
Supplementary Materials:  

Table 1 – Results of the mediation model 

SES measured as participant’s level of education 

 Hypothesis 1 model Hypothesis 2 model Hypothesis 3 model 

Parameter β 95% CL β 95% CL β 95% CL 

Female 4.4* 3.1 5.7 -0.29** -0.44 -0.13 4.1* 2.8 5.4 

Age 60 – 69 16.6* 15.3 18.0 0.16 -0.01 0.33 16.8* 15.4 18.2 

Age 70 – 79 9.1* 7.5 10.7 -0.06 -0.24 0.12 9.1* 7.4 10.7 

Black -13.5* -15.1 -11.8 0.15 -0.05 0.36 -13.3* -14.9 -11.8 

Hispanic -9.2* -11.8 -6.7 0.14 -0.03 0.33 -9.1* -11.7 -6.5 

College Graduate 24.4* 22 26.8 -0.72* -0.98 -0.47 23.7* 21.2 26.1 

Some College 18.6* 16.4 21 -0.37*** -0.60 -0.13 18.3* 16.0 20.5 

HS or GED 15.5* 13 18 -0.19 -0.44 0.04 15.3* 12.8 17.8 

9th – 11th grade 8.9* 6.6 11.3 0.03 -0.19 0.25 9.0* 6.7 11.3 

Allostatic Load - - - - - - -0.9* -1.4 -0.5 

SES measured as participant’s PIR 

 Hypothesis 1 model Hypothesis 2 model Hypothesis 3 model 

Parameter β 95% CL β 95% CL β 95% CL 

Female 5.4* 3.8 6.9 -0.31* -0.45 -0.16 5.1* 3.5 6.6 

Age 60 – 69 15.8* 14.4 17.3 0.25** 0.07 0.43 16.1* 14.6 17.5 

Age 70 – 79 9.0* 7.2 10.9 -0.03 -0.21 0.15 9.0* 7.1 10.9 

Black -15.4* -17.0 -13.9 0.15 -0.05 0.37 -15.3* -16.7 -13.8 
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SES measured as participant’s level of education 

 Hypothesis 1 model Hypothesis 2 model Hypothesis 3 model 

Parameter β 95% CL β 95% CL β 95% CL 

Hispanic -11.6* -14.5 -8.7 0.08 -0.13 0.29 -11.5* -14.4 -8.7 

PIR > than 4.18 17.3* 15.2 19.4 -0.82* -1.07 -0.57 16.5* 14.4 18.6 

PIR 2.4 – 4.18 12.5* 10.2 14.8 -0.37**** -0.67 -0.06 12.1* 9.8 14.4 

PIR 1.3 – 2.39 6* 3.5 8.5 -0.17 -0.42 0.07 5.8* 3.3 8.4 

Allostatic Load - - - - - - -0.9* -1.3 -0.5 

High school (HS); general equivalency diploma (GED); Poverty to Income Ratio (PIR). 

*p < .0001; **p < .001; ***p < .01; ****p < .05.
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Supplementary Materials: Methods 

Sample Design 

The NHANES sample selection consists of the following four stages, in order. In the first stage, a sampling frame that includes 

approximately 3000 counties from all 50 US states and the District of Columbia is divided into 12 major (geographic) strata and 

counties or small groups of contiguous counties are selected with probabilities proportional to size, so that each annual sample 

contains one county (or group of contiguous counties) from each major stratum. The next stage entails selecting segments within 

counties, again with probabilities proportional to size. Each segment constitutes a block or group of blocks containing a cluster of 

households and approximately 18-26 segments are selected from each county. Within those segments, all households are identified 

and an average of 30 are selected according to a predetermined sampling rate, which was designed to yield approximately equal 

sample sizes across all selected counties and which was higher for geographic strata with high minority populations. Finally, 

NHANES interviewers visit each of the selected households and ask for information on the age, gender, race and general income 

levels of each person in the household and a computer algorithm randomly selects individuals from each household to participate in 

the survey.[11] Approximately 12,000 persons are asked to participate per 2-year cycle and an average of 10,500 persons agree to 

complete the household interview. Of these, about 10,000 also agree to participate in the physical examinations and laboratory tests, 

which take place at the mobile examination centers (MECs) (see Study Protocols and Data Collection section for further details). 

About 30 counties (i.e. site locations) are visited during a 2-year survey cycle (15 on an annual basis) and participants are recruited 

from all regions of the United States, including, metropolitan and nonmetropolitan areas. Each site location is open for approximately 

9 weeks.[10] 

 

Demographic Domains and Oversampling 

Of significance for the current proposal, the NHANES study design oversamples certain subgroups of particular public health interest 

in order to increase the reliability and precision of statistical estimates for these subpopulations. For the 1999–2002 period 

oversampled groups included non-Hispanic black persons, Mexican-Americans, low-income persons (beginning in 2000), and 

persons aged 70 and over, among others.[11] 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2019-035847:e035847. 10 2020;BMJ Open, et al. Akrivos J



  

Sample Weighting 

Provided in the NHANES public datasets, are individual weights assigned to each participant, which take into account and adjust for 

such potentially biasing factors as participant nonresponse (i.e. unit nonresponse) to the household and MEC examinations and 

several features of the study design, including, differential probabilities of selection (given that some groups were oversampled), and 

differences between the final sample and the US population.[11] The procedure that was used to adjust individual weights for unit 

nonresponse involved a three step process. The first step involved identifying variables that strongly correlated with response 

propensity, such as age, race, gender, household size, education, self-reported health status and activity level, followed by 

computing of adjustment factors based on the response propensity variables, and then, applying each of these factors to the 

participants’ individual survey weights. The individual weights are considered measures of the number of people represented by each 

survey participant and the elderly participants who were examined from each county during the 1999-2002 NHANES represented 

from a minimum of 880, to a maximum of 30,412 other people from across the US. Combining participant data from annual or 

consecutive years of weighted NHANES samples permit analysts to calculate statistical estimates that are nationally representative. 

 

Study Protocols and Data Collection 

NHANES participation has two components: the household interview and the health examination and lab tests. Signed informed 

consent was obtained from every participant for both components during the household interview. For cognitively impaired 

participants, consent was obtained from guardians or representatives who had legal authority to consent to medical care on behalf of 

the impaired person. Household interviews were conducted by NHANES field interviewers in participants’ homes and consisted of 

demographics, socioeconomic, dietary, self-reported health, physical and cognitive functioning, household conditions and family 

information. At the household interviews, participants were also scheduled for physical examinations, specimen collections and 

additional questionnaires conducted in the MECs, which traveled to locations throughout the country and were designed and 

equipped to provide a standardized examination environment. The average time between household interview and the MEC 

examination was two weeks. MEC exams were administered by trained teams who (along with the field interviewers) traveled with 
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the survey and consisted of the following key staff: a physician who conducted the medical examinations, evaluated participants for 

referrals, and served as a safety officer; health technologists who assisted in the collection of medical exam data from body 

measurements, bone density scans, and vision, hearing, and respiratory health exams; a phlebotomist, who drew blood, and 

administered the phlebotomy interview, fasting questionnaire, and glucose solution for the glucose tolerance test, and served as a 

backup examiner for other MEC exam components; lab technicians,  who processed biological specimens, conducted complete 

blood counts and prepared specimens for shipment to laboratories across the US; a dentist, who performed the oral health exam; 

dietary and health interviewers, who administered the 24-hour dietary recall and the physical and mental health questionnaires, 

respectively; and bilingual staff (English/Spanish). Participants who completed the MEC exam were remunerated $40-$100 

(depending on whether they attended their assigned MEC appointment and the survey year) and up to $55 in transportation 

allowance (depending on the distance traveled to get to the MEC). Thus, our reasoning for combining data from the NHANES 1999-

2000 and 2001-2002 cycles was multifold. As mentioned previously, the 1999-2002 period is the most recent for which NHANES 

cognitive testing data on the elderly NHANES subsample are available. It provided a nationally representative sample with 

oversampling of Hispanic Americans, African Americans, and subjects aged 60 and older, which ensured adequate sample sizes for 

these populations that have historically been underrepresented in research. Moreover, the use of standardized protocols for 

questionnaires and laboratory assessments that included routine quality control checks ensured the validity and reliability of 

laboratory values and the proper implementation of field interviews and MEC examinations. Lastly, since the content of the survey 

has remained consistent over this period of time and NHANES was designed so that data from 2-year cycles can be combined, the 

increased sample size allowed for the calculation of more reliable and precise estimates. 
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Supplementary Materials: 

Figure 1 – The Digit Symbol Substitution Test 
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Supplementary Materials: Post hoc analyses of participants with a medical history  

The NHANES survey collects extensive medical history information from participants including self-reported personal interview data 

on a broad range of health conditions. In a set of post hoc analyses we used data from the NHANES Medical Conditions 

Questionnaire to construct a cumulative index based on self-reported ‘‘doctor-diagnosed’’ morbidity involving a number of 

cardiovascular and other chronic conditions that have been associated with SES, AL and cognitive function in the elderly. The 

morbidity index was based on subjects’ reports as to whether a doctor had ever told them that they had diabetes, high blood 

pressure (2 + times), high cholesterol level, weak or failing kidneys, congestive heart failure (CHF), coronary heart disease (CHD), 

angina, heart attack, a stroke, a thyroid problem, or were overweight. The number of reported conditions was summed to provide a 

cumulative score. Scores could range from zero (i.e. participant had none of the conditions) to 10 (i.e. all conditions were present). 

We evaluated whether the morbidity index modified our findings and whether it was a potential confounder of the direct and indirect 

effects in our mediation model. 

 

To examine whether self-reported morbidity modified our findings, we split our sample into a group of “healthy” participants who had 

none of the conditions (n=659) and a “morbidity” group who had any of the conditions (n=2507) and repeated all analyses separately, 

within each group. In the “healthy” group, although the effect of AL on DSST (path b) was no longer statistically significant (β = -.70, 

95% CI -1.9 to -0.51, p = 0.25), in the “morbidity” group its magnitude remained virtually unchanged (β = -1.02, 95% CI -1.5 to -0.55, 

p < 0.0001). Similarly, in the “healthy” group, although the total effect of PIR and the indirect effect (the product of paths a and b) 

were reduced, in the “morbidity” group all findings were very similar to those of our main analysis, which did not take morbidity into 

account. More importantly, including a term for the interaction between the morbidity index and AL in the model for hypothesis 3, over 

the entire sample (n=3166), was not statistically significant. Taken together, these results suggest that taking into account 

participants’ self-reported clinical history does not substantially alter our findings. In the Supplementary Materials, please see Table 2 

– Comparison of total, indirect and change in total effect before and after taking self-reported morbidity into account for 

further details. 
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Lastly, to evaluate whether the statistically significant main effects of AL and SES on cognitive function, as well as the mediating 

effect of AL, were independent of the alternative measure of morbidity, DSST was regressed on SES and AL simultaneously, while 

controlling for the morbidity index and covariates (i.e. age, gender and race/ethnicity). After controlling for morbidity, the magnitude of 

the main effect of AL and SES on DSST performance remained virtually unchanged, while the indirect effect of AL was reduced 

between 30% – 35% for college educated participants and for those in the top two PIR quartiles, indicating that approximately two 

thirds of the information contributed by the biomarker based index in the higher SES levels is independent of the self-reported 

morbidity measure. The magnitude of the indirect effect of AL at lower SES levels was very small and was reduced even further 

(between 41% - 100%) after controlling for participants’ known burden of disease. 

 

 Table 2 – Comparison of total, indirect and change in total effect before and after taking self-reported morbidity into 
account 

    Taking morbidity into account 

  AL (n=3166)  Healthy (n=659)  Morbid (n=2507) 

Parameter  
Total 

effect: 

c 

Indirect 
effect: 

ab 

% change in 
total effect: 

ab/c 

 Total 
effect: 

c 

Indirect 
effect: 

ab 

% change in 
total effect: 

ab/c 

 
Total 

effect: 

c 

Indirect 
effect: 

ab 

% change in 
total effect: 

ab/c 

College Graduate  24.4 0.72 2.9%  26.3 0.6 2.3%  23.9 0.7 2.9% 

Some College  18.6 0.36 1.9%  20.8 0.1 0.0%  18.1 0.4 2.2% 

HS or GED  15.5 0.19 1.2%  16 -0.1 0.0%  15.4 0.3 1.9% 

9th – 11th grade  8.9 -0.03 0.3%  9.5 -0.2 0.0%  8.8 0.0 0.0% 

PIR > than 4.18  17.3 0.79 4.5%  16.6 0.6 3.6%  17.4 0.7 4.0% 

PIR 2.4 – 4.18  12.5 0.35 2.8%  11.8 0.2 1.6%  12.6 0.3 2.3% 

PIR 1.3 – 2.39  6 0.16 2.7%  4.6 0.0 0.0%  6.3 0.2 3.1% 

Healthy = no self-reported “doctor diagnosed” conditions; Morbid = any condition present. 
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Allostatic load (AL); high school (HS); general equivalency diploma (GED); Poverty to Income Ratio (PIR).
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