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ORIGINAL RESEARCH

Coronary Heart Disease Risk Associated 
with Primary Isolated Hypertriglyceridemia; 
a Population- Based Study
Seyedmohammad Saadatagah , MD; Ahmed K. Pasha, MD; Lubna Alhalabi, MD;  
Harigopal Sandhyavenu , MBBS; Medhat Farwati, MD; Carin Y. Smith, BS; Christina M. Wood- Wentz , MS; 
Kent R. Bailey, PhD; Iftikhar J. Kullo , MD

BACKGROUND: Hypertriglyceridemia is associated with increased risk of coronary heart disease but the association is often 
attributed to concomitant metabolic abnormalities. We investigated the epidemiology of primary isolated hypertriglyceridemia 
(PIH) and associated cardiovascular risk in a population- based setting.

METHODS AND RESULTS: We identified adults with at least one triglyceride level ≥500 mg/dL between 1998 and 2015 in Olmsted 
County, Minnesota. We also identified age-  and sex- matched controls with triglyceride levels <150 mg/dL. There were 3329 
individuals with elevated triglyceride levels; after excluding those with concomitant hypercholesterolemia, a secondary cause 
of high triglycerides, age <18 years or an incomplete record, 517 patients (49.4±14.0 years, 72.0% men) had PIH (triglycer-
ide 627.6±183.6 mg/dL). The age-  and sex- adjusted prevalence of PIH in adults was 0.80% (0.72– 0.87); the diagnosis was 
recorded in 60%, 46% were on a lipid- lowering medication for primary prevention and a triglyceride level <150 mg/dL was 
achieved in 24.1%. The association of PIH with coronary heart disease was attenuated but remained significant after adjust-
ment for demographic, socioeconomic, and conventional cardiovascular risk factors (hazard ratio [HR], 1.53; 95% CI, 1.06- 
2.20; P= 0.022). There was no statistically significant association between PIH and cerebrovascular disease (HR, 1.06; 95% 
CI, 0.65- 1.73, P= 0.813), peripheral artery disease (HR, 1.27; 95% CI, 0.43- 3.75; P= 0.668), or the composite end point of all 3 
(HR, 1.28; 95% CI, 0.92- 1.80; P=0.148) in adjusted models.

CONCLUSIONS: PIH was associated with incident coronary heart disease events (although there was attenuation after adjust-
ment for conventional risk factors), supporting a causal role for triglycerides in coronary heart disease. The condition is rela-
tively prevalent but awareness and control are low.
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Over the years, the concept of elevated triglyceride 
level as a risk factor for coronary heart disease 
(CHD) has evolved. Decades ago, hypertriglycer-

idemia was considered a risk factor for CHD, on par 
with high cholesterol.1,2 Subsequently, the focus shifted 
toward low- density lipoprotein cholesterol (LDL- C) as 
the major risk factor for CHD,3,4 since epidemiological 
studies suggested lack of an independent role for tri-
glycerides after adjustment for high- density lipoprotein 

cholesterol (HDL- C).5,6 More recently, Mendelian ran-
domization studies and clinical trials7– 11 have brought 
into question a causal role for HDL- C and renewed in-
terest in triglycerides as a causal risk factor for CHD.

While triglyceride- rich lipoproteins have been asso-
ciated with adverse cardiovascular events in multiple 
studies,12– 22 the extent to which the association is due 
to concomitant metabolic abnormalities is unclear and 
little is known about isolated hypertriglyceridemia as a 
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risk factor for CHD.18 Establishing hypertriglyceridemia 
as an independent risk factor for CHD has been chal-
lenging because of bias inherent in non- population 
based cohorts,12– 17 the complex nonlinear nature of the 
association of triglycerides with CHD,23,24 significant 
lability in triglyceride levels,12,25 lack of exclusion of sec-
ondary causes of increased triglyceride levels,26– 28 and 
the co- occurrence of hypercholesterolemia and addi-
tional conventional risk factors with elevated triglycer-
ide levels.29– 31

To address this area of controversy, we investi-
gated whether primary isolated hypertriglyceridemia 
(PIH)— defined as hypertriglyceridemia in the absence 
of identifiable secondary causes of triglyceride eleva-
tion or concomitant hypercholesterolemia— is an inde-
pendent risk factor for CHD. To reduce the influence 
of lability in triglyceride levels, we chose as cases indi-
viduals with a high triglyceride level (defined as fasting 
level ≥500 mg/dL) and controls as those with normal 
triglyceride level (ie, <150 mg/dL). To reduce referral 
bias, we conducted our study in the population- based 
setting of Olmsted County, Minnesota. Furthermore, 
we assessed the public health burden of PIH by mea-
suring its prevalence, awareness, and control, using 
the resources of the Rochester Epidemiology Project 
(REP).

METHODS
Study Design and Data Set
The data of this study are available from the corre-
sponding author upon reasonable request. This study 
was conducted in Olmsted County, Minnesota, which 
has an estimated population of 144 248 based on the 
2010 census. Given its relative isolation from other met-
ropolitan areas, Olmsted County is ideal for studying 
disease epidemiology in a population- based setting. 
Medical care within this county is provided by Mayo 
Clinic, Olmsted Medical Center, and their affiliated 
hospitals, as well as the Rochester Family Medicine 
Clinics. As part of REP, these healthcare systems 
are connected by a unique medical records- linkage 
system, which covers nearly all residents of Olmsted 
County. Established more than 50 years ago, REP is 
supported by the National Institute of Health and has 
enabled hundreds of epidemiology studies.32,33 During 
any given 3- year period, >90% of residents see a pro-
vider in Olmsted County at least once. This study was 
approved by the Mayo Clinic and Olmsted Medical 
Center Institutional Review Boards and all methods 
were performed in accordance to the guidelines. As 
per institutional policies, participants provided active 
authorization and informed consent for use of their 
medical records for research.

Case- Control Selection
We ascertained fasting serum lipid levels including 
triglycerides, total cholesterol, and HDL- C. Non- high- 
density lipoprotein cholesterol (non- HDL- C) was calcu-
lated as the difference between total cholesterol and 
HDL- C. We identified all Olmsted county residents 
with fasting triglyceride ≥500 mg/dL between January 
1, 1998 and December 31, 2015. We excluded those 
with concomitant hypercholesterolemia (defined as 
non- HDL- C ≥190 mg/dL) and patients with secondary 
causes of hypertriglyceridemia noted within a 1- year 
window of the index triglyceride measurement were 
also excluded. Secondary causes (defined based on 
electronic health record [EHR] data, as previously de-
scribed34) included hypothyroidism, significant liver 
disease (including alcohol abuse), significant kidney 
disease, uncontrolled diabetes mellitus, morbid obe-
sity, and pregnancy (Table S1). Controls had triglyc-
erides <150  mg/dL and were also selected to not 
have any of conditions associated with secondary 
hypertriglyceridemia and were matched based on age 
(±1  year) and sex to cases (Figure  1). Index date for 
each matched set was defined as the earliest date of 
fasting triglyceride level ≥500 mg/dL for the case. The 
closest triglyceride value on or before the index date 
was selected for each control. Study variables includ-
ing demographics and conventional risk factors were 
extracted from the EHR using the REP resources.

CLINICAL PERSPECTIVE

What Is New?
• Primary isolated hypertriglyceridemia (triglyc-

eride level ≥500 mg/dL in the absence of con-
comitant hypercholesterolemia or a secondary 
cause of high triglyceride level) is associated 
with incident coronary heart disease, independ-
ent of conventional risk factors.

What Are the Clinical Implications?
• Primary isolated hypertiglyceridemia is relatively 

prevalent 0.80% (0.72– 0.87), but only 46% of 
cases were on a lipid- lowering medication for 
primary prevention and a normal triglyceride 
level was achieved only in 24.1%, highlighting an 
opportunity for interventions to lower the risk of 
coronary heart disease in these cases.

Nonstandard Abbreviations and Acronyms

CVD cerebrovascular disease
PIH primary isolated hypertriglyceridemia
REP Rochester Epidemiology Project
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Demographic and Conventional Risk 
Factors
Age, sex, self- reported race, and family history of 
CHD/stroke were obtained from the EHR. To ascertain 
conventional risk factors we used validated electronic 
phenotyping algorithms developed by the eMERGE 
Network and available at www.PheKB.org.35 Body 
mass index (BMI) was also obtained from the EHR. 
Self- reported education level was used as a measure 
of socioeconomic status.36

Incidence, Prevalence, Awareness, and 
Control
To estimate the incidence of PIH, incident cases 
were defined as Olmsted County residents with a 
triglyceride level ≥500  mg/dL for the first time be-
tween 1998 and 2015, without concomitant hyper-
cholesterolemia or an identifiable secondary cause, 
irrespective of their age and whether or not they 
had a missing value on the lipid profile or could 
be matched to a control. Incident cases who were 
<18 years old, had a missing value in the lipid pro-
file, or did not have a matched control (n=38) were 
excluded from the outcomes analyses but were in-
cluded for estimation of incidence. Denominators 
were based on US Census data for 2000 and 2010 
as well as REP recommended interpolations and 
extrapolations to cover 1998 to 2015.33 Prevalence 
was estimated using an age- recursive method, de-
scribed below, that incorporated estimates of inci-
dence along with relative survival. Awareness was 
estimated as the proportion of cases in whom the 
diagnosis of “dyslipidemia,” “hyperlipidemia,” or “hy-
pertriglyceridemia” was noted in the problem list 
during a 1- year period following the index date, after 
manual review of a random set of 250 cases. The 
most recent triglyceride level in the EHR (and at least 
6 months after the index date) was used as an indi-
cator of the degree of control. Three thresholds were 
used to determine the degree of control: (a) >50% 
reduction in last triglyceride level compared with ini-
tial level, (b) last triglyceride <200 mg/dL, and (c) last 
triglyceride <150 mg/dL.

Associated Cardiovascular Risk
The primary outcome of interest was incident coronary 
heart disease (CHD). We also evaluated the associa-
tion of elevated triglyceride level with incident cere-
brovascular disease (CVD), peripheral artery disease 
(PAD), and the composite end point of CHD, CVD, 
and PAD. CHD was defined as myocardial infarction, 
surgical or percutaneous coronary revascularization, 
cardiac angina, high- grade stenosis on coronary angi-
ography, or an abnormal stress test. CVD was defined 

as ischemic stroke or transient ischemic attack. PAD 
was defined as intermittent claudication critical limb 
ischemia (i.e. rest pain, or gangrene), or other ather-
osclerosis of the extremities. The details of the EHR- 
based phenotyping algorithm and the corresponding 
International Classification of Diseases -  Current 
Procedural Terminology (ICD- CPT ) codes are summa-
rized in Tables S2 through S4.34,37,38

Statistical Analysis
To estimate incidence and prevalence of PIH, we first 
calculated the age and sex- specific incidence rates 
based on numbers of cases and person years in each 
“age- sex” bin. Second, the age and sex- specific “rela-
tive survival” (the hazard ratio associated with mortality 
risk when having the condition compared to the mor-
tality risk in the general population), was estimated by 
using standard life tables to transform each observed 
follow- up time into an observed “cumulative hazard” 
for each incident case, and combining that with their 
vital status at the end of follow- up, in a negative expo-
nential model with the rate ratio as an exponential scale 
parameter that could depend on age and sex in a log-
linear manner. Finally, the age- sex- specific incidence 
and age- sex- specific relative hazards were combined 
using an age- recursive model that calculates age- 
specific prevalence starting at age zero, and increasing 
a year at a time up to age 95, based on the incidence 
and differential survival at each successive age (recur-
sive formula is provided in Data S1). The age- specific 
prevalence was then used to estimate an overall preva-
lence adjusted both to the age distribution within the 
Olmsted population and separately to the US 2010 
White population. Standard errors and confidence in-
tervals, both for the age- specific prevalence estimates 
and for the overall prevalence estimates were obtained 
using a bootstrap resampling approach, wherein the 
incident cases were resampled with replacement in a 
way that allowed the number of cases in each boot-
strap sample to have Poisson variation. In effect, this 
is equivalent to drawing bootstrap samples from the 
entire set of incident cases and non- incident residents 
in the community.

The risk of incident CHD, CVD, PAD, and their com-
posite end point after the index date were estimated 
separately by adjusted Cox proportional hazards re-
gression. Unadjusted Kaplan– Meier curves were used 
to depict time to event in cases and controls. Those 
noted to have CHD, CVD, or PAD at baseline were 
excluded from the prospective analyses of incident 
events but were compared using logistic regression 
models. The date of the first event was considered 
as the end point; and for those without events, the 
last visit or death was considered to be the end of 
follow- up. Multivariable Cox regression models that 

http://www.PheKB.org
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Figure 1. Case- control selection.
BMI indicates body mass index; and HDL- C, high- density lipoprotein cholesterol.

Triglyceride 500 mg/dL
n = 3,329

671 Clinical Exclusion 1,183

14 Hypothyroidism 32
254 Significant Liver Disease 471
55 Significant Kidney Disease 52
160 Uncontrolled Diabetes 67
4 Pregnancy 30
184 BMI 35 kg/m2 475
- Prior triglyceride 500 mg/dL 56

Age sex-matched controls with 
triglyceride <150 mg/dL

n = 5,750

Primary Isolated Hypertriglyceridemia
n = 555

(Epidemiologic analyses)

Controls without a secondary cause
n = 4,349

Cases with complete records and a 
matched control

n = 517
(Outcome analyses)

Matched controls
n = 766

(Comparator for outcome analysis)

Exclusion

18 Age <18 years 24
17 Missing value in lipid profile 18
3 No match available 86

Selecting best-matched control based 
on age, similar length of follow-up, 

and completeness of recordings

Olmsted County residents
between 1/1/1998 12/31/2015

with recorded fasting triglyceride level

Triglyceride 500 mg/dL
and non-HDL-C < 190 mg/dL

n = 1,226

Age sex-matched controls with 
triglyceride <150 mg/dL

and non-HDL-C < 190 mg/dL
n = 5,532

2,103 Non-HDL-C  190 mg/dL 218
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adjusted sequentially for demographic factors (age, 
sex, race/ethnicity), education level (as a measure of 
socioeconomic status), and conventional cardiovas-
cular risk factors (family history of CHD/stroke, hyper-
tension, diabetes mellitus, smoking, BMI, and total 
cholesterol) were used to assess the association of 
hypertriglyceridemia with incident events. Given the 
high collinearity between triglyceride level and HDL- C 
(Spearman correlation coefficient=−0.68), the latter 
was also included in an additional separate regression 
model. Statistical analyses were performed using SAS 
version 9.4 (SAS Institute Inc, Cary, NC) and RStudio 
version 1.2.5033 (RStudio, Inc., Boston, MA). All tests 
were two- sided, and P- values <0.05 were considered 
statistically significant.

RESULTS
Participant Characteristics
Using the REP resources, 3329 residents of Olmsted 
County between 1998 and 2015 with a fasting tri-
glyceride level ≥500 mg/dL were identified. We se-
quentially excluded 2103 people with concomitant 
hypercholesterolemia (non- HDL- C ≥190 mg/dL) and 
671 with secondary causes of hypertriglyceridemia, 
leaving 555 PIH cases for incidence and prevalence 
analyses. Additionally 38 cases aged <18  years, 
with missing total cholesterol or HDL- C, or without 
a matching control were also excluded, leaving 517 
PIH cases for outcomes related analyses. From the 
remaining population, 766 age-  (±1  year) and sex- 
matched subjects with a triglyceride level <150 mg/
dL closest to the index date for cases were identified. 
The process of selecting cases and controls is sum-
marized in Figure 1.

The mean ages of cases and controls were 
49.4±14.0 and 48.6±14.0 years, respectively, and the 
majority were men, non- Hispanic, and White. Racial 
differences were also noted; while 9.1% and 1.5% of 
cases were Asian and Black, respectively, these per-
centages in controls were 3.5% and 2.9%. The pro-
portion with hypertension, diabetes mellitus, history of 
smoking, and obesity was higher in cases than con-
trols (Table  1). The baseline, post diagnosis, and at 
follow- up use of lipid- lowering medications was also 
greater in cases than controls (Table 1).

Incidence and Prevalence
Adjusted to the US White population in 2010, the in-
cidence rate of PIH per 100 000- years (95% CI) was 
higher in men 34.84 (31.34– 38.34) than women 13.24 
(11.15– 15.32). The prevalence of PIH in adults indexed 
to the age of the US White population was 1.20% 
(1.06– 1.34) in men, 0.44% (0.37– 0.51) in women, and 
0.80% (0.72– 0.87) overall (Table 2, Figure 2). Assuming 

Table 1. Baseline Characteristics of Cases and Controls

Controls Cases

P Value(n=766) (n=517)

Age, y 48.6±14.0 49.4±14.0 0.299*

Men 540 (70.5%) 372 (72.0%) 0.572†

Race <0.001†

White 684 (89.3%) 427 (82.6%)

Asian 27 (3.5%) 47 (9.1%)

Black 22 (2.9%) 8 (1.5%)

Other‡ 33 (4.3%) 35 (6.8%)

Hispanic ethnicity 21 (2.7%) 21 (4.1%) 0.192†

Education§ <0.001†

<12 y 22 (2.9%) 30 (6.4%)

12– 15 y 311 (41.5%) 250 (53.3%)

≥16 y 416 (55.5%) 189 (40.3%)

Medical history

Hypertension 345 (45.0%) 322 (62.3%) <0.001†

Diabetes mellitus 89 (11.6%) 173 (33.5%) <0.001†

History of smokingǁ 334 (43.6%) 275 (53.2%) <0.001†

BMI, kg/m2 26.7±3.8 29.4±3.3 <0.001*

BMI categories, kg/m2 <0.001†

Overweight (BMI 
25– 29.9)

363 (47.4%) 207 (40.0%)

Obesity (BMI ≥30) 145 (18.9%) 223 (43.1%)

Lipid profile (index)

Triglyceride, mg/dL 92.8±27.9 627.6±183.6 <0.001*

Total cholesterol, 
mg/dL

181.4±31.3 196.2±24.2 <0.001*

Non- HDL- C, mg/dL 126.4±29.1 162.7±20.8 <0.001*

HDL- C, mg/dL 55.0±15.3 32.9±9.8 <0.001*

Lipid- lowering medication

18 mo before the 
index date

<0.001†

Statin only 102 (13.3%) 87 (16.8%)

Non- statin only 9 (1.2%) 34 (6.6%)

Both statin and 
non- statin

13 (1.7%) 24 (4.6%)

18 mo after the 
index date

<0.001†

Statin only 110 (14.4%) 91 (17.6%)

Non- statin only 18 (2.3%) 108 (20.9%)

Both statin and 
non- statin

21 (2.7%) 69 (13.3%)

18 mo before the 
last follow- up¶

<0.001†

Statin only 206 (29.7%) 173 (37.9%)

Non- statin only 23 (3.3%) 63 (13.8%)

Both statin and 
non- statin

42 (6.1%) 77 (16.9%)

Triglyceride level at last follow- up#

Last measured 
triglyceride mg/dL§

107.0±54.1 253.4±153.8 NA

 (Continued)
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the current adult population of the United States to be 
~255 million, there are ~2 000 000 PIH cases in the 
United States with an annual incidence of ~61  000. 
The incidence and prevalence of isolated hypertriglyc-
eridemia, regardless of a primary or secondary etiol-
ogy are shown in Table S5 and Figure S1.

Awareness, Treatment, and Control
In a 1- year window after the index date, 60% of cases 
had a representative diagnosis code or mention of 
hypertriglyceridemia as a diagnosis in the EHR. In 
the 18  months before the index date, 28% of cases 
were on a lipid- lowering medication, increasing to 52% 
within 18 months after the index date (Table 1). We also 
evaluated lipid- lowering treatment in primary and sec-
ondary prevention settings separately (Table S6). The 
rate of treatment was higher for secondary prevention 
than for primary prevention (P<0.001) and it was higher 
in ≥40- year- old cases than younger cases (P<0.001). 
In the primary prevention setting, only 35% of cases 
<40 years old and 46% of cases 40 to 54 years old 
were on a lipid- lowering medication in the 18 months 

after detection of a high triglyceride level. The rate of 
lipid- lowering medication (statin and/or non- statin) use 
for primary prevention increased during the study pe-
riod: from 33% in the first half the study period to 62% 
in in the second half (P<0.001, Figure S2). The last tri-
glyceride level (at least 6 months after detection), was 
reduced by >50% or reached <200 mg/dL or <150 mg/
dL in 72%, 45%, and 24% of cases, respectively. The 
degree of control in primary and secondary prevention 
settings and in different ages categories is illustrated 
in Figure S3.

Cardiovascular Risk
At baseline, CHD (16.2% versus 9.5%; odds ratio [OR], 
1.84; 95% CI, 1.32- 2.58; P<0.001) and CVD (6.2% ver-
sus 2.9%; OR, 2.23; 95% CI, 1.28- 3.89; P=0.005) were 
more frequent in cases than controls. During 11.3 years 
(interquartile range, 6.3– 15.6) of follow- up, the rate of 
incident CHD events was 18.9% in cases versus 11.8% 
in controls (hazard ratio [HR], 1.79; 95% CI, 1.32- 2.43; 
P<0.001), the rate of incident CVD event was 9.3% in 
cases versus 7.5% in controls (HR, 1.35; 95% CI, 0.91- 
1.99; P=0.139) and the rate of incident PAD was 2.0% 
in cases versus 1.3% in controls (HR, 1.58; 95% CI, 
0.66- 3.80; P=0.305) (Table S7). In unadjusted mod-
els, PIH cases were at increased risk of both baseline 
composite end point (20.3% versus 11.6%; OR, 1.94; 
95% CI, 1.43- 2.64; P<0.001) and also incident com-
posite end point (21.8% versus 16.1%; HR, 1.54; 95% 
CI, 1.16- 2.03; P=0.003). A Kaplan– Meier plot for sur-
vival free of atherosclerotic cardiovascular disease is 
presented in Figure 3. Adjustment in Cox proportional 
hazards regression models was performed incremen-
tally, starting with demographic features and then 
adding conventional CHD risk factors (Table 3). Cases 
were at increased risk for CHD after adjustment for 
age, sex, race and education level (HR, 1.73; 95% CI, 
1.26– 2.36; P<0.001). The hazard ratio was attenuated 
but remained significant after additional adjustment for 
family history of CHD or stroke, hypertension, diabe-
tes mellitus status, smoking, BMI, and total cholesterol 

Controls Cases

P Value(n=766) (n=517)

>50% reduction in 
triglyceride level§

NA 337 (72.5%) NA

<200 mg/dL§ 608 (95.3%) 211 (45.4%) NA

<150 mg/dL§ 542 (85.0%) 112 (24.1%) NA

Values are given as mean±SD or n (%).
BMI indicates body mass index; and HDL- C, high- density lipoprotein 

cholesterol
Test for differences:
*t- test.
†Chi- Square.
‡Other races include Hawaiian/Pacific islander, American Indian, mixed, 

refused, or unknown.
§Missing data altered percent calculation.
ǁIncludes people with unknown values.
¶In cases with at least 36 months of follow- up.
#At least 6 months after index date.

Table 1. Continued

Table 2. Incidence Rate and Prevalence of Primary Isolated Hypertriglyceridemia

Incidence Rate* (95% CI) Prevalence† (95% CI)

Olmsted County US‡ Olmsted County US‡

Primary isolated hypertriglyceridemia

Men (n=396) 32.15 (29.06– 35.48) 34.84 (31.34– 38.34) 1.06% (0.94– 1.19) 1.20% (1.06– 1.34)

Women (n=159) 11.89 (10.12– 13.89) 13.24 (11.15– 15.32) 0.37% (0.31– 0.44) 0.44% (0.37– 0.51)

Total (n=555) 21.61 (19.85– 23.48) 23.98 (21.95– 26.01) 0.69% (0.63– 0.77) 0.80% (0.72– 0.87)

*Incidence rates for 100 000 person- year. Incidence rates were measured by 1 231 727 person- year of follow- up in men and 1 336 917 in women.
†Prevalence rates are calculated as the mean value of adults (18– 95 years), weighted to the population counts of White adults in Olmsted County or the United 

States from 2010 census estimates. Confidence limits are calculated using the 2.5th and 97.5th percentile of all prevalence rates across 1000 bootstrapped 
samples (within each sample, the prevalence rate is the mean rate across all ages, as above).

‡Sex- specific incidence rates are adjusted to the age distribution of the US White population from 2010, overall incidence rates are adjusted to the age and 
sex distribution of the US White population from 2010.
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level (HR, 1.53; 95% CI, 1.06– 2.20; P=0.022). The as-
sociation was not statistically significant after additional 
adjustment for HDL- C. The HRs for other variables in 
Model 3 are presented in Table S8.

DISCUSSION
The main finding of the present study is that PIH was an 
independent risk factor for CHD, supporting a causal 
role for triglycerides in atherosclerosis. The associa-
tion was attenuated after adjustment for conventional 
risk factors, suggesting that some of the risk due to 
elevated triglyceride level is mediated by these factors. 
Furthermore, the burden of PIH was significant with a 
prevalence of ~1 in 125 in the US adult White popula-
tion and an annual incidence of ~61 000 new cases per 
year. The diagnosis was documented in 60% of cases, 
46% of cases were on a lipid- lowering medication for 
primary prevention within 18 months after detection of 
elevated triglyceride level, and control was suboptimal 
with only 24.1% achieving triglyceride <150 mg/dL level 
at the last follow up. These findings have public health 
implications and highlight an opportunity for interven-
tion at the individual and population levels to reduce 
the burden of CHD.

We estimated prevalence of PIH as 0.80% (~1 in 
125), which is double that of familial hypercholesterol-
emia (~1 in 250).39 The number of cases with any form 
of hypertriglyceridemia was 6- fold greater, indicative 
of the substantial burden of this form of dyslipidemia. 

The prevalence of PIH increased with age, men were 
more commonly affected (ratio 2.7:1) and compared 
with White adults, PIH was more common in Asian 
adults and less common in Black adults. Awareness of 
PIH was modest, with only 60% having a diagnosis of 
hypertriglyceridemia documented in the EHR suggest-
ing that providers, possibly due to time constraints or 
concern about other co- morbidities, did not prioritize 
abnormal triglyceride levels.

The suboptimal control suggests a need to educate 
providers regarding the causal role of triglyceride in 
atherosclerosis to encourage consideration of treat-
ment since triglyceride lowering is shown to reduce 
adverse CHD events.40 The latest American College 
of Cardiology/American Heart Association (ACC/AHA) 
guideline on the management of lipid disorders recom-
mends treatment with a statin in those with triglycer-
ide level ≥175  mg/dL and 10- year CHD risk ≥7.5% 
(class IIa).41 It is encouraging to note that the rate of 
lipid- lowering medication prescriptions after detection 
of high triglyceride level increased in the second half 
of the study period in comparison with the first half. 
Public health interventions that address social deter-
minants of health, encourage a healthy diet, reduce al-
cohol consumption and processed foods and motivate 
people to exercise regularly will also help decrease the 
burden of hypertriglyceridemia and associated CHD 
risk.

Establishing a causal role of elevated triglycerides 
in CHD is challenging because of bias inherent in 

Figure 2. Age- specific prevalence (%) of primary isolated hypertriglyceridemia in adults, 
adjusted to the US White population.
Men are depicted in blue, women in red, and the overall cohort in black. Dashed lines represent mean 
prevalence values for adults (age 18– 95 years).
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non- population based cohorts,12– 17 lability in triglycer-
ide levels,12,25 non- exclusion of secondary causes26– 28 
of increased triglyceride levels and the association of 
several conventional risk factors with triglyceride lev-
els.29– 31 In this study we attempted to address these 
limitations of prior reports and demonstrated that PIH 

was associated with CHD independent of age, sex, 
race and socioeconomic status. The association re-
mained significant but was attenuated after additional 
adjustment for conventional risk factors suggesting 
that some of the attributable risk is mediated by these 
risk factors.

Figure 3. Kaplan– Meier plot for survival free of CHD (red; P<0.001), CVD (blue; P= 0.139), PAD (green; P=0.305), and 
composite end point (black, P=0.003) as well as number of cases and controls at risk.
The solid lines represent cases and the dotted lines represent controls. CHD indicates coronary heart disease; CVD, cerebrovascular 
disease; and PAD, peripheral artery disease.
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Table 3. Multiple Variable Cox Proportional Hazards Regression Models for the Hazard of Incident CHD, CVD, PAD, and 
Composite End Point During the Follow- Up Period in PIH Cases in Comparison with Matched Controls

CHD (Number of Events=164) CVD (Number of Events=101) PAD (Number of Events=20)
Composite End Point 

(Number of Events=199)

Hazard Ratio 
(95% CI) P Value

Hazard Ratio 
(95% CI) P Value

Hazard Ratio 
(95% CI) P Value

Hazard Ratio 
(95% CI) P Value

Model 1 1.79 (1.32– 2.43) <0.001 1.35 (0.91– 1.99) 0.139 1.58 (0.66– 3.80) 0.305 1.54 (1.16– 2.03) 0.003

Model 2 1.73 (1.26– 2.36) <0.001 1.25 (0.84– 1.87) 0.266 1.63 (0.67– 3.97) 0.281 1.46 (1.10– 1.95) 0.009

Model 3 1.53 (1.06– 2.20) 0.022 1.06 (0.65– 1.73) 0.813 1.27 (0.43– 3.75) 0.668 1.28 (0.92– 1.80) 0.148

Model 4 1.21 (0.77– 1.91) 0.403 0.74 (0.41– 1.36) 0.334 0.71 (0.20– 2.57) 0.606 1.00 (0.66– 1.52) 0.992

Model 1 is unadjusted.
Model 2 is adjusted for age, sex, race, and education.
Model 3 In addition to covariates listed in Model 2, Model 3 is additionally adjusted for family history of CHD, hypertension, diabetes mellitus, smoking, BMI, 

and total cholesterol.
HDL- C is additionally included in the Model 4.
BMI indicates body mass index; CHD, CHD indicates coronary heart disease; CVD, cerebrovascular; HDL- C, high- density lipoprotein cholesterol; PAD, 

peripheral artery disease; and PIH, primary isolated hypertriglyceridemia.



J Am Heart Assoc. 2021;10:e019343. DOI: 10.1161/JAHA.120.019343 9

Saadatagah et al CHD Risk of Primary Isolated Hypertriglyceridemia

Our results are consistent with recent studies 
suggesting LDL- C and triglycerides are similarly 
atherogenic since both carry apolipoprotein B par-
ticles42,43 as well as Mendelian randomization stud-
ies that indicate triglycerides as a causal risk factor 
for CHD.7– 11 Evaluating the benefits of isolated tri-
glyceride lowering is not straightforward as many 
of the medications that decrease triglyceride levels 
also lower LDL- C. Furthermore, in trials of triglycer-
ide lowering medications or long- term cohort stud-
ies, few patients with triglyceride level ≥500 mg/dL 
were included. Assuming triglycerides are causal, 
the greatest benefit would be expected in these 
patients. While drugs that increase HDL- C levels 
have failed to reduce CHD events,44 the REDUCE- IT 
(Reduction of Cardiovascular Events with Icosapent 
Ethyl- Intervention) trial revealed a beneficial effect 
of triglyceride lowering in patients with CHD who 
were already on a statin.45 A meta- regression analy-
sis of the fibrate trials demonstrated that a 5% (1%– 
10%) reduction in CHD events would be achieved 
by 8.9 mg/dL (0.1 mmol/L) reduction in triglyceride 
level and the benefit was greater in those with higher 
baseline triglyceride level.40

We did not find a significant association between 
elevated triglyceride levels and future CVD or PAD, 
likely due to the small number of incident CVD and 
PAD events. In the Copenhagen Heart Study,22 the 
risk of ischemic stroke increased with increasing tri-
glyceride level. However, the association was atten-
uated after adjustment for multiple covariates.22 The 
association of triglyceride levels with PAD has not 
been studied previously in a population- based set-
ting. In a multivariable adjusted model, we also did 
not find a statistically significant association between 
PIH and the composite end point of CHD, CVD, and 
PAD.

We limited cases to those with high triglyceride 
level defined as as fasting triglyceride ≥500 mg/dL. 
Since triglyceride levels vary significantly within indi-
viduals, our goal in doing so was to lessen random 
measurement bias. Patients with high or very high 
triglyceride level were often excluded from previous 
studies12,13,18 or composed only a small proportion of 
the study cohort.14,15,19– 22 Given the high collinearity 
between triglyceride level and HDL- C, it is difficult 
to tease out independent effects of the  2 variables. 
While triglyceride level was not associated with CHD 
after adjustment for HDL- C, a growing body of ev-
idence indicates a causal role for triglycerides, not 
HDL- C, in atherosclerosis.46,47 It is also worth noting 
that a higher rate of CHD in cases was observed de-
spite greater use of lipid- lowering medication than 
controls.

Limitations of our study include a relatively low num-
ber of non- White individuals in the cohort. Our findings 

may not be generalizable to the entire US population. 
However, given the diversity of the US population, no 
single cohort is completely representative of the entire 
country and our study cohort represents a large seg-
ment of the US population.32,48 Strengths include the 
population- based setting and exclusion of secondary 
causes and mixed hyperlipidemia, enabling the study 
of PIH as a risk factor for CHD. Unlike previous stud-
ies, which used the lowest triglyceride tertile or quintile 
as a referent group,12,15,19,21 we selected controls from 
the population based on the most accepted definition 
of a normal triglyceride level. Our study population is 
a contemporary US cohort, representative of current 
real- world practice and care and provides epidemio-
logic data related to incidence, prevalence, awareness, 
and control of PIH.

CONCLUSION
We report that PIH is associated with the risk of in-
cident CHD in a population- based setting, consistent 
with a causal role of triglyceride- rich lipoproteins in 
CHD. The association was attenuated after adjustment 
for conventional risk factors, suggesting that some of 
the risk due to elevated triglyceride level is mediated 
by these factors. The burden of PIH was relatively high 
with a prevalence of ~1 in 125 and the majority did 
not attain normal triglyceride levels during follow up. 
Awareness and control were sub- optimal, highlighting 
an opportunity for interventions to increase recogni-
tion and treatment of PIH, thereby lowering the burden 
of CHD.
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SUPPLEMENTAL MATERIAL



Supplemental Methods. Incidence, relative survival, and prevalence. 

Definitions: 

λi   represent the incidence rate at age i. 

πi   represent the prevalence at age i. 

γi    represent the relative mortality at age i (relative to the population) 

and θi    represent the mortality at age i. 

Recursion relationships: 

Let φi be the current mortality rate in those who do NOT have the prevalent condition. 

Then (1- πi) * φi + πi* φi * x = θi, where x is the relative hazard of death for the condition 
relative to those without the condition. Therefore,   

Γi = φi * x / [ (1- πi) * φi + πi* φi * x] 

Therefore,   

φi * x = γi * [ (1- πi) * φi + πi* φi * x] 

x * φi * (1 - γi * πi) = γi * (1- πi) * φi 

Thus,  

x = [ γi *(1- πi) * φi] / [φi * (1 - γi * πi)] 

Now, for the recursion. We will actually not need “x”, the relative hazard for those with and 
without the condition directly. In words, “The number with the disease at age i+1” = “number 
with disease at age i” - “number with disease who die” + “number of new cases”   

The new population size is given by “population at i + 1” = “population at i” - “number of 
deaths”. We arbitrarily allow death to occur first, and then we add incidence into the scheme. So, 
if we let Ni be the population size at the ith age, we have 

Ni+1 = Ni * (1 - θi) 

Number alive with disease at beginning of ith epoch: πi * Ni. 

We now allow the force of differential mortality to occur. The number of prevalent cases who 
remain alive is:  

(πi * Ni) * (1 - γi * θi) 

and the number of prevalent cases who die is: 

(πi * Ni) * γi * θi 

The number of prevalent non-cases who die is the difference between the total number of deaths 
and this last expression. Thus, this number is:  

θi * Ni - (πi * Ni) * γi * θi = Ni* θi * (1 - πi * γi). 

Note that this implies a constraint that γi ˂ 1/ πi. 

Data S1.



The number of prevalent non-cases who remain alive is therefore: 

[Ni * (1- πi) - Ni* θi * (1 - πi * γi)]. 

Let us now allow these prevalent non-cases to incur incidence, namely, we will have, at the end 
of the ith epoch:  

[Ni*(1- πi) - Ni* θi * (1 - πi * γi)] * λi 

New prevalent cases, and total number of prevalent cases at the end of the epoch will therefore 
be:  

(πi * Ni) * (1- γi * θi) + [Ni*(1- πi) - Ni* θi * (1- πi * γi)] * λi 

We already know the total number of individuals alive at the end of the epoch, namely Ni * (1 - 
θi). We can now calculate the prevalence at i + 1 as: 

πi+1 = [(πi * Ni) * (1 - γi * θi) + [Ni*(1- πi) – Ni * θi * (1 - πi * γi)] * λi] ÷ [Ni * (1 - θi)] 

We can eliminate N from this formula and this the recursion formula to get us from prevalence at 
age i to age i+1. 

πi+1 = [πi * (1 - γi * θi) + [(1- πi) - θi * (1 - πi * γi)] * λi] ÷ [(1 - θi)] 

How are the components of the above formula obtained? 

λi: From the Poisson incidence model. 

θi: We get this from standard life tables. 

γi: We get this from a relative survival model, using our incidence cases, their age/sex/calendar 
year, and their death/follow-up times, and again the Minnesota White survival tables. 

Specifically, we calculate –log(S0(t)) for each incidence observation, and each follow-up/death 
time t. We then consider this transformed time to be proportional to the cumulative hazard with 
proportionality constant γ. We can then use a censored exponential model. 



Table S1. Exclusion criteria based on the secondary causes. Individuals were excluded if any of the following 
were detected within a 1 year window around the index date. 

Secondary Causes Definition 

Hypothyroidism TSH >10 mIU/L 
Significant Liver Disease AST >130 IU/L, ALT >155 IU/L, ALP ≥200 IU/L, total bilirubin >2 

mg/dL, significant alcohol abuse diagnosis codes, or AST/ALT ratio ≥2 
Significant Kidney Disease Creatinine ≥2.6 mg/dL, GFR <15 mL/min/BSA, urine protein/creatinine 

ratio ≥2.95 mg/mg, and 24-hours urine protein >3,000 mg/24h, 
nephrotic syndrome diagnosis codes, or renal failure diagnosis codes 

Uncontrolled Diabetes Hemoglobin A1c ≥9% 
Morbid Obesity BMI ≥35 kg/m2

Pregnancy Pregnancy, abortion, or delivery related diagnosis codes 

ALP, Alkaline phosphatase; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; BMI, Body 
Mass Index; BSA, Body Surface Area; GFR, Glomerular Filtration Rate; IU, International Unit; TSH, Thyroid 
Stimulating Hormone. 



Table S2. ICD and CPT codes used for ascertainment of coronary heart disease. 

Coronary Heart Disease ICD-9 ICD-10 CPT 

Angina 411.1, 413.0, 413.1, 
413.9 

I20.0, I20.8 

Myocardial infarction 410.00, 410.01, 410.02, 
410.10, 410.11, 410.12, 
410.20, 410.21, 410.22, 
410.30, 410.31, 410.32, 
410.40, 410.41, 410.42, 
410.50, 410.51, 410.52, 
410.60, 410.61, 410.62, 
410.70, 410.71, 410.72, 
410.80, 410.81, 410.82, 
410.90, 410.91, 410.92, 
429.71, 429.79, 412 

I21.01, I21.02, I21.09, 
I21.11, I21.19, I21.21, 
I21.29, I21.3, I21.4, I22.0, 
I22.1, I22.2, I22.8, I22.9, 
I23.0, I23.1, I23.2, I23.3, 
I23.4, I23.5, I23.6, I23.7, 
I23.8, I24.1, I25.2 

Chronic ischemic heart 
disease / Coronary 
atherosclerosis 

414.00, 414.01, 414.02, 
414.03, 414.04, 414.05, 
414.06, 414.07, 414.2,  
414.3, 414.4, 414.8, 
414.9 

I25.10, I25.110, I25.111, 
I25.118, I25.119, I25.5, 
I25.700, I25.701, I25.708, 
I25.709, I25.710, I25.711, 
I25.718, I25.719, I25.720, 
I25.721, I25.728, I25.729, 
I25.730, I25.731, I25.738, 
I25.739, I25.750, I25.751, 
I25.758, I25.759, I25.760, 
I25.761, I25.768, I25.769, 
I25.790, I25.791, I25.798, 
I25.799, I25.810, I25.811, 
I25.812, I25.82, I25.83, 
I25.84, I25.89, I25.9 

Percutaneous coronary 
revascularization 

00.66, 36.03, 36.04, 
36.06, 36.07, 36.09, 
V45.82 

0270xxx, 0271xxx,  
0272xxx, 0273xxx,  
02C0xxx, 02C1xxx, 
02C2xxx, 02C3xxx, 
3E07017, 3E070PZ, 
3E07317, 3E073PZ, 
Z95.5, Z98.61 

92920, 92921, 92924, 
92925, 92928, 92929, 
92933, 92934, 92937, 
92938, 92941, 92943, 
92944, 92980, 92981, 
92982, 92984, 92995, 
92996, 92973, 92974 

Coronary artery bypass graft 
surgery 

36.10, 36.11, 36.12, 
36.13, 36.14, 36.15, 
36.16, 36.17, 36.19, 36.2, 
V45.81 

0210xxx, 0211xxx, 
0212xxx, 0213xxx, Z95.1 

33510, 33511, 33512, 
33513, 33514, 33516, 
33517, 33518, 33519, 
33521, 33522, 33523, 
33533, 33534, 33535, 
33536 



Table S3. ICD and CPT codes used for ascertainment of cerebrovascular disease. 

Cerebrovascular Disease ICD-9 ICD-10 CPT 

Stroke 434, 434.00, 434.01, 
434.10, 434.11, 434.90, 
434.91 
437.0, 437.1 

I63.30, I63.311, I63.312, 
I63.313, I63.319, I63.321, 
I63.322, I63.323, I63.329, 
I63.331, I63.332, I63.333, 
I63.339, I63.341, I63.342, 
I63.343, I63.349, I63.39, 
I63.40, I63.411, I63.412, 
I63.413, I63.419, I63.421, 
I63.422, I63.423, I63.429, 
I63.431, I63.432, I63.433, 
I63.439, I63.441, I63.442, 
I63.443, I63.449, I63.49, 
I63.50, I63.511, I63.512, 
I63.513, I63.519, I63.521, 
I63.522, I63.523, I63.529, 
I63.531, I63.532, I63.533, 
I63.539, I63.541, I63.542, 
I63.543, I63.549, I63.59, 
I63.6, I63.8, I63.9, I67.2, 
I67.82, I66.01, I66.02, 
I66.03, I66.09, I66.11, 
I66.12, I66.13, I66.19, 
I66.21, I66.22, I66.23, 
I66.29, I66.3, I66.8, I66.9 

Transient ischemic attack 435.0, 435.1, 435.2, 
435.3, 435.8, 435.9 

G45.0, G45.1, G45.2, 
G45.8, G45.9 

Carotid artery disease 433, 433.00, 433.01, 
433.10, 433.11, 433.20, 
433.21, 433.30, 433.31, 
433.80, 433.81, 433.90, 
433.91 

I63.00, I63.011, I63.012, 
I63.013, I63.019, I63.02, 
I63.031, I63.032, I63.033, 
I63.039, I63.09, I63.10, 
I63.111, I63.112, I63.113, 
I63.119, I63.131, I63.132, 
I63,133, I63.139, I63.19, 
I63.20, I63.211, I63.212, 
I63.213, I63.219, I63.22, 
I63.239, I63.29, I65.01, 
I65.02, I65.03, I65.09, 
I65.1, I65.21, I65.22, 
I65.23, I65.29, I65.8, I65.9 

Neuro-interventional 
procedures 

00.61, 00.63, 38.11, 
38.12, 39.28 

037Hxxx, 037Jxxx, 
037Kxxx, 037Lxxx, 
037Mxxx, 037Nxxx, 
03CGxxx, 03CHxxx, 
03CJxxx, 03CKxxx, 
03CLxxx, 03CMxxx, 
03CNxxx, 03CPxxx, 
03CQxxx 

35301, 37215, 37216 



Table S4. ICD codes used for ascertainment of peripheral artery disease. 

Peripheral Artery Disease ICD-9 ICD-10 CPT 

Atherosclerotic peripheral 
artery disease 

440.20, 440.21, 440.22, 
440.23, 440.24, 440.29 

I70.201, I70.202, I70.203, 
I70.209, I70.211, I70.212, 
I70.213, I70.219, I70.221, 
I70.222, I70.223, I70.229, 
I70.231, I70.232, I70.233, 
I70.234, I70.235, I70.238, 
I70.239, I70.241, I70.242, 
I70.243, I70.244, I70.245, 
I70.248, I70.249, I70.25, 
I70.261, I70.262, I70.263, 
I70.269, I70.291, I70.292, 
I70.293, I70.299 

Exclusion 237.70, 237.71, 237.72, 
237.73, 237.79, 443.1, 
446.0, 446.4, 446.5, 
446.6, 446.7, 710.1, 
747.10, 747.11, 747.22, 
747.64  

I73.1, M30.0, M31.1, 
M31.30, M31.31, M31.4, 
M31.5, M31.6, M34.0, 
M34.1, Q25.1, Q25.21, 
Q25.29, Q25.3, Q27.32, 
Q85.00, Q85.01, Q85.02, 
Q85.03, Q85.09 

Table S5. Incidence rate and prevalence of isolated hypertriglyceridemia. 

Incidence Rate* (95% CI) Prevalence† (95% CI) 

Olmsted County US‡ Olmsted County US‡ 
Isolated Hypertriglyceridemia 
(triglyceride ≥500 mg/dL and 
Non-HDL-C <190 mg/dL) 

Male (n = 843) 68.44 (63.90-73.22) 75.49 (70.28-80.70) 2.02% (1.86-2.16) 2.26% (2.08-2.42) 

Female (n = 383) 28.65 (25.85-31.67) 30.95 (27.80-34.09) 0.89% (0.79-1.00) 1.03% (0.91-1.15) 

Total (n = 1,226) 47.73 (45.09-50.48) 52.86 (49.85-55.87) 1.42% (1.33-1.51) 1.61% (1.50-1.71) 

* Incidence rates for 100,000 person-year. Incidence rates were measured by 1,231,727 person-year of follow-up in
males and 1,336,917 in females.
† Prevalence rates are calculated as the mean value of adults (18-95 years), weighted to the population counts of
Olmsted County or the United States whites from 2010 census estimates. Confidence limits are calculated using the
2.5th and 97.5th percentile of all prevalence rates across 1,000 bootstrapped samples (within each sample, the
prevalence rate is the mean rate across all ages, as above).
‡ Sex-specific incidence rates are adjusted to the age distribution of the US white population from 2010, overall
incidence rates are adjusted to the age and sex distribution of the US white population from 2010.



Table S6. Lipid-lowering medications in the 18-month period before the index date, after the index date, and 
before the last follow-up, based on the indication of treatment and age categories. 

No Treatment Non-statin 
only 

Statin 
only 

Both statin and 
non-statin 

 All cases (all ages) (n=517) 
18-months before the index date 72% 7% 17% 5% 
18-months after the index date 48% 21% 18% 13% 
18-months before the last follow-up* 32% 14% 38% 17% 

Primary prevention† (all ages) (n=412) 
18-months before the index date 78% 7% 12% 3% 
18-months after the index date 54% 22% 14% 10% 
18-months before the last follow-up* 35% 16% 35% 15% 

Secondary prevention‡ (all ages) (n=105) 
18-months before the index date 49% 4% 35% 12% 
18-months after the index date 27% 15% 30% 28% 
18-months before the last follow-up* 18% 7% 49% 26% 

Primary prevention† (<40 years) (n=130) 
18-months before the index date 86% 9% 5% 0% 
18-months after the index date 65% 23% 6% 6% 
18-months before the last follow-up* 53% 22% 18% 7% 

Primary prevention† (40 - 54 years) (n=178) 
18-months before the index date 80% 6% 11% 3% 
18-months after the index date 54% 25% 13% 7% 
18-months before the last follow-up* 31% 14% 37% 18% 

Primary prevention† (55 – 69 years) (n=84) 
18-months before the index date 68% 7% 23% 2% 
18-months after the index date 39% 18% 26% 17% 
18-months before the last follow-up* 18% 10% 54% 18% 

Primary prevention† (≥70 years) (n=20) 
18-months before the index date 50% 5% 25% 20% 
18-months after the index date 35% 15% 25% 25% 
18-months before the last follow-up* 32% 21% 37% 11% 

* In cases with at least 36 months follow-up. †Primary prevention is defined as cases with no coronary heart disease,
cerebrovascular disease, or peripheral artery disease at the time of prescription. ‡Secondary prevention is defined as
cases with coronary heart disease, or cerebrovascular disease, or peripheral artery at the time of prescription.



Table S7. Rate of baseline and incident event in cases and controls. 

Controls 
(n = 766) 

Cases 
(n = 517) P-value*

CHD events 155 (20.2%) 166 (32.1%) 

Baseline CHD events 73 (9.5%) 84 (16.2%) <0.001 
New CHD events† 82 (11.8%) 82 (18.9%) <0.001 

CVD events 78 (10.2%) 77 (14.9%) 

Baseline CVD events 22 (2.9%) 32 (6.2%) 0.005 

New CVD events† 56 (7.5%) 45 (9.3%) 0.139 
PAD events 19 (2.5%) 19 (3.7%) 

Baseline PAD events 9 (1.2%) 9 (1.7%) 0.401 

New PAD events† 10 (1.3%) 10 (2.0%) 0.305 

Composite Endpoint 198 (25.8%) 195 (37.7%) 
Baseline composite events 89 (11.6%) 105 (20.3%) <0.001 

New composite events† 109 (16.1%) 90 (21.8%) 0.003 

CHD, coronary heart disease; CVD, cerebrovascular disease; PAD; peripheral artery disease.  *P-values 
are unadjusted logistic (baseline) and Cox (new) event models. †Excludes people with baseline events.  



Table S8. Hazard ratios for CHD, CVD, PAD, and composite endpoint in Cox proportional hazards regression 
model in PIH cases in comparison with controls. 

CHD 
(number of 

events = 164) 

CVD 
(number of 

events = 101) 

PAD 
(number of 
events = 20) 

Composite Endpoint 
(number of  

events = 199) 
HR 

(95% CI) P-Value HR 
(95% CI) P-Value HR 

(95% CI) P-Value HR 
(95% CI) P-Value

Primary Isolated 
Hypertriglyceridemia 

1.53 
(1.06 - 2.20) 0.022 1.06 

(0.65 - 1.73) 0.813 1.27 
(0.43 - 3.75) 0.668 1.28 

(0.92 - 1.80) 0.148

Age (per 10 year increase) 1.75 
(1.53 – 2.00) <0.001 1.94 

(1.62 - 2.32) <0.001 1.53 
(1.04 - 2.24) 0.029 1.84 

(1.62 - 2.08) <0.001

Sex (male vs female) 1.82 
(1.25 - 2.66) 0.002 1.47 

(0.92 - 2.35) 0.112 2.26 
(0.71 - 7.22) 0.168 2.04 

(1.44 - 2.90) <0.001

Race (non-white vs white) 1.05 
(0.57 - 1.94) 0.881 0.69 

(0.27 - 1.74) 0.426 0.56 
(0.07 - 4.50) 0.588 1.11 

(0.64 - 1.93) 0.715

Education 0.023 0.362 0.712 0.041 

12 – 15 years 3.10 
(1.22 – 7.87) 

0.83 
(0.40 - 1.74) 

0.63 
(0.12 – 3.28) 

1.99 
(0.97 - 4.06) 

≥ 16 years 2.34 
(0.90 - 6.04) 

0.64 
(0.30 – 1.38) 

0.91 
(0.18 – 4.68) 

1.47 
(0.71 - 3.04) 

Family history of CHD 2.45 
(1.61 - 3.72) <0.001 1.39 

(0.75 - 2.56) 0.299 1.01 
(0.23 - 4.42) 0.990 1.93 

(1.29 - 2.89) 0.001

Hypertension 1.02 
(0.71 - 1.45) 0.932 1.96 

(1.18 - 3.27) 0.010 1.32 
(0.45 - 3.88) 0.614 1.06 

(0.77 - 1.47) 0.710

Diabetes Mellitus 1.21 
(0.80 - 1.81) 0.364 1.29 

(0.78 - 2.15) 0.325 1.68 
(0.54 - 5.24) 0.370 1.24 

(0.84 - 1.82) 0.283

Smoking status 0.079 0.545 0.751 0.069 

Missing 1.24 
(0.65 - 2.37) 

1.27 
(0.58 – 2.79) 

1.83 
(0.38 – 8.78) 

1.48 
(0.86 - 2.55) 

Tobacco history 1.54 
(1.06 - 2.25) 

1.30 
(0.81 - 2.06) 

1.21 
(0.42 - 3.49) 

1.47 
(1.05 - 2.06) 

Body Mass Index 0.810 0.284 0.980 0.416 

Underweight, <18.5 kg/m2 1.72 
(0.23 - 13.03) NA NA 1.02 

(0.14 - 7.59) 

Missing 1.16 
(0.43 - 3.14) 

0.24 
(0.05 - 1.14) 

0.71 
(0.06 – 9.12) 

0.62 
(0.25 - 1.58) 

Overweight, 25-29 kg/m2 1.29 
(0.80 - 2.08) 

0.69 
(0.39 - 1.22) 

0.65 
(0.18 - 2.36) 

0.86 
(0.57 - 1.29) 

Obese, 30-34 kg/m2 1.36 
(0.80 - 2.31) 

0.90 
(0.49 - 1.68) 

0.73 
(0.17 - 3.08) 

1.13 
(0.72 - 1.77) 

Total Cholesterol 0.787 0.988 0.897 0.869 

200-239 mg/dL 0.92 
(0.66 - 1.28) 

0.97 
(0.63 - 1.48) 

1.26 
(0.48 - 3.27) 

1.05 
(0.77 - 1.41) 

≥240 mg/dL 1.22 
(0.44 – 3.39) 

0.97 
(0.23 - 4.08) NA 1.25 

(0.50 - 3.13) 

CHD, coronary heart disease; CVD, cerebrovascular disease; PAD; peripheral artery disease. 



Males are depicted in blue and females in red and the overall in black. Dashed lines represent mean prevalence 
values for adults (age 18-95 years). 

Figure S1.  Age-specific prevalence (%) of isolated hypertriglyceridemia in adults (triglyceride ≥500 mg/dL and Non-
HDL-C <190 mg/dL) adjusted to the US white population.



  LLT, lipid-lowering treatment. 

Figure S3. Status of control based on three thresholds in primary vs. secondary prevention and in differentage 
categories. 
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Figure S2. Prescription of lipid-lowering medication for primary prevention in the 18-month 
period after detection of primary isolated hypertriglyceridemia.
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