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Abstract 

Background Dyslipidemia measured as low‑density lipoprotein (LDL)‑cholesterol is an established risk factor of 
cardiovascular disease, which is more pronounced in diabetes population. Less is known about the association of LDL‑
cholesterol level and sudden cardiac arrest (SCA) risk in diabetes mellitus patients. This study investigated the associa‑
tion of LDL‑cholesterol level and SCA risk in diabetes population.

Methods This study was based on Korean National Health Insurance Service database. Patients who received general 
examination from 2009 to 2012 and diagnosed as type 2 diabetes mellitus were analyzed. Primary outcome was 
defined as SCA event identified with International Classification of Disease code.

Results A total of 2,602,577 patients were included, with total follow‑up duration of 17,851,797 person * year. Mean 
follow‑up duration was 6.86 years, and 26,341 SCA cases were identified. Overall incidence of SCA was highest in the 
lowest LDL‑cholesterol group (< 70 mg/dL) and decreased in a linear manner as LDL‑cholesterol rises, till 160 mg/
dL. Adjustment of covariates resulted in U‑shape association, with highest risk of SCA in the highest LDL‑cholesterol 
group (≥ 160 mg/dL) followed by lowest LDL‑cholesterol group (< 70 mg/dL). In subgroup analysis, U‑shape associa‑
tion between SCA risk and LDL‑cholesterol was more pronounced in male, non‑obese people, and those who did not 
use statins.

Conclusions In people with diabetes, the association between SCA and LDL‑cholesterol level was U‑shaped with 
highest and lowest LDL‑cholesterol group having higher risk of SCA than others. Low LDL‑cholesterol level can be a 
surrogate marker for increased risk of SCA in people with diabetes mellitus and this paradoxical association should be 
recognized and extended to clinical preventive measures.
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Introduction
Sudden cardiac arrest (SCA) is defined as unexpected 
sudden loss of cardiac contraction that occurs without 
a warning sign [1, 2]. Although majority of SCA occurs 
in patients with structural heart disease, including coro-
nary artery disease, heart failure and cardiomyopathy, 
SCA also affects individuals who are apparently healthy 
without or with few cardiovascular risk factors [3]. Inter-
linked with cardiovascular mortality, SCA is a signifi-
cant public healthcare burden that leads to substantial 
socioeconomic cost globally. Although cardiovascular 
mortality has decreased in past two decades along with 
improved preventive measures, cardiovascular death still 
affects approximately 17 million annual deaths around 
the world, in which one-fourth presents as SCA [2, 4].

Considering the devastating sequalae of SCA and poor 
efficacy of secondary prevention, risk stratification of 
SCA and early recognition of high-risk population is cru-
cial. However, due to sudden onset and dynamic nature, 
recognizing risk factors of SCA is an area of expertise 
that needs further identification. For decades, structural 
heart disease such as ischemic heart disease and reduced 
left ventricular ejection fraction have been the most 
widely accepted risk factors of SCA in clinical field, which 
leads to preventive therapy of implantable cardioverter 
defibrillator implantation [1, 2, 5]. Besides established 
structural heart disease, we have identified several inde-
pendent risk factors of SCA from previous studies, which 
includes hypertension, diabetes mellitus, dyslipidemia, 
and metabolic syndrome [6, 7]. Dyslipidemia and diabe-
tes are well-established, modifiable risk factors for future 
cardiovascular event. Co-existence of diabetes with dys-
lipidemia elevates the risk of cardiovascular disease, 
which is also known as diabetic dyslipidemia. Therefore, 
current guidelines recommend lower target of low-den-
sity lipoprotein (LDL)-cholesterol levels in people with 
diabetes mellitus, targeting LDL-cholesterol reduction to 
less than 100 mg/dL or even as low as 55 mg/dL, depend-
ing on individual risk stratification [8–10]. Although dia-
betes mellitus is also known as an independent predictor 
of SCA from previous studies, there have been conflict-
ing results on association of dyslipidemia with SCA risk 
[11–15]. In the early decades, long term follow-up of 
Paris Prospective study demonstrated a positive associa-
tion between serum cholesterol level and sudden death 
[11]. However, subsequent studies revealed no significant 
association, or even negative association between lipid 
level (total cholesterol or LDL-cholesterol) and SCA risk 
[12, 13]. Accordingly, the conflicting results in previous 
studies necessitated further clarification of the associa-
tion between dyslipidemia and SCA risk. In addition, less 
is known about quantitative correlation of LDL-choles-
terol level with SCA risk, as well as its inter-connection 

with presence of diabetes mellitus. Therefore, based on 
nationwide database of Korean National Health Insur-
ance Service (K-NHIS), we sought to investigate the 
association between LDL-cholesterol and risk of SCA in 
diabetes population.

Research design and methods
Database
The K-NHIS is the single, exclusive medical insurance 
system managed by Korean government, that mandates 
subscription for Korean citizens, including virtually 
entire Korean population. A regular, nationwide health 
medical examination is provided for subscribers bienni-
ally, which includes physical examinations, self-reported 
questionnaires regarding sociodemographic factors, 
and laboratory test. Medical history is recorded as diag-
nostic codes of International Classification of Disease, 
10th revision (ICD-10), and drug prescription history 
was recorded. This study was approved by Institutional 
Review Board of Korea University Medicine Anam Hos-
pital and official review committee of the K-NHIS. Writ-
ten informed consent was waived by the Institutional 
Review Board of Korea University Medicine Anam Hos-
pital. This study conformed to the principle of 2013 Dec-
laration of Helsinki.

Study population
Patients with diagnostic codes for type 2 diabetes melli-
tus and those who underwent medical examination dur-
ing 2009 to 2012 were included in this study. Patients (i) 
who were younger than 20 years, (ii) who had diagnostic 
codes for SCA prior to enrollment, and (iii) those with 
missing data were excluded. Patients were followed up 
from the day of initial medical examination to December, 
2018. There were no follow-up losses except for death 
and emigrations.

Definitions of variables
The primary outcome was defined as the occurrence of 
SCA during follow-up and both the aborted and non-
aborted SCA events were included. Sudden cardiac 
arrest was identified with ICD-10 codes; I46.0 (cardiac 
arrest with successful resuscitation), I46.1 (sudden car-
diac arrest), I46.9 (cardiac arrest, cause unspecified), 
I49.0 (ventricular fibrillation and flutter), R96.0 (instan-
taneous death), and R96.1 (death occurring less than 
24 h from onset of symptoms). Out-of-hospital cardiac 
arrest declared at emergency department was defined 
as SCA event, and events during in-hospital admission 
were not counted. Performance of cardiopulmonary 
resuscitation at emergency department without claim 
of ICD-10 codes for SCA was also classified as a SCA 
event. Regarding the definition of SCA, patients with 
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prior diagnosis of ischemic stroke, hemorrhagic stroke, 
asphyxia, suffocation, drowning, anaphylaxis, gastroin-
testinal bleeding, sepsis, major trauma, hit by lightning, 
electric shock, or burn within 6 months of diagnosis of 
SCA were excluded. The claims for SCA that occurred 
within 1  year after health screening was not counted 
as a main outcome due to ICD-10 coding-based detec-
tion of main outcome. For example, claim of SCA codes 
immediately after health screening can be actual SCA 
event after health screening or just a repeat claim of 
SCA which happened before health screening. Inci-
dence of SCA was described as SCA events per 1000 
person * year follow-up. The robustness of our coding 
strategy for SCA and other medical conditions was vali-
dated in prior studies [6, 7, 16–20].

Serum lipid profiles were measured as high-density 
lipoprotein-cholesterol (mg/dL), total cholesterol (mg/
dL), and triglyceride (mg/dL) with at least eight hours of 
fasting. LDL-cholesterol (mg/dL) was calculated from 
quantitative measurements of total cholesterol, high-
density lipoprotein-cholesterol, and triglyceride using 
the Friedewald formula. LDL-cholesterol level was clas-
sified into eight quantiles: LDL-cholesterol < 70 (group 
I), 70 ≤ LDL-cholesterol < 75 (group II), 75 ≤ LDL-cho-
lesterol < 100 (group III), 100 ≤ LDL-cholesterol < 115 
(group IV), 115 ≤ LDL-cholesterol < 130 (group V), 
130 ≤ LDL-cholesterol < 145 (group VI), 145 ≤ LDL-
cholesterol < 160 (group VII), 160 ≤ LDL-cholesterol 
(group VIII). The ICD-10 codes for diagnosis and defi-
nitions of variables are described in Additional file  1: 
Tables S1 and S2.

Statistical analysis
The incidence of SCA was calculated as event numbers 
per 1000 person-years of follow-up. Categorical vari-
ables were described as number and percentage, and 
continuous variables were described as mean ± stand-
ard deviation or median and  quartiles. Student’s t-test, 
Mann–Whitney U test, Chi-square test, and Fisher’s 
exact test was used for comparison of variables as indi-
cated. Cox-proportional hazards model was used to cal-
culate hazards ratios and 95% confidence intervals (CI). 
Variables that were statistically different according to 
LDL-cholesterol level were further included for adjusted 
Cox regression analysis. Consequently, adjustment with 
covariates was done with multivariate model 1 (age and 
sex) and model 2 (age, sex, income, body mass index 
[BMI], smoking status, alcohol consumption status, regu-
lar exercise, hypertension, fasting blood glucose, duration 
of diabetes mellitus, use of insulin, use of oral hypogly-
cemic agent, and use of statin). Our multivariate mod-
els were validated in our prior studies [6, 7, 16, 21, 22]. 
All tests were two-tailed, and statistical significance was 
defined as p-values ≤ 0.05. All statistical analyses were 
performed with SAS version 9.2 (SAS Institute, Cary, 
NC, USA).

Results
Study population
During 2009 to 2012, a total of 2,746,079 patients who 
were diagnosed with diabetes mellitus underwent nation-
wide medical examination (Fig.  1). Exclusion criteria 
were (i) Patients under 20 years (n = 390), (ii) those with 

Fig. 1 Flowsheet of study. SCA sudden cardiac arrest, ICD-10 International Classification of Disease, 10th revision, CPR cardiopulmonary resuscitation



Page 4 of 11Kim et al. Cardiovascular Diabetology           (2023) 22:36 

missing data (n = 117,446), (iii) those with prior diagnosis 
of SCA during screening period (2002 to 2008; n = 934), 
or (iv) those who died or experienced SCA within 1 year 
after medical examination (n = 24,732). Patients were fol-
lowed until December 2018, and total follow-up duration 
was 17,851,797 person * year. Mean follow-up period per 
patient was 6.86 years, and a total of 26,341 SCA events 
were identified.

Baseline characteristics regarding LDL-cholesterol 
level is described in Table  1. As LDL-cholesterol level 
decreases, there was tendency of increase of age and 
decrease of BMI. In addition, lower LDL-cholesterol sub-
groups showed higher proportion of male sex, current-
smoker, heavy-drinker, and patients with regular exercise. 
Lower LDL-cholesterol subgroup also reflected higher 
proportion of pre-existing comorbidities of hypertension, 
and long-standing diabetes mellitus (more than 5 years), 
as well as prior medication of statin, multiple oral hypo-
glycemic agents (three or more), and insulin.

LDL‑cholesterol and SCA
Before adjustment of covariates, overall incidence of 
SCA categorized by LDL-cholesterol level was highest in 
group I (lowest LDL-cholesterol group; incidence = 1.847; 
Table  2), followed by group II (incidence = 1.575; 
Table 2), group III (incidence = 1.511; Table 2), and group 
VIII (highest LDL-cholesterol group; incidence = 1.406; 
Table  2). After adjustment of age and sex (Model 1), 
highest risk of SCA was observed in group I, followed 
by group VIII (Table  2 and Fig.  2). After adjustment of 
multiple covariates of sociodemographic and metabolic 
factors (Model 2), risk of SCA was highest in group 
VIII (adjusted hazard ratio [adjusted-HR] = 1.059, 95% 
CI = 1.007–1.113; p = 0.020; Table 2 and Fig. 2), followed 
by group I (reference group; Table  2 and Fig.  2). Before 
consideration of covariates, overall incidence reflected 
reverse J-shape relationship with LDL-cholesterol level, 
whereas adjustment of covariates showed U-shape asso-
ciation, with highest SCA risk in highest LDL-cholesterol 
group (group VIII). This finding was consistent across 
age subgroups (Additional file 1: Table S3).

Subgroup analysis: gender
The risk of SCA according to LDL-cholesterol level was 
evaluated in both gender (Table 2 and Fig. 3A). The over-
all incidence of SCA was significantly higher in male 
across all LDL-cholesterol subgroups. Both male and 
female showed similar patterns of SCA incidence, reflect-
ing reverse J-shape curve. After adjustment of covariates, 
U-shape association was observed in male with highest 
and lowest LDL-cholesterol group having the higher risk 
of SCA (Table  2 and Fig.  3A). However, such U-shape 

association was significantly diluted in female (Table  2 
and Fig. 3A).

Subgroup analysis: obesity
Comparison of obese group (BMI ≥ 25) and non-obese 
group (BMI < 25) showed markedly lower incidence 
in obese group regardless of LDL-cholesterol (Table  2 
and Fig. 3B). Multivariate model showed U-shape asso-
ciation between LDL-cholesterol level and SCA risk in 
non-obese group (Table 2 and Fig. 3B). However, such 
U-shape association was no longer present in the obese 
group.

Subgroup analysis: statin
Incidence of SCA regarding the use of statin did not 
differ significantly (Table 2 and Fig. 3C). In statin-naïve 
group, adjustment of covariates resulted in prominent 
U-shape curve, with highest risk of SCA in lowest 
LDL-cholesterol group (group I; reference group), fol-
lowed by highest LDL-cholesterol group (group VIII; 
adjusted-HR = 0.963; 95% CI = 0.902–1.028; Table  2 
and Fig. 3C). The risk of SCA in LDL-cholesterol group 
II to VII was significantly lower than group I. In con-
trast, the association between LDL-cholesterol and 
SCA risk was rather linear association in the statin-use 
group with the highest SCA risk observed in the high-
est LDL-cholesterol group (adjusted-HR = 1.198; 95% 
CI = 1.108–1.295; Table 2 and Fig. 3C).

Subgroup analysis: insulin
Incidence of SCA was significantly higher in diabetes 
people using insulin compared to insulin-naïve diabetes 
people, which was consistent across all LDL-cholesterol 
level (Table 2 and Fig. 3D). In the insulin-naïve group, 
adjusted-HR was significantly lower in LDL-choles-
terol group II to VII and numerically higher in group 
VIII as compared with the reference group (group I). In 
the insulin-use group, significantly higher risk of SCA 
was observed in the highest LDL-cholesterol group 
(adjusted-HR = 1.169; 95% CI = 1.045–1.308; Table  2 
and Fig. 3D).

Discussion
This study investigated the association of dyslipidemia, 
in which its severity categorized by LDL-cholesterol 
level, with the risk of SCA in diabetes patients. Inci-
dence of SCA reflected reverse J-shape association 
with LDL-cholesterol level: SCA was most prevalent 
in the lowest LDL-cholesterol group (< 70 mg/dL), and 
decreased as LDL-cholesterol level rises, until LDL-
cholesterol level reached 160 mg/dL. After adjustment 
of various confounding factors, lowest LDL-cholesterol 
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Table 1 Baseline characteristics according to LDL‑cholesterol level

LDL‑cholesterol (mg/dL)

< 70 < 75 < 100 < 115 < 130 < 145 < 160 ≥ 160 p‑value

343,781 305,842 389,404 415,948 380,029 297,720 203,636 266,217

Male 235,091 
(68.4%)

192,013 
(62.7%)

242,681 
(62.3%)

256,338 
(61.6%)

227,758 
(59.9%)

170,905 
(57.4%)

110,355 
(54.1%)

127,157 
(47.7%)

Age (years) 58.0 ± 12.1 58.2 ± 12.4 57.6 ± 12.5 57.3 ± 12.5 57.1 ± 12.4 56.9 ± 12.3 56.9 ± 12.1 56.9 ± 11.9 < 0.001

Age groups < 0.001

 < 40 years 23,448 (6.8%) 22,404 (7.3%) 30,930 (7.9%) 33,586 (8.0%) 29,972 (7.8%) 22,736 (7.6%) 15,137 (7.4%) 18,440 (6.9%)

 40–64 years 211,359 
(61.4%)

182,765 
(59.7%)

236,222 
(60.6%)

256,037 
(61.5%)

237,927 
(62.6%)

189,987 
(63.8%)

131,252 
(64.4%)

174,977 
(65.7%)

 ≥ 65 years 108,974 
(31.7%)

100,673 
(32.9%)

122,252 
(31.3%)

126,325 
(30.3%)

112,130 
(29.5%)

84,997 
(28.5%)

57,247 
(28.1%)

72,800 
(27.3%)

BMI (kg/m2) 24.9 ± 3.4 24.8 ± 3.4 24.8 ± 3.4 24.9 ± 3.4 25.1 ± 3.3 25.2 ± 3.3 25.3 ± 3.3 25.4 ± 3.3 < 0.001

BMI groups < 0.001

 < 18.5 7456 (2.1%) 6480 (2.1%) 7557 (1.9%) 6856 (1.6%) 5188 (1.3%) 3519 (1.1%) 2004 (0.9%) 2538 (0.9%)

 < 23 89,058 
(25.9%)

82,116 
(26.8%)

103,622 
(26.6%)

107,561 
(25.8%)

93,542 
(24.6%)

69,772 
(23.4%)

45,379 
(22.2%)

57,156 
(21.4%)

 < 25 83,318 
(24.2%)

75,096 
(24.5%)

96,421 
(24.7%)

103,432 
(24.8%)

95,642 
(25.1%)

74,654 
(25.0%)

50,990 
(25.0%)

65,891 
(24.7%)

 < 30 139,334 
(40.5%)

120,471 
(39.3%)

153,721 
(39.4%)

167,244 
(40.2%)

155,697 
(40.9%)

125,535 
(42.1%)

87,892 
(43.1%)

116,545 
(43.7%)

 ≥ 30 24,615 (7.1%) 21,679 (7.0%) 28,083 (7.2%) 30,855 (7.4%) 29,960 (7.8%) 24,240 (8.1%) 17,371 (8.5%) 24,087 (9.0%)

Waist circum‑
ference (cm)

85.8 ± 8.7 85.2 ± 8.8 85.1 ± 8.7 85.2 ± 8.7 85.4 ± 8.6 85.5 ± 8.5 85.6 ± 8.4 85.6 ± 8.5 < 0.001

Income, lowest 
Q1

73,235 
(21.3%)

63,875 
(20.8%)

80,925 
(20.7%)

87,028 
(20.9%)

79,498 
(20.9%)

62,148 
(20.8%)

42,551 
(20.9%)

57,194 
(21.4%)

< 0.001

Smoking < 0.001

 Non‑smoker 168,846 
(49.1%)

165,626 
(54.1%)

213,368 
(54.7%)

229,606 
(55.2%)

213,254 
(56.1%)

170,622 
(57.3%)

120,511 
(59.1%)

166,465 
(62.5%)

 Ex‑smoker 70,670 
(20.5%)

60,372 
(19.7%)

74,524 
(19.1%)

79,039 
(19.0%)

70,311 
(18.5%)

52,712 
(17.7%)

34,019 
(16.7%)

39,383 
(14.7%)

 Current‑
smoker

104,265 
(30.3%)

79,844 
(26.1%)

101,512 
(26.0%)

107,303 
(25.8%)

96,464 
(25.3%)

74,386 
(24.9%)

49,106 
(24.1%)

60,369 
(22.6%)

Drinking < 0.001

 Non‑drinker 175,256 
(50.9%)

172,941 
(56.5%)

219,889 
(56.4%)

235,592 
(56.6%)

218,788 
(57.5%)

175,221 
(58.8%)

123,371 
(60.5%)

170,436 
(64.0%)

 Mild‑drinker 118,004 
(34.3%)

99,584 
(32.5%)

129,764 
(33.3%)

139,985 
(33.6%)

126,755 
(33.3%)

97,033 
(32.5%)

64,152 
(31.5%)

76,820 
(28.8%)

 Heavy‑
smoker

50,521 
(14.7%)

33,317 
(10.8%)

39,751 
(10.2%)

40,371 (9.7%) 34,486 (9.0%) 25,466 (8.5%) 16,113 (7.9%) 18,961 (7.1%)

Regular exer‑
cise

73,598 
(21.4%)

66,558 
(21.7%)

83,520 
(21.4%)

87,235 
(20.9%)

77,830 
(20.4%)

59,518 
(19.9%)

39,604 
(19.4%)

48,162 
(18.0%)

< 0.001

Hypertension 222,974 
(64.8%)

186,846 
(61.0%)

225,132 
(57.8%)

231,510 
(55.6%)

205,451 
(54.0%)

158,397 
(53.2%)

107,310 
(52.7%)

140,427 
(52.7%)

< 0.001

SBP (mmHg) 128.9 ± 15.8 128.4 ± 15.6 128.5 ± 15.6 128.7 ± 15.7 129 ± 15.7 129.3 ± 15.8 129.6 ± 15.9 130.2 ± 16.3 < 0.001

DBP (mmHg) 78.7 ± 10.4 78.2 ± 10.1 78.5 ± 10.1 78.8 ± 10.2 79.1 ± 10.2 79.4 ± 10.2 79.7 ± 10.3 80.1 ± 10.4 < 0.001

Diabetes mel‑
litus duration, 
≥ 5 years

132,768 
(38.6%)

114,238 
(37.3%)

133,056 
(34.1%)

131,108 
(31.5%)

110,505 
(29.0%)

79,651 
(26.7%)

49,963 
(24.5%)

58,226 
(21.8%)

< 0.001

Use of insulin 41,380 
(12.0%)

33,397 
(10.9%)

37,117 (9.5%) 35,125 (8.4%) 28,896 (7.6%) 20,834 (7.0%) 13,386 (6.5%) 17,806 (6.6%) < 0.001

Use of OHA, 
≥ 3

64,369 
(18.7%)

52,905 
(17.3%)

60,506 
(15.5%)

59,298 
(14.2%)

50,296 
(13.2%)

36,981 
(12.4%)

23,550 
(11.5%)

29,402 
(11.0%)

< 0.001

Fasting glucose 
(mg/dL)

142.4 ± 48.7 140.1 ± 45.3 141.8 ± 45.7 143.5 ± 45.5 145.1 ± 45.9 147.0 ± 46.5 148.9 ± 47.6 152.8 ± 51.2 < 0.001
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group (< 70  mg/dL) resulted second highest risk of 
SCA, following the highest LDL-cholesterol group 
(≥ 160 mg/dL) resulting in a U-shape association which 
was contrary finding from traditional linear association 
of LDL-cholesterol with cardiovascular disease.

This study shows strength in investigating yet undis-
covered a U-shape association of SCA and LDL-choles-
terol level in diabetes population. Analysis was based on 
nationwide health insurance database that include large 
volume of diabetes population, and various patient-
related factors were adjusted from vast store of database 
on sociodemographic information as well as laboratory 
markers and medication use.

Sudden cardiac arrest, cardiovascular disease, 
and dyslipidemia
Sudden cardiac arrest features an abrupt, unexpected 
onset of cardiac arrest, which may lead to irreversible 
sequalae even after prompt, successful resuscitation. Pri-
mary prevention of SCA with identification and stratifi-
cation of risk factors have been of concern for decades, 
but is an area of challenge, due to dynamic course of SCA 
entangled with various risk factors that influence each 
other. Dyslipidemia measured with serum LDL-choles-
terol level has been identified as a major risk factor for 
cardiovascular events. Traditionally, LDL-cholesterol 
level has reflected a positive linear correlation with car-
diovascular events [23, 24]. In recent study, lowering of 
LDL-cholesterol level as low as 40  mg/dL has resulted 
additional reduction of major cardiovascular events 
emphasizing reduction of LDL-cholesterol level as low as 
possible [9, 24]. Moreover, prolonged lowering of LDL-
cholesterol is associated with lower risk of atherosclerotic 
cardiovascular disease [25]. Accordingly, “the lower, the 
better” paradigm has introduced potent lipid lowering 

strategies in clinical field, including ezetimibe and pro-
protein convertase Subtilisin/Kexin 9 inhibitors in addi-
tion to statin therapy [26].

Previous studies on association of LDL‑cholesterol 
and sudden cardiac arrest
In this study, the traditional effect of LDL-cholesterol 
on cardiovascular mortality was reversed in terms of 
SCA risk: lowest LDL-cholesterol group showed signifi-
cantly increased risk of SCA. This reverse association 
of low LDL-cholesterol level with SCA was even more 
emphasized in statin-naïve subgroup and non-obese 
subgroup. Several studies have investigated associations 
of LDL-cholesterol with the risk of SCA, in which most 
of them did not find any significant association between 
LDL-cholesterol and SCA [12, 15]. Hosadurg et al. have 
reported similar findings with our study: compared with 
control cohort, out-of-hospital sudden unexpected death 
cases in North Carolina had significantly lower level of 
mean total cholesterol, non-high-density lipoprotein 
cholesterol, and notably, LDL-cholesterol [13]. It had 
introduced a novel finding of reverse association of low 
LDL-cholesterol with risk of SCA, but had limitation of 
small sized samples (n = 399) from geographically lim-
ited area, with relatively high proportion of missing val-
ues (more than 30%). Our study has further focused on 
diabetes population, that are more susceptible to dys-
lipidemia and cardiovascular disease, and confirmed the 
concept based on large cohort. Prospective nature of the 
cohort with demonstration of chronological association 
between LDL-cholesterol level and SCA risk is another 
strong point of this study.

Table 1 (continued)

LDL‑cholesterol (mg/dL)

< 70 < 75 < 100 < 115 < 130 < 145 < 160 ≥ 160 p‑value

Use of statin 177,777 
(51.7%)

128,879 
(42.1%)

119,496 
(30.6%)

93,357 
(22.4%)

72,261 
(19.0%)

60,416 
(20.2%)

50,766 
(24.9%)

98,495 
(37.0%)

< 0.001

Total choles‑
terol (mg/dL)

149.3 ± 35.5 162.3 ± 23.9 176.1 ± 22 190.3 ± 20.4 204.8 ± 19.5 219.9 ± 19.1 235.2 ± 18.8 268.3 ± 33.6 < 0.001

HDL‑choles‑
terol (mg/dL)

51.6 ± 27.5 51.3 ± 21.6 51.5 ± 21.4 51.7 ± 21.6 51.7 ± 21.6 52.1 ± 23.0 52.6 ± 24.2 54.2 ± 30.2 < 0.001

LDL‑choles‑
terol (mg/dL)

52.3 ± 15.6 77.4 ± 4.2 92.2 ± 4.3 106.9 ± 4.3 121.7 ± 4.3 136.6 ± 4.3 151.4 ± 4.2 185.2 ± 46.4 < 0.001

aTriglyceride 
(mg/dL)

174.5 
(174.0–174.9)

142.4 
(142.1–142.7)

140.1 
(139.9–140.4)

139.9 
(139.6–140.1)

140.5 
(140.3–140.8)

142.5 
(142.2–142.7)

144.4 
(144.1–144.7)

151.4 
(151.1–151.7)

< 0.001

BMI body-mass-index, DBP diastolic blood pressure, HDL high-density lipoprotein, LDL low-density lipoprotein, OHA oral hypoglycemic agent, SBP systolic blood 
pressure
a Expressed as median (interquartile range)
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Table 2 Impact of LDL‑cholesterol level on SCA and subgroup 
analysis

LDL‑
cholesterol, 
mg/dL

N Event Duration IR, per 1000 Adjusted HR

Whole cohort

 < 70 343,781 4313 2,335,003 1.847 1 (Ref.)

 < 75 305,842 3283 2,083,277 1.575 0.884 
(0.844–0.925)

 < 100 389,404 4033 2,668,129 1.511 0.884 
(0.846–0.923)

 < 115 415,948 3969 2,857,482 1.388 0.843 
(0.806–0.881)

 < 130 380,029 3602 2,618,974 1.375 0.871 
(0.832–0.912)

 < 145 297,720 2768 2,052,509 1.348 0.898 
(0.855–0.943)

 < 160 203,636 1798 1,405,373 1.279 0.896 
(0.847–0.947)

 ≥ 160 266,217 2575 1,831,046 1.406 1.059 
(1.007–1.113)

Male

 < 70 235,091 3420 1,587,304 2.154 1 (Ref.)

 < 75 192,013 2390 1,299,316 1.839 0.852 
(0.809–0.898)

 < 100 242,681 2936 1,652,335 1.776 0.861 
(0.819–0.905)

 < 115 256,338 2838 1,750,195 1.621 0.817 
(0.777–0.860)

 < 130 227,758 2482 1,560,248 1.590 0.837 
(0.794–0.883)

 < 145 170,905 1843 1,170,216 1.574 0.867 
(0.819–0.919)

 < 160 110,355 1152 755,774 1.524 0.880 
(0.822–0.941)

 ≥ 160 127,157 1503 865,297 1.736 1.058 
(0.995–1.125)

Female

 < 70 108,690 893 747,698 1.194 1 (Ref.)

 < 75 113,829 893 783,961 1.139 1.002 
(0.913–1.100)

 < 100 146,723 1097 1,015,794 1.079 0.979 
(0.895–1.070)

 < 115 159,610 1131 1,107,286 1.021 0.943 
(0.862–1.032)

 < 130 152,271 1120 1,058,726 1.057 0.994 
(0.908–1.088)

 < 145 126,815 925 882,293 1.048 1.007 
(0.916–1.107)

 < 160 93,281 646 649,599 0.994 0.973 
(0.877–1.079)

 ≥ 160 139,060 1072 965,748 1.110 1.125 
(1.028–1.232)

BMI < 25

 < 70 179,832 2746 1,198,668 2.290 1 (Ref.)

 < 75 163,692 2037 1,100,486 1.851 0.843 
(0.796–0.893)

Table 2 (continued)

LDL‑
cholesterol, 
mg/dL

N Event Duration IR, per 1000 Adjusted HR

 < 100 207,600 2486 1,407,077 1.766 0.828 
(0.784–0.875)

 < 115 217,849 2409 1,482,357 1.625 0.776 
(0.734–0.821)

 < 130 194,372 2175 1,328,505 1.637 0.804 
(0.759–0.852)

 < 145 147,945 1604 1,011,792 1.585 0.809 
(0.759–0.861)

 < 160 98,373 1060 674,577 1.571 0.837 
(0.779–0.899)

 ≥ 160 125,585 1457 857,366 1.699 0.974 
(0.913–1.039)

BMI ≥ 25

 < 70 163,949 1567 1,136,334 1.379 1 (Ref.)

 < 75 142,150 1246 982,791 1.267 0.952 
(0.884–1.026)

 < 100 181,804 1547 1,261,051 1.226 0.978 
(0.911–1.050)

 < 115 198,099 1560 1,375,125 1.134 0.954 
(0.888–1.025)

 < 130 185,657 1427 1,290,468 1.105 0.979 
(0.909–1.054)

 < 145 149,775 1164 1,040,716 1.118 1.043 
(0.965–1.128)

 < 160 105,263 738 730,795 1.009 0.987 
(0.902–1.079)

 ≥ 160 140,632 1118 973,679 1.148 1.194 
(1.104–1.292)

Statin naïve

 < 70 166,004 2195 1,124,450 1.952 1 (Ref.)

 < 75 176,963 1906 1,200,642 1.587 0.810 
(0.761–0.861)

 < 100 269,908 2744 1,845,959 1.486 0.781 
(0.738–0.826)

 < 115 322,591 2959 2,213,922 1.336 0.729 
(0.689–0.771)

 < 130 307,768 2816 2,117,839 1.329 0.758 
(0.717–0.802)

 < 145 237,304 2127 1,633,582 1.302 0.784 
(0.738–0.832)

 < 160 152,870 1316 1,051,772 1.251 0.794 
(0.741–0.851)

 ≥ 160 167,722 1617 1,148,656 1.407 0.963 
(0.902–1.028)

Statin use

 < 70 177,777 2118 1,210,552 1.749 1 (Ref.)

 < 75 128,879 1377 882,635 1.560 0.954 
(0.892–1.021)

 < 100 119,496 1289 822,169 1.567 1.020 
(0.951–1.093)

 < 115 93,357 1010 643,559 1.569 1.062 
(0.985–1.145)

 < 130 72,261 786 501,135 1.568 1.109 
(1.022–1.204)
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Possible mechanisms for reverse association
Although diabetes mellitus and dyslipidemia are known 
to be independent risk factors for cardiovascular event, 
it is a cluster of plasma lipid and lipoprotein abnormali-
ties that are metabolically interrelated, known as diabetic 
dyslipidemia [8]. Therefore, more strict control of lipid 
level is recommended for prevention of further cardio-
vascular event in diabetes population. Nevertheless, our 

study has suggested that low LDL-cholesterol can be 
associated with paradoxically increased risk of SCA.

The exact mechanisms of the reversal of SCA risk in 
low LDL-cholesterol group are not established, but it 
might be supported by several explanations. First, sub-
population of low LDL-cholesterol level (< 70  mg/dL) 
might represent high risk group for SCA. Patients with 
pre-existing severe systemic condition (i.e., malnutri-
tion, respiratory disease, inflammatory disease, or malig-
nancy) that is more susceptible to SCA may exhibit low 
LDL-cholesterol level as a secondary consequence [27]. 
In contrast to non-obese people, the risk of SCA was 
not increased in obese people with low LDL-cholesterol 
suggesting that low LDL-cholesterol can be a surrogate 
marker of malnutrition. Loss of association between low 
LDL-cholesterol level and increased risk of SCA in peo-
ple taking statins also support the hypothesis that low 
LDL-cholesterol is a surrogate marker for SCA and not 
a direct determinant. Second possible mechanism is the 
protective effect of high serum cholesterol on immune 
system. Several studies have suggested that serum choles-
terol plays protective role on bacterial and viral infection 
by various mechanisms, such as binding to endotoxin, 
and increase of lymphocytes [28–32]. This protective 
effect of cholesterol may be more pronounced on diabe-
tes mellitus population, since they are more vulnerable to 
systemic infection that might cause major organ dysfunc-
tion as well as death. The immunomodulatory function of 
cholesterol also affect the development of virus-related 
cancer, which may also be related with death [33]. How-
ever, this cannot fully explain the phenomenon, since 
SCA event was confined to out-of-hospital-cardiac-arrest 
claimed at emergency room, which excludes majority of 
cancer related death and pre-existing infection. Lastly, 
undiscovered genetic susceptibility that causes both low 
LDL-cholesterol and SCA might lie in diabetes patients 
which needs to be further investigated.

Clinical implication
The reversed association of SCA risk in low LDL-choles-
terol should be carefully interpreted and applied in clini-
cal setting. Although our study revealed the paradoxical 
increase of SCA risk in low LDL-cholesterol group, this 
do not imply that low LDL-cholesterol directly cause 
SCA. On the other hand, prolonged exposure to exces-
sive LDL-cholesterol deteriorates atherosclerotic plaque 
burden, which provokes significant atherosclerotic car-
diovascular disease and associated adverse events. In this 
regard, result of this study should not change the current 
therapeutic measurements including statin use and other 
potent lipid-lowering strategies. However, clinicians 
should be acknowledged about the increased risk of SCA 
in low LDL-cholesterol group. They should reconsider 

Table 2 (continued)

LDL‑
cholesterol, 
mg/dL

N Event Duration IR, per 1000 Adjusted HR

 < 145 60,416 641 418,926 1.530 1.127 
(1.031–1.232)

 < 160 50,766 482 353,600 1.363 1.060 
(0.960–1.171)

 ≥ 160 98,495 958 682,389 1.403 1.198 
(1.108–1.295)

Insulin naïve

 < 70 302,401 3272 2,071,675 1.579 1 (Ref.)

 < 75 272,445 2562 1,867,817 1.371 0.886 
(0.842–0.934)

 < 100 352,287 3204 2,427,033 1.320 0.875 
(0.833–0.920)

 < 115 380,823 3266 2,628,009 1.242 0.845 
(0.804–0.888)

 < 130 351,133 2929 2,428,968 1.205 0.849 
(0.806–0.893)

 < 145 276,886 2299 1,915,834 1.200 0.884 
(0.837–0.934)

 < 160 190,250 1502 1,316,982 1.140 0.882 
(0.829–0.939)

 ≥ 160 248,411 2123 1,714,647 1.238 1.039 
(0.982–1.098)

Insulin use

 < 70 41,380 1041 263,327 3.953 1 (Ref.)

 < 75 33,397 721 215,460 3.346 0.874 
(0.795–0.962)

 < 100 37,117 829 241,096 3.438 0.918 
(0.837–1.007)

 < 115 35,125 703 229,473 3.063 0.826 
(0.749–0.911)

 < 130 28,896 673 190,006 3.541 0.978 
(0.885–1.080)

 < 145 20,834 469 136,675 3.431 0.963 
(0.862–1.076)

 < 160 13,386 296 88,390 3.348 0.971 
(0.852–1.107)

 ≥ 160 17,806 452 1,16,398 3.883 1.169 
(1.045–1.308)

Hazard ratio was adjusted with age, sex, income, body mass index, smoking 
status, alcohol consumption status, regular exercise, hypertension, fasting blood 
glucose, duration of diabetes mellitus, use of insulin, use of oral hypoglycemic 
agent, and use of statin

LDL low-density lipoprotein cholesterol, IR incidence rate, HR hazard ratio, BMI 
body mass index
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whether the low LDL- cholesterol is a surrogate marker 
of other systemic illness, such as malnutrition or inflam-
matory disease. In addition, cholesterol plays a key role 
in maintaining cell membranes and is a precursor for 

vital substances such as steroid hormone, bile acids, and 
vitamin D [34]. Although LDL-cholesterol usually refers 
to deleterious cholesterol that facilitates atherosclero-
sis, excessively decreased LDL-cholesterol level might 

Fig. 2 Impact of LDL‑cholesterol level on SCA. HR hazard ratio, LDL low‑density lipoprotein, SCA sudden cardiac arrest. Hazard ratios were adjusted 
for age, sex, income, body mass index smoking status, alcohol consumption status, regular exercise, hypertension, fasting blood glucose, duration 
of diabetes mellitus, use of insulin, use of oral hypoglycemic agent, and use of statin. Incidence is per 1000 person * year follow‑up

Fig. 3 Subgroup analysis according to gender, obesity, use of statin, and use of insulin. IR incidence rate, AHR adjusted hazard ratio, LDL low‑density 
lipoprotein. Hazard ratios were adjusted for age, sex, income, body mass index, smoking status, alcohol consumption status, regular exercise, 
hypertension, fasting blood glucose, duration of diabetes mellitus, use of insulin, use of oral hypoglycemic agent, and use of statin. Incidence is per 
1000 person * year follow‑up
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indicate decreased protective effect provided by cho-
lesterol. Hence, low LDL-cholesterol itself should not 
change therapeutic strategies in terms of cardiovascular 
disease prevention. Nevertheless, potentially increased 
risk of SCA in diabetic people with low LDL-cholesterol 
level should be recognized, and corresponding patients 
can be further stratified of their SCA risk, with compre-
hending individual’s comorbidities and influence factors.

Limitations
There are several limitations in this study. First, although 
SCA risk was adjusted with multiple covariates in our 
multivariate model which was validated in our previ-
ous studies, there can be residual confounders. Second, 
although the severity of diabetes mellitus was adjusted 
through prescription of oral hypoglycemic agents or 
insulin and fasting blood glucose, HbA1c level was not 
applied for multivariate adjustment. Further encom-
passment of multifactorial conditions related to diabetes 
mellitus and dyslipidemia might provide more compre-
hensive understanding of this reversal of SCA risk in low 
LDL-cholesterol group. Third, participants included in 
our study might not represent generalized diabetes pop-
ulation. This study is limited to East Asian population, 
exclusively confined to South Korean citizen. Since LDL-
cholesterol level vary significantly depending on ethnic 
group, the association between LDL-cholesterol and SCA 
risk might differ in other populations. Fourth, temporal 
change in LDL-cholesterol level was not evaluated in this 
study. Risk of cardiovascular event is influenced not only 
by the baseline level of LDL-cholesterol but also temporal 
change of LDL-cholesterol [9, 35]. Association between 
temporal change in LCL-C and risk of SCA will be an 
area of future research.

Conclusions
In people with diabetes mellitus, not only high LDL-cho-
lesterol but also low LDL-cholesterol was associated with 
increased risk of SCA. Although cause and effect rela-
tionship cannot be established based on this study, low 
LDL-cholesterol can be a surrogate marker for high risk 
group for SCA among diabetes people. In order to apply 
this finding to clinical field and preventive measures for 
SCA, mechanisms for this reversed relationship of LDL-
cholesterol and SCA needs to be further investigated.
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