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Association of Hypertriglyceridemia with 
All-Cause Mortality and Atherosclerotic 
Cardiovascular Events in a Low-Risk Italian 
Population: The TG-REAL Retrospective 
Cohort Analysis
Marcello Arca , MD; Chiara Veronesi , PhD; Laura D’Erasmo , MD, PhD; Claudio Borghi, MD;  
Furio Colivicchi , MD; Gaetano Maria De Ferrari, MD; Giovambattista Desideri, MD; Roberto Pontremoli , MD; 
Pier Luigi Temporelli, MD; Valentina Perrone, PhD; Luca Degli Esposti, PhD; on the behalf of Local Health Units 
Group*

BACKGROUND: Evidence regarding the relationships among high plasma triglycerides (TG), all-cause mortality, and athero-
sclerotic cardiovascular disease (ASCVD) events in low-to-moderate risk individuals is limited. The aim of this study was to 
determine whether the presence of high TG levels influences the risk of all-cause mortality and ASCVD events in a population 
cohort followed in the real-world clinical setting.

METHODS AND RESULTS: A retrospective longitudinal cohort analysis using administrative databases of 3 Italian Local Health 
Units was performed. All individuals with at least one TG measurement between January 1, 2010 and December 31, 2015 were 
followed through December 2016. Outcome measures included incident ASCVD events and all-cause mortality. Individuals 
with normal TG levels (<150 mg/dL) were compared with those with high (150–500 mg/dL) and very high TG (>500 mg/dL). 
158 042 individuals (142 289 with normal, 15 558 with high, and 195 with very high TG) were considered. In the whole cohort, 
the overall incidence rates of ASCVD and all-cause mortality were 7.2 and 17.1 per 1000 person-years, respectively. After 
multivariate adjustment for potential confounders, individuals with high and very high TG showed a significantly increased 
risk of all-cause mortality (hazard ratio [HR]=1.49 [95% confidence interval (CI) 1.36–1.63], P<0.001, and HR=3.08 [95% CI 
1.46–6.50], P<0.01, respectively) and incident ASCVD events (HR=1.61 [95% CI 1.43–1.82], P<0.001, and HR=2.30 [95% CI 
1.02–5.18], P<0.05, respectively) as compared to those with normal TG.

CONCLUSIONS: Moderate-to-severe elevation of TG is associated with a significantly increased risk of all-cause mortality and 
ASCVD events in a large cohort of low-to-moderate cardiovascular risk individuals in a real-world clinical setting.
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Several lines of evidence indicate a strong association 
between hypertriglyceridemia (HTG) and cardiovas-
cular disease.1,2 In particular, data from Mendelian 

randomization studies, circumventing potential con-
founders, have supported a direct causal relationship 

between increased levels of triglyceride (total plasma 
trilgycerides [TG])-rich lipoproteins and the risk of ath-
erosclerotic cardiovascular disease (ASCVD) events.3,4 In 
addition, there are reports indicating that HTG may also 
have a significant impact on total mortality.5

Correspondence to: Marcello Arca, MD, Dipartimento di Medicina Traslazionale e di Precisione, Sapienza Università di Roma, Viale dell’Università 37 - 00161 
Rome, Italy. E-mail: marcello.arca@uniroma1.it

*A complete list of the Local Health Units Group members can be found in the Appendix at the end of the article.

For Sources of Funding and Disclosures, see page 8.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley.  This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0003-3786-0883
mailto:
https://orcid.org/0000-0003-2852-2022
https://orcid.org/0000-0002-9174-4667
https://orcid.org/0000-0001-7187-2234
https://orcid.org/0000-0003-1238-872X
mailto:marcello.arca@uniroma1.it
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2020;9:e015801. DOI: 10.1161/JAHA.119.015801 2

Arca et al Hypertriglyceridemia, Mortality, and ASCVD

The role of HTG in favoring adverse cardiovascular 
events has been convincingly demonstrated in high-
risk individuals requiring statin therapy.6–8 As a conse-
quence, guidelines recommend addressing HTG as 
part of the strategy to control the residual cardiovas-
cular risk in these individuals.9 Conversely, the role of 
HTG in influencing cardiovascular outcomes in individ-
uals at low-to-moderate risk not requiring statin ther-
apy is less well established.

Different cut-off values have been suggested by 
task forces and national societies for elevated TG. 

However, there is a consensus of using TG >150 mg/
dL (>1.7 mmol/L) as the definition of HTG. 10  This con-
dition, which represents a common clinical finding, 
could be used to identify individuals at increased car-
diovascular risk especially among those not requiring 
statin therapy followed in a real-world clinical setting. 
However, real-world evidence of the relationship be-
tween HTG and all-cause mortality and incidence of 
ASCVD events in this context is limited. In addition, 
further clarification of outcomes associated with HTG 
is of importance in light of the population increase in 
the prevalence of metabolic factors favoring HTG de-
velopment, such as obesity, sedentary lifestyle, and 
insulin resistance and features of metabolic syndrome. 
11  Moreover, addressing this issue may further raise 
awareness among general practitioners and other 
clinicians about therapeutic targeting of elevated TG 
levels.

Therefore, we conducted a retrospective, obser-
vational, longitudinal cohort study using the electronic 
health records of patients in integrated administrative 
databases to determine whether the presence of high 
TG levels influences the risk of all-cause mortality and 
ASCVD events in a real-world low-risk population.

MATERIALS AND METHODS
Due the nature of the agreement between the research 
team and the Local Health Units (LHUs), the original 
individual data used to conduct the present analysis 
cannot be made available to any researcher for pur-
poses of reproducing the results or replicating the 
procedure.

Data Sources
In the present retrospective study, data were ex-
tracted from the administrative databases of 5 Italian 
LHUs, geographically distributed in the national ter-
ritory (Lombardia, Liguria, Piemonte, Abruzzo, and 
Puglia). The following databases were assessed: (1) 
beneficiaries database, which includes data on pa-
tients’ characteristics; (2) pharmaceuticals database, 
which includes the Anatomical Therapeutic Chemical 
(ATC) code of the drug dispensed, the number of 
packs dispensed, the number of units per pack, the 
dose, the unit cost per pack, and the prescription 
date; (3) hospitalization database, which includes all 
hospitalization data with the primary and second-
ary discharge diagnosis codes classified according 
to the International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM); (4) labora-
tory tests and specialist visits database; and (5) labo-
ratory test value database. Herein, we focused on 3 
LHUs for whom laboratory test values database were 
available.

CLINICAL PERSPECTIVE

What Is New?
• Evidence indicates that triglyceride levels are 

related to cardiovascular events and mortality; 
however, this relationship has not been well ex-
plored in individuals at low-to-moderate base-
line risk followed in a real-world clinical setting.

• This study reports that hypertriglyceridemia, 
even in the moderate range of values (150–
500 mg/dL), is a significant predictor of athero-
sclerotic cardiovascular disease risk in a large 
cohort of individuals at low-to-moderate risk.

What Are the Clinical Implications?
• The main clinical implication of our findings is 

that they further support the concept that tri-
glyceride measurement must be considered an 
important part of the routine evaluation for all 
patients (including those estimated to be at low 
risk) to manage cardiovascular risk.

Nonstandard Abbreviations and Acronyms

ASCVD  atherosclerotic cardiovascular 
disease

ATC  Anatomical Therapeutic Chemical 
classification system

CKD chronic kidney disease
COPD   chronic obstructive pulmonary 

disease
HDL-C high-density lipoprotein cholesterol
HR hazard ratio
HTG hypertriglyceridemia
ICD-9-CM  International Classification of 

Diseases, Ninth Revision, Clinical 
Modification

LDL-C low-density lipoprotein cholesterol
LHU Local Health Unit
TG total plasma trilgycerides
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In full compliance with the Italian Code of 
Protection of Personal Data, databases were ano-
nymized and each patient was identified by an anon-
ymous code, which permitted the electronic linkage 
between these databases. Data were extracted 
by administrative staff and no identifiers related to 
patients were provided to researchers. Results of 
analyses were produced as aggregated summa-
ries to prevent, either directly or indirectly, any link 
to individual patients. Informed consent was not re-
quired for using encrypted retrospective information. 
According to Italian law,12 this study has been sub-
mitted to the local Ethical Committees of the LHU 
involved in the study and approved by each. The 
Ethical Committees are: Regional Ethics Committee 
Liguria at San Martino Hospital of Genoa, Ethics 
Committee of Avezzano-Sulmona-L’Aquila respon-
sible for Teramo and L’Aquila, Ethics Committee of 
Bergamo at Papa Giovanni XXIII Hospital of Bergamo, 
Ethics Committee of Lecce, and Ethics Committee 
Interaziendale at AO Nazionale SS Antonio e Biagio e 
Cesare Arrigo of Alessandria responsible for the ASL 
of Vercelli and Alessandria.

Cohort Definition and Data Collection
All individuals with at least one TG measurement be-
tween January 1, 2010 and December 31, 2015 (inclu-
sion period) were considered. Patients were excluded 
if they had: (1) substantial variation in TG measure-
ments during follow-up period, ie, TG measurements 
not included in the categorization criteria defined for 
this study (see details on group categorization in the 
following paragraphs); (2) at least one prescription of 
omega 3 fatty acids or fibrates during both the char-
acterization and the follow-up period; (3) at least one 
prescription of antiplatelet drugs during the characteri-
zation period because it may be considered as a proxy 
of vascular disease; (4) before inclusion at least one 
hospitalization for myocardial infarction or any other 
of the following: angina pectoris, chronic cardiac is-
chemia, occlusion and stenosis of carotid arteries, and 
transient cerebral ischemia.

The index date was defined for all included pa-
tients as the date of the first TG measurement during 
the inclusion period; starting from this date, patients 
were retrospectively characterized up to 12  months, 
and events occurring until December 31, 2016 were 
considered (characterization and follow-up periods, 
respectively).

Results of fasting lipid profiles measured in dis-
trict laboratories following standard procedure were 
extracted from laboratory test databases. According 
to previously reported criteria for classification of 
TG levels,13 individuals were categorized into 3 
groups based on TG measurements available in the 

follow-up period: (1) “normal TG” group, those with 
normal TG (all measurements <150 mg/dL), (2) “high 
TG” group, those with high TG (all measurements 
between 150–500  mg/dL), and (3) “very high TG” 
group, those with very high TG (all measurements 
>500 mg/dL).

During the characterization period, data on base-
line characteristics were collected including demo-
graphics (age and sex) and medical history (hospital 
admission, procedures, prescribed drugs, and co-
morbidities). Comorbidities were identified from di-
agnoses at hospital discharge (both primary and 
secondary diagnosis, ICD-9-CM codes) derived 
from hospitalization databases, and drug prescrip-
tions (ATC codes) derived from pharmaceutical data-
bases, considering specific medication prescriptions 
as proxy of diseases. No data on obesity or alcohol 
use were available. The following diagnoses during 
the characterization period were also considered: 
acute pancreatitis (ICD-9-CM code: 577), kidney dis-
ease (ICD-9-CM code: 585), and chronic obstructive 
pulmonary disease (ATC code: R03). The prescrip-
tion of the following drugs was analyzed during the 
12-month characterization period (at least one pre-
scription): antidiabetic medications (ATC code A10), 
statins (ATC codes C10AA, C10BA02), antihyperten-
sive medications (ATC codes C03, C07, C08, C09), 
and anticoagulant medications (ATC codes B10AA, 
B10AB). Moreover, the last available measurements 
of total cholesterol (mg/dL) and high-density lipopro-
tein cholesterol (HDL-C) (mg/dL) before index date 
were considered.

Outcome measures during the follow-up period 
included diagnosis of ASCVD events and all-cause 
mortality. ASCVD was defined as admissions for myo-
cardial infarction (ICD-9-CM code: 410), angina pec-
toris (ICD-9-CM code: 413), chronic cardiac ischemia 
(ICD-9-CM code: 414), occlusion and stenosis of the 
pre-cerebral arteries (ICD-9-CM code: 433), occlusion 
of cerebral arteries (ICD-9-CM code: 434), transient 
cerebral ischemia (ICD-9-CM code: 435), cerebral cir-
culatory disorders (ICD-9-CM code: 436), other and 
poorly defined cerebral vasculopathies (ICD-9-CM 
code: 437), atherosclerosis (ICD-9-CM code: 440), an-
eurysm of the aorta (ICD-9-CM code: 441), other an-
eurysms (ICD-9-CM code: 442), and vascular diseases 
(ICD-9-CM code: 443).

Statistical Analysis
Continuous data are presented as means ± stand-
ard deviation or median and interquartile range 
and categorical variables as numbers and percent-
ages. Pearson’s chi-square and one-way analysis 
of variance tests were used to compare categori-
cal variables and continuous variables, respectively. 
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Non-parametric Mann–Whitney U test was used for 
nonnormally distributed variables. ASCVD and all-
cause mortality occurring over the follow-up period 
were expressed through the crude incidence rates, 
which represented the number of ASCVD events 
or deaths during the specified time interval divided 
by total time (years) in which each individual was 
exposed to the risk of the event in the follow-up 
period. The result is expressed as an annual rate 
per 1000 persons at risk. Multivariate analysis of 
the association of severity grade of HTG with long-
term adverse outcomes (ASCVD or all-cause death) 
was performed using the Cox proportional hazards 
model, giving hazard ratios (HRs) and 95% confi-
dence intervals (95% CI). Covariates for HR ad-
justment were identified after a forward stepwise 
selection as follows: age, sex, hypertension, diabe-
tes mellitus, chronic kidney disease (CKD), previous 
cardiovascular hospitalizations, antidiabetic medi-
cation, statin medication, antihypertensive medi-
cation, anticoagulant medication, total cholesterol, 
and HDL-C. CKD was defined as at least one hos-
pitalization for CKD ICD-9-CM code 585 during the 
period before the index date. As a definite diagnosis 
of diabetes mellitus and hypertension was not avail-
able in the database, we considered the use of anti-
hypertensive and antidiabetic medications as proxy 
of the presence of clinically overt diabetes mellitus 
and hypertension.

The results were considered statistically significant 
when the P-value was <0.05. STATA SE software ver-
sion 12.1 was used for statistical analyses.

RESULTS
Of the 709  043 health-assisted population, 158  042 
patients were included in the study. A flowchart of the 
study population selection is presented in Figure  1. 
Among included patients, 90% (142  289) were cat-
egorized in the “normal TG” group, 9.9% (15 588) in 
the “high TG” group, and 0.1% (195) in the “very high 
TG” group. The distribution of TG plasma concentra-
tion (last measurement before index date) in the study 
population is shown in Figure 2. During follow-up, in-
cluded patients had, on average, two TG measure-
ments recorded.

Figure 1. Study population flowchart.
AMI indicates acute myocardial infarction; and TG, total plasma triglycerides.

Figure 2. Distribution of triglyceride levels among the study 
population (last measurement before index date, mg/dL). 
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Baseline characteristics of the whole study popu-
lation as well as according to TG levels are described 
in Table 1. Overall, enrolled individuals had a mean 
age of 53.4±19.3 years and 42% were men. In com-
parison with other groups, very high TG subjects were 
significantly younger and showed higher prevalence 
in men. Individuals with normal TG showed mean TG 
levels of 85.3±25.2 mg/dL, while those with high and 
very high showed mean TG levels of 214±62.1 and 
772.2±320.6  mg/dL, respectively, a difference that 
was highly statistically significant (P<0.001). Mean 
levels of non–HDL-C, which reflects the total burden 
of atherogenic apo B–containing lipoproteins in the 
plasma, were significantly higher in individuals with 
high and very high TG in comparison with those with 
normal TG. Similarly, plasma levels of total choles-
terol were significantly raised in high and very high 
TG individuals in comparison with normal TG sub-
jects. Given the inverse correlation between TG and 
HDL-C levels, the latter showed a clear progres-
sive reduction from individuals with normal toward 
those with very high TG. As low-density lipoprotein 

cholesterol (LDL-C) concentrations were calculated 
by Friedwald’s formula, they could not be estimated 
among individuals with very high TG levels. However, 
LDL-C levels were significantly elevated in high ver-
sus normal TG individuals.

Overall, the prevalence of history of acute pancre-
atitis or CKD was very small and did not differ between 
groups.

In the whole study group, only a small percentage 
of individuals (<6%) was prescribed statins and anti-
diabetic treatments and about one fourth was using 
antihypertensive medications. When the different ther-
apies were examined according to the TG categories, 
individuals with high but not those with very high TG 
tended to show higher use of statins and hypertensive 
medications in comparison with normal TG individuals. 
On the contrary, both individuals in the high and very 
high TG categories showed a significantly higher use 
of antidiabetic medications in comparison with those 
in the normal TG group, thus suggesting an increased 
prevalence of diabetes mellitus among the high TG 
group. Anticoagulant medications also showed a 

Table 1. Baseline Characteristics of Study Population According to Triglyceride Levels

Total Study 
Population Normal TG High TG Very High TG

P for 
Trend

Population, n (%) 158 042 (100) 142 289 (90.0) 15 558 (9.8) 195 (0.1) …

No. of TG measurements, n (SD) 2.5±2.2 (2.0) 2.6±2.2 (2.0) 1.5±1.0 (1.0) 1.2±0.5 (1.0) <0.001

Demographic characteristics

Age, y (mean±SD; [IQR]) 53.4±19.3; (28.0) 53.4±19.5; (29.0) 54.3±17.0; (23.0) 47.3±12.5; (14.0) <0.001

Men, n (%) 66 570 (42.1) 57 537 (40.4) 8870 (57.0) 163 (83.6) <0.001

Plasma lipids

Total TG, mg/dL 
mean (average during the observational period)±SD

98.8±55.8 85.3±25.2 214.3±62.1 772.2±320.6 <0.001

Total TG, mg/dL 
mean (last measurement prior to ID)±SD

99.1±57.2 85.5±27.9 214.6±65.3 761.3±320.9 <0.001

Total cholesterol, mg/dL 
mean (last measurement prior to ID)±SD

199.1±41.3 196.5±40.2 221.7±43.7 273.5±69.4 <0.001

Non-HDL cholesterol, mg/dL 
mean (last measurement prior to ID)±SD

140.3±39.2 136.2±36.8 175.6±40.3 241.0±70.1 <0.001

HDL cholesterol, mg/dL 
mean (last measurement prior to ID)±SD

60.4±17.1 62.0±16.7 46.0±13.3 34.0±9.9 <0.001

LDL cholesterol, mg/dL 
mean (last measurement prior to ID)±SD

120.3±35.4 118.9±34.8 133.9±38.6 … <0.001

Medications

Statins, n (%) 9243 (5.8) 8079 (5.7) 1156 (7.4) 8 (4.1) <0.001

Anticoagulants, n (%) 9227 (5.8) 8358 (5.9) 857 (5.5) 12 (6.2) n.s.

Antihypertensives, n (%) 43 660 (27.6) 38 421 (27.0) 5191 (33.4) 48 (24.6) <0.001

Antidiabetics, n (%) 7089 (4.5) 6122 (4.3) 955 (6.1) 12 (6.2) <0.001

Comorbidities

Acute pancreatitis, n (%) 246 (0.2) 215 (0.2) 31 (0.2) 0 (0.0) n.s.

COPD, n (%) 18 650 (11.8) 16 983 (11.9) 1654 (10.6) 13 (6.7) <0.001

CKD, n (%) 428 (0.3) 382 (0.3) 46 (0.3) 0 (0.0) n.s.

ASCVD indicates atherosclerotic cardiovascular disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HDL, high-density 
lipoprotein; ID, index date; IQR, interquartile range; LDL, low-density lipoprotein; n.s., not significant; SD, standard deviation; and TG, triglycerides.
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limited use in the whole study cohort and we did not 
find differences between groups.

Table  2 presents event rates and adjusted HRs 
for ASCVD events and overall mortality in the study 
population during follow-up. During a median fol-
low-up period of 37.8  months (interquartile range 
23.4–54.2 months), ASCVD events were registered for 
1.6% of subjects and 3.9% died of any cause. This de-
termined a crude incidence of ASCVD events of 7.2 for 
1000 person-years and a crude incidence of all-cause 
mortality of 17.1 for 1000 person-years. Moreover, a 
tendency toward an increased risk of adverse out-
comes according to different HTG categories was 
observed. Indeed, age- and sex-adjusted HRs for 
ASCVD were 2.21 (95% CI 1.99–2.44; 14.8 events 
per 1000 person-years) in the high TG group and 
3.85 (95% CI 1.72–8.58; 16.2 events per 1000 per-
son-years) in the very high TG group. After adjustment 
for multiple potential confounders, the risk estimates 
for ASCVD attenuated but remained highly statistically 
significant for both high and very high TG groups (HR 
1.61 [95% CI 1.43–1.82], P<0.001 and HR 2.30 [95% 
CI 1.02–5.18], P<0.05, respectively). Similarly, a signif-
icant association was observed for total mortality for 
both high and very high TG groups (HR 1.49 [95% CI 
1.36–1.63], P<0.001 and HR 3.08 [95% CI 1.46–6.50], 
P<0.01, respectively).

DISCUSSION
In this retrospective, observational longitudinal cohort 
study involving 158  042 individuals in the setting of 
local health services, we found that individuals with 
TG levels >150 mg/dL were at significantly increased 
risk of all-cause mortality and incident ASCVD over 
a mean follow-up of 3.2  years, when compared to 
individuals with TG levels <150  mg/dL. This finding 

persisted even after controlling for a number of demo-
graphic and clinical risk factors. In addition, when we 
subcategorized HTG, individuals with TG in the 150 
to 500 mg/dL range showed a 1.6-fold higher risk of 
ASCVD as compared to individuals with normal TG. It 
is noteworthy that these figures were obtained in a co-
hort showing a projected 10-year incidence of ASCVD 
events of 7%. Therefore, our findings expand the role 
of HTG in predicting cardiovascular risk also in individ-
uals presenting a low-to-moderate cardiovascular risk. 
The lack of increased ASCVD risk after multiple adjust-
ments in the very high TG category may be partially 
explained by the small number of individuals exposed 
to high TG concentration (mean 772.2±320.6 mg/dL). 
Moreover, it might be not surprising as it has been 
indicated that plasma TG levels within this range are 
more associated with pancreatic than cardiovascular 
complications. 14  

Our observations are consistent with several, but 
not all, studies investigating the relationship between 
elevated TG and the risk of ASCVD in the general pop-
ulation. 15–19  The Emerging Risk Factors Collaboration 
(n>300 000) demonstrated that the HR for coronary 
heart disease as a result of elevated TG was 1.37 (95% 
CI 1.31–1.42) when adjusted for non–lipid factors and 
became nonsignificant (0.99, 95% CI 0.94–1.05) when 
adjusted for HDL-C and non–HDL-C. 15  On the con-
trary, three other large meta-analyses of studies found 
that TG levels showed a significant and independent 
association with cardiovascular events, providing ad-
justed odds ratio values ranging from 1.57 (95% CI 
1.10–2.24) to 1.8 (95% CI 1.49–2.19) when individuals 
with TG in the top tertile were compared to those with 
TG in the bottom tertile. 16–19  

Epidemiologic data and meta-analyses have also 
demonstrated that mild-to-moderate HTG is asso-
ciated with an increased risk of all-cause mortal-
ity.18–21 In particular, an analysis, combining data 

Table 2. Event Rates and Adjusted Hazard Ratios for All-Cause Mortality and ASCVD Events in the Study Population, 
According to Triglyceride Levels

Triglyceride Levels (mg/dL) Events (Number)
Crude Incidence per 

1000 person/y
Age and Sex Adjusted 

HR [CI, P Value]
Multivariate Adjusted* 

HR [CI, P Value]

ASCVD events

Normal TG 2076 6.4 1 1

High TG 459 14.8 2.21 [1.99–2.44, P<0.001] 1.61 [1.43–1.82, P<0.001]

Very high TG 6 16.2 3.85 [1.72–8.58, P=0.001] 2.30 [1.02–5.18, P<0.05]

Total 2541 7.2

Overall mortality

Normal TG 5346 16.4 1 1

High TG 747 24.2 1.61 [1.49–1.74, P<0.001] 1.49 [1.36–1.63, P<0.001]

Very high TG 7 18.9 3.15 [1.50–6.61, P<0.01] 3.08 [1.46–6.50, P<0.01]

Total 6100 17.1

ASCVD indicates atherosclerotic cardiovascular disease; CI, confidence interval; HR, hazard ratio; and TG, triglycerides.
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from the Copenhagen City Heart Study and the 
Copenhagen General Population Study and includ-
ing 98 515 individuals with 14 547 events during a 
median follow-up of 6  years, has shown that non–
fasting TG levels of 6.6  mmol/L (commensurable 
to fasting levels of ≈440 mg/dL) versus 0.8 mmol/L 
(commensurable to fasting levels of 60 mg/dL) was 
associated with an age- and sex-adjusted HR of 2.2 
for all-cause mortality.2 Figures in our cohort were 
similar, as in the category of TG 150 to 500 mg/dL 
the adjusted HR of all-cause mortality was 1.5 times 
higher than that in normotriglyceridemic individuals. 
We must note that in our cohort the all-cause mor-
tality rate was higher than that of incident fatal and 
nonfatal ASCVD events. These data are difficult to 
interpret because, due to the nature of an adminis-
trative database, we were not able to evaluate the 
components of all-cause mortality. However, one 
could postulate that our decision of excluding indi-
viduals with previous cardiovascular events and/or 
taking antiplatelet medications (a proxy of pre-ex-
isting vascular disease), might have inflated the oc-
currence of noncardiovascular cause of death. To 
this regard, it is worth mentioning that about 12% of 
individuals in our cohort reported previous history 
of chronic obstructive pulmonary disease. Our co-
hort may reasonably be taken as representative of 
HTG individuals usually seen in real-life clinical prac-
tice. Even though we were not able to determine 
the prevalence of obesity, study individuals showed 
the diabetic/hypertensive phenotype typically as-
sociated with HTG. This is indirectly suggested by 
the increased frequency among HTG individuals of 
use of antidiabetic and antihypertensive medica-
tions, which were particularly elevated in the very 
high TG category. In addition, the severity of HTG 
was associated with male sex. These relationships 
were consistently observed in previous cohorts22–24 
and confirm the clustering of elevated TG with the 
features of metabolic syndrome. Furthermore, TG 
level distribution in the whole cohort showed the ex-
pected skewed distribution with a mean of 99 mg/
dL, which is very close to the 50th percentile of the 
Italian general population (111  mg/dL for men and 
98 mg/dL for women).25 In addition, the prevalence 
of HTG (as defined by TG >150  mg/dL) was 10%. 
Indeed, few data are available in the literature de-
scribing the prevalence of HTG in Italy. In a recent 
survey of a large database from general Italian 
practitioners it was shown that HTG, defined as 
TG >200  mg/dL, was 4.4%.26 Additional estimates 
can be derived considering the prevalence in Italy 
of metabolic syndrome, which has been reported to 
be approximately 25% to 30%. Assuming that about 
1 in 3 patients with metabolic syndrome show the 
HTG phenotype,27 this may generate a prevalence of 

HTG ranging from 8% to 10%, a figure very similar to 
that observed in our cohort.

It is worth pointing out that the frequency of statin 
use was very limited in the overall study population. 
This was particularly evident among individuals with 
very high TG levels despite this group having a high 
non–HDL-C concentration. This appears in contrast 
to recommendations of current guidelines, which sug-
gest targeting non–HDL-C in individuals with moder-
ate-to-severe HTG by using statins as the first-choice 
drug.9 However, it may reflect, in general, a lack of 
treating individuals with a predominant HTG phenotype 
in current clinical practice. This appears to be true not 
only for statins, but also for other TG-lowering medi-
cations. In fact, only 2.6% of individuals in the source 
population were excluded from analysis due to cur-
rent use of fibrates or omega-3 therapy (see Figure 1). 
In agreement with this finding, a survey carried out 
among general practitioners indicated that among 
1653 patients who had at least 3 measurements of TG 
≥200 mg/dL, only 21.6% received at least 1 prescrip-
tion of TG-lowering drugs in the year following the last 
measurement.26 On the other hand, the limited use of 
statins in our HTG cohort might have emphasized the 
impact of HTG on the risk of incident ASCVD and all-
cause mortality. Although this could raise questions of 
generalizability, our findings may allow an estimate of 
the clinical impact of inertia in the HTG management in 
a real-world setting.

The demonstration that HTG increases the risk of 
ASCVD may have relevant clinical significance due to 
the recent demonstration that lowering TG significantly 
reduces the risk of ischemic events. 28  In REDUCE-IT 
(Reduction of Cardiovascular Events with Icosapent 
Ethyl–Intervention Trial), the risk of the primary com-
posite end point of cardiovascular death, nonfatal 
myocardial infarction, nonfatal stroke, coronary revas-
cularization, or unstable angina, was significantly lower, 
by 25%, in HTG patients (median TG level of 216 mg/
dL) who received 2 g of the omega-3 icosapent ethyl 
twice daily than in patients who received placebo. It 
is interesting to note that this beneficial effect also ex-
tended to patients in primary prevention in which the 
relative risk of ischemic events was reduced by 18%. 
It is noteworthy that in REDUCE-IT total mortality was 
also beneficially affected by the TG-lowering action of 
omega-3 fatty acids.

Strengths of our study include large sample size 
and follow-up of up to 6  years, which allowed us to 
capture a sufficient number of events to find significant 
differences between groups. It is well known that the 
definition of HTG is complicated by considerable in-
tra-individual variability in TG over time. 29  To limit this 
potential source of bias, we have based our classifica-
tion of high TG categories on at least two concordant 
TG measurements taken some time apart. Furthermore, 
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the inclusion of several covariates allowed us to isolate 
the effect of the TG grouping on adverse outcomes. 
Previous studies enrolled patients with a broad range of 
TG levels and evaluated their effect either continuously, 
after log transformation, or by comparing dichotomized 
cut-off points or upper and lower tertiles or quintiles 
of TG. 15–19  While these characterizations of TG levels 
deliver significant evidence of an association with risk, 
they are of restricted clinical value because they do not 
match guideline-recognized elevated ranges of TG lev-
els. 9  In contrast, our study focused on a definition of 
HTG that can be easily implemented in clinical practice 
to characterize individual risk.

Our study also has notable limitations to be ac-
knowledged. We used observational laboratory data 
that do not contain a reliable determination of fast-
ing status at the time of the TG tests. Because fasting 
blood test is the preferred recommendation for diag-
nosing HTG, 30  it is likely that the majority of the tests 
were fasting. However, it has been suggested that 
nonfasting TG are better predictors of increased risk 
of ASCVD as they are more efficient in capturing ab-
normalities in remnant metabolism. 13  As nonfasting 
TG levels are substantially higher than fasting TG lev-
els, 31  the resulting misclassification of patients with 
normal fasting but high postprandial TG levels would 
have biased our results toward the null. Therefore, 
our estimates of excess outcomes risk in the high TG 
groups may therefore be conservative. By design, 
we assessed risk factors (including TG levels) only at 
baseline. Whether changes in lipid parameters as well 
as in pharmacological treatments during follow-up 
affected our results is not known. Data on important 
confounders such as body mass index, alcohol con-
sumption, fasting glycemia, and uric acid levels were 
not available and therefore this is also a limitation. It is 
well known that real-world studies may comprise er-
roneous recording of health events, missing data, and 
ambiguity about internal validity. Despite these limita-
tions, analysis of real-world data can deliver vital infor-
mation about patient risk as seen in clinical practice. 32  

CONCLUSIONS
We found that, compared with normal TG, moderate-
to-severe elevation of TG is associated with a signifi-
cant, stepwise increased risk of all-cause mortality and 
ASCVD events in a large cohort of individuals followed 
in a real-world clinical setting.
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