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Abstract

Background: Alterations in lipoprotein size are associated with increased cardiovascular disease risk. Higher
hemoglobin levels may indicate a higher risk of atherosclerosis and was previously associated with obesity,
metabolic syndrome, and insulin resistance. No previous studies have investigated an association between

hemoglobin concentration and lipoprotein particle size.

Methods: We conducted a population-based, cross-sectional study of 766 Caucasian, middle-aged subjects (341
men and 425 women) born in Pieksdmadki, Finland, who were categorized into five age groups. The concentrations
and sizes of lipoprotein subclass particles were analyzed by high-throughput nuclear magnetic resonance (NMR)

SPEeCtroscopy.

Results: Larger very low density lipoprotein (VLDL) particle diameter was associated with higher hemoglobin
concentrations in men (p = 0.003). There was a strong relationship between smaller high density lipoprotein (HDL)
particle size and higher hemoglobin concentration in both men and women as well as with smaller low density
lipoprotein (LDL) particle size and higher hemoglobin concentration in men and women (p < 0.001; p = 0.009,

p = 0.008). VLDL particle concentration had a moderate positive correlation with hemoglobin concentration
(r=0.15; p < 0.0071). LDL particle concentration showed a statistical trend suggesting increasing particle
concentration with increasing hemoglobin levels (r = 0.08; p = 0.05).

Conclusion: Higher hemoglobin levels are associated with larger VLDL, smaller LDL, and smaller HDL particle sizes
and increasing amounts of larger VLDL and smaller LDL particles. This suggests that a higher hemoglobin
concentration is associated with an unfavorable lipoprotein particle profile that is part of states that increase
cardiovascular disease risk like diabetes and metabolic syndrome.
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Background

Lipoproteins consist of heterogeneous particles that
differ in size. Alterations in lipoprotein sizes are asso-
ciated with increased cardiovascular disease (CVD)
risk [1-4] as well as in patients with conditions in
which CVD risk is high like diabetes and metabolic
syndrome [5-9]. Higher hemoglobin levels may indi-
cate a higher risk of atherosclerosis [10] and was pre-
viously associated with obesity, metabolic syndrome,
and insulin resistance [10—16]. However, as far as we
are aware, no previous studies have investigated an
association between hemoglobin concentration and
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lipoprotein particle size. Therefore, we conducted a
cross-sectional study investigating any association
between hemoglobin level and lipoprotein particle size
assessed by proton nuclear magnetic resonance (NMR)
spectroscopy.

Methods

Study subjects

The study population primarily consisted of 1294 middle-
aged subjects from Piekséméki, Finland, who were born in
1942, 1947, 1952, or 1962. These subjects were invited to
a health check-up in the years 1997-1998 initially, and to
a follow-up check-up in 2003-2004. A total of 766
subjects participated in the second health check-up in
2003-2004 when the hematological laboratory tests were
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performed. The final analysis included data from these
766 subjects. The study protocol was approved by the
Ethics Committee of Kuopio University Hospital and the
University of Eastern Finland. All participants provided
informed written consent.

Clinical and laboratory procedures

Both health check-ups were performed by the same
two nurses. Waist circumference was measured and
body mass index (BMI) was calculated. Current use
of alcohol was considered low if the subject used no
alcohol, moderate if the subject used less than two
units per day, and high if the subject used more than
two units per day. Physical activity was considered
low if the subject exercised less than 30 min fewer
than 3 times per week, moderate if the subject exercised
at least 3 times per week, and high if the subject exercised
every day.

Fresh blood samples were taken after an overnight fast.
Plasma glucose concentration was measured using an
automated colorimetric method (Peridochrom Glucose
GOD-PAP, Boehringer, Germany). Plasma triglycerides
were measured from fresh serum samples using en-
zymatic colorimetric methods (CHOD-PAP, GPO-PAP,
Boehringer Mannheim GmbH, Germany). Plasma high
density lipoprotein (HDL) cholesterol was measured using
the same method after precipitation of low-density lipo-
protein (LDL) cholesterol and very low-density lipoprotein
(VLDL) cholesterol with phosphotungstic acid and mag-
nesium. High-sensitivity C-reactive protein (hs-CRP) was
measured with an Immunolite analyzer and a DPC hs-
CRP assay (DPL, Los Angeles, CA, USA). Hemoglobin
was measured using an automatic electronic cell calcu-
lator. All laboratory tests were analyzed at the Kuopio
University laboratory during the years 2009-2010.

Concentrations and sizes of lipoprotein subclass parti-
cles were analyzed with high-throughput NMR spectros-
copy of native serum samples [17, 18] in 2009. NMR
data were measured at 37 °C using a Bruker AVANCE
IIT spectrometer operating at 500.36 MHz using a new
automated platform, as described previously [19]. The
following 14 lipoprotein subclasses were calibrated
using high-performance liquid chromatography: chylomi-
crons (CMs) and largest VLDL particles (CM/ largest
VLDL; average particle diameter + 75 nm); five different
VLDL subclasses, i.e., very large (average particle diameter
64.0 nm), large (53.6 nm), medium (44.5 nm), small
(36.8 nm) and very small VLDL (31.3 nm); intermediate-
density lipoprotein (IDL; 28.6 nm); three LDL subclasses,
ie, large (25.5 nm), medium (23.0 nm), and small LDL
(187 nm); and four HDL subclasses, ie., very large
(14.3 nm), large (12.1 nm), medium (10.9 nm), and small
HDL (8.7 nm).
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Statistical methods

The data are presented as means and standard devia-
tions. The 95% confidence intervals for the lipoprotein
particle concentrations (and diameters) were obtained
by bias-corrected, accelerated bootstrapping. Associa-
tions between the serum triglyceride, HDL, and total
cholesterol concentrations with the NMR-measured
concentrations were estimated with regression analysis
using Sidak-adjusted probabilities. Multiple linear re-
gression analysis was used to estimate the independent
impacts of LDL, HDL, and VLDL particle diameter on
the hemoglobin stratified by sex. In all hypotheses,
p < 0.05 was considered significant.

Results

Basic charasteristics of the study population are shown
in Table 1. The study population included 425 women

Table 1 Clinical and life-style characteristics of the study

population
Characteristics Men Women All
N =341 N =425 N =766
Age, years, mean (SD) 525 (6.2) 52.2 (6.5) 524 (64)
BMI, kg/m2, mean (SD)* 27339 271(50) 272 (46)
Waist, cm, mean (SD) 963 (113) 866 (12.2) 906 (12.8)
FP-glucose (mmol/L), mean SD® 6.1 (1.1) 5.8 (0.8) 5.9 (0.9)
Total cholesterol (mmol/L), 56 (0.9) 54 (1.0) 55(1.0)
mean (SD)
HDL-C (mmol/L), mean (SD)* 1.5 (04) 1.7 (0.3) 16 (0.3)
Triglycerides (mmol/L), mean (SD) 1.5 (1.0) 1.2 (0.5) 13(0.7)
Hemoglobin, (g/L), mean (SD) 1528 (9.2) 1378 (9.0) 144.0(11.7)
Hs-CRP (mg/L), mean (SD)d 18 (3.2 2.1 (2.8) 2029
Alat (I/U), mean (SD) 180 (109) 120(76) 145(96)
Creatinine (umol/L), mean (SD) 87.1(102) 758 (75) 80.1(8.7)
Life-style factors, n (%)
Current smoker 88 (26) 74 (17) 162 (21)
Current use of alcohol®
Low (nothing) 46 (13) 92 (22) 138 (18)
Moderate 165 (49) 274 (64) 439 (57)
High 129 (38) 55(13) 184 (24)
Physical activity n (%):
Low 89 (26) 135 (32) 224 (29)
Moderate 193 (57) 238 (56) 431 (56)
High 59 (17) 49 (12) 108 (14)

Physical activity: Low = at least 30 min exercise less than 3 times/week,
Moderate = at least 30 min exercise at least 3 times/week, High: e at least
30 min exercise daily

2BMI: Body mass index

PFP-glucose: fasting plasma glucose

“HDL-C: high density cholesterol

9Hs-CRP: high sensitivity C-reactive protein

€Current use of alcohol: Low = Nothing, Moderate = <2portions/day,
High= >2 portions/day
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(55%) and 341 men with a mean age of 52.4 years and a
mean body mass index (BMI) 27 kg/m?. Kidney function
based on plasma creatinine level both in men and
women was normal. Plasma alanine aminotransferase
(alat) level was in normal female reference range
(10-45 IU/L) in 99.5% of the women and in normal
male reference range (10-70 IU/l) in 99.0% of men.
Current smokers were 26% of men and 17% of
women. Correlations between fasting plasma triglyc-
erides, HDL, total cholesterol, and LDL, HDL and
VLDL particle concentrations measured by NMR in
women and men are shown in Table 2. Total plasma
cholesterol had a high positive correlation with NMR-
measured LDL particle concentration in both women and
men (r = 0.92 and r = 0.89, respectively; p < 0.001). Also,
plasma total cholesterol had a moderate positive correl-
ation with NMR-measured VLDL concentration in women
and men (r = 0.50 and r = 0.43, respectively; p < 0.001).
Plasma triglycerides had a high positive correlation
with the NMR-measured VLDL particle concentra-
tion in women (r = 0.85; p < 0.001) and a moderate
positive correlation in men (r = 0.58; p < 0.001).
Plasma HDL cholesterol had a high positive correl-
ation with the NMR-measured HDL particle concen-
tration in both women and men (r = 0.67 and
r = 0.70, respectively; p < 0.001). There was no sig-
nificant correlation between plasma triglycerides,
HDL, or total cholesterol and NMR-measured LDL,
HDL, or VLDL particle diameter (Data not shown).
Figure 1 shows standardized coefficients (beta) be-
tween lipoprotein particle diameters and hemoglobin
level. All values were first (Fig. 1a) adjusted for age, hs-
CRP, and NMR-measured LDL, HDL, or VLDL concen-
trations. Larger VLDL particle diameter was associated
with higher hemoglobin concentrations in both men and

Table 2 Correlations between plasma triglycerides, HDL or total
cholesterol and NMR-measured LDL, HDL or VLDL particle
concentration

Plasma cholesterol NMR-measured particle concentrations

LDL HDL VLDL
r(95% Cl) r (95% Cl) r (95% Cl)
Women
Triglycerides 029° -007 0.85°
HDL 0.09 067° -037°
Total 092° 0.25° 0.50°
Men
Triglycerides -0.01 -003 0.58°
HDL 0.16° 0.70° —045°
Total 0.89° 0.34° 043°
Sidak-adjusted probabilities
%p < 0.001
®p < 0.05
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women (p = 0.002 and p = 0.029, respectively). There
was a strong relationship between smaller HDL particle
size and higher hemoglobin concentration in both men
and women as well as lower LDL particle size and higher
hemoglobin concentration in men (p < 0.001). Also,
lower LDL particle size was associated with higher
hemoglobin concentrations in women (p = 0.002).
After adding adjusted-model the homeostasis model
for assessment of insulin resistance (HOMA-IR)
(Fig. 2b), all results remain significant except larger
VLDL diameter in women (p = 0.073). No significant
association was found between serum ferritin level
and the lipoproteins VLDL, LDL, or HDL particle
diameter (data not shown).

Correlations between hemoglobin concentration and
NMR-measured VLDL, LDL, and HDL particle con-
centration are shown in Fig. 2a-c. VLDL particle con-
centration had a moderate positive correlation with
hemoglobin concentration (r = 0.15; p < 0.001). LDL
particle concentration showed a statistical trend sug-
gesting increasing particle concentration with increas-
ing hemoglobin levels (r = 0.08; p = 0.05). There was
no significant correlation between HDL particle con-
centration and hemoglobin.

Discussion

In present study, we show an association between the
particle size of the lipoproteins VLDL, HDL, and LDL
and hemoglobin level. Although, associations between
lipoprotein particle size and CVD, metabolic syndrome,
obesity, insulin resistance, and type 2 diabetes have been
investigated, we are not aware of previous studies report-
ing an association between hemoglobin concentration
and lipoprotein particle size.

Larger VLDL particle size, smaller LDL particle size,
and smaller HDL particle size were associated with
higher hemoglobin concentrations. These associations
remained unchanged after adjusting for concentra-
tions of VLDL, LDL, or HDL particles. Previously,
larger mean VLDL particle size was associated with
impaired glucose tolerance, insulin resistance, and in-
cidence of type 2 diabetes [5-9]. Also, previous studies
showed an association between small LDL particle size
and insulin resistance as well as incident diabetes,
although the association with diabetes was not inde-
pendent after adjusting for insulin sensitivity or tri-
glycerides [8]. Additionally, small HDL particles were
previously associated with reduced insulin sensitivity
and hyperglycemia [7]. Our findings suggest that
higher hemoglobin concentrations are associated with
an unfavorable lipoprotein particle profile that is part
of conditions such as metabolic syndrome and type 2
diabetes that increase CVD risk. Consequently, higher
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Men: LDL particle size p<0.001, HDL particle size p<0.001, VLDL particle size p=0.002
All values are adjusted for age, hs-CRP and LDL, HDL or VLDL NMR-measured particle concentration
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Women: LDL particle size p=0.008, HDL particle size p<0.001, VLDL particle size p=0.073
Men: LDL particle size p=0.009, HDL particle size p<0.001, VLDL particle size p=0.003
All values are adjusted for age, hs-CRP, HOMA-IR, and LDL, HDL or VLDL NMR-measured particle

Fig. 1 LDL, HDL and VLDL particle diameter changes in relation to hemoglobin concentration in women and men. a Beta = Hemoglobin
standardized coefficients. Women: LDL particle size p = 0.002, HDL particle size p < 0.001, VLDL particle size p = 0.029. Men: LDL particle size

p < 0.001, HDL particle size p < 0.001, VLDL particle size p = 0.002. All values are adjusted for age, hs-CRP and LDL, HDL or VLDL NMR-measured
particle concentration. b Beta = Hemoglobin standardized coefficients. Women: LDL particle size p = 0.002, HDL particle size p < 0.001, VLDL
particle size p = 0.029. Men: LDL particle size p < 0.001, HDL particle size p < 0.001, VLDL particle size p = 0.002. All values are adjusted for age,
hs-CRP, HOMA-IR and LDL, HDL or VLDL NMR-measured particle concentration

hemoglobin concentration can act as an additional
marker indicating higher CVD risk profile.

Increasing VLDL particle concentration as well as
increasing LDL particle concentration was associated
with higher hemoglobin concentration, although the
associations were weaker than with particle sizes. Con-
sequently, higher hemoglobin level is associated with
an increasing amount of larger VLDL and smaller LDL
particles.

Previously, increasing hemoglobin level was associ-
ated with increasing arterial stiffness, which is used to
assess CVD in high-risk populations [10]. Also, higher
hemoglobin concentrations are present in individuals
with metabolic syndrome or insulin resistance versus
healthy controls or obese subjects versus non-obese
subjects [11-16].

In hematological disorder polysytemia vera, elevated
hemoglobin levels are associated with hypocholesterolemia
and lower serum levels of total cholesterol and LDL choles-
terol compared to subjects with elevated hemoglobin but
without polysytemia vera [20]. Although studies investigat-
ing the association between elevated hemoglobin level and
lipoprotein particle size in polysytemia vera patients (as far
as we know) have not been done, hypocholesterolemia and
lower LDL in polysytemia vera suggest different relation
and mechanism than in our study.

The mechanisms that could explain the association
between hemoglobin level and changes in lipoprotein
particle size are unclear. Preliminary evidence of a rela-
tionship between hyperinsulinemia or insulin resistance
and stimulated erythropoiesis exists [21]. Insulin can act
as a growth factor for erythroid precursors [22]. Our
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Fig. 2 a Correlation between hemoglobin concentration and NMR
measured VLDL particle concentration. b Correlation between
hemoglobin concentration and NMR measured LDL particle
concentration. ¢ Correlation between hemoglobin concentration
and NMR measured HDL particle concentration. All values are
adjusted for gender, age and Hs-CRP

results were also adjusted for HOMA-IR to evaluate
the influence of insulin resistance. Adjusting did not
change the results significance except the association
of VLDL particle size and hemoglobin in women.
This suggests that insulin resistance mostly affects the
VLDL particles, but there exist also other mechanisms
affecting the relation of lipoprotein particle size and
hemoglobin level.

Hemoglobin level is influenced by iron status. We
also investigated an association between serum ferritin
level, as an indicator of iron stores, and lipoprotein
particle size. Our results suggest that the association
between hemoglobin and lipoprotein particle size is
independent of serum ferritin levels and iron stores.
Also, an association between lipoprotein particle size
and hemoglobin level was significant after adjusting
for hs-CRP level when excluding the influence of
inflammation.

A limitation of our study is the cross-sectional design
that does not allow us to identify proper causal relation-
ships. However, the randomly selected, relatively large
population, with no exclusion criteria is a strength of
this study.

Conclusions

In conclusion, higher hemoglobin levels are associated
with larger VLDL, smaller LDL, and smaller HDL
particle sizes and increasing amounts of larger VLDL
and smaller LDL particles. This suggests that higher
hemoglobin concentration is associated with an un-
favorable lipoprotein particle profile that is part states
that increase CVD risk like diabetes and metabolic
syndrome.
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