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Abstract

Background: Benefits of elevated high-density lipoprotein cholesterol (HDL-C) levels are
challenged by reports demonstrating U-shaped relations between HDL-C levels and all-
cause mortality; the association with cause-specific mortality is less studied.

Methods: A total of 344556 individuals (20-79years, 52 % women) recruited from
population-based health screening during 1985-2003 were followed until the end of 2018
for all-cause and cause-specific mortality by serum HDL-C level at inclusion of <30, 30—
39, 40-49, 50-59, 60-69, 70-79, 80-89, 90-99 and >99 mg/dl (< 0.78, 0.78-1.01, 1.04-1.27,
1.30-1.53, 1.55-1.79, 1.81-2.04, 2.07-2.31, 2.33-2.56, >2.56 mmol/L). Hazard ratios (HRs)
were adjusted for sex, age, calendar period, smoking, total cholesterol, triglycerides, sys-
tolic blood pressure, physical activity, educational length, body mass index and ill health.
Results: During a mean follow-up of 22years, 69 505 individuals died. There were
U-shaped associations between HDL-C levels and all-cause, cancer and non-
cardiovascular disease/non-cancer mortality (non-CVD/non-cancer), whereas for CVD
there was increased risk of death only at lower levels. With HDL-C stratum 50-59 mg/dlI
(1.30-1.53mmol/L) as reference, HRs [95% confidence intervals (Cls)] for levels
>99 mg/dl (>2.56 mmol/L) were 1.32 (1.21-1.43), 1.05 (0.89-1.24), 1.26 (1.09-1.46) and
1.68 (1.48-1.90) for all-cause, CVD, cancer and non-CVD/non-cancer mortality, respec-
tively. For HDL-C levels <30 mg/dl (0.78 mmol/L), the corresponding HRs (95% Cls) were
1.30 (1.24-1.36), 1.55 (1.44-1.67), 1.14 (1.05-1.23) and 1.19 (1.10-1.29). The mortality from
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alcoholic liver disease, cancers of mouth-oesophagus-liver, chronic liver diseases,
chronic obstructive pulmonary disease, accidents and diabetes increased distinctly with
increasing HDL-C above the reference level. HDL-C levels lower than the reference level
were mainly associated with increased mortality of ischaemic heart disease (IHD), other

CVDs, stomach cancer and diabetes.

Conclusions: Higher HDL-C levels were associated with increased mortality risk of sev-
eral diseases which also have been associated with heavy drinking, and lower HDL-C lev-
els were associated with increased mortality from IHD, other CVDs, gastric cancer and

diabetes.
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Key Messages

at lower HDL-C levels.

consumption as a possible underlying cause.

* U-shaped associations were found between high-density lipoprotein cholesterol (HDL-C) levels and all-cause, cancer
and non-cardiovascular disease (CVD)/non-cancer mortality, whereas for CVD there was increased risk of death only

* Spline curves showed increasing mortality from alcoholic liver disease and other diagnoses which have been related
to heavy drinking with increasing HDL-C levels above a reference set at 50 mg/dl (1.30 mmol/L).

* Below the reference level, an increasing mortality from ischaemic heart disease (IHD), other CVDs, stomach cancer
and diabetes was associated with decreasing levels of HDL-C.

* Physicians observing a low HDL-C serum level should be aware of the patient’s increased risk of mortality from CVD,
stomach cancer and diabetes, whereas a high HDL-C level should increase awareness to exclude the patient’s alcohol

Introduction

The serum concentration of high-density lipoprotein cho-
lesterol (HDL-C) has been considered as a biomarker of
risk of cardiovascular disease (CVD) for many years. Since
the discovery of the inverse association between the levels
of HDL-C and CVD events,' several epidemiological stud-
ies have demonstrated HDL-C to be a robust, consistent
predictor for CVD independent of other risk factors.”™
A role of HDL in the reverse transport of cholesterol from
macrophages located in vascular atheroma could indicate a
causal function of HDL in the protection from atheroscle-
rosis and CVD, as originally proposed by Glomset® and as
recently summarized by Tall.®

In line with this view, several clinical studies have inves-
tigated treatments to enhance HDL-C levels, most recently
with inhibitors of cholesteryl ester transfer protein (CETP),
which would reduce the transfer of cholesteryl esters from
HDL-C to low-density lipoprotein and other pro-
atherogenic lipoprotein particles. Although elevations of
the levels of HDL-C were obtained by such treatment in
patients with either recent acute coronary syndrome or at
high risk for vascular outcomes, no reduction in vascular

10

. . . _ 11
event rates were obtained in most studies” except one.

Furthermore, a Mendelian randomization study failed to
find a relationship between a single nucleotide polymor-
phism (SNP) that exclusively increased HDL-C levels and
risk of myocardial infarction.'” A recent review has dis-
cussed the incoherence of evidence associating HDL-C lev-
els with CVD risk."?

Beyond CVD there is emerging evidence that HDL-
particles may be involved in a series of biological processes
with antioxidative, anti-thrombotic, anti-inflammatory
and complex regulatory functions.'®!* This suggests that
HDL-C could be related to disease processes also outside
the cardiovascular domain. An association between higher

1519 and findings

HDL-C levels and risk of certain cancers,
of higher HDL-C levels in populations of exceptional lon-
gevity have called for further studies of the association
with vascular and non-vascular diseases of elderly.?’

An assumption of beneficial associations of high
HDL-C, however, was weakened by prospective cohort

studies?*?

ies”® reporting a U-shaped association between HDL-C

and a recent pooled analysis of 39 such stud-

levels and all-cause mortality. Two of these studies also
found increased CVD-mortality risk at higher HDL-C lev-
els, questioning the role of elevated HDL-C as a CVD
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protective biomarker. There are, however, some uncertain-

21-23 which mostly included

ties related to those studies
people in their late 50s or middle 60s with observation
periods shorter than 10years. Studies of associations be-
tween mortality risks and HDL-C levels in younger general
populations with an extended observation period appear,
however, to be lacking.

The objective of our study was to gain more information
on which cause-specific mortalities were associated with
higher or lower HDL-C levels, to widen the knowledge
base for the association of HDL-C serum levels with mor-
tality risks. This was done prospectively for a mean follow-
up period of 22.1 years in about 345 000 subjects recruited
from the general Norwegian population with a mean age of
46 [standard deviation (SD) = 11] years. The individuals
were screened for several health conditions and biomarker
measurements, including HDL-C levels at baseline. All
causes of death were based on quality-controlled death cer-
tificates collected from a national cause of death registry.

Methods
Study population

We combined data from three cohorts: the Norwegian
Counties Study (1977-87), the Age 40 Program (1985-99)
and the Cohort of Norway (CONOR)(1994-2003).>*2¢ A
total of 360396 men and women aged 20 to 79 years,
mean age 45.5years, participated in these three cohorts
with participation rates of 80%, 69% and 62%, respec-
tively. We excluded 15 840 subjects with missing informa-
tion in one or more of the covariates, leaving 344 556
subjects (166 050 men and 178 506 women) on whom our
analyses are based.

Baseline measurements

At each screening site, participants’ height and weight
were measured to the nearest kilogram and centimetre.
Blood pressure was measured three times with a Dinamap
device, except for 43 194 participants who were measured
twice with a sphygmomanometer in 1977-83. We used the
mean of the second and third registration and the second
registration, respectively. A non-fasting blood sample was
drawn and serum analysed for total cholesterol, triglycer-
ides and HDL cholesterol, which were analysed by stan-
dard laboratory methods at the time of screening.”’*®
HDL-C was measured enzymatically from the cholesterol
remaining in the supernatant after precipitation of low-
density lipoprotein (LDL) and very-low-density lipoprotein
(VLDL) particles by heparin-manganese reagent. All analy-
ses were done at Oslo Hospital, except for n=28500

analysed by the Institute of Medical Biology, University of
Tromse. Both laboratories used the same HDL-C method.
The participants answered a questionnaire at home which
was checked for inconsistencies at the screening site.
Smoking habits were recorded as: never-smoker,
ex-smoker and 1-9, 10-19 and 20+ cigarettes/day. This
variable, smoking, was entered as a factor variable in the
analyses with never smoker as reference category. Two
non-overlapping questions on leisure time physical activity
were used during the first and last part of the screening pe-
riod: one with the alternatives: no, <1 hour, 1-2 hours, 3+
hours/week hard physical activity (n=167959), the other
with the alternatives: sedentary, moderate, intermediate,
hard physical activity during leisure time (7=176597).
We categorized as physically active those who reported at
least 1h hard physical activity in a week, or those who
reported at least moderate activity during leisure time.
Information on educational duration came from linkage to
Statistics Norway. The questionnaires can be found at:
[https://www.thi.no/div/helseundersokelser/landsomfattende-
helseundersokelser-lhu/]. Nine categories of educational
duration, <7 years, 79, 10, 11-12, 13-14, 15-16, 1718,
>18, where years were categorized as <11, 12-16, 17+
years of education. This variable was entered as a factor
variable in the analyses with <11 years as reference cate-
gory. We defined persons with ill health as those with a
history of cancer at baseline, based on information from
linkage to the Cancer Registry of Norway or self-reported
history of heart infarction, angina pectoris, stroke or dia-
betes. Altogether 24 663 persons had ill health and this
variable was associated with HDL-C and any death, and
was therefore included in the multivariable analyses to-
gether with other potential confounders. We did additional
analyses excluding the first 5 years of follow-up and those
with ill health. We defined four periods based on the year
of screening: 1977-83, 1984-88, 1989-99, 2000-03. The
two first periods are the second and third wave of
Norwegian counties study, the third is the Age 40 pro-
gramme and CONOR, and the fourth is CONOR. Period
is entered as a factor variable in the analyses with 1977-83
as reference category. Age was categorized in S-year age
spans and was also entered as a factor variable in the anal-
yses with age 40—44 as reference category.

Outcome

The participants accrued person-years from date of partici-
pation to date of death, date of emigration or 31 December
31 2018, whichever came first. The total number of
person-years in the study was 7626 853. The Norwegian
Cause of Death Registry provided outcome data on causes
of death using the eighth, ninth and tenth revisions of the
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International Classification of Diseases (ICD). The primary
outcomes were cardiovascular death; cancer death and
other (non-CVD/non-cancer) deaths, which encompassed
all other causes including external ones. We also per-
formed analyses for outcomes of several subgroups of the
three primary outcomes (Supplementary Table S1, avail-
able as Supplementary data at IJE online).

Statistical analysis

Less than 5% had missing values in one or more variables
and we did complete case analyses. We used the margins
procedure in STATA to adjust mean values for sex, age at
start of follow-up, and period. Margins are statistics from
predictions of a previously fit model at fixed values of cova-
riates. We used linear regression and specified the mean val-
ues.”” We estimated absolute mortality rates by the direct
method using an internal standard, adjusting for sex, age in
S-years age spans, and the four periods. The direct method
produces a weighted average of stratum-specific rates. We
used a Cox proportional hazards model, with follow-up
time as time axis, to adjust for several potential confound-
ers. We graphed restricted cubic splines with 95% confi-
dence bands, using mkspline with four knots.”” All tests
were two-sided with a significance level of 0.05.

Results

The baseline characteristics of our sample and distribution of
subjects by calendar period of examination and age, sex, ed-
ucation and ill health are presented (Table 1; Supplementary
Table S2, available as Supplementary data at IJE online).
The percentage of men decreased with increasing HDL-C
levels. The participants’ cholesterol levels and educational
duration increased in strata with higher HDL-C values,
whereas ill health, body mass index (BMI) and triglyceride
levels showed the opposite trend. The triglyceride levels were
distinctly higher at the lower HDL levels. The prevalence of
never- and ex-smokers was lowest at lower levels, whereas
number of cigarettes was highest at lower levels of HDL-C.
A weak inverted-U-shape relationship was found for the per-
centage of subjects who were physically active.

During the study period, 69 505 participants (39448
men, 30 057 women) died. The mean period between
screening and death from all-cause, CVD, cancer and other
causes was 16.9, 16.2, 16.8 and 17.5 years for men, and
18.3, 18.4, 16.9, and 19.8 years for women, respectively.

There were U-shaped associations between HDL-C lev-
els and fully adjusted hazard ratios of all-cause mortality
and non-CVD/non-cancer mortality (Figure 1). The mor-
tality HRs of cancer and CVD were increased at lower
HDL-C levels, but the U-shape was less pronounced for

Table 1 Baseline characteristics by serum high-density lipoprotein cholesterol - level, sex, age, and period adjusted

High-density lipoprotein (HDL) cholesterol (mg/dl)?

<30 30-39 40-49

50-59 60-69 70-79 80-89 90-99 100+

Men and women () 9001 59457 96671
Age 45 45 45
Survey year (mean) 1993 1994 1994
Male (%) 82 73 58
Age-, sex- and period-adjusted
Cholesterol (mmol/l) 5.7 5.8 5.7
Triglycerides (mmol/l) 3.5 2.5 1.8
Systolic bp (mmHg) 132 132 132
Physical active (%) 84 86 89
BMI (kg/m?) 28 27 26
Educational duration
<=10yrs 55 53 51
11-16 yrs 43 44 46
17+ yrs 3 3 4
Smoking
Never 23 25 26
Ex 34 35 37
1-9 cigarettes/d 11 10 10
10-19 cigarettes/d 24 23 21
20+ cigarettes/d 9 7 6
Il health (%) 12 9 8

89783 53133 22580 9081 3080 1770

45 46 47 49 51 53
1994 1995 1995 1996 1996 1996
41 29 22 20 20 24
5.7 5.8 5.9 6.0 6.2 6.5
1.5 1.3 1.1 1.1 1.0 1.1
131 131 131 131 132 134
91 92 93 93 93 92
25 24 24 24 23 23
48 45 43 42 42 42
48 50 51 51 51 51
4 S 6 7 7 8
28 30 31 31 31 31
40 42 44 45 44 39
10 9 8 8 7 9
18 15 13 12 13 14
N 5 4 4 5 7
6 6 S N 5 4

BMI, body mass index; bp, blood pressure; y, years; d, day.
#To convert to mmol/L, multiply by 0.0259.
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Figure 1 High-density lipoprotein cholesterol (HDL-C) and mortality hazard ratios. Mortality hazard ratios for men and women combined with 95%
confidence bands adjusted for sex, age, calendar period, smoking, total cholesterol, triglycerides, systolic blood pressure, body mass index, educa-

tional duration, physical activity and illness. CVD, cardiovascular disease. To convert high-density lipoprotein cholesterol (HDL-C) concentrations to

mmol/L, multiply by 0.0259. Note: not common scale on Y-axes

cancer and hardly present for CVD. The number of deaths,
absolute mortality rates, and age- and period-adjusted
(both categorical) and multivariate-adjusted hazard ratios
(HR) for all-cause mortality and mortality in the main dis-
ease groups in various HDL cohorts are presented
(Table 2). The reference group is 50-59 mg/dl (1.30-
1.53 mmol/L) HDL-C. The mean HDL-C value for the
whole study population was 52 mg/dl (1.35 mmol/L) and
the most abundant HDL-C stratum among men was 40—
49mg/dl  (1.04-1.27 mmol/L), 50-59mg/dl  (1.30-
1.53 mmol/L) among women. We performed a gender-
specific analysis of HRs (Supplementary Table S3 and
Supplementary Figure S1, available as Supplementary data
at IJE online) and found approximately the same shape of
associations in men and women.

We did a sensitivity analysis where we studied the asso-
ciation between quintiles of HDL-C/total cholesterol ratio
and mortality, stratified by total cholesterol level below
and above the mean level of 215.4 mg/dl (5.57 mmol/l).
The associations were U-shaped for all-cause, cancer and
non-CVD/non-cancer mortality with a turning point at
quintile 3 (0.213-0.254). For CVD and IHD, the mortality

decreased with increasing quintile, more steeply below
than above the turning point.

HDL-C levels higher than reference were mainly associ-
ated with increased mortality risk (with HR above 1.5,
95% CI above 1.0) for alcoholic liver disease, upper diges-
tive cancers (cancer of mouth-oesophagus-liver), digestive
diseases (mostly chronic liver diseases), respiratory diseases
[mostly chronic obstructive pulmonary disease (COPD),
accidents and endocrine disorders (mostly diabetes)].
Alcoholic liver disease showed by far the steepest linear
gradient with increasing HDL-C levels of these specific
causes (Figure 2; Supplementary Table S4, available as
Supplementary data at IJE online). Low HDL-C levels
were mainly associated with increased mortality risk of
IHD, other CVDs (mostly heart failure, arrhythmias and
aortic aneurysm), stomach cancer and endocrine diseases
(mostly diabetes).

To evaluate reverse causality, the HRs when the partici-
pants reported illness at inclusion or died during the first
5 years of the follow-up period were excluded, resulting in
only minor changes of the HRs for all-cause mortality and
the three major groups (Table 3). The most marked trend
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Table 2 Mortality rates® and hazard ratios (HR) with 95% confidence intervals (95% Cl). Men and women 20-79 years, combined

High-density lipoprotein (HDL) cholesterol (mg/dI®)

<30 30-39 40-49 50-59 60-69 70-79 80-89 90-99 100+
Person-years 196461 1312086 2165999 2000464 1175150 490198 190016 62509 33970
All-cause
n deaths 2548 14117 19417 16476 9478 4122 1974 789 584
Rate® 1323 1044 917 860 869 914 1021 1113 1326
HR® 1.53 1.23 1.08 Ref 0.98 0.98 1.04 1.07 1.32
HR? 1.29 1.11 1.03 Ref 1.02 1.05 1.10 1.10 1.31
95% CI 1.23-1.35 1.08-1.14 1.01-1.05 1.00-1.05  1.02-1.09 1.05-1.15 1.02-1.18 1.20-1.42
CVD
n deaths 1006 5171 6225 4926 2617 1132 519 207 145
Rate® 471 367 294 261 243 259 276 298 315
HR® 1.91 1.44 1.14 Ref 0.91 0.91 0.90 0.91 1.05
HR¢ 1.54 1.26 1.08 Ref 0.97 1.00 0.98 0.94 1.04
95% CI 1.43-1.66 1.21-1.31 1.04-1.12 0.92-1.01 0.93-1.06 0.89-1.07 0.82-1.09  0.88-1.23
Cancer
n deaths 771 4708 6943 5994 3363 1447 642 236 182
Rate® 439 355 326 309 304 314 296 330 471
HR® 1.29 1.14 1.05 Ref 0.95 0.96 0.97 0.95 1.24
HR? 1.13 1.06 1.02 Ref 0.99 1.02 1.03 0.98 1.25
95% CI 1.04-1.23  1.01-1.10  0.98-1.05 0.95-1.04 0.96-1.08 0.94-1.11 0.86-1.12 1.08-1.45
Non-CVD/non-
cancer
n deaths 771 4238 6249 5556 3498 1543 813 346 257
Rate® 413 323 297 290 322 342 449 485 541
HR® 1.43 1.12 1.04 Ref 1.06 1.06 1.22 1.33 1.66
HR¢ 1.18 1.01 1.00 Ref 1.11 1.15 1.30 1.37 1.66
95% CI 1.09-1.28 0.96-1.05 0.96-1.03 1.06-1.16 1.08-1.21  1.20-1.40 1.23-1.53 1.46-1.88

CVD, cardiovascular disease.

“Deaths per 100 000 person years.

To convert to mmol/L, multiply by 0.0259.

“Rate or Hazard ratio adjusted for sex, age and calendar period.

dHazard ratio adjusted for sex, age, calendar period, smoking, total cholesterol, triglycerides, systolic blood pressure, physical activity, educational duration,

body mass index and ill health.

was a reduction of HRs observed for non-CVD/non-cancer
mortality associated with high HDL-C levels. An analysis
of two cause-specific mortalities (alcoholic liver disease
and digestive diseases) showed that both increased mark-
edly with increasing HDL-C levels, but revealed no clear
changes of HRs when deaths during the first 5 years were
excluded.

Discussion

This prospective population-based study of 344 556 partic-
ipants revealed mostly U-shaped associations between the
HDL-C strata at screening and the risk of all-cause mortal-
ity and specific mortality of CVD, cancer and other causes
during an observation period of about 22years. For
all-cause deaths this was in accordance with other large
studies.”'>* We found that the increased mortality risks
associated with higher or lower HDL-C levels were related

to certain subgroups within the three main outcomes. The
most pronounced increases of risks at higher HDL-C levels
were associated with alcoholic liver disease, cancers of
mouth-esophagus-liver, chronic liver diseases, COPD, acci-
dents and diabetes. At lower HDL-C levels, the most
marked increases of HRs were related to IHD, heart fail-
ure, arrythmias, aortic aneurysm, stomach cancer and dia-
betes. The cause-specific mortalities increasing with higher
HDL-C levels have in common that they are over-
represented among heavy drinkers.>=3*

Epidemiological studies have suggested that there is a
relationship between the magnitude of alcohol intake and
the concentration of HDL-C in blood at a population
level.>=? A significant dose-response between alcohol
consumption and HDL-C has also been found in experi-
mental studies.*>*! Alcohol-induced increases in HDL-C
levels would be assumed to add to individual levels of
HDL-C otherwise governed by genetic factors*? and to
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Figure 2 High-density lipoprotein cholesterol (HDL-C) and specific mortality hazard ratios. Mortality hazard ratios for men and women combined with
95% confidence bands adjusted for sex, age, calendar period, smoking, total cholesterol, triglycerides, systolic blood pressure, body mass index, edu-
cational duration, physical activity and illness. IHD, ischaemic heart disease; CVD, cardiovascular disease; Ca, cancer. To convert high-density lipo-
protein cholesterol (HDL-C) concentrations to mmol/L, multiply by 0.0259. Note: not common scale on Y-axes

some extent by other factors. Although this presumably
reduces the value of HDL-C measured at one time point as
a perfect quantitative biomarker of alcohol intake, a recent
study in a population partly overlapping our study popula-
tion, found a close relation between the number of daily
drinks reported and the HDL-C levels measured.*> This
indicates that people with increased alcohol intake will be
over-represented in the higher HDL-C strata, and further
suggests that increased mortality risk of alcohol-related
conditions in the high HDLC-group in our study could be
due to an over-representation of heavy drinkers in this
group. Also, in the study of Ko ez al.,*" heavy drinking was
observed frequently among subjects with very high HDL-C
levels.

Our findings can certainly not exclude explanations
other than heavy drinking for the association between
higher HDL-C levels and the increased cause-specific mor-
tality risks observed, but such links have not to our knowl-
edge been published. It should also be noted that CVD

mortality HRs at HDL-C levels above 50-59 mg/dl were
not increased in the our study. At higher HDL-C levels
(above 59 mg/dl, 1.53 mmol/L) we found the mortality of
IHD to be slightly reduced, but unchanged from the refer-
ence level for stroke and other CVD.

A large collaborative meta-analysis of almost 900 000
individuals** found a similar inverse association between
HDL-C levels up to 70 mg/dl (1.81 mmol/L) and IHD mor-
tality, and not for stroke mortality. For higher HDL-C lev-
els, one study, collapsing all HDL-C levels above 70 mg/dl
(1.81 mmol/L) into one group, reported reduced IHD but
unchanged CVD mortality.> Analysis of eight pooled indi-
vidual studies revealed an inverse association of HDL-C
levels up to approximately 100 mg/dl (2.59 mmol/L) for
coronary heart disease mortality, but not for CVD mortal-
ity.?? It has been discussed whether the inverse relation be-
tween IHD and HDL-C levels could have a threshold at
levels higher than 90-100 mg/dl (2.33-2.59 mmol/L), or
even be associated with increased risk for coronary heart
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Table 3 Hazard ratios (HR) with 95% confidence intervals (95% Cl). Men (M) and women (W) 20-79 years. Total population (All)

and excluding 28 597 individuals with illness and first 5 years of follow-up (-5+ill)

High-density lipoprotein (HDL) cholesterol (mg/dl*)

Mand W <30 30-39 40-49 50-59 60-69 70-79 80-89 90-99 100+
All-cause
HR" (All) 1.30 1.11 1.03 Ref 1.02 1.05 1.11 1.10 1.32
HR" (-5+ill) 1.24 1.10 1.03 Ref 1.01 1.04 1.08 1.09 1.29
95% CI 1.17-1.31 1.07-1.13 1.00-1.05 0.98-1.04 1.00-1.08 1.02-1.14 1.00-1.19 1.17-1.43
CVD
HRP 1.55 1.26 1.08 Ref 0.97 1.00 0.99 0.95 1.05
HRP (-5-+ill) 1.43 1.23 1.07 Ref 0.97 1.01 1.01 1.01 1.10
95% CI 1.30-1.57 1.17-1.30 1.02-1.12 0.92-1.03 0.93-1.09 0.91-1.13  0.85-1.19 0.91-1.35
Cancer
HRP 1.14 1.06 1.02 Ref 0.99 1.02 1.03 0.99 1.26
HRP (-5+ill) 1.13 1.08 1.03 Ref 0.98 0.99 0.99 0.98 1.30
95% CI 1.03-1.24 1.03-1.134  0.99-1.07 0.93-1.03 0.92-1.06 0.90-1.09 0.84-1.15 1.09-1.54
Non-CVD/
non- cancer
HR" 1.19 1.01 1.00 Ref 1.11 1.15 1.31 1.38 1.68
HRP (-5-+ill) 1.15 1.00 0.99 Ref 1.09 1.13 1.25 1.29 1.50
95% CI 1.05-1.27 0.95-1.05 0.95-1.03 1.04-1.14 1.06-1.21 1.15-1.36 1.13-1.47 1.29-1.76

CVD, cardiovascular disease.
#To convert to mmol/L, multiply by 0.0259.

"Hazard ratio adjusted for sex, age, calendar period, smoking, total cholesterol, triglycerides, systolic blood pressure, physical activity, educational duration,

body mass index.

disease™ linked to certain gene variants.*® We found no in-
crease of CVD or IHD mortality at HDL-C levels above
90 mg/dl (2.33 mmol/L), which is in concert with findings
of a lack of relationship between elevated HDL-C levels
due to genetic variants of hepatic HDL-receptors and
HDL-C levels.*” Our findings differ from a Danish popula-
tion study reporting increased CVD mortality (CVD not
further specified) for subjects with HDL-C levels above
90-100 mg/dl(2.33-2.59 mmol/L).*® Our study is in con-
cert with previous meta-analysed** and pooled studies,”*
of a possible inverse relation between HDL-C levels and
IHD mortality, whereas the relation of high HDL-C levels
to other CVD mortalities remains more uncertain. At
HDL-C levels below the reference value, CVD mortality
increase was most pronounced for IHD and other CVD,
but less for stroke, as previously reported.>?-*!-2344

At lower HDL-C concentrations, we found increasing
total cancer mortality risk with decreasing HDL levels, as
shown previously.>""** We could extend previous observa-
tions by confining the increased risk mainly to stomach
cancer, probably related to previous observations of a close
association between low HDL-C levels and lymph node
metastasis of gastric cancer*” and the observation of low
HDL-C levels as a negative prognostic factor for gastric
cancer.’® We found increased diabetes mortality among
subjects with lower HDL-C levels, which might be related

to higher prevalence of diabetes with decreasing HDL-C
concentrations.”’ A higher prevalence of metabolic syn-
drome (and increased risk of diabetes) at low HDL-C levels
was indicated by the age-adjusted mean values of triglycer-
ides, BMI, blood pressure and physical activity in our study
(Table 1).

Strengths and limitations of the study

Our study recruited a large homogeneous sample from the
general population, collected information from general na-
tional registries based on quality-controlled death certifi-
cates for all deceased and had a long follow-up period
(22 years) with observation of close to 7.6 million person-
years, with about 70 000 fatalities allowing examination
of mortalities of multiple diseases. The study thus might
represent a comprehensive basis for conclusions about the
associations between HDL-C level and mortality causes;
but there are also several limitations. First, the cohorts
were established with one set of health information and
morphometric data more than 20 years ago without addi-
tional measurements during the follow-up period. Thus,
we do not know how representative the HDL-C measure-
ments performed were for the total observation period or
indeed for the period prior to enrolment into the study.
There is relatively sparse information about the stability of
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HDL-C levels during the life span, but a weak positive rela-
tionship with age has been suggested.’> Second, lifestyle
changes associated with health benefits, such as increased

53,54

levels of physical activity, smoking cessation,”” and

weight reduction,’® in addition to light to moderate alco-

5738 might increase HDL-C levels. If oc-

hol consumption,
curring during the observation period, such changes could
have influenced associations between HDL-C levels and
cause-specific mortality outcomes. Third, the fasting/feed-
ing state of the participants at the time of sampling for
blood lipid measurements was not standardised. However,
a recent study has indicated that the differences in feeding
status are not critical for measurements of HDL-C.*’
Fourth, the lack of information on alcohol consumption is
a drawback. Such information at inclusion and during the
follow-up period could have strengthened or weakened our
assumption of a link between alcohol intake and HDL-C
levels. Fifth, lack of information on the use of statins at in-
clusion and during the follow-up period could have influ-
enced CVD mortality, but not necessarily HDL-C levels,*”
influencing possible associations of HDL-C levels and
CVD mortality. Finally it should be stressed that the obser-
vational nature of our data precludes causal deductions.
Some of the analyses we have performed reduce the possi-
bility of major reverse causation. The results were adjusted
for several possible confounders, but unmeasured and un-
known confounders could still have influenced our find-
ings. We are not aware of studies that have applied
Mendelian randomization to analyse the U-shaped associa-
tion with all-cause mortality, but like our findings, one
Mendelian randomization study'* did not report reduced
risk of myocardial infarction at higher HDL-C levels.

Conclusions

In this population-based study we found a U-shaped asso-
ciation between all-cause mortality and HDL-C levels.
This association was, however, a consequence of different
associations between HDL-C and different cause-specific
mortalities. High HDL-C levels were associated with in-
creased mortality risk of several diseases which also have
been associated with heavy drinking. These associations
might be a consequence of an association between alcohol
consumption and HDL-C levels. Thus, our report does not
support an association of high HDL-C levels with substan-
tially increased mortality risk of diseases and conditions
which are not alcohol related. Low HDL-C levels were
mainly associated with increased mortality risk of IHD,
other CVDs, stomach cancer and diabetes.
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