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ABSTRACT
Introduction Type 2 diabetes mellitus (T2DM) is a 
powerful risk factor for cardiovascular disease (CVD), 
conferring a greater relative risk in women than men. 
We sought to examine sex differences in cardiometabolic 
risk factors and management in the contemporary cohort 
represented by the Glycemia Reduction Approaches in 
Diabetes: A Comparative Effectiveness Study (GRADE).
Research design and methods GRADE enrolled 5047 
participants (1837 women, 3210 men) with T2DM on 
metformin monotherapy at baseline. The current report is 
a cross- sectional analysis of baseline data collected July 
2013 to August 2017.
Results Compared with men, women had a higher mean 
body mass index (BMI), greater prevalence of severe 
obesity (BMI≥40 kg/m2), higher mean LDL cholesterol, 
greater prevalence of low HDL cholesterol, and were less 
likely to receive statin treatment and achieve target LDL, 
with a generally greater prevalence of these risk factors in 
younger women. Women with hypertension were equally 
likely to achieve blood pressure targets as men; however, 
women were less likely to receive ACE inhibitors or 
angiotensin receptor blockers. Women were more likely to 
be divorced, separated or widowed, and had fewer years of 
education and lower incomes.
Conclusions This contemporary cohort demonstrates that 
women with T2DM continue to have a greater burden of 
cardiometabolic and socioeconomic risk factors than men, 
particularly younger women. Attention to these persisting 
disparities is needed to reduce the burden of CVD in 
women.
Trial registration number  ClinicalTrials. gov 
(NCT01794143)

INTRODUCTION
Cardiovascular disease (CVD) is the primary 
cause of mortality among women, and women 
with type 2 diabetes mellitus (T2DM) have 
a threefold higher relative risk for cardio-
vascular (CV) death than women without 

diabetes, even after controlling for traditional 
cardiac risk factors including blood pressure 
(BP), cholesterol, body mass index (BMI) and 
smoking.1–3 In comparison, diabetes doubles 
the CV mortality risk among men.1

The higher relative risk of CVD for women 
with diabetes has been attributed to multiple 
factors, including a higher baseline burden 
of traditional cardiometabolic risk factors 
(eg, hypertension, obesity, diabetes), novel 
risk factors (eg, inflammation, prothrom-
botic phenotype), non- traditional risk factors 
(eg, depression, lower socioeconomic status 
(SES)),4–10 and less aggressive management 
of traditional cardiac risk factors for primary 
prevention.11–14 Factors that contribute 
to worse outcomes compared with men 
include sex differences in cardiac symptom 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Decades of research have shown that women with 
type 2 diabetes mellitus (T2DM) are less likely to re-
ceive evidence- based care for cardiometabolic risk 
factor management

WHAT THIS STUDY ADDS
 ⇒ In this contemporary cohort, disparities persist in the 
evidence- based management of traditional cardio-
vascular risk factor of dyslipidemia, and substantial 
differences in non- traditional adverse socioeconom-
ic factors are evident, which may be more relevant 
for addressing cardiac risk in this population.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE, OR POLICY

 ⇒ There is a need to optimize care strategies to reduce 
the heightened risk factor burden and treatment 
gaps for women with T2DM.
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presentation,15 16 lower use of cardiac procedures and 
evidence- based treatment for secondary prevention,17–22 
and more postprocedural complications.23–25

The Glycemia Reduction Approaches in Diabetes: A 
Comparative Effectiveness Study (GRADE) is a prospec-
tive, randomized controlled trial comparing four glucose- 
lowering medications on metabolic and patient- centered 
outcomes in adults with T2DM.26 Unlike earlier studies 
which examined diabetes as a simple binary variable (yes/
no) without accounting for duration of disease, degree of 
glycemic control, or specific glucose- lowering treatment, 
GRADE offers a unique opportunity to examine sex 
differences in a large contemporary group of individuals 
with an early clinical stage of T2DM who have undergone 
detailed clinical and metabolic phenotyping at baseline.

Our aim was to examine sex differences in baseline 
traditional and socioeconomic risk factors within this 
cohort, and to determine whether there were sex differ-
ences in the provision of evidence- based treatment for 
prevention of CV complications. Identified differences in 
this representative population may provide meaningful 
insight on current gaps that contribute to persistent 
disparities in CVD burden for women with T2DM.

RESEARCH DESIGN AND METHODS
Study design, setting, and participants
The design of the GRADE Study has been previously 
described (GRADE protocol).26 In brief, GRADE is a 
parallel- group, randomized clinical trial that compares the 
effectiveness of four major classes of glucose- lowering medi-
cations in individuals with T2DM treated with metformin on 
glycemic, metabolic, and patient- centered outcomes. Partic-
ipants provided written informed consent.

Recruitment occurred between 2013 and 2017 and 
follow- up continued through spring 2021. The present anal-
ysis is restricted to data collected during the screening/base-
line period of the GRADE Study. The study was conducted 
at 36 funded clinical centers, including nine additional 
subsites, across the USA. Sites included academic hospitals, 
integrated health systems, and Veterans Affairs (VA) medical 
centers.

Eligibility criteria included individuals with a history of 
T2DM for <10 years in duration and ≥30 years of age at diag-
nosis (≥20 years of age at diagnosis for Native Americans) 
who were treated with metformin, but no other glucose- 
lowering medications, and who had a glycated hemoglobin 
(HbA1c) level of 6.8%–8.5% (51–69 mmol/mol) at random-
ization, measured at a central laboratory, after metformin 
therapy was maximized to a dose of at least 1000 mg daily 
and up to 2000 mg daily, as tolerated, during the run- in 
period. Exclusion criteria included individuals with type 1 
diabetes mellitus, chronic kidney disease with an estimated 
glomerular filtration rate (eGFR) <30 mL/min/1.73 m2, 
congestive heart failure (NY State Heart Association Func-
tional Classification≥III), history of a major CV event 
(myocardial infarction (MI), stroke, or vascular procedure 
such as coronary artery or peripheral bypass grafting, stent 

placements (peripheral or coronary) or angioplasty) within 
the preceding year, new diagnosis or treatment for cancer 
within the prior 5 years, planned pregnancy in women of 
childbearing potential, planned major surgery, and history 
of pancreatitis.

Demographic and clinical variables were collected by self- 
report including age, race, ethnicity, sex, diabetes duration 
(years), smoking history, marital status, years of education, 
employment, and income. Physical measurements including 
height (m), weight (kg), waist circumference (cm), hip 
circumference (cm), and BP (mm Hg) were obtained by 
trained clinical research staff; per protocol, each physical 
measurement was taken in duplicate and averaged. BMI 
(kg/m2) and waist- to- hip ratio were calculated based on 
these physical measurements. Concomitant medications 
known to affect glycemia or CV risk were collected by self- 
report for all participants with the exception of querying for 
the use of medications for depression and anxiety; this ques-
tion was added after study initiation and collected at base-
line for 2494 participants only.

Hypertension was considered present if it was reported by 
the participant, the participant reported taking an antihy-
pertensive medication, measured systolic BP was ≥130 mm 
Hg, or measured diastolic BP was ≥80 mm Hg. Hyperlipid-
emia was present if it was reported by the participant, the 
participant reported taking a lipid- lowering medication, or 
measured low- density lipoprotein cholesterol (LDL- C) was 
≥100 mg/dL. Sex- specific thresholds were used to define 
increased waist circumference, ≥88 cm for women and 
≥102 cm for men (for Asian Americans, ≥80 cm for women 
and ≥90 cm for men). Sex- specific thresholds were also 
used to define abnormal high- density lipoprotein choles-
terol (HDL- C) levels, specifically HDL- C<50 mg/dL for 
women and <40 mg/dL for men. Metabolic syndrome was 
defined by the presence of at least three of the following 
criteria: abdominal obesity, high triglycerides (≥150 mg/
dL, or lipid- lowering medication), low HDL- C; <50 mg/dL 
for women, <40 mg/dL for men, or lipid- lowering medi-
cation), hypertension (systolic BP ≥130 mm Hg, diastolic 
BP ≥80 mm Hg, or antihypertensive medication), or 
high fasting glucose (≥100 mg/dL, or glycemia- lowering 
medication);27 since metformin was a criterion for enrol-
ment in GRADE, all participants met at least 1 of the 
metabolic syndrome criteria (ie, using glycemia- lowering 
medication).

Laboratory data were analyzed at the Advanced 
Research and Diagnostic Laboratory at the University of 
Minnesota, using standardized laboratory procedures, 
including HbA1c (standardized per National Glycohe-
moglobin Standardization Program protocol). LDL- C 
was calculated using the Friedewald equation if the 
triglyceride concentration was <400 mg/dL (LDL- C=TC 
[total cholesterol]– HDL- C – triglyceride/5.0).28 HDL- C 
was measured using the Roche HDL- Cholesterol direct 
method (Roche Diagnostics, Indianapolis, Indiana, 
USA). Triglycerides were measured using Triglyceride 
GB (glycerol- blanked) reagent (Roche Diagnostics, Indi-
anapolis, Indiana, USA).
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Statistical analyses
Analyses were presented by sex (female/male). Descriptive 
statistics included means±SD and nominal t tests to explore 
differences between men and women for all continuous 
variables, and proportions and nominal Pearson’s χ2 tests to 
explore differences between men and women for all cate-
gorical variables.

The proportion of participants receiving clinically indi-
cated treatment for hypertension (ie, BP medications among 
those with hypertension), hyperlipidemia (ie, statin treat-
ment among those with hyperlipidemia) and those achieving 
target levels of LDL- C<100 mg/dL (<2.59 mmol/L) and BP 
<140/90 mm Hg and <130/80 mm Hg were presented by 
sex. Differences between men and women for each of these 
variables were tested using Pearson’s χ2 tests, and a Holm 
adjustment was applied to the p values from these tests to 
control the type I error rate in this set of analyses.

Exploratory analyses were conducted to assess whether 
sex differences in cardiometabolic risk factors differed by 
sociodemographic factors, such as age (<45 years, 45–54 
years, 55–64 years, 65+years), income (<US$10 000, US$10 
000 to <US$50 000, US$50 000 to <US$75 000, ≥US$75 
000), education (<high school, high school graduate/GED, 
some college, college graduate or more), race (white, black 
or African- American, other or more than one race), and 
ethnicity (Hispanic, non- Hispanic). Means or proportions 
for each cardiometabolic risk factor were calculated for men 
and women within each category of the sociodemographic 
factor. Exploratory analyses to assess sex differences in the 
cardiometabolic factor as a function of the sociodemo-
graphic factor and the interaction with sex were conducted 
using the following described procedures. Linear (for 
continuous risk factors) or logistic (for binary risk factors) 
regression models were fit for each risk factor with covariates 
for sex, the sociodemographic factor, and the interaction 
term. A nominal joint Wald test of the interaction term was 
then conducted to explore whether sex differences in that 
risk factor varied by that sociodemographic factor (ie, to test 
for homogeneity of sex differences in the cardiometabolic 
risk factor across the sociodemographic factor).

Medical centers affiliated with VA accounted for 10 of the 
45 total sites across the 36 funded clinical centers in GRADE. 
Since the patient population within VA Medical Centers 
was expected to differ from a more general patient popu-
lation,29 a sensitivity analysis was conducted that repeated 
the previous analyses stratified by whether participants were 
enrolled at a VA study site, allowing for comparison of sex 
differences in sociodemographic factors and cardiometa-
bolic risk factors between VA study sites and non- VA study 
sites.

RESULTS
A total of 5047 individuals with T2DM participated in 
the GRADE Study, including 1837 women and 3210 men, 
ranging in age from 22 years to 85 years. The average 
ages for women and men were 55.4 years and 58.2 years, 
respectively. The percentage of participants age 65 years 

or older was almost twice as high in men as in women 
(men 28.8% vs women 15.6%). Compared with men, 
women in this cohort were more likely to self- report as 
black, Native American, or Hispanic. The average dura-
tion of diabetes was approximately 4 years for both sexes 
(table 1).

Sex differences in cardiometabolic risk factors
At baseline, the average HbA1c for both women and 
men was 7.5% (58.3 mmol/mol). Compared with men, 
women had higher BMI across all demographic and 
socioeconomic groups (table 1; online supplemental 
table 1), and more women met criteria for class III 
obesity (BMI≥40 kg/m2, women 23.6% vs men 14.5%). 
Women were more likely to meet sex- specific criteria for 
increased waist circumference than men (women 92.9% 
vs men 79%; table 1). Overall, women had lower systolic 
BP and diastolic BP, but the absolute differences were 
small (table 1). The overwhelming majority of all study 
participants (>90%) met criteria for metabolic syndrome.

Lipid levels varied by sex and race. Women had higher 
mean LDL- C levels than men (table 1). The sex differ-
ences in LDL- C levels were greater for white partici-
pants (white men 75.6 mg/dL (1.96 mmol/L) vs white 
women 84.5 mg/dL (2.19 mmol/L)); however, black 
participants had higher LDL- C levels overall (black men 
91.3 mg/dL (2.36 mmol/L) vs black women 94.9 mg/dL 
(2.46 mmol/L)) (online supplemental table 2). Women 
consistently had a greater prevalence of low HDL- C than 
men across all demographic and socioeconomic groups, 
based on sex- specific criteria. Sex differences in low 
HDL- C levels varied across racial groups; black partici-
pants had a lower prevalence of low HDL- C (men 32.8% 
vs women 50.8%) than white participants (men 51.4% vs 
women 69%) (online supplemental tables 3 and 4). Men, 
on the other hand, had consistently higher triglyceride 
levels than women.

Sex differences in evidence-based therapies and treatment 
targets
Women with dyslipidemia were less likely to receive statin 
treatment than men overall (table 2). Stratified analyses 
showed that women treated with a statin had higher 
LDL- C levels and were less likely to achieve target LDL- 
C<100 mg/dL (<2.59 mmol/L) than men across demo-
graphic and socioeconomic groups (figure 1; online 
supplemental tables 2 and 5). Overall, younger women, 
black and Hispanic women, and women with lower 
education and income had higher LDL- C levels and 
lower prevalence of LDL- C<100 mg/dL (<2.59 mmol/L) 
while being treated with statin therapy (online supple-
mental table 2).

In contrast, there were no sex differences in the 
percentage of individuals with hypertension receiving 
BP- lowering medications and achieving BP targets; 
however, women with hypertension were less likely to 
receive angiotensin converting enzyme inhibitors (ACE 
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Table 1 Baseline characteristics by sex

Overall Men Women P value

(n=5047) (n=3210) (n=1837)

Age at baseline visit (years) 57.2±10.0 58.2±10.1 55.4±9.6 <0.001

Categorized age <0.001

  Age <45 years 623 (12.3%) 346 (10.8%) 277 (15.1%)

  Age 45–54 years 1436 (28.5%) 856 (26.7%) 580 (31.6%)

  Age 55–64 years 1778 (35.2%) 1085 (33.8%) 693 (37.7%)

  Age ≥65 years 1210 (24.0%) 923 (28.8%) 287 (15.6%)

Diabetes duration (years), mean 4.0±2.8 4.1±2.8 4.0±2.8 0.258

Demographics

Race <0.001

  American Indian/Alaska Native 137 (2.7%) 56 (1.7%) 81 (4.4%)

  Asian 182 (3.6%) 140 (4.4%) 42 (2.3%)

  Hawaiian/Pacific Islander 28 (0.6%) 20 (0.6%) 8 (0.4%)

  Black or African- American 1000 (19.8%) 491 (15.3%) 509 (27.7%)

  White 3314 (65.7%) 2288 (71.3%) 1026 (55.9%)

  Other/multiple 319 (6.3%) 175 (5.5%) 144 (7.8%)

  Unknown/not reported 67 (1.3%) 40 (1.2%) 27 (1.5%)

Ethnicity <0.001

  Hispanic/Latino 929 (18.4%) 502 (15.6%) 427 (23.2%)

  Not Hispanic/Latino 4077 (80.8%) 2685 (83.6%) 1392 (75.8%)

  Unknown 41 (0.8%) 23 (0.7%) 18 (1.0%)

Marital status <0.001

  Married 2918 (57.8%) 2061 (64.2%) 857 (46.7%)

  Living with partner 288 (5.7%) 179 (5.6%) 109 (5.9%)

  Divorced/separated/widowed 1233 (24.4%) 631 (19.7%) 602 (32.8%)

  Single 606 (12.0%) 339 (10.6%) 267 (14.6%)

Years of education <0.001

  Some high school 364 (7.2%) 174 (5.4%) 190 (10.3%)

  High school graduate/GED 1039 (20.6%) 632 (19.7%) 407 (22.2%)

  Some college 1463 (29.0%) 951 (29.6%) 512 (27.9%)

  College graduate or more 2180 (43.2%) 1453 (45.3%) 727 (39.6%)

Employment <0.001

  Employed full- time or part- time, or seasonally 3004 (59.6%) 1875 (58.4%) 1129 (61.5%)

  Retired 1203 (23.9%) 902 (28.1%) 301 (16.4%)

  Full- time homemaker 152 (3.0%) 7 (0.2%) 145 (7.9%)

  Not employed 380 (7.5%) 229 (7.1%) 151 (8.2%)

  Never worked or disabled 145 (2.9%) 97 (3.0%) 48 (2.6%)

  Student or other 160 (3.2%) 98 (3.1%) 62 (3.4%)

Income <0.001

  <US$10 000 296 (5.9%) 146 (4.5%) 150 (8.2%)

  US$10 000 to <US$50 000 1942 (38.5%) 1162 (36.2%) 780 (42.5%)

  US$50 000 to <US$75 000 788 (15.6%) 529 (16.5%) 259 (14.1%)

  US$75 000+ 1401 (27.8%) 1009 (31.4%) 392 (21.3%)

  Refused 620 (12.3%) 364 (11.3%) 256 (13.9%)

Current smoking 695 (13.8%) 514 (16.0%) 181 (9.9%) <0.001

Medications

Depression/anxiety medications 472* (18.9%) 283 (17.1%) 189 (22.5%) 0.001

Continued
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inhibitors) or angiotensin receptor blockers (ARBs) 
(women 57.4% vs men 62.7%, p=0.003; table 2).

Age analysis of cardiometabolic risk factors and evidence-
based treatment
Younger women had higher mean BMI (figure 2) and 
there was a trend for greater sex differences in mean BMI 
in the younger age group. Likewise, younger women had 
the highest prevalence of low HDL- C levels and the sex 
difference in low HDL- C was most evident in the younger 
population (figure 2; online supplemental table 3).

Younger women treated with statins had modestly 
higher LDL- C levels and lower levels of achieving LDL- 
C<100 mg/dL (figure 1).

Socioeconomic factors
Compared with men, women in this cohort were more 
likely to be divorced, separated or widowed. Overall, 
women had fewer years of formal education and had 
lower incomes; the majority of women reported incomes 
below the median for the US population at that time 
(table 1). Women were more likely to take antidepressant 
and anxiolytic medications than men (table 1).

Sensitivity analysis by VA site
Sensitivity analyses did not indicate that the observed sex 
differences were due to differences in the cohort enrolled 
at VA study sites compared with non- VA study sites.

Overall Men Women P value

(n=5047) (n=3210) (n=1837)

Exogenous estrogen and/or progesterone 156 (8.5%) 0 156 (8.5%) n/a

Exogenous androgens 84 (2.6%) 84 (2.6%) 0 n/a

Anthropometrics

Weight (kg) 100.0±22.3 104.0±21.7 92.9±21.6 <0.001

BMI (kg/m2) 34.3±6.8 33.7±6.3 35.4±7.5 <0.001

BMI categories <0.001

  Underweight/normal weight (<25 kg/m2) 233 (4.6%) 148 (4.6%) 85 (4.6%)

  Overweight (25 to <30 kg/m2) 1213 (24.1%) 837 (26.1%) 376 (20.5%)

  Class I obesity (30 kg/m2 to <35 kg/m2) 1603 (31.8%) 1086 (33.9%) 517 (28.2%)

  Class II obesity (35 kg/m2 to <40 kg/m2) 1093 (21.7%) 668 (20.9%) 425 (23.1%)

  Class III obesity (≥40 kg/m2) 896 (17.8%) 463 (14.5%) 433 (23.6%)

Waist circumference (cm) 112.3±15.8 114.1±15.6 109.3±15.6 <0.001

Waist circumference >sex and race- specific threshold† 4244 (84%) 2538 (79%) 1706 (92.9%) <0.001

Systolic BP (mm Hg) 128.3±14.7 129.0±14.6 127.3±14.9 <0.001

Diastolic BP (mm Hg) 77.3±9.9 77.8±9.8 76.5±9.9 <0.001

Laboratory tests

HbA1c (%)
(mmol/mol)

7.5±0.5
58.3 (5.3)

7.5±0.5
58.4 (5.2)

7.5±0.5
58.3 (5.3)

0.678

HbA1c ≤7% (≤53 mmol/mol) 1101 (21.8%) 696 (21.7%) 405 (22.0%) 0.790

Total cholesterol (mg/dL)
  (mmol/L)

163.8±37.8
4.24±0.98

158.7±37.2
4.10±0.96

172.7±37.1
4.47±0.96

<0.001

Triglycerides (mg/dL)
  (mmol/L)

154.0±121.6
1.74±1.37

160.9±134.1
1.82±1.51

142.0±94.7
1.60±1.07

<0.001

HDL- cholesterol (mg/dL)
  (mmol/L)

43.4±10.6
1.12±0.27

41.0±9.3
1.06±0.24

47.7±11.3
1.23±0.29

<0.001

HDL- cholesterol ≤sex- specific threshold‡ 2686 (53%) 1510 (47%) 1175 (64%) <0.001

LDL- cholesterol (mg/dL)
  (mmol/L)

90.5±31.7
2.34±0.82

86.8±30.9
2.25±0.80

96.9±32.1
2.51±0.83

<0.001

LDL- cholesterol<100 mg/dL (<2.59 mmol/L) 3152 (65.0%) 2118 (69.2%) 1034 (57.7%) <0.001

Fasting glucose (mg/dL)
  (mmol/L)

151.5±30.9
8.42±1.72

153.3±30.8
8.52±1.71

148.3±30.9
8.24±1.72

<0.001

All variables presented as means (SD) except as noted otherwise. Nominal p values are presented from exploratory comparisons of sex differences, and so should 
not be interpreted as testing hypotheses.
*This question was added after study start and was answered by 2494 participants at baseline.
†Waist circumference <88 cm for women, <102 cm for men (for Asian Americans, <80 cm for women, <90 cm for men).
‡HDL ≥50 mg/dL for women, ≥40 mg/dL for men.
BMI, body mass index; BP, blood pressure; GED, Graduate Equivalency Degree; HbA1c, glycated hemoglobin; HDL, high- density lipoprotein; LDL, low- density 
lipoprotein.

Table 1 Continued
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DISCUSSION
Compared with men with similar glycemic control and 
duration of diabetes, women with T2DM in the GRADE 
study were younger, and yet had a greater burden of tradi-
tional cardiometabolic risk factors (greater prevalence 
and severity of obesity, higher LDL- C and lower HDL- C), 
were less likely to receive evidenced- based treatment for 
dyslipidemia, and had a higher prevalence of adverse 
socioeconomic factors, all of which may ultimately 
contribute to greater burden of CV disease in women. 
Overall, the magnitude and severity of these risk factors 
appears to be more pronounced among younger women 
with T2DM. Unlike prior studies, women and men were 
equally likely to achieve target BP goals, although women 
with hypertension in the GRADE cohort were less likely 
to receive ACE inhibitors or ARB medications.

GRADE enrolled individuals under protocol- specified 
conditions of glycemic control, diabetes duration, and 
metformin monotherapy. Consequently, this cohort 
allows for a detailed assessment of sex differences in 

cardiometabolic risk factors across a wide age range 
without the confounding factors of variable levels of 
glycemic control and diabetes duration, and the meta-
bolic impact of different pharmacologic agents, as seen 
in earlier studies. The sex- stratified and age- stratified 
data highlight the disproportionate cardiometabolic 
risk factor burden among women with T2DM, especially 
younger women. Despite a decade or more difference in 
age, younger women, compared with older women and 
men, had a higher BMI, higher prevalence of increased 
waist circumference and low HDL- C, and were less likely 
to achieve target LDL- C levels despite statin treatment. 
Although CVD is generally thought to be a disease of 
older individuals, the disproportionate cardiometa-
bolic burden among younger women with T2DM may 
contribute to a higher relative risk for premature macro-
vascular disease. This was demonstrated in a recent anal-
ysis of the Women’s Health Study which showed that 
diabetes is a powerful predictor of premature coronary 
heart disease (CHD) in women younger than 55 years 

Table 2 Sex differences in treatment targets and evidence- based therapies at baseline

Overall Men Women P value

(n=5047) (n=3210) (n=1837)

Lipid management

Statin treatment (%) among those with elevated blood lipids 3210 (66.4%) 2181 (70.7%) 1029 (58.8%) <0.001

LDL<100 mg/dL (%) in entire cohort 3152 (65%) 2118 (69.2%) 1034 (57.7%) <0.001

Hypertension management

BP medications (%) among those with hypertension 3495 (72.4%) 2263 (73.1%) 1232 (71.2%) 0.454

BP<140/90 (%) 3800 (75.3%) 2401 (74.8%) 1399 (76.2%) 0.58

BP<130/80 (%) 2170 (43%) 1347 (42%) 823 (44.8%) 0.211

ACE inhibitor or ARB for those with hypertension (%) 2933 (60.8%) 1939 (62.7%) 994 (57.4%) 0.003

A Holm adjustment was applied to all p values presented in this table to control the type I error rate in this set of analyses.
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; BP, blood pressure.

women men

Figure 1 LDL- C<100 mg/dL and mean LDL- C among statin users by sex and age at baseline in the Glycemia Reduction 
Approaches in Diabetes: A Comparative Effectiveness Study (GRADE) cohort. Red bars=women; blue bars=men. Error bars 
reflect the SE of means and proportions. The nominal p value for the interaction term between sex and age is provided to 
explore whether sex differences vary by age group, and so should not be interpreted as testing a hypothesis.
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(>10- fold higher adjusted relative risk),30 and postacute 
MI studies that have shown higher mortality rates among 
younger women <50 years relative to men of comparable 
age.31 32 A worldwide meta- analysis demonstrated that the 
relative risk for CV mortality is highest among younger 
women with diabetes after adjustment for traditional 
cardiometabolic risk factors.1

These results also demonstrate contemporary 
persistence of earlier reports of a high burden of 
cardiometabolic risk factors among women with T2DM 
and a lower likelihood of receiving evidence- based 
treatment for dyslipidemia.11 13 33 Even among women 
in GRADE treated with statins, LDL- C levels remained 
higher than men of comparable age. Younger women, 
black and Hispanic women, and women from lower SES 
groups (lower income and lower education) had higher 
LDL- C levels while on statin therapy. The reasons women 
are less likely to achieve target lipid control are complex 
and multifactorial, including being less likely than men to 
be offered statins by healthcare providers and less likely 
to believe that statins are safe and effective.13 Preferences 
for pharmacologic treatment and adherence to interven-
tions differ by sex.34 Women are more likely to decline 
statin treatment, be treated with less potent statins, have 
non- adherence due to cost, and to report discontinuing 
their statin because of a side effect.13 Although the US 
Food and Drug Administration (FDA) recently recom-
mended removal of labeling of statins as contraindicated 
in pregnancy, they still recommend against taking statins 

during pregnancy and breast feeding which impacts 
prescribing for women of childbearing potential.35

Our data expand on findings from earlier studies of 
sex differences in cardiometabolic risk factors in several 
areas. Prior studies have shown that women with T2DM 
were less likely to receive evidence- based hypertension 
treatment compared with men.12 36 In contrast, women 
with hypertension in GRADE were as likely as men to 
receive antihypertensive medications and to achieve 
target BP goals. However, women with hypertension were 
less likely to receive ACE inhibitor or ARBs. While the 
reason for this finding in GRADE is unknown, earlier 
studies reported that women are more likely to expe-
rience side effects such as cough with ACE inhibitors 
and more likely to discontinue treatment.37 The lower 
use of ACE inhibitors or ARBs in women has also been 
attributed to teratogenic risks of these agents in women 
of reproductive age.

In addition to traditional cardiometabolic risk factors, 
we identified sex differences in several adverse socio-
economic factors in GRADE. Women in GRADE were 
younger, had lower household income, lower levels of 
education, and were more likely to be single or divorced, 
separated or widowed than men. Several SES measures 
have been shown to have a strong inverse relationship 
with CHD including income, level of education, employ-
ment, and neighborhood socioeconomic factors,38 39 
and women are disproportionately represented among 
those living in poverty. In a recent study examining the 

Figure 2 Baseline cardiometabolic risk factors by sex and age in the Glycemia Reduction Approaches in Diabetes: A 
Comparative Effectiveness Study (GRADE) cohort. Red bars=women; blue bars=men. Error bars reflect the SE of means and 
proportions. The nominal p value for the interaction term between sex and age is provided to explore whether sex differences 
vary by age group, and so should not be interpreted as testing hypotheses. BMI, body mass index.
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relationship of low SES and premature CHD, individuals 
aged 35–64 years with lower SES experienced double the 
incidence of MI and CHD- related deaths compared with 
individuals of higher SES, with less than half of the excess 
events attributable to traditional risk factors (eg, ciga-
rette smoking, hypertension, dyslipidemia, high BMI).40 
Based on computer simulation, 60% of the excess risk for 
premature MI and CHD mortality was tied to SES, and 
women comprised the majority of individuals in the low 
SES cohort.

Depression is another non- traditional risk factor asso-
ciated with an increased risk for CHD and stroke.41–44 
Women in GRADE were more likely to take antidepres-
sants and anxiolytics than men across demographic and 
SES groups. A recent pooled analysis of prospective 
cohort studies showed that even mild depression (below 
the threshold for diagnosis of clinical depression) is asso-
ciated with an increased incidence of CHD and stroke.45

Studies that examined both traditional and non- 
traditional risk factors in populations with CHD found 
similar sex differences in the pattern of cardiometa-
bolic and psychosocial risk factors. In the Variation in 
Recovery: Role of Gender on Outcomes of Young AMI 
(acute myocardial infarction) Patients Study, women 
younger than 55 years had significantly higher rates of 
cardiometabolic risk factors including diabetes (women 
38.8% vs men 26.7%) and obesity (women 51% vs men 
44.5%) than men. These younger women also had 
higher rates of depression and stress, poorer physical and 
mental health status, lower income, higher unemploy-
ment, and a lower quality of life. The authors concluded 
that young women with acute MI have a unique risk 
profile compared with men of comparable age, and that 
cardiometabolic factors and SES factors play a prominent 
role.6 46 Taken together, these data suggest that women 
with T2DM, especially younger women, have a unique 
pattern of cardiometabolic and socioeconomic risk that 
may worsen lifetime CVD outcomes, and that adjustment 
for traditional cardiometabolic risk factors does not fully 
account for their higher risk.

The strengths of our study include detailed cardiomet-
abolic data on a large sample size of individuals across a 
wide age range at a comparable early stage of diabetes 
duration, glycemic control, and glucose- lowering therapy. 
We accounted for sex- specific criteria for increased waist 
circumference and low HDL- C, which revealed relevant 
sex differences in these CV risk factors, unlike earlier 
studies which reported population means without adjust-
ment. Limitations include the lack of data on the repro-
ductive status of GRADE participants and reproductive 
risk factors for CVD including polycystic ovary syndrome 
or gestational diabetes. In addition, individuals who 
choose to volunteer in clinical trials may not be fully 
representative of the general population of those with 
T2DM, including the distribution and clinical character-
istics of participants based on sex.

A large proportion of the GRADE cohort (n=1216, 
24.1%) was enrolled at VA Medical Centers. Since the 

patient population at VA- affiliated study sites was more 
likely to be male and older age, sensitivity analyses were 
conducted stratifying results by whether participants 
were enrolled in a VA study site or not and by age. Sensi-
tivity analyses, along with age stratification, showed that 
results were similar among those enrolled at VA study 
sites compared with those at non- VA study sites.

There are different approaches for the statistical anal-
ysis of descriptive data. The statistical approach used in 
this descriptive analysis included the Holm procedure to 
control the type I error rate for hypothesis testing of the 
main analyses (sex differences in BP and lipid manage-
ment) and nominal p values for the exploratory analyses. 
For outcome- based analyses, measures of discriminatory 
accuracy (such as multilevel analysis of individual hetero-
geneity and discriminatory accuracy)47 48 might be appro-
priate; however, there were no outcomes in this analysis, 
being descriptive and cross- sectional in nature.

CONCLUSIONS
In conclusion, despite decades of research documenting 
that women with T2DM were less likely to receive evidence- 
based care for cardiometabolic risk factor management 
than men, data from the contemporary GRADE cohort 
demonstrates that women, particularly younger women, 
with T2DM continue to have a greater burden of adverse 
cardiometabolic and socioeconomic risk factors than 
men. Disparities persist in the evidence- based manage-
ment of traditional cardiac risk factor of dyslipidemia, 
and substantial differences in non- traditional adverse 
socioeconomic factors remain evident, which may be 
more relevant for addressing cardiac risk in this popu-
lation. Collectively, these data indicate the need to opti-
mize care strategies to reduce the heightened risk factor 
burden and treatment gaps for women with T2DM.

Author affiliations
1Department of Medicine, Section of Endocrinology, Yale School of Medicine, New 
Haven, Connecticut, USA
2Department of Medicine, Section of Endocrinology, VA Connecticut Healthcare 
System, West Haven, Connecticut, USA
3The Biostatistics Center, Department of Biostatistics and Bioinformatics, Milken 
Institute School of Public Health, The George Washington University, Rockville, 
Maryland, USA
4Department of Chronic Disease Epidemiology, Yale University School of Public 
Health, New Haven, Connecticut, USA
5Division of Diabetes, Endocrinology and Metabolism, University of Minnesota 
Health, Minneapolis, Minnesota, USA
6Division of Endocrinology, Metabolism, and Nutrition, Duke University Medical 
Center, Durham, North Carolina, USA
7Division of Diabetes, Endocrinology & Metabolism, University of Nebraska Medical 
Center, Omaha, Nebraska, USA
8Division of Endocrinology Diabetes and Clinical Nutrition, Oregon Health & Science 
University, Portland, Oregon, USA
9Diabetes Unit, Massachusetts General Hospital, Boston, Massachusetts, USA
10Division of Endocrinology, Diabetes and Hypertension, Brigham and Women's 
Hospital, Boston, Massachusetts, USA
11MedStar Health Research Institute, Hyattsville, Maryland, USA

Collaborators The GRADE Research Group (April 30, 2021):Current Clinical 
Centers: Crandall, JP; McKee, MD; Behringer- Massera, S; Brown- Friday, J; Xhori, E; 

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2022-003159 on 24 A

pril 2023. D
ow

nloaded from
 

http://drc.bmj.com/


9BMJ Open Diab Res Care 2023;11:e003159. doi:10.1136/bmjdrc-2022-003159

Cardiovascular and metabolic risk

Ballentine- Cargill, K; Duran, S; Estrella, H; Gonzalez de la torre, S; Lukin, J (Albert 
Einstein College of Medicine). Phillips, LS; Burgess, E; Olson, D; Rhee, M; Wilson, P; 
Raines, TS; Boers, J; Costello, J; Maher- Albertelli, M; Mungara, R; Savoye, L; White, 
CA; Gullett, C; Holloway, L; Morehead, F; Person, S; Sibymon, M; Tanukonda, S; 
Adams, C; Ross, A (Atlanta VA Medical Center). Balasubramanyam, A; Gaba, R; 
Gonzalez Hattery, E; Ideozu, A; Jimenez, J; Montes, G; Wright, C (Baylor College of 
Medicine). Hollander, P; Roe, E; Jackson, A; Smiley, A; Burt, P; Estrada, L; Chionh, K 
(Baylor Research Institute). Ismail- Beigi, F; Falck- Ytter, C; Sayyed Kassem, L; Sood, 
A; Tiktin, M; Kulow, T; Newman, C; Stancil, KA; Cramer, B; Iacoboni, J; Kononets, 
MV; Sanders, C; Tucker, L; Werner, A; Maxwell, A; McPhee, G; Patel, C; Colosimo, L; 
Krol, A (Case Western Reserve University/Cleveland VA/MetroHealth Medical 
Center). Goland, R; Pring, J; Alfano, L; Kringas, P; Hausheer, C; Tejada, J; Gumpel, K; 
Kirpitch, A; Schneier, H (Columbia University Medical Center). Green, JB; AbouAssi, 
H; Chatterjee, R; Feinglos, MN; English Jones, J; Khan, SA; Kimpel, JB; Zimmer, RP; 
Furst, M; Satterwhite, BM; Thacker, CR; Evans Kreider, K (Duke University Medical 
Center). Mariash, CN; Mather, KJ; Ismail, HM; Lteif, A; Mullen, M; Hamilton, T; Patel, 
N; Riera, G; Jackson, M; Pirics, V; Aguillar, D; Howard, D; Hurt, S (Indiana 
University). Bergenstal, R; Carlson, A; Martens, T; Johnson, M; Hill, R; Hyatt, J; 
Jensen, C; Madden, M; Martin, D; Willis, H; Konerza, W; Yang, S; Kleeberger, K; 
Passi, R (International Diabetes Center). Fortmann, S; Herson, M; Mularski, K; 
Glauber, H; Prihoda, J; Ash, B; Carlson, C; Ramey, PA; Schield, E; Torgrimson- Ojerio, 
B; Arnold, K; Kauffman, B; Panos, E; Sahnow, S; Bays, K; Berame, K; Cook, J; 
Ghioni, D; Gluth, J; Schell, K; Criscola, J; Friason, C; Jones, S; Nazarov, S (Kaiser 
Permanente Northwest). Barzilay, J; Rassouli, N; Puttnam, R; Ojoawo, B; Nelson, R; 
Curtis, M; Hollis, B; Sanders- Jones, C; Stokes, K; El- Haqq, Z; Kolli, A; Tran, T (Kaiser 
Permanente of Georgia). Wexler, D; Larkin, ME; Meigs, J; Chambers, B; Dushkin, A; 
Rocchio, G; Yepes, M; Steiner, B; Dulin, H; Cayford, M; Chu, K; DeManbey, A; Hillard, 
M; Martin, K; Thangthaeng, N; Gurry, L; Kochis, R; Raymond, E; Ripley, V; Stevens, C 
(Massachusetts General Hospital). Park, J; Aroda, V; Ghazi, A; Magee, M; Ressing, A; 
Loveland, A; Hamm, M; Hurtado, M; Kuhn, A; Leger, J; Manandhar, L; Mwicigi, F; 
Sanchez, O; Young, T (MedStar Health Research Institute/MedStar Baltimore). Garg, 
R, Lagari- Libhaber, V; Florez, HJ; Valencia, WM; Marks, J; Casula, S; Oropesa- 
Gonzalez, L; Hue, L; Cuadot, A; Nieto- Martinez, R; Riccio Veliz, AK; Gutt, M; Kendal, 
YJ; Veciana, B (Miami VA Healthcare System/University of Miami). Ahmann, A; Aby- 
Daniel, D; Joarder, F; Morimoto, V; Sprague, C; Yamashita, D; Cady, N; Rivera- 
Eschright, N; Kirchhoff, P; Morales Gomez, B; Adducci, J; Goncharova, A (Oregon 
Health & Science University). Hox, SH; Petrovitch, H; Matwichyna, M; Jenkins, V; 
Broadwater, L; Ishii, RR; Bermudez, NO (Pacific Health Research and Education 
Institute/VA Pacific Islands). Hsia, DS; Greenway, FL; Waguespack, C; King, E; Fry, G; 
Dragg, A; Gildersleeve, B; Arceneaux, J; Haynes, N; Thomassie, A; Pavlionis, M; 
Bourgeois, B; Hazlett, C (Pennington Biomedical Research Center). Mudaliar, S; 
Henry, R; Boeder, S; Pettus, J; Diaz, E; Garcia- Acosta, D; Maggs, S; DeLue, C; 
Stallings, A; Castro, E; Hernandez, S (San Diego VA Medical Center). Krakoff, J; 
Curtis, JM; Killean, T; Khalid, M; Joshevama, E; Diaz, E; Martin, D; Tsingine, K; 
Karshner, T (Southwestern American Indian Center). Albu, J; Pi- Sunyer, FX; Frances, 
S; Maggio, C; Ellis, E; Bastawrose, J; Gong, X (St. Luke’s‐Roosevelt Hospital). 
Banerji, MA; August, P; Lee, M; Lorber, D; Brown, NM; Josephson, DH; Thomas, LL; 
Tsovian, M; Cherian, A; Jacobson, MH; Mishko, MM (SUNY Downstate Medical 
Center/New York Hospital‐Queens). Kirkman, MS; Buse, JB; Dostou, J; Machineni, 
S; Young, L; Bergamo, K; Goley, A; Kerr, J; Largay, JF; Guarda, S; Cuffee, J; Culmer, 
D; Fraser, R; Almeida, H; Coffer, S; Debnam, E; Kiker, L; Morton, S; Josey, K; Fuller, 
G (The University of North Carolina Diabetes Care Center). Garvey, WT; Cherrington, 
AL; Dyer, D; Lawson, MCR; Griffith, O; Agne, A; McCullars, S (University of Alabama 
Birmingham). Cohen, RM; Craig, J; Rogge, MC; Burton, K; Kersey, K; Wilson, C; Lipp, 
S; Vonder Meulen, MB; Adkins, C; Onadeko, T (University of Cincinnati/Cincinnati VA 
Medical Center). Rasouli, N; Baker, C; Schroeder, E; Razzaghi, M; Lyon, C; Penaloza, 
R; Underkofler, C; Lorch, R; Douglass, S; Steiner, S (University of Colorado‐Denver/
VA). Sivitz, WI; Cline, E; Knosp, LK; McConnell, J; Lowe, T (University of Iowa). 
Herman, WH; Pop- Busui, R; Tan, MH; Martin, C; Waltje, A; Katona, A; Goodhall, L; 
Eggleston, R; Kuo, S; Bojescu, S; Bule, S; Kessler, N; LaSalle, E; Whitley, K 
(University of Michigan). Seaquist, ER; Bantle, A; Harindhanavudhi, T; Kumar, A; 
Redmon, B; Bantle, J; Coe, M; Mech, M; Taddese, A; Lesne, L; Smith, S (University 
of Minnesota). Desouza, C; Kuechenmeister, L; Shivaswamy, V; Burbach, S; 
Rodriguez, MG; Seipel, K; Alfred, A; Morales, AL; Eggert, J; Lord, G; Taylor, W; 
Tillson, R (University of Nebraska Medical Center/Omaha VA). Schade, DS; Adolphe, 
A; Burge, M; Duran- Valdez, E; Martinez, J; Bancroft, A; Kunkel, S; Ali Jamaleddin 
Ahmad, F; Hernandez McGinnis, D; Pucchetti, B; Scripsick, E; Zamorano, A 
(University of New Mexico). DeFronzo, RA; Cersosimo, E; Abdul- Ghani, M; Triplitt, C; 
Juarez, D; Garza, RI; Verastiqui, H; Wright, K; Puckett, C (UT Health San Antonio). 
Raskin, P; Rhee, C; Abraham, S; Jordan, LF; Sao, S; Morton, L; Smith, O; Osornio 
Walker, L; Schnurr- Breen, L; Ayala, R; Kreymer, RB; Sturgess, D (University of 
Texas‐Southwestern Medical Center). Utzschneider, KM; Kahn, SE; Alarcon- Casas 

Wright, L; Boyko, EJ; Tsai, EC; Trence, DL; Trikudanathan, S; Fattaleh, BN; 
Montgomery, BK; Atkinson, KM; Kozedub, A; Concepcion, T; Moak, C; Prikhodko, N; 
Rhothisen, S (VA Puget Sound Health Care System/University of Washington). Elasy, 
TA; Martin, S; Shackelford, L; Goidel, R; Hinkle, N; Lovell, C; Myers, J; Lipps Hogan, 
J (Vanderbilt University). McGill, JB; Salam, M; Schweiger, T; Kissel, S; Recklein, C; 
Clifton, MJ (Washington University). Tamborlane, W; Camp, A; Gulanski, B; Inzucchi, 
SE; Pham, K; Alguard, M; Gatcomb, P; Lessard, K; Perez, M; Iannone, L; 
Magenheimer, E; Montosa, A (Yale University/Fair Haven Community Health Center/
West Haven VA Medical Center). Study Units: Cefalu, WT; Fradkin, J; Burch, HB; 
Bremer, AA (NIH/NIDDK). Nathan, DM (Chairman’s Office, Massachusetts General 
Hospital, Harvard Medical School). Lachin, JM; Krause- Steinrauf, H; Younes, N; 
Bebu, I; Butera, N; Buys, CJ; Fagan, A; Gao, Y; Ghosh, A; Gramzinski, MR; Hall, SD; 
Kazemi, E; Legowski, E; Liu, H; Suratt, CE; Tripputi, M; Arey, A; Backman, M; 
Bethepu, J; Lund, C; Mangat Dhaliwal, P; McGee, P; Mesimer, E; Ngo, L 
(Coordinating Center, The George Washington University Biostatistics Center). 
Steffes, M; Seegmiller, J; Saenger, A; Arends, V; Gabrielson, D (Central Biochemical 
Laboratory, Univeristy of Minnesota Advanced Research and Diagnostic 
Laboratory). Conner, T; Warren, S; Day, J; Huminik, J; Scrymgeour, A (Drug 
Distribution Center, VA Cooperative Studies Program Clinical Research Pharmacy 
Coordinating Center). Soliman, EZ; Pokharel, Y, Zhang, ZM; Campbell, C; Hu, J; 
Keasler, L; Hensley, S; Li, Y (ECG Reading Center, EPICARE, Wake Forest University). 
Mihalcea, R; Min, DJ; Perez- Rosas, V; Prosser, L; Resnicow, K; Ye, W (Economic 
Evaluation and Assessment Center, University of Michigan). Shao, H; Zhang, P 
(Economic Evaluation and Assessment Center, Centers for Disease Control and 
Prevention). Luchsinger, J; Sanchez, D; Assuras, S (Neurocognitive Coordinating 
Center, Columbia University Medical Center). Groessl, E; Sakha, F; Chong, H; Hillery, 
N (QWB Reading Center, University of California San Diego Health Services 
Research Center). Collaborators: Everett, BM (Cardiovascular Adjudication Advisor). 
Abdouch, I; Bahtiyar, G; Brantley, P; Broyles, FE; Canaris, G; Copeland, P; Craine, JJ; 
Fein, WL; Gliwa, A; Hope, L; Meiners, R; Meiners, V; O’Neal, H; Park, JE; Sacerdote, 
A; Sledge Jr., E; Soni, L; Steppel- Reznik, J; Turchin, A (Collaborating Investigators- 
Recruitment Sites). Brooks- Worrell, B; Hampe, CS; Palmer, JP; Shojaie, A (Beta Cell 
Ancillary Study). Higgins, J (Continuous Glucose Monitoring Sub- study). Fischer, L; 
Golden, S; Gonzalez, J; Naik, A; Walker, E (Emotional Distress Sub- study). Doner 
Lotenberg, L; Gallivan, JM; Lim, J; Tuncer, DM (National Diabetes Education 
Program Sub- study). Behringer- Massera, S (Recruitment Ancillary Study).

Contributors All authors affirm that authorship is merited based on the ICMJE 
authorship criteria. BIG, HK- S, TH, CD, DJW, and VRA contributed to the conception 
and design of research for the manuscript. BIG, HK- S, JBG, HA, CD, DJW, and 
VRA contributed to the acquisition of data for the manuscript. NMB and HK- S 
contributed to the statistical analysis for the manuscript. BIG, NMB, HK- S, JHL, 
TH, JBG, CES, HA, AJA, DJW and VRA contributed to the interpretation of data and 
results for the manuscript. HK- S, AJA, DJW, and VRA contributed to the supervision 
and management of research. BIG, NMB, CD, AJA, and VRA contributed to the 
drafting of the manuscript. BIG, NMB, HK- S, JHL, TH, JBG, CES, HA, CD, AJA, DJW, 
and VRA contributed to the critical review of the manuscript. BIG and NMB are the 
guarantors of this work and as such, had full access to all the data in the study 
and take responsibility for the integrity of the data and the accuracy of the data 
analysis.

Funding The GRADE Study is supported by a grant from the National Institute 
of Diabetes and Digestive and Kidney Diseases (NIDDK) of the National Institutes 
of Health under Award Number U01DK098246. The planning of GRADE was 
supported by a U34 planning grant from the NIDDK (U34- DK- 088043). The 
American Diabetes Association supported the initial planning meeting for the U34 
proposal. The National Heart, Lung, and Blood Institute and the Centers for Disease 
Control and Prevention also provided funding support. The Department of Veterans 
Affairs provided resources and facilities. Additional support was provided by grant 
numbers P30 DK017047, P30 DK020541- 44, P30 DK020572, P30 DK072476, 
P30 DK079626, P30 DK092926, U54 GM104940, UL1 TR000439, UL1 TR000445, 
UL1 TR001108, UL1 TR001409, UL1 TR001449, UL1 TR002243, UL1 TR002345, 
UL1 TR002378, UL1 TR002489, UL1 TR002529, UL1 TR002535, UL1 TR002537, 
UL1 TR001425 and UL1 TR002548. Educational materials have been provided by 
the National Diabetes Education Program. Material support in the form of donated 
medications and supplies has been provided by Becton, Dickinson and Company, 
Bristol- Myers Squibb, Merck, NovoNordisk, Roche Diagnostics, and Sanofi. The 
content of this manuscript is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institutes of Health.

Competing interests JBG reports grants from NIDDK during the conduct of the 
study; and grants and personal fees from Boehringer Ingelheim/Lilly, personal 
fees from NovoNordisk, grants from Roche, personal fees from Hawthorne Effect/
Omada, grants and personal fees from Sanofi/Lexicon, personal fees from Pfizer, 

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2022-003159 on 24 A

pril 2023. D
ow

nloaded from
 

http://drc.bmj.com/


10 BMJ Open Diab Res Care 2023;11:e003159. doi:10.1136/bmjdrc-2022-003159

Cardiovascular and metabolic risk

grants from Glaxo SmithKline, personal fees from Bayer, grants from Merck, and 
grants and personal fees from AstraZeneca outside the submitted work. HA reports 
other from Novo Nordisk during the conduct of the study; and other from Novo 
Nordisk outside the submitted work. CD reports grants and personal fees from 
Novo Nordisk, personal fees from Astra Zeneca, grants from Sanofi, grants from 
the Department of Defense, and consultation for Bayer outside the submitted work. 
AJA reports personal fees from Novo Nordisk and personal fees from Lilly during 
the conduct of the study; and personal fees from Medtronic outside the submitted 
work. DJW reports other from Novo Nordisk outside the submitted work. VRA 
reports grants and other from Applied Therapeutics, grants and other from Fractyl, 
grants and other from Novo Nordisk, other from Pfizer, grants and other from 
Sanofi, other from Eli Lilly, and other from Janssen (Spouse) outside the submitted 
work. BIG, NMB, JHL, TH, HK- S and CES have nothing to disclose.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants. GRADE is a multicenter 
RCT, approved by over 30 institutional review boards (institutional review board 
approval was obtained at each participating institution). We have indicated the 
primary review board submission information from the most recent annual renewal 
below: The George Washington University Office of Human Research - Institutional 
Review Board (IRB Number: 071245; Last Approved: 8/15/2022; Expires: 8/23/2023.) 
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement The Glycemia Reduction Approaches in Diabetes: A 
Comparative Effectiveness Study (GRADE) is being conducted with funding from 
the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK). This 
manuscript is based on the baseline (pretreatment) data from the 5047 participants 
enrolled into the study. This baseline data will be archived with the NIDDK data 
repository and will be available for sharing with other investigators in 2023.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Barbara I Gulanski http://orcid.org/0000-0003-4056-3409
Cyrus Desouza http://orcid.org/0000-0001-6660-0568
Vanita R Aroda http://orcid.org/0000-0002-7706-4585

REFERENCES
 1 Prospective Studies C, Asia Pacific Cohort Studies C. Sex- specific 

relevance of diabetes to occlusive vascular and other mortality: 
a collaborative meta- analysis of individual data from 980 793 
adults from 68 prospective studies. Lancet Diabetes Endocrinol 
2018;6:538–46. 

 2 Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart 
disease associated with diabetes in men and women: meta- analysis 
of 37 prospective cohort studies. BMJ 2006;332:73–8. 

 3 Peters SAE, Huxley RR, Woodward M. Diabetes as a risk factor for 
stroke in women compared with men: a systematic review and meta- 
analysis of 64 cohorts, including 775,385 individuals and 12,539 
strokes. Lancet 2014;383:1973–80. 

 4 Benjamin EJ, Muntner P, Alonso A, et al. Heart disease and stroke 
statistics- 2019 update: a report from the American heart association. 
Circulation 2019;139:e56–528. 

 5 Regensteiner JG, Golden S, Huebschmann AG, et al. Sex 
differences in the cardiovascular consequences of diabetes 
mellitus: a scientific statement from the American heart association. 
Circulation 2015;132:2424–47. 

 6 Bucholz EM, Strait KM, Dreyer RP, et al. Editor’s choice- sex 
differences in young patients with acute myocardial infarction: 

a VIRGO study analysis. Eur Heart J Acute Cardiovasc Care 
2017;6:610–22. 

 7 Leifheit- Limson EC, D’Onofrio G, Daneshvar M, et al. Sex differences 
in cardiac risk factors, perceived risk, and health care provider 
discussion of risk and risk modification among young patients with 
acute myocardial infarction: the VIRGO study. J Am Coll Cardiol 
2015;66:1949–57. 

 8 Beckman AL, Bucholz EM, Zhang W, et al. Sex differences in 
financial barriers and the relationship to recovery after acute 
myocardial infarction. J Am Heart Assoc 2016;5:e003923. 

 9 Smolderen KG, Strait KM, Dreyer RP, et al. Depressive symptoms in 
younger women and men with acute myocardial infarction: insights 
from the VIRGO study. J Am Heart Assoc 2015;4:e001424. 

 10 Shah AJ, Ghasemzadeh N, Zaragoza- Macias E, et al. Sex and 
age differences in the association of depression with obstructive 
coronary artery disease and adverse cardiovascular events. J Am 
Heart Assoc 2014;3:e000741. 

 11 Gu A, Kamat S, Argulian E. Trends and disparities in statin use and 
low- density lipoprotein cholesterol levels among US patients with 
diabetes, 1999- 2014. Diabetes Res Clin Pract 2018;139:1–10. 

 12 Wexler DJ, Grant RW, Meigs JB, et al. Sex disparities in treatment of 
cardiac risk factors in patients with type 2 diabetes. Diabetes Care 
2005;28:514–20. 

 13 Nanna MG, Wang TY, Xiang Q, et al. Sex differences in the use of 
statins in community practice. Circ Cardiovasc Qual Outcomes 
2019;12:e005562. 

 14 Vimalananda VG, Miller DR, Palnati M, et al. Gender disparities 
in lipid- lowering therapy among veterans with diabetes. Womens 
Health Issues 2011;21(4 Suppl):S176–81. 

 15 Canto JG, Rogers WJ, Goldberg RJ, et al. Association of age and 
sex with myocardial infarction symptom presentation and in- hospital 
mortality. JAMA 2012;307:813–22. 

 16 Lichtman JH, Leifheit EC, Safdar B, et al. Sex differences in the 
presentation and perception of symptoms among young patients 
with myocardial infarction: evidence from the VIRGO study (variation 
in recovery: role of gender on outcomes of young AMI patients). 
Circulation 2018;137:781–90. 

 17 Gupta A, Barrabes JA, Strait K, et al. Sex differences in timeliness of 
reperfusion in young patients with ST- segment- elevation myocardial 
infarction by initial electrocardiographic characteristics. J Am Heart 
Assoc 2018;7:e007021. 

 18 Leifheit- Limson EC, Spertus JA, Reid KJ, et al. Prevalence of 
traditional cardiac risk factors and secondary prevention among 
patients hospitalized for acute myocardial infarction (AMI): variation 
by age, sex, and race. J Womens Health (Larchmt) 2013;22:659–66. 

 19 Eindhoven DC, Hilt AD, Zwaan TC, et al. Age and gender differences 
in medical adherence after myocardial infarction: women do not 
receive optimal treatment- the Netherlands claims database. Eur J 
Prev Cardiol 2018;25:181–9. 

 20 Peters SAE, Colantonio LD, Zhao H, et al. Sex differences in high- 
intensity statin use following myocardial infarction in the united 
states. J Am Coll Cardiol 2018;71:1729–37. 

 21 Ferrara A, Mangione CM, Kim C, et al. Sex disparities in control and 
treatment of modifiable cardiovascular disease risk factors among 
patients with diabetes: translating research into action for diabetes 
(triad) study. Diabetes Care 2008;31:69–74. 

 22 Virani SS, Woodard LD, Ramsey DJ, et al. Gender disparities in 
evidence- based statin therapy in patients with cardiovascular 
disease. Am J Cardiol 2015;115:21–6. 

 23 Lichtman JH, Wang Y, Jones SB, et al. Age and sex differences 
in inhospital complication rates and mortality after percutaneous 
coronary intervention procedures: evidence from the NCDR (®). Am 
Heart J 2014;167:376–83. 

 24 Dreyer RP, Dharmarajan K, Kennedy KF, et al. Sex differences 
in 1- year all- cause rehospitalization in patients after acute 
myocardial infarction: a prospective observational study. Circulation 
2017;135:521–31. 

 25 Gupta A, Wang Y, Spertus JA, et al. Trends in acute myocardial 
infarction in young patients and differences by sex and race, 2001 to 
2010. J Am Coll Cardiol 2014;64:337–45. 

 26 Nathan DM, Buse JB, Kahn SE, et al. Rationale and design of 
the glycemia reduction approaches in diabetes: a comparative 
effectiveness study (grade). Diabetes Care 2013;36:2254–61. 

 27 Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic 
syndrome: a joint interim statement of the international diabetes 
federation task force on epidemiology and prevention; national 
heart, lung, and blood institute. International Atherosclerosis Society; 
and International Association for the Study of Obesity Circulation 
2009;120:1640–5. 

 28 Friedewald WT, Levy RI, Fredrickson DS. Estimation of the 
concentration of low- density lipoprotein cholesterol in plasma, 

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2022-003159 on 24 A

pril 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4056-3409
http://orcid.org/0000-0001-6660-0568
http://orcid.org/0000-0002-7706-4585
http://dx.doi.org/10.1016/S2213-8587(18)30079-2
http://dx.doi.org/10.1136/bmj.38678.389583.7C
http://dx.doi.org/10.1016/S0140-6736(14)60040-4
http://dx.doi.org/10.1161/CIR.0000000000000659
http://dx.doi.org/10.1161/CIR.0000000000000343
http://dx.doi.org/10.1177/2048872616661847
http://dx.doi.org/10.1016/j.jacc.2015.08.859
http://dx.doi.org/10.1161/JAHA.116.003923
http://dx.doi.org/10.1161/JAHA.114.001424
http://dx.doi.org/10.1161/JAHA.113.000741
http://dx.doi.org/10.1161/JAHA.113.000741
http://dx.doi.org/10.1016/j.diabres.2018.02.019
http://dx.doi.org/10.2337/diacare.28.3.514
http://dx.doi.org/10.1161/CIRCOUTCOMES.118.005562
http://dx.doi.org/10.1016/j.whi.2011.04.009
http://dx.doi.org/10.1016/j.whi.2011.04.009
http://dx.doi.org/10.1001/jama.2012.199
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.031650
http://dx.doi.org/10.1161/JAHA.117.007021
http://dx.doi.org/10.1161/JAHA.117.007021
http://dx.doi.org/10.1089/jwh.2012.3962
http://dx.doi.org/10.1177/2047487317744363
http://dx.doi.org/10.1177/2047487317744363
http://dx.doi.org/10.1016/j.jacc.2018.02.032
http://dx.doi.org/10.2337/dc07-1244
http://dx.doi.org/10.1016/j.amjcard.2014.09.041
http://dx.doi.org/10.1016/j.ahj.2013.11.001
http://dx.doi.org/10.1016/j.ahj.2013.11.001
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.024993
http://dx.doi.org/10.1016/j.jacc.2014.04.054
http://dx.doi.org/10.2337/dc13-0356
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644
http://drc.bmj.com/


11BMJ Open Diab Res Care 2023;11:e003159. doi:10.1136/bmjdrc-2022-003159

Cardiovascular and metabolic risk

without use of the preparative ultracentrifuge. Clin Chem 
1972;18:499–502.

 29 Florez HJ, Ghosh A, Pop- Busui R, et al. Differences in complications, 
cardiovascular risk factor, and diabetes management among 
participants enrolled at veterans affairs (VA) and non- VA medical 
centers in the glycemia reduction approaches in diabetes: a 
comparative effectiveness study (grade). Diabetes Res Clin Pract 
2022;184:109188. 

 30 Dugani SB, Moorthy MV, Li C, et al. Association of lipid, 
inflammatory, and metabolic biomarkers with age at onset 
for incident coronary heart disease in women. JAMA Cardiol 
2021;6:437–47. 

 31 Plakht Y, Elkis Hirsch Y, Shiyovich A, et al. Heterogenicity of 
diabetes as a risk factor for all- cause mortality after acute 
myocardial infarction: age and sex impact. Diabetes Res Clin Pract 
2021;182:109117. 

 32 Vaccarino V, Parsons L, Every NR, et al. Sex- based differences 
in early mortality after myocardial infarction. National 
Registry of myocardial infarction 2 participants. N Engl J Med 
1999;341:217–25. 

 33 Wright AK, Kontopantelis E, Emsley R, et al. Cardiovascular risk 
and risk factor management in type 2 diabetes mellitus. Circulation 
2019;139:2742–53. 

 34 Kautzky- Willer A, Harreiter J. Sex and gender differences in therapy 
of type 2 diabetes. Diabetes Res Clin Pract 2017;131:230–41. 

 35 FDA. FDA requests removal of strongest warning against 
cholesterol- lowering statins during pregnancy. Drug Safety 
Communication July 20, 2021.

 36 Collier A, Ghosh S, Hair M, et al. Gender differences and patterns 
of cardiovascular risk factors in type 1 and type 2 diabetes: a 
population- based analysis from a Scottish region. Diabet Med 
2015;32:42–6. 

 37 Qiao Y, Shin J- I, Sang Y, et al. Discontinuation of angiotensin 
converting enzyme inhibitors and angiotensin receptor blockers in 
chronic kidney disease. Mayo Clin Proc 2019;94:2220–9. 

 38 Schultz WM, Kelli HM, Lisko JC, et al. Socioeconomic status and 
cardiovascular outcomes: challenges and interventions. Circulation 
2018;137:2166–78. 

 39 Dray- Spira R, Gary- Webb TL, Brancati FL. Educational disparities 
in mortality among adults with diabetes in the U.S. Diabetes Care 
2010;33:1200–5. 

 40 Hamad R, Penko J, Kazi DS, et al. Association of low socioeconomic 
status with premature coronary heart disease in US adults. JAMA 
Cardiol 2020;5:899–908. 

 41 Jha MK, Qamar A, Vaduganathan M, et al. Screening and 
management of depression in patients with cardiovascular disease: 
JACC state- of- the- art review. J Am Coll Cardiol 2019;73:1827–45. 

 42 Daskalopoulou M, George J, Walters K, et al. Depression as a risk 
factor for the initial presentation of twelve cardiac, cerebrovascular, 
and peripheral arterial diseases: data linkage study of 1.9 million 
women and men. PLoS One 2016;11:e0153838. 

 43 Carney RM, Freedland KE. Depression and coronary heart disease. 
Nat Rev Cardiol 2017;14:145–55. 

 44 Lichtman JH, Froelicher ES, Blumenthal JA, et al. Depression as a 
risk factor for poor prognosis among patients with acute coronary 
syndrome: systematic review and recommendations: a scientific 
statement from the American heart association. Circulation 
2014;129:1350–69. 

 45 Harshfield EL, Pennells L, Schwartz JE, et al. Association between 
depressive symptoms and incident cardiovascular diseases. JAMA 
2020;324:2396–405. 

 46 Dreyer RP, Sciria C, Spatz ES, et al. Young women with acute 
myocardial infarction: current perspectives. Circ Cardiovasc Qual 
Outcomes 2017;10:e003480. 

 47 Merlo J. Multilevel analysis of individual heterogeneity and 
discriminatory accuracy (MAIHDA) within an intersectional 
framework. Soc Sci Med 2018;203:74–80. 

 48 Wemrell M, Bennet L, Merlo J. Understanding the complexity 
of socioeconomic disparities in type 2 diabetes risk: a study of 
4.3 million people in Sweden. BMJ Open Diabetes Res Care 
2019;7:e000749. 

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2022-003159 on 24 A

pril 2023. D
ow

nloaded from
 

http://dx.doi.org/4337382
http://dx.doi.org/10.1016/j.diabres.2021.109188
http://dx.doi.org/10.1001/jamacardio.2020.7073
http://dx.doi.org/10.1016/j.diabres.2021.109117
http://dx.doi.org/10.1056/NEJM199907223410401
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.039100
http://dx.doi.org/10.1016/j.diabres.2017.07.012
http://dx.doi.org/10.1111/dme.12569
http://dx.doi.org/10.1016/j.mayocp.2019.05.031
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.029652
http://dx.doi.org/10.2337/dc09-2094
http://dx.doi.org/10.1001/jamacardio.2020.1458
http://dx.doi.org/10.1001/jamacardio.2020.1458
http://dx.doi.org/10.1016/j.jacc.2019.01.041
http://dx.doi.org/10.1371/journal.pone.0153838
http://dx.doi.org/10.1038/nrcardio.2016.181
http://dx.doi.org/10.1161/CIR.0000000000000019
http://dx.doi.org/10.1001/jama.2020.23068
http://dx.doi.org/10.1161/CIRCOUTCOMES.116.003480
http://dx.doi.org/10.1161/CIRCOUTCOMES.116.003480
http://dx.doi.org/10.1016/j.socscimed.2017.12.026
http://dx.doi.org/10.1136/bmjdrc-2019-000749
http://drc.bmj.com/


Table S.1. Sex differences in BMI and Waist Circumference, stratified by age, income, education, race, 

ethnicity. 

 BMI (kg/m2) Increased Waist Circumference  
 Men Women p-value Men Women p-value 

Age categories 

    <45 years 

    45-54 years 

    55-64 years 

    ≥65 years 

 

35.2 ± 7.4 

34.6 ± 6.8 

33.5 ± 5.9 

32.4 ± 5.4 

 

 

37.6 ± 8.5 

36 ± 7.7 

35 ± 7.1 

32.8 ± 5.9 

 

0.051 

 

258 (74.8%) 

677 (79.2%) 

856 (79%) 

741 (80.5%) 

 

 

256 (93.1%) 

538 (93.1%) 

647 (93.6%) 

258 (90.2%) 

 

0.133 

Income 

    <$10,000 

    $10,000 - $50,000 

    $50,000 - $75,000 

    $75,000+ 

 

Education 

    Some high school 

    High school graduate 

    Some college 

    College graduate or more 

 

Race 

    White 

    Black or African American 

    Other or more than one race 

 

Ethnicity 

    Hispanic/Latino 

    Non-Hispanic/Latino 

 

33.1 ± 6.9 

33.8 ± 6.5 

33.8 ± 5.8 

33.6 ± 6.2 

 

 

32.4 ± 5.8 

33.7 ± 6.1 

34.3 ± 6.7 

33.3 ± 6.1 

 

 

33.9 ± 6.3 

33.7 ± 6.2 

32 ± 6.3 

 

 

32.9 ± 6 

33.8 ± 6.3 

 

34.1 ± 7.4 

36.2 ± 8 

35.3 ± 7.2 

35.3 ± 6.7 

 

 

33.7 ± 7.1 

35.1 ± 7.6 

36.1 ± 7.4 

35.5 ± 7.5 

 

 

35.8 ± 7.3 

35.3 ± 7.8 

34.2 ± 6.9 

 

 

33.7 ± 6.9 

35.9 ± 7.5 

 

0.193 

 

 

 

 

 

0.398 

 

 

 

 

 

0.671 

 

 

 

 

0.01 

 

102 (69.9%) 

897 (77.3%) 

435 (82.5%) 

826 (82%) 

 

 

110 (63.2%) 

485 (76.7%) 

776 (81.8%) 

1161 (80.1%) 

 

 

1855 (81.2%) 

366 (74.8%) 

284 (72.6%) 

 

 

309 (61.7%) 

2205 (82.3%) 

 

132 (88.6%) 

723 (93.1%) 

239 (92.6%) 

373 (95.4%) 

 

 

162 (85.7%) 

370 (91.1%) 

486 (95.1%) 

680 (94.1%) 

 

 

953 (93.2%) 

466 (92.1%) 

255 (93.1%) 

 

 

374 (88.2%) 

1309 (94.3%) 

 

0.486 

 

 

 

 

 

0.699 

 

 

 

 

 

0.242 

 

 

 

 

0.224 

  Increased waist circumference ≥88 cm for females, ≥102 cm for males (for Asian Americans, ≥80 cm for 
females, ≥90 cm for males) 

The nominal p-value for the interaction term between sex and the sociodemographic variable (i.e., age, 

income, education, race, or ethnicity) is provided to explore whether sex differences vary by the 

sociodemographic variable, and so should not be interpreted as testing hypotheses. 
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Table S.2. Sex differences in LDL levels, stratified by age, income, education, race, ethnicity. 

 LDL (mg/dL), on statins LDL <100 mg/dL, on statin 

 Men Women p-value Men Women p-value 

Age categories 

    <45 years 

    45-54 years 

    55-64 years 

    ≥65 years 

 

84.8 ± 29.1 

83.5 ± 31 

78.5 ± 26.8 

74.6 ± 25.6 

 

92.5 ± 32     

91.3 ± 31 

87.2 ± 30.7 

84.1 ± 27 

 

0.941 

 

106 (75.7%) 

   347 (72%) 

607 (79.9%) 

624 (86.7%)     

 

  50 (65.8%)  

  192 (65.8%)  

  316 (73.1%) 

  153 (73.6%) 

 

0.134 

Income 

    <$10,000 

    $10,000 - $50,000 

    $50,000 - $75,000 

   > $75,000 

 

Education 

    Some high school 

    High school graduate 

    Some college 

    College graduate or more 

 

Race 

    White 

    Black or African American 

    Other or more than one race 

 

Ethnicity 

    Hispanic/Latino 

    Non-Hispanic/Latino 

 

84.9 ± 34.2 

80.7 ± 29.2 

77.6 ± 28.9 

76.3 ± 24.5 

 

 

86.9 ± 29.3 

81.7 ± 28.8 

78.5 ± 28.8 

76.9 ± 26.5 

 

 

75.6 ± 25.8 

91.3 ± 31.8 

81.8 ± 29.6 

 

 

85.6 ± 31.9 

77.7 ± 27.1 

 

89.2 ± 34.7    

88.4 ± 32.3 

89.8 ± 31.6 

83.6 ± 23.7 

 

 

94.2 ± 37.7     

91.3 ± 29.1 

91.3 ± 29.1 

86.7 ± 29.3 

 

 

84.5 ± 28.7    

94.9 ± 32.6 

91.3 ± 30.2 

 

 

92.4 ± 36.2    

87.3 ± 28.7 

 

0.388 

 

 

 

 

 

0.802 

 

 

 

 

 

0.123 

 

 

 

 

0.367 

 

47 (66.2%) 

561 (77.5%) 

270 (79.6%) 

612 (84.2%) 

 

 

67 (71.3%) 

309 (76.9%) 

478 (79%) 

830 (82.9%) 

 

 

1299 (84%) 

189 (61.6%) 

182 (79.8%) 

 

 

177 (71.7%) 

1498 (81.4%) 

 

42 (61.8%) 

286 (72%) 

110 (70.1%) 

188 (76.7%) 

 

 

55 (60.4%) 

148 (65.2%) 

191 (72.9%) 

317 (74.1%) 

 

 

441 (75%) 

170 (61.4%) 

89 (69%) 

 

 

119 (63%) 

585 (72.1%) 

 

0.719 

 

 

 

 

 

0.777 

 

 

 

 

 

0.023 

 

 

 

 

0.573 

The nominal p-value for the interaction term between sex and the sociodemographic variable (i.e., age, 

income, education, race, or ethnicity) is provided to explore whether sex differences vary by the 

sociodemographic variable, and so should not be interpreted as testing hypotheses. 
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Table S.3. Sex differences in low HDL and Blood Pressure, stratified by age, income, education, race, 

ethnicity. 

 Low HDL  BP <140/90, on medication 

 Men Women p-value Men Women p-value 

Age categories 

    <45 years 

    45-54 years 

    55-64 years 

    ≥65 years 

 

174 (50.3%) 

429 (50.3%) 

493 (45.5%) 

409 (44.3%) 

 

231 (83.4%) 

392 (67.6%) 

402 (58.3%) 

148 (51.6%) 

 

<0.001 

 

 

106 (71.1%) 

395 (73.7%) 

571 (70.1%) 

547 (71.7%) 

 

94 (74.6%) 

262 (72.6%) 

374 (72.2%) 

164 (72.6%) 

 

0.835 

 

 

Income 

    <$10,000 

    $10,000 - $50,000 

    $50,000 - $75,000 

    >$75,000 

 

Education 

    Some high school 

    High school graduate 

    Some college 

    College graduate or more 

 

Race 

    White 

    Black or African American 

    Other or more than one race 

 

Ethnicity 

    Hispanic/Latino 

    Non-Hispanic/Latino 

 

66 (45.2%) 

586 (50.5%) 

264 (50.1%) 

422 (41.9%) 

 

 

78 (44.8%) 

298 (47.3%) 

483 (50.9%) 

646 (44.5%) 

 

 

1173 (51.4%) 

161 (32.8%) 

156 (39.9%) 

 

 

221 (44%) 

1273 (47.5%)  

 

95 (63.3%) 

508 (65.3%) 

169 (65.3%) 

249 (63.5%) 

 

 

106 (55.8%) 

273 (67.1%) 

352 (69%) 

441 (60.7%) 

 

 

707 (69%) 

258 (50.8%) 

195 (71.2%) 

 

 

298 (69.8%) 

868 (62.5%) 

 

0.349 

 

 

 

 

 

0.42 

 

 

 

 

 

0.008 

 

 

 

 

0.002 

 

 

56 (60.2%) 

575 (70%) 

275 (72.8%) 

544 (75.1%) 

 

 

69 (72.6%) 

320 (70.6%) 

471 (69.1%) 

 

 

 

1184 (72.5%) 

224 (62.9%) 

191 (77.3%) 

 

 

178 (67.7%) 

1429 (72%) 

 

67 (73.6%) 

366 (69.7%)  

136 (73.9%) 

209 (76.3%) 

 

 

82 (71.9%) 

199 (75.7%) 

259 (72.1%) 

 

 

 

500 (72.9%) 

271 (70.9%) 

112 (75.7%) 

 

 

163 (71.5%) 

725 (73%) 

 

0.366 

 

 

 

 

 

0.326 

 

 

 

 

 

0.13 

 

 

 

 

0.544 

  Low HDL <50 mg/dL for females, <40 mg/dL for males 

The nominal p-value for the interaction term between sex and the sociodemographic variable (i.e., age, 

income, education, race, or ethnicity) is provided to explore whether sex differences vary by the 

sociodemographic variable, and so should not be interpreted as testing hypotheses. 
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Table S.4. Exploratory analysis results for prevalence of cardiometabolic risk factors by sex, stratified by 

age, education, race, ethnicity, and income. 

 P-value for interaction between sex and 

CVD Risk Factor Age Education Race Ethnicity Income 

BMI (kg/m2) 0.051 0.398 0.671 0.01 0.193 

Waist circumference ≥ gender-specific threshold  0.133 0.699 0.242 0.224 0.486 

Insulin sensitivity (HOMA2-S%)  0.212 0.677 0.03 0.65 0.647 

Insulin secretion (Insulinogenic index)  0.756 0.789 0.041 0.81 0.179 

HDL < gender-specific threshold  <0.001 0.42 0.008 0.002 0.349 

Triglycerides (mg/dL) 0.323 0.828 0.239 0.777 0.129 

Metabolic Syndrome 0.292 0.338 0.503 0.161 0.706 

Depression/anxiety medications (%)  0.922 0.113 0.57 0.085 0.14 

ASCVD risk score (%)   <0.001 0.038 <0.001 <0.02 0.16 

Heart attack or stroke (%) 0.338 0.121 0.832 0.671 0.546   Normal waist circumference <88 cm for females, <102 cm for males (for Asian Americans, <80 cm for 

females, <90 cm for males).   Normal HDL ≥50 mg/dL for females, ≥40 mg/dL for males.   This question was added after the study started and was answered by 2494 participants at baseline.   Estimated 10-year ASCVD risk. ASCVD risk scores are intended for primary prevention 

of CVD only, and so this variable is analyzed only for those without history of heart 

attack or stroke. 

The nominal p-value for the interaction term between sex and the sociodemographic variable (i.e., age, 

income, education, race, or ethnicity) is provided to explore whether sex differences vary by the 

sociodemographic variable, and so should not be interpreted as testing hypotheses. 
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Table S.5. Exploratory analysis results for evidence-based treatments for lipid and blood pressure 

management by sex, stratified by age, education, race, ethnicity, and income. 

 P-value for interaction between sex and 

CVD Risk Factor Age Education Race Ethnicity Income 

LDL (mg/dL) in entire cohort 0.006 0.181 0.025 0.02 0.173 

LDL (mg/dL) in those treated with statins 0.941 0.802 0.123 0.367 0.388 

LDL < 100 mg/dL in those treated with statins 0.134 0.777 0.023 0.573 0.719 

LDL (mg/dL) in those NOT treated with statins 0.003 0.373 0.631 0.359 0.374 

LDL < 100 mg/dL in those NOT treated with statins 0.345 0.97 0.253 0.408 0.536 

Systolic BP (mmHg) in entire cohort 0.001 0.003 0.152 0.015 0.255 

Diastolic BP (mmHg) in entire cohort 0.326 0.025 0.017 <0.001 0.003 

Systolic BP (mmHg) in those treated with blood 

pressure medications 

0.063 0.176 0.054 0.656 0.499 

Diastolic BP (mmHg) in those treated with blood 

pressure medications 

0.344 0.498 <0.001 0.237 0.083 

BP <140/90 mmHg in those treated with blood 

pressure medications 

0.835 0.326 0.13 0.544 0.336 

BP <130/80 mmHg in those treated with blood 

pressure medications 

0.17 0.179 <0.001 0.854 0.575 

The nominal p-value for the interaction term between sex and the sociodemographic variable (i.e., age, 

income, education, race, or ethnicity) is provided to explore whether sex differences vary by the 

sociodemographic variable, and so should not be interpreted as testing hypotheses. 
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