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Abstract

BACKGROUND: The age-related autoinflammation-mediated atherosclerosis is associated with
some immunological, nutritional, and metabolic parameters and redox status. Here, we
evaluated the association of circulatory interleukin 10 (IL-10) levels with lipid profile, some
nutrients, and total anti-oxidant capacity in elderly people who presented cardiovascular disease
(CVD) with or without metabolic syndrome (MetS) and in healthy subjects.

METHODS: In this cross-sectional case-control study, 258 sera prepared from elderly people
(144 healthy and 114 patient subjects) who participated in a community-based study, the
Amirkola Health and Ageing Project (AHAP), were analyzed for IL-10, lipid profile, vitamin D,
selenium (Se), antioxidant capacity, and MetS.

RESULTS: Compared to patients, the healthy subjects exhibited higher levels of circulatory IL-10
among individuals with detectable serum IL-10 (P = 0.036). However, this difference was not
observed when total subjects from both groups were compared, since more than 90% of those
people were IL-10-negative. Se, vitamin D, and antioxidant levels were similar in both groups.
There was a negative association between IL-10 and body mass index (BMI) (P < 0.050) and an
equivocal association with vitamin D levels, whereas the association between IL-10 and other
indicated variables was not significant. Significant association was observed between MetS and
CVD prevalence (P < 0.001). There was a positive correlation between Se and total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), and triglyceride (TG) (P < 0.010) in healthy
subjects and with TC in patients (P < 0.050).

CONCLUSION: A major proportion of elderly people were serum IL-10-negative, whereas

independently to IL-10, MetS was most common in patients with CVD. Weight loss may have
the potential to increase IL-10 levels in the elderly.
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IL-10 and metabolism in heart dise

Thus, the exploration of those modifiable risk
factors in elder people is worth to be performed, to
access to some new predisposing or preventing
factors for premature cardiovascular diseases
(CVDs). Indeed, CVD is common in younger
people (< 65 years). In men, 25% and 50% of total
new-onset CVD events occur before age of 55 and
65 years, respectively.?

Atherosclerosis is a prevalent cause of coronary
heart diseases (CHDs).3 It is also recognized as an
inflammatory disease.*> Even the radiation-
mediated atherosclerosis is attributed to the
deoxyribonucleic acid (DNA) damage-induced
chronic inflammation.® Thus, targeting the
inflammation was recently noticed as an attractive
strategy to reduce the CVD risk factors.” Moreover,
the oxidized low-density lipoprotein (oxLDL)-
derived substances such as oxidized cholesterol
esters as the damage-associated molecular pattern
(DAMP)-related molecules are well-known culprit
in induction of inflammation in context of
atherosclerosis, through activation of pattern
recognition receptors (PRRs) such as toll-like
receptor 4 (TLR4).8 Due to the inflaimmatory nature
of atherosclerosis, it is reasonable to assume that
the anti-inflammatory cytokines such as interleukin
10 (IL-10) can play some beneficial roles in
amelioration of this process. For instance, in
macrophages, 11.-10 induces the down-regulation of
the receptor for oxLDL cholesterol (OxLDL-C),
ie., CD36 and scavenger receptor A, and thereby
inhibits the influx of this well-known atherogenic
lipid, and subsequently precludes one of the key
steps in atherosclerosis, namely foam cells
formation, which is defined as a hallmark of
atherosclerosis.” Also, IL.-10 prevents the apoptosis-
mediated foam cells death!® and protects against
ageing-induced dysfunction of endothelial cells.!
We have previously reported that healthy adult
people have higher circulating IL-10 when
compared to adult subjects with unstable angina.!?
We also found a significant positive correlation
between the serum levels of high-density
lipoprotein cholesterol (HDL-C) with two major
anti-inflammatory cytokines, I1L-10 and IL-4.12
However, to our knowledge, scanty study reported
the serum levels of IL-10 in elderly people. There is
a report indicating that serum IL-10 is positively
associated with risk of CVD in the eldetly.10

Furthermore, since the oxidative stress is
considered as one of the best-known inflammation-
inducing factors in CVD,!3 the anti-oxidant defense
can also be considered as a proper partner for IL-10

to diminish the hazardous effects of inflammatory
process which is involved in atherosclerosis.
Probably the antioxidant capacity increase in elderly
people!'* is a contra-reactive mechanism to such
insult. There are different types of anti-oxidant
systems in our body, such as superoxide dismutase
(SOD), catalase, and especially glutathione
peroxidase (GPx).!* For the latter enzyme, selenium
(Se) acts as a main cofactor which is necessary for
proper functioning of this enzyme.!® Se also plays a
pivotal role in different aspects of immune system
including cytokine production as well as in
regulation of inflammatory reactions.!® High dietary
intake of Se leads to an increase in pro-
inflammatory cytokine production, i.e., interferon-
gamma (IFN-y) through skewing of naive T-helper
cells differentiation to IFN-y producer Thl cells,
while low dietary intake of Se causes increased
levels of anti-inflammatory cytokine, i.e., I1.-4.16

Vitamin D3 (cholecalciferol) is another nutrient
which in recent years has been appeared as a main
player in glucose homeostasis and cardiovascular
functions in elderly individuals'? as well as in
regulation of immune responses.!® One billion of
people especially elderly people suffer from vitamin
D3 deficiency worldwide.!® Contrary to Se, this
steroidal hormone is believed to contribute to the
differentiation of naive T-cells to an anti-
inflammatory type of T-helper, ie., Th2.! Thus,
this vitamin can be considered as an anti
atherogenesis factor acting probably through
enhancing of 1L.-10 production.

MetS is a multicomponent modifiable risk factor
for CVD which is considered as a manifestation of
host inflammatory response.?0 This worldwide
prevalent syndrome has been associated to reduced
IL-10 production especially in elderly people.?!

Thus, the knowledge about the IL-10 levels and
the determining factors in biogenesis of this anti-
inflammatory cytokine in elderly people may
provide some reliable evidence to take an effective
immune modulation strategy to delay the premature
atherosclerotic  plaque formation and plaque
rupture. To examine this strategy, in this
population-based study, we determined for the first
time the serum levels of IL.-10, Se, and vitamin D as
well as the lipid profile and total antioxidant
capacity, and investigated the presence of MetS in
elderly subjects with CVD and healthy controls, to
evaluate the potential association of these
immunological, nutritional, and  biochemical
parameters with CVD. This study showed that most
elderly people had no significant levels of serum
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IL-10. However, in subjects with detectable levels of
serum IL-10, there was a negative association between
1L-10 and body mass index (BMI), and an equivocal
association with vitamin D levels. Moreover, patients
with CVD suffered from MetS much more than
normal subjects, independently to serum IL.-10. Thus,
weight loss may have the potential to compensate this
1L.-10 deficiency in eldetly.

Materials and Methods

Patients and healthy control subjects: Subjects
were selected among 1616 individuals who
participated in Amirkola Health and Ageing Project
(AHAP) during April 2011-July 2012.22 In this
project, the health status of elderly people who lived
in Amirkola, a city located in the northern part of
Iran, near the Caspian Sea, was evaluated. AHAP
proposal was approved by the Ethics Committee of
Babol University of Medical Sciences, Babol, Iran,
and informed consent was obtained from all
participants or their relatives. In the current cross-
sectional  case-control study, at first step,
375 patients with a history of angina, heart failure
(HF), high blood pressure, and myocardial
infarction (MI) were selected based on their medical
records and medications that they had used for
heart diseases. Among these subjects, 175 patients
presenting rheumatoid arthritis (RA), 42 with
fractures and trauma, 31 with diabetes, 12 with
stroke history, and one person suffering from
cancer were excluded from the study. Finally,
114 subjects were included in patient group. Among
the remained old people (1241 of 1616 subjects), to
select healthy control subjects, we excluded those
who had diseases that could change the level of I1.-
10 in blood circulation. Thus, 152 subjects were
selected as healthy control group, which were age-
and sex-matched with subjects of patient group.
Then, we measured the C-reactive protein (CRP)
levels in sera of these subjects to exclude those with
a significant common and uncommon inflammatory
condition based on previous report.!’s As
mentioned, the CVDs are considered as
inflammatory diseases with increased levels of CRP,
so this marker was not used as a criterion in patients
selection. Consequently, eight CRP-positive subjects
were excluded from the study, and finally 144
subjects were selected as healthy control group. The
necessary volumes of serum specimens of all
selected subjects were thawed from -80 °C for
further experiments.

The number of subjects with or without MetS
was extracted from AHAP data bank in which those

subjects have been already classified according to
the Iranian National Committee on Obesity
(INCO) criteria.??

Serum IL-10 detection by enzyme-linked
Immunosorbent assay (ELISA): The quantitative
detection of circulating 11.-10 level was performed by
using the Otrgenium's kit (Orgenium Laboratorties,
Vantaa, Finland) which was based on sandwich
ELISA with sensitivity of 2 pg/ml. Some serum
specimens with undetectable levels of 1L-10 analyzed
by this kit were rechecked with another ELISA kit
(R&D systems, USA) which exhibited a higher level
of sensitivity (0.17 pg/ml). The optical density (OD)
for each well was obtained by microplate reader (Stat
Fax 4200 Awereness Technology, USA).

Measurement of lipid profile: Demographical
data as well as serum levels of triglyceride (T'G), LDL-
C, and HDL.-C were extracted from AHAP data bank.
The indicated analytes were measured by Pars
Azmoon kit (Iran) and Hitachi Auto Analyzer (Japan).

Se assessment: Serum Se concentration was
measured by atomic absorption spectrophotometry
(AAS) technique wusing Atomic Absorption
Spectrophotometer (PG990, China).

Vitamin D assessment: The related values for
25-hydroxy vitamin D concentrations in sera of
patients and control subjects were extracted from
AHAP study data bank. These data have been
provided by assessing of sera 25-hydroxy vitamin D
with an ELISA-based kit (IDS, UK).

CRP detection: A qualitative CRP latex kit
(Bionik/Iran) was used to detect CRP in serum of
the control subjects.

Antioxidant capacity assessment: For measuting
the total plasma antioxidant activity, we used the
ferric reducing ability of plasma (FRAP) test. This
method is based on the ability of plasma to reduce
ferric ion (Fe3) to ferrous ion (Fe?*) at low pH.2*

Statistical analyses: The continuous data wete
expressed as mean T standard deviation (SD), and
discontinuous data were expressed as frequency and
percentage. Kolmogorov-Smirnov test (K-S test)
was used to examine the data normality. Mean
values were compared by independent samples t-
test for data with normal distribution; otherwise,
Mann-Whitney U test was used. Pearson and
Spearman  correlation coefficient values were
determined for indicated normally- and non-
normally-distributed ~ data,  respectively.  The
discontinuous data were evaluated by chi-square
test. Data were analyzed by SPSS software (version
18, SPSS Inc., Chicago, 1L, USA). P < 0.050 was
considered as a significant level in all statistical tests.
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Table 1. The demographic data and mean values of serumgipiile in patients and controls
Variables Groups

Patients (n = 114) Controls (n = 144)
Sex (female/male) [n (%)] 51 (44.7)63 (55.3) 49 (34.0)95 (66.0) 0.080
Age (year) 70.1+8.1 68.5+7.1 0.093
BMI (kg/m?)” 27.4+43 27.8+4.9 0.361
TG (mg/dl)” 157.0 £ 81.0 135.0 + 60.0 0.016
HDL-C (mg/dl)” 38.0+4.0 39.0+4.0 0.354
LDL-C (mg/dI)” 124.0 +52.0 137.0 £ 39.0 0.035
TC (mg/dly” 190.0 + 47.0 207.0 +41.0 0.018

" Considered as significant (P < 0.050) in t-test eniesquare test. Mean + standard deviation (SD)
BMI: Body mass index; TG: Triglyceride; HDL-C: High-aty lipoprotein cholesterol; LDL-C: Low-density
lipoprotein cholesterol; TC: Total cholesterol

026 + 1.10 (pg/ml) and 0.92 *+ 3.69 (pg/ml) in

Results subjects with heart disease and healthy controls,
As a major risk factor for coronary atherosclerosis, the respectively. This difference was not statistically
lipid profile was evaluated in patients and control significant due to a large variation between variables
groups. In table 1, it can be seen that the apparently in the two studied groups (P > 0.050). Indeed, most
healthy eldetly people had significantly higher levels of samples (more than 90 %) had no detectable levels
total cholesterol (TC) and LDL-C when compared to of serum IL-10. However, this difference appeared
the subjects with heart diseases (P = 0.018 and at a significant level when only the subjects with
P = 0.035, respectively), while surprisingly the mean of detectable levels of serum IL.-10 in each group were
HDL-C level was almost equal. The serum levels of statistically compared (P = 0.036) (Figure 1).
TG was higher in patients group in comparison with FRAP test was used to evaluate the levels of
healthy controls (P = 0.016). antioxidant defense systems between the two groups.
As a main anti-inflaimmatory and ant- The mean + SD of total serum antioxidant levels was
atherogenic cytokine, we determined the serum 893 + 120 pmol/l and 966 * 243 umol/l in healthy
levels of 1L-10 in all studied subjects. As shown in controls and patients group, respectively. This
figure 1, the mean £ SD IL-10 concentration was difference was not statistically significant (P > 0.050).
B ¢ Seriesl
A Total subjects Subjects with detectat:a IL10 5 Linear (Series1)
? 14 Error bars: 95% CI 3. N
E 121 E
3 g 2.5 1
o o]
s A % 1.5
3 - 8 !
g T f 0.5 - WHQ-O
‘ , 55 Pl 070 000 TTE
case  Control case  Control 0 > Recheck sample number 20

Figure 1. (A) Means of serum interleukin 10 (IL-10) concexin in total subjects with heart disease (n =)ldrd
total apparently healthy controls (n = 144) (ledinpl). Right panel shows the means of serum ILdicentration in
subjects with detectable levels of this cytokinenireach group. For subjects with heart disease @) and for
apparently healthy control subjects (n = 14)

" P < 0.050 is considered significant. (B) Scattet pf rechecked serum samples for IL-10 conceminatiWe rechecked the IL-10
levels in 18 sera which had undetectable levethisfcytokine in our previous experiment with eneytimked immunosorbent assay
(ELISA) kit with analytical sensitivity of 2 pg/mAs it can be seen, the IL-10 concentration w&s5 pg/ml in 15 out of 18 (83%)
of sera. This value for remaining three serum samplas 0.6 and 0.7 for two samples and only onglsaexhibited a result that
was higher than 2 pg/ml (2.9 pg/ml). The mediaruedbr rechecked serum IL-10 concentration wasutatied as 0.44 pg/ml and
the 95% confidence interval (Cl) was obtained a8-0.85 pg/ml for mean.
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To evaluate the possible protective role of I11.-10
in MetS development, we compared the number of
all subjects suffering from MetS (n = 97) or without
MetS (n = 161) in all serum IL-10-positive (n = 23)
and negative (n = 235) individuals. No significant
association between serum IL-10 and MetS
prevalence was observed when the data were
analyzed by chi-square test (P > 0.050). Moreover,
MetS was much more common in patient subjects
versus control ones (P < 0.001).

The association between serum IL-10 levels with
BMI, one of the well-known criteria of obesity, was
also investigated. As shown in figure 2, the subjects
with detectable levels of IL-10 exhibited a
significantly lower value of BMI when compared to
subjects ~ with  undetectable  IL-10  levels
(P = 0.045). Among subjects with detectable IL.-10
serum levels, there was a person with outlier of
BMI; if we ignore this case, the observed difference
will become more significant (P = 0.016).

45 P <0.05(

'S
2

w
T

BMI (kg/m?)
g

257

20

I I
Negative Positive

Serum IL10

Figure 2. Body mass index (BMI) in subjects with
(n = 23) and without detectable serum interleukin 1
(IL-10) (n = 235). Horizontal lines represent the
median values. Boxes represent"Z%" percentiles
and vertical bars represent the minimum and maximum
values. Spots show outlier values.

" P < 0.050=0 is considered significant.

Due to the well-known beneficial effects of Se
on immune system as well as its important role as a
cofactor for the GPx, this trace element was
determined in the serum of studied subjects. Then
by Pearson test, the correlations between serum Se
and serum IL-10 as well as serum Se with lipid
profile were determined.

The mean = SD of serum Se levels were
79.8 £ 17.0 ug/l (n = 114) and 824 £ 16.8 pg/1
(n = 144) in patients and healthy controls,

respectively. This difference was not statistically
significant (P > 0.050). Moreover, there was no
significant correlation between serum IL-10 levels
and Se concentrations (P > 0.050). A positive
correlation was found between serum Se and TC
(r = 033, P < 0.050 in patients and r = 0.32,
P < 0.010 in control group), LDL-C (r = 0.29,
P < 0.010), and TG (r = 0.30, P < 0.010) only in
control group. There was no significant correlation

between Se and HDL-C in both groups
(P > 0.050) (Figure 3).
Case Control
~=o.,.. :.-, o _0!-. o ; A
E . .0 j/‘/ % '_'.:d.' o % /y
&0 (T -
ol - .« . .
- - D o s e *
ol & | T
Ol Zou] Siadilnss S T
Se Chol LDL-C TG Se Chol LDL-C TG
Chol LDL-C TG
Cast r=0.33, NSC NSC
P < 0.05(
Contro r=0.32, r=0.29, r=0.30
! F < 0.01( P <0.01 P <0.0L

NSC: No sianificant correlatic
Figure 3. Correlation between serum selenium (Se)
levels and lipid profile in subjects with heart eise
(above left panel). Right panel shows these cdiosis
in control subjects. In patient group, there was a
positive correlation between Se and total cholester
(Chol) but not with low-density lipoprotein cholesbl
(LDL-C) and triglyceride (TG). In control group,dte
was a positive correlation between Se and all study
components of lipid profile (table below)
" P < 0.050 is considered significant.

To examine the hypothesis that 25-hydroxy
vitamin D exerts its beneficial effects on
cardiovascular system through modification of
IL-10 production, we compared the mean £ SD of
this vitamin in subjects with and without detectable
levels of IL-10 in serum, (40.48 * 59.30 ng/ml and
24.23 + 23.00 ng/ml, respectively).

As it can be seen in figure 4, subjects with
detectable IL-10 exhibited higher levels of this
vitamin in their serum compared to subject without
IL-10, although this difference was not significant
(P > 0.050) due to the existence of great variation
between the two groups. If the variation was equal
between groups, then this difference would become
significant (P = 0.009).
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Figure 4. Means of vitamin D concentration in
subjects with (n = 23) and without detectable serum
interleukin 10 (IL-10) (n = 235).

P < 0.050 is considered significant.

Cl: Confidence interval

Discussion

In consistence with our previous study,'? we found
a significant higher level of serum IL-10 in
apparently healthy elderly subjects in comparison
with those with CVD who had detectable amounts
of this cytokine in their sera. However, we were not
able to find any significant difference in serum
IL-10 levels between the two groups in total
subjects. This may be due to our another interesting
finding indicating that the serum samples prepared
from more than 90% of elderly subjects in both
groups had undetectable levels of IL-10. In this
study, healthy subjects had significant higher levels
of serum LDL-C and TG, and same levels of
HDL-C when compared to patients group. To
interpret these findings, we assumed that patients
used the cholesterol-lowering drugs including
atorvastatin which could decrease the serum LDL-C
levels, whereas it has a less effect on plasma
concentrations of HDL-C and TG.%

As a macrophage deactivating factor and
consequently as a blocker of anion superoxide
production, a potent inflimmatory and oxidative
agent, we determined the correlation between serum
IL-10 levels and serum total antioxidant activity. We
were not able to find any significant correlation
between these two variables. However, in an ex-vivo
model, Huet et al. recently reported the IL-10 as an
anti-inflammatory cytokine that exhibits also an anti-
oxidant activity.?0 Probably this variation originated
from different techniques used in these studies.

We investigated the existence of a well-known
inflammatory state, ie., MetS, in subjects with
detectable levels of serum IL.-10. We were not able

to find any association between serum IL-10
concentrations and the existence of MetS, whereas
the prevalence of this syndrome was significantly
higher in patient subjects. We did not find any
correlation between serum IL-10 concentrations
and each single component of serum lipid profile in
patient and control groups. van Exel et al. reported
a correlation between low production capacity of
IL-10 and MetS in old inhabitants of Leiden City,
Netherlands.?? Contrary to our study, they measured
the cytokine levels in lipopolysaccharide (LPS)-
activated whole blood culture supernatants and not
the circulating levels of IL-10. However, we found
that old subjects with detectable levels of serum IL-
10 were thinner than those without 1L-10.

To explore natural modifiers of 1L-10
concentrations, we also studied the effects of two
nutrients on CVD as well as on the serum levels of
IL-10. In this study, we found that the elderly
people with heart disease had a lower concentration
of serum Se (79.8 * 17.0 pg/l) compared to
apparently healthy control subjects (82.4 + 16.8 ug/1).
Although this difference was not statistically
significant, it can be concluded that in both groups
the dietary intake of Se was sufficient to protect
their heart against CHDs, if we suppose that the
requited serum Se concentration is 45 pg/l
according to an existing report.’” However, Flores-
Mateo et al.® and Sabino et al.? in their recently-
published reviews criticized about the protective
role of Se against heart diseases. Indeed, in the
present study, we found a positive correlation
between serum Se concentrations and serum TG,
LDIL-C, and TC levels but not with HDIL-C
concentrations. To our knowledge, there is no
direct evidence to interpret the correlation between
Se and hypetlipidemia, but there are some indirect
evidence supporting this hypothesis.30-33

25-hydroxy vitamin D was another nutrient that
we investigated its relationship to serum IL-10
levels. We found that subjects with detectable levels
of serum I1.-10 had also higher levels of vitamin D
in their sera (almost two folds) when compared to
subjects with undetectable levels of serum IL-10.
This  difference was statistically  significant
(amended) if we assume that the vitamin D
concentration vatiation is similar in both groups.
However, this difference disappeared due to the
existence of significant difference in vitamin D
distribution patterns between the two groups.
Indeed this study provided an equivocal evidence
for correlation between serum IL-10 and vitamin D
levels in elderly individuals.
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The most important limitation of this study was
the high variation in serum vitamin D levels in our
population. However, this variation can disappear if
the eldetly people receive the same regimen to
compensate their vitamin D deficiency. Such
strategy may cause much more I1.-10 production in
these individuals and subsequently result in CVD
prevention. There are some studies that support this
idea. Recently, Dimeloe et al. reported that the
active form of vitamin D [1,25 (OH) D3] can
induce 1L-10 production in CD4+ T-cells through
up-regulation of o-l-antitrypsin synthesis in these
lymphocytes.3* Kiani et al. also reported that
vitamin D significantly reduced the risk of CVD
events in people without MetS syndrome.?>

Collectively, the data generated by this study
indicate that independently of Se and lipid profile
but equivocally associated with serum vitamin D,
the old people with CVD had significant lower
levels of serum IL.-10 compared to old apparently
healthy subjects who had detectable levels of serum
IL-10. Moreover, there was no significant
association between serum IL-10 and prevalence of
MetS totally, whereas this cytokine was inversely
associated with obesity in old people.

Conclusion

Independent to IL-10, the prevalence of MetS was
higher in patients with CVD versus control group.
There was no significant difference between elderly
people with and without CVD in serum Se, vitamin
D, and redox state, while most of those people had
no detectable level of IL-10 in their blood
circulation. Thus, applying some strategies such as
weight loss and  probably  vitamin D
supplementation to improve the production of this
anti-atheroscelerogenic cytokine may have some
beneficial outcomes for those people.
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