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Triglyceride and HDL-C
Dyslipidemia and Risks of
Coronary Heart Disease and
Ischemic Stroke by Glycemic
Dysregulation Status: The Strong
Heart Study
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OBJECTIVE

High triglyceride (TG) levels and low HDL cholesterol (HDL-C) levels are risk factors
for cardiovascular disease. It is unclear whether this relationship depends on
glycemic dysregulation, sex, or LDL cholesterol (LDL-C) level.

RESEARCH DESIGN AND METHODS

We studied 3,216 participants (40% men, 41% with diabetes) who were free of
cardiovascular disease at baseline in a community-based, prospective cohort of
American Indians (median follow-up 17.7 years). Cox models estimated hazard
ratios (HRs) and 95% Cls for incident ischemic stroke and coronary heart disease
(CHD) in relation to combined TG and HDL-C status, where a fasting TG
level 2150 mg/dL was “high” and a fasting HDL-C level <40 mg/dL for men
(<50 mg/dL for women) was “low.” Models included age, sex, BMI, smoking,
diabetes, fasting LDL-C level, antihypertensive medications, physical activity,
estimated glomerular filtration rate, and urinary albumin-to-creatinine ratio.

RESULTS

Participants with high TG and low HDL levels had a 1.32-fold greater HR (95% CI
1.06-1.64) for CHD than those with normal TG and normal HDL levels. It was
observed in participants with diabetes, but not in those without diabetes, that
high TG plus low HDL levels were associated with a 1.54-fold greater HR (95% CI
1.15-2.06) for CHD (P value for interaction = 0.003) and a 2.13-fold greater HR
(95% CI 1.06-4.29) for stroke (P value for interaction = 0.060). High TG and low
HDL level was associated with CHD risk in participants with an LDL-C level
of 2130 mg/dL, but this was not observed in those participants with lower LDL-C
levels. Sex did not appear to modify these associations.

CONCLUSIONS

Adults with both high TG and low HDL-C, particularly those with diabetes, have
increased risks of incident CHD and stroke. In particular, those with an LDL-C
level 2130 mg/dL may have an increased risk of incident stroke.
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High levels of triglyceride (TG) and low
levels of HDL cholesterol (HDL-C) are
considered to be risk factors for coro-
nary heart disease (CHD) (1) and ische-
mic stroke (2,3). Lowering the LDL
cholesterol (LDL-C) level with statin
therapy is the primary target in reducing
atherosclerotic cardiovascular disease
(ASCVD) (4,5). Yet, high TG and low
HDL-C levels remain prevalent in some
statin-treated adults (6). Prospective
studies (7-10) have suggested that a
high TG level in combination with a
low HDL-C level, also called “athero-
genic dyslipidemia,” may be a clinical
marker to identify adults who are at
risk for ASCVD. This may be particularly
true of individuals with obesity and met-
abolic disease, as insulin resistance (IR)
directly contributes to such dyslipidemic
abnormalities (11-14). Moreover, in the
Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial, participants
with diabetes who were receiving treat-
ment with a statin for LDL-C control and
had both high TG and low HDL-C expe-
rienced cardiovascular protection with
fenofibrate, which lowers TG and raises
HDL-C levels, among other favorable
lipid-modifying effects (15).

In view of the links between meta-
bolic disease and atherogenic dyslipide-
mia, and amid the ongoing obesity and
diabetes epidemics affecting contempo-
rary societies (16,17), understanding the
role of abnormal levels of TG and HDL-C
as cardiovascular risk factors in different
dysmetabolic states is of considerable
clinical and public health importance.
It remains unclear whether the high TG
and low HDL-C levels used to define ath-
erogenic dyslipidemia are associated
with different risks of incident CHD or
ischemic stroke in distinct populations
defined by diabetes status, sex, or
LDL-C level (7-10). Evidence analyzing
electronic medical records has sug-
gested that there are increased CHD
risks related to high TG and low HDL-C
levels in individuals with diabetes, but
important patient characteristics were
not well controlled (18). We hypothe-
sized that high fasting plasma TG level
in combination with low HDL-C level is a
risk factor for CHD and ischemic stroke
among American Indians, who have a
high prevalence of obesity and diabetes,
and that the magnitude of these rela-
tionships depends on diabetes status,
sex, and LDL-C level.

RESEARCH DESIGN AND METHODS

Study Population

The Strong Heart Study (SHS) is an on-
going, community-based, prospective
cohort study of American Indians from
South Dakota, North Dakota, Oklahoma,
and Arizona (19). A total of 4,549 partic-
ipants (age range 45—74 years) were en-
rolled at the baseline examination
between 1989 and 1991. Participants re-
turned for follow-up visits in 1993—-1995
and 1998-1999. Morbidity and mortal-
ity have been updated and recorded
annually. Detailed information about
study design and data collection in the
SHS has been reported previously
(20,21) and is accessible at the website
(http://strongheart.ouhsc.edu/). The
current analytic sample consisted of
3,216 eligible individuals at SHS base-
line, after excluding 331 participants
who had a history of cardiovascular dis-
ease (CVD) at baseline, 68 people who
had missing baseline measurements of
TG or HDL-C, and 934 participants from
one community who withdrew consent
for the study. Informed consent was ob-
tained from each participant. The par-
ticipating tribes and the institutional
review boards of the participating insti-
tutions and the Indian Health Service
approved the SHS.

Baseline Data Collection

At SHS baseline, each participant under-
went an in-person interview, physical
examination, and structured question-
naire data collection. All participants
also provided blood and urine speci-
mens after a 12-h fast. The following
markers were measured in these speci-
mens using standard procedures: plasma
lipid panel (TG, total cholesterol, LDL-C,
and HDL-C) (22) and lipoproteins (23),
insulin (24), glucose (22), creatinine
(25), fibrinogen (25), urinary albumin,
and creatinine (26). Participants with no
known diabetes also underwent a 2-h oral
glucose tolerance test (consisting of a
blood draw, to measure glucose, 2 h
after a 75-g oral glucose load) (20). In all
participants, blood pressure and anthro-
pometric measurements (weight, height,
and waist circumference) were per-
formed according to standardized proce-
dures by trained and certified study staff
(20). BMI was calculated as weight (in ki-
lograms) divided by height (in meters)
squared. Demographic information, life-
style habits (alcohol use, tobacco smoking,
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physical activity), medical history, medi-
cation use, family history of illnesses,
and physical activity were collected us-
ing structured questionnaires (20). Dia-
betes status was defined according to
1998 World Health Organization criteria:
taking any diabetes medication, fasting
glucose concentration =126 mg/dL,
or 2-h blood glucose concentration
=200 mg/dL after a 75-g oral glucose tol-
erance test. Hypertension was defined as
systolic blood pressure =140 mmHg,
diastolic blood pressure =90 mmHg, or
taking antihypertensive drugs. LDL-C
levels were estimated by the Friedewald
formula in participants with a TG level
<400 mg/dL. Microalbuminuria and mac-
roalbuminuria were defined as urinary
albumin-to-creatinine ratio (UACR) >30
but <300 mg/g, and =300 mg/g, respec-
tively. Estimated glomerular filtration
rate (eGFR) was calculated using the ab-
breviated equation for Modification
of Diet in Renal Disease (eGFR-MDRD),
as follows: 186.3 X (serum creatinine
[Scr])~H1%* X (age) %2 X (0.742 in fe-
males) (27). Separately, eGFR was also
calculated based on the Chronic Kidney
Disease Epidemiology Collaboration
equation (eGFR-CKD-EPI), as follows:
141 X (minimum of 1 or standardized
Scr [mg/dL]/k)* X (maximum of 1 or
standardized Scr [mg/dL]/x) 2% X
0.993%¢° X (1.018 if female), where k is
0.7 in females and 0.9 in males, and «
is —0.329in females and —0.411in males
(28,29). Physical activity was capturedina
questionnaire regarding activities related
to leisure time and occupation in the
past year (30). The questionnaire for phys-
ical activity has been applied and assessed
in the Pima Indian Study of Arizona using
Caltrac activity monitors (Accusplit Corpo-
ration, Livermore, CA). Correlation be-
tween past-week self-reported physical
activity and activity monitor counts was
high (p = 0.8). Test-retest correlations for
past-year occupational and leisure time ac-
tivities ranged from 0.63 to 0.92 (30,31).
Total physical activity was the sum of the
MET hours per week (MET-h/week) for lei-
sure time and occupational activities.

Ascertainment of Incident CHD and
Stroke

The current study included incident fatal
or nonfatal events of ischemic stroke and
CHD from the SHS baseline to 31 December
2007. These events were identified by an-
nual morbidity and mortality surveillance,
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including a review of tribal and Indian Health
Service hospital records and death certifi-
cates or by direct contact with participants
and/or their families at each follow-up visit,
with subsequent adjudication by study phy-
sicians using standard criteria as described
previously (20,32). CHD included fatal myo-
cardial infarction, sudden death due to CHD,
other fatal CHD event, or nonfatal definite
CHD, as defined previously (32). Stroke in-
cluded ischemic fatal and nonfatal strokes,
as described previously (33).

Statistical Analyses
Fasting TG levels were categorized into
“normal TG” (<150 mg/dL) or “high TG”
(=150 mg/dL), and fasting HDL-C levels
were categorized into “normal HDL”
(=40 mg/dL for men and =50 mg/dL for
women) or “low HDL” (<40 mg/dL for
men and <50 mg/dL for women), per
the Adult Treatment Panel Il (34) and
the 2013 American College of Cardiology/
American Heart Association guidelines
(35). Using these cut points, we also de-
fined TG-HDL status into the following four
categories based on both TG and HDL-C
levels: 1) “normal TG-normal HDL” (the
referent category, defined as having nor-
mal TG and normal HDL-C levels); 2) “nor-
mal TG-low HDL”; 3) “high TG-normal
HDL”; and 4) “high TG-low HDL.” A priori,
we hypothesized the following: 1) that
TG-HDL status confers different risks for
incident CHD and ischemic stroke; and 2)
that these relations depend on sex, diabe-
tes status, and LDL-C level (7-10).
Distributions for continuous variables
were examined to identify outliers and
violations of normality. ANOVA was
used to compare the mean values of con-
tinuous variables with normal distri-
butions. For variables with skewed
distributions, we instead conducted the
nonparametric median score test and
presented the median and interquartile
range (first and third quartiles). x? tests
were used to compare categorical vari-
ables. The time-to-event distribution (for
incident ischemic stroke and CHD, sepa-
rately) was assessed using the Kaplan-
Meier method and compared according
to the TG-HDL status, using the log-rank
test. Incidence rates of stroke and CHD
per 1,000 person-years were calculated
by dividing the cumulative number of
stroke or CHD cases by all at-risk person-
years during follow-up. The person-year
was estimated from the date of the base-
line examination (1989-1991) to the first

date of incident stroke or CHD diagnosis,
date of death, or 31 December 2007,
whichever occurred first. If a participant
experienced an incident stroke and an in-
cident CHD event, the event that occurred
first was included for analysis. The 95%
Cls for the crude incidence rates were es-
timated by generalized linear model,
assuming a Poisson distribution for the
probability distribution of outcome of
count data (number of participants with
incident CHD or stroke) during follow-up
and an a-value of 0.05.

Cox proportional hazards models were
conducted to estimate hazard ratios (HRs)
and 95% Cls relating each of the follow-
ing: TG level alone, HDL-C level alone, and
TG-HDL status, to incident CHD and sep-
arately to incident stroke. Initially, the
multivariable models were stratified on
the location of the participating SHS study
sites and included baseline age and sex
(basic model). The full multivariable mod-
els additionally controlled for risk factors
for CHD and stroke, including smoking,
BMI, estimated LDL-C level, use of antihy-
pertensive medications (yes/no), diabe-
tes (yes/no), categorical physical activity
(MET-h/week in quartile), eGFR-MDRD,
and UACR. We stratified the Cox model
on the location of the participating SHS
study sites, which allowed different base-
line hazards at each site and estimated
the coefficients for TG-HDL status in re-
lation to CHD or ischemic stroke by using
the product of the partial likelihood func-
tions for each individual stratum. Models
excluded 246 participants (8%) who had
missing information on one or more of
the covariates, including 88 people who
had undetermined LDL-C levels due to a
TG concentration of =400 mg/dL. Full
models did not include lipid-lowering med-
ication use or the HOMA-IR because <3%
of participants used lipid-lowering medica-
tion at baseline (27) and HOMA-IR was not
applicable for participants with diabetes.
The final models did not include alcohol
use because it was not observed to be
associated with either CHD or ischemic
stroke in the SHS population (27,36).

We also explored associations be-
tween TG-HDL status and risks of nonfatal
and, separately, fatal CHD. However,
these analyses were limited because of
the smaller subgroup sample sizes. We
did not explore analogous relationships
regarding incident nonfatal and fatal
stroke because of having few fatal inci-
dent stroke events (n = 11).
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To test whether sex (male/female), di-
abetes (yes/no), or LDL-C status (high/not
high) modified relationships between
TG-HDL status and the risks of incident
CHD or ischemic stroke, 1) TG-HDL status
by sex, 2) TG-HDL status by diabetes status,
and 3) TG-HDL status by LDL-C status were
each separately added to the full model.
LDL-C level was defined to be high if it
was =130 mg/dL. We considered a P value
for interaction of <0.05 to be statistically
significant for effect modification. All sta-
tistical analyses were performed using the
SAS statistical software package version
9.4 (SAS Institute, Cary, NC).

RESULTS

Baseline Characteristics by TG and
HDL-C Status

Of the 3,216 participants at baseline
(mean age 56 years), 37% had normal
TG and normal HDL, 30% had normal
TG and low HDL, and 24% had high TG
and low HDL, whereas only 9% had high
TG and normal HDL (Table 1). About 50%
were 45-55 years old, and the age dis-
tribution was not observed to vary by
TG-HDL status. Physical activity (in
MET-h/week) appeared similar across
the four groups of TG-HDL status in
men and women. Other baseline char-
acteristics differed. About 65% of partic-
ipants with low HDL-C levels, regardless
of TG status, were female, whereas high
TG-normal HDL or normal TG-normal
HDL was as likely in men as women.
Overall, 41% of participants (481 men
and 853 women) had diabetes. Having
diabetes, higher fasting plasma glucose
levels, and higher fasting insulin levels
varied by TG-HDL status (P < 0.001 for
each). Sixty percent of participants with
high TG and low HDL levels and only 30%
of those with normal TG and normal HDL
levels had diabetes. About 40% of those
with high TG and normal HDL levels or
normal TG and low HDL levels had dia-
betes. Higher LDL-C level, hypertension,
microalbuminuria, and macroalbuminu-
ria were more common in participants
with high TG, regardless of HDL-C.
Larger waist circumference and higher
BMI were more prevalent in participants
with low HDL-C, regardless of TG level.

Incidence Rates of Ischemic Stroke
and CHD

During a median follow-up time of 17.7
years (interquartile range 15.2, 18.6
years), 789 participants (394 men,
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Table 1—Baseline characteristics of 3,216 subjects without known CHD and ischemic stroke at SHS baseline, by TG and HDL-C

status

TG and HDL-C status* (n = 3,216)

Total population High TG, High TG, Normal TG, Normal TG,
(n =3,216) low HDL-C normal HDL-C low HDL-C normal HDL-C P value

Sample size, n (%) 775 (24) 288 (9) 975 (30) 1,178 (37)
TG (mg/dL), median (IQR), 118 (82,170)  215(175,284) 187 (163,221) 103 (80, 124) 85 (64, 113) <0.001?
HDL-C (mg/dL), median (IQR)

Men 41 (34, 49) 32 (28, 35) 45 (42, 49) 35 (32, 37) 49 (43,57)  <0.001°

Women 46 (40, 56) 39 (34, 43) 58 (52, 63) 42 (38, 46) 58 (53, 67) <0.001°
Age (years), mean (SD) 56 (8) 56 (8) 56 (8) 56 (8) 56 (8) 0.264°

45-55, n (%) 1,617 (50) 394 (50) 150 (52) 500 (51) 573 (49) 0.881°

5665, n (%) 1,037 (32) 248 (32) 92 (32) 307 (31) 390 (33)

=66, n (%) 562 (18) 133 (17) 46 (16) 168 (17) 215 (18)
Female, n (%) 1,916 (60) 495 (64) 147 (51) 662 (68) 612 (52) <0.001°
Diabetes, n (%) 1,334 (41) 457 (60) 116 (41) 422 (44) 339 (30) <0.001°
Fasting plasma glucose (mg/dL), median (IQR) 110 (98, 152) 128 (106, 232) 113 (100, 169) 111 (99, 155) 104 (95,121) <0.001°
Fasting insulin (wU/mL), median (IQR) 15 (9, 24) 20 (12, 30) 16 (9, 24) 16 (11, 26) 11 (6,18)  <0.001%
BMI (kg/m?), mean (SD) 30 (6) 31 (5) 30 (5) 32 (6) 29 (6) <0.001°
Waist circumference (cm), mean (SD)

Men 102 (13) 106 (11) 103 (11) 105 (14) 99 (13) <0.001°

Women 105 (15) 107 (12) 103 (13) 107 (15) 101 (16) <0.001°
Total physical activity (MET-h/week),

median (IQR)**

Men 78 (20, 159) 83 (19, 173) 106 (39,187) 61 (13, 153) 77 (22, 149) 0.060%

Women 45 (10, 105) 48 (8, 102) 59 (13, 106) 37 (10, 106) 46 (11, 106) 0.073°
Smoking, n (%) 0.037°

Current 1,239 (39) 327 (42) 96 (33) 355 (36) 461 (39) 0.021°

Past 1,040 (32) 249 (32) 101 (35) 309 (32) 381 (32) 0.760°

Never 935 (29) 199 (26) 91 (32) 311 (32) 334 (28)
LDL-C (mg/dL), median (IQR) 119 (98, 141) 123 (102, 146) 122 (99, 148) 118 (97,138) 117 (96, 138) <0.001%
Hypertension, n (%)*** 1143 (36) 315 (41) 133 (46) 320 (33) 375 (32) <0.001°
Antihypertensive medication, n (%) 562 (17) 177 (17) 62 (17) 162 (13) 161 (11) <0.001°
Blood pressure (mmHg), median (IQR)

SBP 124 (113, 136) 125 (115, 137) 129 (118,141) 122 (111, 134) 124 (113,135) <0.001°

DBP 76 (70, 83) 77 (70, 83) 79 (72, 86) 75 (69, 82) 76 (69, 82) <0.001°
Microalbuminuria, n (%)# 507 (16) 158 (21) 54 (19) 153 (16) 142 (12) <0.001°
Macroalbuminuria, n (%)# 237 (7) 97 (13) 36 (13) 48 (5) 56 (5) <0.001°
eGFR-MDRD (mL/min), mean (SD) 82 (23) 83 (33) 82 (22) 80 (18) 82 (18) 0.277°

DBP, diastolic blood pressure; IQR, interquartile range; SBP, systolic blood pressure. *High TG means TG levels =150 mg/dL; low HDL-C means HDL-C
levels <40 mg/dL (men) or 50 mg/dL (women). **Total physical activity included leisure time and occupational physical activities over the past year
and was presented in MET-h/week to capture all energy expenditure in all activities (30). ***Hypertension: SBP =140 mmHg, DBP =90 mmHg, or
receiving antihypertensive medication. #Microalbuminuria and macroalbuminuria: UACR =30 mg/g but <300 mg/g and creatinine ratio =300 mg/g,
respectively. °P values: x? test (categorical variables) or ANOVA test (for continuous variables with normal distribution). bp value for nonparametric

median scores test.

385 women) experienced incident CHD
(202 were fatal), and 158 participants
(67 men, 89 women) experienced inci-
dent ischemic stroke (11 were fatal),
with a total of 42,427 at-risk person-
years for CHD and 42,456 at-risk person-
years for ischemic stroke. Overall, the
incidence rates of CHD and ischemic
stroke were 18.6 (95% Cl 17.6-19.3)
and 3.7 (95% Cl 3.1-4.3) per 1,000 person-
years, respectively. Among participants
with incident CHD, 59% (200 men,
266 women) had diabetes at baseline,
and among those with incident stroke,
55% (29 men, 59 women) had diabetes.

Women without diabetes had the low-
est incidence rates of CHD and stroke
(7.6 and 1.9 per 1,000 person-years,
respectively). Men with diabetes had
the highest incidence of CHD (39.1
per 1,000 person-years), and men and
women with diabetes had similar rates
of stroke.

TG-HDL Status and Risks of Incident
CHD and Ischemic Stroke

By TG-HDL status, participants with high
TG and low HDL levels were least likely
to be free of CHD or stroke during follow-
up (Fig. 1). High TG and low HDL-C levels

were each associated with incident
CHD, but with not incident ischemic
stroke, after adjustment for age, sex,
BMI, smoking, LDL-C level, diabetes, use
of antihypertensive medications, phys-
ical activity, UACR, and eGFR-MDRD
(Table 2). Participants with high TG lev-
els had a 19% greater hazard of CHD
(adjusted HR 1.19; 95% Cl 1.00-1.42)
than those with normal TG levels. Par-
ticipants with low HDL-C levels had a
nearly significant 17% greater hazard
of CHD (adjusted HR 1.17; 95% Cl 0.99-
1.35) than those with normal HDL-C lev-
els. High TG level alone was associated
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Figure 1—Kaplan-Meier time-to-event curves and log-rank tests for CHD (A) and ischemic stroke (B) by TG and HDL-C status during a median
follow-up time of 17.7 years in the SHS. A fasting TG level of =150 mg/dL was “high.” An HDL-C level of <40 mg/dL (men) or <50 mg/dL (women)

was “low.”
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Table 2—HR estimates of CHD and ischemic stroke associated with TG and HDL-C status in the SHS

CHD Ischemic stroke
Noncase Case Basic model* Full model® Noncase Case Basic model* Full model?

TG?

Normal TG 1,695 (79) 459 (21) Reference Reference 2,063 (96) 91 (4) Reference Reference

High TG 734 (69) 330(31) 1.57(1.36-1.81) 1.19(1.00-1.42) 997 (94) 67 (6) 1.64(1.19-2.25) 1.28 (0.84-1.94)
HDL-C?

Normal HDL-C 1,154 (79) 313 (21) Reference Reference 1,410 (96) 57 (4) Reference Reference

Low HDL-C 1,275 (73) 476 (27) 1.44(1.24-1.67) 1.17 (0.99-1.39) 1,649 (94) 102 (6) 1.69 (1.22-2.34) 1.35 (0.89-2.06)
TG-HDL status

Normal TG-HDL 940 (80) 238 (20) Reference Reference 1,131 (96) 47 (4) Reference Reference

Normal TG, low HDL 754 (77) 221 (23) 1.27 (1.05-1.53) 1.08 (0.87-1.33) 931 (95) 44 (5) 1.26 (0.83-1.91) 0.99 (0.62—1.58)

High TG, normal HDL 213 (74)  75(26) 1.39 (1.06-1.81) 1.04 (0.76-1.41) 279(97) 9(3) 0.85(0.42-1.74) 0.57 (0.24-1.38)

High TG, low HDL 520 (67) 255 (33) 1.89 (1.58-2.27) 1.32(1.06-1.64) 717 (93) 58(7) 2.20(1.50-3.25) 1.46 (0.92-2.33)

Data are reported as n (%) or HR (95% Cl). ‘Basic models stratified on SHS centers and included age and sex. 2Full models additionally included
BMI, smoking (current, past, ever), estimated LDL-C level, diabetes (yes/no), antihypertensive medications (yes/no), categorical physical activity
(MET-h/week in quartile), UACR (continuous), and eGFR-MDRD (continuous). High TG: fasting TG =150 mg/dL; low HDL-C: HDL-C <40 mg/dL (men)

or <50 mg/dL (women).

with an adjusted HR estimate of 1.28 for
stroke, compared with normal TG level,
and a low HDL-C level was associated
with an adjusted HR of 1.35 for stroke,
compared with normal HDL-C, but their
Cls also included unity. High TG and
low HDL levels were associated with a
32% greater adjusted hazard of CHD
(adjusted HR 1.32; 95% Cl 1.06-1.64)
compared with normal TG and normal
HDL levels. Participants with high TG
and low HDL levels had an adjusted HR
estimate of 1.46 for incident ischemic
stroke, but the Cl included unity (95%
Cl 0.92-2.33).

Among 789 incident CHD cases, 587
were nonfatal. The HR estimates for in-
cident nonfatal CHD were comparable
to those for overall incident CHD. For
example, participants with high TG and
low HDL levels had a 47% increased ad-
justed hazard (adjusted HR 1.47; 95% ClI
1.14-1.89). For the smaller subgroup
with incident fatal CHD, the HR esti-
mates appeared lower than those for
nonfatal CHD; for example, participants
with high TG and low HDL levels had a
10% increased adjusted hazard (adjusted
HR 1.10; 95% Cl 0.72-1.68). However, the
95% Cls were wide, contained unity, and

overlapped with their counterparts for
nonfatal CHD.

Diabetes status and possibly LDL-C
level, but not sex, were observed to
modify the relationships between TG-HDL
status and the risks of incident CHD and
incident stroke. In participants with
diabetes, high TG alone was associated
with an increased CHD risk (HR 1.47;
95% Cl 1.08-2.00, per SD change
[207 mg/dL] in TG), and increased
HDL-C level alone was associated with
reduced stroke risk (HR 0.72; 95% ClI
0.53-0.97, per SD increase [12 mg/dL]
in HDL-C) (Table 3). The relationship of

Table 3—TG-HDL status in relation with CHD or ischemic stroke in participants without and with diabetes

No diabetes Diabetes
N Full model* Full model*
oncase, Noncase,
n (%) Case, n (%) HR (95% Cl) n (%) Case, n (%) HR (95% Cl)
CHD (P interaction = 0.003)

TG (per SD increase)? 1.07 (0.92-1.24) 1.47 (1.08-2.00)
HDL-C (per SD increase)® 0.87 (0.75-1.01) 0.95 (0.83-1.08)
TG-HDL status

Normal TG-HDL 681 (85) 122 (15) 1 (reference) 233 (69) 103 (30) 1 (reference)

Normal TG, low HDL 435 (81) 103 (19) 1.26 (0.94-1.69) 306 (73) 111 (27) 0.92 (0.67-1.26)

High TG, normal HDL 138 (82) 30 (18) 1.14 (0.74-1.76) 71(62) 43 (38) 0.99 (0.64-1.54)

High TG, low HDL 251 (83) 50 (17) 0.88 (0.60-1.29) 258 (57) 192 (43) 1.54 (1.15-2.06)

Ischemic stroke (P interaction = 0.060)

TG (per SD increase)? 1.15 (0.82-1.62) 1.43 (0.74-2.73)
HDL-C (per SD increase)® 0.93 (0.69-1.26) 0.72 (0.53-0.97)
TG-HDL status

Normal TG-HDL 773 (96) 34 (4) 1 (reference) 326 (96) 13 (4) 1 (reference)

Normal TG, low HDL 526 (98) 13 (2) 0.53 (0.23-1.19) 391(93) 31(7) 1.82 (0.91-3.66)

High TG, normal HDL 164 (98) 4(2) 0.53 (0.15-1.81) 112 (97) 4(3) 0.77 (0.21-2.83)

High TG, low HDL 287 (94) 17 (6) 1.16 (0.55-2.45) 417 (91) 40 (9) 2.13 (1.06-4.29)

High TG, fasting TG =150 mg/dL; low HDL-C, HDL-C <40 mg/dL (men) or <50 mg/dL (women). *Full model stratified on SHS center and
included age, sex, BMI, smoking (current, past, ever), estimated LDL-C level, antihypertensive medications (yes/no), categorical physical activity
(MET-h/week in quartile), UACR (continuous), and eGFR (continuous). 2per SD change in TG: 80 mg/dL in participants with no diabetes, 207 mg/dL
participants with diabetes. 3Per SD change in HDL-C: 15 mg/dL in participants with no diabetes, 12 mg/dL in participants with diabetes.
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TG-HDL status to the risks of incident
CHD and stroke depended on diabetes
status (P value for interaction = 0.003
and 0.060, respectively) (Table 3). High
TG-low HDL was associated with a 1.54-
fold greater hazard of incident CHD
(HR 1.54; 95% Cl 1.15-2.06) and a
2.13-fold greater hazard of incident
stroke (HR 2.13; 95% CI 1.06—4.29)
in participants with diabetes, but asso-
ciations were not observed in partici-
pants without diabetes. Additional
adjustment for A1C levels in the multi-
variable models did not substantially al-
ter the hazard estimates for CHD risk
(HR 1.41; 95% Cl 1.04-1.90) but atten-
uated the hazards for stroke (HR 1.78;
95% Cl 0.88-3.63). In participants with-
out diabetes, the estimated associations
between TG-HDL status and incident
CHD and stroke did not substantially
change after additional adjustment for
HOMA-IR.

The relationship of TG-HDL status and
incident CHD risk may have depended
on LDL-C level (P value for interaction =
0.064). High TG and low HDL levels were
associated with an adjusted HR of 1.42
(95% Cl 1.02—1.97), and normal TG and
low HDL levels were associated with
an HR of 1.48 (95% Cl 1.07-2.05) for
CHD in participants with LDL-C levels of
=130 mg/dL, but no associations were
observed in those with LDL-C <130 mg/dL.
LDL-C level did not appear to modify
TG-HDL status in relation to ischemic
stroke (P value for interaction = 0.435).
Sex was not observed to modify the re-
lationships of TG-HDL status to incident
CHD or stroke risks (P value for interac-
tion = 0.827 for CHD, P value for interac-
tion = 0.887 for stroke).

The correlation coefficient for eGFR-
MDRD and eGFR-CKD-EPI was 0.898.
Using eGFR-CKD-EPI instead of eGFR-
MDRD in the full models did not change
the HRs or 95% Cls for the overall pop-
ulation or by diabetes status.

CONCLUSIONS

As efforts to personalize strategies
against CVD persist, this longitudinal
prospective study observed that fasting
high TG levels combined with low HDL-C
levels in the context of diabetes status
and LDL-C level might identify subpopu-
lations at increased risk of incident CHD
and/or ischemic stroke. Particularly in
men and women with diabetes, fasting
high TG levels combined with low HDL-C

levels was associated with increased
risks of incident CHD and ischemic
stroke. In particular, adults with fasting
LDL-C levels of =130 mg/dL who have
high TG levels combined with low HDL-C
levels may also have an increased CHD
risk. However, the degree of IR among
adults without diabetes and the degree
of glycemic control among adults with
diabetes did not appear to modify the
relationship of TG-HDL status and inci-
dent CHD or ischemic stroke.

Diabetes was present in >40% of our
baseline cohort. Previous large prospec-
tive studies of high TG-low HDL dyslipi-
demia and CVD risk included few, if any,
participants with diabetes, and some did
not differentiate CHD from ischemic
stroke (9,10). The current study ob-
served that high TG and low HDL levels
are related to a multivariable-adjusted
estimated 54% increased risk of incident
CHD in adults with diabetes, regardless
of A1C level, and this relationship was
not observed in adults without diabetes.
In an analysis of electronic medical
records, a diabetic population with an
LDL-C concentration of <100 mg/dL
and high TG and low HDL levels had an
estimated 35-62% greater risk of inci-
dent CHD during the 10-year follow-up
compared with those with normal TG
and HDL-C levels (18). An isolated low
HDL-C or high TG level was each associ-
ated with CHD risk in men, but not in
women, with diabetes (18). However,
lifestyle factors such as physical activity
were not well controlled in that study.

The current study observed that high
TG and low HDL levels are related to an
increased risk, particularly in adults with
diabetes or a higher LDL-C level. Reduc-
ing the TG level and increasing the
HDL-C level by using fenofibrate or nia-
cin failed to demonstrate improved car-
diovascular outcomes in patients with
diabetes (ACCORD trial) (15) or estab-
lished CVD (AIM-HIGH trial) (37), who
also had LDL-C levels at goal. However,
fenofibrate reduced CVD risk in the sub-
population of participants with diabetes
who had high TG and low HDL-C levels at
baseline in the ACCORD trial (15).

Insulin plays an important role in lipid
metabolism, and IR, together with hy-
perglycemia, may lead to dyslipidemia
associated with ASCVD in type 2 dia-
betes (11-14). Increased levels of TG
with decreased levels of HDL-C is com-
mon in diabetes and likely due to the
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overproduction of TG-rich, large VLDL
particles and reduced hepatic clearance
for TG (12,13). Large VLDL particles pro-
mote cholesteryl ester transfer protein
activity, attracts cholesteryl ester from
LDL-C and HDL-C in exchange for TG,
and enhances HDL-C catabolism by he-
patic lipase. Subsequently, HDL-C lev-
els decrease, TG content in LDL-C and
HDL-C increases, and TG-rich athero-
genic small, dense LDL particles are pro-
duced in adults with diabetes (14).

This study has several strengths. The
SHS provided an excellent large, pro-
spective cohort of both men and women
with a high prevalence of diabetes. Di-
abetes status and also measures of gly-
cemic dysregulation were available.
Incident ischemic stroke (and other
stoke subtypes) and CHD were adjudi-
cated during a median follow-up time
of 17.7 years. The lipid profile and other
covariates were obtained at baseline in
participants with no history of CVD. The
temporality ensures that measurements
of lipids and risk factors preceded the
CHD and stroke events. There are sev-
eral limitations. First, these results
should be confirmed in other ethnic
populations since the analysis is re-
stricted to American Indians, who have
the highest prevalence of diabetes
among all ethnic groups in the U.S.
Also, the present findings are not neces-
sarily generalizable to populations at
lower risk based on a lower prevalence
of smoking, a higher prevalence of treated
hypertension, or lower LDL-C levels. The
generalizability of the findings to other
populations warrants caution and sepa-
rate evaluation. However, the diabetes
and obesity epidemics have been rising
in the U.S. population during the time
course of the SHS (38,39). The SHS pop-
ulation provides valuable information
for high-risk populations with similar
cardiovascular characteristics. No evi-
dence has suggested that the pathogen-
esis of diabetes or CVD in American
Indians is different qualitatively from
that in other ethnic groups. Second, be-
cause fewer cases of stroke were ob-
served, analyses for stroke risk may be
statistically unstable. The sample size
also constrained the potential sex-specific
analyses by diabetes status (and by
LDL-C status). Third, TG levels were ob-
tained during a fasting state. TG levels
typically become elevated after a meal,
and nonfasting TG has been associated
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with increased CVD risk (40). Most TG
and HDL-C measures are obtained in a
fasting state in the clinical setting; thus,
interpretation of the study results could
be clinically relevant. Fourth, multiple
comparisons, although conducted with a
priori hypotheses, could have increased
the probability of a chance significant
finding. Fifth, interpretation of the results
of subgroup analyses is limited because of
smaller numbers of actual cases in the
subgroups.

This prospective cohort study ob-
served that the relationship between
TG-HDL status and risk of CVD depends
on diabetes status. A high fasting TG
level in combination with a low HDL-C
level was associated with increased risks
of incident CHD and ischemic stroke,
particularly in those with diabetes or
with an LDL-C level of =130 mg/dL,
independent of other ASCVD risk fac-
tors. Recognition of these patterns
may help to enhance lipid-targeted
strategies to prevent CHD and ischemic
stroke.
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