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Summary

Objective: Low density lipoprotein (LDL) is a risk factor in the pathogenesis of atherosclerosis. Individuals
with particularly small and dense LDL are at greater risk. In this study, it was aimed to investigate the changes
in LDL size due to aging.

Material and Methods: A total of 187 adults (21-95 years) without any cardiovascular disease were enrolled in
the study. LDL size was determined using the modified Krauss and Burke model.

Results: The mean LDL size was found smaller in elderly adults (p<0.001). It was found that the mean LDL
size was statistically significantly smaller in the elderly males compared to the elderly females and young males
(for both, p<0.001). In addition, the mean LDL size was negatively correlated with age (r= -0.646; p<0.001). No
correlation was found between mean LDL size and other lipid parameters, such as cholesterol triglycerides
Conclusion: Findings of this study indicate that LDL size is smaller in elderly males compared to elderly
females and young males. The decrease in LDL size due to aging, especially in males, proves that male adults
are risky in terms of atherosclerosis.
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Ozet

Amag: Diisiik yogunluklu lipoprotein (LDL), ateroskleroz patogenezinde bir risk faktériidiir. Ozellikle kiiciik ve
yogun LDL'si olan bireyler daha fazla risk altindadir. Bu ¢alismada yaslanmaya bagli olarak LDL boyutundaki
degisikliklerin arastirilmasi amaglanmistir.

Gerec ve Yontem: Calismaya herhangi bir kardiyovaskiiler hastaligi olmayan toplam 187 yetiskin (21-95 yas)
alindi. LDL boyutu, modifiye Krauss ve Burke modeli kullanilarak belirlendi.

Bulgular: Ortalama LDL boyutu yash eriskinlerde daha kiiglik bulundu (p<0.001). Yash erkeklerde ortalama
LDL boyutunun yasl kadinlara ve geng erkeklere gore istatistiksel olarak anlamli derecede daha kiigiik oldugu
bulundu (her ikisi p<0.001). Ek olarak, ortalama LDL boyutu yasla negatif korelasyon gosterdi (r= -0.646;
p<0.001). Ortalama LDL boyutu ile kolesterol trigliseritleri gibi diger lipid parametreleri arasinda bir iliski
bulunmadi.

Sonu¢: Bu c¢aligmanin bulgulari, yasl erkeklerde LDL boyutunun yagh kadinlara ve geng erkeklere gore daha
kiigiik oldugunu gostermektedir. Ozellikle erkeklerde yaslanmaya bagli olarak LDL boyutunun azalmasi, erkek
eriskinlerin ateroskleroz agisindan riskli oldugunu kanitlamaktadir.

Anahtar Kelimeler: Yaslanma, ateroskleroz, lipoprotein boyutu, diisitk yogunluklu lipoprotein,
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Introduction quantity-that exerts a significant impact on
cardiovascular risk.

Low density lipoproteins (LDL) are the primary

cholesterol-carrying lipoproteins in plasma. The Apolipoprotein (apo) B, a 550-kD polypeptide
density of LDL ranges between 1,019-1,063 comprises over 95% of LDL mass. Elevated
g/mL and contains 50% cholesterol, 25% plasma LDL levels of LDL cholesterol and apo
protein, 20% phospholipid and 5% triglyceride. B have beer_1 associated with premature coronary
LDL particles also differ in size (1,2). Recent artery  disease  (CAD).  In  addition,

studies suggest that it is quality of LDL-not hypertriglyceridemia with increased levels of
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small-dense LDL is a characteristic feature of
diabetic dyslipidemia (3).

LDL particles are classified into two phenotypes:
the majority have a predominance of medium-to-
larger sized LDL (pattern A) and there is a
higher proportion of small-sized LDL (pattern B)
(3). Some studies have argued that these two
subclasses of LDL are inherited through a
dominant mode as a single gene trait (4), while
other studies have proposed that LDL subclasses
are significantly influenced by environmental
factors (5). The LDL pattern with a
predominance of small and dense particles has
been associated with the presence of myocardial
infarction (MI) and coronary artery disease
(CAD), but this relationship is not independent
of triglycerides (6). Studies have shown that
normocholesterolemic individuals with a high
concentration of small and dense LDL particles
are at increased risk for CAD. On the other hand,
it has been reported that small LDL particles are
harmful to vascular health because of the
increased propensity to oxidation (7). The
relationship between LDL size and diseases has
been investigated, including Type Il diabetes
mellitus (3), dyslipidemia in adolescents (8),
carotid atherosclerosis (9), obesity (10), kidney
and liver transplants (11), and familial combined
hyperlipidemia (12).

The world’s general population is aging due to
the decline in fertility and sustained decrease in
mortality. The transition from a young to an
elderly population has brought epidemiological
changes with continuing growth in the
prevalence of chronic diseases. Aging is
considered the greatest risk factor of
cardiovascular disease resulting from changes in
the lipid profile of the elderly (13). In addition,
gender-related differences in cardiovascular
disease suggest that LDL size may also vary
between the two sexes (14). However, age and
gender-related differences in LDL size are rare
in the literature (15). The objective of this study
was to investigate the differences in LDL size
due to aging.

Materials and Methods

Study Design and Patients

The study was initiated after the approval of
Ordu University Faculty of Medicine Clinical
Research Ethics Committee (11/03/2022; no:
2022-58). The study was conducted voluntarily,

all participants were informed about the
objectives of the study and gave signed informed
consent before the blood sample collection. This
study was conducted in accordance with the
1964 Declaration of Helsinki.

Blood samples were collected from adults who
applied to the Ordu University Faculty of
Medicine Clinical Research blood collection
center. A total of 187 adults aged 21-95 years,
who accepted to participate to the study and
underwent biochemical analysis were included in
the study. Adults who underwent biochemical
analysis during the study period were included.
Adults aged under 18 years, those with severe
coronary, renal, hepatic, inflammatory disease,
and those with missing data were excluded from
the study. Adults’ demographics such as age and
gender, weight, height, and body mass index,
LDL cholesterol, and triglyceride levels,
comorbidities (diabetes, asthma, osteoporosis,
heart failure, renal failure, rheumatism,
dementia, hypercholesterolemia, glaucoma,
coronary artery disease, cancer, hepatitis B,
thyroid disease, thalassemia, hypertension, and
others), status and amount of smoking, familial
history (hypertension, CVD, diabetes mellitus,
cirrhosis, thyroid disease, asthma, and others)
and drugs used (oral antibiotics, fosamax,
singulair, inhibace, and others) were recorded.
Adults were divided into two groups as the
adults aged <60 years and those aged > 60 years.
The adults were also divided into two groups
according to gender. Data of the adults used in
this study was obtained from the hospital
electronic information system and patient files
and were compared between the groups and
possible correlations were investigated.

Serum Lipid Analysis

Blood samples were collected after an overnight
fast and serum was prepared by low speed
centrifugation at 4 °C. Serum aliquots were
stored at -80 °C for LDL size measurement.
Serum cholesterol and triglyceride
concentrations were measured enzymatically by
the methods described by Dia-lyatron (Dia-
lyatron Co., Tokyo, Japan). The reference
intervals were taken as 3.62-5.69 mmol/l for
total cholesterol and 0.38-1.69 mmol/l for
triglycerides.

Determination of LDL Size
LDL size was determined using the modified
Krauss and Burke (7) model as described by
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Tsukamoto et al. (16). Briefly, 10 mL of
apoferritin (51 g of protein/l; Sigma, St.Louis,
USA) was added into a mixture of a 10-mL
serum sample, 40 ml of 310 g/L sucrose
containing 0.6 g¢g/L EDTA and 0.1 g/L
bromophenol blue (BPB), and the mixture was
kept in a freezer until analysis. Apoferritin and
thyroglobulin  (high-molecular-weight protein
standards kit for electrophoresis (HMW)
Pharmacia, Uppsala, Sweden) were used as the
standards. The standard 25.7 and 27.0 nm LDL
particles used in the analysis were estimated by
the method using negative staining in electron
microscopy (17). Electrophoresis was performed
at 48 °C with a 5-mL volume of specimen
applied to each gel line. The voltage was
adjusted to 20 V and 70 V for each 15 min and
finally at 125 V for 24 h using Tris (0.089
mol/l)-boric acid (0.089 mol/l)-Na2EDTA (0.003
mol/l) buffer with pH 8.3. The gels were then
removed and stained with 4 g/l Coomassie
brilliant blue (CBB@OR250; PAGE Blue 83;
Daiichi Pure Chemicals) for 4 h, and after de-
staining, the stained gels were scanned with an
imaging scanner equipped with a charge-coupled
device (CCD) sensor (Epson GT-7600S, Seiko-
Epson Co.Ltd., Nagano, Japan) and stored as
image files. For lipid staining, gradient gels were
also stained with 10 g/l Sudan black B (Daiichi
Pure Chemicals) in 600 g/l ethanol overnight and
de-stained with 100 g/l acetic acids more for 4 h
to restore the gel to its original length.

The stored electrophoresis images were
transferred to Paint Shop Pro-7j graphic software
(Jasc Software Inc., Tokyo, Japan) as a jpeg file
and printed out on a clear white sheet for colour
printing. Migration distances from the sample
well (starting point) to apoferritin (a) and from
the sample well to the apolipoprotein B
contained in LDL molecules (b) were measured
with Vernier callipers, and the relative migration
distance (b/a) was calculated. The diameter of
the LDL particles was estimated from the
calibration curve plotted from the relative
distances of the three calibrators, apoferritin,
thyroglobulin, and standard LDL.

Statistical Analysis

Data obtained were analysed using SPSS version
23 (SPSS, Statistical Package for Social
Sciences, IBM Inc., Armonk, NY, USD). The
normality of the data was tested with the
Kolmogorov-Smirnov method. The homogeneity
of variance was examined with Levene's test.

Non-normally distributed quantitative variables
are expressed as the median and interquartile
range (IQR), while categorical variables are
given as frequency (n, %). Normally distributed
numerical variables were compared between the
groups with independent t-test. Skewed variables
were compared with the Mann-Whitney U test.
Kruskal-Wallis test was used for the variance
analysis. The correlation between variables was
explored by using the Spearman’s correlation
analysis. All p values less than 0.05 were
considered statistically significant.

Results

A total of 187 adults who underwent
biochemical analysis were enrolled in the study.
Seventy-four (39.57%) were young and 113
(60.43%) were elderly adults. Out of the 187
adults, 120 (64.17%) were female and 67
(35.83%) were male. The mean age of all the
participants was 62.6+22.10 years. The mean age
in the elderly and young adults were 78.9+6.2
years and 37.6+6.2 years, respectively, while the
mean age in female adults and male adults were
63.2421.18 years and 61.5£23  years,
respectively (Table 1).

Sixty-six (35.29%) adults had known comorbid
diseases. The most common comorbidity was
heart failure followed by diabetes mellitus. There
was no statistically significant difference
between the groups in terms of the laboratory
values, including biochemical parameters and
complete blood count analysis. No correlation
was found between mean LDL size and other
lipid parameters, such as cholesterol
triglycerides. The mean LDL size, measured as
26.5+0.9 nm in the young adults and 24.9+1.1
nm in the elderly adults, was statistically
significantly smaller in the elderly adults
(p<0.001) (Figure 1). Moreover, it was
negatively correlated with age (r= -0.646;
p<0.001) (Figure 2).

The mean LDL size was also statistically
significantly smaller in elderly male adults
compared to elderly female adults (p=0.001)
(Table 2, Figure 3).

When median values were used to evaluate LDL,
statistically significant difference was found
according to gender (Table 3). A box plot chart
of LDL size according to age and gender is
shown in figure 4.
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Table 1. Age distribution of the adults

Gender Mean + SD
Young 37,5+6,4
Female Elderly 78,6+ 6,2
Total 63,2+21,8
Young 37,8+12,9
Male Elderly 79,6 £6
Total 61,5+23
Young 37,6 +12,3
Total Elderly 78,9 +£6,2
Total 62,6 + 22,2

Median (min-max.)
37 (21 - 63)
79 (66 - 95)
73 (21-95)
34 (21 - 64)
80 (66 - 94)
73 (21 -94)
34 (21 - 64)
79 (66 - 95)
73 (21-95)

Figure 1. Bar chart and box-plot of mean LDL size according to age groups
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Table 2. Comparison of elderly male and female adults in terms of LDL size

Elderly female Elderly male Test stat p

LDL Size (hm) 252+ 1 245+ 1.1 3.277 0.001

Figure 3. Box-plot of LDL size according to gender in elderly adults
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Table 3. Comparison of LDL size between age group and gender

Elderly Elderly male Young female Young male t pt
female (n=75) (n=38) (n=45) (n=29)
'S-i[Z);- 253 (22277  24.4(22268)°  26.7 (245-28.3)° 264 (23.1-27.7)° 88393  <0.001

ab-c . No statistically significant difference between the values with the same letters *Kruskal Wallis

Figure 4. Box-plot chart of LDL size according to age and gender
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Chronic disease groups according to LDL elderly size were given in figure 5.

Figure 5. LDL elderly size chronic disease groups
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Discussion

The objective of this study was to investigate the
differences in LDL size due to ageing. In the
study, mean LDL size between young and
elderly adults was compared. LDL particles are
heterogeneous in terms of size, density
composition and physicochemical
characteristics. It was found that LDL size was
significantly smaller in elderly adults compared
to young adults and in males compared to
females.

Although several studies in the literature have
associated LDL size with the development of
atherosclerosis (7,18), some studies, however, do
not confirm the independence of the association
(9). This association may be explained by the
atherogenicity of small dense LDL because of
susceptibility to oxidation (8). Various reasons
have been suggested for the atherogenicity of
small dense LDL. One reason is that smaller,
denser LDL particles are taken up more easily by
arterial tissue than larger particles (19). In
addition, smaller LDL particles may also reduce
receptor-mediated  uptake and increased
proteoglycan binding (20). It has likewise been
reported that small LDL is strongly associated
with increased triglyceride and reduced HDL
cholesterol as well as other traits of metabolic

syndrome (21). Individuals with predominantly
smaller LDL particles (pattern B) are at a higher
risk of developing CVD than do those with
predominantly larger LDL particles (pattern A)
(22). Larger LDL sizes have been reported in the
offspring of long-lived individuals than in age-
and lifestyle-matched control subjects (23).

Ageing is related to numerous physicochemical
alterations in the body, including lipid profile.
The ageing process is considered the most
important risk factor of developing CVD because
of the changes in the lipid profile of the elderly
(24). 1t was thought that a better understanding
of the differences in LDL size in the elderly and
between genders could contribute to the
management of CVD. However, little is known
about LDL size in the elderly, and the number of
such studies is quite limited, which in turn limits
an exact comparison of the results between the
studies. These shortcomings make the current
study more important.

In this study, the mean LDL size was larger in
young adults than in elderly adults. In addition, a
smaller LDL size was found in elderly male adults,
followed by elderly female young males, and then
young female adults. Therefore, it was concluded
that LDL size is smaller in elderly
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adults compared to the young ones and in male
adults compared to female ones.

Several studies in the literature have investigated
LDL size in the elderly but with various aspects.
For instance, Mykkénen et al. evaluated LDL
size as a predictor of CVD in elderly males and
females. After controlling for diabetes status in
elderly males and females, they reported that
LDL size was not a predictor of CVD (25). But
the authors did not compare LDL size between
sexes. In another study, Greene et al.
investigated plasma LDL and HDL
characteristics following a dietary intake of eggs
and cholesterol-free egg substitute in the elderly
population. They reported LDL size as
21.77+0.95 nm with eggs and 21.48+0.95 nm
with egg substitute without significant difference
between them. However, the diet effect in
increasing LDL size was depicted in all
participants (26). Studies have reported smaller
LDL sizes in males compared to females (7,27).
Lemieux et al. investigated LDL size in middle-
aged and young males and found no significant
difference in their mean LDL size: 25.2 in the
young males (n=38) and 25.2 in middle-aged
males (n=40) (28).

LDL size may also differ between various
metabolic diseases, such as hypertension,
diabetes mellitus and comorbid situations,
including smoking, alcohol abuse and obesity.
As we could not analyse our findings in this
term, we did not look at a comparison with a few
studies in the literature addressing these
disorders and conditions separately because it
was not the primary objective of this study.
However, the lack of studies on LDL size
between elderly and young people and male and
female adults made it impossible to compare our
findings. There is an urgent need for such
studies, especially to determine cut-off value,
sensitivity and specificity values for LDL size in
the prediction of CVD.

Study Limitations

The major limitations of this study include its
single-centre design and relatively low number
of adults for such a study. Therefore, results
cannot be generalised to the general population.
Finally, LDL size based on the presence of
various comorbidities was not investigated.
Nonetheless, considering the lack of such studies
in the literature, findings will be guiding for
future studies to be performed on this issue.

Conclusion

Findings of the study indicate that LDL size is
smaller in elderly males compared to elderly
females and young males. These results may be
useful in determining therapeutic strategies that
target decreasing the proportion of smaller,
denser LDL particles in various age groups and
between sexes. However, further multicentre,
randomised controlled studies that investigate
LDL size in comorbidities are warranted.
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