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Triglyceride levels and its association with
all-cause mortality and cardiovascular
outcomes among patients with heart failure

Qing-Wen Ren1,2, Tiew-Hwa Katherine Teng 3,4,5, Wouter Ouwerkerk 3,6,
Yi-Kei Tse2, Christopher Tze Wei Tsang 2, Mei-Zhen Wu1,2, Hung-Fat Tse1,2,
Adriaan A. Voors7, Jasper Tromp3,4,7,8, Carolyn S. P. Lam 3,4 &
Kai-Hang Yiu 1,2

Remnant cholesterol, identified by triglyceride-rich lipoprotein, is a significant
causal risk factor for ischemic heart diseases. The association of triglyceride
levels with all-cause and cause-specific outcomes in heart failure (HF) remains
unexplored. Using a previously validated territory-wide clinical information
registry, all eligible patients diagnosed with HF (N = 127124) from 2000 to
2020 were included. In this population-based cohort (mean age: 71.4 ± 12.2
years, 51.8% male), the association between triglyceride levels and risk of all-
cause mortality and cardiovascular disease was a U-shapedḍ curve. High tri-
glyceride levels (≥3.0mmol/L) were associated with atherosclerotic cardio-
vascular disease admission or death; conversely, lower triglyceride levels
(<1.2mmol/L) were associated with higher risks of HF readmission or death.
The risk of adjusted all-cause mortality reached a nadir between triglyceride
levels of 1.2mmol/L and 3.0mmol/L. Results were externally validated in
BIOSTAT-CHF. Our findings have important implications for defining the role
of triglyceride levels in contributing to the diverse outcomes in patients
with HF.

Plasma lipid is a well-established causal risk factor for the
development of atherosclerosis and cardiovascular disease1–3.
Although it was generally acknowledged that higher plasma
cholesterol was related to increased cardiovascular risks1,4, others
have shown conflicting results where lower cholesterol levels
contributed to higher risks of cardiovascular death (CVD), non-
CVD4, or all-cause mortality5. Further, recent epidemiologic stu-
dies have demonstrated U-shaped associations where low and
high levels (vs. intermediate level) of total cholesterol (TC)6, low-
density lipoprotein-cholesterol (LDL-C)7 or high-density lipopro-
tein-cholesterol (HDL-C)8 conferred a greater risk of all-cause

mortality and CVD in the general population or in patients with
risk factors such as diabetes9.

Remnant cholesterol was calculated as total cholesterol minus
LDL cholesterol minus HDL cholesterol. Thus, remnant cholesterol
mathematically equals serum triglycerides in mg/dL divided by 5 (or
triglyceride in mmol/L divided by 2.2) in individuals who had LDL
cholesterol calculated using Friedewald’s equation10. As the substantial
content of remnant cholesterol, the association between triglyceride
and mortality, however, has long been controversial. Studies on the
general population11, or patients with established coronary heart
disease12 or atherosclerotic cardiovascular disease (ASCVD)13 have
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shown that hypertriglyceridemia was associated with a higher risk of
mortality or cardiovascular events, while others provided inconsistent
evidence showing an inverse association where lower triglyceride
levels were linked to a higher risk of mortality14,15 and stroke16, or non-
significant association after adjusting for cardiovascular risk factors17.
Despite the crucial role of metabolic processes, especially triglyceride
metabolism, in the development of heart failure (HF)18, the differential
risk prediction for triglyceride and specific causes for different cardi-
ovascular outcomes in HF remains unexplored.

We therefore investigate the association between triglyceride
levels with the risk of all-cause mortality and distinct cardiovascular
outcomes (including both ASCVD and HF) in a population-based HF
cohort. Using a validated population-based cohort of patients with
incident HF, we demonstrate that triglyceride was associated with all-
cause and cardiovascularmortality in a U-shapedmanner. Specifically,
the two ends of the U-shape curve can be attributed to distinct causes
of cardiovascular events, including ASCVD and HF-related outcomes.
Additionally, the findings are externally validated by the BIOSTAT CHF
cohort, underscoring the clinical significance of defining the role of
triglyceride levels in contributing to the diverse adverse outcomes in
patients with HF.

Results
A total of 1,27,124HFpatientswere included in this studywith amedian
follow-up of 11.3 years (IQR 6.2–17.9 years); during this period, 83,615
died, of which 27,095 were due to cardiovascular causes. The flow
chart of this study cohort is shown in Fig. 1. Table 1 shows the baseline
characteristics of the overall population and by triglyceride categories.
Themean age was 71.4 ± 12.2 years old and 51.8% weremale; 44.7% had
hypertension and 37.0% had coronary artery disease (CAD), while
30.3% had diabetes and nearly a quarter had atrial fibrillation (AF).
Patients with higher triglyceride concentrations were younger, more
frequently female, and had more hypertension, diabetes, CAD, dysli-
pidemia, and chronic renal diseases, but with less AF. The TC, LDL-C,
non-HDL, and TyG levels increased whereas HDL-C declined with
increasing triglyceride levels. (Table 1) Detailed ICD-9 and ICD-10
codes were provided in Supplementary Table 1.

Triglyceride levelswithASCVDorHF-related death or admission
A differential trend was observed when we divided causes of cardio-
vascular events into ASCVD-related or HF-related outcomes. A positive
relationship was found between high triglyceride levels with ASCVD-

related death or admission as comparedwith intermediate triglyceride
levels (Table 2, Fig. 2). Conversely, increased risks for HF death were
seen for those with low triglyceride levels comparedwith intermediate
triglyceride levels (Table 2, Fig. 3). With regards to the incidence of HF
readmission, an inverse relationship between triglyceride levels and
HF readmission was found where a low triglyceride level was asso-
ciated with a higher risk of HF and a high triglyceride level was asso-
ciated with a lower risk of HF compared to intermediate triglyceride
levels (Table 2, Fig. 3).

Triglyceride levels with all-cause mortality or
cardiovascular death
The association between triglyceride levels on a continuous scale and
the risk of all-causemortalitywas aU-shaped curve. The risks of all-cause
mortality reached a nadir between triglyceride levels of 1.2mmol/L
and 3.0mmol/L and were lowest at 1.95mmol/L (Fig. 4). A low (trigly-
ceride <1.2mmol/L) or high level (triglyceride >3.0mmol/L) of
triglyceride was associated with increased risks of all-cause mortality
(Fig. 4, Table 2). Compared with patients with triglyceride concentra-
tions of 1.2–3.0mmol/L, the multivariable-adjusted HR for all-cause
mortality was 1.11 (95% CI, 1.09 to 1.13) for patients with triglyceride
concentrations less than 0.8mmol/L, 1.07 (1.05–1.09) for 0.8≤ trigly-
ceride < 1.0mmol/L, 1.06 (1.03–1.08) for 1.0≤ triglyceride < 1.2mmol/L,
1.05 (1.00–1.10) for 3.0≤ triglyceride < 5.7mmol/L, and 1.22 (1.03–1.45)
for patients with triglyceride≥ 5.7mmol/L (p<0.05 for all). This asso-
ciation remained consistent when CVD was considered as the endpoint
(Fig. 4, Table 2). The crude incidence rates of outcomes for each sub-
group were listed in Supplementary Table 2.

External validation using BIOSTAT-CHF
The prognostic role of triglyceride level was externally validated using
the BIOSTAT-CHF cohort. Among 2516 patients with HF, 1309 patients
had baseline lipid records. Low triglyceride levels were associatedwith
a higher risk of all-cause mortality while the risk was neutral in high
triglyceride levels. (Supplementary Fig. 1)

Sensitivity analyses
Sensitivity analyses showed minor differences in the estimated
associations between triglyceride and mortality. Exclusion of death
within 2 years after HF diagnosis gave similar results to the whole
population (Table 3). Whenmodeling triglyceride as a time-weighted
covariate, the effects of triglyceride on all-cause mortality or CVD

Fig. 1 | Study cohort of the HF population. The flow chart shows the inclusion and exclusion criteria of the study population.
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were slightly enhanced in HR for risks of mortality were found in low
and high triglyceride levels (Table 3). When limiting the analysis to
subgroups with BMI records, the associations persisted independent
of low or high BMI status. (Supplementary Table 3) Moreover, a
similar U-shaped curve between triglyceride levels and all-cause
mortality after adding BMI was found in the subgroup with a nadir of
1.22–3.15mmol/L (Supplementary Fig. 2). After adjusting NRI in the
Cox regression model, the results remained consistent, demon-
strating that the U-shape associations between triglyceride and all-
cause mortality and cardiovascular death were independent of
nutritional status (Supplementary Table). After excluding patients
with MI, unstable angina, arterial revascularization, or ischemic
stroke prior to HF diagnosis, new-onset ASCVD was modeled in the

new cohort (N = 71,181). The results consistently showed that high
triglyceride levels were positively associated with an increasing risk
of death or admission for incident ASCVD while no significant rela-
tionship was found in low triglyceride levels (Supplementary Fig. 3).
The U-shaped relationship between LDL-C, HDL-C, TC, TyG, and all-
cause mortality were further confirmed in our large-scale HF cohort,
consistent with previous studies7,8, providing substantial support for
the validity of our database.(Supplementary Fig. 4A–D) Additionally,
different (five, six, and seven) knots for drawing restricted cubic
spline curves were used to test the robustness of the intermediate
range of triglycerides level. Furthermore, the association between
triglyceride levels and all-cause mortality and cardiovascular death
was consistent after adjusting only for CAD (Supplementary Table 5).

Table 1 | Baseline characteristics of the HF population by triglyceride categories

Baseline characteristics Total Triglyceride levels (mmol/L)

<0.8 0.8–1.0 1.0–1.2 1.2–3.0 3.0–5.7 ≥5.7 P-value

No. 1,27,124 26,286 22,403 20,119 53,731 4143 442

Demographics

Age (mean ± SD, years) 71.4 ± 12.2 73.5 ± 11.7 72.6 ± 12.0 71.8 ± 12.2 70.2 ± 12.2 65.7 ± 12.8 63.2 ± 12.2 <0.001

Sex (Male, %) 65,869 (51.8) 15,499 (61.3) 14,032 (55.6) 5990 (52.5) 28,924 (46.7) 1217 (42.2) 207 (46.8) <0.001

Smoking (%) 7870 (6.2) 2334 (9.2) 1792 (7.1) 681 (6.0) 2948 (4.8) 99 (3.4) 16 (3.6) <0.001

Alcohol (%) 1577 (1.2) 296 (1.2) 323 (1.3) 143 (1.3) 733 (1.2) 70 (2.4) 12 (2.7) <0.001

Comorbidities

Hypertension (%) 56,780 (44.7) 10,238 (40.5) 10,689 (42.4) 4863 (42.6) 29,189 (47.2) 1552 (53.8) 249 (56.3) <0.001

Diabetes (%) 38,504 (30.3) 5514 (21.8) 6332 (25.1) 3175 (27.8) 21,804 (35.2) 1439 (49.8) 240 (54.3) <0.001

Obesity (%) 1985 (1.6) 203 (0.8) 279 (1.1) 169 (1.5) 1216 (2.0) 100 (3.5) 18 (4.1) <0.001

Stroke (%) 15,092 (11.9) 3040 (12.0) 3127 (12.4) 1353 (11.9) 7199 (11.6) 325 (11.3) 48 (10.9) 0.035

Anemia (%) 22,829 (18.0) 4861 (19.2) 4512 (17.9) 1931 (16.9) 10,878 (17.6) 551 (19.1) 96 (21.7) <0.001

CAD (%) 47,047 (37.0) 8170 (32.3) 9005 (35.7) 4214 (36.9) 24,289 (39.2) 1170 (40.5) 199 (45.0) <0.001

PVD (%) 16,814 (13.2) 3182 (12.6) 3404 (13.5) 1551 (13.6) 8210 (13.3) 400 (13.9) 67 (15.2) 0.014

Dyslipidaemia (%) 18,220 (14.3) 2506 (9.9) 3046 (12.1) 1502 (13.2) 10,342 (16.7) 696 (24.1) 128 (29.0) <0.001

AF (%) 33,431 (26.3) 8944 (35.4) 7510 (29.8) 3088 (27.1) 13,390 (21.6) 435 (15.1) 64 (14.5) <0.001

Cirrhosis (%) 1057 (0.8) 256 (1.0) 227 (0.9) 95 (0.8) 451 (0.7) 23 (0.8) 5 (1.1) 0.001

CKF (%) 13,903 (10.9) 2109 (8.3) 2242 (8.9) 1119 (9.8) 7789 (12.6) 541 (18.7) 103 (23.3) <0.001

Other CKD (%) 27,524 (21.7) 4218 (16.7) 4591 (18.2) 2259 (19.8) 15,262 (24.7) 1019 (35.3) 175 (39.6) <0.001

Cancer (%) 12,135 (9.5) 2571 (10.2) 2493 (9.9) 1025 (9.0) 5739 (9.3) 270 (9.4) 37 (8.4) <0.001

Rheumatism (%) 7615 (6.3) 1444 (6.1) 1420 (6.0) 617 (5.7) 3888 (6.6) 207 (7.5) 39 (9.2) <0.001

Parkinson (%) 1197 (1.0) 278 (1.2) 252 (1.1) 92 (0.9) 561 (1.0) 13 (0.5) 1 (0.2) 0.001

Depression (%) 2223 (1.7) 337 (1.3) 381 (1.5) 189 (1.7) 1202 (1.9) 87 (3.0) 27 (6.1) <0.001

Sleep apnea (%) 4830 (3.8) 650 (2.6) 777 (3.1) 405 (3.6) 2777 (4.5) 188 (6.5) 33 (7.5) <0.001

Drugs

Aspirin (%) 78,676 (61.9) 15,312 (60.6) 15,720 (62.3) 7189 (63.0) 38,443 (62.1) 1745 (60.4) 267 (60.4) <0.001

ACEI (%) 36,934 (29.1) 7299 (28.9) 7107 (28.2) 3185 (27.9) 18,302 (29.6) 892 (30.9) 149 (33.7) <0.001

ARB (%) 11,323 (8.9) 1956 (7.7) 2044 (8.1) 985 (8.6) 5914 (9.6) 374 (13.0) 50 (11.3) <0.001

Beta blocker (%) 42,420 (33.4) 6939 (27.5) 7622 (30.2) 3645 (32.0) 22,681 (36.6) 1315 (45.5) 218 (49.3) <0.001

CCB (%) 48,600 (38.2) 8543 (33.8) 9104 (36.1) 4212 (36.9) 25,264 (40.8) 1287 (44.6) 190 (43.0) <0.001

Diuretics (%) 38,689 (30.4) 7448 (29.5) 7105 (28.2) 3311 (29.0) 19,567 (31.6) 1073 (37.2) 185 (41.9) <0.001

Statin (%) 30,074 (23.7) 5175 (20.5) 5543 (22.0) 2656 (23.3) 15,679 (25.3) 846 (29.3) 175 (39.6) <0.001

Insulin (%) 9979 (7.8) 1190 (4.7) 1406 (5.6) 727 (6.4) 6003 (9.7) 538 (18.6) 115 (26.0) <0.001

Other anti-DM drugs (%) 25,921 (20.4) 3756 (14.9) 4238 (16.8) 2163 (19.0) 14,652 (23.7) 949 (32.9) 163 (36.9) <0.001

Lipid profile

Total cholesterol (mean ± SD,
mmol/L)

4.42 (1.18) 3.86 (0.97) 4.15 (1.00) 4.31 (1.04) 4.71 (1.19) 5.53 (1.48) 6.23 (1.75) <0.001

LDL-C (mean ± SD, mmol/L) 2.58 (1.00) 2.16 (0.78) 2.43 (0.86) 2.57 (0.91) 2.81 (1.05) 2.84 (1.34) 2.66 (1.42) <0.001

HDL-C (mean ± SD, mmol/L) 1.32 (0.55) 1.45 (0.49) 1.37 (0.51) 1.32 (0.49) 1.25 (0.57) 1.13 (0.73) 1.11 (0.73) <0.001

ANOVA or χ2 tests were used to estimate differences among groups as appropriate. P-values were listed in the table.
ACEI angiotensin-converting enzyme inhibitors, ARB angiotensin receptor blockers, CAD coronary artery disease, CKF chronic kidney failure, CKD chronic kidney disease, CCB calcium channel
blockers, DM diabetes mellitus, HF heart failure, HDL high-density lipoprotein, LDL low-density lipoprotein, PVD peripheral vascular disease, SD standard deviation.
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Table 2 | Multivariable-adjusted hazard ratios (95% CI) for all-cause mortality and cardiovascular outcomes by triglyceride
categories

Outcomes Events Triglyceride levels (mmol/L)

<0.8 0.8–1.0 1.0–1.2 1.2–3.0 3.0–5.7 ≥5.7

N 1,27,124 26,286 22,403 20,119 53,731 4143 442

All-cause mortality 83,615 1.11 (1.09–1.13) 1.07 (1.05–1.09) 1.06 (1.03–1.08) 1.00 1.05 (1.00–1.10) 1.22 (1.03–1.45)

Cardiovascular deatha 27,095 1.09 (1.05–1.14) 1.06 (1.02–1.10) 1.05 (1.01–1.09) 1.00 1.11 (1.03–1.21) 1.52 (1.14–2.02)

HF

Deatha 7612 1.28 (1.20–1.37) 1.11 (1.03–1.19) 1.10 (1.02–1.18) 1.00 1.01 (0.85–1.20) 1.18 (0.59–2.37)

Readmissiona 87,535 1.09 (1.06–1.11) 1.08 (1.08–1.10) 1.05 (1.03–1.08) 1.00 0.94 (0.89–0.98) 0.84 (0.71–1.00)

ASCVD¶

Deathb 5713 1.01 (0.93–1.10) 1.00 (0.92–1.09) 1.05 (0.96–1.14) 1.00 1.13 (1.03–1.28) 1.86 (1.18–2.92)

Admissiona 14,704 1.00 (0.94–1.05) 1.02 (0.97–1.08) 1.03 (0.98–1.09) 1.00 1.18 (1.07–1.31) 1.55 (1.09–2.19)
aCox hazard ratio model with competing risk regression was used with other causes of death as competing risks.
bASCVD included myocardial infarction, unstable angina, arterial revascularization, or ischemic stroke.
ASCVD atherosclerotic cardiovascular disease, CI confidence interval, HF heart failure, N number.

Fig. 2 | Multivariable-adjusted hazard ratios (95% CI) for ASCVD death and
admission according to triglyceride levels on a continuous scale. P-values for
non-linearmodel tests were <0.001 and 0.001, respectively. ASCVD atherosclerotic

cardiovascular disease, CI confidence interval, HR hazard ratio, N number. The
variables adjusted are listed in Table 1.

Fig. 3 | Multivariable-adjusted hazard ratios (95% CI) for HF death and readmission according to triglyceride levels on a continuous scale. P-values for non-linear
model tests were <0.001. CI confidence interval, HR hazard ratio, HF heart failure, N number. The variables adjusted are listed in Table 1.
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The findings showed little variation, confirming the robustness of the
intermediate range (1.2–3.0mmol/L) as the reference for the trigly-
cerides level (Supplementary Fig. 5).

Subgroup analyses
Stratified by age and sex, the U-shaped associations of triglyceride
levels with all-cause mortality were consistent (Fig. 5, Supplementary
Fig. 6). Subgroups with or without CAD, DM, and AF yielded similar
results (Fig. 5, Supplementary Fig. 7). Likewise, we found that the
association between triglyceride and all-cause mortality remained
U-shape curve in those not receiving lipid-lowering treatment, whereas
for individuals receiving lipid-lowering treatment, low triglyceride
levels were still significantly associatedwith increased risks of all-cause
mortality while neutral in high triglyceride levels (Supplemen-
tary Fig. 8).

Among patients with BMI records (n = 28,086), a similar U-shaped
relationship of triglyceride levels with all-cause or CV mortality was
observed, independent of the BMI category (Supplementary Table 3).
Given the potential mediation role of LDL-Cwhichmight attenuate the
effects, we further evaluated the associations between triglyceride
categories and all-cause mortality or CVD within low (≤1.7mmol/L) or
high LDL-C levels (>1.7mmol/L) usingCox proportional hazardsmodel
which once again showed results similar to the primary analysis
(Supplementary Table 6).

Discussion
In this large population cohort of 1,27,124 patients with HF from a
previously validated database of the Hong Kong population,

triglyceride level exhibited a U-shaped association with all-cause
mortality and overall cardiovascular mortality19. The triglyceride level
with the lowest risk of all-cause mortality was between 1.2 and
3.0mmol/L in patients with HF, the higher range being slightly higher
than the optimal triglyceride concentration defined in the general
population. Notably, the two ends of the U-shaped curve were attrib-
uted to differential causes of cardiovascular events. As expected, a
higher triglyceride level (triglyceride > 3.0mmol/L) was associated
with increased risks of ASCVD admission or related death, whereas a
lower triglyceride level (triglyceride < 1.2mmol/L) was predominantly
associated with higher risks of adjusted HF readmission or related
death. The associations were also independent of BMI, LDL-C, or NRI.
Although previous studies have demonstrated the positive association
between triglyceride levels and cardiovascular outcomes11,20, emphasis
wasmainly on higher triglyceride levels, and the clinical association of
lower triglyceride levels remains unclear. This study demonstrated
that both low and high levels of triglyceride were associated with
increased risks of all-cause mortality and CVD in patients with HF in a
U-shaped manner. Further, this study delineated the differential
association between triglyceride and HF or ASCVD-related outcomes
in a large population-based HF cohort. While previous studies have
shown that elevated triglyceride levels are linked to adverse cardio-
vascular outcomes21–23, none have revealed a U-shaped relationship.
Our study’s unique contribution further lies in uncovering a distinct
pattern of outcomes, where low triglyceride levels are associated with
HF outcomes, while high triglyceride levels are linked to ASCVD out-
comes. This differential association sets our study apart from others
that did not focus on specific outcomes.

Fig. 4 | Multivariable-adjusted hazard ratios (95% CI) for all-causemortality and cardiovascular mortality according to triglyceride levels on a continuous scale.
P-values for non-linear model tests were 0.123 and 0.046, respectively. CI confidence interval, HR hazard ratio, N number. The variables adjusted are listed in Table 1.

Table 3 | Sensitivity analyses

Sensitivity analysis Triglyceride levels (mmol/L, HR (95% CI))

<0.8 0.8–1.0 1.0–1.2 1.2–3.0 3.0–5.7 ≥5.7

Exclude death within 2 years after HF diagnosis

N 14,514 14,790 6778 38,913 1963 280

All-cause mortality 1.19 (1.15–1.23) 1.09 (1.06–1.12) 1.06 (1.02–1.10) 1.00 1.06 (1.01–1.13) 1.14 (1.03–1.30)

Cardiovascular deatha 1.23 (1.18–1.28) 1.13 (1.09–1.18) 1.10 (1.04–1.15) 1.00 1.07 (1.01–1.14) 1.19 (1.05–1.37)

Time-weighted average triglyceride (mmol/L)

N 22,789 24,921 11,674 64,423 2900 417

All-cause mortality 1.39 (1.35–1.44) 1.21 (1.17–1.24) 1.10 (1.07–1.13) 1.00 1.12 (1.06–1.17) 1.94 (1.66–2.25)

Cardiovascular deatha 1.43 (1.37–1.49) 1.26 (1.21–1.31) 1.12 (1.08–1.16) 1.00 1.08 (1.01–1.15) 1.93 (1.56–2.40)

CI confidence interval, HR hazard ratio, N number.
aCox hazard ratio model with competing risk regression was used with other causes of death as competing risks.
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High triglyceride level with ASCVD-related outcome
Plasma triglyceride level is a biomarker for triglyceride-rich lipopro-
teins and their remnants, which has become an important contributor
to ASCVD24. Hypertriglyceridaemia is very common (~10% in the
population) with a similar burden to other metabolic risk factors, such
as diabetes and obesity. Several retrospective analyses of randomized
clinical trials, including TNT, IDEAL, PROVE-IT, dal-OUTCOMES, and
MIRACL, have demonstrated that triglyceride is positively associated
with ASCVD in patients with established CAD21–23. Likewise, two recent
observational studies restricted to patients with established DM or
ASCVD who were on statin have also observed significantly higher
ASCVD risks in those with triglyceride ≥1.69mmol/L9,25. In a study that
included only healthy youngmen showed that a high triglyceride level
obtained 5 years apart predicted risk of coronary heart disease26. A
meta-analysis that included 2,62,525 participants in the Western
population demonstrated that triglyceride concentration was
moderate-highly associated with incident CAD20. The association
between triglyceride levels with ASCVD is further established in the
Asian population, including both Chinese27 as well as Korean28.
Accordingly, a recent expert consensus decision pathway has recom-
mended that hypertriglyceridemia should be addressed and managed
in patients at risk of ASCVD29. In patients with HF, especially those with
concomitant CAD, the subsequent risk of ischemic events is clinically
substantial30. In a study that evaluated 171 autopsy results of patients
with HF, up to 56% of patients who died suddenly had evidence of an
acute ischemic event31. This is further validated in our study, where
11.5% of the population experienced an ASCVD-related admission and
4.5% developed ASCVD-related death. In the context of HF, it is pos-
sible that even a small MI may present as sudden death rather than a
nonfatal MI32. Identifying risk factors that may providemeaningful risk

prediction to subsequent ischemic events is therefore relevant to
reducing deterioration and sudden cardiac death in patients with HF.
Our current study validates the role of hypertriglyceridemia with
ASCVD in a large cohort of patients with HF. Further, the current
results highlight the substantial residual risk of ASCVD, probably due
to shared risk factors as well as underlying CAD that is common in
patients with HF, which could possibly be mitigated by managing
hypertriglyceridemia.

Low triglyceride level with HF-related outcome
While some studies in patients with CAD and the current guideline
recommendationmay suggest that lipid profile is positively associated
with adverse outcomes and many have adopted a “lower the better”
theory19,23, others have shown contrary findings. Rather than a positive
association, a prospective study that included patients with ischemic
stroke demonstrated that low serum triglyceride was associatedwith a
higher mortality33. Among 108243 individuals recruited in a general
population study, a low LDL cholesterol was associated with all-cause
mortality7 which was partly explained by highermortality from cancer.
A post-hoc analysis of the EVEREST study that included 3957 patients
with HF with reduced EF demonstrated that low triglyceride level was
positively related to all-cause mortality15. The relation between low
triglyceride levels with all-cause mortality was further illustrated in a
cohort of 833 outpatients with HF34. Our study verified such observa-
tions, by including a large population of HF accounting for potential
confounders as well as concomitant drugs, and showed that low tri-
glyceride level, compared with intermediate triglyceride level, was
associated with higher risks of readmission or death from HF. This
association could be explained by reverse causation with triglyceride
levels characterizing a poor general health status and wasting before

Fig. 5 | Forest plot for subgroup analysis on the associations between triglyceride categories and all-causemortality. The center dots indicate the HRs and the error
bars indicate the 95% CI. CAD coronary artery disease, CI confidence interval, DM diabetes, HR hazard ratio, TG triglyceride.
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mortality occur35. In this study, those with low triglyceride levels are
likely to be older with a greater incidence of AF. This is consistent with
the theory that low levels of triglyceride are an indirect marker of
underlying frailty. The BIOSTAT-CHF cohort externally validated our
observation of low triglyceride levels associated with mortality. An
obesity paradox has been well explored, indicating that debilitation
and malnutrition, which a low triglyceride level could reflect, are cru-
cial among the HF population. Intriguingly, after limiting the analysis
to a subgroup with BMI records (Supplementary Table 3), the relation
between a low triglyceride level and all-cause mortality remained,
suggesting that the “triglyceride paradox”36 may better reflect under-
lying frailty, malnourishment as well as inflammatory burden that
could provide independent prognostic information in addition to
body habitus.

U-shape association with mortality
Given the discrepancy regarding dyslipidemia on differential causes
of mortality, it is possible that lipid profile exerts distinct effects on
patients’ outcomes according to the type of events. To elucidate the
mechanisms underlying such U-shape association, our study con-
ducted a cause-specific analysis, where we divided the events into
ASCVD-related outcomes or HF-related outcomes. The results
demonstrated that differential outcomes contribute to two ends of
the U-shape curve. As expected, high triglyceride levels were posi-
tively associated with ASCVD and related mortality. On the other
hand, this study revealed the finding that low triglyceride levels were
associated with HF rehospitalization and related mortality, high-
lighting the complex interplay between lipid profiles and cardiovas-
cular outcomes. Hence, triglycerides may have different prognostic
values specific to the HF population rather than the general popu-
lation. Specifically, the association between low triglyceride levels
and HF outcomes observed in this study may not be evident in the
general population, warranting further investigation in diverse
populations.

A multicenter cohort study in 14,478 CAD patients consistently
showedaU-shaped curvebetweenHDL-C levels and all-causemortality
or CVD8. A recent prospective cohort study of 1,08,243 general
population from Denmark has found a U-shaped association between
LDL-C levels with all-cause mortality7. With regards to cardiovascular
mortality, any increase in LDL-C was associated with an increased risk
of fatal myocardial infarction, whereas low levels of LDL-C were asso-
ciatedwith an increased risk of fatal heart failure, althoughwith a large
95% confidence interval. Extending these observations, our study
shows that a low triglyceride was associated with HF-related mortality
whereas a high triglyceride was associated with ASCVD-related out-
come. As such, rather than a single directional relation, we have
demonstrated that both low and high levels of triglyceride were
associated with increased risks of all-cause mortality and CVD in HF
patients in a U-shaped manner.

Nonetheless, in the BIOSTAT-CHF study, a high triglyceride level
was found to be neutral in relation to all-causemortality which might
be attributed to the small sample size as well as a highly selected
population that was predominantly heart failure with reduced ejec-
tion fraction or preserved ejection fraction with high N-terminal pro-
brain natriuretic peptide (NT-proBNP) levels. Moreover, this
U-shaped relation of triglyceride was not found in a study involving
87,192 individuals from the Copenhagen General Population Study,
where an elevated remnant cholesterol (or plasma triglycerides, a
commonly used marker for remnant cholesterol) was shown to be
associated with two-fold mortality from cardiovascular, infectious
and endocrinological causes11. The different study populations could
explain the inability to demonstrate a U-shape relation with trigly-
ceride. The Copenhagen Population Study was conducted in the
general population, of which the mean age was younger (55years vs.
71years) with a much lower prevalence of cardiovascular risk factors,

such as diabetes (2% vs. 30%) and kidney disease (3% vs. 22%) com-
pared to the present study. Further, their investigation on outcomes
of all-cause mortality (4252 vs. 83,615) and cardiovascular mortality
(687 vs. 27,095), were considerably lower in magnitude compared to
our study. Moreover, our recruited population exhibited a higher
disease burden, with 37% presenting with CAD (vs. 3%), allowing for
the assessment of the association of low triglyceride levels in indi-
viduals with underlying HF who are frailer and more malnourished.
These differences suggested that a U-shape relation with triglyceride
could be explained by the U-shape association unique to the HF
population.

Clinical implication
By using clinical demographics, biomarkers, and advanced cardiovas-
cular imaging, risk stratification for patients with HF has been
improved in recent years. Nonetheless, the prognostic role of lipid
profiles in this population has not been addressed. Our results, by
using a large validated population-based cohort, have shown the
U-shaped prognostic association of triglyceride with adverse out-
comes in patients with HF. In addition to being an inexpensive, non-
invasive, and readily available biomarker, a high triglyceride level may
further direct specific treatment, such as icosapent37 and other classes
of investigational drugs38, to reduce major ischemic events that
deserve verification in patients with HF. However, as shown in our
studies and others, a low triglyceride level may not always represent a
lower risk of subsequent adverse events. Rather than considering
merely the low risk of ASCVD, clinicians should be alert when
encountering a low triglyceride level in patients with HF and should
consider a comprehensive assessment, with the evaluation of possible
underlying frailty and debilitation contributing to future risk of HF-
related adverse outcomes. Future studies are needed to evaluate the
optimal monitoring and thresholds for intervening on triglyceride
levels with lipid-lowering or nutritional treatment.

Strength and limitation
This is a large population-based database of HF patients with com-
prehensive profiles, includingbut not limited todemographics, history
of diseases, medication prescription, laboratory tests, detailed causes
of death, with longduration andmore than 90% completed follow-up39

whichwaswell-validated by our previouswork40. It isworth noting that
approximately 5%–10% of follow-up data was missing, attributed to
patients seeking care in private hospitals or being outside of the hos-
pital setting. Secondly, the similar U-shaped association between TC,
LDL-C, HDL-C, and all-cause mortality further validated this database.
Thirdly, sensitivity and subgroup analyses were performed to reduce
potential bias and further verify the robustness of the results. External
validation with the BIOSTAT-CHF cohort showed consistent results of
which a low triglyceride level was associated with an increased risk of
all-cause mortality. Nonetheless, the neutral relation between high
triglyceride levels and adverse outcomes in the BIOSTAT-CHF cohort
could possibly be explained by a smaller number of study population
with a limited follow-up period.

One limitation of our study is the lack of information on left
ventricular ejection fraction and NT-proBNP, leading to failure in
stratifying HF severity and its phenotypes. However, a recent study in
individuals with established diabetes and/or atherosclerotic CV dis-
ease showed that elevated triglyceride was significantly associated
with incident HF diagnosis, irrespective of the severity of HF41. The
residual confounding bias of unmeasured variables, e.g., frailty, might
remain even after multivariable adjustment and subgroup analyses.
Although the BIOSTAT-CHF cohort externally validates our observa-
tion of low triglyceride levels in association with mortality, the results
should be interpreted with caution because of the relatively limited
number of events (N = 345). Finally, a causal relationship cannot be
ascertained because of the observational nature of this study. Future
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genetic instruments and Mendelian randomization analyses are war-
ranted to further investigate the causal relationship between trigly-
ceride levels and adverse outcomes in the HF population.

To conclude, in this population-based study of 1,27,124 patients
with HF, triglyceride concentrations exhibited a U-shaped association
with all-cause mortality. A differential cause-specific outcome was
observed where a high triglyceride level was associated with ASCVD-
related outcome and a low triglyceride level was associated with HF-
related outcome. Our findings have important clinical implications for
defining the role of triglyceride levels in contributing to the diverse
adverse outcomes in patients with HF. Future randomized-controlled
trials in optimizing triglyceride levels in HF settings and other diseased
populations are warranted.

Methods
Study population
This study included all eligible in-patients diagnosed with HF
between 2000 and 2020 (N = 1,27,124) from a previously validated
territory-wide electronic database, the Clinical Data Analysis and
Reporting System (CDARS) established by the Hospital Authority in
Hong Kong since 1993 which covers approximately 90% of the Hong
Kong population39. Patients with at least one triglyceride record
measured within one year before HF diagnosis were included in this
study. Patients aged < 18 years old, diagnosed with HF before 2000,
with missing data on triglyceride, total cholesterol (TC), low-density
lipoprotein-cholesterol (LDL-C) or high-density lipoprotein-choles-
terol (HDL-C), with extreme triglyceride values (triglyceride < 0.2 or
>20mmol/L)17, with severe renal failure (eGFR < 30ml/min/1.73m2)
or severe hepatic dysfunction (serum bilirubin > 51.3 umol/L and
serum albumin < 28 g/L) were excluded from the cohort
(N = 1,26,234). The index date was defined as the date of the first
diagnosis of HF. This retrospective cohort study was approved by the
institutional review board of the University of Hong Kong and the
West Cluster of the Hong Kong Hospital Authority. (IRB number: UW
20-817) As patient data was de-identified in CDARS, the need for
individual consent was waived.

Exposure
All triglyceride values were measured with fasting blood samples.
Triglyceride levels measured within one year prior to the index date
were used as the primary exposure. For patients who had more than
one measurement, the value closest to the index date was used
(58.7% with triglyceride measurements <1 month, 14.6% <3 months,
12.1% <6 months from the index date). Further, during the follow-up
period, more than one measurement of triglyceride for each patient
was derived to model the time-weighted triglyceride as a proxy of
triglyceride variations over time to test the robustness of the study
results.

Covariates
Demographic variables (age, sex, smoking, and alcohol use status),
comorbidities (hypertension [HT], diabetes mellitus [DM], obesity,
stroke, anemia, coronary artery disease [CAD], peripheral vascular
disease [PVD], dyslipidemia, atrial fibrillation [AF], cirrhosis, chronic
kidney disease [CKD], cancer, rheumatism, Parkinson’s disease,
depression, sleep apnea) and medication prescriptions (aspirin,
angiotensin-converting enzyme inhibiter [ACEI], angiotensin receptor
blockers [ARB], beta blocker, calcium channel antagonist [CCB],
diuretics, statin, insulin, and other anti-diabetes drugs) were derived
up to three years before the index date. Baseline drug use was defined
as consecutive drug use of more than 90 days40. Other lipid profiles,
including TC, LDL-C, and HDL-C were collected within one year before
the index date. Non-HDL was calculated as Total cholesterol −HDL.

Triglyceride-glucose index (TyG) was calculated as ln[fasting trigly-
ceride (mg/dl) × fasting blood glucose (mg/dl)/2]42. The value closest
to the index date for each patient was used.

Endpoints
Death and cardiovascular events records were retrieved from CDARS.
Causes of death were labeled by the International Classification of
Diseases code (ICD)where both the ninth version (ICD-9) and the tenth
version (ICD-10) codeswere used. If a cardiovascular event/diseasewas
recorded as the primary or secondary diagnosis (ICD-9: 390-459; ICD-
10: I00-I99), death was classified as cardiovascular death (CVD). Other
causes of death/events were as follows: ASCVD-related death or
admission, and HF-related death or readmission. ASCVD-related death
or admission was defined as death or admission for a composite of
myocardial infarction (MI), unstable angina, arterial revascularization,
or ischemic stroke. When examining the ASCVD admission, patients
were followed up until the incidence of MI, unstable angina, arterial
revascularization, ischemic stroke, or death, 31st December 2021,
whichever came earlier. When examining HF readmission, patients
were followed up until the incidence of HF readmission, death, or 31st
December 2021, whichever came earlier. When evaluating all-cause
death, CVD, ASCVD, or HF death, patients were followed upuntil death
or 31st December 2021.

Statistical analyses
Continuous variables were summarized as mean ± standard deviation
(SD), and categorical variables as numbers and percentages. ANOVAor
χ2 tests were used to estimate differences among groups as appro-
priate. Post-hoc analyses were provided to examine pairwise differ-
ences between each group. (Supplementary Table 7) A correlation
matrixwas applied to examine themulticollinearity between variables.
(Supplementary Fig. 9) Associations between concentrations of tri-
glyceride on a continuous scale and the risks of all-cause mortality,
CVD, HF, and ASCVD death or admission were evaluated by cubic
spline curves based on multivariable-adjusted Cox proportional
hazards models with all the variables being adjusted listed in Table 1.
To balance the best fit and avoid overfitting, the number of knots
(between three and seven) with the lowest Akaike information criter-
ion was chosen (knots = 4). The same number of knots (four knots)
from the splines for all-cause mortality was also applied in splines for
CVD, HF, and ASCVD death or admission to allow direct comparison of
all analyses.

As the concentrations of triglyceride associated with the lowest
risk of adverse outcomes lay in the lowest hazard ratio (HR) of the
spline curve, the range between the intersection of the spline curve
for all-cause mortality with an HR of 1.0 was defined as the inter-
mediate range (1.2–3.0mmol/L) by using the optimal equal-HR
method43. Further, in this study, the cut-off values under 1.2mmol/L
were considered to be a low triglyceride level since there is currently
a lack of consensus on lower cut-offs of triglyceride levels. Those
with low triglyceride levels were further stratified into three groups
according to the lower two quintiles (0.8mmol/L for 20% cut-off
point and 1.0mmol/L for 40% cut-off point) cut-off values of the
whole cohort. As such, three groups of low triglyceride level were
constructed accordingly (triglyceride < 0.8, 0.8 ≤ triglyceride < 1.0,
1.0 ≤ triglyceride < 1.2mmol/L). Triglyceride concentrations above
3.0mmol/L were divided into two groups 3.0 ≤ triglyceride < 5.7,
triglyceride ≥ 5.7mmol/L44. Associations between categories of tri-
glyceride concentrations and all-cause mortality, CVD, HF, and
ASCVD death or admission were evaluated by Cox proportional
hazards regression model with competing risks where appropriate.
Further, the associations between triglyceride categories and all-
cause mortality were investigated within subgroups including old or
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young, female or male, with or without comorbid CAD, DM, AF, low
or high LDL-C levels, with or without lipid-lowering treatment. P for
interaction was checked before stratified analysis where P < 0.05 was
considered to be significant. An external validation of the relation
between triglyceride and mortality was performed using the
BIOSTAT-CHF cohort, a multicentre, prospective observational study
consisting of 2516 patients with HF from Europe45,46. The BIOSTAT
cohort did not register lipid-lowering treatments and we could
therefore not correct for that.

In sensitivity analyses, we excluded death within 2 years
(N = 49,886) after HF diagnosis to minimize immortal time bias47.
Second, we collected triglyceride values during the follow-up period
and modeled triglyceride as a time-weighted covariate. The asso-
ciations between time-weighted triglyceride and all-cause mortality
or CVD were analyzed. Third, we limited the analysis to the subgroup
with BMI recordings (N = 28,086) to evaluate whether the association
between triglyceride and mortality was independent of BMI48. Addi-
tionally, we added the Nutritional Risk Index (NRI) as a surrogate for
nutritional status48. Fourth, to test the robustness of the “inter-
mediate range”, we drew the restricted cubic spline curve within the
subgroup with BMI records and determined cut-points using the
optimal equal-HR method43. Fifth, the associations between LDL-C,
HDL-C, TC, TyG, and all-cause mortality were also examined to
compare with previous studies. Further, different knots were used to
determine the “intermediate range”. In addition, we adjusted only for
CAD in the Cox regressionmodel with competing risk as appropriate.
Finally, we excluded patients with MI, unstable angina, arterial
revascularization, or ischemic stroke prior to the index date
(N = 55,943) to investigate the associations between triglyceride
levels and new-onset ASCVD admission or death to minimize reverse
causality. P < 0.05 was significant for all. Statistical analyses were
performed using R.V.4.2.1.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Data supporting the findings of this study are available in the article
and its Supplementary information. The data underlying this article is
under restricted access due to the inclusion of confidential patient
information. For strictly research purposes, the data may be accessed
by contacting the corresponding author (khkyiu@hku.hk). Eligible
parties, including local academic institutions, government depart-
ments, or non-governmental organizations, can apply for access to
CDARS data through the Hong Kong Hospital Authority Data Sharing
Portal (https://www3.ha.org.hk/data). More information regarding the
application process can be found at https://www3.ha.org.hk/data/
Provision/ApplicationProcedure.

Code availability
The analytic codes used in this study are available at https://github.
com/u3007493/Codes-for-Triglyceride-and-HF/tree/main.
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