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Abstract

Objective
To investigate sex and race differences in the association between fasting blood glucose (FBG)
and risk of ischemic stroke (IS).

Methods

This prospective longitudinal cohort study included adults age >45 years at baseline in the
Reasons for Geographic And Racial Differences in Stroke Study, followed for a median of 11.4
years. The exposure was baseline FBG (mg/dL); suspected IS events were ascertained by
phone every 6 months and were physician-adjudicated. Cox proportional hazards were used to
assess the adjusted sex/race-specific associations between FBG (by category and as a restricted
cubic spline) and incident IS.

Results

Of 20,338 participants, mean age was 64.5 (SD 9.3) years, 38.7% were Black, 55.4% were women,
16.2% were using diabetes medications, and 954 IS events occurred. Compared to FBG <100, FBG
>150 was associated with $9% higher hazards of IS (95% confidence interval [CI] 1.21-2.08) and
61% higher hazards of IS among those on diabetes medications (95% CI 1.12-2.31). The asso-
ciation between FBG and IS varied by race/sex (hazard ratio, FBG >150 vs FBG <100: White
women 2.05 [95% CI 1.23-3.42], Black women 1.71 [95% CI 1.10-2.66], Black men 1.24 [95% CI
0.75-2.06], White men 1.46 [95% CI 0.93-2.28], PrpGxrace/sex = 0.004). Analyses using FBG
splines suggest that sex was the major contributor to differences by race/sex subgroups.

Conclusions

Sex differences in the strength and shape of the association between FBG and IS are likely driving
the significant differences in the association between FBG and IS across race/sex subgroups.
These findings should be explored further and may inform tailored stroke prevention guidelines.
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Glossary

BMI = body mass index; CI = confidence interval; FBG = fasting blood glucose; HR = hazard ratio; IS = ischemic stroke; PAF =
population attributable fractions; REGARDS = Reasons for Geographic and Racial Differences in Stroke; SBP = systolic blood

pressure.

Elevated fasting blood glucose (FBG), a marker of the severity
of abnormal glucose metabolism and diabetes control, is as-
sociated with an increased risk of cardiovascular disease (in-
cluding stroke), although the relationship may be nonlinear,
and data conflict as to whether this relationship varies by sex.'™
Data have consistently shown a stronger association between
a diagnosis of clinical diabetes and incident stroke in women
than men,™® suggesting the possibility of a similar sex differ-
ence in the relationship between FBG and stroke. Data are
also lacking on sex differences in absolute measures of stroke
risk associated with diabetes or FBG.

Although less is known about the association between di-
abetes and stroke by race, data from the Reasons for Geo-
graphic and Racial Differences in Stroke (REGARDS) study
demonstrated that the stroke risk associated with diabetes
varies by sex in White but not Black participants.”” Con-
tributors to such race-based differences are not clear, although
disparities in the treatment of diabetes, prevalence of un-
controlled FBG, and overall stroke risk and mortality are a

possibility.®

Studies evaluating sex- and race-based differences in stroke
risk associated with diabetes have not consistently accounted
for the use of diabetes medications or demonstrated whether
differences in stroke risk persist across varying levels of
FBG.»> We investigated the severity of hyperglycemia by
race/sex subgroups and differences in the risk of incident IS
across increasing levels of FBG between race and sex sub-
groups, accounting for the use of diabetes medications as well
as other stroke risk factors.

Methods

Study Population/Participants

The REGARDS study is a national longitudinal cohort study
into which 30,239 adults >4S years of age were enrolled be-
tween 2003 and 2007; individuals who identified as Black or
living in 1 of the 8 stroke belt states were oversampled. De-
tailed study methodology has been published.” A structured
telephone interview plus a home visit was conducted at the
time of enrollment to collect data on demographics, medical
history, and medications, including those for diabetes. Vital
signs, an electrocardiogram, and a blood draw were also
performed during the initial home visit. For this analysis,
participants were excluded if they had prevalent stroke at
baseline, did not have a FBG performed, or had missing
data on any of the covariates used in the primary analysis

(figure 1).
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Standard Protocol Approvals, Registrations,
and Patient Consents

The REGARDS study was approved by institutional review
boards at all participating sites. All participants provided
written informed consent.

Exposure
The primary exposure variable was FBG measured during the
initial home visit. Participants were asked to fast overnight for

Figure 1 Flowchart of Study Sample

Full REGARDS cohort
(N =30,239)

Excluded (n = 2,520):

» Data anomalies (56; 0.2%)

+ Reported prevalent stroke (1,930; 6.4%)

* Missing prevalent stroke data (102; 0.3%)
+ Missing follow-up data (428; 1.4%)

« Stroke before in-home exam (4; 0.01%)

Stroke-free cohort
(n=27,719)

Excluded (n = 4,402):

Missing covariates (not exclusive) (4,402):
+ Medication usage (1,302; 4.7%)

« Glucose (1,122; 4.0%)

* Employment status (1,093; 3.9%)

« Diabetes status (986; 3.6%)

« Atrial fibrillation (605; 2.2%)

+ Coronary artery disease (480; 1.7%)

+ Left ventricular hypertrophy (439; 1.6%)
» Body mass index (181; 0.7%)

* Smoking status (108; 0.4%)

* Blood pressure (65; 0.2%)

« Education (15; 0.05%)

Complete data cohort
(n=23,317)

Excluded (n = 2,979):
+ Nonfasting blood draw (2,979)

Primary analytic sample
(n=20,338)

Excluded (n =9,114):
+ Male gender (n =9,075)
« Refused/did not know hormone use (n = 39)

Secondary analysis
(n=11,224)

REGARDS = Reasons for Geographic and Racial Differences in Stroke.
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10-12 hours, and blood glucose was measured using colori-
metric reflectance spectrophotometry on the Ortho Vitros
950 IRC Clinical Analyzer (Johnson & Johnson Clinical Di-
agnostics) at the University of Vermont.

Outcome

The outcome was incident ischemic stroke (IS), defined as a
sudden onset, neurologic deficit lasting >24 hours or imaging
evidence of a stroke with accompanying appropriate symptoms,
and without evidence of intracranial hemorrhage as the primary
stroke subtype. Potential cases of IS are initially identified via
computer-assisted telephone interviews that occur every 6
months. Medical records associated with self- or proxy-reported
medical encounters suspected to be stroke events are then ad-
judicated by trained study physicians using medical records and
results of brain imaging. For this analysis, events through Sep-
tember 2018 were included. Details of case ascertainment and
adjudication have been published previously.'’

Covariates

Data on the primary independent variables (biologic sex
[male/female] and race [Black/White]) were collected dur-
ing interviews occurring at the time of study enrollment.
Other demographic variables collected at baseline include age,
education, and annual household income. Clinical variables
included body mass index (BMI) as well as factors included in
the Framingham Stroke Risk Score (baseline systolic blood
pressure [SBP], use of antihypertensive medications, history
of atrial fibrillation, left ventricular hypertrophy, history of
heart disease, smoking status, and diabetes). Finally, whether
women had ever used menopausal hormone therapy (MHT)
was obtained by self-report.

Statistical Analyses

Baseline characteristics of the sample by categorical FBG level
were analyzed using descriptive statistics (frequencies with
proportions or means with SDs as appropriate). Next, prev-
alence of hyperglycemia (defined here as FBG >150 or >200
mg/ dL) was described by race/sex subgroup using frequen-
cies and proportions.

Cox proportional hazard models were used to assess the as-
sociation between FBG and incident IS, both with FBG as a
categorical variable (to account for clinically meaningful cat-
egories) and then as a restricted cubic spline, to explore a
potential nonlinear relationship between FBG and incident
IS. Analyses were performed for the entire study sample,
followed by analyses stratified by use of diabetes medication
(oral medications or insulin vs no diabetes medication use).
All time-to-IS analyses used cause-specific proportional haz-
ard models to account for the competing risk of death.""

FBG as a Categorical Variable

For analyses with FBG as a categorical variable, the 4 cate-
gories of FBG were chosen a priori based on established
clinical thresholds for impaired glucose metabolism: eugly-
cemia (<100 mg/dL), prediabetes (100-125 mg/dL), clinical
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diabetes (=126 mg/dL), and FBG >150 mg/dL, to capture
those with more severe disease. In each of the above models,
in addition to including FBG and a race/sex by FBG in-
teraction term, we adjusted for demographic variables (age
and a interaction term for age by race/sex subgroup), variables
corresponding to the Framingham Stroke Risk Score,"> BMI,
education level, and annual household income. In the model
with the entire study sample, we also adjusted for use of
diabetes medications (insulin, oral medication, or none).
Pooled hazard ratios (HRs) (overall HRs across all race/sex
subgroups) followed by HRs with 95% confidence intervals
(CIs) representing the risk of IS specific to each race/sex
subgroup (White women, Black women, White men, and
Black men) across increasing FBG levels were reported with
FBG <100 as the reference group. We also reported the re-
sults of joint tests for the race/sex by FBG interaction term;
specifically, we treated both race/sex and FBG category as
4-level variables, and the Wald y tests of multiplicative in-
teraction each had 9 df.

In a sensitivity analysis, to account for MHT as a potential
confounding variable, we then restricted our analysis to
women and adjusted our model for ever vs never use of MHT,
in addition to the Framingham stroke risk factors, BMI, use of
diabetes medications (no diabetes medication, oral diabetes
medication, insulin use), education level, and household in-
come. Finally, w that the association between FBG and IS may
also differ between women who have never used MHT and
those who have (i.e., effect modification), we restricted our
analysis to women who reported never using MHT and re-
peated the analysis. p Values for the interaction terms for race
by FBG were reported.

FBG as a Restricted Cubic Spline

For FBG as a restricted cubic spline, we again performed Cox
proportional hazards regression with incident IS as the out-
come. The relative hazards of incident IS (with FBG of 100
mg/dL as reference) were graphed, stratified by race/sex
category. The restricted cubic spline functions had 5 knots
with the outer quantiles located at 0.05 and 0.95 and the
others equally spaced on the quantile scale (27.5th, S0th, and
72.5th percentiles). Robustness to the number of knots was
visually assessed, and Wald statistics were used to test
FBG*race/sex interaction terms.'> Based on observed sex
differences of the shapes of the race/sex spline curve, we then
performed ad hoc analyses, stratifying by sex only. Spline
models were adjusted for the same variables as described for
models with FBG as a categorical term.

Secondary Analyses: Predicted Risk, Risk
Differences, and Population Attributable
Fractions of Stroke Risk by FBG and Race/

Sex Subgroup

In preplanned secondary analyses, we calculated the S- and
10-year race- and sex-specific predicted marginal risks of IS
from Cox proportional hazards models along with associated
risk differences by FBG level to better understand the changes

Neurology.org/N
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in absolute stroke risk by sex and race across increasing FBG.
Methods used to calculate predicted marginal risks from the
Cox proportional hazards model follow Austin et al.'* To
obtain the predicted risk of IS events for each category of FBG
in each race/sex subgroup, the predicted marginal probabili-
ties of incident IS for each designated subgroup were esti-
mated from Cox proportional hazard models at 2 time points,
S years and 10 years, adjusted for age, age X race/sex, medi-
cation use (no diabetes medication, oral diabetes medication,
insulin use), BMI, SBP, use of antihypertensive medications,
left ventricular hypertrophy, atrial fibrillation, history of cor-
onary artery disease, smoking, education, and annual house-
hold income. Individual probabilities of IS occurring before S
and 10 years were estimated assuming each participant had a
specific FBG category; these predicted probabilities were then
averaged within each designated race/sex subgroup to obtain
predicted marginal IS risk. For each race/sex subgroup, risk
differences were calculated by subtracting the predicted
marginal risk in the <100 mg/dL group from the predicted
marginal risk in each of the other FBG categories. Both ab-
solute predicted marginal risks and risk differences were
multiplied by 100 by obtain percentages.

An additional method of assessing the excess risk associated
with elevated FBG is the calculation of population attributable
fractions (PAF), or the reduction in incidence that would
occur if all participants in the study population had FBG <100,
compared to the actual exposure pattern.'> The PAF was
calculated for each race/sex subgroup by first calculating the
difference between the cumulative incidence of stroke among
all those included in the designated subgroup and the cu-
mulative incidence of stroke in those with FBG <100, then
dividing by the cumulative incidence of stroke in the subgroup
study population.16 The cumulative incidence is defined as
the number of events in each race/sex subgroup divided
by the total number of individuals in that subgroup at the start
of the study.'®

For all main effects, an a value less than 0.05 was considered to
be statistically significant; for interaction terms, an a value less
than 0.10 was chosen a priori. Statistical analyses were performed
using SAS 9.4 (SAS Institute) and R Studio, version 36.1."

Data Availability

Deidentified data can be requested by qualified investiga-
tors through the REGARDS presentations and publications
committee.

Results

In total, 20,338 participants (200,586 person years) were in-
cluded in our analyses with a median follow-up time of 11.4
years and 954 IS events. The mean age of participants was 64.5
(SD 9.3) years; 38.7% of participants were Black, 55.4% were
women, and 16.2% were using diabetes medications at baseline
(table 1). The proportion of Black participants increased with
increasing FBG level; 34.9% of participants with FBG <100

Neurology.org/N

were Black compared with 63.6% of participants with FBG
>200 mg/dL. The distribution of income and education levels
also varied across FBG levels (table 1). For example, of those
with FBG <100, 14.2% were in the <$20,000 income bracket,
while 29.3% of those in the >200 mg/dL category were in this
lowest income bracket. With regard to the prevalence of hy-
perglycemia in our sample within race/sex subgroups, 7.7% of
Black women (n = 380), 8.6% of Black men (n = 253), 3.3% of
White women (n = 206), and 4.5% of White men (n = 278)
had FBG levels >150.

Estimates for HRs of IS associated with FBG, both pooled and
sex/race-specific, are displayed in table 2 and figure 2. Overall,
compared to FBG <100 mg/dL, FBG >150 mg/dL was asso-
ciated with 59% higher hazards of IS (95% CI 1.21-2.08) and
61% higher hazards of IS when only those on diabetes medi-
cations were included (95% CI 1.12-2.31). In the full sample
(model 1), the association between FBG and IS varied by race/
sex (HR for FBG >150 mg/dL compared to FBG <100 mg/
dL: White women 2.05 [95% CI 1.23-3.42], Black women 1.71
[95% CI 1.10-2.66], Black men 1.24 [95% CI 0.75-2.06],
White men 1.46 [95% CI 0.93-2.28], prpGxrace/sex = 0.004).
Effect estimates for the middle FBG categories can be found in
table 2 and figure 2. The race/sex differences were also present
when restricting to participants on medications for diabetes at
baseline (model 2). The adjusted HR of IS for FBG >150
compared to FBG <100 was 3.30 (95% CI 1.20-9.10) for
White women, 2.02 (95% CI 1.06-3.87) for Black women, 1.24
(95% CI 0.63-2.46) for Black men, and 1.08 (95% CI
0.53-2.17) for White men (prpgrrace/sex = 0-08). Among those
not on diabetes medications (eTable 1 available from Dryad,
doi.org/10.5061/ dryad.rjdfnZzbb), IS risk across FBG did not
vary significantly by race and sex (PrpGxrace/sex = 0-36).

eTable 2 (available from Dryad, doiorg/10.5061/dryad.
rjdfn2zbb) displays the results of analyses restricted to women
only. From model 4, adjusted for history of ever using MHT in
addition to all other covariates, White women with FBG >150
mg/dL had 1.84 times the hazard of IS (95% CI 1.06-3.17)
compared to those with FBG <100, slightly higher than for
Black women (HR 1.54, 95% CI 0.96-2.48) and slightly at-
tenuated from effect estimates in models 1 and 2. Findings from
model S, restricting the sample to only women reporting no
previous use of MHT, are also displayed in eTable 2.

Figure 3 displays spline figures that assess FBG with a restricted
cubic spline rather than as a categorical variable. The figure
displays the HRs of IS relative to a FBG of 100 by race/sex
subgroups for all participants (panel A), by race/sex subgroups
among only participants on diabetes medications (panel B), by
sex subgroups for all participants (panel C), and by sex sub-
groups among only participants on diabetes medications
(panel D). Panel A demonstrates a difference in the association
between FBG and IS by race/sex (p value 0.01), with the
highest HR for White women, similar to the results in table 2.
Among participants on diabetes medications (panel B), the
interaction term between race/sex and FBG was not significant
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Table 1 Baseline Characteristics of 20,338 Women and Men in the Reasons for Geographic and Racial Differences in

Stroke (REGARDS) Study by Fasting Blood Glucose

Fasting blood glucose category, mg/dL

Characteristics Total <100 100-125 126-149 150-199 2200
Overall 20,338 13,547 (66.6) 4,707 (23.1) 967 (4.8) 735 (3.6) 382(1.9)
Female sex 11,263 (55.4) 7,768 (57.3) 2,411 (51.2) 498 (51.5) 384 (52.2) 202 (52.9)
Race
Black 7,880 (38.7) 4,734 (34.9) 2,009 (42.7) 504 (52.1) 390 (53.1) 243 (63.6)
White 12,458 (61.3) 8,813 (65.1) 2,698 (57.3) 463 (47.9) 345 (46.9) 139 (36.4)
Age,y 64.5(9.3) 64.3 (9.5) 64.9 (9.0) 65.7 (8.8) 64.4 (8.5) 62.7 (8.5)
Education
< High school 2,190 (10.8) 1,250 (9.2) 538 (11.4) 172 (17.8) 142 (19.3) 88 (23.0)
High school 5,176 (25.4) 3,325 (24.5) 1,270 (27.0) 269 (27.8) 210 (28.6) 102 (26.7)
Some college 5,471 (26.9) 3,667 (27.1) 1,251 (26.6) 260 (26.9) 190 (25.9) 103 (27.0)
> College graduate 7,501 (36.9) 5,305 (39.2) 1,648 (35) 266 (27.5) 193 (26.3) 89 (23.3)
Income
<$20K 3,216 (15.8) 1,924 (14.2) 782 (16.6) 225 (23.3) 173 (23.5) 112 (29.3)
$20K-$34K 4,865 (23.9) 3,182 (23.5) 1,111 (23.6) 275 (28.4) 201 (27.3) 96 (25.1)
$35K-$74K 6,356 (31.3) 4,305 (31.8) 1,511 (32.1) 250 (25.9) 187 (25.4) 103 (27.0)
>$75K 3,540 (17.4) 2,527 (18.7) 777 (16.5) 118 (12.2) 81 (11.0) 379.7)
Refused 2,361 (11.6) 1,609 (11.9) 526 (11.2) 99 (10.2) 93 (12.7) 34 (8.9)
BMI 29.1(6.1) 28.0(5.6) 30.7 (6.1) 32.5(6.5) 33.1(6.7) 32.3(6.4)
SBP 126.9 (16.4) 125.1 (16.1) 129.4 (16.1) 132.0(17.1) 132.9(17.0) 133.4(17.5)
Use of blood pressure 10,198 (50.1) 5,970 (44.1) 2,770 (58.8) 673 (69.6) 530 (72.1) 255 (66.8)
medications
LVH 1,851 (9.1) 1,094 (8.1) 484 (10.3) 130 (13.4) 89 (12.1) 54 (14.1)
Atrial fibrillation 1,540 (7.6) 971(7.2) 376 (8.0) 91 (9.4) 66 (9.0) 36 (9.4)
History of heart disease 3,225 (15.9) 1,889 (13.9) 826 (17.5) 230 (23.8) 177 (24.1) 103 (27.0)
Smoking status
Current 2,831 (13.9) 1,837 (13.6) 687 (14.6) 146 (15.1) 98 (13.3) 63 (16.5)
Past 8,103 (39.8) 5,187 (38.3) 2,028 (43.1) 423 (43.7) 301 (41.0) 164 (42.9)
Never 9,404 (46.2) 6,523 (48.2) 1,992 (42.3) 398 (41.2) 336 (45.7) 155 (40.6)
Documented history of 3,842 (18.9) 779 (5.8) 979 (20.8) 967 (100) 735 (100) 382 (100)
diabetes at baseline
Ever MHT use? 6,363 (56.7) 4,488 (58.0) 1,369 (56.9) 249 (50.2) 168 (43.9) 89 (44.5)

Abbreviations: BMI = body mass index; LVH = left ventricular hypertrophy; MHT = menopausal hormone therapy; SBP = systolic blood pressure.

2Sample size for ever MHT use = 11,224.
Values are n (%) or mean (SD).

(p = 0.17), although the curves for White women and Black
women appear again to be separated from the curves for men.
In terms of sex-specific estimates, among all participants (panel
C) and only those on diabetes medications (panel D), women
have higher HRs than men (p = 0.01, all participants, and p =

Neurology | Volume 97, Number 7 | August 17,2021

0.03, restricted to those on diabetes medications) across most
of the FBG continuum. Shapes of the spline curves differ by sex
as well, with HRs for women tending to peak and plateau at
lower levels of FBG compared with men. Findings from the
model restricted to those individuals not on diabetes
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Table 2 Estimates for Risk of Ischemic Stroke Associated With Increasing Fasting Blood Glucose by Race/Sex Group

Model 1: All participants (n = 20,338)

Model 2: Participants on diabetes medications (n = 3,293)

Fasting blood glucose Stroke events/N

Adjusted HRs (95% Cl)

Stroke events/N Adjusted HRs (95% Cl)

<100 (Ref)
Black women 110/3,004 1.0 14/291 1.0
White women 167/4,764 1.0° 5/118 1.0°
Black men 84/1,730 1.0 15/191 1.0
White men 194/4,049 1.0 15/179 1.0
Overall HR 1.0° 1.0
100-125
Black women 60/1,252 1.17 (0.85-1.60) 15/323 0.94 (0.45-1.95)

White women 62/1,159 1.39 (1.04-1.87) 19/187 2.66 (0.98-7.18)
Black men 45/757 1.18 (0.82-1.71) 16/199 1.06 (0.52-2.15)
White men 82/1,539 1.00 (0.77-1.30) 14/270 0.60 (0.29-1.24)
Overall HR 1.17 (1.00-1.37) 1.03(0.71-1.50)
126-149
Black women 17/298 1.23(0.73-2.08) 13/195 1.38 (0.65-2.94)
White women 24/200 2.72 (1.74-4.25) 17/115 4.17 (1.52-11.42)
Black men 10/206 0.80 (0.41-1.56) 6/138 0.56 (0.22-1.45)
White men 8/263 0.45 (0.22-0.93) 717 0.48 (0.20-1.19)
overall HR 1.14 (0.85-1.53) 1.13 (0.75-1.70)
2150
Black women 29/380 1.71 (1.10-2.66) 28/338 2.02(1.06-3.87)
White women 18/206 2.05(1.23-3.42) 17/159 3.30(1.20-9.10)
Black men 20/253 1.24 (0.75-2.06) 19/206 1.24 (0.63-2.46)
White men 24/278 1.46 (0.93-2.28) 17/213 1.08 (0.53-2.17)
Overall HR 1.59 (1.21-2.08) 1.61(1.12-2.31)
p Value for race/sex by 0.0036° 0.08%

FBG interaction term

Abbreviations: CI = confidence interval; HR = hazard ratio.

Models are adjusted for age, age by race/sex, fasting blood glucose, race/sex by fasting blood glucose, body mass index, systolic blood pressure, use of
antihypertensive medications, left ventricular hypertrophy, atrial fibrillation, history of coronary artery disease, smoking, education, and annual household
income. Model 1 is also adjusted for use of diabetes medications (insulin use, oral medication, or none).

@ Prespecified p < 0.10 considered statistically significant for interaction terms.

® p Value <0.05 for linear trend.

medications are displayed in eFigure 1 (available from Dryad,
doi.org/10.5061/ dryad.rjdfnZzbb). In this figure, the associa-
tion between FBG and incident stroke does not difter by race/
sex subgroup (p = 0.71) or by sex subgroup (p = 0.39).

Marginal predicted risks of IS specific to race/sex subgroups and
FBG categories along with risk differences by FBG categories
are displayed in table 3 and parallel the findings from our relative
effect estimates already described. For example, at 10 years, in
the referent groups for each race/sex subgroup where FBG

Neurology.org/N

<100, the predicted absolute risk of IS is lowest for White
women, followed by Black women, White men, and Black men.
However, due to larger FBG-associated risk differences among
White women and Black women compared with White men
and Black men, the absolute risk of IS at 10 years for those in the
>150 group is similar across all 4 race/sex groups (with ranges
between 7.06% for Black women to 7.66% for White men).

Finally, PAFs also indicate differences in the risk associated
with elevated FBG across race/sex subgroups. Among all
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Figure 2 Adjusted Relative Hazards of Incident Ischemic Stroke by Fasting Blood Glucose (FBG) Level by Sex/Race

Subgroups
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Adjusted hazard ratios w/ 95% Cl

This model includes full study sample and is adjusted for age, age x race/sex, race/sex, diabetes medication use (no diabetes medication, oral diabetes
medication, insulin use), body mass index, systolic blood pressure, use of antihypertensive medications, left ventricular hypertrophy, atrial fibrillation, history
of coronary artery disease, smoking, education, and annual household income. Cl = confidence interval.

individuals, the PAFs are 16.3% for Black women, 18.1% for
White women, 10.0% for Black men, and 4.6% for White men,
indicating the proportion of stroke cases in each race/sex
population that is attributable to having a blood glucose >100.

Discussion

We investigated the sex- and race-specific risks of incident IS
across increasing levels of FBG, a key glycemic maker in the
diagnosis and management of diabetes mellitus. Based on
clinically relevant categories of FBG, our findings demon-
strated the strongest associations between increasing FBG
and IS among White women and Black women and weaker
associations among White men and Black men. When treating
FBG as a restricted cubic spline term, our findings again
demonstrated stronger associations between FBG and IS in
the female subgroups as well as differing nonlinear shapes of
the relationship between FBG and IS; the risk for White
women and Black women appears to increase at lower FBG
levels when compared with White men and Black men. Al-
though participants were a priori grouped by race and sex in
our primary analyses based on known disparities in stroke risk
factors, incidence, and mortality, our findings do not dem-
onstrate any clear differences in the association between FBG
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and IS by race specifically. Further, findings with FBG as a
spline term suggest that sex is likely the main driver of our
findings of a significant race/sex by FBG interaction term in
primary analyses. In addition, differences in stroke risk by
FBG across race/sex subgroups appeared to be driven by
participants who reported taking medications for diabetes and
less so by those participants who either did not have diabetes
or did not require medications for diabetes, though stratified
analyses are limited by small subgroups and thus a wide de-
gree of variability. Overall, our findings add to previously
demonstrated sex differences in diabetes-associated stroke by
demonstrating a similar sex difference between FBG, a more
granular marker of control and severity of disordered glucose
metabolism, and incident IS.?

A major strength of our study is the report of both relative
estimates of the association between elevated FBG and IS in
race/sex subgroups as well as absolute stroke risks according
to race, sex, and specific FBG levels. Subgroup-specific mea-
surements of the relative increase in IS risk are critical to
understanding potential sex and race differences in the relative
contribution of disordered glucose metabolism to stroke risk.
Furthermore, sex differences in the relative risk of IS could be
used to support consideration of targeted stroke prevention
strategies. Our reported absolute estimates of predicted stroke
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Figure 3 Relative Hazard of Ischemic Stroke by Fasting Blood Glucose (FBG) as a Restricted Cubic Spline

A. Race/sex spline, overall sample
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For all models, hazard ratios were obtained from a race/sex x FBG or sex x FBG interaction term as appropriate and also adjusted for age, body mass index,
systolic blood pressure, use of antihypertensive medications, left ventricular hypertrophy, atrial fibrillation, history of coronary artery disease, smoking,
education, and income. (A) FBG as restricted cubic spline by race/sex subgroups, in addition adjusted for age x race/sex and medication use (no diabetes
medication, oral diabetes medication, insulin use). (B) FBG as restricted cubic spline by race/sex subgroups, in addition adjusted for age x race/sex. (C) FBG as
restricted cubic spline by sex subgroups, adjusted for race, age x race, and medication use (no diabetes medication, oral diabetes medication, insulin use). (D)
FBG as restricted cubic spline by sex subgroups, adjusted for race and age x race.

risk across increasing FBG by race and sex subgroups provide
additional valuable information, especially with respect to the
translation of these findings to clinical populations with
similar demographic characteristics. For example, the pre-
dicted risks of IS demonstrate that despite lower predicted
baseline stroke risk in women than men, when FBG levels
were in the range of clinical diabetes (>126 mg/dL), the
predicted stroke risk in women was equal to or exceeded
stroke risk in men. In other words, at the same level of dis-
ordered glucose metabolism as measured by FBG, women are
no longer at lower risk of stroke than their male counterparts,
a novel finding from this study.

Our findings of a higher stroke risk associated with increasing
FBG in women compared with men point to possible
mechanistic differences in the pathophysiologic process by
which clinical diabetes is related to cerebrovascular disease.
Similar to prior literature demonstrating that sex differences in
the stroke risk associated with diabetes were not explained by
other vascular risk factors such as hypertension and obesity,
our findings remained despite adjustment for all the Fra-
mingham stroke risk factors along with obesity, income, and
education. These data further support a sex difference in the
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mechanism by which impaired glucose metabolism leads to
vascular dysfunction and support the idea that impaired glu-
cose metabolism essentially eliminates any protective effect
related to biologic sex. Further research is needed to in-
vestigate sex-specific contributors to vascular dysfunction re-
lated to disordered glucose metabolism such as insulin
resistance, inflammation, coagulation, and the role of sex
hormones. We were able to demonstrate that effect estimates
for stroke risk were slightly attenuated when we adjusted for
use of MHT and remained significant in White women when
only those who had never used MHT were included, but we
were not able to account for other hormone-related factors
(i.e., history of preeclampsia) that may affect circulating active
sex hormones and in turn, participants’ vascular risk profiles
(i.e, hyperandrogenism).

Although the magnitude of the association between FBG and
stroke risk was higher for both Black and White women than
their male counterparts, whether there were true differences
in the strength of association between FBG and stroke be-
tween Black and White participants is not clear. There were,
however, differences in the distribution of FBG levels between
Black and White participants, suggesting potential disparities
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Table 3 Sex- and Race-Specific Predicted Risk of Incident
Ischemic Stroke at 5 and 10 Years by Increasing
Fasting Blood Glucose in Reasons for Geographic
and Racial Differences in Stroke (REGARDS)

At 5 years, % At 10 years, %

Fasting blood Predicted Risk Predicted Risk
glucose, mg/dL risk difference risk difference
Black women

<100 2.00 0 (ref) 4.23 0 (ref)

100-125 2.33 0.33 491 0.67

126-150 2.46 0.46 5.17 0.94

150+ 3.39 1.38 7.06 2.83
Black men

<100 2.73 0 (ref) 5.75 0 (ref)

100-125 3.22 0.49 6.75 1.00

126-150 2.19 -0.54 4.64 -1.11

150+ 3.37 0.64 7.06 1.31
White women

<100 1.78 0 (ref) 3.76 0 (ref)

100-125 2.46 0.68 5.15 1.39

126-150 4.70 2.92 9.61 5.85

150+ 3.59 1.80 7.42 3.65
White men

<100 2.56 0 (ref) 5.38 0 (ref)

100-125 2.57 0.01 5.39 0.02

126-150 1.17 -1.39 2.50 -2.88

150+ 3.69 1.13 7.66 2.28

Predicted stroke risks are averages of predicted probabilities of stroke
events across all individuals in a given race/sex subgroup, estimated from
Cox proportional hazards model and adjusted for age, age x race/sex, race/
sex, medication use (no diabetes medication, oral diabetes medication, in-
sulin use), body mass index, systolic blood pressure, use of antihypertensive
medications, left ventricular hypertrophy, atrial fibrillation, history of coro-
nary artery disease, smoking, education, and income. Predicted risks and
risk differences were then multiplied by 100 to obtain the percentages.

in the control of diabetes by race. Further investigation of
diabetes control by race is needed in order to understand the
potential relationship with BMI as well as social determinants
of health (i.e., lower income, access to healthy foods) that are
more common in Black participants and likely directly result
from inequities present in the health care system. Our data are
consistent with previous data demonstrating poorer glycemic
control among underrepresented minorities with diabetes®"?
along with higher stroke incidence and mortality in Black
participants compared with White participants.*’

The relationship between FBG levels below 100 mg/dL and
stroke risk is also somewhat unclear, although the multimodel
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relationship we demonstrated among White women is con-
sistent with prior data demonstrating a nonlinear relationship
between increasing FBG and vascular disease, defined by a
composite outcome of coronary heart disease and IS.> This
nonlinear relationship may also contribute to the lack of dose
response in our findings when FBG is treated as a categorical
variable, although low event rates may also be contributing.
Our findings are also similar to prior data showing a significant
association between FBG and vascular disease among persons
with diabetes but not those without diabetes.” In our analysis,
we chose to include participants not on diabetes medications
in order to be able to assess risk by sex and race across the full
spectrum of fasting glucose, including those with undiagnosed
diabetes or prediabetes not yet on medications, although the
analysis of participants not on diabetes medications was lim-
ited due to small frequencies of stroke events.

Our findings have clinical implications related to the man-
agement of diabetes and suggest the need for future studies to
further explore such sex differences. The sex differences in
stroke risk in our study not only point to the need for strict
adherence to current guidelines for stroke prevention among
those with diabetes but also to the need for prospective re-
search studies to determine whether following sex-specific
treatment guidelines for people with diabetes would result in
reduced rates of stroke, especially given the steeper rise of IS
risk at lower FBG levels. In addition, it is possible that diabetes
should be more heavily weighted for women than men in
clinical risk scores for stroke. Finally, our findings point to the
need for increased attention to management of diabetes
among Black participants, who we know have higher stroke
incidence and mortality from stroke.*’

Our study has several limitations. First, our primary analysis
used FBG measured at baseline. Because FBG changes over
time, the use of this single measurement may not accurately
reflect the long-term glucose control of participants. In future
studies, it would be important to consider other glycemic
markers (e.g,, hemoglobin A1C or insulin resistance) that are
more reflective of long-term glucose control or better ap-
proximate the body’s underlying ability to respond to insulin.
Second, although REGARDS has so far accumulated >200,000
person-years of follow-up, small numbers of incident events
occurred among some subgroups defined by race, sex, and FBG
categories and limited the conclusions based on analyses
stratified by use of diabetes medications. There may also be
nuances related to intensity of treatment of diabetes
(i.e., dosing of insulin or number of medications used to ach-
ieve FBG control) affecting the lack of dose response that we
were not able to capture in our study. Finally, we did not have
data on other vascular risk factors that may affect both the
degree of disordered metabolism and stroke risk in women;
these include preeclampsia, gestational diabetes, and markers of
hyperandrogenism.

Our data demonstrated sex differences in the association be-
tween impaired glucose metabolism and risk of IS, adding to
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existing knowledge that sex-specific stroke risk associated with
diabetes is higher among women than men. Further research
is needed to identify how such differences might be in-
corporated into clinical care guidelines including the use of
sex-specific treatment recommendations across the spectrum
of FBG. Finally, disparities in glycemic control by race point
to the need for further intervention to prevent stroke in racial
minorities.
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