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Abstract

Metabolic syndrome (MetS) is a clustering of vascular risk factors and is associated with increased 

risk of cardiovascular disease. Less is known about the relationship between MetS and cognition. 

We examined component vascular risk factors of MetS as correlates of different cognitive 

domains. The Northern Manhattan Study (NOMAS) includes 1290 stroke-free participants from a 

largely Hispanic multi-ethnic urban community. We used structural equation modeling (SEM) to 

model latent variables of MetS, assessed at baseline and an average of 10 years later, at which 

time participants also underwent a full cognitive battery. The two four-factor models, of the 

metabolic syndrome (blood pressure, lipid levels, obesity, and fasting glucose) and of cognition 

(language, executive function, psychomotor, and memory), were each well supported (CFI = 0.97 

and CFI = 0.95, respectively). When the two models were combined, the correlation between 

metabolic syndrome and cognition was −.31. Among the metabolic syndrome components, only 

blood pressure uniquely predicted all four cognitive domains. After adjusting for age, gender, 

race/ethnicity, education, smoking, alcohol, and risk factor treatment variables, blood pressure 

remained a significant correlate of all domains except memory. In this stroke-free race/ethnically 

diverse community-based cohort, MetS was associated with cognitive function suggesting that 

MetS and its components may be important predictors of cognitive outcomes. After adjusting for 

sociodemographic and vascular risk factors, blood pressure was the strongest correlate of 
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cognitive performance. Findings suggest MetS, and in particular blood pressure, may represent 

markers of vascular or neurodegenerative damage in aging populations.
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INTRODUCTION

The metabolic syndrome is a clustering of conditions that includes obesity, hypertension, 

dyslipidemia, and impaired glucose metabolism, and is associated with an increased risk of 

cardiovascular disease (Galassi, Reynolds, & He, 2006). There is agreement that over a 

quarter of the U.S. population has metabolic syndrome and its prevalence is rising (Ford, 

Giles, & Mokdad, 2004). It is believed that the increase is primarily due to lifestyle factors 

and the well documented rise of obesity (Mokdad et al., 2000).

There is also evidence linking the metabolic syndrome with cognitive decline and dementia, 

but not all studies have found an association (Muller et al., 2007; Raffaitin et al., 2009; 

Yaffe et al., 2004). In addition, the relative importance of individual components to 

cognition is less clear and has varied across studies (Komulainen et al., 2006; Vieira et al., 

2011). While hypertension (Novak & Hajjar, 2010), diabetes (Luchsinger et al., 2007), 

obesity (Dahl et al., 2013), hypertriglyceridemia (Farr et al., 2008), and impaired glucose 

tolerance (Takahashi et al., 2011) have each been associated with cognitive impairment, 

ranging from mild cognitive changes to dementia, the relationship between each metabolic 

risk factor and cognition is complex. Also, generalizability has been limited due to 

differences in age, ethnicity, sex, and small sample sizes, as well as the inclusion of 

heterogeneous surrogate measures for primary components and exclusion of measures with 

established CVD pathophysiological relevance. In addition, many studies to date have 

focused on the impact of the metabolic syndrome on cognition using brief mental status tests 

to define cognitive impairment (Viscogliosi et al., 2012).

Quantitative modeling methods have been used to characterize the relationships among 

metabolic syndrome components (Pladevall et al., 2006). Structural equation modeling 

(SEM) is well-suited for this purpose and may be used to derive a comprehensive metabolic 

syndrome model. Shen et al. (2003) and Shen, Goldberg, Llabre, and Schneiderman (2006) 

used a hierarchical four-factor model in two studies that provided an empirical foundation 

for conceptualizing and measuring the metabolic syndrome. Similarly, a recent study using 

three preclinical adult cohorts concluded that a one-factor metabolic syndrome model 

adequately fit each data set (Stevenson, Wright, & Boydstun, 2012). Taken together, results 

from these studies suggest that metabolic syndrome represents related domains, with obesity 

and insulin resistance as integral components.

The role of the metabolic syndrome components in cognition is less well studied using these 

methods. The purpose of this study is to replicate the latent variable model of metabolic 

syndrome, test its stability over an average of 10 years in a population-based race/ethnically 
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diverse sample, and estimate the extent to which metabolic syndrome, and its components, is 

associated with cognition.

METHOD

The Northern Manhattan Study (NOMAS) includes 3298 initially stroke-free participants 

identified using random digit dialing with dual-frame sampling to identify published and 

unpublished telephone numbers. Participants were eligible if never diagnosed with stroke, ≥ 

40 years, and resident of Northern Manhattan ≥ 3 months in a household with a telephone. 

Participants were recruited for in-person assessments with an overall response rate of 68%. 

Data were collected between 1993 and 2001 by trained bilingual research assistants using 

standardized instruments, review of medical records, physical and neurological 

examinations by study physicians, and fasting blood samples for glucose and lipids. Study 

definitions for race-ethnicity, hypertension, diabetes, cardiac disease and other risk factors 

are reported in Sacco et al. (2001).

Selection of Subsample

Between 2003 and 2008, NOMAS participants were recruited into an magnetic resonance 

imaging (MRI) sub-study and those who were enrolled received a full neuropsychological 

assessment. Participants were recruited sequentially during annual follow-up of the sample 

using the following criteria: (1) remained clinically stroke free; (2) had no contraindications 

to MRI; (3) age >55; and (4) provided Institutional Review Board-approved informed 

consent.

Neuropsychological Evaluation

The NOMAS neuropsychological evaluation has been previously described (Siedlecki et al., 

2009). In brief, English- and Spanish-speaking participants were given the same 

neuropsychological evaluation with the exception that the Wide Range Achievement 

(WRAT; Wilkinson, 1993) was only administered to English speakers and the Word 

Accentuation Test (WAT; Del Ser et al., 1997) was only administered to Spanish speakers. 

The cognitive domains assessed included: memory [immediate and delayed verbal memory 

(12-word list-learning )], visual/ motor (Grooved Pegboard, Color Trails) executive 

functioning (Odd-Man-Out, Color Trails 2, verbal and category fluency, digit ordering), and 

language [15-item Boston Naming, Peabody Picture Vocabulary Test/ Test de Vocabulario 

en Imagenes Peabody-Adaptacion Hispanoamericana, WRAT (English)/ WAT (Spanish)].

Analysis Plan

We first modeled the metabolic syndrome as a second order latent variable similar in 

structure to Shen et al. (2003, 2006) using structural equation modeling where all indicators 

were treated as continuous variables (Figure 1). The second order latent variable was 

measured by four first order constructs, the components of the metabolic syndrome: obesity, 

blood pressure, lipids, and glucose metabolism. Obesity was measured by waist 

circumference and body mass index (BMI). Systolic (SBP) and diastolic blood pressure 

(DBP) were the two blood pressure indicators. Lipids were assessed with measures of HDL 

and triglycerides. Fasting blood glucose was the single indicator of glucose metabolism. 
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This model was tested at two points in time: baseline and at the MRI visit, an average of 10 

years later (ranging from 8 to 13 years post baseline assessment. Model fit was determined 

using the Comparative Fit Index (CFI), Root Mean Squared Error of Approximation 

(SRMA), and Standardized Root Mean Squared Residual (SRMR). We then combined the 

two time-specific measures into an overall model that was tested for fit and allowed the 

assessment of reliability over time (Figure 2).

Using similar methodology, we modeled the cognitive measures with a second order latent 

variable model with the first order represented by the cognitive domains of language, 

memory, executive function, and visual/motor. Both second order factor models were 

specified together to assess the ability of metabolic syndrome to predict cognitive 

performance, controlling for measurement error and domain specific variance (Figure 3).

Finally, we used the components of the metabolic syndrome as predictors of the different 

cognitive domains to determine the unique contribution of each to the individual cognitive 

domains. This model was first tested without covariates, and then controlling for age, sex, 

race/ethnicity, education, smoking, reported alcohol consumption, and use of blood pressure, 

cholesterol, and diabetes medications.

RESULTS

Descriptive Statistics for all Measures

There were 1290 participants with data on metabolic syndrome variables and cognitive 

assessments available. Table 1 shows the characteristics of the study sample. There were 

more women than men. Mean age was 64 years at baseline and 71 at enrollment in the 

substudy. The sample was ethnically diverse, with a majority of Hispanic participants. 

Nearly half of the sample were moderate to heavy drinkers, nonsmokers, and had less than a 

high school education. Over half of the sample was taking blood pressure medication at 

baseline, but only 16% and 12% were on cholesterol and diabetes medication, respectively.

Table 1 displays sample characteristics as well as the means and standard deviations for the 

metabolic syndrome components at baseline and at the second assessment and the means 

and standard deviations for the cognitive domains. In general, this urban sample would be 

considered overweight, but not obese, with elevated blood pressure, and borderline glucose 

and lipid levels.

Latent Variable Models

Results of the standardized factor loadings for the first order factors within the second order 

factor model of metabolic syndrome at each time point are not shown but were all above 0.4. 

Both models fit the data, and all factor loadings were statistically significant (p <.05). The fit 

of the model at baseline was confirmed by CFI = .97, RMSEA = .054, and SRMR = .032. 

Model fit during the MRI visit was confirmed with CFI = .97, RMSEA = .058, and SRMR 

= .029. The χ2 test is not reported because its sensitivity in our large sample resulted in a 

significant value for all tests. The model replicated well over the two assessments and factor 

loadings were consistent over time. With respect to the second order factor, obesity (.60) and 

lipids (.55) loaded more strongly than did blood pressure (.32) and glucose (.30). Not all 
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indicators were stable over time. The stability reliability of the indicators of obesity (r = .82 

and .64 for BMI and waist, respectively) and lipids (.78 and .60 for HDL and triglycerides, 

respectively) tended to be more stable than measures of blood pressure (.38 and.37 for SBP 

and DBP, respectively) and blood glucose (.51). This could be partially due to changes in 

medication use over time.

To capture the stable components of the metabolic syndrome, we specified a third order 

factor model incorporating the measurements from both assessments. When the indicators 

were combined into a single model with the indicators at the two different times loading on 

stable factors for each measure, the specific measure factors loading on the metabolic 

syndrome components, and the components loading on a third order metabolic syndrome 

factor, the model fit the data, as evidenced by CFI = .97, RMSEA = .048, and SRMR = .032. 

All first order factor loadings exceeded 0.40 and were consistent between the baseline and 

second assessment with the exception of DBP where the 2nd assessment loading was 

significantly lower. These first order factors represent the shared variance between the two 

indicators over time and therefore are stable and free from time-based fluctuations. The 

loadings for the second and third order factors, presented in Tables 2 and 3, are comparable 

to those for the model at each time point, but are stronger because they are based on the 

reliable variance.

The second order factor model of cognitive performance also fit the data as evidenced by 

CFI = .95, RMSEA = .078, and SRMR = .051. The standardized loadings are displayed in 

Table 4 and were all statistically significant. All standardized loadings exceeded 0.4 for both 

the first and second order factors. The second order factor was strongly defined by the 

executive function, language, and visuomotor factors. When the two models were combined, 

the correlation between metabolic syndrome and cognition was estimated at −0.31. This 

coefficient represents the association between these two constructs free from measurement 

error and variance specific to any one component.

Predicting Cognition from Metabolic Factors

Standardized regression coefficients associated with regressing the four cognitive domains 

on sociodemographic and lifestyle factors and the metabolic syndrome components are 

shown in Table 5. First, considering the non-metabolic syndrome variables, older age was 

significantly associated with worse memory, executive function, and visual/motor skills, but 

was not related to language. Women had better memory but did less well in language than 

men. Relative to whites, blacks and Hispanics did worse on language, memory, and 

executive function. More years of formal schooling was significantly associated with better 

performance across all domains. Participants who reported being current smokers performed 

worse in memory and visual/ motor skills. Consumption of moderate alcohol was associated 

with better performance on all four domains except for visuomotor, relative to all others.

Table 5 shows the path coefficients for the cardiometabolic factors with and without 

covariates. In the unadjusted model, all four factors were significant predictors of 

performance on tests in the language domain; lipids and blood pressure were significant 

predictors of memory; lipids, blood pressure, and fasting glucose were significant predictors 

of executive function; and blood pressure and fasting glucose were significant predictors of 
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visual/motor skills. Blood pressure was the one component that predicted all four cognitive 

domains. Once all covariates were controlled for, path coefficients were attenuated but 

blood pressure remained a significant unique predictor of all cognitive domains except 

memory. In fact, no factor uniquely predicted the memory domain, once covariates were 

introduced. With respect to visual/motor skills, in addition to blood pressure, obesity, and 

glucose remained significant predictors. Lipids remained a significant predictor of language.

DISCUSSION

This study replicates previous work by Shen et al. (2003, 2006) demonstrating that the 

metabolic syndrome can be modeled using a hierarchical factor structure composed of 

obesity, blood pressure, lipid levels, and insulin sensitivity, and extends their findings to a 

larger, race/ethnically diverse sample. The advantage of SEM is that it allows for the 

creation of latent variables controlling for measurement error and using the full range of 

values of the continuous variables. This is the first prospective study to successfully model 

MetS at two points and to confirm that the individual components were stable over an 

average of 10 years of follow-up. We were also able to model cognition as a four-factor 

hierarchical model, composed of language, executive function, memory and psychomotor 

skills. This study illustrates the advantage of structural equation modeling to better 

understand the clustering of metabolic syndrome, the interrelationships between cognitive 

domains, and the link between cognition and metabolic risk factors. Furthermore, working 

with continuous variables maximizes power and does not assume the relationship between 

predictor and criterion is flat within category (Royston, Altman, & Sauerbrei, 2006).

Although high levels of blood pressure (Novak & Hajjar, 2010; Waldstein & Katzel, 2001), 

obesity (Dahl et al., 2013; Gunstad et al., 2007), dyslipidemia (Muldoon et al., 2000), and 

impaired glucose metabolism (McCrimmon, Ryan, & Frier, 2012) have all been shown to be 

adversely associated with cognitive function, few studies have examined the relative 

importance of these factors using structural equation modeling. When the individual 

components of metabolic syndrome were used as simultaneous predictors of the cognitive 

domains, after adjusting for demographic, behavioral, and medication variables, only blood 

pressure remained a significant predictor of three domains. We found that lipid levels 

predicted language performance and no factor predicted the memory domain. Obesity and 

glucose were predictors of visual/motor performance, a finding consistent with recent 

research showing higher BMI is linked to reduced visuomotor speed even among those in 

exceptional cardiovascular shape (Fedor & Gunsted, 2013) and that impaired glucose is 

associated with reduced dexterity (Pfützner et al., 2012).

Our finding that none of the metabolic components uniquely predicted memory performance 

may seem at odds with some studies showing a strong link between metabolic syndrome and 

dementia (Birdsill et al., 2013). In our model, all components were specified; therefore, the 

coefficients reflect the unique contribution of the individual components rather than their 

shared contribution. It is possible that the extent to which metabolic syndrome is associated 

with reduced memory performance may have been masked given that all components were 

simultaneously considered. An alternative explanation is that the prevalence of both mild 

cognitive impairment and dementia was low in this sample. NOMAS participants in the 
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current study had an average age of 71 at the time of the neuropsychological assessment, an 

age group at relatively low risk of cognitive disorders. In addition, elevated blood pressure is 

associated with white matter disease in NOMAS and these lesions, along with subclinical 

infarcts, have been associated with worse cognitive flexibility and psychomotor speed. 

These domains may be more susceptible to damage to frontal subcortical systems caused by 

exposure to metabolic syndrome and its components (Wright et al., 2008). It is also likely 

that subtle memory dysfunction is somewhat more dependent than the other domains on 

underlying neurodegenerative processes (i.e., Alzheimer pathology), and these may be less 

relevant to the metabolic syndrome to the extent that these risk factors cause vascular 

damage. While metabolic syndrome has been associated with dementia in prior studies, the 

relative effects among those with cerebrovascular disease in these studies has usually not 

been examined and not all studies have found an association between metabolic syndrome 

and Alzheimer disease (Raffaitin et al., 2009). Also, free recall of a word list may not be as 

sensitive to subtle memory deficits compared with some other indices, such as those that 

include an interference or distractor list.

Blood pressure emerged as the most significant metabolic syndrome variable uniquely 

predicting cognition in this cohort. An inverse relationship between blood pressure and 

cognitive dysfunction is well documented by cross-sectional and longitudinal studies carried 

out in the United States and other countries (Gifford et al., 2013). Specifically, Kilander, 

Nyman, Bobaerg, Hansson, and Lithell (1998) reported that high DBP at age 50 years 

predicted cognitive performance on the Mini Mental State Exam and trail-making test at age 

70. In the Honolulu Asia Aging Study, each 10 mmHg increase in SBP was associated with 

a 7% increased risk for some degree of cognitive dysfunction and a 9% risk for poor 

cognitive function. The same investigators reported that elevated BP in the middle years 

predicted later dementia in men who had never been treated for hypertension (Launer et al., 

2000). Low and high baseline diastolic and mean arterial pressure, but not systolic blood 

pressure or pulse pressure, in midlife was linked to cognitive impairment in a multiethnic 

sample followed up 20 years later (Taylor et al., 2013). In middle aged women, the 

combination of type 2 diabetes and hypertension is associated with greater cognitive 

impairment compared to normotensive diabetic patients (Petrova, Prokopenko, Pronina, & 

Mozheyko, 2010). Several other studies examining the link between metabolic syndrome 

and cognition using multivariable linear regression have been conducted, but the relative 

importance of specific factors has differed across studies. In the Longitudinal Aging Study 

Amsterdam (Dik et al., 2007), hyperglycemia was a key predictor, while HDL-C was found 

to be the most important predictor in the Finnish study noted above (Komulainen et al., 

2006), and in the Dijon 3C study, high triglycerides were the most important predictor of 

vascular dementia (Raffaitin et al., 2009). Most recently, Yaffe et al. (2014) demonstrated in 

a prospective study of 3381 adults that higher SBP and DBP and fasting glucose assessed in 

young adulthood was significantly associated with poorer performance on multiple 

neuropsychological measures 25 years later. Sabayan et al. (2013) showed that variability in 

SBP, independent of average blood pressure, assessed on approximately every 3 months was 

associated with poorer attention, slower processing speed and impaired pictorial recall.

The mechanism by which hypertension may lead to cognitive decline is controversial and 

both direct and indirect pathways have been proposed. We have previously found that 
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elevated blood pressure, and increases in blood pressure from baseline to the time of MRI, 

are associated with a greater burden of white matter lesions, suggesting a role for small 

vessel disease (Marcus et al., 2011). Hypertension has also been associated with reduced 

brain volume (Nagai, Hoshide, Ishikawa, Shimada, & Kario, 2008; Narayan et al., 2011). 

Strassburger et al. (1997) found that hypertensive individuals ranging in age between 56 and 

84 years performed worse than their age-matched counterparts on language and memory 

measures and had reduced volume in the thalamic nuclei and more CSF in temporal and 

cerebellar regions. In the Honolulu Asia Aging Study, SBP >160 mmHg and DBP >95 

mmHg in the middle years was associated with an increased number of neurofibrillary 

tangles, and increased SBP was also associated with reduced brain weight and poorer 

cognitive function. Thus elevated blood pressure could contribute to worse cognitive 

performance through both vascular damage and neurodegeneration.

It is interesting to note that obesity was the strongest correlate of metabolic syndrome but 

blood pressure was the strongest correlate of cognitive performance. It is not surprising that 

obesity was the strongest correlate of metabolic syndrome as it has been found to be the 

strongest predictor of incident metabolic syndrome in a large prospective study (Palaniappan 

et al., 2004). In addition, obesity causes worsening of other risk factors within the syndrome, 

including insulin resistance and high blood pressure. Thus, obesity itself may be less 

important as a direct determinant of cognitive performance than as a contributor to elevated 

blood pressure, that in turn leads to ischemic damage and subclinical infarction or increases 

Alzheimer pathology.

A major strength of this study is the well-characterized sample of the fastest growing 

minority demographic in the United States. Another strength is the use of structural equation 

modeling, an approach that uses continuous scale for measures of components of the 

metabolic syndrome, as opposed to imposing categorical classifications or arbitrary 

thresholds to define metabolic syndrome. There are also limitations to this study. One is a 

survival effect, since only NOMAS participants remaining alive, stroke-free and older than 

55 years were eligible to be included. In addition, participants with contraindications to MRI 

were not eligible. While this could lead to a healthy cohort effect, it would have tended to 

bias our results toward the null and minimized any vascular problems or cognitive deficits in 

the sample, making it less likely to find an association between cardiometabolic factors and 

cognition. While we used our measurements of metabolic syndrome determinants at two 

visits an average of 10 years apart to improve reliability, we did not model incident 

metabolic syndrome. In addition, the cognitive measures came from a single time point and 

we are thus unable to determine the effect of metabolic syndrome and its components on 

cognitive decline. This was also true of the covariates, where they were assessed 

systematically at baseline but after that, they were measured during an annual telephone 

follow-up not at the time of the MRI. The second time point is nearly complete which will 

allow for a prospective analysis of our data. This will also permit a more careful 

examination of alcohol consumption, a covariate that has been shown to be either positively 

or negatively linked to cognition depending on the amount consumed. In the current study, 

most NOMAS participants were either non-drinkers or drank light to moderate amounts of 

alcohol (moderate was defined as up to two drinks daily). We have very few heavy drinkers 

(2%), which was why the moderate and heavy drinkers were combined. Several other 
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studies using regression have found specific markers of inflammation to be effect modifiers 

of the association between metabolic syndrome and cognitive problems, including among 

Latinos (Yaffe et al., 2007). We did not examine inflammation in the current study, as it 

would have reduced our sample size. However, further studies are planned to examine this 

question in NOMAS.

These findings add to the growing body of research showing a strong relationship between 

metabolic syndrome and neuropsychological test performance. In this race/ethnically diverse 

urban U.S. community, a four-factor model of MetS that includes blood pressure, fasting 

glucose and lipid levels, and obesity provided the best structural representation. 

Furthermore, we have demonstrated that these components remain stable and reliable over 

time. The finding that blood pressure emerged as the strongest unique correlate of neuro-

cognitive performance suggests that further studies should focus on understanding the 

hemodynamic changes underlying vascular aging, arterial damage and neurodegenerative 

changes associated with age related cognitive decline.
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Fig. 1. 
Model of MetS. Note. WC = Waist Circumference, BMI = Body Mass Index, SBP = systolic 

Blood Pressure, DBP = Diastolic Blood Pressure, HDL = High Lipid Lipoprotein, TG = 

triglycerides.
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Fig. 2. 
Model of MetS for both time points. Note. WC = Waist Circumference, BMI = Body Mass 

Index, SBP = systolic Blood Pressure, DBP = Diastolic Blood Pressure, HDL = High Lipid 

Lipoprotein, TG = triglycerides.
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Fig. 3. 
Cognitive Model. Note. PPVT = Peabody Picture Vocabulary Test, BNT = Boston Naming 

Test, VB = Verbal Memory, Pgeg = Grooved Pegboard.
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Table 1

Sample characteristics and sample means for cardiometabolic risk factors and cognitive variables

Baseline 2nd Assessment (N = 1290)

1993–2001 2003–2008

Sample characteristics (%)

Age (M = 64, SD = 8.4)

Gender

 Female 60.8 –

 Male 92.2 –

Race/ethnicity

 Non-Hispanic White 14.8 –

 Non-Hispanic Black 17.3 –

 Hispanic 65.6 –

 Other 2.3 –

Alcohol consumption

 Non-drinker 20.5 –

 Past-drinker 20.0 –

 Light-drinker 12.6 –

 Moderate-heavy drinker 47.0 –

Smoking

 Never 47.5 –

 Former 36.0 –

 Current 16.0 –

Medication

 Blood pressure 53.0 –

 Cholesterol 16.0 –

 Diabetes 12.0 –

Education

 <8th grade 40.6 –

 Not HS graduate 13.6 –

 HS graduate 15.5 –

 Some college 14.1 –

 College graduate 12.0 –

Cardiometabolic risk factors M(SD)

 SBP (mmHg) 141.0 (19.8) 136.0 (14.5)

 DBP (mmHg) 84.0 (10.6) 78.0 (9.7)

 HDL cholesterol (mg/dl) 46.0 (13.9) 53.0 (17.0)

 Triglycerides (mg/dl) 136.0 (81.8) 127.0 (78.1)

 BMI (kg/m2) 28.0 (4.8) 28.0 (5.0)

 Waist circumference (in) 36.6 (5.1) 38.0 (4.9)

 Blood glucose (mg/dL) 102.0 (41.2) 101.0 (33.9)
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Baseline 2nd Assessment (N = 1290)

1993–2001 2003–2008

Cognitive domains M(SD)

 Language

  PPVT – 126.0 (43.8)

  BNT – 13.0 (1.8)

 Memory

  Immediate Verbal Memory – 29.0 (7.6)

  Delayed Verbal Memory – 6 (2.6)

 Executive Function

  Color Trails 2 – 178 (71.9)

  Animals – 16 (5.3)

  Digit Ordering – 4 (2.2)

  Odd Man Out (Items 2 + 4) – 12 (4.9)

  Fluency – 28 (12.5)

 Visual/Motor

  Color Trails 1 – 86 (45.9)

  Grooved Pegboard-Dominant – 109 (27.3)

  Grooved Pegboard-Non-Dominant – 114 (25.7)

Note. SBP = systolic blood pressure; DBP = diastolic blood pressure; BMI = body mass index; PPVT = Peabody Picture Vocabulary Test; BNT = 
Boston Naming Test.
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Table 2

Standardized factor loadings for second order cardiometabolic syndrome factor model at two time points

Indicator

Baseline 2nd Assessment

1993–2001 2003–2008

First order factor

Obesity

BMI 0.75 (.04) 0.77 (.03)

Waist Circumference 0.82 (.04) 0.96 (.04)

Blood pressure

Systolic BP 0.70 (.07) 0.61(.08)

Diastolic BP 0.82 (.07) 0.84 (.10)

Lipids

Triglycerides 0.54 (.06) 0.50 (.05)

HDL Cholesterol −0.76 (.07) −0.86 (.08)

Glucose

Fasting blood glucose 1.00 1.00

Second order factor

Metabolic syndrome

Obesity 0.60 (.08) 0.68 (.09)

Lipids 0.55 (.09) 0.47 (.08)

Blood Pressure 0.32 (.06) 0.24 (.05)

Glucose 0.30 (.06) 0.25 (.05)

Note. BMI = body mass index; BP = blood pressure; HDL = high-density lipoprotein.
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Table 3

Standardized factor loadings for third order cardiometa-bolic factor model

Baseline 2nd Assessment

1993–2001 2003–2008

First order factor

 BMI (F1) 0.91 (.03) 0.90 (.03)

 Waist circumference (F2) 0.72 (.03) 0.88 (.03)

 Systolic BP (F1) 0.64 (.08) 0.60 (.07)

 Diastolic BP (F2) 0.74 (.08) 0.50 (.06)

 Triglycerides (F1) 0.77 (.03) 0.78 (.03)

 HDL Cholesterol (F2) 0.88 (.02) 0.90 (.02)

 Glucose 0.69 (.06) 0.74 (.06)

Second order factor F1 F2

 Obesity 0.83 (.02) 1.00 (–)

 Blood pressure 0.69 (.07) 0.84 (.08)

 Lipids 0.59 (.05) −0.95 (.08)

Third order factor

 Obesity 0.73 (.07)

 Lipids 0.47 (.07)

 Blood pressure 0.41 (.06)

 Glucose 0.36 (.06)

Note. BMI = body mass index; BP = blood pressure; HDL = high-density lipoprotein.

The third order model had each variable with indicators measured at time 1 and time 2. Variable pairs were combined into the second order factors 
(F1–F2) and finally obesity, blood pressure, lipids, glucose combined into the third order factor.
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Table 4

Standardized loadings for second order factor model of cognitive performance

First order factor Indicator 2nd Assessment (2003–2008)

Language

PPVT 0.81(.02)

BNT 0.60 (.02)

Memory

Immediate Verbal Memory 0.92 (.02)

Delayed Verbal Memory 0.82 (.02)

Executive Function

Color Trails 1 −0.69 (.02)

Color Trails 2 −0.79 (.01)

Animals 0.63 (.02)

Digit Ordering 0.67 (.02)

Odd Man Out (Items 2 + 4) 0.71 (.02)

Fluency 0.76 (.02)

Visual/Motor

Color Trail 1 0.62 (.02)

Grooved Pegboard-Dominant −0.62 (.02)

Grooved Pegboard-Non-dominant −0.56 (.03)

Second Order Factor

Cognitive

Language 0.90 (.02)

Memory 0.61 (.02)

Executive Function 1.09 (.01)

Visual/Motor 0.87 (.03)

Note. PPVT = Peabody Picture Vocabulary Test; BNT = Boston Naming Test.
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Table 5

Standardized path coefficients (standard errors) for covariates and metabolic factors, not controlling for 

covariates

Predictor

Outcomes

Language Memory Ex. Function Visual/Motor

Covariates

 Age .01(.02) −.32(.03) * −.20(.03) * −.42(.04) *

 Gender .05(.02)* −.23(.03) * −.02(.03) .08(.04) *

 Race/ethnicity

  Hispanic −.57(.03)* −.11(.05) * −.26(.04)* .03(.06)

  Non-Hispanic Black −.05(.02)* −.11(.04)* −.12(.04)* −.01(.05)

  Other −.03(.02)* −.07(.03)* −.04(.03)* .00(.04)

 Education .33(.02)* .36(.04)* .55(.03)* .45(.04)*

 Past smoker .02(.02) −.01(.03) −.04(.03) −.03(.04)

 Current smoker −.00(.02) −.07(.03)* .02(.03) −.11(.04)*

 Alcohol consumption .07(.02)* .08(.03)* −.10(.03)* .09(.04)*

 BP meds −.01(.02)* .02(.04)* .02(.04) −.03(.05)

 Cholesterol meds −.01(.01) .02(.03)* .00(.03) .02(.04)

 Diabetes meds −.01(.03) −.10(.05)* .04(.05) .01(.06)

Cardiometabolic factors (CFs)

 Obesity .03(.02) −.02(.04) −.03(.03) −.15(.04)*

 Blood pressure −.06(.03)* −.05(.05) .09(.05) −.14(.07)*

 Lipids .04(.02)* .00(.03) .02(.03) −.01(.04)

 Glucose .01(.03) .09(.06) .04(.05) −.17(.07)*

CFs without covariates

 Obesity .12(.05)* .02(.04) −.06(.04) −.09(.05)

 Blood pressure −.24(.62)* −.20(.04)* .33(.06)* −.40(.06)*

 Lipids −.30(.04)* −.11(.03)* .12(.04)* −.02(.04)*

 Glucose −.09(.05) −.00(.04) .15(.04)* −.21(.05)*

Note.

*
p <0.05.

Reference groups: meds = no; race/ethnicity = white/anglo; smoking = no smoking; gender = female.
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