living were assessed using the 

Townsend Disability Scale.[44] Participants were given a score of 0 (no difficulty completing 

this activity) to 2 (not able complete this activity) for nine activities, and thus higher scores 

represent more functional disability.  

 

Patient and public involvement  

LBC1936 participants were not involved in the development of any part of this study.  The 

results will be disseminated to participants via a quarterly newsletter sent to LBC1936 

participants.  
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Statistical analysis 

SPSS version 21.0 was used to carry out this analysis. To determine whether those recorded 

as alive or dead at censoring date differ on demographic, functional health literacy, cognitive 

function, or health status variables, chi-square tests were conducted for categorical variables, 

independent t-tests were used for normally-distributed continuous variables, and Mann-

Whitney U tests were used for non-normal continuous variables. Spearman’s rank-order 

correlation was used to examine the relationship between functional health literacy and 

cognitive ability scores. To investigate the association between functional health literacy and 

time to death, Cox proportional hazard regression was used. For each of the functional health 

literacy measures of interest (REALM, S-TOFHLA, NVS, and the component score of 

general functional health literacy) six models were run. In Model 1 the functional health 

literacy measure of interest and age and sex were entered. Years of education was added in 

Model 2 as this has been found to be associated with functional health literacy. To determine 

whether cognitive ability in childhood attenuated the association between functional health 

literacy and mortality, age-11 IQ was added (Model 3). In Model 4, fluid-type cognitive 

ability in older age was additionally added to determine its role in the association between 

functional health literacy and mortality. Occupational class was additionally included in 

Model 5. Finally, health status variables (self-reported health, HADS, and Townsend) were 

included in Model 6. Methods to control for multiple testing were not used here. We were 

interested in the change in the effect size of the association between functional health literacy 

and mortality following the inclusion of various cognitive, sociodemographic and health 

variables. In the results section of the main text here, only the hazard ratios (HRs) and 95% 

confidence intervals (CIs) for the functional health literacy measures are reported. A more 

detailed description of the results for all variables in the models is given in the supplementary 

materials. 
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RESULTS 

A total of 796 participants completed the functional health literacy measures at wave 2 

(Figure 1). Following removal of one participant without information on date of death, 130 

participants had died, and 665 participants were alive at the censoring date. Participant 

characteristics are reported in Table 1 and functional health literacy and cognitive ability 

scores are shown in Table 2. Those who died were more likely to be from a lower 

occupational class, were more likely to report poorer health, and reported more disability than 

those who survived. Participants who had died had lower scores on all the functional health 

literacy measures, and had lower fluid cognitive ability scores in older age. Age-11 IQ did 

not differ between the two groups. 

Table 3 shows the rank order correlations between functional health literacy and cognitive 

ability measures. These have been reported elsewhere.[23, 25] The three functional health 

literacy measures correlated moderately with each other (r = 0.35-0.44, p < .001), and higher 

scores on the functional health literacy measures were correlated with higher age-11 IQ (r = 

0.44-0.51, p < .001), and higher fluid ability (r = 0.38-0.55, p < .001). The three functional 

health literacy measures tended to correlate more strongly with measures of cognitive ability 

than with each other. The general functional health literacy measure also showed a strong 

positive correlation with both age-11 IQ (r = 0.61, p < .001) and fluid ability in older age (r = 

0.63, p < .001). The correlations between all variables examined in this analysis are reported 

in Supplementary Table 1. 
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Table 1 Participant characteristics for participants alive or dead at censoring date and p-

values to determine whether these characteristics differed by survival status 

 N Alive Dead p-value 

Survival time (years), mean (SD) 795 8.19 (0.66) 5.23 (2.14)  

Age (years) at wave 2, mean (SD) 795 72.54 (0.70) 72.41 (0.72) .068 

Sex, n (%) 795   .069 

Male  336 (50.5) 77 (59.2)  

Female  329 (49.5) 53 (40.8)  

Years of education, mean (SD)  795 10.80 (1.16) 10.71 (1.10) .417 

Occupational class, n (%) 780   .001 

Professional  142 (21.7) 12 (9.4)  

Managerial/technical  249 (38.1) 49 (38.6)  

Skilled: non-manual  140 (21.4) 26 (20.5)  

Skilled: manual  96 (14.7) 35 (27.6)  

Manual   26 (4.0) 5 (3.9)  

Self-reported health, n (%) 795   <.001 

Poor/fair  47 (7.1) 26 (19.9)  

Good  195 (29.4) 40 (30.5)  

Very good/excellent  422 (63.5) 65 (49.6)  

HADS total, mean (SD) 794 7.02 (4.37) 7.42 (4.62) .342 

Townsend disability, mean (SD) 794 0.89 (1.82) 1.60 (2.48) .001 

HADS, Hospital Anxiety and Depression Scale. 

Page 14 of 56

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

15 

 

Table 2 Mean scores (SD) on measures of functional health literacy and cognitive ability by 

survival status, and p-values to determine whether these scores differ by survival status  

 N Alive  Dead  p-value  

REALM score 794 65.08 (2.39) 64.67 (3.02) .015 

S-TOFHLA score 744 38.00 (3.85) 36.69 (5.37) .025 

NVS score 789 2.92 (1.90) 2.48 (1.92) .011 

General functional health 

literacy  

740 0.05 (0.98) -0.24 (1.08) .007 

Age-11 IQ 752 101.08 (14.99) 98.55 (16.33) .091 

Current fluid ability  789 0.07 (0.99) -0.34 (1.00) <.001 

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of 

Functional Health Literacy in Adults; NVS, Newest Vital Sign; IQ, Intelligence Quotient.  

 

The HRs for the association between functional health literacy and mortality are shown in 

Table 4. HRs for all variables entered into the models are reported in Supplementary Tables 

2-5. In all models, the assumptions of proportional hazards were met. Given the high 

correlations between functional health literacy and cognitive ability, variance inflation factors 

(VIF) were calculated to check for multicollinearity. VIF values for all models were low 

(highest VIF = 2.15), suggesting there was no multicollinearity in these models. 

REALM: The HRs for the REALM represent the risk of dying for a one point increase in the 

REALM (max score = 66). The REALM did not significantly predict mortality in Model 1 

(HR = 0.95, 95% CI 0.90 to 1.01) adjusting for age and sex, or subsequently with the addition 

of education (Model 2), age-11 IQ (Model 3), fluid ability (Model 4), occupational class 

(Model 5), or health status (Model 6).  
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Table 3 Rank order correlations between functional health literacy and cognitive ability measures  

1 2 3 4 5 6 

1  REALM -      

2  S-TOFHLA 0.40* -     

3  NVS 0.35* 0.44* -    

4  General functional health literacy 0.71* 0.80* 0.78* -   

5  Age-11 IQ 0.44* 0.48* 0.51* 0.61* -  

6  Current fluid ability  0.38* 0.55* 0.55* 0.63* 0.57* - 

*p < .001.  

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of 

Functional Health Literacy in Adults; NVS, Newest Vital Sign; IQ, Intelligence Quotient. 

 

S-TOFHLA: The HRs for the S-TOFHLA represent the risk of mortality for a one point 

increase in S-TOFHLA score (max score = 40). With age and sex controlled for, a one-point 

increase in S-TOFHLA reduced the risk of dying by 5% (Model 1 HR = 0.95, 95% CI 0.92 to 

0.98). Inclusion of education (Model 2) and age-11 IQ (Model 3) did not attenuate this 

association. This association was attenuated and became non-significant in Model 4 with the 

inclusion of fluid ability (HR = 0.97, 95% CI 0.93 to 1.01), and remained non-significant and 

continued to reduce in size following the addition of occupational class (Model 5) and health 

status (Model 6).  

NVS: The HRs for NVS represent the risk of mortality for a one point increase in NVS score 

(max score = 6). In Model 1, in which age and sex were entered as covariates, NVS 

significantly predicted mortality. A one point increase in NVS score reduced the risk of dying 

by 12% (HR = 0.88, 95% CI 0.80 to 0.97). The addition of years of education (Model 2) did 
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not attenuate this association. Age-11 IQ was added in Model 3 and this did little to change 

the association between NVS and mortality. The inclusion of fluid ability in Model 4 greatly 

attenuated the association between NVS and mortality, and this association became non-

significant (HR = 0.96, 95% CI 0.86 to 1.08). This association remained non-significant 

following the inclusion of occupational class (Model 5) and health status variables (Model 6).  

General functional health literacy: The HRs for general functional health literacy represent 

the risk of mortality for a one SD increase in general functional health literacy. General 

functional health literacy predicted mortality in Model 1, controlling for age and sex. A one 

SD increase in general functional health literacy reduced the risk of mortality by 23% (HR = 

0.77, 95% CI 0.65 to 0.92). Including years of education in Model 2 and age-11 IQ in Model 

3 did little to change the association between general functional health literacy and mortality. 

Current fluid ability was included in Model 4 and this attenuated the association between 

general functional health literacy and mortality and this association was no longer significant 

(HR = 0.87, 95% CI 0.67 to 1.13). Adding occupational social class in Model 5 did little to 

change the association between general functional health literacy and mortality. Health status 

variables were added in Model 6 and the association between general functional health 

literacy and mortality was further attenuated and remained non-significant. 

All models were re-run using only participants who had complete data on all of the variables 

of interest. These models are shown in Supplementary Tables 6-9. The associations between 

functional health literacy and mortality were similar to those reported here, except that, in 

Model 1 for the REALM (Supplementary Table 6), higher scores on the REALM 

significantly reduced the risk of mortality. This association was no longer significant in 

Model 2, following the inclusion of age-11 IQ. 
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Table 4 Hazard ratios (95% confidence intervals) for the association between four measures of functional health literacy and mortality, 

controlling for sociodemographic, cognitive, and health variables  

Model 1 

Age and sex 

Model 2  

+ education 

Model 3 

+ age-11 IQ 

Model 4 

+ current fluid 

ability in older age 

Model 5 

+ occup class 

Model 6 

+ health status  

REALM 

 

0.95 (0.90 to 1.01) 

N = 794 

0.96 (0.90 to 1.01) 

N = 794 

0.96 (0.90 to 1.02) 

N = 752 

0.97 (0.91 to 1.04) 

N = 746 

0.97 (0.90 to 1.04) 

N = 731 

1.00 (0.92 to 1.07) 

N = 728 

S-TOFHLA 

 

0.95 (0.92 to 0.98)** 

N = 744 

0.95 (0.92 to 0.98)** 

N = 744 

0.95 (0.91 to 0.98)** 

N = 702 

0.97 (0.93 to 1.01) 

N = 697 

0.98 (0.94 to 1.02) 

N = 682 

1.00 (0.95 to 1.05) 

N = 680 

NVS 

 

0.88 (0.80 to 0.97)** 

N = 789 

0.88 (0.80 to 0.97)* 

N = 789 

0.89 (0.80 to 0.99)* 

N = 746 

0.96 (0.86 to 1.08) 

N = 742 

0.97 (0.86 to 1.09) 

N = 727 

0.96 (0.85 to 1.08) 

N = 724 

General functional  

health literacy 

0.77 (0.65 to 0.92)** 

N = 740 

0.75 (0.61 to 0.90)** 

N = 740 

0.74 (0.59 to 0.93)* 

N = 698 

0.87 (0.67 to 1.13) 

N = 694 

0.911 (0.70 to 1.19) 

N = 679 

0.95 (0.72 to 1.25) 

N = 677 

*p < .05, **p < .01 

IQ, intelligence quotient; occup class, occupational class; REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened 

Test of Functional Health Literacy in Adults; NVS, Newest Vital Sign. 
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Sensitivity analyses: Participants who may have a dementia or possible pathological cognitive 

impairment were not removed prior to running these analyses. One participant self-reported a 

diagnosis of dementia at the wave 2 assessment. Five participants in this sample have mini-

mental state exam scores below the often-used cutoff of 24[45] (one participant scored 20/30, 

one scored 22/30 and three scored 23/30), which suggests a possible cognitive impairment. 

To determine whether the presence of dementia or possible cognitive impairment affects the 

results, these analyses were re-run excluding these 6 individuals. All associations were very 

similar to those reported above (results not shown; available from the authors) and therefore 

the presence of dementia or possible cognitive impairment did not affect the main results. 

 

DISCUSSION 

This study investigated whether prior cognitive ability measured in childhood and current 

fluid cognitive ability measured in older adulthood played different roles in the association 

between functional health literacy and mortality. Three measures of functional health literacy 

were used; the REALM, S-TOFHLA, and NVS. These three measures were also used to 

create a composite measure of functional health literacy. The REALM, a test that requires 

only the ability to read and correctly pronounce medical words, did not predict mortality, 

even in minimally adjusted models (though it had a slightly stronger and significant 

association when only those with full data were included, as shown in supplementary 

analysis). When using functional health literacy tests that assessed reading comprehension 

and numeracy (S-TOFHLA, NVS, and general functional health literacy), functional health 

literacy predicted mortality in models adjusting for age, sex and education only. Individuals 

who had higher scores on the S-TOFHLA, NVS, and general functional health literacy had a 

lower risk of mortality than those with lower scores. Accounting for prior intelligence 
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measured in childhood did not change this association. The association between functional 

health literacy and mortality disappeared when contemporaneous fluid ability was accounted 

for. The attenuation was particularly large for the NVS and general functional health literacy.  

Two previous studies used functional health literacy tests that measure reading 

comprehension and numeracy to investigate the role that cognitive function plays in the 

association between functional health literacy and mortality.[32, 33] These studies measured 

cognitive function concurrently with health literacy in middle-age or older adulthood and 

found that, although the size of the association between functional health literacy and 

mortality was reduced, functional health literacy still predicted mortality when cognitive 

function was controlled for.[32, 33] We investigated the role that both childhood cognitive 

ability, and cognitive ability in older age have on the association between functional health 

literacy and mortality. Here, fluid ability, but not childhood intelligence, attenuated the 

association between functional health literacy and mortality such that the association was no 

longer significant. Childhood cognitive ability, which was measured decades prior to the 

functional health literacy assessment, is thought to reflect the relatively stable trait of lifelong 

intelligence, whereas current fluid ability, which was measured when participants were 

approximately 73 years old, is a measure of current cognitive competence.[23] These results 

suggest that, whereas childhood intelligence did not play a role in the association between 

functional health literacy and mortality, current fluid-type cognitive ability in older adulthood 

accounted for a large proportion of this association.  

A strength of this current study is that detailed measures of cognitive ability were used. 

Childhood intelligence was measured using a standardised test of intelligence which had 

good concurrent validity with other intelligence tests.[35] The fluid ability measure 

comprised many standardised neuropsychological tests. Both Baker et al.[32] and Bostock 

and Steptoe[33] used brief measures of cognitive function. Baker et al.[32] used specific 
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items from the mini-mental state exam, a measure designed to screen for cognitive 

impairment[45] which is insensitive to individual differences in healthy cognitive ageing. 

Bostock and Steptoe[33] used three brief cognitive tests administered in a non-standardised 

way in the participants’ own home. These studies may not have used tests sensitive enough, 

or that covered a necessary range of cognitive functions, to fully account for the association 

between health literacy and mortality.  

Another advantage of the current study is the use of three different tests of functional health 

literacy. All tests were used to measure functional health literacy; however, each test required 

the participant to carry out different health-related tasks. Whereas the REALM required the 

participant only to read and correctly pronounce words, the S-TOFHLA and NVS are more 

cognitively demanding tasks that assessed both reading comprehension and numeracy skills. 

Using these three measures enabled us to investigate whether different patterns of association 

between functional health literacy and mortality were found when using the different tests. 

By using three measures of functional health literacy, we were also able to create a composite 

measure of functional health literacy. This general measure was derived with the aim of 

creating a score that captures the shared variance between the three functional health literacy 

tests, providing a more comprehensive measure of functional health literacy.  

The results of this study support the proposal by Reeve and Basalik[26] that functional health 

literacy may not be a unique construct; instead, it is tenable that tests of functional health 

literacy may in fact be largely measuring cognitive ability. First we found, as has been 

reported elsewhere,[23, 25] that tests of health literacy tended to correlate more strongly with 

tests of cognitive ability than with each other. The original paper describing the S-TOFHLA 

found that this test correlated with the REALM at r = 0.80,[6] suggesting these tests are 

measuring the same underlying ability. However, other studies have found moderate 

correlations between these tests, similar to ours.[46] Second, we found that the NVS, S-
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TOFHLA and general functional health literacy no longer predicted mortality when 

accounting for fluid cognitive ability. The results of our study suggest that health literacy 

may not be independent of cognitive ability. This attenuation is likely to be because there is 

an overlap in the content of tests of fluid ability and the NVS and S-TOFHLA. The NVS and 

S-TOFHLA are cognitively demanding tasks that are likely to be substantially measuring 

fluid-type cognitive abilities, such as working memory and reasoning, that decline with 

increasing age.[15] Childhood cognitive ability did not attenuate the association between 

functional health literacy and mortality, suggesting that the NVS and S-TOFHLA are 

measuring current fluid-type cognitive capability in old age, and not lifelong intelligence. 

Current fluid ability in older age may be driving much of the association between functional 

health literacy and mortality largely because tests of functional health literacy are assessing 

mostly the same underlying abilities as measures of fluid ability.   

Some researchers have questioned the validity of some of the functional health literacy tests 

used here. The Test of Functional Health Literacy in Adults is often reported as the gold 

standard functional health literacy test.[39] However,  the NVS has been found to have poor 

concurrent validity with the Test of Functional Health Literacy in Adults.[39] In support of 

this, we found that the rank-order correlation between the NVS and S-TOFHLA was modest 

(r = 0.44). Concerns have been raised about the fact that the REALM assesses only the ability 

to read and pronounce words.[38] Knowing how to pronounce medical words may not be 

directly related to the ability to understand medical information, and therefore this may not 

adequately cover all the domains of functional health literacy.[38] Indeed, all the tests used 

here were designed to largely measure the component of health literacy known as functional 

health literacy. None of these measures assess other components of health literacy such as the 

skills required to critically analyse health information or the communicative skills needed to 

participate and navigate in the health-care environment.[3] Assessments of health literacy that 
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are designed to measure a much broader range of health literacy skills are available, such as 

the Health Literacy Questionnaire (HLQ)[47] and the European Health Literacy Survey 

Questionnaire (HLS-EU-Q).[48] The HLQ assesses nine dimensions of health literacy, 

including the ability to actively manage health and navigate the health care system.[47] 

Whereas the HLS-EU-Q measures self-reported skills in being able to access, understand, 

appraise, and apply health-related information in the health-care setting, as well as in disease 

prevention and health promotion.[48] Fluid cognitive ability may not play a role in the 

association between health literacy and mortality if we used these self-reported, broad, 

measures of health literacy, rather than the objective, but narrow, functional health literacy 

tests used here.  

There are some limitations to this study. The LBC1936 participants were followed-up for the 

first time at age 70 years and therefore the sample used in this analysis will likely suffer from 

a survival bias as this sample is made up of individuals who have survived to the age of 70 

years. LBC1936 participants also tended to have higher scores on the Moray House Test 

(age-11 IQ test) than Scottish-wide and Edinburgh-wide participants who also sat this test in 

1947 as part of the Scottish Mental Survey.[36] Thus, individuals in this sample tended to be 

brighter than the original Scottish Mental Survey 1947 participants. This analysis only 

examined the association between functional health literacy and all-cause mortality. It is 

possible that there are different relationships between functional health literacy and cause-

specific mortality, for example functional health literacy may only predict deaths linked to 

unhealthy lifestyles, such as cardiovascular disease. The follow-up period in this study was 

relatively short, and therefore only a small percentage of participants had died. Future studies 

should investigate mortality over a longer follow-up period and in larger samples to examine 

whether there are different patterns of association between functional health literacy and 

cause-specific mortality.   
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We investigated whether childhood cognitive ability and fluid ability in older age play 

independent roles in the association between functional health literacy and mortality. The 

results indicate that fluid-type cognitive capability may account for the association between 

functional health literacy and mortality, while childhood cognitive ability—an indicator of 

lifelong intelligence—does not. Researchers and clinicians should be aware that lower 

functional health literacy scores may actually reflect lower cognitive ability in older age, and 

that current cognitive capacity in older adulthood, but not lifelong intelligence, may be 

driving the association between functional health literacy and mortality. Future research 

examining the association between functional health literacy and mortality, and other health 

indicators, should also include measures of cognitive ability to be able to properly disentangle 

the relationship between functional health literacy and health.  
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Figure 1 Flow diagram of the sample used to investigate the role of cognitive ability in the 

association between health literacy and mortality (n = 795) 
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Supplementary material for: The role of cognitive ability in the association between 
functional health literacy and mortality in the Lothian Birth Cohort 1936:  

a prospective cohort study 
 

 

Supplementary Figure 1 Distribution of scores on the Rapid Estimate of Adult Literacy in 
Medicine for participants who were alive at censoring date 
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Supplementary Figure 2 Distribution of scores on the Rapid Estimate of Adult Literacy in 
Medicine for participants who had died by censoring date 

  

Page 35 of 56

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

3 
 

 

Supplementary Figure 3 Distribution of scores on the Shortened Test of Functional Health 
Literacy in Adults for participants who were alive at censoring date 
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Supplementary Figure 4 Distribution of scores on the Shortened Test of Functional Health 
Literacy in Adults for participants who has died by censoring date 
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Supplementary Figure 5 Distribution of scores on the Newest Vital Sign for participants 
who were alive at censoring date
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Supplementary Figure 6 Distribution of scores on the Newest Vital Sign for participants 
who had died by censoring date 
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Supplementary Figure 7 Distribution of scores on General Health Literacy for participants 
who were alive at censoring date 
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Supplementary Figure 8 Distribution of scores on General Health Literacy for participants 
who had died by censoring date 
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Supplementary Table 1 Rank order correlations between sociodemographic, functional health literacy, cognitive and health variables  

 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Age -             

2 Sex† 0.04 -            

3 REALM -0.12** 0.17*** -           

4 S-TOFHLA -0.05 0.10** 0.40*** -          

5 NVS -0.12** 0.01 0.35*** 0.44*** -         

6 General functional 
health literacy -0.09* 0.14*** 0.71*** 0.80*** 0.78*** -        

7 Age-11 IQ -0.07* 0.11** 0.44*** 0.48*** 0.51*** 0.61*** -       

8 Fluid ability  -0.13*** 0.00 0.38*** 0.55*** 0.55*** 0.63*** 0.57*** -      

9 Education  -0.05 0.03 0.31*** 0.33*** 0.37*** 0.45*** 0.45*** 0.37*** -     

10 Occup class 0.05 -0.15*** -0.31*** -0.31*** -0.32*** -0.39*** -0.40*** -0.35*** -0.47*** -    

11 Self-rated health -0.02 0.06 0.12** 0.20*** 0.11** 0.18*** 0.17*** 0.24*** 0.11** -0.11** -   

12 HADS 0.06 0.08* -0.07 -0.13** -0.11** -0.14*** -0.13*** -0.22*** -0.08* 0.08* -0.32*** -  

13 Townsend 0.13*** 0.16*** -0.08* -0.12** -0.15*** -0.14*** -0.12** -0.17*** -0.12** 0.09* -0.35*** 0.22*** - 

*p < .05, **p < .01, ***p < .001. 

†Correlations are point-biseral correlations. Female is coded 1 and male is coded 2.  

Occupational class (ranging from 1-professional to 4-manual) and self-rated health (ranging from 1-poor/fair to 3-very good/excellent) are entered as ordinal variables.  

REALM, Rapid Estimate of Adult Literacy in Medicine; S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; NVS, Newest Vital Sign; IQ, 
Intelligence Quotient; Occup class, occupational class; HADS, Hospital Anxiety and Depression Scale; Townsend, Townsend Disability Scale. 

Page 42 of 56

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022502 on 10 S

eptem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

10 
 

DETAILED RESULTS 

REALM: Hazard ratios (HRs) and 95% confidence intervals (CIs) for the associations between the 

REALM and mortality are shown in Supplementary Table 2. In Model 1, in which age and sex were 

controlled, the REALM did not significantly predict mortality (HR = 0.954, 95% CI 0.904 to 1.007), 

nor did age or sex. The REALM remained a non-significant predictor of mortality in Model 2, with 

the addition of years of education. Years of education did not predict mortality (HR = 0.963, 95% CI 

0.822 to 1.128). Age-11 IQ was added in Model 3, and this did little to change the association 

between the REALM and mortality. Age-11 IQ did not predict mortality (HR = 0.993, 95% CI 0.980 

to 1.006). The REALM remained a non-significant predictor of mortality following the inclusion of 

current fluid ability in Model 4. A one SD increase in fluid ability score reduced the risk of death by 

37.9% (HR = 0.621, 95% CI 0.496 to 0.777). In Model 5, occupational social class was included in 

the model. The REALM remained non-significant. Individuals with a managerial/technical social 

class (HR = 2.278, 95% CI 1.161 to 4.470), a skilled non-manual social class (HR = 2.464, 95% CI 

1.167 to 5.201) or a skilled manual social class (HR = 3.608, 95% CI 1.647 to 7.907) had a higher risk 

of death than individuals with a professional social class. Health status variables were additionally 

added in Model 6. The REALM remained a non-significant predictor of mortality. In this model, 

individuals with more years of education had a higher risk of dying (HR = 1.232, 95% CI 1.018 to 

1.492). Risk of death for those who self-reported their health as fair or poor was over 2 times greater 

than those who reported their health to be very good or excellent (HR = 2.071, 95% CI 1.147 to 

3.739). Whereas HADS score did not predict mortality, Townsend disability did. A one-point increase 

on the Townsend disability scale increased risk of mortality by 13.3% (HR = 1.133, 95% CI 1.044 to 

1.229).  

S-TOFHLA: The HRs for the association between S-TOFHLA and mortality are shown in 

Supplementary Table 3. In Model 1, controlling for age and sex, S-TOFHLA significantly predicted 

mortality. A one-point increase in S-TOFHLA reduced the risk of death by 5.2% (HR = 0.948, 95% 

CI 0.919 to 0.978). In this model, age and sex did not predict mortality. Adding years of education in 

Model 2 did not change the association between the S-TOFHLA and mortality. Years of education did 
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not predict mortality (HR = 1.020, 95% CI 0.870 to 1.197). The inclusion of age-11 IQ in Model 3 did 

not change the association between the S-TOFHLA and mortality. Age-11 IQ also did not predict 

mortality (HR = 0.997, 95% CI 0.983 to 1.011). The association between the S-TOFHLA and 

mortality was attenuated and became non-significant (HR = 0.967, 95% CI 0.929 to 1.007) in Model 

4, additionally accounting current fluid ability. Current fluid ability significantly predicted mortality 

in this model. A one SD increase in fluid ability reduced the risk of death by 30.5% (HR = 0.695, 95% 

CI 0.545 to 0.887). Occupational class was included in Model 5, and the association between S-

TOFHLA and mortality remained non-significant. Individuals with more years of education, 

controlling for other sociodemographic variables and cognitive function, had increased risk of death 

(HR = 1.219, 95% CI 1.004 to 1.481). Risk of dying was three times greater for participants with a 

skilled manual social class, compared to individuals with a professional social class (HR = 3.096, 

95% CI 1.385 to 6.922). S-TOFHLA remained a non-significant predictor or mortality in Model 6, 

which included health status variables. Self-reporting health as fair or poor, compared to very good or 

excellent, was associated with increased risk of mortality (HR = 2.209, 95% CI 1.216 to 4.014). 

Higher scores on the HADS were not associated with mortality, while a higher Townsend disability 

score increased risk of death (HR = 1.131, 95% CI 1.039 to 1.232). 

NVS: HRs for the association between NVS and mortality are shown in Supplementary Table 4. In 

Model 1, in which age and sex were entered as covariates, NVS significantly predicted mortality. A 

one point increase in NVS score reduced the risk of death by 11.8% (HR = 0.882, 95% CI 0.805 to 

0.966). Age and sex did not predict mortality. Years of education was included in Model 2 and this 

did not change the association between the NVS and mortality. Years of education did not predict 

mortality (HR = 1.007, 95% CI 0.855 to 1.186). Age-11 IQ was additionally added to the model in 

Model 3 and this did little to change the association between NVS and mortality and this association 

remained significant. Age-11 IQ did not predict mortality (HR = 0.995, 95% CI 0.982 to 1.008). The 

inclusion of fluid ability in Model 4 greatly attenuated the association between NVS and mortality, 

and this became non-significant (HR = 0.963, 95% CI 0.860 to 1.078). Fluid ability was strongly 

associated with risk of death. A one SD increase in fluid ability score reduced risk of dying by 37.0% 
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(HR = 0.630, 95% CI 0.496 to 0.800). The association between NVS and mortality remained non-

significant in Model 5 following inclusion of occupational class in the model. Compared to those with 

a professional social class, participants with managerial or technical (HR = 2.288, 95% CI 1.166 to 

4.490), skilled non-manual (HR = 2.421, 95% CI 1.147 to 5.112), and skilled manual (HR = 3.631, 

95% CI 1.658 to 7.951) social class had an increased risk of death. Finally, health status variables 

were included in Model 6. The inclusion of health status variables did little to change the association 

between NVS and mortality, which remained non-significant. In this model, having more years of 

education was associated with increased risk of mortality (HR = 1.242, 95% CI 1.023 to 1.508).  

Those who reported their health as fair or poor had 2.10 times (HR = 2.099, 95% CI 1.167 to 3.775) 

increased risk of mortality, compared to those who self-reported their health as very good or excellent. 

Participants with higher scores on the Townsend disability scale also had an increased risk of 

mortality (HR = 1.132, 95% CI 1.044 to 1.228).  

General functional health literacy: HRs for the association between general functional health literacy 

and mortality are shown in Supplementary Table 5. General functional health literacy predicted 

mortality in Model 1 (HR = 0.774, 95% CI 0.650 to 0.922), while age and sex did not. A one point 

increase in the general functional health literacy score reduced the risk of mortality by 22.6%. Adding 

years of education (Model 2) did little to change the association between general functional health 

literacy and mortality and this association remained significant. Years of education was not associated 

with mortality (HR = 1.080, 95% CI 0.909 to 1.284). General functional health literacy remained a 

significant predictor of mortality when age-11 IQ was added in Model 3. Age-11 IQ did not predict 

morality (HR = 0.999, 95% CI 0.984 to 1.014). The inclusion of current fluid ability in Model 4 

attenuated the association between general functional health literacy and risk of death, and this 

association became non-significant (HR = 0.871, 95% CI 0.674 to 1.125). Fluid ability was a 

significant predictor of mortality, such that a one SD increase in fluid ability reduced risk of death by 

31.3% (HR = 0.687, 95% CI 0.531 to 0.887). Including occupational social class in Model 5 did little 

to change the association between general functional health literacy and mortality, and this association 

remained non-significant. In Model 5, individuals with more years of education had a greater risk of 
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death (HR = 1.240, 95% CI 1.019 to 1.508), and those with an occupational social class of skilled 

manual (HR = 3.134, 95% CI 1.405 to 6.991), when compared to those with a professional 

occupational class, had an increased risk of mortality. Finally, health status variables were added in 

Model 6. The association between general functional health literacy and mortality was attenuated 

further and remained non-significant. Reporting fair or poor health, compared to reporting very good 

or excellent health increased the risk of mortality (HR = 2.229, 95% CI 1.229 to 4.042). Higher 

Townsend disability scores were also associated with increased risk of death (HR = 1.128, 95% CI 

1.040 to 1.225). In this final model, controlling for sociodemographics and health variables, as well as 

age-11 IQ, the association between fluid ability and mortality was attenuated and became non-

significant (HR = 0.770, 95% CI 0.589 to 1.007). 
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Supplementary Table 2 Hazard ratios (95% confidence intervals) for the association between REALM and mortality, controlling for sociodemographic, cognitive 
ability, and health status variables 

 

Model 1 
Age and sex 
N = 794 

Model 2 
+ education  
N = 794 

Model 3 
+ age-11 IQ 
N = 752 

Model 4 
+ current fluid ability 
N = 746 

Model 5 
+ occup class 
N = 731 

Model 6 
+ health status 
N = 728 

REALM 0.954 (0.904 to 1.007) 0.957 (0.905 to 1.013) 0.962 (0.903 to 1.025) 0.971 (0.907 to 1.039) 0.970 (0.904 to 1.040) 0.996 (0.924 to 1.074) 
Age 0.940 (0.725 to 1.219) 0.939 (0.724 to 1.218) 0.944 (0.725 to 1.231) 0.879 (0.669 to 1.154) 0.908 (0.686 to 1.203) 0.933 (0.704 to 1.235) 
Sex       

Female Reference Reference  Reference Reference Reference Reference 
Male 1.297 (0.909 to 1.850) 1.298 (0.910 to 1.852) 1.252 (0.869 to 1.802) 1.333 (0.927 to 1.918) 1.176 (0.787 to 1.756) 1.364 (0.898 to 2.073) 

Years of education  0.963 (0.822 to 1.128) 1.022 (0.862 to 1.211) 1.089 (0.916 to 1.295) 1.201 (0.995 to 1.450) 1.232 (1.018 to 1.492)* 
Age-11 IQ   0.993 (0.980 to 1.006) 1.008 (0.993 to 1.023) 1.009 (0.994 to 1.024) 1.008 (0.993 to 1.024) 
Fluid ability    0.621 (0.496 to 0.777)*** 0.662 (0.526 to 0.834)*** 0.727 (0.574 to 0.922)** 
Occupational class       

Professional     Reference Reference 
Managerial/technical     2.278 (1.161 to 4.470 )* 2.218 (1.127 to 4.365)* 
Skilled: non-manual     2.464 (1.167 to 5.201)* 2.596 (1.232 to 5.474)* 
Skilled: manual     3.608 (1.647 to 7.907)** 3.393 (1.532 to 7.516)** 
Partly skilled/ 
unskilled manual     2.054 (0.651 to 6.473) 2.067 (0.656 to 6.510) 

Self-rated health       
Very good/excellent      Reference 
Good      1.153 (0.742 to 1.791) 
Fair/poor      2.071 (1.147 to 3.739)* 

HADS total score      0.972 (0.929 to 1.018) 
Townsend disability      1.133 (1.044 to 1.229)** 

* p < .05, **p < .01, ***p < .001. 
REALM, Rapid Estimate of Adult Literacy in Medicine; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 3 Hazard ratios (95% confidence intervals) for the association between S-TOFHLA and mortality, controlling for sociodemographic, cognitive 
ability, and health variables 

 

Model 1 
Age and sex 
N = 744 

Model 2 
+ education  
N = 744 

Model 3 
+ age-11 IQ 
N = 702 

Model 4 
+ current fluid ability 
N = 697 

Model 5 
+ occup class 
N = 682 

Model 6 
+ health status 
N = 680 

S-TOFHLA  0.948 (0.919 to 0.978)** 0.947 (0.917 to 0.978)** 0.947 (0.913 to 0.982)** 0.967 (0.929 to 1.007) 0.976 (0.935 to 1.019) 0.998 (0.953 to 1.046) 
Age 0.882 (0.665 to 1.170) 0.882 (0.665 to 1.170) 0.889 (0.666 to 1.186) 0.871 (0.652 to 1.164) 0.919 (0.682 to 1.238) 0.936 (0.697 to 1.256) 
Sex       

Female  Reference Reference Reference Reference Reference Reference 
Male 1.307 (0.909 to 1.879) 1.309 (0.910 to 1.881) 1.277 (0.881 to 1.851) 1.349 (0.930 to 1.956) 1.204 (0.797 to 1.818) 1.352 (0.881 to 2.074) 

Years of education  1.020 (0.870 to 1.197) 1.066 (0.896 to 1.268) 1.111 (0.932 to 1.326) 1.219 (1.004 to 1.481)* 1.249 (1.026 to 1.520)* 
Age-11 IQ   0.997 (0.983 to 1.011) 1.006 (0.991 to 1.022) 1.007 (0.991 to 1.022) 1.006 (0.991 to 1.022) 
Fluid ability    0.695 (0.545 to 0.887)** 0.717 (0.557 to 0.922)* 0.759 (0.587 to 0.982)* 
Occupational class       

Professional      Reference Reference 
Managerial/technical     1.889 (0.956 to 3.734) 1.844 (0.931 to 3.650) 
Skilled: non-manual     2.108 (0.994 to 4.470) 2.207 (1.042 to 4.673)* 
Skilled: manual     3.096 (1.385 to 6.922)** 2.881 (1.275 to 6.509)* 
Partly skilled/ 
unskilled manual     1.786 (0.566 to 5.636) 1.773 (0.562 to 5.598) 

Self-rated health       
Very good/excellent       Reference 
Good      1.147 (0.728 to 1.807) 
Fair/poor      2.209 (1.216 to 4.014)** 

HADS total score      0.974 (0.930 to 1.021) 
Townsend disability      1.131 (1.039 to 1.232)** 
*p < .05, **p < .01, ***p < .001. 
S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and 
Depression Scale.
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Supplementary Table 4 Hazard ratios (95% confidence intervals) for the association between NVS and mortality, controlling for sociodemographic, cognitive 
ability, and health variables 

 

Model 1 
Age and sex 
N = 789 

Model 2 
+ education  
N = 789 

Model 3 
+ age-11 IQ 
N = 746 

Model 4 
+ current fluid ability 
N = 742 

Model 5 
+ occup class 
N = 727 

Model 6 
+ health status 
N = 724 

NVS 0.882 (0.805 to 0.966)** 0.880 (0.799 to 0.970)* 0.892 (0.802 to 0.992)* 0.963 (0.860 to 1.078) 0.967 (0.861 to 1.086) 0.961 (0.853 to 1.082) 
Age 0.942 (0.727 to 1.221) 0.942 (0.726 to 1.221) 0.942 (0.722 to 1.228) 0.890 (0.678 to 1.168) 0.919 (0.694 to 1.217) 0.937 (0.708 to 1.242) 
Sex       

Female Reference Reference  Reference Reference Reference Reference 
Male 1.343 (0.946 to 1.906) 1.343 (0.947 to 1.907) 1.279 (0.892 to 1.834) 1.346 (0.939 to 1.928) 1.180 (0.791 to 1.760) 1.355 (0.893 to 2.057) 

Years of education  1.007 (0.855 to 1.186) 1.056 (0.888 to 1.257) 1.093 (0.917 to 1.302) 1.208 (0.998 to 1.463) 1.242 (1.023 to 1.508)* 
Age-11 IQ   0.995 (0.982 to 1.008) 1.007 (0.993 to 1.021) 1.008 (0.993 to 1.023) 1.009 (0.994 to 1.023) 
Fluid ability     0.630 (0.496 to 0.800)*** 0.670 (0.524 to 0.857)** 0.748 (0.580 to 0.966)* 
Occupational class       

Professional     Reference Reference 
       
Managerial/technical     2.288 (1.166 to 4.490)* 2.243 (1.140 to 4.414)* 
Skilled: non-manual      2.421 (1.147 to 5.112)* 2.593 (1.231 to 5.463)* 
Skilled: manual     3.631 (1.658 to 7.951)** 3.360 (1.522 to 7.415) ** 
Partly skilled/ 
unskilled manual     2.125 (0.677 to 6.669) 2.086 (0.661 to 6.578) 

Self-rated health       
Very good/excellent      Reference 
Good      1.175 (0.756 to 1.826) 
Fair/poor      2.099 (1.167 to 3.775)* 

HADS total score      0.973 (0.930 to 1.018) 
Townsend disability      1.132 (1.044 to 1.228)** 

*p < .05, **p < .01. 
NVS, Newest Vital Sign; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 5 Hazard ratios (95% confidence intervals) for the association between general functional health literacy and mortality, controlling for 
sociodemographic, cognitive ability, and health variables 

 

Model 1 
Age and sex 
N = 740 

Model 2 
+ education  
N = 740 

Model 3 
+ age-11 IQ 
N = 698 

Model 4 
+ current fluid ability 
N = 694 

Model 5 
+ occup class 
N = 679 

Model 6 
+ health status 
N = 677 

General functional 
health literacy 0.774 (0.650 to 0.922)** 0.746 (0.615 to 0.905)** 0.738 (0.585 to 0.931)* 0.871 (0.674 to 1.125) 0.911 (0.700 to 1.186) 0.950 (0.725 to 1.245) 
Age 0.897 (0.678 to 1.187) 0.893 (0.675 to 1.182) 0.902 (0.677 to 1.200) 0.885 (0.663 to 1.182) 0.933 (0.693 to 1.257) 0.942 (0.700 to 1.266) 
Sex       

Female  Reference Reference Reference Reference Reference Reference 
Male 1.276 (0.886 to 1.838) 1.272 (0.883 to 1.833) 1.238 (0.852 to 1.799) 1.327 (0.912 to 1.930) 1.178 (0.778 to 1.784) 1.337 (0.869 to 2.056) 

Years of education  1.080 (0.909 to 1.284) 1.119 (0.936 to 1.339) 1.134 (0.948 to 1.357) 1.240 (1.019 to 1.508)* 1.255 (1.030 to 1.528)* 
Age-11 IQ   0.999 (0.984 to 1.014) 1.006 (0.991 to 1.022) 1.006 (0.991 to 1.022) 1.007 (0.992 to 1.023) 
Fluid ability    0.687 (0.531 to 0.887)** 0.707 (0.543 to 0.921)* 0.770 (0.589 to 1.007) 
Occupational class       

Professional     Reference Reference 
Managerial/technical     1.901 (0.962 to 3.756) 1.870 (0.945 to 3.700) 
Skilled: non-manual     2.076 (0.979 to 4.401) 2.192 (1.035 to 4.640)* 
Skilled: manual     3.134 (1.405 to 6.991)** 2.823 (1.252 to 6.365)* 
Partly skilled/ 
unskilled manual      1.824 (0.580 to 5.741) 1.759 (0.557 to 5.561) 

Self-rated health       
Very good/excellent      Reference 
Good      1.152 (0.733 to 1.810) 
Fair/poor      2.229 (1.229 to 4.042)** 

HADS total score      0.975 (0.931 to 1.022) 
Townsend disability      1.128 (1.040 to 1.225)** 
* p < .05, **p < .01. 
General functional health literacy, general measure of functional health literacy created by entering the REALM, S-TOFHLA and NVS into a PCA; IQ, Intelligence 
Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale. 
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Supplementary Table 6 Hazard ratios (95% confidence intervals) for the association between REALM and mortality, controlling for sociodemographic, cognitive 
ability, and health status variables. Models are run on a sub-sample participants with all variables of interest (N = 728). 

 

Model 1 
Age and sex 

Model 2 
+ education  

Model 3 
+ age-11 IQ 

Model 4 
+ current fluid ability 

Model 5 
+ occup class 

Model 6 
+ health status 

REALM 0.944 (0.894 to 0.997)* 0.946 (0.894 to 1.001) 0.959 (0.900 to 1.021) 0.966 (0.904 to 1.033) 0.969 (0.904 to 1.039) 0.996 (0.924 to 1.074) 
Age 1.002 (0.763 to 1.316) 1.001 (0.762 to 1.315) 0.999 (0.761 to 1.312) 0.931 (0.704 to 1.231) 0.930 (0.700 to 1.234) 0.933 (0.704 to 1.235) 
Sex       

Female Reference Reference Reference Reference Reference Reference 
Male 1.303 (0.897 to 1.892) 1.304 (0.898 to 1.893) 1.289 (0.887 to 1.872) 1.358 (0.935 to 1.971) 1.224 (0.815 to 1.836) 1.364 (0.898 to 2.073) 

Years of education  0.981 (0.831 to 1.158) 1.010 (0.848 to 1.204) 1.077 (0.902 to 1.287) 1.203 (0.994 to 1.455) 1.232 (1.018 to 1.492)* 
Age-11 IQ   0.993 (0.980 to 1.006) 1.007 (0.992 to 1.023) 1.009 (0.993 to 1.025) 1.008 (0.993 to 1.024) 
Fluid ability    0.632 (0.503 to 0.794)*** 0.666 (0.528 to 0.841)** 0.727 (0.574 to 0.922)** 
Occupational class       

Professional     Reference Reference 
Managerial/technical     2.201 (1.118 to 4.333)* 2.218 (1.127 to 4.365)* 
Skilled: non-manual     2.482 (1.175 to 5.245)* 2.596 (1.232 to 5.474)* 
Skilled: manual     3.570 (1.627 to 7.837)** 3.393 (1.532 to 7.516)** 
Partly skilled/ 
unskilled manual     2.023 (0.641 to 6.388) 2.067 (0.656 to 6.510) 

Self-rated health       
Very good/excellent      Reference 
Good      1.153 (0.742 to 1.791) 
Fair/poor      2.071 (1.147 to 3.739)* 

HADS total score      0.972 (0.929 to 1.018) 
Townsend disability      1.133 (1.044 to 1.229)** 
*p < .05, **p < .01, ***p < .001.  
REALM, Rapid Estimate of Adult Literacy in Medicine; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale. 
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Supplementary Table 7 Hazard ratios (95% confidence intervals) for the association between S-TOFHLA and mortality, controlling for sociodemographic, 
cognitive ability, and health variables. Models are run on a subsample of participants with all variables of interest (N = 680). 

 

Model 1 
Age and sex 

Model 2 
+ education 

Model 3 
+ age-11 IQ 

Model 4 
+ current fluid ability 

Model 5 
+ occup class 

Model 6 
+ health status 

S-TOFHLA  0.947 (0.917 to 0.978)** 0.945 (0.914 to 0.977)** 0.949 (0.913 to 0.985)** 0.969 (0.930 to 1.010) 0.975 (0.934 to 1.018) 0.998 (0.953 to 1.046) 
Age 0.924 (0.688 to 1.242) 0.925 (0.688 to 1.242) 0.927 (0.690 to 1.245) 0.911 (0.677 to 1.224) 0.919 (0.681 to 1.240) 0.936 (0.697 to 1.256) 
Sex       

Female  Reference Reference  Reference Reference Reference Reference 
Male 1.304 (0.893 to 1.902) 1.306 (0.895 to 1.905) 1.298 (0.889 to 1.896) 1.356 (0.928 to 1.981) 1.233 (0.814 to 1.866) 1.352 (0.881 to 2.074) 

Years of education   1.033 (0.874 to 1.222) 1.046 (0.875 to 1.250) 1.092 (0.911 to 1.309) 1.208 (0.994 to 1.469) 1.249 (1.026 to 1.520)* 
Age-11 IQ   0.997 (0.983 to 1.011) 1.006 (0.991 to 1.022) 1.007 (0.992 to 1.023) 1.006 (0.991 to 1.022) 
Fluid ability    0.699 (0.545 to 0.895)** 0.717 (0.556 to 0.923)* 0.759 (0.587 to 0.982)* 
Occupational class       

Professional      Reference Reference 
Managerial/technical     1.853 (0.935 to 3.670) 1.844 (0.931 to 3.650) 
Skilled: non-manual     2.105 (0.992 to 4.464) 2.207 (1.042 to 4.673)* 
Skilled: manual     3.038 (1.358 to 6.796)** 2.881 (1.275 to 6.509)* 
Partly skilled/ 
unskilled manual     1.755 (0.556 to 5.541) 1.773 (0.562 to 5.598) 

Self-rated health       
Very good/excellent       Reference 
Good      1.147 (0.728 to 1.807) 
Fair/poor      2.209 (1.216 to 4.014)** 

HADS total score      0.974 (0.930 to 1.021) 
Townsend disability      1.131 (1.039 to 1.232)** 

*p < .05, **p < .01. 
S-TOFHLA, Shortened Test of Functional Health Literacy in Adults; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and 
Depression Scale.
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Supplementary Table 8 Hazard ratios (95% confidence intervals) for the association between NVS and mortality, controlling for sociodemographic, cognitive 
ability, and health variables. Models are run on a sub-sample of participants with all variables of interest (N = 724). 

 

Model 1 
Age and sex 

Model 2 
+ education 

Model 3 
+ age-11 IQ 

Model 4 
+ current fluid ability 

Model 5 
+ occup class 

Model 6  
+ health status 

NVS 0.880 (0.800 to 0.968)** 0.875 (0.790 to 0.968)* 0.887 (0.796 to 0.989)* 0.953 (0.850 to 1.070) 0.960 (0.854 to 1.079) 0.961 (0.853 to 1.082) 
Age 0.993 (0.756 to 1.306) 0.993 (0.756 to 1.306) 0.992 (0.754 to 1.304) 0.944 (0.714 to 1.248) 0.940 (0.709 to 1.248) 0.937 (0.708 to 1.242) 
Sex       

Female Reference Reference Reference Reference Reference Reference 
Male 1.346 (0.933 to 1.943) 1.346 (0.933 to 1.943) 1.326 (0.916 to 1.919) 1.373 (0.950 to 1.986) 1.228 (0.820 to 1.840) 1.355 (0.893 to 2.057) 

Years of education  1.029 (0.866 to 1.222) 1.048 (0.876 to 1.253) 1.084 (0.905 to 1.298) 1.212 (0.999 to 1.470) 1.242 (1.023 to 1.508)* 
Age-11 IQ   0.995 (0.982 to 1.008) 1.006 (0.992 to 1.021) 1.008 (0.993 to 1.023) 1.009 (0.994 to 1.023) 
Fluid ability     0.645 (0.506 to 0.822)*** 0.678 (0.529 to 0.869)** 0.748 (0.580 to 0.966)* 
Occupational class       

Professional     Reference Reference 
Managerial/technical     2.211 (1.123 to 4.354)* 2.243 (1.140 to 4.414)* 
Skilled: non-manual      2.435 (1.152 to 5.146)* 2.593 (1.231 to 5.463)* 
Skilled: manual     3.590 (1.637 to 7.874)** 3.360 (1.522 to 7.415) ** 
Partly skilled/ 
unskilled manual     2.101 (0.668 to 6.604) 2.086 (0.661 to 6.578) 

Self-rated health       
Very good/excellent      Reference 
Good      1.175 (0.756 to 1.826) 
Fair/poor      2.099 (1.167 to 3.775)* 

HADS total score      0.973 (0.930 to 1.018) 
Townsend disability      1.132 (1.044 to 1.228)** 

 *p < .05, **p < .01.  
NVS, Newest Vital Sign; IQ, Intelligence Quotient; occup class, Occupational class; HADS, Hospital Anxiety and Depression Scale.
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Supplementary Table 9 Hazard ratios (95% confidence intervals) for the association between general functional health literacy and mortality, controlling for 
sociodemographic, cognitive ability, and health variables. Models are run on a sub-sample of participants with all variables of interest (N = 677). 

 

Model 1 
Age and sex 

Model 2 
+ education 

Model 3 
+ age-11 IQ 

Model 4 
+ current fluid ability 

Model 5 
+ occup class 

Model 6 
+ health status 

General health literacy 0.769 (0.640 to 0.924)** 0.736 (0.602 to 0.901)** 0.742 (0.586 to 0.939)* 0.868 (0.669 to 1.126) 0.903 (0.694 to 1.176) 0.950 (0.725 to 1.245) 
Age 0.940 (0.701 to 1.260) 0.937 (0.699 to 1.256) 0.937 (0.699 to 1.257) 0.925 (0.688 to 1.243) 0.934 (0.692 to 1.260) 0.942 (0.700 to 1.266) 
Sex       

Female  Reference Reference Reference Reference Reference Reference 
Male 1.264 (0.863 to 1.851) 1.256 (0.858 to 1.840) 1.255 (0.857 to 1.839) 1.328 (0.906 to 1.947) 1.205 (0.794 to 1.829) 1.337 (0.869 to 2.056) 

Years of Education  1.096 (0.915 to 1.312) 1.098 (0.914 to 1.320) 1.114 (0.927 to 1.340) 1.229 (1.010 to 1.497)* 1.255 (1.030 to 1.528)* 
Age-11 IQ   0.999 (0.984 to 1.014) 1.006 (0.991 to 1.022) 1.007 (0.991 to 1.023) 1.007 (0.992 to 1.023) 
Fluid ability    0.692 (0.534 to 0.898)** 0.708 (0.543 to 0.922)* 0.770 (0.589 to 1.007) 
Occupational class       

Professional     Reference Reference 
Managerial/technical     1.863 (0.941 to 3.689) 1.870 (0.945 to 3.700) 
Skilled: non-manual     2.070 (0.976 to 4.390) 2.192 (1.035 to 4.640)* 
Skilled: manual     3.072 (1.377 to 6.857)** 2.823 (1.252 to 6.365)* 
Partly skilled/ 
unskilled manual      1.794 (0.570 to 5.649) 1.759 (0.557 to 5.561) 

Self-rated health       
Very good/excellent      Reference 
Good      1.152 (0.733 to 1.810) 
Fair/poor      2.229 (1.229 to 4.042)** 

HADS total score      0.975 (0.931 to 1.022) 
Townsend disability      1.128 (1.040 to 1.225)** 
*p < .05, **p < .01.  
General health literacy, general measure of health literacy created by entering the REALM, S-TOFHLA and NVS into a PCA; IQ, Intelligence Quotient; occup 
class, Occupational class; HADS, Hospital Anxiety and Depression Scale. 
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Section/Topic Item 

# 
Recommendation Reported on page # 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1, 2 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 4-6 

Objectives 3 State specific objectives, including any prespecified hypotheses 6-7 

Methods  

Study design 4 Present key elements of study design early in the paper 6-7, 7-12 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

7-12 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 7 

(b) For matched studies, give matching criteria and number of exposed and unexposed NA 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

7-11 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

7-11 

Bias 9 Describe any efforts to address potential sources of bias NA 

Study size 10 Explain how the study size was arrived at 7, Figure 1, 13 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

12 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 12 

(b) Describe any methods used to examine subgroups and interactions NA 

(c) Explain how missing data were addressed 7, figure 1, 13 

(d) If applicable, explain how loss to follow-up was addressed NA 

(e) Describe any sensitivity analyses 19 

Results  
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

7, Figure 1, 13 

  (b) Give reasons for non-participation at each stage 7 

  (c) Consider use of a flow diagram Figure 1 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

14, 15 

  (b) Indicate number of participants with missing data for each variable of interest 14, 15 

  (c) Summarise follow-up time (eg, average and total amount) 14 

Outcome data 15* Report numbers of outcome events or summary measures over time 14, 15 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

18 

  (b) Report category boundaries when continuous variables were categorized 14 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 17, 19 

Discussion    

Key results 18 Summarise key results with reference to study objectives 19-20 

Limitations    

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

20-24 

Generalisability 21 Discuss the generalisability (external validity) of the study results 22-23 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

25 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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