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Abstract

Objective: Hispanics/Latinos in the US are less aware of their cholesterol levels and have a 

higher burden of associated adverse cardiovascular and cerebrovascular outcomes than non-Latino 

Whites. Investigations of the associations between cholesterol levels and cognition in this 

population have often occurred within the context of metabolic syndrome or limited to select lipids 

despite the fact that triglycerides (TG) may be more relevant to Hispanic/Latino health.

Correspondence: Melissa Lamar, Ph.D., Associate Professor, Rush Alzheimer’s Disease Center, Rush University Medical Center, 
1750 West Harrison Street, Suite 1000, Chicago, IL, 60612. (office) 312-942-3365; melissa_lamar@rush.edu. 

None of the authors had any financial or other conflicts of interest.

HHS Public Access
Author manuscript
J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 March 21.

Published in final edited form as:
J Int Neuropsychol Soc. 2020 March ; 26(3): 251–262. doi:10.1017/S1355617719001000.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods: Baseline data from the Hispanic Community Health Study/Study of Latinos, collected 

from 2008-2011, was used to investigate the associations of lipid levels (i.e., TG, total cholesterol, 

TC; low-density and high-density lipoprotein cholesterol, LDL-C and HDL-C) on cognition (i.e, 

learning, memory, verbal fluency, and digit symbol substitution, DSS) adjusting for relevant 

confounders.

Results: In 7,413 participants 45-74 years old from Central American, Cuban, Dominican, 

Mexican, Puerto Rican, or South American backgrounds, separate fully-adjusted linear regression 

models revealed that TG levels were inversely associated with DSS performance; however, this 

relationship was no longer significant once additional cardiovascular disease risk factors were 

added to the model (p=0.06). TC and LDL-C (separately) were positively associated with learning 

and verbal fluency regardless of adjustments (p-values<0.05). Separate analyses investigating 

effect modification by background and by sex revealed a particularly robust association between 

TC and DSS for Puerto Ricans and Central Americans (albeit in opposite directions), and an 

inverse relationship between TG and DSS performance for women (p-values<0.02).

Conclusions: It is important to consider individual lipid levels and demographic characteristics 

when investigating associations between cholesterol and cognition in Hispanics/Latinos.

Keywords
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Introduction

The majority of directed studies of lipid levels and cognition, especially total cholesterol 

(TC) and low-density lipoprotein cholesterol (LDL-C), have been done in non-Latino White 

participants (Anstey, Lipnicki, & Low, 2008; Lv et al., 2016; Ma et al., 2017; Wardle et al., 

2000). This is despite the fact that Hispanics/Latinos are less aware of their cholesterol 

levels (Rodriguez et al., 2015) and have consistently elevated triglyceride (TG) levels 

compared to other minority groups (Rodriguez & Brenes, 2008). Furthermore, Hispanics/

Latinos have a high burden of dyslipidemia (Rodriguez et al., 2014) and associated adverse 

cardiovascular (Daviglus et al., 2012; Willey et al., 2011) and select cerebrovascular (Gezmu 

et al., 2014) outcomes. Thus, more work is needed studying lipid levels and cognition in 

Hispanic/Latinos.

Work to date in Hispanics/Latinos has often been done within the context of metabolic 

syndrome (e.g., Gonzalez et al., 2018) with fewer studies focused on a complete lipid panel. 

The majority of studies suggest that metabolic syndrome and/or global cardiovascular 

disease risk factor burden is associated with cognition including declarative memory, 

working memory, and information processing speed in cohorts either including or 

exclusively composed of Hispanics/Latinos (Del Brutto, Mera, & Zambrano, 2016; Lamar et 

al., 2019; Levin et al., 2014; Warsch et al., 2013; Yaffe et al., 2007; Zeki Al Hazzouri et al., 

2013). All but one (Del Brutto et al., 2016) found that individual lipid levels contributed to 

these cognitive profiles. More directed studies either including (Reitz et al., 2008) or 

exclusively composed of Hispanics/Latinos (Ihle et al., 2017; Parthasarathy et al., 2017) 

reported differing results based on the lipid level and/or background studied. For example, 
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while TC and LDL-C did not contribute to cognitive impairment for Hispanics/Latinos of 

Caribbean background (Reitz et al., 2008), a Brazilian study reported associations between 

lower HDL-C and lower declarative and working memory (Ihle et al., 2017). A study of a 

heterogeneous group of older adults fluent in English reported a negative association 

between TG levels and executive functioning but not memory (Parthasarathy et al., 2017). 

These studies lay the foundation for a comprehensive investigation of the relationship 

between lipid levels (i.e., TC, LDL-C, HDL-C, and TG) and cognition within a large cohort 

study of Hispanics/Latinos from multiple backgrounds.

The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) provides the 

opportunity to systematically examine associations between individual lipid levels and 

cognition in mid- to late-life Hispanics/Latinos of different backgrounds (e.g., Mexican, 

Puerto Rican, Cuban, Central American, Dominican). Given the outsized importance TG 

levels may play in burden of disease in this population (Martinez-Larrad et al., 2012; 

Rodriguez & Brenes, 2008; Vega-Lopez et al., 2013), and based on previous studies of TG 

and cognition incorporating Hispanics/Latinos, we hypothesized that TG levels would be 

associated with working memory and executive functioning (but not memory) performance 

after adjusting for relevant confounders. We also explored associations between TC and 

cognition with follow-up analyses investigating the contributions of LDL-C versus HDL-C 

on significant results. Given conflicting results of the association between lipid levels and 

cognition in distinct Hispanic/Latino backgrounds (Reitz et al., 2008), and the fact that 

Hispanic/Latino background contributes to differential levels of cholesterol and dyslipidemia 

(Daviglus, Pirzada, & Talavera, 2014; Daviglus et al., 2012; Rodriguez et al., 2015), and 

cognition (Gonzalez et al., 2015), we also investigated whether background was an effect 

modifier of the association between lipid levels and cognition. Lastly, Hispanics/Latinos 

with dyslipidemia in HCHS/SOL more likely to be female (Rodriguez et al., 2014); thus, we 

investigated whether sex was an independent effect modifier of the association between lipid 

levels and cognition. Investigating profiles of lipids and cognition in Hispanics/Latinos by 

background and sex may point toward biomarkers related to cognition in specific 

individuals.

Methods

The HCHS/SOL is a population-based prospective cohort study of 16,415 Hispanics/Latinos 

aged 18-74 years from four U.S. cities (Chicago, IL; Miami, FL; Bronx, NY; San Diego, 

CA) that oversampled persons ages 45-74 to facilitate examination of target outcomes based 

on a multi-stage stratified probability sampling design (Lavange et al., 2010). The baseline 

examination (2008 to 2011) consisted of comprehensive biological, behavioral, and socio-

demographic assessments (Sorlie et al., 2010). Cognitive testing was also conducted during 

this baseline examination, but only for individuals 45 years and older. The cohort includes 

participants who self-identified as having a Central American, Cuban, Dominican, Mexican, 

Puerto Rican, or South American background regardless of race or genetic ancestral 

markers. The sample design and cohort selection have been described in detail elsewhere 

(Lavange et al., 2010). This HCHS/SOL was approved by the IRB at each site, all 

participants gave written informed consent, and the research was completed in accordance 

with the Helsinki Declaration.
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Participants

Only men and women 45 years and older with baseline examination data related to lipid 

levels and cognition were considered for this cross-sectional analysis (N=9,714). We 

excluded 1,696 participants who self-reported acute stroke, or substance abuse, and/or were 

found to have psychotropic medication use including anti-anxiolytics, antidepressants, and 

antipsychotics based on medication review at study visit. Stroke (Mijajlovic et al., 2017) and 

substance abuse (George & Koob, 2017) can negatively impact cognitive health. 

Psychotropic medication use suggests the presence of anxiety, depression, and/or psychotic 

disorders serious enough to warrant pharmacological intervention. These conditions, and at 

times the medications used to treat them (Barker, Greenwood, Jackson, & Crowe, 2004; Yeo, 

Lim, Mao, & Yau, 2017), may negatively impact cognition. Including these conditions 

and/or individuals using such medications in our analyses would confound our interpretation 

of results within the conceptual framework of lipid levels and cognition. We also excluded 

participants who were missing data on any cognitive variable (n=428) or key covariate 

(n=177). This resulted in 7,413 participants.

Determination of Lipid levels

Participants fasted for 12 hours prior to a blood draw by trained and certified clinic staff. 

Fasting blood samples were collected soon after participant arrival for their baseline visit, 

stored at −20°C, and shipped every week for analysis to the Lipoprotein Analytical 

Laboratory at the HCHS/SOL Central Lab at the University of Minnesota Medical Center. 

The Lipoprotein Analytical Laboratory participates in the Lipid Standardization Program of 

the CDC. TG levels were measured in EDTA plasma with the use of TG GB reagent (Roche 

Diagnostics) on a centrifugal analyzer. TC was measured using cholesterol oxidase 

enzymatic method. LDL-C was calculated using the Friedewald equation (Friedewald, Levy, 

& Fredrickson, 1972), and HDL-C was measured with an enzymatic method after 

precipitation of non–HDL cholesterol with heparin and magnesium dextran sulfate. All field 

center procedures and laboratory protocols are available online: http://www2.cscc.unc.edu/

hchs/manuals-forms.

Cognitive Testing

Test measures were administered in the participants’ preferred language during face-to-face 

interviews by study staff trained and supervised by doctorate-level, licensed, clinical 

neuropsychologists. Our brief neuropsychological assessment was designed to limit 

participant burden during the 6-hour clinic visit and structured to include important 

outcomes associated with aging. The Brief Spanish English Verbal Learning Test (B-

SEVLT) (Gonzalez et al., 2015) asked participants to recall items from a 15-item list 

presented for three consecutive ‘learning’ trials followed by a 15-item distractor list and a 

free recall trial immediately following the distractor trial (Gonzalez, Mungas, & Haan, 2002; 

Gonzalez, Mungas, Reed, Marshall, & Haan, 2001). Variables of interest included total 

learning across all 3 trials (range=0-45) and recall post-interference (memory; range=0-15). 

Verbal Fluency required participants to generate as many words as possible within 60 

seconds that began with a specific letter, i.e., ‘F’ and ‘A’ (Benton & Hamsher, 1989; Lezak, 

Howieson, & Loring, 2004). The total number of correctly generated words was summed 
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across both trials and represents the executive ability of establishing and maintaining mental 

set and word retrieval flexibility. Digit Symbol Substitution (DSS) from the Wechsler Adult 

Intelligence Scale-Revised measured working memory and information processing speed 

(Wechsler, 1981) by requiring the rapid copying and encoding of symbols to numbers within 

90 seconds. The variable of interest was the total number of correctly transcribed symbols 

during the time allotted. A brief Six-Item Screener measured orientation and mental status 

(SIS; higher=better performance) (Callahan, Unverzagt, Hui, Perkins, & Hendrie, 2002), 

with scores of 4 or lower suggestive of low mental status (Callahan et al., 2002; Gonzalez et 

al., 2015).

Relevant Covariates

In addition to age, sex, education, and Hispanic/Latino background, we adjusted for 

language of test administration, health insurance status, physical activity, diet, body mass 

index (BMI), diabetes and hypertension. Language of administration may be an important 

consideration for cognitive testing in Hispanics/Latinos, thus, language preference for 

testing (Spanish/English) was used as a covariate in all analyses. Health insurance status 

(yes/no) was also queried given that this may impact access to care, overall health, and 

wellbeing.

Physical activity levels, known to affect lipid levels (Lin et al., 2015) and cognitive health 

(Gonzalez et al., 2016), and highly associated with functional status in older adults (Paterson 

& Warburton, 2010; Steeves, Shiroma, Conger, Van Domelen, & Harris, 2019), were 

evaluated using the WHO Global Physical Activity Questionnaire (Surveillance, 2008) and 

determined per the 2008 physical activity guidelines available at the time of the HCHS/SOL 

Visit 1. Five mutually exclusive levels of physical activity were determined: inactive (no 

activity beyond baseline activities of daily living), low (activity beyond baseline but fewer 

than 150 minutes of moderate-intensity physical activity a week or the equivalent amount of 

vigorous-intensity activity or the equivalent combination of moderate and vigorous activity), 

medium (150 minutes to 300 minutes of moderate-intensity activity a week, or 75 to 150 

minutes of vigorous-intensity physical activity a week, or the equivalent combination of 

moderate and vigorous activity), high (more than the equivalent of 300 minutes of moderate-

intensity physical activity a week, or more than 150 minutes of vigorous activity, or an 

equivalent combination of both) activity, and not reported. Activity had to be performed in 

episodes of at least 10 minutes.

Nutritional differences are known to influence cholesterol levels (Howell, McNamara, 

Tosca, Smith, & Gaines, 1997; Jin & Nicodemus-Johnson, 2018). We assessed diet intake 

via the 2010 Alternative Healthy Eating Index (AHEI-2010), a measure of diet quality based 

on 11 foods and nutrient components predictive of chronic disease risk (Chiuve et al., 2012). 

AHEI-2010 scores (range=0 to 110 with higher scores representing healthier eating habits) 

were derived from available 24-hour dietary recall data (one to two recalls per participant). 

BMI, a known contributor to both lipid levels (Fall et al., 2015) and a sometime associate of 

cognition (e.g., Dahl & Hassing, 2013; Han et al., 2009), was quantified via weight (kg)/

height (m2).
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Diabetes and hypertension were also measured given that they combine with lipid levels to 

contribute to metabolic syndrome. Diabetes status (presence/absence) was determined using 

the criteria set forth by the American Diabetes Association (ADA, 2018) which included at 

least one of the following: random glucose of ≥200 mg/dL, fasting glucose≥126 mg/dL, 

hemoglobin A1C ≥6.5%, or, if available, 2-hour post load glucose≥200 mg/dL during an 

oral glucose tolerance test. Diabetes was also defined based on anti-diabetic medication use 

determined by medication review at the study visit. Hypertension status (presence/absence) 

was determined using the definition implemented in the NHANES. Thus, three blood 

pressure (BP) readings were obtained (and averaged) at 1-minute intervals following a 5-

minute rest period on the right arm with the participant in a seated position and the arm 

resting. If systolic or diastolic BP was greater than or equal to 140/90 or if antihypertensive 

medications were provided during the medication review, the participant was deemed 

hypertensive. We chose to adjust for diabetes and hypertension status as opposed to 

continuous measures of glucose and/or BP, respectively, so that we could incorporate the 

presence/absence of medications for these conditions which have been shown to affect 

cognition in older adults (Lamar et al., 2017; Ryan et al., 2006). Additionally, values of BP 

tend to be "censored" due to treatment; occurring in over 30% of participants. Thus, 

continuous BP adjustment will not capture the entire effect of an individual's BP. 

Additionally, adjusting for both continuous BP and hypertension treatment has been 

demonstrated in the context of modeling BP as a function of covariates to yield biased 

estimates of regression coefficients. Thus, we opted to use hypertension and diabetes status 

as confounding variables to adjust for the effect of a health condition that reflects both levels 

and treatment.

Statistical analyses

All summary statistics and formal statistical analyses were conducted in STATA 15.1 and 

accounted for the HCHS/SOL sample design including sampling weights, cluster sampling, 

and stratification to allow appropriate generalization to the target population (Lavange et al., 

2017). Separate multivariable linear regressions were used to adjust for potential 

confounders. Statistical significance was assessed via p-values≤0.05 and 95% confidence 

intervals (CIs).

All lipid levels, i.e., TC, HDL-C, LDL-C, and TG, were log2 transformed, e.g., log2(TG) for 

triglyceride levels, not only to approximate normality but because our application of 

fractional polynomials to our data revealed that the log transform proved the best fit for the 

data. Thus, beta weights reflect the effect of doubling a given lipid level on cognition. While 

individual lipid levels are often converted into ratios, e.g., a ratio of TG to HDL-C, we chose 

to analyze each variable separately given the fact that ratios may increase variability in our 

metrics and cause spurious correlations, making it difficult to interpret the exact contributing 

factors for resulting associations. Cognitive outcomes were normally distributed based on Q-

Q plots and Kolmogorov-Smirnov testing (Razali & Wah, 2011).

For each cognitive outcome (B-SEVLT learning and memory, Verbal Fluency, and DSS 

performance) we fit two survey linear regression models using log2(TG) and log2(TC) 

separately as continuous variables. Model 1 adjusted for age, sex, education, Hispanic/
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Latino background, language of test administration, health insurance status, physical 

activity, diet, and BMI. In order to determine whether other cardiovascular disease risk 

factors of diabetes and hypertension contributed to our results, we ran a second model 

(Model 2) adding these terms. If log2(TC) was statistically significant in Model 2, we 

substituted it with log2(HDL-C) and log2(LDL-C) as the predictor variables to determine 

whether good or bad cholesterol levels were driving results. We investigated whether 

background or sex were effect modifiers of the association between lipid levels and 

cognition by running a series of models that added either the interaction term 

log2(lipid)*background or log2(lipid)*sex to both Model 1 and Model 2. To aid in the 

interpretation of significant interaction terms (as appropriate given our corrected p-value of 

0.01), we followed up with overall survey-adjusted Wald tests.

Results

Key characteristics and cognitive test performance data for our target population may be 

found in Table 1. Levels of fasting TC were, on average, elevated above published 

Cholesterol Clinical Practice Guidelines (Grundy et al., 2018). Key characteristics and 

cognitive test performance data by Hispanic/Latino background may be found in 

Supplemental Table 1.

Triglyceride Levels and Cognitive Test Performance

As seen in Table 2, log2(TG) levels were not associated with any cognitive test score, 

regardless of adjustments.

When we investigated whether background was an effect modifier, log2(TG) levels were 

inversely associated with DSS performance only but the log2(TG)*background interaction 

term did not meet threshold for significance, regardless of adjustments (p-values≥0.56). 

Thus, a doubling of TG levels resulted in a significant reduction in DSS performance by 

slightly over 1 point (beta=−1.40, SE=0.67, t=−2.08, 95% CI=−2.72 -- −0.08, p=0.03) when 

adjusting for age, sex, education, Hispanic/Latino background, language of test 

administration, health insurance status, physical activity, diet, and BMI. While the 

magnitude of the effect did not change with the additional adjustments for hypertension and 

diabetes (Model A, Table 2), results did not meet the threshold for significance (p=0.06).

When we investigated whether sex was an effect modifier of log2(TG) and cognitive test 

scores, the log2(TG)*sex interaction term was significant for fluency regardless of 

adjustments (p≤0.008; Table 2); follow-up analyses did not reach the threshold for 

significance in the fully adjusted model (p-values≤0.07). The log2(TG)*sex interaction term 

was significant for DSS regardless of adjustments (p≤0.005). A doubling of TG levels was 

associated with a significant reduction in DSS performance for women (beta=−0.83, 

SE=0.31, t=−2.65, 95% CI=−1.45 -- −0.21, p=0.008) in the fully adjusted model (Table 2). 

Sex was not a significant effect modifier for either B-SEVLT test score regardless of 

adjustments (fully adjusted models outlined in Table 2).
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Total Cholesterol and Cognitive Test Performance

Several significant positive associations between log2(TC) and cognitive test variables were 

noted such that a doubling of TC levels were associated with an increase in performance 

across learning and verbal fluency, regardless of adjustments (all p-values<0.05; Table 3). 

Follow-up analyses replacing log2(TC) with log2(HDL-C) and log2(LDL-C) levels as 

predictors to these cognitive test variables in fully adjusted models (Supplemental Table 2) 

revealed that log2(LDL-C) was driving the positive association between log2(TC) and both 

learning and verbal fluency. Thus, a doubling of ‘bad’ cholesterol was associated with an 

increase in performance across both test scores, but only verbal fluency (p=0.04) reached our 

threshold for significance (learning p-value=0.06).

Results revealed effect modification of Hispanic/Latino background between log2(TC) and 

DSS only (Model A p=0.01; Table 3). Follow-up survey-adjusted Wald testing revealed that 

individuals reporting either a Puerto Rican or a Central American background showed a 

significant association between log2(TC) and DSS. More specifically, a doubling of total 

cholesterol was associated with a decrease in DSS performance for Central Americans 

(beta=−3.11, SE=1.39, t=−2.24, 95% CI=−5.85 -- −0.38, p=0.02), but resulted in an increase 

in DSS performance for Puerto Ricans (beta=2.95, SE=1.16, t=2.53, 95% CI=0.66 -- 5.25, 

p=0.01) (Supplemental Table 3). When we replaced log2(TC) with log2(HDL-C) and 

log2(LDL-C) levels as predictors, there was a significant effect modification of Hispanic/

Latino background and log2(LDL-C) on DSS performance in fully adjusted models similar 

to that outlined for log2(TC): Central Americans (beta=−2.07, SE=0.98, t=−2.10, 95% CI=

−4.01 -- −0.13, p=0.03); Puerto Ricans (beta=1.75, SE=0.80, t=2.17, 95% CI=0.16 – 3.30, 

p=0.03).

Sex was not an effect modifier of log2(TC) for any cognitive test score in fully adjusted 

models (Model B p-values≥0.15; Table 3). Thus, we did not conduct follow up analyses 

replacing log2(TC) with log2(HDL-C) and log2(LDL-C) levels as predictors.

Post-hoc analyses of cholesterol-lowering medication use

Medication information gleaned from review and scanning at baseline visit was used to 

determine cholesterol-lowering medication use for hypercholesterolemia (Table 1). Results 

reported above did not change when considering the presence/absence of cholesterol-

lowering medication use (data not shown).

Discussion

This study investigated the associations of lipid levels (i.e., TG, TC, LDL-C, and HDL-C) 

with cognition in the largest study of mid- to late-life Hispanics/Latinos in the US to date. 

Consistent with our hypothesis, TG levels were inversely associated with working memory 

performance as measured by DSS; however, only when considering effect modification of 

TG by background. Further, although the magnitude of the association did not change 

substantially, it did not remain significant after additional adjustment for hypertension and 

diabetes. In contrast, sex was a significant effect modifier of the association between TG and 

DSS, such that women with higher TG levels had lower test performance. We found positive 

Lamar et al. Page 8

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



associations of TC and LDL-C (separately) with learning and verbal fluency. Lastly, we 

found significant effect modification of the DSS association by background, such that 

individuals reporting a Puerto Rican or Central American background showed a significantly 

stronger association between TC (and LDL-C) and DSS performance, albeit in opposite 

directions. Taken together, these results suggest differential associations of individual lipid 

levels on cognitive test performance that may depend on select demographic variables (i.e., 

sex, Hispanic/Latino background) in Hispanics/Latinos.

Our work in Hispanics/Latinos adds to the existing literature in non-Latino Whites in several 

ways. The negative association between TG and working memory reported in our study 

extends previous reports of a negative association between TG and declarative memory in 

non-Latino Whites and Blacks (Leritz, McGlinchey, Salat, & Milberg, 2016) suggesting this 

association exist in other populations as well as our own. Likewise, our results related to TC 

and LDL-C support previous studies suggesting higher levels of these lipids are associated 

with higher declarative memory and attentional processes (Aine et al., 2014; Elias, Elias, 

D'Agostino, Sullivan, & Wolf, 2005; Henderson, Guthrie, & Dennerstein, 2003; Leritz et al., 

2016; Lv et al., 2016) and extend it to include learning and working memory in a large 

cohort of mid- to late-life Hispanics/Latinos. While findings exist in the non-Latino 

literature suggesting that higher TC and LDL-C levels are associated with lower cognition 

(Lu et al., 2017; Meusel et al., 2017; Smit et al., 2016; Solomon et al., 2009; Stough et al., 

2019; van den Kommer et al., 2009; van den Kommer, Dik, Comijs, Jonker, & Deeg, 2012), 

the majority of these studies were conducted either in older adults (Lu et al., 2017; Stough et 

al., 2019), significantly smaller sample sizes (Meusel et al., 2017), embedded within a 

longitudinal treatment study (Smit et al., 2016), or leveraged mid-life lipid levels to predict 

late-life cognition (Solomon et al., 2009). Any one of these study differences would make 

direct comparisons difficult regardless of race or ethnicity. Taken within this larger context, 

our results point toward the importance of considering alternative metrics available in a lipid 

panel, e.g., TG, when investigating the relationship between cholesterol and cognition in 

Hispanics/Latinos.

While the underlying mechanisms to explain these associations are beyond the scope of this 

cross-sectional study, potential underpinnings may be found in the literature. For example, 

the fact that our TG results did not withstand additional adjustments for hypertension and 

diabetes suggests that the negative association of TG levels on working memory scores in 

Hispanics/Latinos of this study may reflect the combined role of TG in the metabolic 

syndrome and overall cardiovascular disease risk factor burden as previously reported 

(Gonzalez et al., 2018; Levin et al., 2014; Warsch et al., 2013; Yaffe et al., 2007; Zeki Al 

Hazzouri et al., 2013). The fact that female sex modified the negative association of TG 

levels on working memory, withstanding all adjustments, including those for hypertension 

and diabetes further suggests that the higher overall cardiovascular disease risk factor burden 

known to exist in Hispanic/Latino men compared to women (Daviglus et al., 2016; Daviglus 

et al., 2012) may have diluted the effect of TG in the main analyses. Lastly, the fact that TG 

levels, the lipid that may play an outsized role in disease burden for Hispanics/Latinos 

(Martinez-Larrad et al., 2012; Rodriguez & Brenes, 2008; Vega-Lopez et al., 2013) showed 

a negative association with cognition suggesting it may also play an outsized role in 

cognitive burden as well.
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Select positive associations between TC and LDL-C levels and cognition showed an effect 

modification by background. Thus, while higher TC and LDL-C levels associated with 

higher learning and verbal fluency performance overall, the association between TC and 

DSS was particularly robust for individuals of Puerto Rican and Central American 

background. Within HCHS/SOL, Puerto Ricans have the highest levels of awareness and 

treatment-related control of their cholesterol levels (Rodriguez et al., 2015). Within this 

analytic sample, Puerto Ricans reported the lowest levels of uninsured individuals while 

Central Americans reported the highest (Supplemental Table 1); additionally, Central 

Americans had some of the highest levels of TC and LDL-C and some of the lowest levels of 

lipid-lowering medication use. While the presence of lipid lowering medications did not 

alter our results, it may be that within the Puerto Rican background, optimal TC levels (and 

health status more generally secondary to available health insurance) associate more robustly 

with higher levels of working memory, or, alternatively, higher levels of working memory 

associate more robustly with optimal TC levels. The cross-sectional nature of our work does 

not allow us to explore the directionality of this particular outcome; however, it is clear that 

Central Americans show a differential relationship between TC and cognition than Puerto 

Ricans that may be due, in part, to their more precarious health situation.

In addition to its cross-sectional nature, this study possesses other limitations. Most 

obviously, the direction and causal nature of the reported associations cannot be explicitly 

known without longitudinal follow up. As with any study, not all potential exclusionary 

conditions or confounds were considered. For example, while we excluded individuals with 

self-reported stroke, we did not consider self-reported myocardial infarctions. Likewise, 

while we excluded individuals based on psychotropic medication use to ensure the 

interpretation of our results as it relates to lipid levels and cognition, this approach may limit 

generalizability. Information on APOE status thought to exacerbate TG levels (van den 

Kommer et al., 2009) was not adjusted for in the current project and may represent an 

additional contributor to our reported results. Given that the focus of the HCHS/SOL study 

was cardiovascular in nature (Sorlie et al., 2010), our cognitive testing was limited; however, 

it incorporated important outcomes (and several identical test measures) documented to be 

associated with TG, TC, LDL-C, and HDL-C including learning and memory, as well as 

verbal fluency and DSS thought to involve attention, working memory, and executive 

functioning.

Despite these limitations, this study represents one of the largest studies within the Hispanic/

Latino ethnicity on the associations between lipids (i.e., TG, TC, LDL-C, and HDL-C) and 

cognition in mid- to late-life. Recent studies suggest that variability in lipid levels (Smit et 

al., 2016) as well as steeper declines in select cholesterol levels (Ma et al., 2017) may 

influence cognitive decline. While the test point alterations reported in this study may not 

equate to clinically significant cross-sectional implications, they may represent baseline 

levels of functioning that portend either slowed or accelerated cognitive decline in later life 

given the relatively young age of our cohort. For example, while a 1-3 point decrement in 

cognitive testing may not meet standard cut-points for at-risk states for dementia including 

mild cognitive or vascular cognitive impairment currently, it may place Hispanic/Latino 

individuals with higher lipid levels at increased risk for accelerated aging given their scores 

are closer to these cut-points to begin with when compared to an individual with lower lipid 
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levels. Taken together, more work is needed within the Hispanic/Latino population generally, 

and by background specifically, to fully understand the long-term consequences of our 

reported associations on cognitive health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Summary Statistics for the Target Population

N=7413

Descriptive Characteristics

Age in years, mean 55.86 (55.56--56.16)

Female (%) 54.61 (52.99--56.23)

Education (%)

    < High School 38.36 (36.29--40.44)

    High School graduate 21.98 (20.29--23.67)

    Some college 39.66 (37.74--41.58)

Background (%)

    Mexican 33.59 (29.92--37.26)

    Cuban 25.25 (21.33--29.16)

    Puerto Rican 16.83 (14.68--18.98)

    Dominican 8.85 (7.48--10.23)

    Central American 6.90 (5.94--7.86)

    South American 6.23 (5.41--7.04)

% Spanish language preference 86.37 (84.62--88.12)

% No Health Insurance 46.11 (43.53--48.69)

% Diabetic 26.18 (24.43--27.93)

% Hypertensive 45.14 (43.29--46.99)

HbA1c 6.11 (6.06--6.15)

% on Anti-diabetes medication 14.71 (13.21--16.21)

Systolic Blood Pressure 128.32 (127.70--128.94)

Diastolic Blood Pressure 75.08 (74.68--75.49)

% on Anti-hypertensive medication 25.19 (23.47--26.92)

Physical Activity Level (%)

Inactive 26.09 (24.30--27.87)

Low 14.45 (13.1--15.72)

Medium 11.09 (10.08--12.10)

High 48.21 (46.41--50.01)

Not reported 0.17 (0.06--0.28)

Diet Quality 50.50 (50.06--50.93)

Body Mass Index 29.82 (29.62--30.02)

Annual Family Income (%)

<$20,000 43.21 (40.96--45.47)

$20,000-50,000 36.62 (34.77--38.47)

>50,000 11.82 (10.01--13.63)

Not reported 8.34 (7.37--9.31)

% Low Mental Status 13.95 (12.55--15.35)

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 March 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lamar et al. Page 17

N=7413

Lipid Level Predictor (mg/dL)

Total cholesterol levels (mg/dL) 208.82 (207.10--210.53)

HDL-C levels (mg/dL) 49.64 (49.18--50.11)

LDL-C levels (mg/dL) 131.02 (129.53--132.50)

Triglyceride levels (mg/dL) 140.78 (138.07--143.50)

% on Lipid-lowering medication 17.05 (15.53--18.58)

Cognitive Outcomes

Verbal Fluency 18.67 (18.36--18.98)

Digit Symbol Substitution Test 34.52 (33.91--35.13)

B-SEVLT total learning 22.81 (22.58--23.03)

B-SEVLT recall post-interference 8.26 (8.15--8.36)

Note: All values represent the mean percent and (95% confidence intervals) unless otherwise noted, and account for the HCHS/SOL sample design 
(including sampling weights, cluster sampling, and stratification) to allow appropriate generalization to the target population, cluster sampling, and 
stratification (Lavange et al., 2010); Low Mental Status= Six Item Screener ≤4; B-SEVLT=Brief Spanish English Verbal Learning test

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 March 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lamar et al. Page 18

Table 2.

The association of triglyceride levels, log2(TG), with cognitive test performance

Cognitive Test Performance

Learning
Beta±SE
(95% CI)

Memory
Beta±SE
(95% CI)

Fluency
Beta±SE
(95% CI)

DSS
Beta±SE
(95% CI)

Model 1 log2(TG) −0.06±0.11
(−0.29 -- 0.16)

−0.03±0.06
(−0.15 -- 0.08)

−0.04±0.15
(−0.34 -- 0.24)

−0.13±0.23
(−0.59 -- 0.33)

Model 2 log2(TG) −0.03±0.12
(−0.27 -- 0.20)

−0.03±0.06
(−0.15 -- 0.09)

0.04±0.15
(−0.26 -- 0.35)

−0.02±0.24
(−0.49 -- 0.45)

Effect Modification of Background

Model A log2(TG) 0.11±0.32
(−0.52 -- 0.75)

−0.08±0.17
(−0.42 -- 0.25)

−0.27±0.39
(−1.04 -- 0.51) −1.28±0.68

+

(−2.62 -- 0.05)

log2(TG)
*Background

F(6,639)=0.64,
p=0.70

F(6,639)=0.49,
p=0.82

F(6,639)=0.80,
p=0.58

F(6,639)=1.03,
p=0.40

Effect Modification of Sex

Model B log2(TG) −0.17±0.16
(−0.50 -- 0.15)

−0.08±0.08
(−0.24 -- 0.07) −0.37±0.21

+

(−0.79 -- −0.03)
−0.83±0.31**

(−1.45 -- −0.21)

log2(TG)
*Sex

F(1,644)=1.18
p=0.27

F(1,644)=0.79
p=0.37

F(1,644)=7.15

p=0.007**
F(1,644)=12.15

p<0.005^

Note: log2(TG) = triglyceride levels log 2 transformed to approximate normality and improve model fit; thus, beta weights reflect the effect of 

doubling triglyceride levels on cognition.

Model 1: Adjusted for age, sex, education, Hispanic/Latino background, language of test administration, health insurance status, physical activity, 
diet, and body mass index (BMI)

Model 2: Adjusted for age, sex, education, Hispanic/Latino background, language of test administration, health insurance status, physical activity, 
diet, and BMI, as well as diabetes and hypertension

Effect Modification Model A: Adjusted for age, sex, education, Hispanic/Latino background, language of test administration, health insurance 
status, physical activity, diet, and BMI, as well as diabetes and hypertension, and included the interaction term of log2(TG)*background

Effect Modification Model B: Adjusted for age, sex, education, Hispanic/Latino background, language of test administration, health insurance 
status, physical activity, diet, and BMI, as well as diabetes and hypertension, and included the interaction term of log2(TG)*sex

^^
p<0.001,

^
p<0.005,

**
p<0.01,

*
p<0.05,

+
p<0.10
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Table 3.

The association of total cholesterol, log2(TC), with cognitive test performance

Cognitive Test Performance

Learning
Beta±SE
(95% CI)

Memory
Beta±SE
(95% CI)

Fluency
Beta±SE
(95% CI)

DSS
Beta±SE
(95% CI)

Model 1 log2(TC) 0.79±0.29**
(0.21 -- 1.36)

0.23±0.13
+

(−0.04 -- 0.50)
1.45±0.40^^
(0.66 -- 2.25)

1.50±0.70*
(0.11 -- 2.87)

Model 2 log2(TC) 0.53±0.27*
(0.00 -- 1.07)

0.13±0.13
(−0.13 -- 0.39)

1.01±0.38**
(0.27 -- 1.76)

0.82±0.58
(−0.33 -- 1.97)

Effect Modification of Background

Model A log2(TC) 0.19±0.67
(−1.12 -- 1.51)

0.16±0.33
(−0.49 -- 0.82)

−0.92±0.88
(−2.66 -- 0.82)

−0.07±1.31
(−2.66 -- 2.51)

log2(TC)
*Background

F(6,639)=0.71,
p=0.64

F(6,639)=0.11,
p=0.99

F(6,639)=1.88,

p=0.08
+

F(6,639)=2.59,

p=0.01**

Effect Modification of Sex

Model B log2(TC) 0.11±0.41
(−0.69 -- 0.92)

−0.04±0.20
(−0.43 -- 0.35)

0.56±0.50
(−0.42 -- 1.55)

0.84±0.77
(−0.67 -- 2.35)

log2(TC)
*Sex

F(1,644)=2.07
p=0.15

F(1,644)=1.56
p=0.21

F(1,644)=1.64
p=0.20

F(1,644)=0.00
p=0.97

Note: log2(TC) = total cholesterol levels log 2 transformed to approximate normality and improve model fit; thus, beta weights reflect the effect of 

doubling total cholesterol levels on cognition.

Model 1: Adjusted for age, sex, education, Hispanic/Latino background, language of test administration, health insurance status, physical activity, 
diet, and BMI

Model 2: Adjusted for age, sex, Hispanic/Latino background, language of test administration, health insurance status, physical activity, diet, and 
BMI, as well as diabetes and hypertension

Effect Modification Model A: Adjusted for age, sex, education, Hispanic/Latino background, language of test administration, health insurance 
status, physical activity, diet, and BMI, as well as diabetes and hypertension, and included the interaction term of log2(TC)*background

Effect Modification Model B: Adjusted for age, sex, education, Hispanic/Latino background, language of test administration, health insurance 
status, physical activity, diet, and BMI, as well as diabetes and hypertension, and included the interaction term of log2(TC)*sex

^^
p<0.001,

^
p<0.005,

**
p<0.01,

*
p<0.05,

+
p<0.10
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