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Abstract

We investigated fasting hypertriglyceridemia as predictors of all-cause, cardiovascu-
lar, and non-cardiovascular mortality in an elderly male Chinese population, while
accounting for various conventional cardiovascular risk factors. Our participants were
elderly men recruited from residents living in a suburban town of Shanghai (>60 years
of age, n = 1583). Hypertriglyceridemia was defined as a fasting serum triglycerides
concentration >1.70 mmol/L. Subgroup analyses were performed according to cur-
rent smoking (yes vs. no), alcohol intake (yes vs. no), and the presence and absence of
hypertension and hyperglycemia. During a median of 7.9 years follow-up, all-cause, car-
diovascular, and non-cardiovascular deaths occurredin 279, 112, and 167 participants,
respectively. After adjustment for confounding factors, fasting hypertriglyceridemia
was not significantly (p > .33) associated with the risk of all-cause, cardiovascular,
and non-cardiovascular mortality. However, there was significant (p = .03) interac-
tion between hypertriglyceridemia and the presence and absence of hypertension
in relation to all-cause mortality. In normotensive, but not hypertensive individuals,
hypertriglyceridemia was significantly associated with a higher risk of all-cause mortal-
ity (hazard ratio 1.57, 95% confidence interval 1.06-2.31). In further non-parametric
analyses in normotensive individuals, the age-standardized rate for all-cause mortality
increased from 18.9 in quartile 1 to 20.0, to 24.7, and to 39.9 per 1000 person-years in
quartiles 2, 3, and 4 of serum triglycerides concentration, respectively (p;enq = .0004).
Similar results were observed for cardiovascular mortality. Our study in elderly male
Chinese showed that fasting hypertriglyceridemia was associated with a higher risk
of all-cause and cardiovascular mortality in patients with normotension but not those

with hypertension.
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1 | INTRODUCTION

In arecent study in an elderly Chinese population, we found that serum
triglycerides concentration tended to be associated with a higher risk
of total and cardiovascular mortality in men but not women.! In fact,
although there is growing interest in the role of hypertriglyceridemia
in the development and prevention of cardiovascular disease, 22 it is
still a matter of debate and an unresolved and insufficiently addressed
research question. Indeed, the prevalence of fasting hypertriglyc-
eridemia is high, being 15.0% in the general population and 43.7% in
patients with diabetes mellitus (DM).*> Some drugs are efficacious in
reducing serum triglycerides,® and some of them also show significant
benefit in preventing cardiovascular events.”~? It is therefore clinically
relevant to investigate the risks of hypertriglyceridemia.

Why there was possible risk in elderly men but not women as
observed in our previous study is not entirely understood. Our hypoth-
esis is that there is often an aggregation of cardiovascular risk factors

in men but not women,10-13

such as cigarette smoking and alcohol
intake, and hypertriglyceridemia probably interacts with these risk fac-
tors to increase the risk of cardiovascular diseases and mortality. In
the present study, we therefore investigated the association between
fasting hypertriglyceridemia and the risk of all-cause, cardiovascular,
and non-cardiovascular mortality in an elderly male Chinese popu-
lation, with a particular focus on its interaction with conventional
cardiovascular risk factors, such as cigarette smoking, alcohol intake,

hypertension, and hyperglycemia.

2 | METHODS

2.1 | Study population

Our study was conducted in the framework of the Chronic Disease
Detection and Management in the Elderly (>60 years of age) Pro-
gram supported by the municipal government of Shanghai.'*17 In a
newly urbanized suburban town 30 km from the city center, we invited
all residents of at least 60 years of age to participate in compre-
hensive examinations of cardiovascular disease and risk. The Ethics
Committee of Ruijin Hospital, Shanghai Jiao Tong University School
of Medicine, approved the study protocol. All participants provided
written informed consent.

Our analysis was restricted to 1785 men, who were enrolled in the
period from 2006 to 2011 and followed up for vital status and cause of
death till June 2015. We excluded 202 participants because of extreme
(>10.0 mmol/L, n= 10) or missing values of serum triglycerides concen-
tration (n = 192). The number of participants included in the present

analysis was therefore 1583.

2.2 | Blood biochemistry

Venous blood samples were drawn after overnight fasting for the mea-
surement of serum triglycerides, serum total cholesterol, and plasma

glucose. According to the 2023 Chinese guidelines for the management
of dyslipidemia in adults,® fasting hypertriglyceridemia was defined as
a serum triglycerides concentration >1.70 mmol/L. DM was defined as
a plasma glucose level of at least 7.0 mmol/L fasting or 11.1 mmol/L at
any time, or as the use of antidiabetic agents. Hyperglycemia included
DM and fasting plasma glucose in the range from 6.1 to 6.9 mmol/L.

2.3 | Blood pressure, questionnaire, and
anthropometry

One experienced physician measured each participant’s blood pres-
sure three times consecutively on the nondominant arm using a
validated Omron 7051 oscillometric blood pressure monitor (Omron
Healthcare, Kyoto, Japan), after the participants had rested for at least
5 min in the sitting position. These three blood pressure readings were
averaged for analysis. Hypertension was defined as a sitting blood pres-
sure of at least 140 mmHg systolic or 90 mmHg diastolic, or as the use
of antihypertensive drugs.

The same physician administered a standardized questionnaire
to collect information on medical history, smoking habits, alcohol
consumption, and the use of medications. A trained technician per-
formed anthropometric measurements, including body height and
body weight. Body mass index was calculated as the body weight in

kilograms divided by the body height in meters squared.

24 | Follow-up

Information on vital status and the cause of death was obtained
from the official death certificate, with further confirmation by the
local Community Health Center and family members of the deceased
people. The International Classification of Diseases Ninth Revision
(ICD-9) was used to classify the cause of death. Cardiovascular mor-
tality included deaths attributable to stroke, myocardial infarction,
and other cardiovascular diseases (ICD-9, 390.0-459.9). Deaths other
than cardiovascular reasons were considered as non-cardiovascular

mortality.

2.5 | Statistical methods

Statistical analysis was performed using the SAS software 9.4 (SAS
Institute, Cary, North Carolina, USA). All statistical tests were two-
sided at the .05 significance level. Means and proportions were
compared by the analysis of variance (ANOVA) and Chi-square test,
respectively. The log-rank test was used to compare the cumulative
incidence of mortality between groups with the Kaplan-Meier survival
function to show the time to death. Cox regression analysis was per-
formed to compute hazard ratios (HRs) and 95% confidence intervals
(95% Cls) for the association between serum triglycerides and mor-
tality. Proportional hazards assumption was checked by assessing the

Schoenfeld residuals. Subgroup analyses were performed according to
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TABLE 1 Characteristics of the study participants by serum triglycerides.

Characteristic

Serum triglycerides concentration (mmol/L)

WILEY 12

< 1.7 (No.=1141) > 1.7 (No. = 442) p

Age (years) 68.5+7.2 67.4+6.5 .01
Body mass index (kg/m?) 23.2+3.3 24.4+3.7 <.0001
Current smoking, no. (%) 617 (54.1) 254 (57.5) 22
Alcohol intake, no. (%) 395 (34.6) 184 (41.6) .01
Systolic blood pressure (mmHg) 137.9+ 195 139.3+19.8 .20
Diastolic blood pressure (mmHg) 81.7+10.9 82.5+10.6 <.0001
Pulse rate (beats/min) 745+ 118 752+122 31
Hypertension, no. (%) 492 (43.1) 221 (50.0) .01
Use of antihypertensive drugs, no. (%) 402 (35.2) 198 (44.8) .0004
Diabetes mellitus, no. (%) 41 (3.6) 28 (6.3) .02
Hyperglycemia, no. (%) 154 (13.5) 84(19.0) .01
Use of antidiabetic drugs, no. (%) 14 (1.2) 13(2.9) .02
Fasting plasma glucose (mmol/L) 52+10 54+12 .001
Serum total cholesterol (mmol/L) 54+15 58+13 <.0001

Values are mean + standard deviation, or number of participants (% of column total).

the status of current smoking, alcohol intake, and the presence and
absence of hypertension and hyperglycemia. Statistical interaction was
tested by including an interaction term (the subgroup variable times
the dummy variable for hypertriglyceridemia) in a multivariable Cox
regression model. The age-standardized mortality rate was calculated
using the direct method. p values for trend were computed by the
analysis of Cochran-Armitage test. The receiver-operating character-
istic (ROC) curve was used to assess the predictive ability of serum

triglycerides concentration for mortality.

3 | RESULTS
3.1 | Characteristics of the study participants

The 1583 male study participants had a mean age (+ SD) of 68.2
(+ 7.0) years and included 442 (27.9%) patients with fasting hyper-
triglyceridemia (>1.70 mmol/L). The study participants significantly
differed (p < .05) according to the presence and absence of hyper-
triglyceridemia in most of the baseline characteristics, except for the
proportion of current smoking, systolic blood pressure, and pulse rate
(p>.31, Table 1).

Patients with hypertriglyceridemia, compared with those with nor-
mal serum triglycerides concentration, were slightly younger (-1.1
years, p = .01), had a greater body mass index (24.4 vs. 23.2 kg/m?,
p < .0001), higher diastolic blood pressure (82.5 vs. 81.7 mmHg,
p < .0001), fasting plasma glucose (5.4 vs. 5.2 mmol/L, p = .001), and
serum total cholesterol (5.8 vs. 5.4 mmol/L, p <.0001), and had a higher
proportion of alcohol intake (41.6% vs. 34.6%, p = .01), and a high
prevalence of hypertension (50.0% vs. 43.1%, p = .01), DM (6.3% vs.
3.6%, p =.02), and hyperglycemia (19.0% vs. 13.5%, p = .01).

3.2 | Association between hypertriglyceridemia
and mortality

During a median of 7.9 years follow-up (interquartile range, 6.8-8.8
years), the cumulated number of person-years was 11 277, and all-
cause, cardiovascular and non-cardiovascular deaths occurred in 279,
112, and 167 participants, respectively. The corresponding incidence
rates were 24.7, 9.9 and 14.8 per 1000 person-years, respectively.

Kaplan-Meier survival analyses did not show any statistically
significant difference in the risk of all-cause, cardiovascular, and
non-cardiovascular mortality between participants with hypertriglyc-
eridemia and those with normal serum triglycerides concentration
(log-rank test, p>.29, Figure S1). After adjustment for age at base-
line and further adjustment for body mass index, the prevalence
of hypertension and DM, current smoking, alcohol intake, serum
total cholesterol, and fasting plasma glucose, none of the associ-
ations between hypertriglyceridemia and all-cause, cardiovascular,
and non-cardiovascular mortality were statistically significant (p>.33,
Table 2).

3.3 | Subgroup analyses

Subgroup analyses were performed according to current smoking (yes
vs. no), alcohol intake (yes vs. no), and the presence and absence of
hypertension and hyperglycemia. There was significant interaction
between hypertriglyceridemia and the presence and absence of
hypertension in relation to all-cause mortality (p = .03, Table 3). Similar
trends were observed for cardiovascular and non-cardiovascular
mortality (p =.10-.11) and in Kaplan-Meier survival analyses, although

the log-rank test did not show any statistically significant difference
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TABLE 2 Unadjusted and age- and fully-adjusted analyses on the hazard associated with hypertriglyceridemia (>1.7 mmol/L).
Hazard ratio (95% Cl)
Rate per 1000
Number of deaths  person-years Unadjusted Age-adjusted Fully adjusted p
All-cause mortality 279 221 0.93(0.71-1.21) 1.11(0.85-1.45) 1.13(0.86-1.48) .40
Cardiovascular mortality 112 9.9 0.79(0.51-1.22) 1.01(0.65-1.56) 1.00(0.64-1.56) .99
Non-cardiovascular mortality 167 14.8 1.03(0.74-1.43) 1.17(0.84-1.64) 1.19(0.84-1.68) .33

p value for fully adjusted analyses.
Abbreviation: Cl, confidence interval.

Fully adjusted models included as covariates age, body mass index, current smoking, alcohol intake, serum total cholesterol, fasting plasma glucose and the

presence of hypertension and diabetes mellitus at baseline.

TABLE 3 Fully adjusted subgroup analyses on the hazard associated with hypertriglyceridemia (>1.7 mmol/L).

Number of
deaths/participants

All-cause mortality

Current smoking

Yes 132/871

No 147/712

Alcohol intake

Yes 84/579

No 195/1004

Hyperglycemia

Yes 45/238

No 234/1345

Hypertension

Yes 138/713

No 141/870
Cardiovascular mortality

Current smoking

Yes 48/871

No 64/712

Alcohol intake

Yes 33/579

No 79/1004

Hyperglycemia

Yes 14/238

No 98/1345

Hypertension

Yes 59/713

No 53/870

between participants with hypertriglyceridemia and those with nor-
mal serum triglycerides concentration in the presence or absence of
hypertension (p>.14, Figure S2). After adjustment for covariates, in the
presence of normotension (n = 870), but not hypertension (n = 713),
patients with hypertriglyceridemia had a significantly higher risk of

Rate per 1000
person-years Hazard ratio (95% CI) p for interaction
31
20.9 1.29(0.89-1.87)
29.6 0.94(0.63-1.42)
21
19.8 1.34(0.83-2.16)
27.7 1.03(0.73-1.44)
.66
26.1 1.25(0.66-2.38)
24.5 1.10(0.81-1.48)
.03
27.5 0.85(0.58-1.26)
225 1.57(1.06-2.31)
.29
7.6 1.32(0.71-2.46)
12.9 0.73(0.37-1.43)
.72
7.8 0.87(0.37-2.08)
11.2 1.04(0.62-1.75)
.52
8.1 1.33(0.40-4.42)
10.3 0.93(0.57-1.52)
.10
11.8 0.77 (0.42-1.41)
85 1.49(0.76-2.90)

(Continues)

all-cause mortality than participants with normal serum triglycerides
concentration (HR 1.57,95% Cl 1.06-2.31, p =.02).

In further non-parametric analyses, the age-standardized rate
for all-cause mortality increased from 18.9 per 1000 person-years
in quartile 1 to 20.0, to 24.7, and to 39.9 per 1000 person-years,
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TABLE 3 (Continued)
Number of Rate per 1000
deaths/participants person-years Hazard ratio (95% CI) p for interaction
Non-cardiovascular mortality
Current smoking .65
Yes 84/871 133 1.26(0.79-2.02)
No 83/712 16.7 1.07 (0.64-1.78)
Alcohol intake .07
Yes 51/579 27.4 1.65(0.92-2.96)
No 116/1004 16.5 0.98(0.63-1.52)
Hyperglycemia .95
Yes 31/238 18.0 1.27(0.59-2.72)
No 136/1345 14.2 1.19(0.81-1.76)
Hypertension 11
Yes 79/713 12.6 0.89(0.54-1.47)
No 88/870 15.7 1.61(1.00-2.59)

Abbreviation: Cl, confidence interval.

2Fully adjusted models included as covariates age, body mass index, serum total cholesterol, fasting plasma glucose, and the presence of hypertension and

diabetes mellitus at baseline.
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FIGURE 1 Age-standardized mortality rate per 1000 person-years according to the quartile distributions of fasting serum triglycerides
concentration in patients with hypertension (A) and those with normotension (B). The number of participants is given for each quartile at the
bottom of the figure. The number of deaths (rate per 1000 person-years) is given for each quartile alongside the symbols.

respectively, in quartiles 2, 3, and 4 of serum triglycerides concen-
tration in participants with normotension (pireng = .0004, Figure 1).
Similar results were observed for cardiovascular mortality. The corre-
sponding age-standardized rate was 7.0, 8.7, 11.1, and 26.6 per 1000
person-years, respectively (pirenq < -0001).

After exclusion of patients who were taking antihypertensive medi-

cation, further analyses showed significant interaction between hyper-

triglyceridemia and systolic blood pressure in relation to all-cause
mortality (p = .0051, Table S2). In untreated patients with a systolic
blood pressure less than 140 mmHg, the age-standardized rate for
all-cause mortality significantly increased 17.6 per 1000 person-years
in quartile 1 to 22.7, to 22.5, and to 44.8 per 1000 person-years,
respectively, in quartiles 2, 3, and 4 of serum triglycerides concen-
tration (pireng = -0002, Figure 2). The corresponding age-standardized
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FIGURE 2 Age-standardized mortality rate per 1000 person-years according to the quartile distributions of fasting serum triglycerides
concentration in untreated patients with a systolic blood pressure of >140 mmHg (A) or < 140 mmHg (B). The number of participants is given for
each quartile at the bottom of the figure. The number of deaths (rate per 1000 person-years) is given for each quartile alongside the symbols.

rate for cardiovascular mortality was 7.4, 8.2, 9.3, and 26.0 per 1000
person-years, respectively (pireng = .0002).

3.4 | Serum triglycerides concentration for the
prediction of mortality

The predictive performance of serum triglycerides concentration for
mortality was evaluated using receiver operating characteristic (ROC)
curves (Figure S3). In all participants, the cut-off point was 1.49,
1.49, and 1.39, respectively, for all-cause, cardiovascular, and non-
cardiovascular mortality (Figure S3, panel A). In participants with
hypertension, the cut-off point was 1.57 for all three mortality end-
points (Figure S3, panel B). In participants with normotension, the cut-
off points were 1.04, 1.49, and 1.68, respectively (Figure S3, panel C).

4 | DISCUSSION

Our new finding was that hypertriglyceridemia was significantly asso-
ciated with all-cause and cardiovascular mortality in participants with
normotension, especially those untreated individuals with a systolic
blood pressure below 140 mmHg. The finding was to some extent in
contradiction to our hypothesis that hypertriglyceridemia might be
associated with a higher cardiovascular risk in the presence of other
cardiovascular risk factors.

Our observation on the mortality risk associated with hypertriglyc-

eridemia in normotension but not hypertension is not entirely under-

stood. There are several possible explanations. First, the mortality risk
associated with hypertriglyceridemia is relatively mild, and hence can
only be shown when the background risk is low, such as those par-
ticipants with normotension. In our present study, the adjusted HR
for hypertension versus normotension was 1.57 and 1.49 for all-cause
and cardiovascular mortality, respectively. Second, serum triglycerides
concentration is positively associated with plasma and whole blood
viscosity.1?20 A speculative and hypothetical explanation might be that
the risk associated with hypertriglyceridemia is to some extent via
increased viscosity, which may have been enhanced by the low blood
pressure, especially during systole. Third, awareness may also be a mat-
ter. Patients with diagnosed hypertension may have a higher awareness
of hypertriglyceridemia than those with normotension, which may lead
to differences in the management of hypertriglyceridemia and hence
in the risk associated with the disease. Indeed, in a cross-sectional
study in 4052 participants, the awareness, treatment, and control
rates of dyslipidemia (including 43.9% hypertriglyceridemia) were
14.4%, 33.9%, and 19.9%, respectively. The awareness of dyslipidemia
was significantly higher in 2335 participants with hypertension (odds
ratio 1.75, 95% Cl 1.3-2.3) than those with normotension.?? Finally,
hypertension often presents with other comorbid chronic diseases,
such as DM. In a 2015 nationwide registry of outpatients with hyper-
tension (n = 1291), the prevalence of type 2 diabetes was 32.9%.%2
These patients might have been treated for comorbidities while receiv-
ing treatment for hypertension, which may also help reduce the risk of
death.

Whether a serum triglycerides concentration of >1.70 mmol/L

is appropriate for the diagnosis of hypertriglyceridemia is to some
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extent questionable, because it is the threshold for the definition of the
metabolic syndrome but not conventional hypertriglyceridemia.??
The latter has been a serum triglycerides concentration of
2.30 and 1.70 mmol/L, respectively, as definite and borderline
hypertriglyceridemia..'® However, if we scrutinize the figure of the
age-standardized mortality rate of our study, it visually appears that
1.70 mmol/L is almost right at the turning point, from which the
mortality rate started to increase for both all-cause and cardiovascular
mortality.

Our study should be interpreted within the context of its limita-
tions. First, our study had a relatively small sample size. The possibility
of a chance finding for both the null finding in general and the signifi-
cant finding in normotensive individuals in particular cannot be entirely
excluded. Second, we did not collect sufficient information on non-fatal
cardiovascular events and other risk factors for death. Third, we did not
perform measurements of postprandial or non-fasting serum triglyc-
erides. There is some evidence that it is the non-fasting but not fasting
serum triglycerides concentration, that is, associated with a higher
cardiovascular risk.24-26

In conclusion, our study in elderly male Chinese showed that hyper-
triglyceridemia was associated with a higher risk of all-cause and
cardiovascular mortality in participants with normotension but not
those with hypertension. The finding, though not entirely understood,
highlights the necessity in both clinical and fundamental research
on the health consequence of hypertriglyceridemia, which is highly

prevalent in almost all populations.
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