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Abstract

Background—Cognitive function in older adults may be affected by multiple factors such as sex 

hormone levels, metabolic disturbances and neuropsychiatric illness. However, relatively few 

studies have tested the associations between these factors and cognitive function in a single 

sample. A cross-sectional analysis was conducted to examine the association between sex 

hormones, metabolic parameters, and psychiatric diagnoses with verbal memory in non-demented 

older men.

Methods—Participants included 112 men (mean age = 61.3 years) from the Baltimore 

Epidemiologic Catchment Area Follow-Up Study who completed measures of blood sex hormone 

levels, metabolic parameters (e.g. lipid profiles), and verbal memory.

Results—Higher levels of serum sex hormone binding globulin (SHBG) were associated with 

lower delayed verbal memory scores [standardized coefficients (beta) = −0.19, t = −2.07, df = 1, 

105, p = 0.04)], and higher body mass index (BMI) was associated with better immediate (beta = 

0.21, t = 2.41, df = 1,105, p = 0.02) and delayed (beta = 0.22, t = 2.46, df = 1,105, p = 0.02) verbal 

memory performance following adjustment for age, education, and psychiatric disorders. There 

was an inverse correlation between SHBG levels and BMI (Pearson’s r = −0.37, n = 112, p < 

0.001). Estimated free testosterone levels revealed curvilinear associations with verbal memory 

performance.

Conclusion—Our data suggest that higher SHBG levels are associated with worse verbal 

memory, whereas a higher BMI is associated with better verbal memory in older men. Higher 

SHBG levels due to lower adiposity may be a risk factor for cognitive dysfunction. The 

mechanisms linking SHBG to cognitive function have yet to be elucidated.
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INTRODUCTION

Human cognitive performance is affected by factors such as age and educational attainment. 

In addition, recent studies suggest that physical conditions (e.g., sex hormone imbalances,1, 2 

metabolic disturbances,3 psychiatric disorders4–7) may have a substantial impact on 

cognitive performance.

Evidence derived from animal models suggests that testosterone may have a neuroprotective 

effect and prevent cognitive decline.8, 9 Hence, age-related declines in testosterone levels 2 

may be linked to cognitive decline in men. However, research evaluating the association 

between the bioavailability of endogenous testosterone and levels of free testosterone (FT) 

with cognitive function in men provides mixed results.2 Sex hormone binding globulin 

(SHBG) is a testosterone transport protein that affects circulating levels of FT. Few studies 

have tested the relationship between serum SHBG levels and cognitive function; however a 

recent study identified a negative correlation between SHBG levels and cognition in elderly 

men.10 Similarly, a separate study demonstrated that older men and women with higher 

levels of SHBG had an elevated risk for developing Alzheimer’s disease (AD).11

Metabolic syndrome has been defined as a clustering of clinical and biochemical risk factors 

including central obesity, dyslipidemia, hypertension, and insulin resistance which increase 

the risk for developing type 2 diabetes and cardiovascular disease.12 The relationship 

between metabolic syndrome and cognition has been extensively studied. Moreover, 

obesity, 13 hypertension, 14 and type-2 diabetes 15 have been linked to cognitive impairment. 

To date, relatively few studies that have assessed the association between cognitive function 

with both sex hormones and metabolic parameters in older men; even fewer studies have 

used structured psychiatric interviews to measure the extent of psychopathology. However, 

use of appropriate assessment measures evaluating psychopathology is paramount in this 

line of research because psychiatric illness may confound the association between hormones 

and/or metabolic parameters with cognitive outcomes. Our study evaluated the association 

of testosterone, SHBG, and metabolic parameters with memory performance in older men 

from the Baltimore Epidemiologic Catchment Area study.

METHODS

Sample

The Baltimore Epidemiologic Catchment Area (ECA) Follow-Up Study is an ongoing, 

longitudinal, population-based cohort of adults originally interviewed in 1981 (N = 3481) 

and followed-up in 1982 (N = 2768), 1993 (N = 1920), and 2004 (N = 1071). The ECA was 

designed to collect data on the prevalence and incidence of psychiatric illness in an adult 

community sample according to the Diagnostic and Statistical Manual of Mental Disorders, 

3rd Edition-Revised (DSM-III-R) criteria, as well as the use of, and need, for psychiatric 

services by individuals with psychiatric illness. Methods for the Baltimore ECA Follow-Up 

Study have been described in detail elsewhere.16 We used data from Wave 4 (2003–2004), 

in which a sample of blood was requested from each of the 1071 respondents. The 

characteristics of the 683 who agreed to donate a blood sample are reported by Mezuk et 

al.17
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Although the ECA wave 4 consists of 1071 participants, we selected individuals who met 

following criteria: (1) male gender (397/1071, 37%), (2) 50 years and older (282/397, 71%), 

(3) completed verbal memory assessment described below (244/282, 87%), (4) completed 

Mini-Mental State Examination18(MMSE) and scored ≥27 (205/244, 84%), (5) their BMI 

assessed (183/205, 89%), and (6) donated blood at the interview (112/183, 61%), resulting a 

final sample size of 112. Compared with the 959 participants excluded from our analysis, 

the 112 participants included were older (61.3 years old vs. 58.6 years old; t = 2.08, df = 

1069, p = 0.04), more likely to be white (78% vs. 60%; χ2 = 13.3, df = 1, p < 0.01), had 

more education (13.1 years vs. 12.4 years; t = 2.58, df = 1069, p = 0.01), and had a similar 

BMI (29.2 vs. 30.0; t = −0.98, df = 940, p = 0.3). We used a relatively high MMSE cut-point 

in an attempt to exclude subjects with mild cognitive impairment (MCI) or dementia; the 

conventional cut-point (≥24) would likely permit the inclusion of more participants with 

clinical levels of cognitive impairment, especially among the highly educated.19 The study 

was approved by the Johns Hopkins Bloomberg School of Public Health Institutional 

Review Board. All participants provided written informed consent.

Assessment of cognitive function

Verbal memory was assessed by a modified version of the Rey Verbal Learning Test.20 

Detailed procedures of verbal memory assessment have been described elsewhere.21 Briefly, 

participants listened to 20 common words, and were asked to recall them immediately in any 

order. After 20 minutes, they were asked to recall the same list again. The total number of 

words recalled at each time point served as measures of immediate and delayed recall, 

respectively.

Hormonal and other biochemical assays

Blood specimens were collected in participants’ homes and delivered to the Johns Hopkins 

Cell Center to be centrifuged and separated into 1mL aliquots within 12 hours of collection. 

Aliquots were stored at −80°C for approximately 12 months before being transferred to the 

Johns Hopkins General Clinical Research Center Laboratory at the Johns Hopkins Bayview 

Medical Center for analysis. Samples were analyzed by laboratory technicians blinded to 

any information about the subject from the interview. Testosterone levels were measured 

using Human Testosterone RIA kits (Diagnostic Systems Laboratories, Inc). Sex Hormone 

Binding Globulin levels were analyzed with SHBG IRMA kits (Diagnostic Systems 

Laboratories, Inc). To calculate FT level, we used the Nanjee-Wheeler equation, which 

estimates FT using total testosterone and SHBG values.22 Hemoglobin A1C (HbA1C), total 

cholesterol, and HDL cholesterol levels were also measured (Analyzer, Medical Computer 

Systems). Respective intra- and inter-assay coefficients of variation were 6.5% and 7.5% for 

SHBG, 5.2% and 6.9% for total testosterone level, 1.4% and 2.3% for HbA1C, and 3.1% 

and 3.7% for serum lipids. The sensitivities of assays were 0.1nmol/L for SHBG, 0.02 ng/ml 

for total testosterone, <1% for HbA1C, and 0.8% for serum lipids.

Assessment of obesity, diabetes and blood pressure

Body mass index (BMI) was calculated as weight in kilograms divided by the square of 

height in meters. Participants were considered diabetic if they hadanHbA1c ≥6.5% or used 

any anti-diabetic medications. Assessment of anti-diabetic drugs was based on participant 
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report. During the interview, blood pressure was measured twice with an OMRON model 

HEM-711 automatic blood pressure monitor with several minutes between each assessment 

in a seated position. The average of the two scores was calculated.

Psychiatric assessment

Trained interviewers administered the Diagnostic Interview Schedule (DIS), 23 a structured 

interview that yields psychiatric diagnoses based on DSM-III-R criteria.24 Lifetime history 

of the following three psychiatric illnesses was evaluated and used for the present analysis: 

major depressive disorder (MDD) alcohol abuse or dependence, and substance abuse or 

dependence (excluding alcohol abuse or dependence).

Statistical Analysis

First, we calculated descriptive statistics to characterize our sample and examined simple 

correlations among demographics, immediate/delayed memory scores, sex hormones and 

metabolic parameters (e.g., BMI, total testosterone, FT, SHBG, total cholesterol, HDL 

cholesterol, hypertension, and diabetes) by calculating Pearson’s r. To evaluate the 

association of sex hormones, metabolic syndrome parameters, and psychiatric disorders with 

immediate and delayed verbal memories, we first performed a series of nine linear 

regression analyses adjusting for age and years of education (Model 1), each with BMI, total 

testosterone, FT, SHBG, total cholesterol, HDL cholesterol, systolic/diastolic blood 

pressure, or diabetes as the primary predictor. Next, we repeated these analyses, and 

adjusted for three dichotomous variables simultaneously to each model (Model 2) 

representing whether a history was present for the following three categories of psychiatric 

disorders: (1) substance abuse or dependence, (2) alcohol abuse or dependence and (3) 

major depressive disorder. We also conducted these multivariate linear regression analyses 

using the subjects selected by a conventional cut-off score for the MMSE (i.e., MMSE score 

≥24, sample size = 124). As previous papers have shown curvilinear associations of FT with 

cognition (reviewed by Holland et al., 2011) 2 we conducted additional linear regression 

analyses using curvilinear variables (squared total testosterone or squared FT) as an 

independent variable alongside with a non-squared variable (total testosterone or FT) 

without other covariates.

All statistical analyses were conducted using SPSS version 19. Statistical significance was 

set at p<0.05 (two-tailed).

RESULTS

On average, participants were 61.3 ± 9.9 years old (Table 1). Approximately 22% were non-

white with 13.1 ± 2.6 years of education. Participants’ mean MMSE, immediate and delayed 

verbal memory scores were 29.0 ± 1, 6.9 ± 2.7 and 5.5 ± 2.7, respectively. They had a mean 

BMI of 29.2 ± 5.9, total cholesterol of 190.7 ± 38.4 mg/dl, HDL cholesterol of 48.8 ± 14.9 

mg/dl, total testosterone of 2.8 ± 1.5 nmol/L, estimated FT of 0.17 ± 0.1 nmol/L, and SHBG 

of 71.2 ± 41 nmol/L. Of the 112 participants, 10 (9%) had a history of substance abuse or 

dependence, 18 (16%) had a history of alcohol abuse or dependence, and 8 (7%) had a 
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history of major depressive disorder. Two participants met either the DSM-III criteria for 

schizophrenia or bipolar disorder at the wave interview in 1982.

In the simple correlations among cognition, sex hormones and metabolic parameters, SHBG 

levels were inversely associated with BMI (r = −0.37, n = 112, p < 0.001) and FT (r = −0.36, 

n = 112, p < 0.001) and positively correlated with HDL cholesterol (r = 0.21, n = 112, p = 

0.026). Total testosterone negatively correlated with BMI (r = −0.30, n = 112, p = 0.002) 

and the diagnosis of diabetes (r = −0.20, n = 112, p = 0.036). However, a positive 

association between total testosterone and HDL cholesterol (r = 0.23, n = 112, p = 0.016) 

was observed. Higher BMI was associated with higher likelihood of having a diagnosis 

diabetes (r = 0.23, n = 112, p = 0.016); however, BMI negatively correlated with HDL 

cholesterol (r = −0.30, n = 112, p = 0.002) There were significant correlations between total 

testosterone and substance abuse/dependence (r = 0.19, n = 112, p = 0.044), BMI and 

alcohol abuse/dependence (r = − 0.21, n = 112, p = 0.03), HDL cholesterol and alcohol 

abuse/dependence (r = 0.24, n = 112, p = 0.01). The full correlation matrix is shown in 

supplemental table 1.

Tables 2 and 3 represent the results of the series of linear regression analyses for immediate 

memory and delayed memory, respectively. BMI predicted a better immediate verbal 

memory after controlling for age and years of education (beta = 0.20, t = 2.48, df = 1,108, p 

= 0.015) and this remained significant even consider psychiatric diagnoses (beta = 0.21, t = 

2.41, df = 1,105, p = 0.018). BMI and SHBG were associated with delayed verbal memory 

after adjustment for age and years of education (beta = 0.20, t = 2.37, df = 1,108, and p = 

0.02 for BMI; beta = −0.18, t = −2.01, df = 1,108 and p = 0.047 for SHBG). After further 

adjustment for psychiatric diagnoses, BMI and SHBG remained significantly associated 

with delayed verbal memory (beta = 0.22, t = 2.46, df = 1,105, and p = 0.016 for BMI; beta 

= −0.19, t = −2.07, df = 1,105 and p = 0.041 for SHBG).

When we limited analyses to participants with a conventional cut-off score for the MMSE 

(i.e., MMSE score ≥ 24, sample size = 124), similar results were obtained for regression 

models which included BMI (beta = 0.18, t = 2.26, df = 1,117 and p = 0.03 for immediate 

recall in the fully adjusted model; beta = 0.18, t = 2.18, df = 1,117, and p = 0.03 for delayed 

recall in the fully adjusted model) and SHBG levels (beta = −0.16, t = −1.86, df = 1,117, and 

p = 0.05 for delayed recall, in the fully adjusted model).

In the additional linear regression analyses using curvilinear variables, although squared 

total testosterone did not predicted memory, squared FT predicted both immediate (beta = 

−0.58, t = −2.80, df = 1,109, and p = 0.006) and delayed (beta = −0.52, t = −2.50, df = 1,109, 

and p = 0.14) verbal memories.

As a sensitivity analysis, we further added the linear regression analyses that excluded 

participants with a history of cancer, since these individuals are likely to have lower BMI 

and may have confounded the results. We identified 10 subjects with a history of cancer. 

After their removal from the sample, higher BMI still predicted better scores of immediate 

recall (beta = 0.282, t = 3.39, df = 1,98, and p = 0.001 for model 1; beta = 0.298, t = 3.39, df 
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= 1,95, and p = 0.001 for model 2) and delayed recall (beta = 0.273, t = 3.15, df = 1,98, and 

p = 0.002 for model 1; beta = 0.300, t = 3.32, df = 1,95, and p = 0.001 for model 2).

DISCUSSION

In this study, we found that SHBG levels and BMI were associated with cognitive function 

in non-demented older men. While higher BMI was associated with better verbal memory, 

higher SHBG levels correlated with poorer verbal memory. Our data also suggest a 

curvilinear correlation between FT and verbal memory. Despite past research supporting 

inverse associations between cognitive function and diabetes or hypertension, 14, 15 we 

failed to detect these negative associations.

A few prior studies have tested the association between serum SHBG levels and cognition or 

risk of dementia. Yaffe et al.25 reported that SHBG levels were inversely associated with 

cognitive function (e.g. MMSE, Trails B, and Digit Symbol), but were no longer significant 

after adjustment for age and education. Lessove-Schlaggar et al.26 did not find a correlation 

between SHBG and cognition. Recently, LeBlanc et al.10 reported a negative correlation of 

SHBG levels with cognition using the Trails B and global cognitive function tests. 

Moreover, they reported that higher SHBG levels were associated with an increased risk of 

cognitive decline. Finally Muller et al 11 reported that higher levels of SHBG were 

associated with an increased risk for Alzheimer’s disease. Our data provides further 

evidence supporting the inverse association between higher SHBG levels and cognitive 

function in men.

Our results conflict with those from previous studies which showed an inverse association 

between BMI and cognitive function.27 However, there is a notion that adiposity may 

predict a better survival and/or outcome for older adults in select illnesses.28–30 In fact, there 

are studies which demonstrated that lower BMI in late life (75 years) predicted cognitive 

decline,31 or alternatively that higher BMI in late life (75 years) was protective against 

developing dementia.32 As in prior research, 33 we found a negative association between 

BMI and SHBG levels (i.e. higher BMI correlated with lower SHBG levels). Moreover, 

lower SHBG levels predicted better verbal memory in this study. Hence, the positive 

association between BMI and verbal memory might be mediated in part by SHBG (when 

both variables were included in the equation neither were statistically significant predictors). 

These data suggest that SHBG is a key molecule in the “obesity paradox” for cognitive 

decline in older men. It has been suggested that SHBG may have neuroendocrine 

functions 34; however, the roles of SHBG in the brain are still unclear and further 

investigation is required to address these contradicting associations. One possible hypothesis 

considers the involvement of leptin. Gomez et al.35 reported a negative relationship between 

serum SHBG levels and leptin levels. Moreover, two recent large-scale studies reported a 

positive correlation between serum leptin levels and cognitive function in older persons 

(mean age = 79 years old), 36 and younger people (mean age = 36 years old).37 The inverse 

correlation of SHBG levels with cognitive function found in this study might have been 

mediated by the positive impact of leptin on cognitive function. Meanwhile, higher SHBG 

level might be both favorable and harmful for physical health in older men, since previous 

studies have shown negative associations of SHBG levels and insulin resistance (or type 2 
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diabetes), metabolic syndrome, or cardiovascular disease mortality, 38–40 whereas a positive 

correlation of SHBG levels and osteoporosis has been also reported (reviewed by Hoppe et 

al.). 41

We demonstrated a curvilinear association of FT with verbal memory, consistent with past 

literatures (reviewed by Holland et al.).42 This supports the notion that there is an “optimal 

FT level range” with regard to better cognition among older men.

Our study has several limitations. First, it lacked the measurement of estradiol levels, 

although the effects of this hormone in men are arguable.43 Second, only MMSE and verbal 

memory were available in this study. Since past studies have demonstrated the association 

between SHBG levels and executive function/overall cognitive performance, 10, 25 future 

studies should include broader neurocognitive domains. Third, since data regarding anti-

diabetic and blood pressure lowering medications were from participant report, there may 

have been a risk for recall bias. Fourth, due to the relatively modest sample size of this 

study, the number of participants who had histories of psychiatric disorders was small and 

therefore we may not have had the sufficient statistical power in terms of elucidating the 

relationships between cognition and psychiatric illness. Finally, psychotropic/anti-epileptic 

drugs or thyroid status may have altered sex hormone levels 44 or cognition, 45–47 but we 

were unable to consider these effects in this study.

Conclusion

Our data suggest a negative impact of SHBG levels on cognitive function in older men. 

Metabolic disturbances (excluding obesity), and psychiatric illness were not associated with 

cognition in this study. The underlying mechanisms linking SHBG to cognition require 

further investigation.
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