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Abstract 

Background  Elevated triglyceride levels are a clinically useful marker of remnant cholesterol. It is unknown 
whether triglycerides are associated with residual cardiovascular risk in CVD-naïve patients with newly diagnosed 
type 2 diabetes mellitus (T2DM), who are already on statin therapy. We aimed to assess the association between tri-
glyceride levels and risk of major cardiovascular events (MACE) in statin-treated patients with newly diagnosed T2DM 
managed in routine clinical care.

Methods  This cohort study included newly diagnosed T2DM patients without a previous diagnosis of cardiovascular 
disease in Northern Denmark during 2005–2017. Individual triglyceride levels while on statin treatment were assessed 
within 1 year after T2DM diagnosis. The primary outcome was a composite of myocardial infarction, ischemic stroke, 
or cardiac death (MACE). Patients were followed from one year after T2DM diagnosis until 30 April 2021, MACE, emi-
gration, or death. We used Cox regression to compute hazard ratios (HRs) controlling for confounding factors.

Results  Among 27,080 statin-treated patients with T2DM (median age 63 years; 53% males), triglyceride levels 
were < 1.0 mmol/L in 17%, 1.0–1.9 mmol/L in 52%, 2.0–2.9 mmol/L in 20%, and ≥ 3.0 mmol/L in 11%. During follow-up, 
1,957 incident MACE events occurred (11.0 per 1000 person-years). Compared with triglyceride levels < 1.0 mmol/L, 
confounder-adjusted HRs for incident MACE were 1.14 (95% CI 1.00–1.29) for levels between 1.0 and 1.9 mmol/L, 
1.30 (95% CI 1.12–1.51) for levels between 2.0 and 2.9 mmol/L, and 1.44 (95% CI 1.20–1.73) for levels ≥ 3.0 mmol/L. 
This association was primarily driven by higher rates of myocardial infarction and cardiac death and attenuated 
only slightly after additional adjustment for LDL cholesterol. Spline analyses confirmed a linearly increasing risk 
of MACE with higher triglyceride levels. Stratified analyses showed that the associations between triglyceride levels 
and MACE were stronger among women.

Conclusions  In statin-treated patients with newly diagnosed T2DM, triglyceride levels are associated with MACE 
already from 1.0 mmol/L. This suggests that high triglyceride levels are a predictor of residual cardiovascular risk 
in early T2DM and could be used to guide allocation of additional lipid-lowering therapies for CVD prevention.
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Introduction
Low-density lipoprotein (LDL) cholesterol has been the 
primary lipid target for cardiovascular disease (CVD) 
prevention for decades [1]. However, triglyceride-rich 
lipoproteins, including very low-density and inter-
mediate-density lipoproteins, also play a role in CVD 
development [2–4]. In addition to triglycerides, these 
lipoproteins carry remnant cholesterol that contributes 
to development of atherosclerosis [2–7].

Elevated triglycerides are a clinically useful marker 
of remnant cholesterol [8]. High triglyceride levels are 
found in patients with type 2 diabetes mellitus (T2DM) 
as a component of the metabolic syndrome, together 
with low HDL cholesterol, obesity, and hypertension [9–
13]. High triglyceride levels have been linked to increased 
risk of CVD among patients with long-standing T2DM 
or prevalent CVD [10, 14–19]. In contrast, a gap exists 
in our understanding of how triglyceride levels impact 
CVD risk among CVD-naïve patients with newly diag-
nosed T2DM who are already treated with statins. These 
patients are early in their course of disease where preven-
tive initiatives may be most effective [20, 21].

Lifestyle interventions and statin therapy are key com-
ponents in lowering LDL cholesterol and triglyceride 
levels and annual lipid assessment is recommended for 
T2DM patients [22]. While no target is specified for tri-
glycerides, T2DM patients without known CVD should 
aim for a LDL cholesterol level < 2.6  mmol/L [22]. To 
improve clinical guidance for determining which patients 
to treat with additional preventive medications in con-
temporary practice, large cohort studies are needed to 
investigate the association between triglyceride levels 
and CVD risk in T2DM patients already treated with sta-
tin therapy, where a residual CVD risk may exist [1, 2, 21, 
22].

We therefore conducted a cohort study of statin-
treated, newly diagnosed T2DM patients without known 
CVD. We examined whether elevated triglyceride levels, 
measured within one year after T2DM diagnosis, were 
associated with increased risk of major adverse cardio-
vascular events (MACE) in a population-based setting.

Methods
Setting and design
This cohort study used existing medical databases cover-
ing the entire population of the Northern Denmark [23, 

24]. We linked individual-level data from routine clini-
cal care and administrative databases using the central 
personal registration number assigned to each Dan-
ish resident at birth and upon migration, allowing life-
long follow-up [23]. In Denmark, most T2DM patients 
(~ 80%) are diagnosed and followed in general practice. 
The remaining patients, e.g., those with severe complica-
tions, receive specialist care in hospital outpatient clinics 
[25]. A description of the used databases is provided in 
Additional file 1: Table S1.

This study was approved by the Danish Health Data 
Authority and registered at Aarhus University on behalf 
of the Danish Data Protection Agency (No. 2016-051-
000001/438/812). According to Danish legislation, ethi-
cal committee approval is not needed for register-based 
studies.

Study cohort
The sampling of the cohort is described in Fig.  1 and 
Additional file  1: Fig. S1. We used the Danish National 
Patient Registry and the Danish National Prescription 
Registry to identify all patients with newly diagnosed 
T2DM who resided in Northern Denmark between 
January 1, 2005 and December 31, 2017. Patients with 
newly diagnosed T2DM had either a first-time hospital 
recorded inpatient or outpatient diagnosis of diabetes or 
a first-time redemption of a glucose-lowering drug (GLD) 
prescription issued by a primary care physician or a hos-
pital-based physician. We excluded patients who were 
younger than 30 years at diabetes diagnosis to minimize 
inclusion of type 1 diabetes. We further excluded patients 
diagnosed with CVD (myocardial infarction, angina pec-
toris, heart failure, stroke, peripheral artery disease or 
undergone coronary/limb revascularization/amputa-
tion, thrombolysis/thrombectomy) any time before and 
up to one year after a T2DM diagnosis, patients without 
any triglyceride measurement in the year after T2DM 
diagnosis, and patients who had not used statins within 
one year prior to the latest triglyceride measurement 
(See definitions in Additional file  1: Table  S1). Follow-
up began one year after the T2DM diagnosis date (index 
date) (Additional file 1: Fig. S1).

Assessment of triglycerides
Non-fasting triglyceride levels were measured using 
standard laboratory assays performed during routine 
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clinical care and recorded in the Clinical Laboratory 
Information System (LABKA) [24]. LABKA has col-
lected the results of routinely measured blood tests 
performed in the population of Northern Denmark, 
in both general practice and hospital settings, since 
the late 1990s [24]. We obtained the latest measured 
triglyceride value within one year after T2DM diagno-
sis. This allowed time for initial diagnostics, lifestyle 
modifications and lipid-lowering therapy, and initial 
follow-up visits as a new T2DM patient either in gen-
eral practice or at a hospital clinic according to Dan-
ish T2DM guidelines. If more than one triglyceride 
measurement was available, we used the latest meas-
ured value before the index date (one year after T2DM 
diagnosis). We then grouped patients according to their 

triglyceride level (< 1.0  mmol/L, 1.0–1.9  mmol/L, 2.0–
2.9  mmol/L, and 3.0  mmol/L) to reflect the CVD risk 
for each 1.0  mmol/L increase in triglyceride levels, as 
previously described [3, 5, 20].

Endpoints
The primary endpoint was a composite of non-fatal acute 
myocardial infarction, non-fatal ischemic or unspecified 
stroke (ischemic stroke), and cardiac death (MACE). We 
ascertained endpoints from the Danish National Patient 
Registry and the Danish Register of Causes of Death, 
using all available primary inpatient discharge diagno-
ses of myocardial infarction and all primary or second-
ary inpatient discharge diagnoses of ischemic stroke. 
Validation studies have previously reported a positive 

Fig. 1  Flowchart of inclusion in the T2DM study cohort. We used 1 mmol/L cut-offs to categorize patients. aNewly diagnosed diabetes was defined 
as either 1) a first-time hospital inpatient or outpatient clinic diagnosis of diabetes or 2) a first-time redeemed prescription for a glucose-lowering 
drug issued by either a primary care or a hospital-based physician. bCardiovascular disease was defined as a hospital recorded diagnoses 
of myocardial infarction, angina pectoris, heart failure, ischemic stroke, hemorrhagic stroke, or peripheral arterial disease or a CVD-related procedure 
including PCI/CABG, thrombolysis/thrombectomy, or lower limb revascularization/amputation. c4348 (29%) were statin users and potentially eligible 
in our study if they had had a triglyceride measurement. Please see Additional file 1: Table S8 for a baseline characterization of these patients. CVD, 
cardiovascular disease; PCI/CABG, percutaneous coronary intervention/ coronary artery bypass graft; T2DM, type 2 diabetes mellitus



Page 4 of 12Kristensen et al. Cardiovascular Diabetology          (2023) 22:187 

predictive value (PPV) above 90% for diagnoses of myo-
cardial infarction and between 70 and 95% for ischemic 
stroke diagnoses in the Danish National Patient Registry 
[26, 27].

Other covariates
We collected data from the above registries on a wide 
range of factors potentially associated with both tri-
glyceride levels and risk of future CVD. These included 
age on the index date, biological sex, markers of life-
style (smoking, alcohol abuse), diabetes stage (use of 
glucose-lowering drugs, HbA1c), metabolic risk factors 
(hospital-diagnosed obesity, hypertension, total choles-
terol, high-density lipoprotein [HDL] cholesterol, LDL 
cholesterol), kidney function (eGFR), comorbidities and 
diabetic complications (atrial fibrillation, cancer, chronic 
liver disease, diabetic eye disease, diabetic kidney disease, 
use of cardiovascular drugs), and psychiatric comorbid-
ity (use of antidepressant or antipsychotic drugs). As 
exact information on the degree of alcohol overuse, obe-
sity, hypertension, and smoking is not recorded in the 
registries, we used diagnosis codes and medication pre-
scriptions to create proxy markers for these variables 
(Additional file 1: Table S1). LDL cholesterol was derived 
from Friedewald’s formula, and non-HDL cholesterol 
was calculated as total cholesterol minus HDL choles-
terol. The definition of each covariate is presented in 
Additional file 1: Table S1.

Statistical analyses
We described baseline characteristics of all patients 
according to triglyceride level on their index date. 
Patients were followed from their index date until occur-
rence of incident MACE, non-CVD death, emigration, 
or administrative end of follow-up (December 31, 2019), 
whichever came first. In secondary analyses, we cal-
culated follow-up times and incidence rates separately 
for myocardial infarction, ischemic stroke, and cardiac 
death. Cox proportional hazard regression models were 
used to calculate adjusted hazard ratios (HRs), using 
patients with triglyceride levels < 1.0  mmol/L as the ref-
erence group. The main model was chosen prior to data 
analysis and adjusted for covariates that—based on previ-
ous knowledge—likely associated with triglyceride levels 
and MACE endpoints [1, 22], including age, sex, calendar 
year, smoking, hypertension, eGFR, use of GLDs includ-
ing insulin, and HbA1c level. We did not adjust for HDL 
cholesterol due to the non-causal association with CVD 
and high correlation with triglyceride levels [2, 4, 22, 28, 
29]. The main analyses were conducted on the whole 
study population, but also in men and women separately. 
Missing data on covariates (varying from 1% to 3%) were 
imputed using multiple chained equations, assuming that 

data were missing at random (See Methods S1 on missing 
values and data imputation in Additional file 1: Methods 
S1) [30]. On a continuous scale, restricted cubic spline 
models with four degrees of freedom were used to exam-
ine associations between triglyceride levels, MACE, and 
each outcome [31]. Knots were placed at default locations 
[31]. Examination of Schoenfeld residuals and log-minus-
log plots indicated that no deviations from the propor-
tionality of hazard assumption occurred in any analysis.

Additional analyses
We performed seven additional analyses to examine the 
robustness of the associations:

1.	 An extended adjusted analysis, additionally including 
obesity, cancer, alcohol abuse, chronic liver disease, 
psychiatric comorbidity, and aspirin use.

2.	 An analysis with additional adjustment for LDL 
cholesterol, to examine the potential residual CVD 
risk, beyond the effect of LDL cholesterol. This 
analysis was restricted to patients with triglyceride 
levels < 4.0  mmol/L to provide a valid estimate of 
LDL cholesterol derived from Friedewald’s formula 
(N = 26,502, 98%) [22, 32].

3.	 An analysis restricted to patients with triglycerides 
measured within six months after diagnosis of T2DM 
(n = 19,980, 74%), starting follow-up at six months to 
capture early MACE events.

4.	 An analysis applying a common dichotomous cut-
off value for hypertriglyceridemia (≥ 1.7  mmol/L]), 
permitting direct comparison with previous stud-
ies [21], and another analysis using clinical guideline 
cut-offs values (< 1.0 mmol/L, 1.0–1.69 mmol/L, 1.7–
2.29 mmol/L, ≥ 2.3 mmol/L) [21, 22].

5.	 An analysis investigating the effect measure modifi-
cation of prior statin treatment duration.

6.	 A baseline characterization of the patients that would 
have been included in our study population if they 
had had a triglyceride measurement (N = 4,348, 
please see Fig. 1).

7.	 An analysis calculating E-values, assessing the mini-
mum strength needed by any unmeasured con-
founder to fully explain the observed associations 
[33].

We used Stata (version 17.0, Statacorp) for all 
data management, statistical analyses, and graphical 
illustrations.
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Results
Triglyceride levels and patient characteristics on the index 
date
Among 62,783 (100%) T2DM patients without known 
CVD, 47,908 (76%) had a triglyceride measurement 
within one year after diagnosis and 28,662 (46%) were 
statin users. After exclusion of patients who died, 
emigrated, or had a CVD event within one year after 
T2DM diagnosis, the final analytic cohort included 
27,080 (43%) patients (Fig. 1).

The median triglyceride level achieved on sta-
tin therapy within one year after T2DM diagnosis 
was 1.5  mmol/L (quartiles: 1.1, 2.1  mmol/L), based 
on the latest available triglyceride value measured a 
median of 89 days (quartiles: 184, 327 days) before the 
index date. Compared with patients with triglycer-
ide levels < 1.0  mmol/L, patients with triglyceride lev-
els ≥ 3.0  mmol/L were more often male (69% vs. 56%) 
were on average 10 years younger (median age: 55 years 
vs. 65 years), and had higher non-HDL cholesterol lev-
els (median value 3.7 mmol/L vs. 2.2 mmol/L). In con-
trast, they had similar HbA1c values (median 49 mmol/
mol vs. 45  mmol/mol) while receiving more intensive 
GLD therapy (≥ 1 GLD or insulin therapy: 27% vs. 17%) 
(Table 1 and Additional file 1: Table S2).

Association of triglyceride levels with MACE
During median follow-up of 6.7  years (quartiles: 3.6, 
9.1  years), 1,957 MACE events occurred (11.0 per 1000 
person-years). Figure  2 shows restricted cubic spline 
models of the association between triglyceride levels and 
each outcome. Continuous values of triglycerides showed 
a linearly increasing adjusted HR for MACE and car-
diac death. The slope for myocardial infarction showed 
a similar pattern but reached a plateau at triglyceride 
levels above 2.5  mmol/L. The slope for ischemic stroke 
was U-shaped and additionally showed a more moder-
ately increasing adjusted HR for triglyceride levels above 
2.5 mmol/L (Fig. 2).

Compared with patients with triglyceride lev-
els < 1.0  mmol/L, the main model adjusted HRs for 
MACE were 1.14 (95% CI 1.00–1.29) for triglyceride 
levels between 1.0 and 1.9  mmol/L, 1.30 (95% CI 1.12–
1.51) for patients with triglyceride levels between 2.0 
and 2.9  mmol/L, and 1.44 (95% 1.20–1.73) for patients 
with triglyceride levels ≥ 3.0  mmol/L (Table  2). Asso-
ciations between the three increasing triglyceride lev-
els and MACE were driven in particular by higher HRs 
for myocardial infarction (HRs 1.35 [95% CI 1.06–1.71], 
1.67 [95% CI 1.27–2.20], and 1.75 [95% CI 1.27–2.42]) 
and for cardiac death (HRs 1.20 [95% CI 0.99–1.46], 1.37 

[95% CI 1.08–1.72], and 1.53 [95% CI 1.14–2.06]), while 
the three increasing triglyceride levels showed a weaker 
association with risk of ischemic stroke (HRs 0.96 [95% 
CI 0.81–1.15], 1.04 [95% CI 0.84–1.29], and 1.13 [95% 
CI 0.86–1.47]) (Table  2). The associations between tri-
glyceride levels and MACE were stronger among women 
(Table 2).

Additional analyses
Further adjusting the main model for obesity, cancer, 
alcohol abuse, chronic liver disease, psychiatric comor-
bidity, and aspirin did not materially change the associa-
tions (Additional file 1: Table S3). Additional adjustment 
for LDL cholesterol attenuated the association between 
triglycerides and MACE slightly (adjusted HRs: triglyc-
erides 1.0–1.9 mmol/L: 1.10 [95% CI 0.97–1.25]; triglyc-
erides 2.0–2.9 mmol/L: 1.23 [95% CI 1.05–1.43]), except 
for triglycerides ≥ 3.0  mmol/L: 1.48 [95% CI 1.21–1.80]) 
(Additional file 1: Table S4). When follow-up was started 
6  months after T2DM diagnosis based on early triglyc-
eride measurements, adjusted HRs were similar to those 
obtained in the main analysis, but even higher for patients 
with triglyceride levels ≥ 3.0 mmol/L (HR of 1.56 [95% CI 
1.28–1.90]) vs.1.44 [95% 1.20–1.73] in the main analy-
sis) (Additional file 1: Table S5). Triglyceride levels above 
versus below 1.7 mmol/L yielded an adjusted HR of 1.26 
(95% CI 1.15–1.38) for MACE while the adjusted HRs 
of guideline specific cut-off values (< 1.0  mmol/L, 1.0–
1.69 mmol/L, 1.7–2.29 mmol/L, ≥ 2.3 mmol/L) were sim-
ilar to those found in the main analysis (Additional file 1: 
Table  S6). Patients treated with statins for > 365  days 
tended to have a slightly higher risk of MACE and each 
individual outcome, but no effect measure modification 
from statin treatment duration was observed overall 
(Additional file  1: Table  S7). Compared with our study 
population (n = 27,080), statin users without a triglycer-
ide measurement within one year after T2DM diagnosis 
(n = 4348) in general had similar baseline characteristics. 
However, they were more often diagnosed with T2DM 
before 2008 (26% of those not eligible vs. 16% of the study 
population) (Additional file 1: Table S8). Finally, the anal-
ysis of E-values showed that any unmeasured confound-
ing factor associated with both triglycerides and MACE 
would have to be strong to account for our findings 
(Additional file 1: Table S9).

Discussion
In this large cohort of 27,080 newly diagnosed T2DM 
patients treated with statins in routine clinical care, we 
observed that increasing triglyceride levels were associ-
ated with a gradually increasing risk of MACE, primarily 
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driven by higher occurrence of myocardial infarction and 
cardiac death after 14 years of follow-up. This association 

was strongest among women and attenuated only slightly 
after further adjustment for LDL cholesterol. The nov-
elty of these findings relates to a cohort of high-risk, 

Table 1  Characteristics of 27,080 statin-treated patients by triglyceride level measured up to one year after T2DM diagnosis

Data are numbers and percent unless otherwise specified. Missing data for laboratory values varied between 1 and 3% (Additional file 1: Table S2). See Additional 
file 1: Table S1 for definitions of covariates

eGFR glomerular filtration rate; GLD glucose-lowering drug; HDL high-density lipoprotein; LDL low-density lipoprotein; SSRI selective serotonin reuptake inhibitors; 
T2DM Type 2 diabetes mellitus

Triglyceride level (mmol/L)  < 1.0 1.0–1.9 2.0–2.9  ≥ 3.0

N 4563 (17%) 14,124 (52%) 5445 (20%) 2948 (11%)

Male 2538 (56%) 7196 (51%) 2860 (53%) 1826 (62%)

Median age (quartiles), years 65 (56–72) 64 (55–71) 61 (52–69) 56 (49–65)

Calendar year

 2005–2008 789 (17%) 2379 (17%) 824 (15%) 459 (16%)

 2009–2012 1955 (43%) 5574 (39%) 1970 (36%) 961 (33%)

 2013–2016 1341 (29%) 4191 (30%) 1743 (32%) 971 (33%)

 2017–2018 478 (10%) 1980 (14%) 908 (17%) 557 (19%)

Days from latest triglyceride measurement until start 
of follow-up (quartiles)

91 (42–182) 91 (40–183) 87 (37–179) 84 (36–176)

Smoking 444 (10%) 1474 (10%) 660 (12%) 342 (12%)

Alcohol abuse 131 (3%) 314 (2%) 153 (3%) 112 (4%)

Obesity 220 (5%) 1193 (8%) 633 (12%) 320 (11%)

Hypertension 1928 (42%) 6635 (47%) 2636 (48%) 1347 (46%)

Median HbA1c, % (quartiles) 6.3 (5.9–6.6) 6.4 (6.0–6.8) 6.5 (6.1–6.9) 6.6 (6.2–7.3)

Median HbA1c, mmol/mol (quartiles) 45 (41–48) 46 (42–51) 48 (43–52) 49 (44–56)

Median total cholesterol, mmol/L (quartiles) 3.8 (3.3–4.3) 4.0 (3.5–4.5) 4.3 (3.8–4.9) 4.8 (4.2–5.5)

Median LDL cholesterol, mmol/L (quartiles) 1.8 (1.5–2.2) 2.0 (1.7–2.5) 2.1 (1.7–2.7) 2.1 (1.6–2.8)

Median HDL cholesterol, mmol/L (quartiles) 1.5 (1.3–1.8) 1.3 (1.1–1.5) 1.1 (1.0–1.3) 1.0 (0.8–1.2)

Median non-HDL cholesterol, mmol/L (quartiles) 2.2 (1.9–2.6) 2.6 (2.3–3.1) 3.1 (2.7–3.7) 3.7 (3.1–4.5)

Median eGFR, mL/min/1.73m2 (quartiles) 89 (78–98) 89 (76–98) 90 (76–100) 95 (80–104)

Comorbidities (n, %)

 Diabetic eye complications 160 (4%) 480 (3%) 142 (3%) 76 (3%)

 Diabetic kidney complications 39 (1%) 151 (1%) 96 (2%) 63 (2%)

 Atrial fibrillation 173 (4%) 605 (4%) 276 (5%) 117 (4%)

 Chronic liver disease 49 (1%) 144 (1%) 64 (1%) 44 (1%)

 Any cancer 315 (7%) 1,048 (7%) 399 (7%) 181 (6%)

Identification of diabetes patients

 GLD prescription 3811 (84%) 12,206 (86%) 4702 (86%) 2,536 (86%)

 Diabetes diagnosis code 752 (16%) 1918 (14%) 743 (14%) 412 (14%)

Medication use (n, %)

 Non-insulin GLD monotherapy 3789 (83%) 11,829 (84%) 4411 (81%) 2222 (75%)

 Insulin or GLD polytherapy 774 (17%) 2295 (16%) 1034 (19%) 726 (25%)

 Insulin 291 (6%) 519 (4%) 227 (4%) 170 (6%)

 Aspirin 1344 (29%) 3914 (28%) 1421 (26%) 671 (23%)

 Anticoagulants 264 (6%) 992 (7%) 438 (8%) 198 (7%)

 Loop diuretics 259 (6%) 1205 (9%) 596 (11%) 330 (11%)

 Non-loop diuretics 946 (21%) 3439 (24%) 1431 (26%) 632 (21%)

 Renin-angiotensin-system antagonists 2688 (59%) 8800 (62%) 3374 (62%) 1,764 (60%)

 Calcium channel antagonists 1191 (26%) 4035 (29%) 1456 (27%) 775 (26%)

 Beta blockers 692 (15%) 2973 (21%) 1313 (24%) 739 (25%)

 Antipsychotics and anticonvulsants 250 (5%) 1065 (8%) 616 (11%) 418 (14%)

 Antidepressants including SSRIs 536 (12%) 2131 (15%) 1143 (21%) 726 (25%)
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statin-treated, newly diagnosed T2DM patients without 
a history of CVD events, i.e., at a time where the primary 
prevention effect may be most effective. Our findings 
thus demonstrate that triglycerides > 1.0  mmol/L within 
one year after T2DM diagnosis should be considered a 
predictor of residual CVD risk in newly diagnosed T2DM 
patients already treated with statin therapy and could be 
used to guide allocation of additional lipid-lowering ther-
apies for CVD prevention [34].

In routine clinical care, LDL cholesterol is the primary 
lipid parameter used to monitor CVD risk [21, 22]. How-
ever, studies in the general population have shown that 
other triglyceride-rich lipoproteins are causally associ-
ated with CVD [2, 8, 35, 36]. Thus, although atheroscle-
rosis is not primarily caused by elevated triglycerides 
[4, 37], triglyceride levels can be viewed as a marker of 
very low-density lipoprotein and intermediate-density 

lipoprotein remnants, which are not routinely measured 
in contemporary practice [1–4, 8, 36, 37].

The European Society of Cardiology and the Ameri-
can Diabetes Association recognize that triglyceride 
levels ≥ 1.7  mmol/L are associated with increased CVD 
risk, but recommend initiation of lipid-lowering add-on 
therapy only in high-risk patients with triglyceride lev-
els > 2.3  mmol/L, after excluding other causes of hyper-
triglyceridemia (e.g., hyperglycemia) and encouraging 
lifestyle changes [21, 22]. In our population-based cohort 
of newly diagnosed T2DM patients, 22% had triglyceride 
levels > 2.3 mmol/L, despite current GLD and statin ther-
apy [21, 22]. However, our spline models showed that the 
risk of MACE, myocardial infarction, stroke, and cardiac 
death increased rapidly with triglyceride levels between 
1.0 and 2.0  mmol/L. American and European scientific 
statements have recommended that optimal triglyceride 
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Fig. 2  Adjusted hazard ratios of MACE, myocardial infarction, ischemic stroke, and cardiac death associated with triglyceride levels in statin-treated 
patients. Splines were analyzed in a subcohort of patients who had complete information on all covariates included in the model (n = 26,098 
[96%]). We excluded outliers outside of the 1st and 99th percentile of triglyceride distribution (triglycerides = 0.5 mmol/L and 6.2 mmol/L [rounded 
to 6.0 mmol/L]). MACE was a composite outcome of acute myocardial infarction, ischemic stroke, and cardiac death within a median follow-up time 
of 6.7 years (quartiles: 3.6, 9.1 years). Solid navy lines are adjusted HRs and grey shades depict the 95% confidence interval based on the restricted 
cubic spline regression. The reference value was 1.0 mmol/L. The location of the knots was determined by the percentiles recommended 
in previous literature, corresponding to the 5th, 35th, 65th, and 95th percentiles [31, 43]. In the study cohort, the 5th percentile of the triglyceride 
distribution corresponded to 0.5 mmol/L and the 95th percentile corresponded to 3.8 mmol/L. The model was adjusted for age, sex, calendar year, 
markers of smoking, hypertension, kidney function (eGFR), glucose-lowering drug therapy (including insulin), and HbA1c levels. CVD cardiovascular 
disease; HR hazard ratio; MACE major adverse cardiovascular events
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levels may be < 1.13 mmol/L [100 mg/dL] in the general 
population [2, 13]. Our data suggest that a lower triglyc-
eride target for identifying patients at elevated risk of 
incident CVD should also be considered in newly diag-
nosed patients with T2DM already treated with statin 
therapy. This is important for interpreting triglyceride 
levels in current clinical practice.

Other studies have examined the association between 
elevated triglycerides and CVD risk among patients with 
longstanding T2DM [10, 14–16, 18, 19] although, as men-
tioned earlier, these cohorts did not address this relation 
in statin-treated high-risk patients with newly-diagnosed 

T2DM. A meta-analysis of 11 studies found that patients 
within the highest triglyceride category had a pooled 
adjusted risk ratio (RR) of 1.30 (95% CI 1.16–1.46) for a 
composite outcome of coronary heart disease and stroke, 
compared to those in the lowest triglyceride category 
[14]. In line with our results, the pooled RR was higher 
for females (RR 1.46 [95% CI 1.26–1.70]) than for males 
(RR 1.19 [95% CI 0.95–1.49]). Studies included in this 
meta-analysis were carried out in subgroups, i.e., men, 
ethnic minorities, and patients with a history of CVD. 
Further, many did not adjust for LDL cholesterol and/or 
lipid-lowering treatment, which hampered their ability 

Table 2  Adjusted hazard ratios for study outcomes associated with triglyceride levels in statin-treated patients

Adjusted for age, sex, calendar year, smoking, hypertension, kidney function (eGFR), glucose-lowering drug therapy (including insulin), and HbA1c level. See 
Additional file 1: Table S1 for definitions of covariates

CI confidence interval; CVD cardiovascular disease; HR hazard ratio; PY person years; T2DM, type 2 diabetes mellitus

Triglyceride 
level 
(mmol/L)

Overall Males Females

N/events Incidence 
rates per 
1000 PY 
(95% CI)

Adjusted 
HR (95% CI)

N/
events

Incidence rates 
per 1000 PY 
(95% CI)

Adjusted 
HR (95% 
CI)

N/events Incidence 
rates per 
1000 PY 
(95% CI)

Adjusted HR 
(95% CI)

Mace

  < 1.0 4563/322 10.2 (9.2–11.4) 1.0 2538/199 11.5 (10.0–13.2) 1.0 2025/123 8.7 (7.3–10.4) 1.0

 1.0–1.9 14,124/1,051 11.2 (10.5–11.8) 1.14 
(1.00–1.29)

7196/608 12.9 (11.9–13.9) 1.17 
(0.99–1.37)

6928/443 9.4 (8.6–10.3) 1.09 (0.89–1.34)

 2.0–2.9 5445/390 11.3 (10.3–12.5) 1.30 
(1.12–1.51)

2860/208 11.5 (10.0–13.2) 1.18 
(0.97–1.44)

2585/182 11.1 (9.6–12.9) 1.45 (1.15–1.82)

  ≥ 3.0 2948/194 10.6 (9.2–12.2) 1.44 
(1.20–1.73)

1826/132 11.8 (9.9–14.0) 1.47 
(1.17–1.85)

1122/62 8.8 (6.9–11.3) 1.32 (0.97–1.80)

Myocardial infarction

  < 1.0 4563/84 2.3 (1.8–2.8) 1.0 2538/61 3.0 (2.3–3.8) 1.0 2025/23 1.4 (0.9–2.1) 1.0

 1.0–1.9 14,124/327 2.9 (2.6–3.3) 1.35 
(1.06–1.71)

7196/202 3.6 (3.2–4.2) 1.22 
(0.92–1.63)

6928/125 2.3 (1.9–2.7) 1.66 (1.07–2.60)

 2.0–2.9 5445/141 3.5 (2.9–4.1) 1.67 
(1.27–2.20)

2860/84 3.9 (3.2–4.9) 1.39 
(1.00–1.95)

2585/57 2.9 (2.3–3.8) 2.39 (1.46–3.89)

  ≥ 3.0 2948/74 3.4 (2.7–4.3) 1.75 
(1.27–2.42)

1826/57 4.2 (3.3–5.5) 1.65 
(1.13–2.41)

1122/17 2.0 (1.3–3.3) 1.78 (0.94–3.37)

Ischemic stroke

  < 1.0 4563/172 4.7 (4.0–5.4) 1.0 2538/99 4.9 (4.0–5.9) 1.0 2025/73 4.4 (3.5–5.9) 1.0

 1.0–1.9 14,124/483 4.4 (4.0–4.8) 0.96 
(0.81–1.15)

7196/277 5.0 (4.4–5.6) 1.06 
(0.84–1.33)

6928/206 3.8 (3.7–4.3) 0.83 (0.63–1.09)

 2.0–2.9 5445/173 4.2 (3.7–4.9) 1.04 
(0.84–1.29)

2860/93 4.3 (3.5–5.3) 1.04 
(0.78–1.39)

2585/80 4.1 (3.3–5.1) 1.01 (0.73–1.39)

  ≥ 3.0 2948/88 4.0 (3.3–5.0) 1.13 
(0.86–1.47)

1826/59 4.4 (3.4–5.7) 1.23 
(0.87–1.72)

1122/29 3.5 (2.4–5.0) 0.97 (0.62–1.50)

Cardiac death

  < 1.0 4563/134 4.1 (3.5–4.9) 1.0 2538/86 4.8 (3.9–6.0) 1.0 2025/48 3.3 (2.5–4.4) 1.0

 1.0–1.9 14,124/454 4.7 (4.3–5.2) 1.20 
(0.99–1.46)

7196/254 5.2 (4.6–5.9) 1.17 
(0.91–1.49)

6928/200 4.2 (3.6–4.8) 1.28 (0.94–1.76)

 2.0–2.9 5445/161 4.6 (3.9–5.3) 1.37 
(1.08–1.72)

2860/76 4.1 (3.3–5.1) 1.10 
(0.80–1.50)

2585/85 5.1 (4.1–6.2) 1.79 (1.25–2.56)

  ≥ 3.0 2948/73 3.9 (3.1–4.9) 1.53 
(1.14–2.06)

1826/44 3.8 (2.8–5.1) 1.42 
(0.97–2.07)

1122/29 4.1 (2.8–5.9) 1.72 (1.08–2.76)
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to report residual risk of CVD beyond LDL cholesterol. 
Moreover, we reported the association using continuous 
spline models to examine a dose–response relationships, 
instead of comparing extreme contrasts when using cat-
egorial cut-offs [38].

A few previous studies, originating mainly from the US, 
have shown an association between elevated triglycerides 
and specific CVD events in cohorts without known CVD 
[15, 16, 19]. For example, data from 4199 T2DM patients 
in the Look Action for Health in Diabetes cohort showed 
that high triglyceride levels (≥ 1.7  mmol/L) associated 
with incident coronary artery disease defined as nonfa-
tal myocardial infarction and/or coronary artery bypass 
grafting (adjusted HR of 1.16 [95% CI 0.95–1.42]), but not 
with ischemic and/or hemorrhagic stroke (0.97 [95% CI 
0.65–1.45]) [15]. Using similar cut-offs, our study yielded 
slightly higher associations for myocardial infarction and 
a positive association for ischemic stroke. The associa-
tions of triglycerides with stroke strengthened when we 
initiated follow-up earlier, i.e., at 6  months instead of 
the predefined 12 months, suggesting that stroke events 
often occurred close to the date of T2DM diagnosis. 
Other studies yielded comparable results to our findings, 
however, were not nested in routine clinical care and 
included patients with longstanding diabetes [16], preva-
lent CVD [10, 18], LDL cholesterol < 2.6 mmol/L [16, 18], 
or primarily native Americans [19]. Previous literature 
has also used patients with both normal HDL cholesterol 
and triglyceride values as the reference group [16, 19]. 
We focused only on triglycerides since HDL cholesterol 
is known to be strongly correlated with high triglyceride 
levels, yet not causally associated with CVD [2, 4, 22, 28, 
29].

The U-shaped association of triglycerides and ischemic 
stroke is new and calls for a cautious interpretation. Pre-
vious studies of diabetes patients have either not exam-
ined the specific risk of ischemic stroke [10, 14, 16] 
or have not employed spline analyses that can reveal 
U-shaped associations [15, 18, 19]. One potential expla-
nation may be the presence of underlying etiologies of 
ischemic stroke other than atherosclerosis in those with 
low triglycerides, e.g., atrial fibrillation. Our data suggest 
that a similar proportion of patients had atrial fibrillation 
across triglyceride levels. However, patients with triglyc-
erides < 1.0  mmol/L tended to use anticoagulants less 
often, which could contribute to a higher risk of stroke 
caused by atrial fibrillation. However, further research on 
this topic is needed.

Strengths and limitations
The strength and novelty of this study relate to a cohort 
of newly diagnosed, statin-treated T2DM patients with-
out a history of CVD events. Thus, in contrast to previous 

literature, our study adds information on the impact of 
triglyceride levels in T2DM patients in routine clinical 
care early in the course of their disease where preven-
tive initiatives may be most effective [21]. Other major 
strengths of this cohort study include its population-
based design and its setting in a country with universal 
and free excess to health care, preventing selective inclu-
sion of patients with specific health insurance systems 
and income levels [23]. Biomarker data in LABKA are of 
high quality due to standardized quality assurance meas-
ures implemented in Danish hospital laboratories [24].

Our study has limitations. First, using routine care 
registries and an age-based criterion to capture patients 
with T2DM, we may have misclassified some patients 
with late-onset type 1 diabetes, latent autoimmune dia-
betes of adults, or gestational diabetes as T2DM [25]. 
Second, despite adjustment for a wide range of con-
founders, such as obesity, smoking and alcohol abuse, 
the possible low sensitivity and the lack of details on 
these lifestyle markers in the Danish healthcare regis-
tries may have caused residual confounding [39]. Fur-
thermore, we lacked information on physical activity. 
This may have caused an overestimation of the associa-
tion between triglycerides and MACE. Still, our E-value 
analysis demonstrated that any unmeasured confound-
ing factor would need to be very strong to explain away 
our findings. Third, due to the study’s population-based 
setting, not all patients had triglyceride measurements 
within one year after T2DM diagnosis, potentially ham-
pering the generalizability of our results. However, our 
baseline characterization showed that statin users with-
out a triglyceride measurement were very similar to our 
study population except for the fact that they were more 
often diagnosed with T2DM before 2008. The lack of 
triglyceride measurements may therefore be due to less 
complete reporting to the laboratory database and pos-
sibly less strict monitoring guidelines in the early years 
of the study period may have played a role in missing 
data [24], which supports that the results are generaliz-
able to the full cohort of statin-treated T2DM patients 
without CVD within one year after diabetes diagnosis. 
Fourth, observed non-fasting triglyceride values may 
be influenced by regression towards the mean, i.e., an 
unusually high triglyceride level likely will be lower at 
the next measurement [40]. To reduce this effect, we 
focused on the triglyceride level measured closest to 
one year after a T2DM diagnosis, when the initial effect 
of glucose- and lipid-lowering therapy likely already 
had played out. Moreover, we used non-fasting blood 
samples in which a small part of the measured triglyc-
eride concentration represents non-atherosclerotic 
chylomicron particles. While we cannot preclude that 
the results would be different in fasting patients, using 
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non-fasting blood samples may be more clinically rel-
evant because the postprandial state represents an 
average atherogenic lipid profile during a 24-h period 
[8]. Fifth, despite the high PPV reported for myocardial 
infarction, and ischemic stroke in the Danish National 
Patient Register, the validity of cardiac death regis-
tered in the Danish Register of Causes of Death is more 
uncertain. A validation study from 2003 reported a PPV 
of 86% and a sensitivity of 63% for myocardial infarc-
tion as the cause of death [41]. Thus, misclassification 
may have occurred and caused an underestimation of 
the observed association, assuming that the outcome 
misclassification was independent of triglyceride levels 
[42].

Conclusions
We found that elevated triglycerides are highly prevalent 
in statin-treated patients within one year after T2DM 
diagnosis. Elevated triglyceride levels are associated with 
gradually increasing risk of MACE already from triglyc-
eride levels at 1.0 mmol/L. This suggests that high triglyc-
eride levels are a marker of residual cardiovascular risk 
in early T2DM and could be used to guide allocation of 
additional lipid-lowering therapies for CVD prevention 
in routine clinical care.

Abbreviations:
T2DM	� Type 2 diabetes mellitus
MACE	� Major adverse cardiovascular events
HR	� Hazard ratio
LDL	� Low-density lipoprotein
CVD	� Cardiovascular disease
LABKA	� Clinical Laboratory Information System
GLD	� Glucose-lowering drug
PPV	� Positive predictive value
HDL	� High-density lipoprotein
eGFR	� Estimated glomerulus filtration rate
RR	� Risk ratio

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12933-​023-​01921-5.

Additional file 1: Table S1. Information on registries used in the study 
and codes used to define exposures, outcomes, and baseline covariates. 
Figure S1. Study design and biomarker assessment window. Methods 
S1. Missing Values and Data Imputation. Table S2. Characteristics of 
27,080 statin-treated patients according to their triglyceride level one 
year after T2DM diagnosis. Table S3. Adjusted hazard ratios of CVD 
events associated with triglyceride levels in statin-treated T2DM patients: 
Extensive adjustment. Table S4. Adjusted hazard ratios of CVD events 
associated with triglyceride levels in statin-treated T2DM patients: Addi-
tional adjustment for LDL cholesterol (N = 26,502). Table S5. Adjusted 
hazard ratios of CVD events associated with triglyceride levels in statin-
treated T2DM patients: Triglycerides measured within 180 days after T2DM 
diagnosis (N = 19,980). Table S6. Adjusted hazard ratios of CVD events 

associated with the cut-off level for hypertriglyceridemia used in guide-
lines (≥1.7 mmol/L and ≥2.3 mmol/L). Table S7. Adjusted hazard ratios 
for study outcomes associated with triglyceride levels in statin-treated 
patients by statin duration. Table S8. Characteristics of statin patients 
with and without a triglyceride measurement within 365 days after T2DM 
diagnosis. Table S9. E-values for the association of MACE and secondary 
endpoints with triglyceride levels.

Prior presentations
Parts of our study have been presented as a poster at the 37th International 
Conference on Pharmacoepidemiology & Therapeutic Risk Management 
(ICPE), virtual conference, Aug 23-25, 2021.

Author contributions
FPBK, DHC, and RWT contributed to the design of the study, prepared the first 
draft, and contributed to the discussion of the results. FPBK was responsible 
for data management and performed statistical analyses in close collaboration 
with DHC and RWT MM and MBM provided expert clinical cardiology knowl-
edge, provided advice for study design and data analysis, contributed to the 
discussion, and critically reviewed and edited the manuscript. HTS provided 
expert epidemiology knowledge, provided advice for study design and data 
analysis, contributed to the discussion and interpretation of the results and 
critically reviewed and edited the manuscript. All authors approved the final 
version for submission and agree to be accountable for all aspects of the work. 
FPBK and RWT are the guarantors of this work and, as such, had full access to 
all the data in the study and take responsibility for the integrity of the data and 
the accuracy of the data analysis.

Funding
F.P.B.K. is supported by a scholarship from Aarhus University. The supporting 
organizations had no role in the design and conduct of the study; collection, 
management, analysis, and interpretation of the data; preparation, review, 
or approval of the manuscript; and decision to submit the manuscript for 
publication.

Availability of data and materials
The datasets supporting the conclusions of this article are available in the 
server of the Danish Health Data Authority (https://​sundh​edsda​tasty​relsen.​dk/​
da/​engli​sh).

Declarations

Ethics approval and consent to participate
The study was approved by the Danish Health Data Authority and registered 
at Aarhus University on behalf of the Danish Data Protection Agency (No. 
2016-051-000001/438/812). According to Danish legislation, ethical commit-
tee approval is not needed for register-based studies.

Consent for publication
Not applicable.

Competing interests
M.M. is supported by a grant from the Novo Nordisk Foundation (grant num-
ber NNF22OC0074083) and has received lecture and advisory board fees from 
Novo Nordisk, Denmark. M.B.M has received lecture fees from Novo Nordisk, 
Amgen, Amarin, AstraZeneca and Sanofi. Other authors report no conflicts 
of interest relevant to this article. The Department of Clinical Epidemiology, 
Aarhus University, receives funding for other studies from companies in the 
form of research grants to (and administered by) Aarhus University. None of 
these studies have any relation to the present study.

Author details
1 Department of Clinical Epidemiology, Aarhus University Hospital and Aarhus 
University, Olof Palmes Alle 43‑45, 8200 Aarhus N, Denmark. 2 Department 
of Endocrinology and Internal Medicine, Aarhus University Hospital, Aarhus, 

https://doi.org/10.1186/s12933-023-01921-5
https://doi.org/10.1186/s12933-023-01921-5
https://sundhedsdatastyrelsen.dk/da/english
https://sundhedsdatastyrelsen.dk/da/english


Page 11 of 12Kristensen et al. Cardiovascular Diabetology          (2023) 22:187 	

Denmark. 3 Department of Cardiology, Aarhus University Hospital, Aarhus N, 
Denmark. 4 Ciccarone Center for the Prevention of Cardiovascular Disease, 
Johns Hopkins University School of Medicine, Baltimore, USA. 

Received: 3 May 2023   Accepted: 13 July 2023

References
	1.	 Bays HE, Taub PR, Epstein E, Michos ED, Ferraro RA, Bailey AL, et al. Ten 

things to know about ten cardiovascular disease risk factors. Am J Prev 
Cardiol. 2021;5: 100149.

	2.	 Ginsberg HN, Packard CJ, Chapman MJ, Borén J, Aguilar-Salinas CA, 
Averna M, et al. Triglyceride-rich lipoproteins and their remnants: meta-
bolic insights, role in atherosclerotic cardiovascular disease, and emerg-
ing therapeutic strategies-a consensus statement from the European 
Atherosclerosis Society. Eur Heart J. 2021. https://​doi.​org/​10.​1093/​eurhe​
artj/​ehab5​51.

	3.	 Nordestgaard BG. Triglyceride-rich lipoproteins and atherosclerotic 
cardiovascular disease: new insights from epidemiology, genetics, and 
biology. Circ Res. 2016;118(4):547–63.

	4.	 Marston NA, Giugliano RP, Melloni GEM, Park J-G, Morrill V, Blazing MA, 
et al. Association of apolipoprotein B-containing lipoproteins and risk 
of myocardial infarction in individuals with and without atherosclero-
sis: distinguishing between particle concentration, type, and content. 
JAMA Cardiol. 2022;7(3):250–6.

	5.	 Freiberg JJ, Tybjaerg-Hansen A, Jensen JS, Nordestgaard BG. Nonfasting 
triglycerides and risk of ischemic stroke in the general population. 
JAMA. 2008;300(18):2142–52.

	6.	 Nordestgaard BG, Benn M, Schnohr P, Tybjaerg-Hansen A. Nonfasting 
triglycerides and risk of myocardial infarction, ischemic heart disease, 
and death in men and women. JAMA. 2007;298(3):299–308.

	7.	 Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Wareham N, Bingham 
S, et al. Triglycerides and the risk of coronary heart disease: 10,158 
incident cases among 262,525 participants in 29 Western prospective 
studies. Circulation. 2007;115(4):450–8.

	8.	 Langlois MR, Nordestgaard BG, Langsted A, Chapman MJ, Aakre KM, 
Baum H, et al. Quantifying atherogenic lipoproteins for lipid-lowering 
strategies: consensus-based recommendations from EAS and EFLM. 
Clin Chem Lab Med. 2020;58(4):496–517.

	9.	 Fan W, Philip S, Granowitz C, Toth PP, Wong ND. Residual hypertriglyc-
eridemia and estimated atherosclerotic cardiovascular disease risk by 
statin use in U.S. adults with diabetes: National Health and Nutrition 
Examination Survey 2007–2014. Diabetes Care. 2019;42(12):2307–14.

	10.	 Nelson AJ, Navar AM, Mulder H, Wojdyla D, Philip S, Granowitz C, et al. 
Association between triglycerides and residual cardiovascular risk in 
patients with type 2 diabetes mellitus and established cardiovascular 
disease (From the bypass angioplasty revascularization investigation 2 
diabetes [BARI 2D] trial). Am J Cardiol. 2020. https://​doi.​org/​10.​1016/j.​
amjca​rd.​2020.​07.​005.

	11.	 Gedebjerg A, Almdal TP, Berencsi K, Rungby J, Nielsen JS, Witte DR, 
et al. Prevalence of micro- and macrovascular diabetes complications 
at time of type 2 diabetes diagnosis and associated clinical character-
istics: A cross-sectional baseline study of 6958 patients in the Danish 
DD2 cohort. J Diabetes Complications. 2018;32(1):34–40.

	12.	 Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet 
(London, England). 2005;365(9468):1415–28.

	13.	 Miller M, Stone NJ, Ballantyne C, Bittner V, Criqui MH, Ginsberg 
HN, et al. Triglycerides and cardiovascular disease. Circulation. 
2011;123(20):2292–333.

	14.	 Ye X, Kong W, Zafar MI, Chen LL. Serum triglycerides as a risk factor 
for cardiovascular diseases in type 2 diabetes mellitus: a systematic 
review and meta-analysis of prospective studies. Cardiovasc Diabetol. 
2019;18(1):48.

	15.	 Kaze AD, Santhanam P, Musani SK, Ahima R, Echouffo-Tcheugui JB. 
Metabolic dyslipidemia and cardiovascular outcomes in type 2 diabe-
tes mellitus: findings from the look AHEAD study. J Am Heart Assoc. 
2021;10(7): e016947.

	16.	 Rana JS, Liu JY, Moffet HH, Solomon MD, Go AS, Jaffe MG, et al. Meta-
bolic dyslipidemia and risk of coronary heart disease in 28,318 adults 
with diabetes mellitus and low-density lipoprotein cholesterol <100 
mg/dl. Am J Cardiol. 2015;116(11):1700–4.

	17.	 Toth PP, Granowitz C, Hull M, Liassou D, Anderson A, Philip S. High tri-
glycerides are associated with increased cardiovascular events, medical 
costs, and resource use: a real-world administrative claims analysis 
of statin-treated patients with high residual cardiovascular risk. J Am 
Heart Assoc. 2018;7(15): e008740.

	18.	 Nichols GA, Philip S, Reynolds K, Granowitz CB, Fazio S. Increased 
residual cardiovascular risk in patients with diabetes and high versus 
normal triglycerides despite statin-controlled LDL cholesterol. Diabetes 
Obes Metab. 2019;21(2):366–71.

	19.	 Lee JS, Chang PY, Zhang Y, Kizer JR, Best LG, Howard BV. Triglyceride 
and HDL-C dyslipidemia and risks of coronary heart disease and 
ischemic stroke by glycemic dysregulation status: the strong heart 
study. Diabetes Care. 2017;40(4):529–37.

	20.	 Madsen CM, Varbo A, Nordestgaard BG. Unmet need for primary 
prevention in individuals with hypertriglyceridaemia not eligible for 
statin therapy according to European Society of Cardiology/European 
Atherosclerosis Society guidelines: a contemporary population-based 
study. Eur Heart J. 2018;39(7):610–9.

	21.	 Disease C, Management R. Standards of Medical Care in Diabetes-2022. 
Diabetes Care. 2022;45(Suppl 1):S144–74.

	22.	 Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, 
et al. 2021 ESC guidelines on cardiovascular disease prevention in clini-
cal practice. Eur Heart J. 2021;42(34):3227–337.

	23.	 Schmidt M, Schmidt SAJ, Adelborg K, Sundboll J, Laugesen K, Ehren-
stein V, et al. The Danish health care system and epidemiological 
research: from health care contacts to database records. Clin Epide-
miol. 2019;11:563–91.

	24.	 Arendt JFH, Hansen AT, Ladefoged SA, Sørensen HT, Pedersen L, Adel-
borg K. Existing data sources in clinical epidemiology: laboratory infor-
mation system databases in Denmark. Clin Epidemiol. 2020;12:469–75.

	25.	 Carstensen B, Rønn PF, Jørgensen ME. Prevalence, incidence and mor-
tality of type 1 and type 2 diabetes in Denmark 1996–2016. BMJ Open 
Diabetes Res Care. 2020;8(1): e001071.

	26.	 Sundbøll J, Adelborg K, Munch T, Frøslev T, Sørensen HT, Bøtker HE, 
et al. Positive predictive value of cardiovascular diagnoses in the Dan-
ish National Patient Registry: a validation study. BMJ Open. 2016;6(11): 
e012832.

	27.	 Lühdorf P, Overvad K, Schmidt EB, Johnsen SP, Bach FW. Predictive 
value of stroke discharge diagnoses in the Danish national patient 
register. Scand J Public Health. 2017;45(6):630–6.

	28.	 Bowman L, Hopewell JC, Chen F, Wallendszus K, Stevens W, Collins R, 
et al. Effects of anacetrapib in patients with atherosclerotic vascular 
disease. N Engl J Med. 2017;377(13):1217–27.

	29.	 Liu C, Dhindsa D, Almuwaqqat Z, Ko Y-A, Mehta A, Alkhoder AA, et al. 
Association between high-density lipoprotein cholesterol levels and 
adverse cardiovascular outcomes in high-risk populations. JAMA Cardi-
ology. 2022;7(7):672–80.

	30.	 White IR, Royston P, Wood AM. Multiple imputation using 
chained equations: issues and guidance for practice. Stat Med. 
2011;30(4):377–99.

	31.	 Orsini N, Greenland S. A procedure to tabulate and plot results after 
flexible modeling of a quantitative covariate. Stand Genomic Sci. 
2011;11(1):1–29.

	32.	 Martin SS, Blaha MJ, Elshazly MB, Toth PP, Kwiterovich PO, Blumenthal 
RS, et al. Comparison of a novel method vs the Friedewald equation for 
estimating low-density lipoprotein cholesterol levels from the standard 
lipid profile. JAMA. 2013;310(19):2061–8.

	33.	 VanderWeele TJ, Ding P. Sensitivity analysis in observational research: 
introducing the E-value. Ann Intern Med. 2017;167(4):268–74.

	34.	 Rosenson RS, Shaik A, Song W. New therapies for lowering triglyc-
eride-rich lipoproteins: JACC focus seminar 3/4. J Am Coll Cardiol. 
2021;78(18):1817–30.

	35.	 Hegele RA, Ginsberg HN, Chapman MJ, Nordestgaard BG, Kuivenhoven 
JA, Averna M, et al. The polygenic nature of hypertriglyceridaemia: 
implications for definition, diagnosis, and management. Lancet Diabe-
tes Endocrinol. 2014;2(8):655–66.

https://doi.org/10.1093/eurheartj/ehab551
https://doi.org/10.1093/eurheartj/ehab551
https://doi.org/10.1016/j.amjcard.2020.07.005
https://doi.org/10.1016/j.amjcard.2020.07.005


Page 12 of 12Kristensen et al. Cardiovascular Diabetology          (2023) 22:187 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	36.	 Balling M, Afzal S, Davey Smith G, Varbo A, Langsted A, Kamstrup PR, 
et al. Elevated LDL triglycerides and atherosclerotic risk. J Am Coll 
Cardiol. 2023;81(2):136–52.

	37.	 Virani SS. The fibrates story—a tepid end to a PROMINENT drug. N Engl 
J Med. 2022. https://​doi.​org/​10.​1056/​NEJMe​22132​08.

	38.	 Royston P, Altman DG, Sauerbrei W. Dichotomizing continuous predic-
tors in multiple regression: a bad idea. Stat Med. 2006;25(1):127–41.

	39.	 Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, 
Sorensen HT. The Danish national patient registry: a review of content, 
data quality, and research potential. Clin Epidemiol. 2015;7:449–90.

	40.	 Barnett AG, van der Pols JC, Dobson AJ. Regression to the mean: what 
it is and how to deal with it. Int J Epidemiol. 2004;34(1):215–20.

	41.	 Madsen M, Davidsen M, Rasmussen S, Abildstrom SZ, Osler M. The 
validity of the diagnosis of acute myocardial infarction in routine 
statistics: a comparison of mortality and hospital discharge data with 
the Danish MONICA registry. J Clin Epidemiol. 2003;56(2):124–30.

	42.	 Yland JJ, Wesselink AK, Lash TL, Fox MP. Misconceptions about misclas-
sification: non-differential misclassification does not always bias results 
toward the null. Am J Epidemiol. 2022. https://​doi.​org/​10.​1093/​aje/​
kwac0​35.

	43.	 Harrell FE. Regression modeling strategies: with applications to linear 
models, logistic regression, and survival analysis. New York: Springer; 
2001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1056/NEJMe2213208
https://doi.org/10.1093/aje/kwac035
https://doi.org/10.1093/aje/kwac035

	Triglycerides and risk of cardiovascular events in statin-treated patients with newly diagnosed type 2 diabetes: a Danish cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Setting and design
	Study cohort
	Assessment of triglycerides
	Endpoints
	Other covariates
	Statistical analyses
	Additional analyses

	Results
	Triglyceride levels and patient characteristics on the index date
	Association of triglyceride levels with MACE
	Additional analyses

	Discussion
	Strengths and limitations

	Conclusions
	Anchor 23
	References


