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Summary

Objective—Ischemic stroke is a major cause of morbidity and mortality in elderly men. Our 

main objective was to examine if testosterone (T) or dihydrotestosterone (DHT) were associated 

with incident ischemic stroke in elderly men.

Design—Cohort study
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Participants—Elderly men in the Cardiovascular Health Study who had no history of stroke, 

heart disease, or prostate cancer as of 1994 and were followed until December 2010.

Measurements—Adjudicated ischemic stroke

Results—Among 1032 men (mean age 76, range 66-97), followed for a median of 10 years, 114 

had an incident ischemic stroke. Total T and free T were not significantly associated with stroke 

risk while DHT had a nonlinear association with incident stroke (p=.006) in analyses adjusted for 

stroke risk factors. The lowest risk for stroke was at DHT levels of 50-75 ng/dL, with greater risk 

for stroke at DHT levels above 75 ng/dl or below 50ng/dl. Results were unchanged when SHBG 

was added to the model. Calculated free DHT had an inverse linear association with incident 

ischemic stroke with HR 0.77 (95% CI, 0.61, 0.98) per standard deviation in analyses adjusted for 

stroke risk factors.

Conclusions—DHT had a nonlinear association with stroke risk in which there was an optimal 

DHT level associated with the lowest stroke risk. Further studies are needed to confirm these 

results and to clarify if there is an optimal androgen range associated with the least risk for adverse 

outcomes in elderly men.
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Introduction

Serum testosterone (T) levels progressively decline in men, starting in middle age, and by 

age 60 low T levels occur in 20%-40% of men.1-3 The exact threshold for low T In older 

men remains controversial and depends on the assay used. The Endocrine Sociey has 

recommended a threshold in older men of low total T 280-300 ng/dL,4 which is a level that 

is considered to be low in younger men. Although low T levels are common in older men, 

androgen deficiency (i.e., low T plus signs and symptoms of low T) is much less common 

and occurs in only 2-6% of men ages 30-79 years old.1, 5 Low T may be associated with an 

increased risk for stroke as it is associated with risk factors for stroke such as increased body 

mass index (BMI), diabetes, dyslipidemia, atherosclerosis, arterial stiffness, and atrial 

fibrillation.6-11 Dihydrotestosterone (DHT) may also be associated with an increased risk for 

stroke, as it is an active metabolite of T and is a much more potent androgen than T. DHT is 

associated with risk factors for stroke such as increased BMI, diabetes, dyslipidemia, 

prevalent cardiovascular disease, and ischemic heart disease mortality.12, 13 Sex hormone 

binding globulin (SHBG) is a carrier protein that tightly binds and transports T and DHT. 

SHBG may also be associated with an increased risk for stroke because low SHBG is 

associated with risk factors for stroke such as metabolic syndrome, diabetes, lipids, and 

cardiovascular outcomes.14-19 However, although T, DHT, and SHBG are associated with 

risk factors for stroke, it is possible that low levels of these hormones are not causally linked 

to stroke but are merely markers of poor health.

The purpose of this study was to examine if serum T, DHT, and SHBG were independently 

associated with incident ischemic stroke. Few studies have examined the association 

between T and SHBG and incident stroke and to our knowledge, no prior studies have 
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evaluated the association between DHT and incident stroke. This is a clinically relevant 

question as stroke is the 4th leading cause of death in the United States and is responsible for 

significant morbidity and mortality, particularly in older men.20 Given the significant death 

and disability associated with stroke, the identification of potential novel risk factors for 

stroke could have a significant impact on public health. Based on available studies, we 

hypothesized that lower levels of T, DHT, and SHBG would be associated with an increased 

incidence of ischemic stroke in elderly men.

Methods

Study population

The Cardiovascular Health Study (CHS) is a longitudinal study that was initiated in 1989 to 

identify risk factors for cardiovascular disease in older adults.21 Eligible participants were 

65 years or older, non-institutionalized, expected to stay in the area for 3 years, and able to 

give informed consent. Those excluded were hospice patients, wheelchair-bound, or 

receiving current treatment for cancer. Each study center's institutional review board 

approved the study and each participant provided written informed consent before 

participating in the study. Clinic examinations were performed annually from 1989 to 1999, 

and again in 2005. Men were included in the present study if they had no detectable heart 

disease, stroke, or prostate cancer as of the 1994 examination and had frozen sera available 

from that visit. Prevalent heart disease was defined as a history of myocardial infarction, 

coronary artery bypass graft (CABG), percutaneous coronary intervention (PCI), heart 

failure, or stroke

Assessment of the Primary Outcome

The primary outcome was incident fatal and non-fatal ischemic stroke as adjudicated by the 

CHS Events Committee, which included neurologists from each site.22 The information 

used to adjudicate stroke included Medicare data, hospital records, imaging studies, autopsy 

results, death certificates and interviews with attending physicians, subjects, and families. 

Based on this information, standardized algorithms were used to adjudicate stroke outcomes 

through December 2010. In situations in which there was insufficient evidence to classify a 

stroke as either hemorrhagic or ischemic, the stroke was classified as a stroke of unknown 

type. We limited the outcome to ischemic stroke because the risk factors for ischemic stroke 

(e.g., diabetes, dyslipidemia, atherosclerosis, atrial fibrillation) are more strongly associated 

with low T and DHT than risk factors for hemorrhagic stroke (thrombocytopenia, bleeding 

dyscrasias, and anticoagulant treatment).

Hormone levels and assays

Blood samples were obtained from men participating in the 1994 CHS examination. Time of 

day for sample collection was not recorded, but based on the study protocol we believe that 

most were collected before noon. The samples were stored at -70° C at the CHS Central 

Laboratory in Burlington, Vermont. In 2010, frozen serum samples from eligible 

participants were shipped on dry ice to an endocrine research laboratory (author AMM's 

laboratory), which has over 20 years of experience in conducting androgen assays. All 

assays were conducted in duplicate and the average value was used in these analyses. Total 
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T and DHT were measured simultaneously using a liquid chromatography-tandem mass 

spectrometry assay.23 The lower limit of detection for total T was 1.0 ng/dL, with an intra-

assay coefficient of variation (CV) of 4.9% and an inter-assay CV of 5.1%. The CDC 

Hormone Standardization Program certified the assay. The lower limit of detection for DHT 

was 0.02 ng/mL with an intra-assay CV of 5.9% and an inter-assay CV of 6.2%. Sex 

hormone binding globulin (SHBG) was assayed using a commercial radioimmunoassay kit 

with a time-resolved fluoro-immunoassay (Delfia, Perkin Elmer, Norton, OH). The lower 

limit of detection for SHBG was 0.5 nmol/L, with an intra-assay CV of 1.4% and an inter-

assay CV of 6.6% at 31 nmol/L.

We determined calculated free T by the Vermeulen method, which correlates well with 

measures done by equilibrium dialysis,24 and the Mazer method.25 The calculated free T 

values by the Vermeulen and Mazer methods were highly correlated with each other (r= 

0.998, p<0. 00001). However, we used the Mazer formula in the analyses, rather than the 

Vermeulen formula, because it allowed calculation of both free T and free DHT.26 Finally 

we determined repeated hormone measures in a subset of participants (n=74) who had 

longitudinal sera samples available from 1989, 1994, and 1996 to evaluate the reliability of a 

single hormone measure over several years by estimating the intra-class correlations (ICC) 

for total T and DHT.

Assessment of covariates

Descriptions of data collection methods, including instruments and protocols have been 

reported previously.21 The covariates were measured at the 1994 visit, unless otherwise 

noted, and included measures to characterize the population and known risk factors for 

incident stroke reported in a prior CHS investigation.22 These covariates were age, race, 

educational level, smoking status, alcohol intake, systolic and diastolic blood pressure, atrial 

fibrillation, diabetes, creatinine >1.25 mg/dL, HDL, total cholesterol and lipid-lowering, 

anti-hypertensive, antiplatelet and anticoagulation agents. Demographic variables and 

alcohol consumption were based on self-report. Smoking status was characterized by pack-

years of smoking. Blood pressure was measured using standardized protocols. Medication 

use was ascertained using a validated medication inventory. Lab values obtained in 

1992-1993 were lipids, creatinine and fasting glucose. We defined diabetes as fasting 

glucose ≥ 126 mg/dL, non-fasting glucose ≥ 200 mg/dL, or use of diabetes medication. We 

defined hypertension as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 

mm Hg, or physician diagnosis of hypertension combined with use of anti-hypertensive 

medication.

Statistical Analysis

Demographic and stroke risk factors were compared in men who had an ischemic stroke and 

those who did not using Chi-Square tests for categorical variables and t-tests for continuous 

variables. We modeled each hormone continuously to examine the shapes of the hormone-

associations with incident ischemic stroke using generalized additive model plots and 

penalized cubic regression splines.27 The lowest and highest 2.5% of hormone values were 

excluded in generating the plots, to minimize the influence of extreme values, but all values 

were used in the regression analyses. Based on the spline plots, the simplest functional form 
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that adequately characterized each association was selected. Nonlinearity of associations 

was tested with the gain statistic.28 If quadratic associations were found, the overall p-value 

for the hormone-association was determined by a likelihood ratio test, comparing a model 

without the linear and quadratic terms to one with both terms. In addition, we also reported 

the p value for the quadratic term alone to indicate the strength of the quadratic association. 

To aid the reader in interpretation of the results, nonlinear hormone associations were 

quantified by hormone intervals that were approximately equal to the standard deviation of 

the hormone. The interval of lowest risk was selected as the reference and then risk was 

evaluated at levels above and below the reference interval.

We used Cox proportional hazards regression models to estimate the relative risk of each 

hormone with incident ischemic stroke. Time at risk was calculated as the interval between 

the 1994 study examination when sera were obtained and date of incident ischemic stroke, 

death, or end of follow-up (December 2010). We evaluated the validity of the proportional 

hazards assumption using Schoenfeld residuals and found no meaningful violations. Men 

who died or had a hemorrhagic stroke or stroke of unknown type were censored at the time 

of death or stroke. Serial models were constructed to allow for different levels of 

adjustment. Model 1 adjusted for age. Model 2 adjusted for age, systolic blood pressure, 

anti-hypertensive medications, atrial fibrillation, diabetes, and the natural logarithm of pack-

years smoked. Model 3 added lipid-lowering drugs, HDL, total cholesterol, high creatinine 

(>1.25 mg/dL), and replaced diabetes with the natural logarithm of fasting glucose and use 

of medications for diabetes. As an exploratory analysis, interactions of hormones with age, 

hypertension and diabetes were evaluated by forming cross product terms with each 

hormone, measured continuously. We also conducted a sensitivity analysis in which we 

excluded men who were treated with finasteride, which may lower DHT levels by 

approximately 70%29. All statistical analyses were conducted with STATA 12 and R.

Results

Characteristics of the study cohort

At the 1994 visit, 2057 men were alive and 1922 had some type of visit, for a response rate 

of 93.4%. The mean age of the cohort was 76.5 years (range 66-97) and African Americans 

comprised 14.8% of the sample. Despite the advanced age of the cohort, most men (84%) 

rated their health as good to excellent. Over a median follow-up of 10 years (maximum 16.5 

years), 114 men had ischemic strokes. Men who had an ischemic stroke were more likely to 

have high systolic blood pressure, diabetes, and low calculated free DHT levels at the time 

of the T measure than men who did not experience an ischemic stroke. Table 1.

Testosterone and incident ischemic stroke

In age-adjusted models, total T had a nonlinear association that was marginally associated 

with incident stroke, with p=.074 for both the linear and quadratic terms and p=.009 for the 

quadratic term. The results were attenuated when either SHBG or DHT was added to the 

model (p=.16 and .25, respectively, for both the linear and quadratic terms.) The lowest risk 

for stroke occurred at total T levels of 400-600 ng/dl, which was set as the reference and 

then risk was examined at levels above and below this (Table 2 and Figure 1). In the fully 

Shores et al. Page 5

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



adjusted model, total T had a marginal association with stroke (p=.055 for the combined 

linear and quadratic terms and p<. 03 for the quadratic term) and had no significant 

interactions with age, hypertension, or diabetes (p>.25 for all). Calculated free T was not 

associated with ischemic stroke in either linear or non-linear models.

Dihydrotestosterone (DHT) and incident ischemic stroke

In age-adjusted models, DHT had a significant nonlinear association with stroke (p=.0014 

for both the linear and quadratic terms and p=.001 for the quadratic term). The lowest risk 

for stroke occurred at higher DHT levels of 50-75 ng/dL, which were above the mean DHT 

(45 ng/dl). This interval of lowest risk was set as the referent and risk was examined at 

levels above and below this (Table 3 and Figure 1). In the fully adjusted model, DHT was 

associated with stroke risk in a nonlinear manner (p=.006 for the combined linear and 

quadratic terms). When SHBG and total T were added to the model, DHT remained 

significant (p=.015). DHT had no significant interactions with age, hypertension, or diabetes 

(p>.25 for all). Calculated free DHT had an inverse linear association with incident stroke 

risk with a HR of 0.74 (0.58, 0.94) with a 26% decreased risk per standard deviation (0.135 

ng/dl) increase in calculated free DHT in the fully adjusted model.

SHBG and incident ischemic stroke

In age-adjusted models, SHBG had a nonlinear relationship with stroke risk (p=.053 for both 

the linear and quadratic terms and p=.007 for the quadratic term). The lowest risk for stroke 

occurred at SHBG of 60-90 nmol/L (Table 4 and Figure 1). However, when total T or DHT 

were added to the model, the risk estimates were attenuated and SHBG was not associated 

with stroke risk. There were no significant interactions of SHBG with age, hypertension or 

diabetes.

Sensitivity Analyses and Reliability of Hormone measures

In an age-adjusted, sensitivity analysis, men who were treated with finasteride (n=33) were 

excluded and there was no significant change in the results. (Results not shown.) The intra-

class correlation coefficients (ICC) for 3 repeated hormone measures over a 7-year period 

were 0.82 for total T and 0.79 for DHT.

Discussion

To our knowledge, this is the first study to examine the association of T, DHT, and SHBG 

with incident ischemic stroke in elderly men without a history of heart disease or stroke. We 

had hypothesized that lower androgen and SHBG levels would be associated with increased 

risk for stroke. This hypothesis was confirmed for calculated free DHT, which had an 

inverse linear association with stroke risk. However for DHT, there was a non-linear 

association with stroke that persisted after adjusting for demographics, stroke risk factors, 

SHBG and total T. The lowest stroke-risk occurred at an intermediate DHT level of 50-75 

ng/dl, which was higher than the mean DHT level. This suggests that above average DHT 

levels are associated with decreased risk, while either high DHT or low-intermediate DHT 

levels are associated with increased stroke-risk. Of note, few men had clearly high DHT 

levels >75 ng/dl, so the estimates of increased risk at clearly high DHT levels are less 
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precise. Total T also had a nonlinear association with stroke, which was of borderline 

significance (p=.055). However, the association of total T with stroke was no longer 

significant after DHT was added to the model. It is unclear why DHT was more strongly 

associated with incident stroke than total T, but it may be because DHT is a much more 

potent androgen than total T. Further studies are needed to clarify this.

The pathophysiology underlying the potential association between androgens and stroke is 

complex as androgens have differing effects related to age and actions at different receptors 

(androgen, estrogen, membrane bound and cytosolic receptors). In ischemic stroke models 

in castrated male animals, T and DHT are associated with both adverse30-3334, 3536 and 

protective effects.34, 37 The protective effects of androgens may be mediated via 

vasodilation, antiplatelet effects, and activation of the ERK/MAPK pathway,3834, 35 while 

adverse effects may be mediated via vasoconstriction or inflammation.34, 39 In an animal 

model, androgen effects also varied by androgen levels with protective effects at physiologic 

T levels, but increased neuronal damage at both low and supra-physiologic T levels.35

In addition to the current study, another study recently reported that there appeared to be an 

optimal androgen range in elderly men. Specifically, in a study of elderly men, (mean age of 

77), the third quartile of total T, free T and DHT was associated with the lowest risk for all-

cause mortality and levels either above or below that were associated with increased risk. 40 

It is interesting to note that the DHT interval associated with the lowest risk in that study, 

overlapped with the DHT interval associated with the lowest risk in the current study. The 

possibility of an optimal range for androgens may explain conflicting results in which both 

low and high levels of androgens were associated with risk. Specifically, low levels of T and 

DHT are associated with stroke and adverse CV events12, 41-43 while high levels of free T in 

a T-treatment trial were associated with cardiovascular events.44 If additional studies 

identify an optimal range for serum androgen levels, this would suggest that androgen levels 

be monitored in men who are treated with T, to avoid supra-physiologic or sub-physiologic 

T-levels. Monitoring of androgen levels following T treatment is currently recommended in 

the Endocrine Society Guidelines. 4 However, it is unclear if monitoring T levels occurs 

frequently in routine outpatient care as a recent study found that 25% of treated men did not 

have baseline T levels prior to T treatment. 45

Two other studies examined the association between T and incident stroke in elderly men 

without a history of stroke. In a study of Japanese-American men (ages 71-93), total T was 

not associated with incident adjudicated stroke,46 which is consistent with our study results 

and DHT was not examined as a risk factor for stroke. In another study of Australian men 

(ages 70 and older) low total and free T were both associated with incident stroke and 

transient ischemic attack (TIA) while SHBG was not and DHT was not examined as a risk 

factor for stroke.47 The non-significant association with SHBG is consistent with our study, 

while the significant association with total and free T differs from the current study. Our 

results may differ from that study47 due to differences in cohort definition and outcome 

ascertainment. Specifically, the current study excluded men with stroke and heart disease, 

while the other study47 excluded men with stroke and TIA, but included men with heart 

disease. In addition, the current study had an adjudicated outcome limited to ischemic 
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stroke, while the other study47 used hospital discharge diagnoses of all stroke types and 

TIAs, which may be more subject to diagnostic error.

A limitation of this study is that there was only a single androgen measure, which may not 

be representative of the average serum androgen level.48 However, the high correlation of 

hormones in a subset of the cohort with repeated androgen levels suggests that a single 

serum measure was likely representative of the hormonal milieu of the individual. Another 

limitation is that although most of the blood samples were obtained in the morning there was 

not a standardized time to collect blood samples. This could influence the measured T 

levels, because serum T has a circadian rhythm with the highest T levels occurring in the 

morning. However, the effect of non-standardized blood collection times on study results 

may be minimal, since the circadian fluctuation in T levels is blunted in older men and DHT 

levels do not exhibit significant circadian variation. 4849

Despite these weaknesses, the present study has several strengths. It is one of the first 

studies of incident stroke in older men to use highly sensitive and specific mass 

spectrometry to assay for total T and DHT. Prior studies that used immunoassay methods 

were unable to reliably and accurately assay for DHT because immunoassays do not have 

sufficient sensitivity or specificity to measure the low levels of serum DHT in men. Another 

strength is that the cohort was obtained from the CHS study, which was specifically 

designed to ascertain cardiovascular disease, so rigorous protocols were used to evaluate 

prevalent and incident cardiovascular disease. Few of the prior cohort studies of androgens 

and cardiovascular disease had a cohort with such well-characterized baseline 

cardiovascular disease and well-adjudicated clinical outcomes. Finally, a novel aspect of this 

study is the finding of a nonlinear relationship with DHT and incident ischemic stroke. If 

nonlinear relationships are replicated in other studies, it may help to explain some of the 

conflicting results of prior studies, as categorical or linear models would fail to detect a non-

linear association.

In conclusion, in this well-characterized cohort of elderly men, DHT had a non-linear 

association with incident ischemic stroke with the lowest risk for stroke occurring at a serum 

DHT level that was above the mean DHT. These results suggest that there may be an 

optimal DHT range that is associated with the least risk for incident ischemic stroke. In 

contrast, calculated free DHT had an inverse linear association with incident ischemic 

stroke. However, although DHT and calculated free DHT were associated with incident 

stroke, these results do not imply a causal association as due to the observational study 

design it is possible that some unmeasured factor is contributing to the observed association. 

Further studies are needed to confirm these results and to clarify if there is an optimal 

androgen range associated with the least risk for adverse outcomes in elderly men.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The association of ischemic stroke risk with

A. Total testosterone (ng/dL) B. Total dihydrotestosterone (ng/dL) C. Free 

dihydrotestosterone (ng/dL) and D. SHBG (nmol/L). Models were fit using a penalized 

cubic spline and were adjusted for age. The lowest and highest 2.5% of hormone values 

were excluded to minimize the influence of extreme values but all values were used in the 

regression analyses.
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Table 1
Cohort Characteristics by Ischemic Stroke Status

Characteristic Mean (SD) Total n=1032 No stroken=918 Stroke n=114 p-value

Age, years 76.5 (5.2) 76.6 (5.2) 76.3 (4.9) .66

Black race, n (%) 153 (14.8) 137 (14.9) 16 (14.0) .80

High School Education, n (%) 777 (75.3) 686 (74.7) 91 (79.8) .23

Good-excellent Health, n (%) 867 (84.0) 773 (84.2) 94 (82.5) .63

Current smoking, n (%) 105 (10.2) 92 (10.0) 13 (11.4) .65

Alcohol use, n (%) 570 (55.2) 502 (54.7) 68 (59.7) .32

Systolic blood pressure 132.2 (19.7) 131.5 (19.7) 138.2 (18.8) .0006

Diastolic blood pressure 71.1 (10.8) 71.0 (10.8) 72.4 (11.0) .19

Hypertension, n (%) 547 (53.0) 478 (52.1) 69 (60.5) .09

Atrial fibrillation, n (%) 70 (6.8) 61 (6.6) 9 (7.9) .62

Diabetes, n (%) 117 (11.3) 96 (10.5) 21 (18.4) .01

Lipid lowering medications, n (%) 52 (5.0) 47 (5.1) 5 (4.4) .74

Anti-hypertensive medications, n (%) 474 (45.9) 423 (46.1) 51 (44.7) .79

Warfarin, n (%) 32 (3.1) 28 (3.0) 4 (3.5) .79

Creatinine>110.5 μmol/L, n (%) 272 (27.7) 244 (28.0) 28 (25.5) .58

HDL cholesterol1, mmol/L 1.24 (0.30) 1.24 (0.30) 1.23 (0.33) .72

Total cholesterol, 1 mmol/L 4.91 (0.91) 4.90 (0.91) 4.97 (0.87) .46

Fasting Glucose, 1 mmol/L 5.99 (1.69) 5.94 (1.57) 6.35 (2.44) .08

Total T, ng/dl 389 (176) 390 (173) 384 (204) .77

Free T, ng/dl 5.30 (2.2) 5.31 (2.3) 5.18 (1.9) .50

Total DHT, ng/dl 45 (23) 46 (23) 42 (25) .14

Free DHT, ng/dL 0.26 (0.13) 0.26 (0.14) 0.24 (0.12) .032

SHBG, nmol/L 64.9(29.9) 64.9 (28.9) 64.9 (37.6) .99

1
From the 1992-93 exam; missing on 4-5% of participants; DHT- dihydrotestosterone, SHBG-sex hormone binding globulin; T testosterone
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Table 2
Total Testosterone and Incident Ischemic Stroke

Model 1 Model 2 Model 3

Total T, ng/dL N HR (95% CI) HR (95% CI) HR (95% CI)

<200 107 1.87 (1.04, 3.35) 1.38 (0.75, 2.54) 1.46 (0.77, 2.75)

200-400 487 1.01 (0.65, 1.57) 0.91 (0.58, 1.42) 0.90 (0.56, 1.45)

400-600 331 1.00 (reference) 1.00 (reference) 1.00 (reference)

600-800 85 1.50 (0.78, 2.91) 1.54 (0.80, 2.98) 1.73 (0.88, 3.39)

>800 22 1.55 (0.47, 5.04) 1.54 (0.47, 5.07) 1.69 (0.51, 5.60)

p-value* .074 .157 .055

*
Based on a Likelihood ratio test of linear and quadratic terms.

Model 1: Adjusted for age

Model 2: Adjusted for age, ever smoked, pack-years (ln), systolic blood pressure, anti-hypertensive medications, diabetes, and atrial fibrillation.

Model 3: Adjusted for age, ever smoked, pack-years (ln), systolic blood pressure, anti-hypertensive medications, atrial fibrillation, total and HDL 
cholesterol, lipid-lowering medications, high creatinine, fasting glucose (ln) and use of insulin or oral hypoglycemic medications.
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Table 3
Total DHT and Incident Ischemic Stroke

Model 1 Model 2 Model 3

DHT, ng/dL N HR (95% CI) HR (95% CI) HR (95% CI)

<25 168 2.38 (1.32, 4.29) 2.05 (1.12, 3.75) 2.20 (1.18, 4.12)

25-50 487 1.63 (0.98, 2.72) 1.63 (0.98, 2.72) 1.67 (0.99, 2.83)

50-75 279 1.00 (reference) 1.00 (reference) 1.00 (reference)

75-100 71 2.13 (1.00, 4.56) 2.45 (1.13, 5.27) 2.45 (1.09, 5.50)

>100 27 1.47 (0.44, 4.98) 1.60 (0.47, 5.42) 1.89 (0.55, 6.53)

p-value* .004 .018 .006

*
Based on a Likelihood ratio test of linear and quadratic terms.

Model 1: Adjusted for age

Model 2: Adjusted for age, ever smoked, pack-years (ln), systolic blood pressure, anti-hypertensive medications, diabetes, and atrial fibrillation.

Model 3: Adjusted for age, ever smoked, pack-years (ln), systolic blood pressure, anti-hypertensive medications, atrial fibrillation, total and HDL 
cholesterol, lipid-lowering medications, high creatinine, fasting glucose (ln) and use of insulin or oral hypoglycemic medications.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2015 November 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Shores et al. Page 16

Table 4
SHBG and Incident Ischemic Stroke

Model 1 Model 2 Model 3

SHBG nmol/L N HR (95% CI) HR (95% CI) HR (95% CI)

<30 72 1.93 (0.99, 3.78) 1.40 (0.69, 2.83) 1.41 (0.68, 2.92)

30-60 462 1.12 (0.72, 1.75) 1.07 (0.68, 1.68) 1.06 (0.66, 1.70)

60-90 338 1.00 (reference) 1.00 (reference) 1.00 (reference)

90-120 114 1.38 (0.73, 2.59) 1.37 (0.73, 2.58) 1.52 (0.80, 2.89)

>120 46 1.57 (0.65, 3.80) 1.63 (0.67, 3.93) 1.71 (0.70, 4.16)

p-value* .053 .079 .044

*
Based on a Likelihood ratio test of linear and quadratic terms.

Model 1: Adjusted for age

Model 2: Adjusted for age, ever smoked, pack-years (ln), systolic blood pressure, anti-hypertensive medications, diabetes, and atrial fibrillation.

Model 3: Adjusted for age, ever smoked, pack-years (ln), systolic blood pressure, anti-hypertensive medications, atrial fibrillation, total and HDL 
cholesterol, lipid-lowering medications, high creatinine, fasting glucose (ln) and use of insulin or oral hypoglycemic medications.
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