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BACKGROUND: HDL is quantitatively the most impor-
tant lipoprotein in most species and mechanistic evi-
dence points toward a role for HDL in normal immune
function. We tested the hypothesis that concentrations of
HDL cholesterol are associated with risk of autoimmune
disease.

METHODS: From 2 studies of the general population—
the Copenhagen General Population Study and the Co-
penhagen City Heart study—we included 107954 and
9387 individuals with baseline measurements of HDL
cholesterol. These were followed with the national Dan-
ish Patient Registry from baseline in 2003–2015 or
1991–1994 through 2017, during which time 4078 and
1101 individuals developed autoimmune disease in the 2
studies.

RESULTS: In the Copenhagen General Population Study,
compared to individuals with HDL cholesterol �2.0
mmol/L (77 mg/dL), the multifactorially adjusted hazard
ratios for any autoimmune disease were 1.06 (95% CI,
0.94–1.19) for individuals with HDL cholesterol of 1.5–
1.99 mmol/L (58–77 mg/dL), 1.18 (95% CI, 1.04–
1.35) for individuals with HDL cholesterol of 1.0–1.49
mmol/L (39–58 mg/dL), and 1.84 (95% CI, 1.52–2.22)
for individuals with HDL cholesterol �1.0 mmol/L (39
mg/dL) (P for trend �0.001). These results were similar
when excluding events within 5 years of baseline, in
women and men separately, for events at baseline, irre-
spective of low-grade inflammation or triglyceride con-
centrations, for the apolipoprotein A1 part of HDL, and
for more restrictive end point definitions. Finally, the
Copenhagen City Heart Study provided independent
confirmation.

CONCLUSIONS: Low HDL cholesterol level is associated
with high risk of autoimmune disease in individuals from
the general population. Our observational findings can-
not determine causality.
© 2019 American Association for Clinical Chemistry

HDL is quantitatively the most important lipoprotein in
most species (1 ), suggesting that HDL has vital functions
of importance for survival and in consequence could play
important roles in various parts of human physiology (2 ).
This includes a role in the immune system, in which
HDL has been linked to risk of infectious disease (3 ) but
also mechanistically to risk of autoimmune disease (4 ).
Transport of excess cellular cholesterol is the main
known biological function of HDL, and there is a possi-
ble causal connection between cholesterol content of cells
and immune function (5–7 ).

The presence of dyslipidemia, including low HDL
cholesterol, is common in individuals with autoimmune
diseases such as rheumatoid arthritis and other inflam-
matory joint disorders (8 ); dyslipidemia is a focus point
in the treatment of these individuals because they gener-
ally have a high risk of cardiovascular disease. Tradition-
ally, the idea has been that low HDL cholesterol is a
consequence of the autoimmune disease and the ongoing
inflammatory disease activity (9 ). However, mechanistic
evidence supports that various constituents of the HDL
particle may in fact be involved in the development of
autoimmune disease, and several mechanisms by which
HDL modulates immune activity have been proposed
(4 ). One such mechanism includes the ability of HDL to
control proliferation of hematopoietic stem cells in the
bone marrow and thereby the development of immune
cells to avoid excessive leukopoiesis (10, 11 ). HDL is also
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capable of directly modulating immune cell function and
activity in later phases of the immune response
(6, 12, 13 ). Furthermore, altering the concentration and
function of HDL leads to the development of autoim-
mune phenotypes in animal models (10, 14–18).

Currently, it is unknown whether concentration of
HDL cholesterol is associated with risk of prospectively
developing autoimmune disease in humans, which
would support a role of HDL in the pathogenesis of these
diseases. We therefore tested the hypothesis that concen-
trations of HDL cholesterol are associated with risk of
autoimmune disease.

Methods

THE COPENHAGEN GENERAL POPULATION STUDY

This study was used as the primary cohort from which
107954 individuals with baseline measurements of HDL
cholesterol were included. The study was initiated in
2003 and white individuals of Danish descent who were
invited randomly from the greater Copenhagen area
on the basis of information from the Danish Civil
Registration System were recruited. Before attending
the study, individuals answered a questionnaire re-
garding health and lifestyle that was reviewed together
with an investigator on the day of attendance. Also, a
physical examination was conducted, and blood was
drawn for biochemistry.

THE COPENHAGEN CITY HEART STUDY

For independent confirmation of study results, we in-
cluded 9387 individuals with baseline measurements of
HDL cholesterol from the 1991–1994 examination of
the Copenhagen City Heart Study. These individuals
were recruited and examined similarly to those in the
Copenhagen General Population Study but were from a
geographically separate region of Copenhagen with no
overlap of individuals between the 2 studies.

ENDPOINTS

Autoimmune disease was ascertained with the national
Danish Patient Registry, which has recorded all hospital
contacts in Denmark dating back to 1977 (1995 for out-
patient contacts) (19 ). The exact definition of autoim-
mune disease, and hence which diseases to classify as
such, remains controversial, and many autoimmune dis-
eases are rare (20 ). No broad consensus list of autoim-
mune diseases exists, and the diseases included in an over-
all autoimmune disease outcome varies throughout
different published studies (21–23). For the present
study, we included a total of 42 autoimmune diseases as
adapted from Harpsøe et al. (21 ) but not including Du-
puytren disease owing to doubtful autoimmune etiology.
The classification was done according to International
Classification of Disease codes (see Table 1 in the Data

Supplement that accompanies the online version of this ar-
ticle at http://www.clinchem.org/content/vol65/issue5) for
hospital contacts until end of follow-up March 22, 2017. In
the primary analyses, we included all in- and outpatient
hospital contacts in which autoimmune disease was either
the primary or a secondary diagnosis. The distinction be-
tween type 1 and type 2 diabetes can lead to misclassification
in the registries; hence, we also included an end point ex-
cluding type 1 diabetes. In further sensitivity analyses, a
restrictive end point was created including only hospital
contacts in which autoimmune disease was the primary di-
agnosis and excluding emergency room contacts. Further-
more, the restrictive end point included only cases that had
at least 2 separate hospital contacts with the same diagnosis.
The national Danish Patient Registry has been vali-
dated for some of the most common autoimmune dis-
eases: multiple sclerosis (completeness 93% and valid-
ity 95%) (24 ), insulin-dependent diabetes mellitus
(91% and 96%) (25 ), rheumatoid arthritis (90% and
79%) (26 ), ulcerative colitis (94% and 90%) (27 ),
and Crohn disease (94% and 97%) (27 ).

LABORATORY ANALYSES AND COVARIATES

HDL cholesterol, total cholesterol, LDL cholesterol,
triglycerides, apolipoprotein A1, and high-sensitivity
C-reactive protein (CRP) were measured nonfasting with
standard hospital assays, as recommended (28 ). A full
description of laboratory analyses and covariates is given
in the Appendix in the online Data Supplement.

STATISTICAL ANALYSES

We used Stata 13.1. P values are 2-sided. For comparison
of baseline characteristics, the Pearson �2 test was used
for categorical variables, and Kruskal–Wallis test for con-
tinuous variables given as median (interquartile range).

Prospective analyses of associations of HDL choles-
terol, apolipoprotein A1 and triglycerides with risk of
autoimmune disease were conducted with Cox propor-
tional hazards regression. Age was the underlying time
scale, and analyses were performed with delayed entry
(left truncation), with censoring owing to death (Copen-
hagen General Population Study: n � 7430, Copenha-
gen City Heart Study: 4592), emigration (Copenhagen
General Population Study: n � 417, Copenhagen City
Heart Study: n � 69), or end of follow-up, whichever
came first. Proportional hazards assumptions were as-
sessed with Schoenfeld residuals and linearity of covari-
ates assessed with linear splines; no major violations were
observed. The primary analyses were done with restricted
cubic splines with 4 knots at equally spaced percentiles
(29 ), and with the value of the covariate with the lowest
risk as reference (except if this was in either of the ex-
tremes, when the median value was chosen as an alterna-
tive). Also, for HDL cholesterol, analyses were done with
4 clinically relevant HDL cholesterol groups with 0.5
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mmol/L (19 mg/dL) intervals, as done previously (3 ).
Analyses were conducted with concentrations in milli-
moles per liter and later converted to milligrams per deci-
liter by multiplying with 38.6 for HDL cholesterol and
88 for triglycerides and rounding to nearest 1 mg/dL;
apolipoprotein A1 was in milligrams per deciliter only.
For prospective analyses of the primary end point of any
autoimmune disease, individuals with a history of auto-
immune disease were excluded. In analyses of subgroups,
only individuals with a history of the same subgroup of
autoimmune disease were excluded. In sensitivity analy-
ses, delayed entry following baseline of 1–5 years was
introduced to exclude possible reverse causation. Fur-
thermore, as many autoimmune diseases develop rela-
tively early in life and thus were present at baseline for
many individuals in the study, logistic regression was
used to assess the association between HDL cholesterol
and presence of autoimmune disease in a cross-sectional
setting.

In prospective analyses, risk estimates and CIs were
corrected for regression dilution bias with a nonparamet-
ric method (30 ), as done previously (3, 31 ). Measure-
ments of HDL cholesterol, apolipoprotein A1, and trig-
lycerides from 4162 individuals from the Copenhagen
City Heart Study who attended both the 1991–1994
examination and the 2001–2003 examination were used,
and regression dilution ratios of 0.73, 0.68, and 0.53
were calculated for HDL cholesterol, apolipoprotein A1,
and triglycerides, respectively.

Analyses were either adjusted for age and sex or mul-
tifactorially for potential confounders that were chosen a
priori as covariates possibly associated with HDL choles-
terol and/or autoimmune disease. These covariates
included age, sex, body mass index, smoking status, cu-
mulative smoking, alcohol intake, physical activity, edu-
cation, civil status, triglycerides, and lipid-lowering ther-
apy. Sensitivity analyses were conducted with further
adjustment for LDL cholesterol, total cholesterol, and
CRP or stratified according to the median CRP concen-
tration, with CRP as a marker of low-grade inflamma-
tion. Most covariates were � 99% complete [except for
alcohol (96%) and cumulative smoking (98%)] and for
those with missing information, covariates were imputed
on the basis of age and sex with multivariable linear re-
gression for continuous variables, whereas categorical
variables were assigned a separate category; importantly,
however, if only individuals with complete data were in-
cluded, results were similar to those presented.

P values for linear trend were estimated by assigning
each group the median HDL cholesterol concentration
in that group and including them as a continuous
variable in the regression analyses. Underlying distri-
butions of covariates were estimated with kernel den-
sity estimation.

Results

During a median follow-up of 8 years (range, 0–13;
person-years, 766189), 4078 individuals from the
Copenhagen General Population Study developed �1
autoimmune diseases, whereas 6480 had a history of au-
toimmune disease at baseline and were excluded from
prospective analyses. In the Copenhagen City Heart
Study, median follow-up was 18 years (range, 0–25;
person-years, 146822), and 1101 individuals developed
�1 autoimmune diseases, whereas 281 had a history of
autoimmune disease at baseline. Baseline characteristics
by HDL cholesterol concentrations are shown for the
Copenhagen General Population Study in Table 1 and
that for the Copenhagen City Heart Study in Table 2 in
the online Data Supplement.

HDL CHOLESTEROL AND ANY AUTOIMMUNE DISEASE

On a continuous scale with restricted cubic splines, low
HDL cholesterol was associated with high risk of auto-
immune disease in both age and sex and multifactorially
adjusted models, with a nadir at HDL cholesterol of ap-
proximately 2 mmol/L (77 mg/dL) (Fig. 1). Similarly,
dividing individuals into 4 groups based on 0.5 mmol/L
(19 mg/dL) cut points showed that stepwise lower con-
centrations of HDL cholesterol were associated with
stepwise higher risk of any autoimmune disease (Fig. 2).
Compared to individuals with HDL cholesterol �2.0
mmol/L (77 mg/dL), the multifactorially adjusted hazard
ratios for any autoimmune disease were 1.06 (95% CI,
0.94–1.19) for individuals with HDL cholesterol of 1.5–
1.99 mmol/L (58–77 mg/dL), 1.18 (95% CI, 1.04–
1.35) for individuals with HDL cholesterol of 1.0–1.49
mmol/L (39–58 mg/dL), and 1.84 (95% CI, 1.52–2.22)
for individuals with HDL cholesterol �1.0 mmol/L (39
mg/dL) (P for trend �0.001).

HDL CHOLESTEROL AND AUTOIMMUNE DISEASE SUBGROUPS

Only autoimmune disease subgroups with a minimum of
50 events during follow-up were included in subgroup
analyses (see Table 1 in the online Data Supplement).
The 5 most common were temporal arthritis or polymy-
algia rheumatica, rheumatoid arthritis, type 1 diabetes,
psoriasis, and Graves’ disease.

For celiac disease, idiopathic thrombocytopenic pur-
pura, Sjögren disease, type 1 diabetes, and Crohn disease,
low HDL cholesterol was significantly associated with a
high risk of these disease subgroups (Fig. 3). At a Bonferroni
corrected significance level of 0.05/16 � 0.003 the results
for celiac disease, Sjögren disease, and type 1 diabetes re-
mained statistically significant.

SENSITIVITY ANALYSES

To exclude a possible role of reverse causation, we ex-
cluded individuals who developed autoimmune disease
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within 1–5 years after baseline and found similar results
(Fig. 4). On average, women have higher HDL choles-
terol than men, but results were similar in men and
women separately (see Fig. 1 in the online Data Supple-
ment). Compared to women with HDL cholesterol �2.0
mmol/L (77 mg/dL), the multifactorially adjusted hazard
ratio for any autoimmune disease was 1.60 (95% CI,
1.20–2.14) for women with HDL cholesterol �1.0
mmol/L (39 mg/dL). The corresponding hazard ratio
for men was 1.89 (95% CI, 1.40 –2.54).

Many autoimmune diseases appear relatively early in
life, and 6480 individuals from the Copenhagen General
Population Study were excluded from prospective analy-
ses owing to a history of autoimmune disease at baseline.
However, cross-sectional baseline analysis with logistic
regression showed a similar pattern as for the prospective
analyses, that is, the risk of any autoimmune disease was
high at low concentrations of HDL cholesterol with a
multifactorially adjusted odds ratio of 1.27 (95% CI,
1.13–1.43) for individuals with HDL cholesterol of
�1.0 mmol/L (39 mg/dL) compared to individuals with

HDL cholesterol �2.0 mmol/L (77 mg/dL) (see Fig. 2 in
the online Data Supplement).

Further, examining the potential influence of pres-
ence of low-grade inflammation by stratifying according
to baseline plasma CRP revealed similar results (see Fig. 3
in the online Data Supplement). In individuals with
CRP below the median, the multifactorially adjusted
hazard ratio for any autoimmune disease was 2.08 (95%
CI, 1.48–2.91) for individuals with HDL cholesterol
�1.0 mmol/L (39 mg/dL) compared to individuals with
HDL cholesterol �2.0 mmol/L (77 mg/dL). The corre-
sponding hazard ratio in individuals with CRP above the
median was 1.60 (95% CI, 1.27–2.02). Also, further
adjusting for plasma CRP concentrations on a continu-
ous scale only attenuated the results slightly (see Fig. 4
in the online Data Supplement). The multifactorially
and CRP-adjusted hazard ratio for any autoimmune
disease was 1.68 (95% CI, 1.39 –2.03) for individuals
with HDL cholesterol �1.0 mmol/L (39 mg/dL) com-
pared to individuals with HDL cholesterol �2.0
mmol/L (77 mg/dL).

Table 1. Baseline characteristics of individuals in the Copenhagen General Population Study.a

HDL cholesterol, mmol/L (mg/dL)
P

value<1.0 (<39) 1.0–1.49 (39–58) 1.5–1.99 (58–77) ≥2.0 (≥77)

Individuals 10266 38021 35672 23995

Age, years 55 (46–65) 56 (47–66) 58 (48–68) 61 (52–69) <0.001

Women (%) 2232 (22) 15840 (42) 22507 (63) 18821 (78) <0.001

Body mass index, kg/m2 28.3 (25.8–31.3) 26.6 (24.3–29.4) 25.0 (22.8–27.5) 23.8 (21.9–26.1) <0.001

Current smokers (%) 2509 (25) 7368 (19) 5400 (15) 3220 (13) <0.001

Cumulative smoking, pack-yearsb 21 (10–35) 18 (8–32) 15 (5–29) 13 (5–26) <0.001

Alcohol consumption, units/weekc 7 (3–13) 7 (3–14) 8 (4–15) 10 (5–16) <0.001

Physical inactivityd (%) 5833 (57) 19190 (51) 16324 (46) 10467 (44) <0.001

Lipid-lowering therapy (%) 1529 (15) 4889 (13) 3994 (11) 2587 (11) <0.001

Education <10 years (%) 2639 (26) 9587 (25) 8473 (24) 5948 (25) <0.001

Married or cohabiting (%) 7761 (76) 28870 (76) 26593 (75) 17565 (73) <0.001

HDL cholesterol

mmol/L 0.9 (0.8–0.9) 1.3 (1.1–1.4) 1.7 (1.6–1.8) 2.3 (2.1–2.5) <0.001

mg/dL 34 (30–36) 49 (45–54) 66 (62–71) 88 (82–98) <0.001

Apolipoprotein A1, mg/dL 128 (117–140) 145 (133–157) 165 (153–177) 194 (179–212) <0.001

Triglycerides

mmol/L 2.6 (1.8–3.7) 1.7 (1.2–2.4) 1.2 (0.9–1.7) 1.0 (0.8–1.3) <0.001

mg/dL 231 (162–328) 151 (107–213) 109 (81–150) 86 (66–116) <0.001

C-reactive protein, mg/dL 1.8 (1.2–3.2) 1.5 (1.0–2.5) 1.3 (0.9–2.1) 1.2 (0.8–1.8) <0.001

a Values are median (interquartile range) or number of individuals (%). P values are from the Pearson chi-square test for categorical variables and Kruskal–Wallis test for continuous
variables. The number of individuals varies slightly according to availability of the variables (data are without imputation).
b Current and former smokers only.
c 1 unit ≈ 12 g of alcohol.
d <4 h physical activity in leisure time per week.
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HDL cholesterol is inversely associated with triglyc-
eride concentrations (32 ), but there was no significant
increase in the risk of autoimmune disease with high
plasma triglycerides (see Fig. 5 in the online Data Sup-
plement); please note that in all multifactorially adjusted
analyses, triglyceride concentrations were included in the
models. For individuals with plasma triglycerides �1.0
mmol/L (88 mg/dL) the multifactorially adjusted hazard
ratio for any autoimmune disease was 1.24 (95% CI,
0.99–1.55) compared to individuals with plasma triglyc-
erides �3.0 mmol/L (264 mg/dL). Similar associations
as for HDL cholesterol were observed for apolipoprotein
A1, the main protein constituent of HDL with a multi-
factorially adjusted hazard ratio for any autoimmune dis-
ease of 2.01 (95% CI, 1.60–2.54) for individuals with

apolipoprotein A1 �120 mg/dL compared to individu-
als with apolipoprotein A1 �200 mg/dL. In addition,
results were similar following further adjustment for
LDL cholesterol, but the association between low HDL
cholesterol and risk of autoimmune disease was attenu-
ated following adjustment for total cholesterol (see Fig. 6
in the online Data Supplement). This result would also
be expected because HDL cholesterol is part of the total
cholesterol, and hence there is collinearity between the 2
variables. Compared to individuals with HDL choles-
terol �2.0 mmol/L (77 mg/dL), the multifactorially and
LDL cholesterol-adjusted hazard ratio for any autoim-
mune disease was 1.88 (95% CI, 1.56–2.27) for individ-
uals with HDL cholesterol �1.0 mmol/L (39 mg/dL).
The corresponding hazard ratio when additionally ad-

Fig. 1. HDL cholesterol on a continuous scale and risk of any autoimmune disease in 101 474 individuals from the Copenhagen
General Population Study.
Hazard ratios and 95% CIs are from Cox proportional hazards regression with restricted cubic splines. The values of HDL cholesterol with the
lowest hazard ratio were chosen as reference. The light blue area indicates the distribution of concentrations of HDL cholesterol. Multifactorial
adjustment was for age, sex, body mass index, smoking status, cumulative smoking, alcohol intake, physical activity, education, civil status,
triglycerides, and lipid-lowering therapy.

Fig. 2. HDL cholesterol in groups and risk of any autoimmune disease in 101 474 individuals from the Copenhagen General
Population Study.
Hazard ratios and 95% CIs are from Cox proportional hazards regression with individuals divided into 0.5 mmol/L (19 mg/dL) intervals.
Multifactorial adjustment was for age, sex, body mass index, smoking status, cumulative smoking, alcohol intake, physical activity, education,
civil status, triglycerides, and lipid-lowering therapy.
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justing for total cholesterol was 1.46 (95% CI,
1.20–1.78).

The distinction between type 1 and type 2 diabetes
can lead to misclassification in the registries, and hence
we included an end point for any autoimmune disease
without type 1 diabetes: the results were attenuated but
persisted with this end point (see Fig. 7 in the online Data
Supplement). The multifactorially adjusted hazard ratio
for any autoimmune disease was 1.57 (95% CI, 1.27–
1.94) for individuals with HDL cholesterol �1.0
mmol/L (39 mg/dL) compared to individuals with HDL
cholesterol �2.0 mmol/L (77 mg/dL) by use of the end
point without type 1 diabetes. Also, using only hospital
contacts in which autoimmune disease was the primary
diagnosis and excluding emergency room contacts, re-
sulting in fewer cases (n � 1648), yielded similar results,
with a corresponding hazard ratio of 1.72 (95% CI,
1.27–2.34) (see Fig. 8 in the online Data Supplement).

INDEPENDENT CONFIRMATION: THE COPENHAGEN CITY

HEART STUDY

Similar to the results of the Copenhagen General Popu-
lation Study, low HDL cholesterol was associated with
high risk of autoimmune disease in both age and sex and
multifactorially adjusted models, with a nadir of HDL

cholesterol at approximately 2 mmol/L (77 mg/dL) in
the Copenhagen City Heart Study (Fig. 5). In contrast to
what was observed in the Copenhagen General Popula-
tion Study, the association between HDL cholesterol and
risk of autoimmune disease was U shaped, with high
concentrations of HDL cholesterol also being associated
with high risk of autoimmune disease.

Discussion

The present study shows that low HDL cholesterol is
associated with high risk of autoimmune disease prospec-
tively in the general population which could open several
new lines of enquiry in the field of autoimmune diseases.
These novel findings were robust in all sensitivity analy-
ses and were independently confirmed in a separate co-
hort of the general population.

POSSIBLE MECHANISMS

There is strong focus on lipids and treatment of dyslipi-
demia in individuals with autoimmune disease, such as
rheumatoid arthritis, because it is well established that
these individuals often have dyslipidemia and high risk of
cardiovascular disease (8 ). The general belief is that the
inflammatory activity of many of these diseases leads to

Fig. 3. Low vs. high HDL cholesterol and risk of autoimmune disease subgroups in the Copenhagen General Population Study.
Hazard ratios and 95% CIs are from multifactorially adjusted Cox regression for individual with low [<1.0 mmol/L (<39 mg/dL)] versus high
[≥2.0 mmol/L (≥77 mg/dL)] HDL cholesterol, ranked according to effect sizes of hazard ratios. The number of included individuals varies
because only individuals with a history of the same subgroup of autoimmune disease were excluded in the respective analyses. Multifactorial
adjustment was for age, sex, body mass index, smoking status, cumulative smoking, alcohol intake, physical activity, education, civil status,
triglycerides, and lipid-lowering therapy. *Statistically significant at a Bonferroni corrected significance level of 0.05/16 = 0.003. ITP, idio-
pathic thrombocytopenic purpura; PMR, polymyalgia rheumatica.
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dyslipidemia and altered composition and function of
lipoproteins such as HDL. However, dysfunctional or
low concentration of HDL may in itself be involved in
modulating inflammatory and autoimmune processes,
rather than just being a result of inflammation, as proposed
previously (33). In line with this, the results of the present
study were similar when stratifying by plasma CRP concen-
trations and when adjusting for plasma CRP, indicating that
our results cannot solely be explained by reverse causation
from low-grade inflammation. It is also doubtful if high
CRP causally leads to low HDL cholesterol (34). HDL may
act as a possible modulator of the chronic inflammatory
response, with higher concentrations of HDL cholesterol
keeping inflammation in check.

Supporting a direct role of HDL in the development of
autoimmune disease are numerous preclinical studies high-
lighting mechanisms by which HDL might be involved in
proper immune function, ranging from proliferation of he-
matopoietic stem cells to modulation of the activity of im-
mune cells via cell surface receptors (4, 6, 10–13). In that
regard, it is important to remember that transport of excess
cellular cholesterol is a main known biological function of
HDL, and mechanistic evidence indicates that cholesterol
accumulation in cells can affect the immune function (5–7).
In animal models, interfering with the normal function of
HDL and its constituents, for example, by knocking out the
gene encoding apolipoprotein A1, has resulted in the devel-
opment of autoimmune phenotypes with increased T-cell
activation and proliferation and the formation of autoanti-
bodies in plasma (16, 17). In mice in which different forms
of autoimmune diseases such as arthritis, colitis, and en-

Fig. 5. HDL cholesterol on a continuous scale and risk of any autoimmune disease in 9106 individuals from the Copenhagen City
Heart Study.
Hazard ratios and 95% CIs are from Cox proportional hazards regression with restricted cubic splines. The values of HDL cholesterol with the
lowest hazard ratio were chosen as reference. The light blue area indicates the distribution of concentrations of HDL cholesterol. Multifactorial
adjustment was for age, sex, body mass index, smoking status, cumulative smoking, alcohol intake, physical activity, education, civil status,
triglycerides, and lipid-lowering therapy.

Fig. 4. Low vs. high HDL cholesterol and risk of any autoim-
mune disease in the Copenhagen General Population Study,
excluding individuals with <1–5 years of follow-up.
Hazard ratios and 95% CIs are from multifactorially adjusted Cox
regression for individuals with low [<1.0 mmol/L (<39 mg/dL)]
versus high [≥2.0 mmol/L (≥77 mg/dL)] HDL cholesterol. Individ-
uals with <1–5 years of follow-up owing to autoimmune disease
event, censoring owing to death or emigration, or end of
follow-up were excluded as indicated by the respective number of
years on the x axis. Multifactorial adjustment was for age, sex,
body mass index, smoking status, cumulative smoking, alcohol
intake, physical activity, education, civil status, triglycerides, and
lipid-lowering therapy.
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cephalomyelitis have been induced, inhibiting the normal
function of HDL increases autoimmune disease activity,
and treatment with apolipoprotein A1 and reconstituted
HDL decreases autoimmune disease activity (10, 18, 35).
Also, in the present study it appears that the subgroups of
autoimmune diseases most strongly associated with low
HDL are mostly characterized by the formation of a patho-
genetic autoantibody (such as celiac disease, idiopathic
thrombocytopenic purpura, and Sjögren disease) and thus
are primarily defects in the humoral immune system.

The HDL particle acts as a carrier of lipid mediators
with immunomodulating effects such as apolipoprotein M
bound sphingosine-1-phosphate, which activates the group
of sphingosine-1-phosphate receptors (10, 36). Drugs act-
ing as agonists on these receptors, like sphingosine-1-
phosphate itself, are already used for treatment of autoim-
mune disease or are in development (37). Specifically,
fingolimod is used for treatment of multiple sclerosis (38),
and ozanimod has shown promise in trials with patients
with ulcerative colitis (39). These drugs highlight the poten-
tial of lipid mediators, some of which are found primarily in
HDL particles, in autoimmune diseases.

Lastly, another plausible explanation for the observed
relationship between low HDL cholesterol and risk of auto-
immune disease includes the presence of confounders that
are common risk factors for low HDL cholesterol and auto-
immune disease. Low HDL cholesterol is often observed in
individuals with poor general health and multiple risk fac-
tors for chronic diseases. However, the same is true for high
concentrations of triglycerides, which are inversely corre-
lated with the concentration of HDL cholesterol (32), and
we did not observe any association between triglycerides and
risk of autoimmune disease.

Interestingly, in the Copenhagen City Heart Study, we
also observed higher risk of autoimmune disease with very
high concentrations of HDL cholesterol. In the Copenha-
gen General Population Study, we did not observe this,
except for a tendency toward a U shape in the cross-sectional
analyses (see Fig. 2 in the online Data Supplement). Similar
U-shaped associations have been reported for the association
between HDL cholesterol and the endpoints of infectious
disease (3) and all-cause mortality (31). Possible explana-
tions include the presence of residual confounding, for ex-
ample, from alcohol intake, the presence of genetic variants
that lead to high HDL cholesterol but at the same time have
deleterious health effects, and the possibility that the com-
position and function of HDL particles are affected nega-
tively in individuals with very high HDL cholesterol con-
centrations (2). Importantly, however, the observed
association of high HDL cholesterol with high risk of auto-
immune disease needs independent confirmation.

LIMITATIONS AND STRENGTHS

This study is observational and cannot inform about cau-
sality owing to the possibility of residual confounding

and reverse causation. Although multifactorial adjust-
ment and delayed entry 1–5 years did not abolish the
association between low HDL cholesterol and high risk
of autoimmune disease in our study, we naturally cannot
completely rule out residual confounding and reverse
causation. The autoimmune disease end point was based
on nationwide health registers, which capture all hospital
contacts but not contacts to general practice or private
specialists. This means that some of the milder cases of
autoimmune disease might not be captured by the regis-
ters. The validity of the national Danish Patient Register
has been examined for several autoimmune diseases with
good overall completeness and validity (24–27). Fur-
thermore, in our study, results were similar when includ-
ing only cases in which the same diagnosis was registered
more than once on different occasions.

Some autoimmune diseases, such as type 1 diabetes
and systemic lupus erythematosus, have peaks in inci-
dence relatively early in life (20 ), and the median age of
individuals in our study on the date of examination was
58 years. Hence, many individuals had prevalent disease
at baseline and were excluded from prospective analyses.
That being said, most autoimmune diseases can debut at
any age, and in our cross-sectional analyses including
prevalent cases, high risk of autoimmune disease was also
observed in individuals with low HDL cholesterol.

The main strengths of this study include the use of 2
large independent prospective cohort studies with exten-
sive information on confounders, which showed similar
results. This feature together with the different sensitivity
analyses indicates that the findings are robust. Another
strength includes use of the nationwide Danish health
registers, with no losses to follow-up.

Conclusion

Low HDL cholesterol is associated with high risk of au-
toimmune disease in individuals from the general popu-
lation. Together with mechanistic evidence, this associa-
tion suggests that HDL may be important for proper
immune function in humans and may be involved in the
pathogenesis of autoimmunity; however, these observa-
tional data cannot determine causality.
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