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ABSTRACT
Objectives  Among primary prevention-type adults not 
on lipid-lowering therapy, conflicting results exist on the 
relationship between low-density lipoprotein cholesterol 
(LDL-C) and long-term mortality. We evaluated this 
relationship in a real-world evidence population of adults.
Design  Retrospective cohort study.
Setting  Electronic medical record data for adults, from 4 
January 2000 through 31 December 2022, were extracted 
from the University of Pittsburgh Medical Center healthcare 
system.
Participants  Adults without diabetes aged 50–89 years 
not on statin therapy at baseline or within 1 year and 
classified as primary prevention-type patients. To mitigate 
potential reverse causation, patients who died within 
1 year or had baseline total cholesterol (T-C) ≤120 mg/dL 
or LDL-C <30 mg/dL were excluded.
Main exposure measure  Baseline LDL-C categories of 
30–79, 80–99, 100–129, 130–159, 160–189 or ≥190 mg/
dL.
Main outcome measure  All-cause mortality with 
follow-up starting 365 days after baseline cholesterol 
measurement.
Results  177 860 patients with a mean (SD) age of 61.1 
(8.8) years and mean (SD) LDL-C of 119 (31) mg/dL were 
evaluated over a mean of 6.1 years of follow-up. A U-
shaped relationship was observed between the six LDL-C 
categories and mortality with crude 10-year mortality 
rates of 19.8%, 14.7%, 11.7%, 10.7%, 10.1% and 14.0%, 
respectively. Adjusted mortality HRs as compared with the 
referent group of LDL-C 80–99 mg/dL were: 30–79 mg/
dL (HR 1.23, 95% CI 1.17 to 1.30), 100–129 mg/dL (0.87, 
0.83–0.91), 130–159 mg/dL (0.88, 0.84–0.93), 160–
189 mg/dL (0.91, 0.84–0.98) and ≥190 mg/dL (1.19, 1.06–
1.34), respectively. Unlike LDL-C, both T-C/HDL cholesterol 
(high-density lipoprotein cholesterol) and triglycerides/
HDL cholesterol ratios were independently associated with 
long-term mortality.
Conclusions  Among primary prevention-type patients 
aged 50–89 years without diabetes and not on statin 
therapy, the lowest risk for long-term mortality appears 
to exist in the wide LDL-C range of 100–189 mg/dL, 
which is much higher than current recommendations. For 
counselling these patients, minimal consideration should 
be given to LDL-C concentration.

INTRODUCTION
Heart disease (HD), which includes athero-
sclerotic cardiovascular disease (ASCVD) as 
its primary component, is the leading cause 
of death in the USA.1 2 A near-universal but 
not absolute belief3 is that high total choles-
terol (T-C), low-density lipoprotein choles-
terol (LDL-C) in particular (the so-called 
‘bad’ cholesterol), is a root cause of ASCVD,4 
and that ‘lower is better’ with a suggested 
optimal LDL-C level at or below 100 mg/
dL.5 6 In this regard, the American College of 
Cardiology (ACC) unequivocally implicates 
elevated LDL-C as a de facto cause of ASCVD 
(and hence mortality) by stating that lowering 
of LDL-C with moderate intensity generic 
statins allows for efficacious and cost-effective 
primary prevention for those patients with 
an estimated 10-year risk of ASCVD ≥7.5%.7 
Risk of ASCVD is often estimated using the 
online ACC-ASCVD Risk Estimator,8 and as 
seen in online supplemental table 1, all males 
ages 59 and older even in the presence of 
‘normal’ ASCVD risk factors (lipids included) 
may be classified at intermediate or high risk 
of ASCVD, and thus candidates for LDL-C 
lowering therapy.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The cohort consisted of a large, ‘real-world’ sample 
of adults across a large health system with long-
term follow-up and sufficient precision for subgroup 
analyses.

	⇒ The study design mitigated potential for reverse 
causation of mortality by excluding patients who 
died within 1 year of baseline cholesterol measure-
ment or had exceptionally low total or low-density 
lipoprotein cholesterol levels at baseline.

	⇒ The analysis was limited to all-cause mortality and 
thus was unable to assess cause-specific mortality.
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The overall belief that ‘lower LDL-C is better’ for 
primary prevention of ASCVD is supported by the 25.5% 
estimated prevalence of use of statins in this setting for 
adults aged 40–75 years.9 Despite the generally accepted 
belief that ‘lower LDL-C is better,’ meta-analyses indi-
cate that high LDL-C is associated with at most a small 
increased absolute risk of ASCVD or premature mortality. 
First, in brief, in an extensive recent meta-analysis 
published in 2023 of 60 randomised controlled trials 
that compared either placebo, usual care or less-intensive 
therapy to active or more potent lipid-lowering therapy, 
the number needed to treat to reduce one death with 
active or more potent lipid-lowering therapy was excep-
tionally high at 754 persons. Moreover, there was no rela-
tionship between LDL-C per cent lowering and risk of 
cardiovascular mortality.10 Similarly, whereas an earlier 
meta-analysis published in 2010 indicated that both use 
and dose of statin therapy reduced the relative risk of 
major vascular events and all-cause mortality, absolute 
risk reductions were very small (eg, 0.2% absolute risk 
reduction in all-cause mortality per 1.0 mmol/L reduc-
tion in LDL-C).11 In the context of lipid-lowering therapy, 
these findings call into question the prevailing belief that 
‘lower LDL-C is better’ at least in terms of any appreciable 
clinical benefit.

Second, acute coronary syndromes (ACSs) routinely 
occur in patients with ‘normal’ LDL-C. For example, in 
a large cohort of 1 36 905 patients hospitalised with coro-
nary artery disease (CAD) (79% attributed to ACS), of 
whom, 21% were on lipid-lowering therapy at admission, 
less than one-quarter had an admission LDL-C >130 mg/
dL.12 In addition, women are generally considered to 
be at overall lower risk of coronary HD mortality than 
men,13 yet tend to have higher T-C and LDL-C,14 which 
is counterintuitive to higher LDL-C being associated with 
ASCVD and premature mortality.

Third, the field of life insurance medicine, which 
focuses principally on predicting mortality hazards,15 
arguably conducts the most robust actuarial analyses of 
life expectancy. Notably, in this field, the T-C/HDL-C 
(high-density lipoprotein cholesterol) ratio has been 
shown to be the best single measure of all-cause mortality 
risk among various lipid tests, including LDL-C.16 This is 
further supported by examination of selected life insur-
ance underwriting guidelines (obtained publicly and 
summarised) from a large US insurance company.17 As 
seen in online supplemental table 2, T-C and HDL-C are 
used jointly in policy underwriting, whereas LDL-C is not 
used, and lipid-lowering therapy is not emphasised. More-
over, notwithstanding other important patient factors 
(blood pressure, smoking), online supplemental table 2 
shows that a person 70 years of age or older can poten-
tially qualify for a ‘preferred-plus’ life insurance policy 
having a T-C value as high as 300 mg/dL so long as the 
T-C/HDL-C ratio is 5.0 or lower (ie, HDL-C ≥60 mg/dL). 
This aligns with meta-analyses/systematic reviews that 
report HDL-C to be inversely associated with all-cause and 
cardiovascular disease (CVD) mortality risks.18 19

The above-described examples of conflicting beliefs 
and findings, along with general propensity for health 
professionals to prescribe LDL-C lowering therapies for 
primary prevention based in part through routine risk 
assessment with the ACC-ASCVD Risk Estimator, call for a 
critical appraisal and analysis of the relationship between 
LDL-C and long-term risk of mortality in adults. There-
fore, within a large, ‘real-world’ healthcare system, we 
evaluated the association between LDL-C and all-cause 
long-term mortality among primary prevention-type 
adults without diabetes aged 50–89 years. The analysis 
did not focus on the use of statin therapy for primary 
prevention.

METHODS
We conducted a retrospective cohort study of adults 
aged 50–89 years with hospital and/or office visit 
data captured through the University of Pittsburgh 
Medical Center (UPMC) electronic medical record 
(EMR) system. The date period for analysis was 4 
January 2000 through 31 December 2022. Conduct 
and dissemination of results from this observa-
tional study were performed in accordance with the 
STROBE (STrengthening the Reporting of OBserva-
tional studies in Epidemiology) statement.

Data sources
Health-related data captured in the UPMC EMR and 
its ancillary clinical systems were aggregated and 
harmonised in a clinical data warehouse, as previ-
ously described.20 21 For all patients, we accessed 
sociodemographic data, medical history and billing 
charges for all outpatient and inpatient encounters 
with diagnoses and procedures coded based on the 
International Classification of Diseases, 9th and 10th 
Revisions.22 23 Deaths were identified using hospital 
discharge dispositions of ‘ceased to breathe’ sourced 
from the inpatient medical record system; deaths after 
discharge were identified externally via the Death 
Master File from the Social Security Administration’s 
National Technical Information Service.24 Cause of 
death was unavailable for analysis. In secondary anal-
yses, a composite outcome of ASCVD was ascertained 
from UPMC hospital admission/discharge records, 
defined as the occurrence of myocardial infarction, 
stroke, percutaneous coronary intervention, coro-
nary artery bypass graft surgery or peripheral vascular 
disease.

Eligibility criteria
The index date for selection and analysis of patients 
aged 50–89 years was the first date of cholesterol 
measurement performed whether through hospital-
isation or in conjunction with an office visit (online 
supplemental figure 1). For analysis, we required non-
missing laboratory values for T-C, LDL-C and HDL-C. 
The patient population was restricted to ‘primary 
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prevention’ patients, defined as no history of diabetes, 
CAD, carotid artery disease, peripheral vascular 
disease, cardiac arrest, haemorrhagic or ischaemic 
stroke or transient ischaemic attack. Other eligibility 
criteria included: self-reported race of either white or 
black (due to very low prevalence of other races), and 
not on statin therapy at baseline or within 1 year of 
follow-up. In addition, to help offset potential bias due 
to reverse causation (ie, very low cholesterol being a 
marker for malnutrition and overall poor health), we 
excluded patients who died within 1 year of the base-
line cholesterol measurement, as well as those with 
baseline T-C and/or LDL-C values of ≤120 or <30 mg/
dL, respectively.

Classification of lipid levels
From the baseline measurement, we classified patients 
into mutually exclusive lipid-level categories using 
common clinical thresholds25 including LDL-C (30–79, 
80–99, 100–129, 130–159, 160–189 or 190 mg/dL or 
higher) and T-C (121–160, 161–200, 201–240, 241–280 
or 281 mg/dL or higher). In supplemental analyses, we 
classified the T-C/HDL-C ratio as ≤3.0, >3.0–4.0, >4.0–
5.0, >5.0–6.0 or >6.0, and triglycerides/HDL-C ratio into 
quintiles. Again, to potentially mitigate potential bias 
due to reverse causation, we selected the LDL-C category 
of 80–99 mg/dL as the referent group, rather than the 
lowest LDL-C group (30–79 mg/dL).

Outcome measures
The main outcome measure was all-cause mortality with 
the number of days and years of follow-up calculated 
starting 365 days after the baseline cholesterol measure-
ment. For patients who did not die, their length of 
follow-up was calculated starting 365 days after the base-
line cholesterol measurement and until their last record 
in the EMR system. In secondary analyses, the composite 
outcome of occurrence of ASCVD was evaluated.

Statistical analysis
For patients within the respective study-defined baseline 
LDL-C categories, median and IQR for continuous vari-
ables and counts and percentages for categorical variables 
are presented. For each LDL-C category, the Kaplan-
Meier method was used to calculate cumulative mortality 
rates at 1-, 5- and 10-year follow-up, with survival curves 
plotted at 6-month intervals out to 12 years. Patients who 
did not die were censored at last date of follow-up. Cox 
regression was used to estimate HRs (and corresponding 
95% CIs) of mortality over the full follow-up period by 
baseline LDL-C. A crude model was first fit followed by 
an adjusted model that included covariates selected by 
a forward stepwise approach using an entry p value of 
<0.01 and initiation of statin use any time after 1 year of 
follow-up. Separate estimates for the relationship between 
initiation of statin use and mortality are not presented 
due to expected immortal time bias (ie, requirement to 
be alive during follow-up to initiate statin use). Secondary 

analyses of lipid parameters used the same methods as for 
LDL-C and included categories of the T-C/HDL-C and 
triglycerides/HDL-C ratios.

In addition to the clinical categories used to define and 
evaluate baseline lipid levels, in secondary analyses, each 
lipid parameter was evaluated in relation to mortality risk 
by use of non-parametric generalised additive models 
using smoothing splines adjusting for the same covari-
ates used in the Cox regression models. The smoothing 
parameters including the number of df were optimised by 
use of generalised cross-validation.

We used SAS, V.9.4 (SAS Institute) for all analyses.

Subgroup analyses
Subgroup analyses for estimation of the relationship 
between LDL-C category and mortality included age 
(50–69, 70–89), sex (female, male) and baseline ASCVD 
risk classification (low/borderline, intermediate, high, 
risk not determined).

Patient and public involvement
None.

RESULTS
The mean (SD) LDL-C was 119 (31) mg/dL, and the 
prevalence of patients within the six LDL-C categories 
was as follows: 30–79 (9.1%), 80–99 (18.3%), 100–129 
(39.1%), 130–159 (24.4%), 160–189 (7.1%) or 190 mg/
dL or higher (2.0%) (table 1). The median age of patients 
was 59 years and mean age ranged nominally across the 
six LDL-C categories from 60.7 to 61.7 years. There was 
a general indication of overall higher baseline risk in 
the group of patients with LDL-C from 30 to 79 mg/dL 
(table 1) (consistent with the stated concern of potential 
reverse causation). This included a numerically higher 
prevalence of current smokers and those with a history of 
various comorbidities (eg, atrial fibrillation, arrhythmia, 
congestive heart failure, chronic obstructive pulmo-
nary disease), as well as nominally higher prevalence 
of selected medication use (eg, ACE inhibitors, beta-
blockers, diuretics, opioids, direct oral anticoagulants). 
History of cancer was slightly higher in the two lowest 
LDL-C categories, whereas estimated 10-year ASCVD risk 
was highest in those with baseline LDL-C ≥190 mg/dL.

Patient follow-up
The mean and median follow-up after excluding the 
study requirement to have survived at least 1 year after 
baseline cholesterol measurement was 6.1 and 5.9 years, 
respectively, and 17% of patients had 10 or more years of 
follow-up. Across the six LDL-C categories, the mean years 
of follow-up among patients who did not die ranged from 
5.8 to 6.4 years. In total, 48.9%–55.5% of patients had their 
first LDL-C measurement in calendar year 2015 or earlier, 
and the percentage of patients with their last follow-up 
extending into calendar year 2023 ranged from 57.8% to 
63.4%, thereby suggesting non-informative censoring.

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-077949 on 28 M

arch 2024. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Kip KE, et al. BMJ Open 2024;14:e077949. doi:10.1136/bmjopen-2023-077949

Open access�

Ta
b

le
 1

 
B

as
el

in
e 

ch
ar

ac
te

ris
tic

s 
of

 s
tu

d
y 

p
op

ul
at

io
n 

b
y 

b
as

el
in

e 
LD

L 
ch

ol
es

te
ro

l v
al

ue

C
ha

ra
ct

er
is

ti
c

B
as

el
in

e 
LD

L 
ch

o
le

st
er

o
l v

al
ue

 (m
g

/d
L)

30
–7

9
(n

=
16

 1
62

)
80

–9
9

(n
=

32
 5

17
)

10
0–

12
9

(n
=

69
 3

99
)

13
0–

15
9

(n
=

43
 3

33
)

16
0–

18
9

(n
=

12
 6

63
)

19
0 

o
r 

hi
g

he
r

(n
=

35
86

)

A
ge

 (y
ea

rs
), 

m
ed

ia
n 

(IQ
R

)
59

 (5
4–

67
)

59
 (5

4–
67

)
59

 (5
4–

66
)

59
 (5

4–
65

)
59

 (5
4–

65
)

60
 (5

4–
67

)

A
ge

 (y
ea

rs
), 

n 
(%

)

 �
50

–5
9

81
67

 (5
0.

5)
16

 5
51

 (5
0.

9)
35

 7
06

 (5
1.

5)
22

 8
11

 (5
2.

6)
66

94
 (5

2.
9)

17
65

 (4
9.

2)

 �
60

–6
9

46
86

 (2
9.

0)
97

42
 (3

0.
0)

21
 6

32
 (3

1.
2)

13
 7

97
 (3

1.
8)

40
29

 (3
1.

8)
11

62
 (3

2.
4)

 �
70

–7
9

22
21

 (1
3.

7)
43

99
 (1

3.
5)

88
08

 (1
2.

7)
51

03
 (1

1.
8)

14
39

 (1
1.

4)
51

4 
(1

3.
3)

 �
80

 a
nd

 o
ld

er
10

88
 (6

.7
)

18
25

 (5
.6

)
32

53
 (4

.7
)

16
22

 (3
.7

)
50

1 
(4

.0
)

14
5 

(4
.0

)

S
ex

 �
Fe

m
al

e
90

27
 (5

5.
9)

18
 9

65
 (5

8.
3)

42
 6

97
 (6

1.
5)

28
 0

34
 (6

4.
7)

86
54

 (6
8.

3)
25

62
 (7

1.
4)

 �
M

al
e

71
35

 (4
4.

1)
13

 5
52

 (4
1.

7)
26

 7
02

 (3
8.

5)
15

 2
99

 (3
5.

3)
40

09
 (3

1.
7)

10
24

 (2
8.

6)

R
ac

e

 �
B

la
ck

17
00

 (1
0.

5)
23

50
 (7

.2
)

38
55

 (5
.6

)
20

76
 (4

.8
)

60
7 

(4
.8

)
20

8 
(5

.8
)

 �
W

hi
te

14
 4

62
 (8

9.
5)

30
 1

67
 (9

2.
8)

65
 5

44
 (9

4.
4)

41
 2

57
 (9

5.
2)

12
 0

56
 (9

5.
2)

33
78

 (9
4.

2)

Fo
rm

er
 s

m
ok

er
, n

 (%
)

41
72

 (2
7.

3)
82

70
 (2

6.
9)

16
 8

71
 (2

5.
7)

10
 3

54
 (2

5.
3)

29
33

 (2
4.

5)
85

8 
(2

5.
5)

C
ur

re
nt

 s
m

ok
er

, n
 (%

)
32

87
 (2

1.
5)

54
30

 (1
7.

6)
98

22
 (1

5.
0)

62
74

 (1
5.

3)
19

98
 (1

6.
7)

66
8 

(1
9.

8)

B
od

y 
M

as
s 

In
d

ex
, m

ed
ia

n 
(IQ

R
)

25
.8

 (2
5.

2–
33

.2
)

26
.3

 (2
5.

2–
33

.8
)

26
.6

 (2
5.

2–
34

.0
)

26
.9

 (2
5.

2–
33

.9
)

26
.9

 (2
5.

2–
33

.6
)

26
.7

 (2
5.

2–
33

.1
)

H
is

to
ry

 o
f o

b
es

ity
, n

 (%
)

60
11

 (3
7.

2)
12

 4
38

 (3
8.

3)
26

 9
46

 (3
8.

8)
16

 9
49

 (3
9.

1)
48

99
 (3

8.
7)

13
26

 (3
7.

0)

H
is

to
ry

 o
f o

b
st

ru
ct

iv
e 

sl
ee

p
 a

p
no

ea
, n

 (%
)

93
2 

(5
.8

)
18

31
 (5

.6
)

36
19

 (5
.2

)
19

31
 (4

.5
)

50
7 

(4
.0

)
13

6 
(3

.8
)

H
is

to
ry

 o
f h

yp
er

te
ns

io
n,

 n
 (%

)
55

40
 (3

4.
3)

11
 3

31
 (3

4.
8)

23
 6

34
 (3

4.
1)

13
 4

35
 (3

1.
0)

36
21

 (2
8.

6)
10

60
 (2

9.
6)

H
is

to
ry

 o
f a

tr
ia

l fi
b

ril
la

tio
n,

 n
 (%

)
68

7 
(4

.3
)

11
81

 (3
.6

)
19

30
 (2

.8
)

84
5 

(2
.0

)
21

4 
(1

.7
)

60
 (1

.7
)

H
is

to
ry

 o
f a

rr
hy

th
m

ia
, n

 (%
)

11
78

 (7
.3

)
22

54
 (6

.9
)

41
43

 (6
.0

)
20

54
 (4

.7
)

52
8 

(4
.2

)
13

3 
(3

.7
)

H
is

to
ry

 o
f v

al
vu

la
r 

he
ar

t 
d

is
ea

se
, n

 (%
)

43
1 

(2
.7

)
83

4 
(2

.6
)

15
05

 (2
.2

)
79

8 
(1

.8
)

24
6 

(1
.9

)
60

 (1
.7

)

H
is

to
ry

 o
f c

on
ge

st
iv

e 
he

ar
t 

fa
ilu

re
, n

 (%
)

25
1 

(1
.6

)
37

5 
(1

.2
)

59
7 

(0
.9

)
24

5 
(0

.6
)

80
 (0

.6
)

15
 (0

.4
)

H
is

to
ry

 o
f d

ee
p

 v
ei

n 
th

ro
m

b
os

is
, n

 (%
)

18
4 

(1
.1

)
32

3 
(1

.0
)

66
7 

(1
.0

)
35

6 
(0

.8
)

93
 (0

.8
)

25
 (0

.7
)

H
is

to
ry

 o
f c

an
ce

r, 
n 

(%
)

15
54

 (9
.6

)
29

16
 (9

.0
)

55
97

 (8
.0

)
33

48
 (7

.7
)

91
2 

(7
.2

)
28

1 
(7

.8
)

H
is

to
ry

 o
f c

hr
on

ic
 o

b
st

ru
ct

iv
e 

p
ul

m
on

ar
y 

d
is

ea
se

, 
n 

(%
)

11
47

 (7
.1

)
17

83
 (5

.5
)

31
56

 (4
.5

)
16

66
 (3

.8
)

47
4 

(3
.7

)
14

6 
(4

.1
)

H
is

to
ry

 o
f c

hr
on

ic
 k

id
ne

y 
d

is
ea

se
, n

 (%
)

32
9 

(2
.0

)
42

4 
(1

.3
)

69
5 

(1
.0

)
35

6 
(0

.8
)

12
6 

(1
.0

)
42

 (1
.2

)

H
is

to
ry

 o
f d

ep
re

ss
io

n,
 n

 (%
)

19
85

 (1
2.

3)
39

81
 (1

2.
2)

83
27

 (1
2.

0)
52

14
 (1

2.
0)

16
06

 (1
2.

7)
44

0 
(1

2.
3)

S
ys

to
lic

 B
P

 (m
m

 H
g)

, m
ed

ia
n 

(IQ
R

)
12

8 
(1

18
–1

40
)

12
7 

(1
18

–1
38

)
12

8 
(1

18
–1

39
)

12
8 

(1
20

–1
40

)
12

8 
(1

20
–1

40
)

13
0 

(1
20

–1
40

)

D
ia

st
ol

ic
 B

P
 (m

m
 H

g)
, m

ed
ia

n 
(IQ

R
)

78
 (7

0–
84

)
78

 (7
0–

84
)

80
 (7

1–
84

)
80

 (7
2–

84
)

80
 (7

2–
84

)
80

 (7
2–

86
)

H
D

L 
ch

ol
es

te
ro

l (
m

g/
d

L)
, m

ed
ia

n 
(IQ

R
)

57
 (4

5–
73

)
56

 (4
4–

70
)

55
 (4

5–
68

)
55

 (4
5–

66
)

54
 (4

5–
65

)
53

 (4
5–

64
) C
on

tin
ue

d

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-077949 on 28 M

arch 2024. D
ow

nloaded from
 

http://bmjopen.bmj.com/


5Kip KE, et al. BMJ Open 2024;14:e077949. doi:10.1136/bmjopen-2023-077949

Open access

C
ha

ra
ct

er
is

ti
c

B
as

el
in

e 
LD

L 
ch

o
le

st
er

o
l v

al
ue

 (m
g

/d
L)

30
–7

9
(n

=
16

 1
62

)
80

–9
9

(n
=

32
 5

17
)

10
0–

12
9

(n
=

69
 3

99
)

13
0–

15
9

(n
=

43
 3

33
)

16
0–

18
9

(n
=

12
 6

63
)

19
0 

o
r 

hi
g

he
r

(n
=

35
86

)

To
ta

l/H
D

L 
ch

ol
es

te
ro

l, 
m

ed
ia

n 
(IQ

R
)

2.
5 

(2
.2

–3
.0

)
3.

0 
(2

.5
–3

.6
)

3.
5 

(3
.0

–4
.2

)
4.

0 
(3

.4
–4

.8
)

4.
6 

(4
.0

–5
.5

)
5.

5 
(4

.6
–6

.5
)

Tr
ig

ly
ce

rid
es

 (m
g/

d
L)

, m
ed

ia
n 

(IQ
R

)
90

 (6
3–

13
7)

91
 (6

7–
13

1)
10

0 
(7

4–
14

0)
11

1 
(8

3–
15

1)
12

5 
(9

4–
16

7)
14

9 
(1

10
–2

01
)

H
ae

m
og

lo
b

in
 (g

/d
L)

, m
ed

ia
n 

(IQ
R

)
13

.7
 (1

2.
6–

14
.7

)
13

.9
 (1

2.
9–

14
.8

)
14

.0
 (1

3.
1–

14
.9

)
14

.1
 (1

3.
3–

15
.0

)
14

.2
 (1

3.
4–

15
.0

)
14

.1
 (1

3.
3–

15
.0

)

G
lu

co
se

 (m
g/

d
L)

, m
ed

ia
n 

(IQ
R

)
94

 (8
7–

10
4)

94
 (8

7–
10

3)
94

 (8
8–

10
2)

94
 (8

8–
10

2)
95

 (8
9–

10
3)

96
 (8

9–
10

5)

A
C

E
 in

hi
b

ito
r, 

n 
(%

)
20

60
 (1

2.
7)

39
92

 (1
2.

3)
80

24
 (1

1.
6)

44
54

 (1
0.

3)
12

05
 (9

.5
)

32
8 

(9
.1

)

A
ng

io
te

ns
in

 r
ec

ep
to

r 
b

lo
ck

er
, n

 (%
)

10
28

 (6
.4

)
20

17
 (6

.2
)

39
27

 (5
.7

)
20

18
 (4

.7
)

55
8 

(4
.4

)
15

6 
(4

.4
)

B
et

a 
b

lo
ck

er
, n

 (%
)

27
47

 (1
7.

0)
48

27
 (1

4.
8)

89
69

 (1
2.

9)
47

09
 (1

0.
9)

13
52

 (1
0.

7)
43

0 
(1

2.
0)

C
al

ci
um

 b
lo

ck
er

, n
 (%

)
19

31
 (1

1.
9)

35
01

 (1
0.

8)
66

12
 (9

.5
)

35
34

 (8
.2

)
95

6 
(7

.5
)

29
7 

(8
.3

)

D
iu

re
tic

, n
 (%

)
26

62
 (1

6.
5)

47
63

 (1
4.

6)
88

14
 (1

2.
7)

47
17

 (1
0.

9)
12

57
 (9

.9
)

39
0 

(1
0.

9)

A
nt

id
ep

re
ss

an
t,

 n
 (%

)
34

97
 (2

1.
6)

65
04

 (2
0.

0)
13

 7
84

 (1
9.

9)
86

24
 (1

9.
9)

26
28

 (2
0.

8)
79

7 
(2

2.
2)

O
p

io
id

s,
 n

 (%
)

33
19

 (2
0.

5)
54

00
 (1

6.
6)

96
88

 (1
4.

0)
57

11
 (1

3.
2)

15
99

 (1
2.

6)
52

3 
(1

4.
2)

A
nt

ip
la

te
le

t 
ag

en
t,

 n
 (%

)
22

09
 (1

3.
7)

43
19

 (1
3.

3)
90

06
 (1

3.
0)

50
57

 (1
1.

7)
12

67
 (1

0.
0)

40
2 

(1
1.

2)

A
sp

iri
n,

 n
 (%

)
30

82
 (1

9.
1)

60
87

 (1
8.

7)
12

 5
11

 (1
8.

0)
71

17
 (1

6.
4)

19
22

 (1
5.

2)
58

6 
(1

6.
3)

D
ire

ct
 o

ra
l a

nt
ic

oa
gu

la
nt

, n
 (%

)
42

3 
(2

.6
)

68
4 

(2
.1

)
10

86
 (1

.6
)

47
9 

(1
.1

)
13

3 
(1

.1
)

33
 (0

.9
)

A
S

C
V

D
 1

0-
ye

ar
 r

is
k,

 m
ed

ia
n 

(IQ
R

)
5.

8 
(2

.3
–1

2.
6)

5.
8 

(2
.5

–1
2.

7)
5.

9 
(2

.8
–1

2.
3)

6.
3 

(3
.1

–1
2.

2)
6.

8 
(3

.6
–1

3.
0)

8.
7 

(4
.6

–1
5.

7)

A
S

C
V

D
 1

0-
ye

ar
 r

is
k,

 n
 (%

)

 �
Lo

w
62

04
 (5

8.
8)

12
 1

66
 (5

8.
3)

25
 4

57
 (5

8.
6)

15
 0

48
 (5

7.
3)

41
44

 (5
4.

1)
90

0 
(4

3.
0)

 �
In

te
rm

ed
ia

te
28

87
 (2

7.
4)

58
04

 (2
7.

8)
12

 5
14

 (2
8.

8)
81

61
 (3

1.
1)

25
96

 (3
3.

9)
83

9 
(4

0.
0)

 �
H

ig
h

14
59

 (1
3.

8)
28

88
 (1

3.
8)

54
72

 (1
2.

6)
30

45
 (1

1.
6)

91
3 

(1
1.

9)
35

6 
(1

7.
0)

S
ta

rt
ed

 s
ta

tin
 u

se
 >

1 
ye

ar
 a

ft
er

 b
as

el
in

e 
m

ea
su

re
m

en
t,

 n
 (%

)
48

4 
(3

.0
)

92
1 

(2
.8

)
29

48
 (4

.2
)

34
48

 (8
.0

)
16

00
 (1

2.
6)

64
4 

(1
8.

0)

A
S

C
V

D
, a

th
er

os
cl

er
ot

ic
 c

ar
d

io
va

sc
ul

ar
 d

is
ea

se
; B

P,
 b

lo
od

 p
re

ss
ur

e;
 H

D
L,

 h
ig

h-
d

en
si

ty
 li

p
op

ro
te

in
; L

D
L,

 lo
w

-d
en

si
ty

 li
p

op
ro

te
in

.

Ta
b

le
 1

 
C

on
tin

ue
d

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-077949 on 28 M

arch 2024. D
ow

nloaded from
 

http://bmjopen.bmj.com/


6 Kip KE, et al. BMJ Open 2024;14:e077949. doi:10.1136/bmjopen-2023-077949

Open access�

Overall assessment of mortality
In ascending order from lowest LDL-C category 
(30–79 mg/dL) to highest LDL-C category (≥190 mg/
dL), 10-year cumulative mortality rates were U-shaped at 
19.8%, 14.7%, 11.7%, 10.7%, 10.1% and 14.0% (table 2, 
figures  1 and 2). Adjusted mortality HRs and 95% CIs 
(table 2), as compared with the referent group of LDL-C 
80–99 mg/dL, were as follows: 30–79 mg/dL (1.23, 95% CI 
1.17 to 1.30), 100–129 mg/dL (0.87, 95% CI 0.83 to 0.91), 
130–159 mg/dL (0.88, 95% CI 0.84 to 0.93), 160–189 mg/
dL (0.91, 95% CI 0.84 to 0.98), ≥190 mg/dL (1.19, 95% 
CI 1.06 to 1.34), respectively. Thus, the three LDL-C 
categories within the range of 100–189 mg/dL showed 
similar, slightly lower mortality risk compared with the 
referent group of LDL-C 80–99 mg/dL. When evaluated 
as a continuous variable, the relationship between LDL-C 
and mortality was mostly U-shaped, with the lowest risk of 
mortality in the range of approximately 110–190 mg/dL 
(online supplemental figure 2, upper left).

Assessment of ASCVD
In ascending order from lowest LDL-C category 
(30–79 mg/dL) to highest LDL-C category (≥190 mg/

dL), 10-year cumulative rates of ASCVD were U-shaped 
at 6.5%, 5.3%, 4.7%, 4.8%, 5.1% and 7.6% (table 3, top 
half). Adjusted HRs of risk of ASCVD as compared with 
the referent group of LDL-C 80–99 mg/dL were as follows: 
30–79 mg/dL (1.10, 95% CI 1.00 to 1.20), 100–129 mg/
dL (0.94, 95% CI 0.88 to 1.00), 130–159 mg/dL (0.96, 
95% CI 0.89 to 1.03), 160–189 mg/dL (0.98, 95% CI 
0.88 to 1.08), ≥190 mg/dL (1.23, 95% CI 1.06 to 1.43), 
respectively. Thus, the three LDL-C categories within the 
range of 100–189 mg/dL showed similar yet nominally 
lower risk of ASCVD compared with the referent group of 
LDL-C 80–99 mg/dL. Similar results were observed for the 
composite outcome of ASCVD/mortality (table 3, bottom 
half). Baseline ASCVD risk categories of low, medium and 
high risk were strongly associated with 10-year rates of 
ASCVD (1.9%, 4.9% and 9.8%, respectively).

Subgroup analyses
For the two different age groups, the three LDL-C catego-
ries within the range of 100–189 mg/dL showed relatively 
similar and slightly lower mortality risk compared with the 
referent group of LDL-C 80–99 mg/dL (table 2, figure 2). 
In a similar manner for both females and males, the three 

Table 2  Risks and HRs for death by LDL cholesterol level at baseline

LDL cholesterol (mg/dL) n

Cumulative incidence (%) Total

Crude HR Adjusted HR 95% CI1 year 5 years 10 years # deaths

30–79 16 162 2.7 11.3 19.8 2159 1.41 1.23 1.17 to 1.30

80–99 32 517 1.7 8.1 14.7 3232 1.0 1.0 —

100–129 69 399 1.1 6.0 11.7 5415 0.77 0.87 0.83 to 0.91

130–159 43 333 1.0 5.2 10.7 2971 0.69 0.88 0.84 to 0.93

160–189 12 663 1.2 5.4 10.1 821 0.68 0.91 0.84 to 0.98

190 or higher 3586 1.8 7.9 14.0 317 0.96 1.19 1.06 to 1.34

Patients aged 50–69 years

 � 30–79 12 853 1.8 8.1 14.2 1241 1.52 1.20 1.20 to 1.39

 � 80–99 26 293 1.1 5.2 9.6 1745 1.0 1.0 —

 � 100–129 57 338 0.7 3.9 7.6 2924 0.76 0.86 0.81 to 0.92

 � 130–159 36 608 0.7 3.4 6.9 1653 0.69 0.85 0.79 to 0.91

 � 160–189 10 723 0.9 3.7 6.5 472 0.70 0.89 0.81 to 0.99

 � 190 or higher 2927 1.2 5.7 9.4 181 1.01 1.24 1.06 to 1.44

Patients aged 70–89 years

 � 30–79 3309 6.3 24.3 42.7 918 1.25 1.15 1.06 to 1.25

 � 80–99 6224 4.5 20.5 37.2 1487 1.0 1.0 —

 � 100–129 12 061 2.7 16.0 31.4 2491 0.80 0.87 0.82 to 0.93

 � 130–159 6725 2.8 15.3 30.8 1318 0.76 0.91 0.84 to 0.98

 � 160–189 1940 2.9 15.0 29.7 349 0.75 0.92 0.82 to 1.04

 � 190 or higher 659 4.5 17.5 34.2 136 0.90 1.15 0.96 to 1.37

Model adjusted for age, race, sex, BMI, current smoker, former smoker, history of the following in the past year: hypertension, atrial fibrillation, 
arrhythmia, congestive heart failure, cancer, chronic obstructive pulmonary disease, chronic kidney disease, baseline systolic and diastolic 
blood pressure, glucose and the following medications in the past year: ACE inhibitors, beta-blockers, calcium blockers, any SBP lowering 
medication, diuretics, aspirin, DOACs, antidepressants, opioids and statin initiation >1 year after baseline cholesterol measurement.
BMI, Body Mass Index; DOAC, direct oral anticoagulant; LDL, low-density lipoprotein; SBP, systolic blood pressure.
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LDL-C categories within the range of 100–189 mg/dL 
showed relatively similar and slightly lower mortality risk 
compared with the referent group of LDL-C 80–99 mg/
dL (online supplemental table 3). Males with LDL-C 
≥190 mg/dL did not have a significantly higher risk of 
mortality than those with LDL-C 80–99 mg/dL (adjusted 
HR=1.06, 95% CI 0.85 to 1.32). When stratified by 10-year 
ASCVD risk score, again, the three LDL-C categories 
within the range of 100–189 mg/dL showed relatively 
similar and statistically lower mortality risk compared 
with the referent group of LDL-C 80–99 mg/dL (online 
supplemental table 4).

Secondary lipid measures
Patients with a T-C/HDL-C ratio >6.0 had a signifi-
cantly higher risk of mortality than those with a T-C/
HDL-C ratio ≤3.0 (adjusted HR=1.28, 95% CI 1.18 to 
1.38, online supplemental table 5), with similar results 
by age (figure  2). For the three T-C/HDL-C ratio cate-
gories ≤3.0, >3.0–4.0 and >4.0–5.0, risk of mortality 
was similar. The triglycerides/HDL-C ratio showed the 
most consistent evidence of a gradient relationship with 
mortality with lower values (quintiles) progressively 
conferring lower risk of mortality (online supplemental 
table 6) and similar results by age (figure 2). Compared 
with patients in the highest quintile of triglycerides/
HDL-C ratio (value of ≥3.44), those in the lowest quin-
tile (value of ≤1.06) had an estimated 24% lower risk of 
mortality (adjusted HR=0.76, 95% CI 0.72 to 0.81). Thus, 
in aggregate and irrespective of age, the secondary lipid 
measures of T-C/HDL-C ratio and triglycerides/HDL-C 

ratio appeared to be more predictive of mortality than 
LDL-C, and a triglycerides/HDL-C ratio of about 1 or 
lower appears to be optimal.

When evaluated as continuous variables, the rela-
tionship between T-C and adjusted risk of mortality was 
mostly U-shaped (similar to LDL-C), whereas other lipid/
mortality relationships presented in a mostly gradient 
manner (online supplemental figure 2). Specifically, 
lower HDL-C generally indicated higher adjusted risk of 
mortality, whereas higher triglycerides, total to HDL-C 
ratio and triglycerides to HDL-C ratio indicated higher 
adjusted risk of mortality.

Evaluation of potential reverse causation
By study design, the 2494 patient deaths that occurred 
from baseline LDL-C measurement to 365 days were 
excluded from the primary analysis. Among these 
excluded patients, the percentage of deaths distributed 
by LDL-C (mg/dL) category was: 30–79 (30.4%), 80–99 
(20.1%), 100–129 (26.5%), 130–159 (14.6%), 160–189 
(5.9%), 190 or higher (2.5%). The 30.4% of deaths in 
the 30–79 mg/dL category is much higher than the 9.1% 
prevalence of patients in the 30–79 mg/dL category (see 
table 1) observed in the primary analysis. Similarly, 14.1% 
of deaths excluded in the first year had a total cholesterol 
value of 40–120 mg/dL compared with 1.6% prevalence 
of patients in the primary analysis. These results validated 
the need to remove the influence of potential reverse 
causality and early deaths and patients with very low base-
line cholesterol values from the analysis.

Figure 1  Plot of cumulative mortality rates in 6-month intervals over 12 years of follow-up by baseline low-density lipoprotein 
cholesterol (LDL-C) category. Dashed lines depict the three lowest LDL-C categories (30–79, 80–99 and 100–129 mg/dL) and 
solid lines depict the highest LDL-C categories (130–159, 160–189 and ≥190 mg/dL).
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DISCUSSION
In this analysis among primary prevention-type patients 
without diabetes aged 50–89 years not on statin therapy 
at baseline or within 1 year, we found no evidence of a 
gradient relationship between LDL-C and long-term 
mortality risk. Instead, we observed that within the entire 
LDL-C range of 100–189 mg/dL (about two-thirds of 
the total patient population), mortality risk was similar 
and slightly lower than the referent LDL-C category of 
80–99 mg/dL. These data conflict with the prevailing 
belief that ‘lower LDL-C is better’5 6 yet align with results 
from multiple studies. A large general population study 
of adults from Denmark showed a U-shaped relation-
ship between LDL-C and long-term mortality, with 
lowest risk of all-cause mortality (among individuals not 
receiving lipid-lowering treatment) being an LDL-C value 
of 140 mg/dL.26 Similarly, a large cohort study among 
Korean adults not on statin therapy showed a U-shaped 
relationship between LDL-C and CVD mortality, with 
an optimal LDL-C range of 90–149 mg/dL.27 Moreover, 
in a 20-year prospective cohort study of adults ages 18 
and older derived from the National Health and Nutri-
tion Examination Survey III (NHANES III), the lowest 

relative risk for all-cause mortality was for LDL-C in the 
range of 130 to <190 mg/dL.28 Collectively, these results 
indicate that the ‘optimal’ or ‘normal’ range for LDL-C 
for primary prevention of mortality among adults is likely 
wide and considerably higher than the suggested optimal 
LDL-C level of ≤100 mg/dL.5 6

For multiple reasons, we chose to evaluate a population 
of primary prevention-type adults without diabetes aged 
50–89 years not on statin therapy. First, both the preva-
lence and potential indication for initiating lipid-lowering 
therapy are relatively high in this population.9 29 30 Second, 
prevailing guidelines and philosophy for initiating lipid-
lowering therapy for secondary prevention of ASCVD and 
among persons with diabetes are well entrenched.31–33 
Third, consideration of initiating lipid-lowering therapy 
for primary prevention, particularly among older adults, 
should be carefully weighed based on empirical data34 35 
and potential side effects, including but not limited to 
muscle pain or weakness36 and increased risk of devel-
oping diabetes.37–39

Beyond our principal finding of no indication that 
‘lower LDL-C is better,’ other prominent findings were 
that overall and independent of age, the T-C/HDL-C and 

Figure 2  Plot of mortality HRs (filled circles) and 95% CIs (vertical lines) across categories of LDL cholesterol (top), total 
cholesterol to HDL cholesterol ratio (middle) and triglycerides to HDL cholesterol ratio (bottom). The left side of the graph is 
for patients aged 50–69 years; the right side is for patients aged 70–89 years. The dashed line reflects the referent group null 
value (1.0) for the HR. Q: quintile. Each model is adjusted for age, race, sex, BMI, current smoker, former smoker and history 
of the following in the past year: hypertension, atrial fibrillation, arrhythmia, congestive heart failure, cancer, chronic obstructive 
pulmonary disease, chronic kidney disease, baseline systolic and diastolic blood pressure, glucose and the following 
medications in the past year: ACE inhibitors, beta-blockers, calcium blockers, any SBP lowering medication, diuretics, aspirin, 
DOACs, antidepressants, opioids and statin initiation >1 year after baseline cholesterol measurement. BMI, Body Mass Index; 
DOAC, direct oral anticoagulant; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure.
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triglycerides/HDL-C ratios were predictive of long-term 
mortality risk, the latter of which presented in a gradient 
manner. A study derived from NHANES data showed a 
U-shaped relationship between T-C/HDL-C ratio and risk 
of all-cause mortality,40 whereas results from our analysis 
were unidirectional with elevated risk of mortality evident 
among adults with a T-C/HDL-C ratio more than 5.0. 
Similar to our results, a large study among Korean adults 
showed a gradient relationship between triglycerides/
HDL-C ratio and risk of ischaemic HD.41 Importantly, the 
triglyceride/HDL-C ratio has recently been reported to 
be a stronger predictor of 10-year development of type 
2 diabetes (strongly associated with mortality risk) than 
LDL-C, HDL-C or triglycerides alone.42

The importance of high HDL-C alone, or in conjunc-
tion with other lipids, has been extensively recognised. 
In brief, oxidative stress and inflammation are integral in 
the pathophysiology of atherosclerosis and cardiovascular 
disease.43 Importantly, HDL-C exerts several physiological 
roles, prevents oxidation of LDL and inhibits expression 
of proinflammatory cytokines by macrophages, as well as 
expression of adhesion molecules by endothelial cells,44–46 
and it is inversely associated with both all-cause and CVD 
mortality risks.18 19 Moreover, it is likely not coincidental 
nor trivial that the field of life insurance medicine recog-
nises and prioritises the importance of HDL-C over 
LDL-C in determining underwriting classifications.16 17 47 
Unfortunately, from a public health perspective, a meta-
analysis of 31 randomised controlled trials on the use of 

HDL-C modifying treatments showed little to no effect on 
cardiovascular and all-cause mortality.48

There is an overall lack of consensus on the magnitude 
and statistical and clinical interpretation of the reduc-
tion in mortality risk potentially achieved with the use of 
LDL-C lowering therapies. Multiple reviews suggest that 
absolute mortality risk reductions from treatment with 
statins are small as compared with the more frequent 
reporting and emphasis on relative risk reductions.49–52 
Moreover, mortality reductions with recent use of propro-
tein convertase subtilisin/kexin type 9 (PCSK-9) inhibi-
tors to lower LDL-C have been mixed and of low absolute 
risk.53 54 Our postulate from both this review10 and empir-
ical analysis is that whatever small absolute reductions in 
mortality risk may occur with use of LDL-C lowering ther-
apies, they are most likely not causally related to LDL-C 
lowering, but potentially to more broad pleiotropic 
effects. For example, statin use has been shown to reduce 
inflammatory markers,55 reduce vascular endothelial 
growth factor concentrations,56 reduce platelet activity57 
and increase nitric oxide bioavailability and stabilise 
atherosclerotic plaques.58 These potential mechanisms 
of statins, rather than concomitant lowering of LDL-C, 
per se, may be expected to result in some reduction of 
ASCVD events.

Arguably, it is irrelevant to patients as to the exact mech-
anism(s) by which use of statins and other lipid-lowering 
therapies may result in small absolute reductions in 
mortality risk. Rather than focusing on LDL-C level, per 

Table 3  Risks and HRs for ASCVD and ASCVD/mortality by LDL cholesterol levels at baseline

LDL cholesterol (mg/dL) n

Cumulative incidence (%) Total

Crude HR Adj. HR model 95% CI1 year 5 years 10 years # events

ASCVD

 � 30–79 16 162 0.8 3.9 6.5 816 1.25 1.10 1.00 to 1.20

 � 80–99 32 517 0.5 2.8 5.3 1341 1.0 1.0 —

 � 100–129 69 399 0.6 2.5 4.7 2509 0.87 0.94 0.88 to 1.00

 � 130–159 43 333 0.5 2.4 4.8 1586 0.89 0.96 0.89 to 1.03

 � 160–189 12 663 0.5 2.7 5.1 490 0.98 0.98 0.88 to 1.08

 � 190 or higher 3586 0.9 4.7 7.6 205 1.50 1.23 1.06 to 1.43

ASCVD/mortality

 � 30–79 16 162 1.0 11.8 21.4 2590 1.36 1.19 1.14 to 1.26

 � 80–99 32 517 0.8 8.4 16.5 4014 1.0 1.0 —

 � 100–129 69 399 0.6 6.4 13.5 6952 0.79 0.89 0.85 to 0.92

 � 130–159 43 333 0.5 5.8 12.8 4005 0.74 0.90 0.86 to 0.94

 � 160–189 12 663 0.5 6.5 12.6 1160 0.77 0.93 0.87 to 0.99

 � 190 or higher 3586 0.9 9.9 18.5 452 1.12 1.20 1.08 to 1.32

Model: Adjusted for age, race, BMI, current smoker, former smoker, history of the following in the past year: hypertension, atrial fibrillation, 
arrhythmia, congestive heart failure, cancer, chronic obstructive pulmonary disease, chronic kidney disease, baseline systolic and diastolic 
blood pressure, glucose and the following medications in the past year: ACE inhibitors, beta-blockers, calcium blockers, any SBP lowering 
medication, diuretics, aspirin, DOACs, antidepressants, opioids and statin initiation >1 year after baseline cholesterol measurement.
ASCVD, atherosclerotic cardiovascular disease; BMI, Body Mass Index; DOAC, direct oral anticoagulant; LDL, low-density lipoprotein; SBP, 
systolic blood pressure.
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se, we submit that health professionals should promote 
established (causal) mechanisms that reduce future risk 
of major ASCVD events, including weight, blood pres-
sure and blood sugar control, physical activity, avoidance 
of smoking and stress reduction. Similarly, our results 
suggest that adult patients without diabetes counselled 
for primary prevention of ASCVD be apprised of their 
estimated future risk of ASCVD with minimal consider-
ation of their LDL-C concentration and more consid-
eration of the T-C/HDL and triglyceride/HDL-C ratios 
along with other known causes of ASCVD (eg, smoking, 
physical inactivity). Moreover, use of coronary artery 
calcium scoring in primary prevention is supported by a 
wealth of data showing that it substantially improves risk 
prediction including when combined with traditional risk 
factors and scores.59–61

Limitations
Our study has limitations. First, we were unable to assess 
cause-specific mortality which would have provided 
additional insight into the relationship between LDL-C 
and CVD mortality. Similarly, our assessment of risk of 
ASCVD in relation to baseline LDL-C levels is based on 
ascertainment of events within UPMC hospitals and not 
external facilities—there is certainly some unknown level 
of ascertainment of ASCVD events. Second, we chose the 
index date for follow-up mortality assessment to begin 
1 year after baseline cholesterol measurement to ideally 
minimise potential bias due to reverse causation (ie, 
low LDL-C being an overall marker of malnutrition and 
poor health). However, low LDL-C has been frequently 
reported in patients with cancer25 62 63 and many cancers 
have a viral etiological component64 and with potentially 
long latency. Theoretically, some patients with the lowest 
LDL-C values in our analysis may have been in the early 
stages of cancer development and hence at elevated long-
term mortality risk. This is why we chose LDL-C 80–99 mg/
dL as the referent group (rather than 30–79 mg/dL), 
and the observation that mortality risk was similar across 
a wide range of LDL-C values (100–189 mg/dL) argues 
against appreciable bias due to reverse causation. Third, 
absence of statin use at baseline and within the first year 
of the study (inclusion criterion) was based on patient-
reported data in the EMR and not from prescription 
data—this leaves open the possibility for some misclassifi-
cation. In addition, the study requirement for absence of 
statin use at baseline or within 1 year may have resulted in 
a patient population generally less likely to initiate lipid-
lowering therapy in long-term. Lastly, we cannot rule out 
potential residual confounding despite statistical adjust-
ment for a large set of covariates associated with mortality.

CONCLUSIONS
Our analysis indicates that among primary prevention-
type patients without diabetes aged 50–89 years and not 
on statin therapy, the lowest risk for long-term mortality 
exists in the wide LDL-C range of 100–189 mg/dL which 

is much higher than current recommendations. Our anal-
ysis also shows that lower T-C/HDL-C and triglycerides/
HDL-C ratios are independently associated with lower 
mortality risk, whereas LDL-C appears to be of limited 
to no predictive value. Collectively, these observations 
suggest that adult patients without diabetes counselled 
for primary prevention of ASCVD be apprised of their 
estimated future risk of ASCVD with minimal consider-
ation of their LDL-C concentration and more consider-
ation of the T-C/HDL and triglycerides/HDL-C ratios 
along with other established causes of ASCVD (eg, high 
blood pressure, smoking, physical inactivity) and poten-
tially coronary artery calcium scoring.
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