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Abstract Apolipoprotein M (apoM), a 25 kDa plasma pro-
tein belonging to the lipocalin protein family, is predomi-
nantly associated with HDL. Studies in mice have suggested
apoM to be important for the formation of pre-b-HDL and
to increase cholesterol efflux from macrophage foam cells.
Overexpression of human apoM in LDL receptor-deficient
mice reduced the atherogenic effect of a cholesterol-rich
diet. The aim of the present study was to investigate whether
the apoM levels in man predict the risk for coronary heart
disease (CHD). ApoM was measured in samples from two
separate case-control studies. FINRISK ʼ92 consisted of
255 individuals, of whom 80 developed CHD during follow-
up and 175 were controls. The Copenhagen City Heart
Study included 1,865 individuals, of whom 921 developed
CHD during follow-up and 944 were controls. Correlation
studies of apoM concentration with several analytes showed
a marked positive correlation with HDL and total cholesterol
as well as with apoA-I and apoB. There was no significant
difference in mean apoM level between CHD and control
subjects in either study. In conditional logistic regression anal-
yses, apoM was not a predictor of CHD events, [odds ratio
(95% CI) 0.97 (0.74–1.27) and 0.92 (0.84–1.02), respec-
tively]. In conclusion, no association between apoM and
CHD could be found in this study.—Ahnström, J., O. Axler,
M. Jauhiainen, V. Salomaa, A. S. Havulinna, C. Ehnholm, R.
Frikke-Schmidt, A. Tybjærg-Hansen, and B. Dahlbäck. Levels
of apolipoprotein M are not associated with the risk of coro-
nary heart disease in two independent case-control studies.
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Coronary heart disease (CHD) is a major cause of mor-
tality and morbidity. A positive relationship between the
concentration of LDL-cholesterol and the risk of CHD
has been demonstrated (1). Large epidemiological studies
have also established an association between an increased
risk for CHD and low levels of HDL-cholesterol (2, 3). The
anti-atherogenic properties of HDL are believed to be re-
lated to the involvement of HDL in reverse cholesterol
transport, a process in which cholesterol is transported
from peripheral tissues to the liver (4). Apolipoprotein
A-I (apoA-I) is the major apolipoprotein of HDL particles,
but in addition, HDL also contains several other proteins
that have different functions (5–7).

ApoM is a 25 kDa, 188 amino acid residue-containing
plasma protein that is mainly expressed in liver and kidney
(8). In the circulation, apoM is preferentially associated
with HDL and only to a minor extent with other lipopro-
teins (8, 9). In human plasma, apoM is present on approxi-
mately 5% of the HDL particles and in less than 2% of the
LDL particles (9). The apoM concentration in human
plasma is approximately 0.9 mmol/l (10). A noteworthy
feature of apoM is the lack of a signal peptidase cleavage
site in the apoM amino acid sequence, explaining why cir-
culating apoM retains its signal peptide (8). This unusual
property of an extracellular protein is shared with two
other HDL-associated proteins, namely paraoxonase-1
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and haptoglobin-related protein (11). The retained signal
peptide of apoM serves as a hydrophobic anchor, binding
apoM to the phospholipid layer of the lipoproteins (12).
Structural analysis and homology modeling have predicted
apoM to belong to the lipocalin protein family (13, 14).
This is supported by the recent finding that apoM binds
retinol and retinoic acid in vitro (13).

ApoM-containing lipoprotein particles have been iso-
lated from human plasma and partially characterized
(9). ApoM is associated with a heterogeneous subpopula-
tion of HDL particles. Compared with apoM-free HDL,
apoM-containing HDL particles were more efficient in re-
ducing LDL oxidation and in stimulating cholesterol ef-
flux. However, the physiological significance of these
findings is uncertain because apoM-containing HDL con-
stitutes only a small portion of total HDL in plasma (9).

The physiological function of apoM is not known, but
silencing of apoM expression in mice with small interfer-
ing RNA (siRNA) resulted in the accumulation of large,
cholesterol-rich HDL particles, due to impaired conver-
sion of HDL to pre-b-HDL (15). However, in a more recent
study of apoM knock-out mice (apoM2/2), the size of HDL
in plasma and the amount of plasma pre-b-HDL were not
affected in vivo, although the in vitro formation of pre-b-
HDL was slightly decreased in apoM2/2 mice and in-
creased in human apoM-transgenic mice, as compared with
wild-type mice (16). In both studies, overexpression of
apoM in LDL receptor-deficient mice challenged with a
cholesterol-rich diet reduced the development of athero-
sclerosis. These results suggest that apoM plays a role in
HDL metabolism and may have anti-atherosclerotic prop-
erties (15, 16).

A 2007 study of three single-nucleotide polymorphisms
(SNPs), C-1065A, T-855C, and T-778C, all located in the
proximal promoter region of the apoM gene, found that
the SNP T-778C was associated with increased levels of
plasma total cholesterol and fasting plasma glucose and
conferred the risk of development of type 2 diabetes (17).
A subsequent case-control study showed that CHD patients
had an increased frequency of the SNP T-778C allele com-
pared with controls (18). The T-855C allele was also recently
linked to CHD when carriers of the C allele were found to
have an increased risk of CHD compared with the wild-type
TT genotype (19).

To be able to expand apoM research to larger human
clinical contexts, we have developed a specific quantitative
sandwich ELISA for the measurement of apoM in human
plasma and serum (10). Correlation studies between plasma
apoM concentration and common clinical-chemical ana-
lytes showed a strong correlation of apoM with plasma total
cholesterol (r5 0.52) (10). The mechanism behind this re-
lationship is not known, but apoM has recently been shown
to be a target gene for the orphan nuclear receptor liver
receptor homolog-1 (LRH-1) (20). LRH-1 has been impli-
cated as a master regulator of genes that function to de-
crease cholesterol levels in liver and intestine and is
involved in the control of the hepatic inflammatory re-
sponse, bile acid biosynthesis, and reverse cholesterol trans-
port (20–22). HNF-1a is another transcription factor that

might be involved, because it affects both apoM expression
and many genes involved in cholesterol metabolism (15).

There is a well-established relationship between total
plasma cholesterol and the risk of myocardial infarction
(MI) (2, 23, 24). The aim of this study was to investigate
whether there is a relationship between the serum level
of apoM and the risk for CHD. Therefore, apoM was mea-
sured in samples from two different nested frequency
matched case-control studies, the FINRISK ʼ92 survey, a co-
hort study performed in a Finnish population that was fol-
lowed for 10 years (25–27), and the Copenhagen City Heart
Study (CCHS), performed in a Danish population that was
followed for 24 years (28, 29).

METHODS

Study design
FINRISK ʼ92. The study was based on the FINRISK ʼ92 survey,

which is a population-based CHD risk factor survey. Details have
been described previously (25, 26), but in brief, the baseline in-
vestigation of the FINRISK ʼ92 survey was carried out during Jan-
uary through March 1992. Random samples of men and women
aged 25–64 years were drawn from the national population reg-
ister for four different geographical areas in Finland. The almost
6,000 participants were advised to fast totally at least 4 h before
the scheduled examination and to avoid fatty meals earlier dur-
ing the day. The participants were followed until December 31,
2001. The follow-up was carried out by a computerized record
linkage of the study data with the National Causes of Death Reg-
ister and the National Hospital Discharge Register using the
national social security numbers of the study participants. The
cardiovascular diagnoses in these Finnish national registers have
recently been validated (30). In the FINRISK ʼ92 survey, a num-
ber of clinical-chemical analytes as well as diabetes status and
smoking habits were available from the baseline investigation
(27, 31).

An additional inclusion criterion for this particular study was
that there had to be serum left in the freezer from the FINRISK
ʼ92 survey. The serum samples were stored at 220°C, and they
had been thawed during follow-up, when aliquots had been taken
for other purposes.

In the present study, the cases were participants who had had
an MI (ICD-9 code 410 or ICD-10 codes I21–I22) or coronary
death (ICD-9 codes 410–414 or IDC-10 codes I20–I25) during
the follow-up. Patients with cardiovascular disease at baseline
were excluded. Eleven of the participants received lipid-lowering
medication during the follow-up. Inclusion of these participants
did not alter the results. The control subjects were participants
who remained free of MI and stroke events until the end of
follow-up. These were frequency matched to cases by age, sex,
and area of residence.

The CCHS. The CCHS is a prospective cardiovascular study of
the Danish general population initiated in 1976–1978, with follow-
up examinations in 1981–1983 and 1991–1994 (28, 29). The
Copenhagen and Frederiksbergʼs ethics committee approved
the study. Individuals were randomly selected based on the
national Danish Civil Registration System to reflect the adult
Danish general population aged 20–801 years. For the present
study, all endpoints were recorded in the follow-up period
1976 through 1999, and 958 participants with a CHD event
were age and sex matched with 958 participants who remained
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free of CHD and ischemic cerebrovascular disease during the
follow-up period. All clinical and laboratory data were available
for 921 cases and 944 controls, the numbers used in the present
manuscript. Samples were drawn from nonfasting individuals
during the follow-up examinations in 1991–1994. Approxi-
mately 1% of the participants were treated with lipid-lowering
medication but were not excluded, because this did not alter
the results. Information on diagnoses of CHD (ICD-8 codes
410–414 or ICD-10 codes I20–I25) was collected and verified
by reviewing all hospital admissions and diagnoses entered in
the national Danish Patient Registry, all causes of death en-
tered in the national Danish Causes of Death Registry, and
medical records from hospitals and general practitioners.
CHD was defined as MI or characteristic symptoms of stable
angina pectoris (32). A diagnosis of MI required the presence of
at least two of the following criteria: characteristic chest pain, ele-
vated cardiac enzymes, and electrocardiographic changes indica-
tive of MI. In 597 cases and 637 controls, citrate plasma samples
were available, whereas in the remaining 324 cases and 307 con-
trols, serum samples were available.

Measurements
A sandwich ELISA for apoM based on two monoclonal anti-

bodies, M42 and M58, was used to quantify apoM, as described
previously (10). In the present study, the interassay coefficient
of variation of the ELISA was 8.7% for the FINRISK ʼ92 samples
and 6.1% for the CCHS samples at the 100% level.

Colorimetric and turbidimetric assays had already been used
to measure serum levels of total cholesterol, HDL-cholesterol,
and triglycerides in both the CCHS samples and FINRISK ʼ92
samples, as well as apoA-I and apoB in the CCHS samples (all
Boehringer Mannheim GmbH). HDL-cholesterol had been de-
termined after precipitation of apoB-containing lipoproteins with
dextran sulfate and MgCl2. Non-HDL-cholesterol was defined as
the difference between total cholesterol and HDL-cholesterol.

Statistical analyses
In the FINRISK study, all samples were serum, whereas the

CCHS contained a mixture of serum and plasma samples. Be-

cause the level of apoM in serum is higher than in plasma, all
plasma values were adjusted to corresponding estimated serum
values. A linear regression yielded the following relationship:
serum apoM 5 1.16 3 plasma apoM 1 0.13. Data are summa-
rized by means and standard deviations or percentages. Calculat-
ing Spearman rank correlation coefficients separately for cases
and controls assessed correlation of apoM with other risk factors.
The association of apoM concentration with coronary events was
evaluated using conditional logistic regression models, and the
odds ratios (ORs) are expressed per 1 standard deviation (SD).
Age, sex, and, for the FINRISK samples, study area were controlled
for by stratification according to the matched case-control design.
Hypertension, smoking, and diabetes were included as covariates
in second-stage models.

RESULTS

Analysis of apoM concentration
The FINRISK ʼ92-based study included 85 individuals

who developed a CHD event during the follow-up period
and 177 matched controls. Due to insufficient amounts of
sample, apoM levels could be measured in 80 cases and
175 controls. In the final study population, there were
73.8% men among the cases and 70.9% among the con-
trols. The age range was 33–64 years in both groups (Ta-
ble 1).

The CCHS-based study included 958 individuals who
developed a CHD event during the follow-up period and
958 controls. ApoM levels and other clinical and labora-
tory data were available on 921 cases and 944 controls.
Among cases, 59.2% were men; among controls, 59.3%
were men. The age range was 33–90 years among the cases
and 33–94 years among the controls (Table 1).

In both studies, the distribution of apoM concentration
in the entire population, as well as among the cases and
controls separately, was essentially Gaussian (data not

TABLE 1. Data for the FINRISK ʼ92 and Copenhagen City Heart Study subjects included in the study

FINRISK ʼ92 CCHS

Cases with CHD,
n 5 80

Controls without CHD,
n 5 175 P

Cases with CHD,
n 5 921

Controls without CHD,
n 5 921 P

Age (years) 55.7 6 7.4 55.6 6 7.3 0.89a 69.0 6 9.35 68.9 6 9.43 0.90a

Men (%) 73.8% 70.9% 0.63b 59.2% 59.3% 0.95b

Hypertensive (%) 76.3% 65.7% 0.09b 74.3% 67.3% 0.001b

Smokers (%) 35.0% 26.3% 0.15b 49.7% 48.1% 0.48b

Diabetic (%) 13.8% 4.0% 0.005b 9.0% 3.6% ,0.0001b

BMI (kg/m2) 29.6 6 4.50 27.7 6 4.55 0.0009a 26.6 6 4.44 26.2 6 4.32 0.007a

Cholesterol (mmol/l) 6.26 6 1.19 6.00 6 1.14 0.008a 6.50 6 1.34 6.35 6 1.21 0.03a

HDL-C (mmol/l) 1.14 6 0.33 1.34 6 0.37 ,0.0001a 1.43 6 0.48 1.58 6 0.50 ,0.0001a

Non-HDL-C (mmol/l) 5.13 6 1.19 4.67 6 1.10 0.0002a 5.07 6 1.39 4.77 6 1.26 ,0.0001a

Triglyceride (mmol/l) 2.35 6 1.32 1.73 6 1.03 ,0.0001a 2.30 6 2.36 1.81 6 0.87 ,0.0001a

Cholesterol/HDL-C ratio 5.92 6 2.01 4.78 6 1.43 ,0.0001a 5.08 6 3.61 4.37 6 1.51 ,0.0001a

Systolic bp (mm Hg) 146.2 6 20.8 143.8 6 20.4 0.32a 148.1 6 22.7 146.7 6 22.2 0.13a

Diastolic bp (mm Hg) 86.9 6 12.4 85.8 6 11.4 0.62 a 84.8 6 12.6 85.9 6 12.1 0.05a

ApoA-I (mg/dl) n.a. n.a. n.a. 134.9 6 28.7 143.1 6 28.5 ,0.0001a

ApoB (mg/dl) n.a. n.a. n.a. 95.6 6 23.1 90.1 6 22.1 ,0.0001a

ApoM (mmol/l) 1.31 6 0.29 1.34 6 0.30 0.44a 1.34 6 0.32 1.37 6 0.33 0.12a

BMI, body mass index; apoA-I, apolipoprotein A-I; HDL-C, HDL-cholesterol. Data are given as mean 6 SD or proportion.
a Wilcoxon rank sum test.
b x2 test.
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shown). There were no significant differences in mean
apoM concentration between cases and controls (Table 1).

ApoM levels were associated with HDL and total choles-
terol for both cases and controls in both the FINRISK and
the CCHS samples (Table 2). There were also associations
between apoM levels and apoA-I as well as with apoB in the
CCHS samples (Table 2). In the CCHS, there was a weak
but significant negative correlation between body mass
index and apoM (Tables 2 and 3).

In conditional logistic regression analyses, apoM was not
a predictor of CHD events [OR (95% CI) 0.97 (0.74–1.27,
P 5 0.81) in the FINRISK samples and 0.92 (0.84–1.01,
P 5 0.064) in the CCHS samples (Table 3)]. The ORs
are presented per 1 SD. In the second-level model (Model
B), where smoking, hypertension, and diabetes had been
added as covariates, the OR (95% CI) was 1.01 (0.77–1.33,
P 5 0.95) for the FINRISK samples and 0.93 (0.84–1.02,
P 5 0.126) for the CCHS samples (Table 3). Established
CHD risk factors, such as total cholesterol, non-HDL-

cholesterol, cholesterol/HDL ratio, and also apoA-I and apoB,
behaved as expected, showing significant ORs (Table 3).

DISCUSSION

ApoM is mainly associated with HDL, with smaller
amounts present in LDL and VLDL (8, 9). Despite the pre-
dominant association with HDL, the concentration of
apoM in blood shows a strong association with both
HDL- and LDL-cholesterol as well as with total cholesterol
(10). Studies of apoM in mice have suggested apoM to be
important for the formation of pre-b-HDL and for the ef-
flux of cholesterol from macrophage foam cells to HDL
(9, 15, 16). In addition, two of the referred studies showed
that apoM-containing HDL was able to protect LDL against
oxidation, and the third reported a delay of oxidation of
HDL in transgenic mice overexpressing human apoM.
Pre-b-HDL is the precursor of mature HDL and is con-

TABLE 2. Results from correlation studies of apoM (mmol/l) with age and other analytes

FINRISK ʼ92 CCHS

Parameter
Cases with CHD,

n 5 80
Controls without CHD,

n 5 175
Cases with CHD,

n 5 921
Controls without CHD,

n 5 944

Age (years) 20.13 20.14 20.13c 20.11b

BMI (kg/m2) 20.15 20.11 20.14c 20.23c

Cholesterol (mmol/l) 0.31b 0.53c 0.43c 0.44c

HDL-C (mmol/l) 0.45c 0.48c 0.33c 0.41c

Non-HDL-C (mmol/l) 0.11 0.35c 0.28c 0.26c

Triglyceride (mmol/l) 20.23a 20.09 20.02 20.002
Chol/HDL-C-ratio 20.13 20.16a 20.07a 20.12b

ApoA-I (mg/dl) n.a. n.a. 0.38c 0.45c

ApoB (mg/dl) n.a. n.a. 0.29c 0.27c

CHD, coronary heart disease. ApoM was analyzed by ELISA. Other data are from the FINRISK ʼ92 and Copen-
hagen City Heart Study (CCHS).
Using the Spearman rank-based correlation,

a P , 0.05.
b P , 0.01.
c P , 0.0001.

TABLE 3. CHD events during follow-up in subjects from FINRISK ʼ92 and the Copenhagen City Heart Study

FINRISK ʼ92, n 5 255 CCHS, n 5 1,865

Model Aa Model Bb Model Aa Model Bb

Variable OR (95% CI) OR (95% CI) SD OR (95% CI) OR (95% CI) SD

ApoM (mmol/l) 0.97 (0.74–1.27) 1.01 (0.77–1.33) 0.30 0.92 (0.84–1.01) 0.93 (0.84–1.02) 0.32
BMI (kg/m2) 1.50 (1.13–1.99)c,d 1.45 (1.09–.92)c,d 4.61 1.12 (1.02–1.23)d 1.08 (0.98–1.19) 4.38
Cholesterol (mmol/l) 1.41 (1.07–1.85)d 1.39 (1.05–1.83)d 1.16 1.13 (1.03–1.25)d 1.12 (1.01–1.24)d 1.28
HDL-C (mmol/l) 0.61 (0.45–0.82)e 0.65 (0.47–0.89)e 0.37 0.71 (0.65–0.79)f 0.74 (0.67–0.82)f 0.50
Non-HDL-C (mmol/l) 1.61 (1.23–2.10)e 1.54 (1.18–2.02)e 1.14 1.27 (1.15–1.40)f 1.25 (1.14–1.37)f 1.33
Triglyceride(mmol/l)c 1.68 (1.29–2.18)e 1.58 (1.20–2.10)e 0.54 1.42 (1.29–1.57)f 1.36 (1.23–1.51)f 0.50
Chol/HDL-C-ratio 1.70 (1.33–2.17)f 1.59 (1.23–2.06)e 1.71 1.86 (1.58–2.21)f 1.78 (1.51–2.12)f 2.78
ApoA-I (mg/dl) n.a. n.a. n.a. 0.72 (0.65–0.80)f 0.74 (0.67–0.82)f 28.87
ApoB (mg/dl) n.a. n.a. n.a. 1.25 (1.17–1.40)f 1.25 (1.15–1.39)f 22.77

ORs expressed per 1 SD.
a Frequency matched by age and sex (in FINRISK ʼ92, also for study area).
b Hypertension, smoking and diabetes were included as covariates in addition to Model A in a second-stage model.
c Log transformed.
d P , 0.05.
e P , 0.01.
f P , 0.0001.
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sidered particularly anti-atherogenic because it mediates
ABCA1-dependent efflux of cholesterol from macrophage
foam cells. Furthermore, overexpression of apoM in LDL
receptor-deficient mice challenged with a cholesterol-rich
diet suggested apoM to have anti-atherogenic properties
(15, 16). These observations, taken together with the well-
established relationship between plasma total cholesterol
and the risk of development of MI, prompted the present
study of possible association between serum apoM levels
and risk of CHD.

The samples of the FINRISK study were serum, whereas
the CCHS study included both plasma and serum samples.
It was observed that the concentrations of apoM were ap-
proximately 30% higher in serum than in plasma. This
difference is larger than would be expected from the
10% dilution given by the citrate solution, suggesting that
apoM may be released from blood cells during the coagu-
lation process, as was suggested in a recent study (33). The
plasma apoM levels in CCHS were similar to the earlier re-
ported levels of apoM in plasma (mean 0.9 mmol/l) in a
study (NOBIDA) of healthy individuals from the Nordic
countries (10).

Correlations between apoM and total cholesterol, as well
as LDL- and HDL-cholesterol, in both cases and controls,
are in agreement with previous results (10). ApoM was
also found to correlate with apoA-I and apoB, the major
structural apolipoproteins of HDL and LDL, in both cases
and controls.

In the two nested conditional logistic regression models,
traditional risk factors such as cholesterol and triglyceride
levels were identified, whereas HDL-cholesterol was asso-
ciated with decreased risk. This suggests that the study
design was appropriate for identification of risk factors as
well as protective factors. Despite correlating strongly to
cholesterol levels, apoM was not found to be a predictor
of CHD, with ORs of 0.97 and 1.01 for the FINRISK sam-
ples and 0.92 and 0.93 for the CCHS samples. However, it
should be mentioned that even though both studies sug-
gest that the apoM levels are not predictive of CHD, the
study design (in particular that of the CCHS study), with
a mixture of both prevalent and incident cases, suggests
that one cannot fully exclude an association between apoM
levels and either prevalent or incident disease, which is a
limitation of the study.

In conclusion, in this population-based nested case-
control study, although apoM was associated with total
and HDL-cholesterol as well as with both apoA-I and apoB,
no association between apoM and CHD was found.

The authors would like to thank Drs. Lars Bo Nielsen and
Christina Christoffersen for valuable discussions and Li Jun
Guo for expert technical assistance.
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