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ABSTRACT
Objective To explore the correlations of high- density 
lipoprotein cholesterol (HDL- C)/low- density lipoprotein 
cholesterol (LDL- C) with myocardial infarction (MI), all- 
cause mortality, haemorrhagic stroke and ischaemic 
stroke, as well as the joint association of genetic 
susceptibility and HDL- C/LDL- C with the MI risk.
Methods and results This study selected 384 093 
participants from the UK Biobank (UKB) database. 
First, restricted cubic splines indicated non- linear 
associations of HDL- C/LDL- C with MI, ischaemic stroke 
and all- cause mortality. Second, a Cox proportional- 
hazards model indicated that compared with HDL- C/
LDL- C=0.4–0.6, HDL- C/LDL- C<0.4 and >0.6 were 
correlated with all- cause mortality (HR=0.97 for HDL- C/
LDL- C<0.4, 95% CI=0.939 to 0.999, p<0.05; HR=1.21 
for HDL- C/LDL- C>0.6, 95% CI=1.16 to 1.26, p<0.001) 
after full multivariable adjustment. HDL- C/LDL- C<0.4 
was correlated with a higher MI risk (HR=1.36, 95% 
CI=1.28 to 1.44, p<0.05) and ischaemic stroke (HR=1.12, 
95% CI=1.02 to 1.22, p<0.05) after full multivariable 
adjustment. HDL- C/LDL- C>0.6 was associated with higher 
risk haemorrhagic stroke risk after full multivariable 
adjustment (HR=1.25, 95% CI=1.03 to 1.52, p<0.05). 
Third, after calculating the coronary heart disease Genetic 
Risk Score (CHD- GRS) of each participant, the Cox 
proportional- hazards model indicated that compared with 
low CHD- GRS and HDL- C/LDL- C=0.4–0.6, participants 
with a combination of high CHD- GRS and HDL- C/
LDL- C<0.4 were associated with the highest MI risk 
(HR=2.45, 95% CI=2.15 to 2.8, p<0.001). Participants with 
HDL- C/LDL- C<0.4 were correlated with a higher MI risk 
regardless of whether they had a high, intermediate or low 
CHD- GRS.
Conclusion In UKB participants, HDL- C/LDL- C ratio of 
0.4–0.6 was correlated with lower MI risk, all- cause 
mortality, haemorrhagic stroke and ischaemic stroke. 
Participants with HDL- C/LDL- C<0.4 were correlated with 
a higher MI risk regardless of whether they had a high, 
intermediate or low CHD- GRS. The clinical significance and 
impact of HDL- C/LDL- C need to be further verified in future 
studies.

INTRODUCTION
Cardiovascular disease (CVD) is the leading 
cause of death, and can also induce disability, 
illness and poor life quality.1 High- density 
lipoprotein cholesterol (HDL- C) is an indi-
cator of metabolic syndrome.2 The current 
concept of HDL- C for CVD risk prevention 
is based on many preclinical and epidemi-
ological data, and HDL- C has an inverse 
association with CVD risk.3 However, recent 
studies have found people with extremely 
high HDL- C levels can have either enhanced 
cardiovascular and death risks or a tendency 
toward this.4 5 Low- density lipoprotein 
cholesterol (LDL- C) is a CVD risk factor.6 

WHAT IS ALREADY KNOWN ON THIS TOPIC

 ⇒ The high- density lipoprotein cholesterol (HDL- C)/
low- density lipoprotein cholesterol (LDL- C) ratio is 
an excellent cardiovascular disease predictor. The 
relationships between HDL- C/LDL- C and myocar-
dial infarction (MI), all- cause mortality, and isch-
aemic and haemorrhagic stroke need to be further 
investigated.

WHAT THIS STUDY ADDS

 ⇒ HDL- C/LDL- C ratio of 0.4–0.6 was correlated with 
lower MI risk, all- cause mortality, haemorrhag-
ic stroke and ischaemic stroke. Participants with 
HDL- C/LDL- C<0.4 were correlated with a higher 
MI risk regardless of whether they had a high, in-
termediate or low coronary heart disease- Genetic 
Risk Score.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The results of this study may provide guidance and 
clinical practice information for rational control of 
lipid, thereby preventing cardiovascular adverse 
events in the future.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2022-001668 on 23 S

eptem
ber 2022. D

ow
nloaded from

 

http://svn.bmj.com/
http://svn.bmj.com/
http://orcid.org/0000-0003-3154-0985
http://orcid.org/0000-0002-2237-8771
http://dx.doi.org/10.1136/svn-2022-001668
http://dx.doi.org/10.1136/svn-2022-001668
http://crossmark.crossref.org/dialog/?doi=10.1136/svn-2022-001668&domain=pdf&date_stamp=2022-09-23
http://svn.bmj.com/


2 Yuan S, et al. Stroke & Vascular Neurology 2022;0. doi:10.1136/svn-2022-001668

Open access 

3- hydroxy- methylglutaryl- coA reductase inhibitors 
(statins), which can reduce LDL- C and change HDL- C/
LDL- C ratio, have been widely applied for prevention of 
stroke and coronary artery disease.7 The HDL- C/LDL- C 
ratio, a CVD predictor, reflects the protective and ather-
ogenic lipoprotein balance.8 The relationships between 
HDL- C/LDL- C and myocardial infarction (MI), all- cause 
mortality, haemorrhagic stroke and ischaemic stroke 
need to be further investigated.

In addition, both environmental and genetic factors 
contribute to MI development,9 and genetically predeter-
mined elevated CVD risk can be at least partially offset 
by a healthy lifestyle.10 However, the interaction between 
HDL- C/LDL- C and genetic susceptibility to MI remains 
unclear.

The aim of this study was to determine the associa-
tions of HDL- C/LDL- C with MI, all- cause mortality and 
haemorrhagic and ischaemic stroke in order to identify 
an appropriate HDL- C/LDL- C ratio. We also aimed to 
explore the joint associations of genetic susceptibility and 
HDL- C/LDL- C with MI, and to further explore potential 
genetic HDL- C/LDL- C interactions.

METHODS
Study population
The UK Biobank (UKB) is the largest biomedical sample 
database in the world and contains data of more than 
500 000 volunteers, which was approved by Northwest 
Multicentre Research Ethics Committee, and all partici-
pants agreed to participate.11 12 Data from the UKB are 
available to researchers after receiving research approvals 
from the UKB. This study was conducted under UKB 
licence (Application ID:62017).

Participants with incomplete data records (genetic data, 
HDL- C, LDL- C, triglycerides (TG), blood pressure, blood 
glucose (BG) or body mass index (BMI)) or diagnosed 
disease records (haemorrhagic and ischaemic stroke or 
MI) were excluded from the study.

Other baseline data, including on race, smoking history, 
education level, alcohol use and Townsend Deprivation 
Index (TDI) (the missing data rates of 0.5%,0.18%, 
1.16%, 0.24% and 0.12%, respectively), were missing due 
to the participants being unwilling to answer the appli-
cable questions. Therefore, to avoid the data not being 
completely consistent with the real participant data after 
multiple interpolation, multiple interpolation was not 
adopted. The study finally included 384 093 participants.

Ascertainment of basic characteristics and outcomes
According to the UKB (https://www.ukbiobank.ac.uk), 
the basic characteristics of each participant were primarily 
identified using registration records. Follow- up occurred 
from the registration date to the time of CVD diagnosis 
(algorithmically defined outcomes), death register or 
final follow- up time (February 2021), whichever occurred 
first. The outcomes were all- cause mortality, haemor-
rhagic stroke, ischaemic stroke and MI.

Definition of Genetic Risk Score
Regarding quality control, the input procedures and 
genotypes of participants included in the UKB have been 
described previously.13 In this study, newly discovered loci 
from the UKB were not included in order to reduce false 
positives. Independent single- nucleotide polymorphisms 
(SNPs) had significant associations with coronary heart 
disease (CHD), and 68 were selected in this study.14 15 
The effect size (b coefficient) of SNPs was derived from 
their GWAS (Genome- wide association study) result (only 
67 SNPs had b coefficients).16 Online supplemental file 
1 shows the selected SNPs. For each individual included 
in the UKB, a Genetic Risk Score (GRS) was determined 
from previously published findings.17 Using this method, 
each participant was considered low (quintile 1), inter-
mediate (quintiles 2–4), or high (quintile 5) CHD- GRS.

STATISTICAL ANALYSES
Comparisons of baseline characteristics between the 
non- survival and survival groups were performed using 
the appropriate chi- square test. Continuous variables are 
shown as mean±SD or median±IQR.

The non- linear relationships between LDL- C, HDL- C, 
and HDL/LDL- C and different adverse events were anal-
ysed using restricted cubic splines (RCS), and adjusted 
for TDI, race, age, gender, smoking history, alcohol use, 
education level, BG, BMI, systolic blood pressure (SBP), 
diastolic blood pressure (DBP) and TG.

Based on the RCS, we further divided the HDL- C/
LDL- C ratios into three groups: <0.4, 0.4–0.6 and>0.6. 
The HRs and 95% CIs were approximated using a Cox 
proportional- hazards model. Model 1 was unadjusted 
to assess the correlation between different HDL/LDL 
groups and all- cause mortality and the CVD (haemor-
rhagic and ischaemic stroke or MI) risk without adjusting 
for confounding factors. Model 2 was adjusted for gender 
and age to assess whether the correlation between 
different HDL/LDL groups and the CVD (haemor-
rhagic and ischaemic stroke or MI) risk and all- cause 
mortality was independent of gender and age. Model 3 
was adjusted for TDI, race, age, gender, BG, BMI, TG, 
DBP, SBP, alcohol use, smoking history and education 
level. The objective of model 3 was to assess whether the 
correlation between different HDL/LDL groups and the 
all- cause mortality and the CVD (MI, ischaemic stroke or 
haemorrhagic stroke) risk was independent of sociode-
mographic, economic (TDI) and other cardiovascular 
risk factors.

The HRs for MI, all- cause mortality and ischaemic and 
haemorrhagic stroke among different HDL- C/LDL- C 
groups were estimated using a Cox proportional- hazards 
model according to the subgroups of age and gender. 
Middle age was defined as 40–59 years, and old age was 
defined as 60 years and older.18 We applied a subgroup 
analysis with 60 years old as the boundary age. Model 1 
was adjusted for race, TDI, age, smoking history, educa-
tion level, alcohol use, BMI, BG, SBP, DBP and TG. Model 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2022-001668 on 23 S

eptem
ber 2022. D

ow
nloaded from

 

https://www.ukbiobank.ac.uk
https://dx.doi.org/10.1136/svn-2022-001668
https://dx.doi.org/10.1136/svn-2022-001668
http://svn.bmj.com/


 3Yuan S, et al. Stroke & Vascular Neurology 2022;0. doi:10.1136/svn-2022-001668

Open access

2 was the same as model 1 with the addition of adjustment 
for gender.

The joint correlation between different HDL/LDL 
groups and CHD- GRS for MI risk was estimated using 
a Cox proportional- hazards model. The multivariable 
model was adjusted for race, age, TDI, gender, smoking 
history, alcohol use, education level, BG, BMI, SBP, DBP 
and TG.

At each step of the statistical analysis, the statistical 
model automatically identified and excluded participants 
with missing variables. Therefore, our statistical results 
were based on a complete- case analysis of the participants.

All the data were analysed using R software (V.4.1.0). A 
p<0.05 was considered statistically significant.

RESULTS
Basic characteristics between the survival and non-survival 
groups
The study finally included 384 093 participants. The 
median follow- up time was 11.91 years, and the partic-
ipants comprised 361 031 survivors and 23 062 non- 
survivors.

As listed in table 1, the participants in the non- survival 
group were older and had greater social deprivation, 
BMI, DBP and SBP, BG, and triglycerides (p<0.05). The 
participants that were male, white and had a history of 
smoking, lower education level, or previous alcohol use 
had higher non- survival rates (p<0.05), as did those with 
MI, ischaemic stroke or haemorrhagic stroke (p<0.05).

Associations between HDL-C/LDL-C, LDL-C and HDL-C, and 
different adverse events
Figure 1A illustrates the non- linear correlation of HDL- C 
with MI and ischaemic stroke (non- linear p<0.05). Higher 
HDL- C concentrations significantly reduced the risks of 
MI and ischaemic stroke. However, a U- shaped relation-
ship was observed between all- cause mortality and HDL- C 
(non- linear p<0.05), and HDL- C<1.74 mmol/L was corre-
lated with the lowest all- cause mortality risk. Figure 1B 
illustrates a non- linear correlation between MI and 
LDL- C (non- linear p<0.05), with higher LDL- C concen-
trations significantly increasing the MI risk. A non- linear 
correlation was also observed between all- cause mortality 
and LDL- C (non- linear p<0.05). Figure 1C illustrates the 
non- linear correlation of HDL- C/LDL- C with MI and 
ischaemic stroke (non- linear p<0.05). A non- linear corre-
lation was also observed between all- cause mortality and 
HDL- C/LDL- C (non- linear p<0.05), and extremely high 
HDL- C/LDL- C increased all- cause mortality risk.

Our results indicate that there were many non- linear 
correlations between LDL- C, HDL- C, and HDL/LDL- C, 
and different adverse events.

HR estimations for MI, all-cause mortality, haemorrhagic and 
ischaemic stroke among different HDL-C/LDL-C groups
Our results demonstrated significant correlations of 
HDL- C/LDL- C with multiple adverse events (figure 1C). 
Based on the RCS in figure 1C, we further divided the 

HDL- C/LDL- C ratios into three groups: <0.4 (n=1 41 411), 
0.4–0.6 (n=1 93 228) and >0.6 (n=49 454).

Figure 2 indicates that compared with HDL- C/LDL- 
C=0.4–0.6, HDL- C/LDL- C<0.4 and >0.6 were correlated 
with all- cause mortality after a full multivariable adjust-
ment (HR=0.97 for HDL- C/LDL- C<0.4, 95% CI=0.939 to 
0.999, p<0.05; HR=1.21 for HDL- C/LDL- C>0.6, 95% 
CI=1.16 to 1.26, p<0.001). HDL- C/LDL- C<0.4 was 
correlated with a higher risk of MI after full multivariable 
adjustment (HR=1.36, 95% CI=1.28 to 1.44, p<0.05), and 
also with a higher ischaemic stroke risk after full multi-
variable adjustment (HR=1.12, 95% CI=1.02 to 1.22, 
p<0.05). HDL- C/LDL- C>0.6 was correlated with a higher 
haemorrhagic stroke risk after full multivariable adjust-
ment (HR=1.25, 95% CI=1.03 to 1.52, p<0.05).

We further performed a subgroup analysis according to 
ages and gender. As listed in table 2, there were some new 
findings when comparing the subgroup analysis results 
in figure 2. Compared with each corresponding refer-
ence group (HDL- C/LDL- C=0.4–0.6), participants with 
HDL- C/LDL- C<0.4 who were male or younger than 60 
years had a lower all- cause mortality risk (p<0.05), those 
with HDL- C/LDL- C<0.4 who were male or aged 60 years 
or older had a higher ischaemic stroke risk (p<0.05), and 
those with HDL- C/LDL- C>0.6 who were younger than 
60 years old were correlated with a higher haemorrhagic 
stroke risk (HR=1.42, 95% CI=1.03 to 1.94, p<0.05) after 
full multivariable adjustment.

Our results demonstrated that compared with HDL- C/
LDL- C=0.4–0.6, HDL- C/LDL- C>0.6 was correlated with a 
higher risk of all- cause mortality for all participants and a 
higher haemorrhagic stroke risk for those younger than 
60 years, and HDL- C/LDL- C<0.4 was correlated with a 
higher MI risk for all participants and a higher ischaemic 
stroke risk for those who were male or 60 years or older.

Joint association of HDL-C/LDL-C and CHD-GRS with MI risk
Both behavioural and genetic factors contribute to 
MI development.19 We further investigated whether 
appropriate HDL- C/LDL- C ratios could offset the risk 
of genetic susceptibility to MI. No statistically signifi-
cant interaction was identified between CHD- GRS and 
HDL- C/LDL- C for the MI risk (p for interaction >0.05). 
Figure 3A indicates that compared with low CHD- GRS 
and HDL- C/LDL- C=0.4–0.6, participants with a combina-
tion of high CHD- GRS and HDL- C/LDL- C<0.4 were asso-
ciated with the highest MI risk (HR=2.45, 95% CI=2.15 to 
2.8, p<0.001). Figure 3B,C also suggests that participants 
with HDL- C/LDL- C<0.4 were correlated with a higher MI 
risk regardless of whether they had a high, intermediate 
or low CHD- GRS.

DISCUSSION
In this large study of 384 093 participants with data span-
ning an average of >10 years, we obtained the following 
findings: (1) a non- linear association was observed 
between HDL- C/LDL- C and MI, all- cause mortality and 
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ischaemic stroke; (2) compared with HDL- C/LDL- C=0.4–
0.6, HDL- C/LDL- C<0.4 was correlated with a higher MI 
risk for all participants and a higher ischaemic stroke 
risk for those who were male or 60 years and older, and 
HDL- C/LDL- C>0.6 was correlated with a higher risk of 
all- cause mortality for all participants and a higher haem-
orrhagic stroke risk for those younger than 60 years, and 
(3) participants with a combination of high CHD- GRS 

and HDL- C/LDL- C<0.4 was correlated with the highest 
MI risk. Participants with HDL- C/LDL- C<0.4 were corre-
lated with a higher MI risk regardless of whether they had 
a high, intermediate or low CHD- GRS.

HDL- C exerts various pleiotropic effects on atheroscle-
rosis,20 and its ability to promote reverse cholesterol trans-
port has been considered by most studies to be the key to 
its atherosclerotic protection.21 22 A U- shaped correlation 

Table 1 Comparison of the basic characteristics between the survival group (n=361 031) and non- survival group (n=23 062)

Characteristics Survivors group Non- Survivors group P value

Age, (median, IQR), years 57 (50–63) 63 (58–66) <0.001

  TDI (median, IQR) −2.2 (−3.7 to 0.4) −1.8 (−3.4 to 1.3) <0.001

Gender (n, %) <0.001

  Female 200 172 (55.4) 9752 (42.3)

  Male 160 859 (44.6) 13 310 (57.7)

Race (n, %) <0.001

  White 326 335 (90.8) 21 222 (92.6)

  Mixed 13 315 (3.7) 842 (3.7)

  Other 19 713 (5.5) 859 (3.7)

Education (n, %) <0.001

  College/university 119 466 (33.5) 5573 (24.6)

  Other 237 482 (66.5) 17 107 (75.4)

Smoking history (n, %) <0.001

  Never 202 036 (56.2) 9105 (39.8)

  Previous 121 866 (33.9) 9451 (41.3)

  Current 35 437 (9.9) 4306 (18.8)

Alcohol use (n, %) <0.001

  Never 15 614 (4.3) 1122 (4.9)

  Previous 11 897 (3.3) 1430 (6.2)

  Current 332 675 (92.4) 20 434 (88.9)

Myocardial infarction (n, %) <0.001

  No 355 889 (98.6) 21 472 (93.1)

  Yes 5142 (1.4) 1590 (6.9)

Ischaemic stroke (n, %) <0.001

  No 358 968 (99.4) 22 161 (96.1)

  Yes 2063 (0.6) 901 (3.9)

Haemorrhagic stroke (n, %) <0.001

  No 360 499 (99.9) 22 568 (97.9)

  Yes 532 (0.1) 494 (2.1)

BMI (median, IQR), kg/m2 26.6 (24.1–29.8) 27.4 (24.6–30.9) <0.001

DBP (median, IQR), mm Hg 82 (75–89) 83 (75–90) <0.001

SBP (median, IQR), mm Hg 138 (126–152) 144 (130–158) <0.001

BG (median, IQR), mmol/L 4.9 (4.6–5.3) 5 (4.7–5.5) <0.001

HDL- C (median, IQR), mmol/L 1.4 (1.2–1.7) 1.3 (1.1–1.6) <0.001

TG (median, IQR), mmol/L 1.5 (1–2.1) 1.6 (1.1–2.3) <0.001

LDL- C (median, IQR), mmol/L 3.5 (3–4.1) 3.4 (2.8–4.1) 0.202

BG, blood glucose; BMI, body mass index; DBP, diastolic blood pressure; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density 
lipoprotein cholesterol; SBP, systolic blood pressure; TDI, Townsend Deprivation Index; TG, triglyceride.
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was observed between mortality and HDL- C in two largest 
published studies,23 24 which was consistent with our find-
ings (figure 1A). CVD risk has been shown to be reduced 
with lower levels of LDL- C,25 but more recent large 
studies have shown that there was a correlation between 
enhanced all- cause mortality and extremely low LDL- C,26 
which was consistent with our findings (figure 1B). There-
fore, there is a relationship between all- cause mortality 
and both LDL- C and HDL- C.

HDL- C/LDL- C can better reflect the balance of athero-
genic and antiatherogenic cholesterol than HDL- C or 
LDL- C alone. Recent studies showed that the HDL- C/
LDL- C ratio has a better predictive value for cardiovas-
cular and cerebrovascular diseases than considering 
single lipoproteins.27 28 Regarding possible mechanisms 
of how an excessively low HDL- C/LDL- C ratio contrib-
utes to higher risk of ischaemic stroke and MI, a lower 

HDL- C/LDL- C ratio is considered a predictor of plaque 
vulnerability and coronary fatty plaque,29 while rupture of 
a high- risk vulnerable plaque is the main arterial throm-
bosis pathway that is related to ischaemic cardiovascular 
events.30–32 Age is another important risk factor for isch-
aemic stroke, and studies showed that the age- adjusted 
stroke incidence was higher in men than in women.33 
Therefore, an excessively low HDL- C/LDL- C ratio is 
likely to relate to a higher ischaemic stroke risk in male 
and older participants.

Reverse causality may be a possible mechanism by 
which an excessively high HDL- C/LDL- C ratio relates 
to a higher all- cause mortality. Weakness and disease 
can cause cholesterol levels to decrease,34 and an exces-
sively low level of LDL- C is correlated with a higher risk 
of all- cause mortality.26 However, excessively high level 
of HDL- C is also found to be correlated with a higher 
all- cause mortality with unclear mechanism.23 In our 
study, we found a correlation between excessively high 
level of HDL- C and a lower MI risk. The correlation 
between an excessively high HDL- C/LDL- C ratio and 
a higher risk of all- cause mortality may therefore be an 
indirect manifestation due to an increase in HDL or a 
decrease in LDL- C. However, the potential causal correla-
tion between mortality and HDL- C/LDL- C needs to be 
further explored.

Systematic reviews and meta- analyses showed a relation-
ship between a higher level of LDL- C and a lower risk 
of haemorrhagic stroke,35 and a positive relationship 
between HDL- C level and cerebral haemorrhage risk.36 
Maintaining an appropriate cholesterol concentration 
is crucial for preventing small blood vessel rupture and 
remaining their integrity,37 and extremely high level of 
HDL- C and low level of LDL- C were strongly correlated 

Figure 1 Restricted cubic splines (RCS) for analysis 
of relationships between HDL- C (A), LDL- C (B), HDL- C/
LDL- C (C) and different adverse events. (C) was adjusted 
for age, TDI, gender, race, smoking history, education 
level, alcohol use, BMI, BG, SBP, DBP and TG; (B) was 
adjusted for C+HDL C; a was adjusted for C+LDL. BG, blood 
glucose; DBP, diastolic blood pressure; HDL- C, high- density 
lipoprotein cholesterol; LDL- C, low- density lipoprotein 
cholesterol; MI, myocardial infarction; SBP, systolic blood 
pressure; TDI, Townsend Deprivation Index; TG, triglycerides.

Figure 2 HRs estimation for all- cause mortality (A), MI 
(B), ischaemic stroke (C) and haemorrhagic stroke (D) among 
different HDL- C/LDL- C groups by Cox proportional risk 
model. *Variables used for adjustment included TDI, age, 
gender, race, smoking history, alcohol use, education level, 
BMI, BG, SBP, DBP and TG. BG, blood glucose; BMI, body 
mass index; DBP, diastolic blood pressure; HDL- C, high- 
density lipoprotein cholesterol; LDL- C, low- density lipoprotein 
cholesterol; MI, myocardial infarction; MV, multivariable; SBP, 
systolic blood pressure; TDI, Townsend Deprivation Index; 
TG, triglycerides.
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with more microbleeds in the brain,38 a well- known haem-
orrhagic stroke risk factor. More potential mechanisms 
need to be explored in the future.

Genetic and environmental factors both contribute to 
MI development.9 A better understanding of the impact 
of genetic disease predictors requires applying genetic 
determinants to conditions of known environmental 
risk factors, and the same environmental factors may 
contribute differently to disease risk in populations with 
different genetic risks.39 This is the first study on the 
relationships between GRS and HDL- C/LDL- C on MI 
events. We found that participants with a combination of 
high CHD- GRS and HDL- C/LDL- C<0.4 were correlated 
with the highest MI risk. Participants with HDL- C/LDL- 
C<0.4 were correlated with a higher MI risk regardless of 
whether they had a high, intermediate or low CHD- GRS. 
In addition, since HDL- C/LDL- C>0.6 is related to an 
increased risk of all- cause mortality, HDL- C/LDL- C=0.4–
0.6 may be the most appropriate range for reducing the 

CVD (MI, ischaemic stroke or haemorrhagic stroke) risk 
without increasing the all- cause mortality risk.

According to the European Society of Cardiology, the 
target level of LDL- C is currently <1.8 mmol/L in patients 
with very high CVD risks, <2.6 mmol/L in those with high 
risks and<3.0 mmol/L in those with low to moderate 
risks,40 however, the increased long- term risk of all- cause 
mortality correlated with an extremely low level of LDL- C 
has not been paid much attention to. LDL- C and HDL- C 
are correlated with multiple adverse events, and our study 
has combined LDL- C and HDL- C, and therefore, may 
have better public health implications for the primary 
prevention of cardiovascular events without increasing 
all- cause mortality risk.

Our study had some specific strengths. First, it had 
a large sample of more than 384 093 participants and 
used consistent methods to collect detailed demo-
graphic and lifestyle information, and medical history. 
Second, HDL- C/LDL- C can better reflect the balance of 

Table 2 HRs estimation for myocardial infarction, all- cause mortality and haemorrhagic and ischaemic stroke among different 
HDL- C/LDL- C groups by subgroup analyses of age- disaggregated and gender- disaggregated analyses

Subgroup N

0.4–0.6 <0.4 >0.6

Re HR (95% CI) P value HR (95% CI) P value

Gender (model 1)   

  Female

   All- cause mortality 9752 Re 0.99 (0.94 to 1.04) 0.586 1.15 (1.09 to 1.22) <0.001

   MI 1948 Re 1.41 (1.26 to 1.57) <0.001 1.12 (0.96 to 1.30) 0.144

   Ischaemic stroke 1178 Re 0.98 (0.86 to 1.13) 0.822 1.02 (0.85 to 1.22) 0.822

   Haemorrhagic stroke 537 Re 1.11 (0.90 to 1.36) 0.324 1.25 (0.97 to 1.59) 0.079

  Male

   All- cause mortality 13 310 Re 0.96 (0.92 to 1.00) <0.05 1.29 (1.21 to 1.37) <0.001

   MI 4784 Re 1.31 (1.22 to 1.40) <0.001 0.89 (0.77 to 1.01) 0.077

   Ischaemic stroke 1786 Re 1.2 (1.07 to 1.34) <0.01 1.11 (0.96 to 1.21) 0.075

   Haemorrhagic stroke 489 Re 0.87 (0.71 to 1.08) 0.219 1.32 (0.96 to 1.81) <0.05

Age (model 2)

  <60 (years)

   All- cause mortality 6876 Re 0.94 (0.89 to 1.00) <0.05 1.23 (1.13 to 1.33) <0.001

   MI 2444 Re 1.66 (1.49 to 1.85) <0.001 0.96 (0.79 to 1.16) 0.657

   Ischaemic stroke 867 Re 1.14 (0.96 to 1.34) 0.127 1.12 (0.87 to 1.45) 0.362

   Haemorrhagic stroke 390 Re 1.04 (0.81 to 1.33) 0.774 1.42 (1.03 to 1.94) <0.05

  ≥60 (years)

   All- cause mortality 16 186 Re 0.98 (0.95 to 1.02) 0.382 1.19 (1.14 to 1.26) <0.001

   MI 4288 Re 1.24 (1.16 to 1.33) <0.001 0.97 (0.86 to 1.08) 0.555

   Ischaemic stroke 2097 Re 1.11 (1.00 to 1.22) <0.05 1.09 (0.94 to 1.26) 0.256

   Haemorrhagic stroke 636 Re 0.97 (0.81 to 1.17) 0.782 1.15 (0.9 to 1.48) 0.264

HRs were estimated by Cox proportional risk model. Model 1 was adjusted for age, TDI, race, smoking history, education level, alcohol use, 
BMI, BG, SBP, DBP and TG; model 2 was the same as model 1 with the addition of adjustment for gender.
BG, blood glucose; BMI, body mass index; DBP, diastolic blood pressure; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density 
lipoprotein cholesterol; MI, myocardial infarction; Re, reference; SBP, systolic blood pressure; TDI, Townsend Deprivation Index; TG, 
triglycerides.
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antiatherogenic and atherogenic cholesterol than LDL- C 
or HDL- C alone. Our study has combined both LDL- C 
and HDL- C to explore their influences on the risks of 
multiple adverse events, and we proposed an appropriate 
HDL- C/ LDL- C range (0.4–0.6). Finally, our study was 
novel in being the first to link genetic and environmental 
factors (HDL- C/LDL- C) with MI in a large population.

However, there were some limitations to our study. 
First, there were unknown confounding factors included 
in our model. Second, as an observational study, it 
cannot effectively assess the causal relationships between 
HDL- C/LDL- C and various adverse events. Future 
studies should use Mendelian randomisation and other 
research methods, although the results of our study still 
provide reference data for use in reducing LDL- C. Third, 
although our study is a large population study, the clin-
ical significance and impact of HDL- C/LDL- C still need 
to be further verified in future studies. Finally, the results 
were mostly for European populations, which limits their 
generalisability to other populations, but it still has some 
reference value.

CONCLUSIONS
In UKB participants, HDL- C/LDL- C ratio of 0.4–0.6 was 
correlated with a lower risk of MI, all- cause mortality, and 
haemorrhagic and ischaemic stroke. In addition, partic-
ipants with HDL- C/LDL- C<0.4 were correlated with 
a higher MI risk, regardless of whether they had a low, 
intermediate or high CHD- GRS. The clinical significance 
and impact of HDL- C/LDL- C need to be further verified 
in future studies.
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