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Abstract: Age-related immune deficiencies increase the risk of comorbidities and mortality. This
study evaluated immunosenescence patterns by flow cytometry of naïve and memory T cell subpop-
ulations and the immune risk profile (IRP), expressed as the CD4/CD8 ratio and IgG CMV related to
comorbidities. The disproportions in naïve and memory T cells, as well as in the CD4/CD8 ratio, were
analysed in 99 elderly individuals (71.9 ± 5.8 years) diagnosed with hypertension (n = 51) or without
hypertension (n = 48), using an eight-parameter flow cytometer. The percentage of CD4+ T lym-
phocytes was significantly higher in hypertensive than other individuals independently from CMV
infections, with approximately 34% having CD4/CD8 > 2.5, and only 4% of the elderly with hyper-
tension having CD4/CD8 < 1. The elderly with a normal BMI demonstrated the CD4/CD8 ratio ≥ 1
or ≤ 2.5, while overweight and obese participants showed a tendency to an inverted CD4/CD8
ratio. CD4/CD8 ratio increased gradually with age and reached the highest values in participants
aged >75 years. The decline in CD4+ naïve T lymphocytes was more prominent in IgG CMV+ men
when compared to IgG CMV+ women. The changes in naïve and memory T lymphocyte population,
CD4/CD8, and CMV seropositivity included in IRP are important markers of health status in the
elderly that are dependent on hypertension.

Keywords: hypertension; immune risk profile; elderly; prevention of cardiovascular disease

1. Introduction

Age-related changes in the immune system have been studied extensively over the
past years, however, differences between immune cells in the young and the elderly are not
yet entirely clear [1]. Loss of lymphoid tissue and impairment of the immune system are
observed with age. These changes are commonly referred to as immunosenescence, and
are associated with the increased susceptibility to a number of diseases, including cardio-
vascular and autoimmune diseases, as well as an impaired response to vaccination [2]. One
of the most important age-related changes in the adaptive immune system is the involution
of the thymus, the sole organ responsible for the production of T lymphocytes [3]. During
the aging process, the population of T lymphocytes expressed as CD45RA+ decreases while
the population of CD45RO+ T lymphocytes intensively proliferates, thereby reversing the
lymphocyte balance in naïve and memory T lymphocytes [4,5]. Different mechanisms of in-
nate and acquired immunity in genders correspond to different responses to both new and
self-antigens in men and women. Immunologically, immunosenescence and inflammaging
appear to be more profound in older males when compared to females [6]. Androgens
polarize naïve CD4+ T lymphocytes towards the Th1 subset, contrary to estrogens that
stimulate the Th2 response and activate the production of antibodies [7]. A decrease in the
levels of androgens and estrogens contributes to thymic involution, reducing the number of
naïve T lymphocytes [8]. Many studies related to immunosenescence have been conducted
in the last decade, and three prospective studies have assessed the immune risk profile
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(IRP) in the elderly, defined by the CD4/CD8 ratio. The CD4/CD8 ratio was found to
increase with age in OCTO/NONA surviving participants over 100 years of age [9]. On the
other hand, the analysis by Vasson et al. [10] showed a decreasing trend of the CD4/CD8
with age in Spanish and French populations. Guzik et al. [11] discovered for the first time
that T-lymphocytes are an important determinant of hypertension and were among the
first to emphasize that hypertension is an immunological disease. An adaptive response
of CD4+ T cells has been implicated in hypertension and its complications, including
atherosclerosis-based cardiovascular diseases. Moreover, according to Avinas et al. [12], by
simply detecting the total numbers of peripheral CD4+ T and CD8+ T cells and their ratio
the development and progression of hypertension and heart failure could be predicted.
Therefore, this study was designed to evaluate the effect of common comorbidities in older
age, including hypertension, on changes in the T cell subpopulation and to determine the
direction of changes in CD4/CD8 ratio and CMV infections in the Polish population in
those over 60 years of age.

2. Materials and Methods
2.1. Participants

The study included one hundred and twenty seniors from the University of the
Third Age (U3A), which is a teaching institution for retired individuals whose main goal
is to improve the quality of life of the elderly. The organization encourages seniors to
participate in various activities and programs such as art classes, computer and graphic
arts courses, or dance and theatre. The participants’ current health status was assessed
using a health questionnaire [13]. The inclusion criteria were as follows: an informed
consent signed by all the participants, 60–90 years of age to be classified as an older
group, their mobility, no hospitalisation during the previous 6 months before the study,
and the same access to medical care. We based classification on medical records and the
medical interview performed by the physician who was engaged in the study, and classified
participants into a given group (hypertension and control). On the basis of the medical
history, the study excluded elderly individuals with neurological disorders, acute infectious
and oncologic diseases, or those with an implanted cardiac pacemaker (body composition
analysis could not be performed). Due to hospitalization, serious injuries, or a cold, twenty-
three participants withdrew from further participation in the study. Eventually, ninety-nine
seniors aged 60–90 years (females n = 83, males n = 16) were qualified for the study. The
older group included 51 persons with hypertension and controls with other diseases,
including 32 persons with thyroid diseases only, 9 only with rheumatoid arthritis, and 7
with type 2 diabetes (Figure 1). According to the WHO protocol, the elderly participants
were divided into two categories: the youngest-old: aged 60–74 years (n = 63) and the
middle-old/oldest-old: aged 75–90 years (n = 36) [14,15]. The Bioethics Commission at the
Regional Medical Chamber Zielona Gora, Poland approved the study (No. 21/103/2018)
in accordance with the Helsinki Declaration. Signing an informed consent for participation
in the study by each participant was also a prerequisite for their inclusion.

2.2. Body Composition

Body composition analysis, including the assessment of fat free mass (FFM) and fat
mass (FM), were performed using the bioelectrical impedance method with the Tanita Body
Composition MC-980 analyzer (Tanita, Tokyo, Japan) calibrated prior to each test session,
in accordance with the manufacturer’s guidelines. Measurements were taken for each
individual twice in a standing position between 7:00 and 9:00 am before their first meal.
The participants were measured before blood sampling, after a night of rest, and with an
empty bladder. The participants were instructed not to exercise vigorously for 12 h prior
to the analysis, as the time was needed for the purpose of recovery. The repeatability of
the measurements was 98%. We followed the methods of Tylutka et al. [16]. According to
the guidelines of Vanallie et al. [17], the ratio of fat free mass index (FFMI) and fat mass
was calculated, where FFMI = FFM (kg)/height (m2) and FMI = FM (kg)/height (m2). The
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sum of FFMI and FMI gives the body mass indices (BMI). On the basis of the obtained
BMI values and following WHO guidelines, a normal body weight was determined where
BMI ranged from 18.5 to 24.9 kg/m2, overweight meant that the values ranged from 25 to
29.9 kg/m2, and obesity the values reached ≥30 kg/m2.J. Clin. Med. 2022, 11, x FOR PEER REVIEW 3 of 17 
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Figure 1. Schematic illustration of the participants’ selection according to age-related diseases.

2.3. Blood Sampling

Fasting blood samples were collected from the median cubital vein in the morning
between 8.00 and 10.00 using S-Monovette tubes (Sarsted AG & Co. KG, Nümbrecht,
Germany). All the blood samples were placed into specimen tubes containing EDTA-K2
(dedicated to morphology and flow cytometry) and were immediately analysed. For the
other biochemical analyses, blood samples were allowed to clot (approximately 45 min)
and then centrifuged at 3000 rpm for 10 min. Aliquots of serum were stored in a refrigerator
at −80 ◦C.

2.4. Flow Cytometry Analysis

The CyLyse kit from Sysmex (Sysmex Europe Gmbh, Norderstedt, Germany) was used
for flow cytometry analysis with the eight-parameter CyFlow Space Sorter flow cytometer
by SysmexPartec (Sysmex Europe Gmbh, Norderstedt, Germany). A mix of monoclonal
antibodies conjugated with fluorochromes (CD8 APC, CD4 FITC, CD45 RA Pacific Blue™,
CD45RO PE) was added to 100 µL of the donated blood and incubated in the dark at
room temperature for 15 min. Then, 100 µL of Leukocyte Fixation Reagent A was added
and incubated again in the dark for 10 min. After the last incubation, 2.5 mL Erythrocyte
Lysing Reagent B was added, mixed, and incubated in the dark for 20 min. After this time,
the measurements were made. We followed the methods by Tylutka et al. [16]. T helper
lymphocytes CD4+ and cytotoxic lymphocytes CD8+ are expressed as a percent of gated
lymphocytes. Memory and naïve subpopulations were gated by positive surface staining
for CD45RO and CD45RA, respectively. The strategy of gated lymphocytes T is shown in
Figure 2. The ratios of CD4CD45RA/CD4CD45RO and CD8CD45RA/CD8CD45RO were
calculated according to Hang et al. [18]. The reference values for CD4/CD8 ratio were
adopted from McBride and Striker [19] and Strindhall et al. [9]. The ratios ≥1 or ≤2.5 are
generally considered normal, nevertheless there is quite a lot of variability due to past or
present infections, age, genetics, ethnicity, and environmental exposure. The CD4/CD8
ratio < 1 and > 2.5 is regarded as an immune risk phenotype and can be associated with
immunosenescence and chronic inflammatory diseases [9].
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2.5. Cytomegalovirus (CMV) IgG

The analysis of IgG CMV antibodies was performed by means of the enzyme im-
munoassay test from DRG International (Springfield Township, Cinninnati, OH, USA). The
reference values of CMV-seronegativity (IgG CMV−) were set at <9 DU/mL and CMV−
seropositivity (IgG CMV+) at >11 DU/mL. The intra-assay CV for the CMV kit was 7.75%
and inter-assay CV was 11.45%. We followed the methods of Tylutka et al. [16].

2.6. Haematological Variables

Peripheral blood morphology was assessed using 3 diff BM HEM3 Biomaxima (Lublin,
Poland). The following variables were determined: leukocytes, granulocytes (GRA%),
lymphocytes (LYM%), red blood cell count (RBC), haemoglobin (HB), haematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscu-
lar haemoglobin concentration (MCHC), and platelets (PLT). We followed the methods of
Tylutka et al. [16].

2.7. Biochemical Variables

Using the BM200 Biomaxima analyser (Poland), the determination of total choles-
terol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and triglyc-
erides (TG) was performed. Non-HDL was calculated according to the following formula:
non-HDL = TC-HDL. Oxidised low-density lipoprotein (oxLDL) was determined by using
ELISA kits from SunRed Biotechnology Company (Shanghai, China) with a detection limit
at 3.03 mg/dL. C-reactive protein (CRP) was determined in duplicate with the DRG Interna-
tional (Springfield Township, Cinninnati, OH, USA) highly sensitive enzyme immunoassay
test with the detection limit of 0.001 mg/L. The intra-assay coefficient of variation (intra-
assay CV) for the CRP ELISA kit was 4.44%, and the inter-assay coefficient of variation
(inter-assay CV) was 3.28%. The serum glucose was determined using the DP 310 Vario II
mobile spectrophotometer (Berlin, Germany). We followed the methods of Tylutka et al. [16].

2.8. Statistical Analysis

All the analyses were performed by using the RStudio, version 1.4.1103 [20]. The nor-
mality of the distributions was evaluated using the Shapiro-Wilk test to verify assumptions
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for the use of parametric and non-parametric tests. The measurements in groups were com-
pared by the one-way ANOVA or the Kruskal-Wallis non-parametric test (if the normality
assumption was violated). The analysis of covariance (ANCOVA) was used in classification
of body composition and gender that might influence the concentration of T lymphocyte
phenotypes in individuals with diseases. Additionally, eta-squared for ANOVA (η2) was
used as a measure of the effect size, which is indicated as having no effect if 0 ≤ η2 < 0.01, a
minimum effect if 0.01 ≤ η2 < 0.06, a moderate effect if 0.06 ≤ η2 < 0.14, and a strong effect
if η2 ≥ 0.14 [21,22]. The effect size for the Kruskal-Wallis test as the eta-squared (η2) was
calculated based on the function in Rstudio: Kruskal effsize and = 0.01–0.06 was a small
effect, 0.061–0.14 was a moderate effect, and >0.14 was a large effect [23]. Spearman’s rank
correlation (rs Spearman rank correlation coefficient) was used to investigate the relation-
ships between biochemical variables and immune cells. Statistical significance was set at
p < 0.05. The results are expressed as mean and standard deviation (Mean ± SD) and as a
median (Me).

3. Results
3.1. Body Composition

The body mass index (BMI) ranged from 19.00 to 36.6 kg/m2. Approximately 31.3%
of the study seniors had normal body mass (18.5–24.9 kg/m2), 49.5% were classified as
overweight (25–29.9 kg/m2), and 19.2% as obese (≥30 kg/m2). (Tables 1 and 2). More
than 60% of elderly men and 35% women had FM% higher than the references value. In
participants diagnosed with hypertension, more than 50% had higher value of FM%, which
can emphasize the role of adipose tissue in the development of hypertension and metabolic
syndrome. There was no correlation between FM% and biochemical variables.

Table 1. Anthropometrics and body composition.

Hypertension
n = 51

Control
n = 48

Hypertension
vs. Control

p-Value

η2

Mean ± SD (Me) Mean ± SD (Me)

Age (years) 72.3 ± 5.9 (72.0) 70.2 ±5.5 (70.0) 0.152 0.010

Weight (kg) 72.3 ± 10.6 (70.1) 67.1± 9.7 (68.0) 0.014 0.061

Height (cm) 162.1 ± 6.9 (162.1) 159.4 ± 4.9 (159.0) 0.038 0.034

BMI (kg/m2) 27.6 ±3.6 (27.1) 26.4 ± 3.4 (25.8)

0.090 0.019
BMI 18.5–24.9 kg/m2 (%) 24.0 38.8
BMI 25–29.9 kg/m2 (%) 56.0 42.8

BMI ≥ 30 kg/m2 (%) 20.0 18.4

MM (kg) 44.7 ± 7.8 (4264) 42.2 ± 6.0 (40.9) 0.083 0.034

FFM (kg) 47.5 ± 8.1 (45.4) 44.2 ± 6.2 (43.5) 0.035 0.035

FFMI (kg/m2) 18.0 ± 2.3 (17.6) 17.4 ± 1.9 (16.9) 0.118 0.015

FM (kg) 24.8 ± 5.6 (24.7) 22.9 ± 5.8 (22.8) 0.089 0.029

FM% 34.3 ± 5.6 (35.3) 33.8 ± 5.2 (34.4) 0.099 0.028

FMI (kg/m2) 9.5 ± 2.4 (9.5) 9.0 ± 2.3 (8.8) 0.263 0.007

SBP (mmHg) 150.9 ± 18.5
(149.5)

142.1 ± 18.6
(144.0) 0.022 0.054

DBP (mmHg) 81.2 ± 11.9 (82.0) 82.6 ± 15.8 (78.0) 0.945 0.010
Abbreviations: BMI body mass index, MM muscle mass, FFM fat-free mass, FFMI fat-free mass index, FM fat
mass, FMI fat mass index. SBP systolic blood pressure DBP diastolic blood pressure. The measurements in groups
were compared by the one-way ANOVA or the Kruskal-Wallis non-parametric test (if the normality assumption is
violated), η2 is a measure of effect size, SD standard deviation, Me median.
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Table 2. Anthropometrics and body composition differences between 60–74 years and 75–90 years as
well as between women and men.

60–74 Years
n = 63

75–90 Years
n = 36

60–74 Years
vs. 75–90 Years

p-Value

Females
n = 83

Males
n = 16

Females
vs. Males
p-ValueMean ± SD (Me) Mean ± SD (Me) Mean ± SD (Me) Mean ± SD (Me)

Age (years) 67.9 ± 3.5 (68.0) 77.7 ±3.5 (76.5) 0.001 70.8 ± 5.8 (70.0) 73.6 ± 5.5 (72.0) 0.087

Weight (kg) 70.1 ± 9.7 (68.7) 69.1± 12.1 (68.5) 0.100 68.6 ± 9.5 (68.1) 75.9 ± 13.4 (74.5) 0.009

Height (cm) 161.5 ± 5.9
(161.0)

159.4 ± 6.4
(159.0) 0.642 159.5 ± 4.9

(159.0)
167.3 ± 7.7

(169.5) 0.001

BMI (kg/m2) 26.9 ± 3.1 (26.7) 27.3 ± 4.3 (26.7) 0.754 27.0 ± 3.6 (26.7) 27.2 ± 3.6 (26.6) 0.665

MM (kg) 43.8 ± 6.9 (42.2) 33.9 ± 5.5 (34.7) 0.319 41.0 ± 3.7 (41.0) 57.6 ± 4.5 (56.0) 0.001

FFM (kg) 46.3 ± 7.5 (44.5) 45.1 ± 7.4 (44.1) 0.546 44.2 ± 5.1 (44.3) 54.6 ± 11.2 (57.9) 0.001

FFMI
(kg/m2) 17.2 ± 2.0 (17.2) 17.7 ± 2.4 (17.4) 0.785 17.4 ± 1.8 (17.1) 19.4 ± 3.0 (20.2) 0.004

FM (kg) 23.8 ± 5.4 (23.3) 24.0 ± 6.7 (22.6) 0.870 24.4 ± 5.6 (23.4) 21.3 ± 6.3 (20.0) 0.055

FM% 33.9 ± 5.5 (34.7) 34.3 ± 5.3 (35.0) 0.683 35.2 ± 4.2 (35.1) 28.2 ± 7.2 (27.7) 0.001

FMI (kg/m2) 9.2 ± 2.2 (9.2) 9.5 ± 2.7 (9.4) 0.525 9.6 ± 2.2 (9.4) 7.7 ± 2.5 (7.0) 0.003

SBP (mmHg) 143.2 ± 18.7
(143.5)

153.2 ± 17.9
(151.0) 0.013 146.3 ± 18.7

(147.0)
148.3 ± 20.8

(147.0) 0.713

DBP (mmHg) 82.6 ± 14.8 (78.5) 80.8 ± 10.7 (82.0) 0.816 81.7 ± 13.7 (79.0) 83.7 ± 12.5 (83.0) 0.500

Abbreviations: BMI body mass index, MM muscle mass, FFM fat-free mass, FFMI fat-free mass index, FM fat
mass, FMI fat mass index. SBP systolic blood pressure DBP diastolic blood pressure. The measurements in groups
were compared by the one-way ANOVA or the Kruskal-Wallis non-parametric test (if the normality assumption is
violated), SD standard deviation, Me median.

3.2. Flow Cytometry Analysis

Statistically significant differences were observed in the percentage of CD4+ T lympho-
cytes only in the individuals diagnosed with hypertension when compared to the controls.
A higher percentage of CD4+ memory T lymphocytes was also identified but the difference
was statistically insignificant There were no statistically significant differences in CD8+ T
lymphocytes, nor were they detected in CD4+ naïve, CD8+ naïve, and CD8+ memory T
lymphocytes in patients diagnosed with hypertension. There were no differences in the
CD4/CD8 ratio between hypertensive and control participants. The 61% elderly individu-
als with hypertension demonstrated the CD4/CD8 ratio within the reference range (≥1 or
≤2.5) and only 4% had a CD4/CD8 ratio of <1. However, 34% of hypertensive individuals
had a CD4/CD8 ratio > 2.5 when compared to patients without hypertension, where 28%
had CD4/CD8 > 2.5 (Table 3). The percentage of CD4+ T lymphocytes in hypertensive
patients was also observed to depend on anthropometric parameters (BMI, FM and FMI)
and gender (Figure 3). Interestingly, men with hypertension showed a similar number of
CD4+ lymphocytes to the percentage recorder in women who had not been diagnosed with
hypertension.
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Table 3. Distribution of T lymphocytes in patients diagnosed with hypertension when compared
to controls.

T Lymphocytes Hypertension
n = 51

Control
n = 48

Hypertension
vs. Control

p-Value

η2

(%) Mean ± SD (Me) Mean ± SD (Me)

CD4+ 39.4 ± 10.7 (40.2) 34.3 ± 11.7 (36.4) 0.041 0.033

CD8+ 19.9 ± 6.5 (18.4) 19.2 ± 9.3 (18.9) 0.446 0.004

CD4CD45RA+ 6.3 ± 4.1 (5.3) 5.7 ± 4.5 (4.1) 0.245 0.003

CD4CD45RO+ 22.7 ± 7.3 (22.7) 20.4 ± 8.2 (19.3) 0.086 0.020

CD8CD45RA+ 9.4 ± 5.0 (8.6) 10.3 ± 6.7 (8.7) 0.897 0.010

CD8CD45RO+ 8.9 ± 5.1 (7.5) 8.8 ± 6.4 (6.5) 0.456 0.005

CD4/CD8 2.2 ± 0.9 (2.0) 2.1 ± 0.9 (2.1)

0.766 0.009
<1 4.0 12.2

≥1 or ≤2.5 62.0 59.2
>2.5 34.0 28.6

CD4CD45RA/CD4CD45RO 0.3 ± 0.3 (0.2) 0.3 ± 0.2 (0.2) 0.698 0.009

CD8CD45RA/CD8CD45RO 1.4 ± 1.1 (1.1) 1.5 ± 1.1 (1.2) 0.437 0.004
The measurements in groups were compared by the one-way ANOVA or the Kruskal-Wallis non-parametric test
(if the normality assumption is violated). η2 is a measure of effect size, SD standard deviation, Me median.
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CD4+ and CD8+ T lymphocytes were analysed within naïve and memory subpopu-
lations in youngest-old vs. middle-old and oldest-old age categories (Figure 4). The data
showed statistically significant differences in the CD8+ T lymphocytes (Figure 4B). The
percentage of CD8+ naïve T lymphocytes population (Figure 4E) and CD8+ memory T
lymphocytes were significantly higher in the youngest-old when compared to oldest-old
participants (Figure 4F). The CD4/CD8 ratio was found to be significantly higher in the 75–
90 years age group (Figure 4G). There were no statistically significant differences in CD4+

(Figure 4A), CD4+ naïve (Figure 4C) and CD4+ memory (Figure 4D) T lymphocytes popula-
tions, as well as CD4/CD45RA/CD4CD45RO (Figure 4H) and CD8CD45RA/CD8CD45RO
ratios (Figure 4I) between youngest-old vs. middle-old/oldest-old groups. An CD4/CD8
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ratio < 1 was observed only in 13% of the participants aged 60–74 years. The ratio CD4/CD8
≥ 1 or ≤ 2.5 was noted only in 33% of the participants aged 75–90 years and in 76% of the
elderly falling within 60–74 years range. A ratio of CD4/CD8 > 2.5 was found in 67% of
the individuals aged 75–90 years and in 11% of the participants aged 60–74 years. In the
elderly aged 60–74 years with a normal BMI, the CD4/CD8 ratio < 1 was recorded in only
11% of the individuals. Most of our elderly participants aged 75–90 years with normal BMI
demonstrated CD4/CD8 ≥ 1 or ≤ 2.5, while in the overweight and obese participants, the
CD4/CD8 ratio within the reference range was detected in 19% and 37%, respectively. The
elderly individuals (79%) aged 60–74 years with a normal BMI demonstrated the CD4/CD8
ratio within the reference range (≥1 or ≤2.5) and only 10% had the CD4/CD8 ratio > 2.5.
Contrastingly, the overweight and obese individuals aged 60–74 years demonstrated the
CD4/CD8 ratio < 1 at the level of 9% and 27%, respectively.
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CD4+ and CD8+ T lymphocytes were also analysed within naïve and memory subpop-
ulations between older men and women (Figure 5). A statistically significant difference was
observed between older women and older men in the CD4+ naïve (Figure 5C) population
of T lymphocytes, as well as in CD4CD45RA/CD4CD45RO (Figure 5H). The CD4/CD8
ratio tended to reach high levels in women but the values were not statistically significant
(Figure 5G). The CD4/CD8 ratio < 1 was observed in 25% of men. The ratio CD4/CD8 ≥ 1
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or ≤ 2.5 was recorded in 63% women and 40% men and CD4/CD8 > 2.5 was found in 32%
women and 25% men.J. Clin. Med. 2022, 11, x FOR PEER REVIEW 10 of 17 
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3.3. CMV IgG Status and Immune Cells

The IgG CMV+ elderly participants diagnosed with hypertension manifested higher
values of CD4+ when compared to the IgG CMV+ controls, which can suggest that higher
values of CD4+ are not independent of CMV infection. (Figure 6). Ig CMV+ seniors aged
60–74 (89%) showed statistically significantly higher values of CD8+ when compared to
IgG CMV+ seniors aged 75–90 (86%) (Figure 7A). CD8+ naïve T lymphocytes cells were
significantly higher in IgG CMV+ 60–74 group when compared to 75–90 IgG CMV+ elderly
(Figure 7B) Higher values of CD4/CD8 ratio in IgG CMV+ 75–90 years old seniors were
also noted (Figure 7C). In elderly groups, the majority of women were IgG CMV+ (90%),
while seropositivity of CMV was diagnosed in 75% of men. Interestingly, statistically
significant differences were found between IgG CMV+ men and IgG CMV+ women in
CD4+ naïve T lymphocytes cells, as well as in CD4CD45RA/CD4CD45RO, which suggests
a relationship between the seropositivity of CMV and gender (Figure 7D,E). Statistically
significant differences were identified between CD4+ naïve T lymphocytes in IgG CMV+
and IgG CMV− men (Figure 6). The value η2 indicated a large effect of age and CMV
infection on the result of the CD8+, as well as CD4/CD8, and also a large effect of sex and
CMV infection on the result of CD4+ naïve T lymphocytes.
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Figure 7. Distribution of T lymphocytes phenotypes in relation to CMV serostatus. Differences be-
tween 60–74 years of age (n = 56) vs. 75–90 years of age (n = 31) (A–C), older women (n = 75) vs. older
men (n = 12) (D,E), older men IgG CMV− (n = 4) vs. older men IgG CMV+ (n = 12) (F). Abbreviations:
CMV+ cytomegalovirus positive, CMV− cytomegalovirus negative. The measurements in groups
were compared by the one-way ANOVA or the Kruskal-Wallis non-parametric test (if the normality
assumption is violated), η2 is a measure of effect size, SD standard deviation, Me median.

3.4. Haematological Variables

The white blood cells count, as well as the parameters of the red blood cells, such
as RBC, HB and HCT, MCV, MCH, and MCHC, were in the range of referential values
in all participants (Table 4). The platelet count was higher in patients diagnosed with
hypertension when compared to the control group, however the references were not
statistically significant.
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Table 4. Haematological variables (mean ± SD).

Reference
Values

Hypertension
n = 51

Control
n = 48

Hypertension
vs. Control

p-Value

η2

Mean ± SD (Me) Mean ± SD (Me)

Leukocytes (103/µL) 5.0–11.6 6.9 ± 2.0 (6.6) 6.2 ± 1.5 (6.1) 0.081 0.021

Lymphocytes (103/µL) 1.3–4.0 2.2 ± 0.7 (2.2) 2.2 ± 0.7 (2.1) 0.351 0.001

Granulocytes (103/µL) 2.4–7.6 4.2 ± 1.6 (3.9) 3.6 ± 1.2 (3.5) 0.124 0.014

LYM% 19.1–48.5 33.3 ± 9.0 (33.2) 35.2 ± 9.0 (35.0) 0.303 0.002

GRA% 43.6–73.4 59.3 ± 9.5 (58.7) 56.4 ± 10.1 (56.6) 0.153 0.014

RBC (103/µL)
F 4.0–5.5
M 4.5–6.6 4.8 ± 0.3 (4.8) 4.8 ± 0.3 (4.8) 0.916 0.000

HB (g/dL) F 12.5–16.0
M 13.5–18.0 13.8 ± 0.7 (13.7) 13.9 ± 0.8 (13.9) 0.439 0.006

HCT (%) F 37–47
M 40.0–51.0 39.4 ± 2.3 (39.1) 39.8 ± 2.4 (39.5) 0.470 0.005

MCV (fL) F 80–95
M 80–97 81.6 ± 2.5 (82.0) 82.3 ± 3.5 (82.0) 0.346 0.001

MCH (pg) F 27.0–32.0
M 26.0–32.0 28.6 ± 1.0 (28.5) 28.8 ± 1.4 28.7) 0.412 0.007

MCHC (g/dL) F 32.0–36.0
M 31.0–36.0 35.0 ± 0.8 (35.2) 35.0 ± 0.7 (35.0) 0.604 0.007

PLT (103/µL) 150–400 265.9 ± 57.4 (257.5) 236.8 ± 65.1(247.0) 0.293 0.001

Abbreviations: LYM lymphocytes, GRA granulocytes, RBC red blood cells, HB haemoglobin, HCT haematocrit,
MCV mean corpuscular volume, MCH mean cells haemoglobin, MCHC mean corpuscular/haemoglobin concen-
tration, PLT platelets, F female, M male. The measurements in groups were compared by the one-way ANOVA or
the Kruskal-Wallis non-parametric test (if the normality assumption is violated), η2 is a measure of effect size,
SD standard deviation, Me median.

3.5. Biochemical Variables

Lipoproteins and glucose have been proven to be the strongest biomarkers of aging.
High levels of TC > 200 mg/dL, LDL > 130 mg/dL and non-HDL > 130 mg/dL were found
in approximately 60% of elderly diagnosed with hypertension and in 50% of the control
group. However, the lipoprotein–lipid profile, including oxLDL, and glucose did not differ
between hypertension and controls (Table 5). In our study, CRP concentrations were found
at higher values only in n = 4 elderly individuals. There were no statistically significant
differences in the CRP concentrations between both groups. However, η2 analysis showed
no immune aging nor disease effect.

Table 5. Biochemical variables (mean ± SD).

Reference
Values

Hypertension
n = 51

Control
n = 48

Hypertension
vs. Control

p-Value

η2

Mean ± SD (Me) Mean ± SD (Me)

Glucose (mg/dL) 60–115 96.6 ± 13.7 (93.0) 95.4 ± 13.5 (92.8) 0.592 0.007

TC (mg/dL) <200 237.6 ± 56.3 (234.0) 250.4 ± 50.1 (245.0) 0.240 0.014

TG (mg/dL) <150 120.3 ± 51.5 (115.8) 124.5 ± 65.1 (119.5) 0.933 0.010

HDL (mg/dL) desirable >60 80.1 ± 15.8 (80.1) 79.3 ± 12.0 (81.0) 0.980 0.010

LDL (mg/dL) <130 129.7 ± 49.8 (125.3) 140.1 ± 41.7 (136.8) 0.267 0.013
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Table 5. Cont.

Reference
Values

Hypertension
n = 51

Control
n = 48

Hypertension
vs. Control

p-Value

η2

Mean ± SD (Me) Mean ± SD (Me)

non-HDL (mg/dL) <130 157.5 ± 60.7 (60.7) 171.1 ± 48.1 (165.9) 0.226 0.006

oxLDL - 413.5 ± 424.2 (127.9) 531.7 ± 455.8 (381.8) 0.567 0.007

CRP (mg/L) 0.068–8.2 2.6 ± 2.4 (1.9) 2.6 ± 2.4 (1.9) 0.972 0.010

Abbreviations: TG triglycerides, TC total cholesterol, LDL low density lipoprotein, HDL high density lipoprotein,
oxLDL oxidized low-density lipoprotein, CRP C-reactive protein. The measurements in groups were compared
by the one-way ANOVA or the Kruskal-Wallis non-parametric test (if the normality assumption is violated), η2 is
a measure of effect size, SD standard deviation, Me median.

4. Discussion

Age is one of the major factors that affects the development of many diseases, and
thus, age-related diseases are becoming an increasing public health problem. The reported
high morbidity and mortality of the elderly caused or triggered by influenza viruses,
despite existing vaccination programs, is an ideal example to illustrate the defectiveness
of the adaptive immune system. Due to the lack of previously developed immunity, the
ongoing COVID-19 pandemic has emphasized even more drastically how defective primary
immune responses can get with advancing age [24].

The elderly with hypertension were the most numerous groups tested in our study.
According to Yu & Shin [25], T cell senescence is related to cardiovascular diseases (CVDs)
such as atherosclerosis, acute myocardial infarction, and hypertension. In the study con-
ducted to determine the T lymphocyte phenotype in newly diagnosed hypertensive pa-
tients, Youn et al. [26] showed a significantly higher number of circulating immunosenes-
cent pro-inflammatory CD8+ T lymphocytes in 71 individuals with hypertension aged
51.6 ± 11.2 years when compared to 71 healthy ones aged 51.5 ± 12.2 years. Interestingly,
in our study, we observed higher numbers of the CD4+ T lymphocyte in individuals with
hypertension aged 72.3 ± 5.9 years when compared to the controls. Ni et al. [27] analysed
40 individuals with essential hypertension (EHs) aged: 56.14 ± 2.19 years and 40 nor-
motensive healthy participants (NTs) aged: 53.60 ± 3.45 years and also observed a higher
percentage of CD3+ CD4+ in EHs than in NTs patients. In the available literature, flow
cytometry analyses have already revealed an increased infiltration of leukocytes (CD45+)
and CD4+ lymphocytes in response to the infusion of angiotensin. We also observed an
increase in CD4+ memory T lymphocytes in hypertensive participants. Itani et al. [28]
showed higher values of circulating CD4+ and CD8+ memory T lymphocytes in 20 hy-
pertensive patients aged 52.6 ± 11 years when compared to normotensive control aged
52.6 ± 12 years. The results may suggest an important role of T lymphocytes in the devel-
opment of hypertension in different age groups, and could be used as therapeutic targets in
this widespread disease in the future. According to Alonso-Fernandez & De la Fuenta [29],
several age-related changes in immune functions can be linked to longevity and the predic-
tors of mortality include increased IL-6 levels and the ratio CD4/CD8 < 1. In our study,
the CD4/CD8 ratio > 2.5 was observed in approximately 34% of the participants with
hypertension, and only 4% had CD4/CD8 < 1. Ni et al. [27] also noted a higher CD4/CD8
ratio, as well as serum IFN-γ and TNF-α levels, in essential hypertension when compared
to normotensive individuals. Men in their 50 s are at a greater risk of developing high blood
pressure than women; however, in women, due to the decline of the level of estrogens, the
risk of developing the disease increases in the menopausal period [30,31]. Our analyses
revealed that the percentage of CD4+ in men with hypertension was at a similar level as in
women without hypertension. It has been proven that, due to their greater susceptibility
to autoimmune diseases, women have more circulating CD4+ T lymphocytes than men.
In addition, CD4+ T cells in women are more likely to expand in response to antigenic
stimulation and produce higher levels of Th1 when compared to men, whose T cells are
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more biased towards Th17 cytokine production. The available research outcomes have
suggested that the individuals with CMV infection run an increased risk of hypertension,
however, the effect of CMV infection on blood pressure is still equivocal [32]. Our research
showed that the IgG CMV+ elderly diagnosed with hypertension achieved higher values
of CD4+ T cells when compared to the controls, which may indicate that the increase in
CD4+ T cells in hypertensive patients is independent of CMV infection. Nevertheless, due
to the limited number of groups, the study must be continued.

The process of ageing has an impact on both naïve CD4+ T and CD8+ T lymphocytes,
yet they are affected in slightly different ways. The number of CD4+ naïve T lymphocytes is
stable for most of the lifespan until around the age of 70 years, when a drastic decline and
reduction of their repertoire is observed. In contrast to CD4+ naïve T lymphocytes, CD8+

naïve T cell counts appear to be more susceptible to death receptor-mediated apoptosis,
tumour necrosis factor (TNFα), or Fas ligand, and is therefore more sensitive to age-related
changes [33]. Consistently, we observed a reduced percentage of CD8CD45RA lymphocytes
in seniors aged 75–90 when compared to seniors aged 60–74 years. Similar observations
were reported by Gupta et al. [34], who additionally showed that the decrease in CD8+ naïve
T lymphocytes in the elderly was a consequence of an increased activation of caspase 8 and
caspase 3. According to Goronzy et al. [35], in most elderly individuals, the proportion
of CD4+ naïve T lymphocytes remains constant until around 75 years of age and only
later on does it decline more rapidly. Interestingly, our research in the Polish population
did not confirm these observations. We showed that the percentage of CD4+ naïve T
lymphocytes increased in seniors aged 75–90 when compared to seniors aged 60–74. The
described changes may result from different antigenic stimulation during life and thus a
lower resistance to telomerase induction. This is yet another phenomenon which requires
further research [36].

CMV is a major driving antigen for the replicative senescence of T cells and, thus, it
affects the CD4/CD8 ratio and it is part of the original “Immune Risk Profile” (IRP) [25,37].
Essentially, the IRP could be defined using solely an CD4/CD8 < 1 as a surrogate marker,
presented in about 15% of free-living 85-years-olds. In our study 60% of the elderly
demonstrated the CD4/CD8 ratio of ≥1 or ≤2.5, while the CD4/CD8 ratio > 2.5 was
identified in 32% of older ones. Interestingly, we demonstrated the CD4/CD8 ratio < 1 only
in the 60–74 age group, but the CD4/CD8 ratio > 2.5 was identified in 67% of 75–90-year-old
individuals. In turn, in the Leiden 85+ study, only 2% of the individuals aged 89 years
showed an CD4/CD8 ratio of <1, compared to 20% in those between 70 and 81 years of age.
Vasson et al. [10] also analysed the biomarkers of immune status in 300 healthy volunteers
aged between 20–75 years, recruited in Austria, Spain, and France, and they compared
three European countries and changes in T, B, and NK cells. The immune parameters in
French volunteers were recorded as constantly intermediate values in comparison with
those measured in Austrian and Spanish individuals, thus reflecting the importance of
a geographic variability on the immune status and possible gradual differences in the
dietary intake, lifestyle habits, environmental, genetic, and socio-economic factors between
Southern and Northern Europe. In addition, they also noticed changes in the CD4/CD8
ratio which was significantly different in Austria (1.8± 0.1), in France (1.5± 0.1), and in
Spain (1.2± 0.1). In turn, in the Polish population, we showed the statistically significant
differences in CD4/CD8 ratio in the IgG CMV+ elderly aged 60–74 years in comparison to
the IgG CMV+ elderly aged 75–90 Interestingly, our research findings contradict the results
reported by Adriaensen et al. [37], in which a decrease in the CD4/CD8 ratio was observed
in patients with IgG CMV+. The differences between countries are not only related to
factors such as eating or social habits, but also to daily physical activity, as shown in our
previous study [16].

Another retrospective population-based study, the Kristianstad Survey (KRIS), to-
gether with the OCTO and NONA studies, showed that the proportion of individuals with
an ratio CD4/CD8 < 1 was significantly higher in men when compared to women [38].
Hirokawa et al. [39] also reported that the CD4/CD8 of <1 concerned mainly men, while
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the number of CD8+ naïve T lymphocytes and the CD4/CD8 ratio were significantly higher
in women. Research carried out in Poles aged 65–74 years has shown that twice as many
males (over 20%) than females (10%) have a CD4/CD8 ratio equal or lower than one [40]. In
our study a significantly higher percentage of CD4+ naïve T lymphocytes was observed in
women when compared to men. The majority of the participants (83%) were females, with
only 16% being males and yet, approximately 25% of the male group showed a CD4/CD8
ratio of <1. It has been proven that the disproportion in the CD4/CD8 ratio is not only a
consequence of atrophy of the thymus gland, but it is also affected by hormonal changes.
The effect of hormones on the CD4/CD8 ratio was confirmed by the correlation between
low plasma estradiol levels, high CD8+ T lymphocyte values, and a low CD4/CD8 ra-
tio [19]. The gender disproportion in the CD4+ naïve T cell population can also depend
on CMV infection. We observed that IgG CMV+ men showed a statistically significantly
lower number of CD4+ naïve T cells when compared to IgG CMV− men. Curiously, IgG
CMV+ women showed a statistically significantly higher number of CD4+ naïve T cells
when compared to IgG CMV+ men. It might be assumed that CMV reactivation in men and
women manifests itself differently, but this has not yet been fully explained. Nonetheless,
the observed gender-related trend of changes in T lymphocyte populations does not suffice
to draw unequivocal conclusions, due to a small sample size. To provide more substantial
evidence, the next stage of the study should include a larger male sample size.

Life expectancy has increased significantly over the past decades. The disproportions
in the cells of the innate and adaptive responses, as well as chronic low-grade inflam-
mation, contribute to the development of hypertension, neurodegenerative, metabolic,
and neoplastic diseases. The identification of disease-specific signalling pathways in old
age that regulate the immune response is an important milestone in defining the role of
immunosenescence in chronic diseases. Understanding the exact relationship between
immunosenescence and chronic inflammation can greatly improve the prevention and
treatment of age-related diseases [41].

5. Conclusions

The present study showed increased CD4+ T lymphocytes in individuals with elevated
blood pressure, which emphasizes the role of the immune system in the development of
arterial hypertension. CMV infection reduces the percentage of CD4+ naïve T cells, which
enhances hypertension development, especially in older men. The CD4/CD8 ratio is
influenced not only by comorbidities, but also by age and gender. It has been shown that
the value of CD4/CD8 < 1 was dominant in men and in the 60–74 years age group. This
indicates that the CD4/CD8 ratio included in IRP can be helpful in CVD risk assessment
in older people; however, it needs to be validated in large cohort studies with equal
proportions of genders.

6. Limitations

The limitations of the study include a relatively small number of participants, an
especially unequal proportion of genders, and no information on their lifestyle and envi-
ronmental factors.

Author Contributions: A.T. and A.Z.-L.: conception and design, analysis and interpretation of the
data, critical review, and approval of the final version submitted for publication. A.T. and A.G.:
statistical analysis, interpretation of the data and drafting of the paper. B.M.: blood sample collection,
analysis of the data and critical review. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by the statutory funds from the University of Zielona Gora (No.
222267/E-545/S/2019).

Institutional Review Board Statement: The study protocol was approved by the Regional Bioethics
Commissions (Regional Medical Chamber in Zielona Gora, No. 21/103/2018), in accordance with
the Helsinki Declaration.



J. Clin. Med. 2022, 11, 291 15 of 16

Informed Consent Statement: A written consent for participation was obtained from patients who
were informed of the aim of the study.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Acknowledgments: We are grateful for cooperation with University of the Third Age in Zielona
Gora. All individuals included in this section have consented to the acknowledgment.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Alam, I.; Goldeck, D.; Larbi, A.; Pawelec, G. Aging affects the proportions of T and B cells in a group of elderly men in a

developing country-a pilot study from Pakistan. Age 2012, 35, 1521–1530. [CrossRef]
2. Yan, J.; Greer, J.M.; Hull, R.; O’Sullivan, J.D.; Henderson, R.D.; Read, S.J.; McCombe, P.A. The effect of ageing on human

lymphocyte subsets: Comparison of males and females. Immun. Ageing 2010, 7, 4. [CrossRef]
3. Lewkiewicz, S.; Chuang, Y.-L.; Chou, T. A Mathematical Model of the Effects of Aging on Naive T Cell Populations and Diversity.

Bull. Math. Biol. 2019, 81, 2783–2817. [CrossRef] [PubMed]
4. Fagnoni, F.F.; Vescovini, R.; Passeri, G.; Bologna, G.; Pedrazzoni, M.; Lavagetto, G.; Casti, A.; Franceschi, C.; Passeri, M.; Sansoni,

P. Shortage of circulating naive CD8+ T cells provides new insights on immunodeficiency in aging. Blood 2000, 95, 2860–2868.
[CrossRef] [PubMed]

5. Globerson, A.; Effros, R.B. Ageing of lymphocytes and lymphocytes in the aged. Immunol. Today 2000, 21, 515–521. [CrossRef]
6. Hazeldine, J.; Lord, J.M. Immunesenescence: A Predisposing Risk Factor for the Development of COVID-19? Front. Immunol.

2020, 11, 573662. [CrossRef] [PubMed]
7. Klein, S.L.; Flanagan, K.L. Sex differences in immune responses. Nat. Rev. Immunol. 2016, 16, 626–638. [CrossRef]
8. Ostan, R.; Monti, D.; Gueresi, P.; Bussolotto, M.; Franceschi, C.; Baggio, G. Gender, aging and longevity in humans: An update of

an intriguing/neglected scenario paving the way to a gender-specific medicine. Clin. Sci. 2016, 130, 1711–1725. [CrossRef]
9. Strindhall, J.; Skog, M.; Ernerudh, J.; Bengner, M.; Löfgren, S.; Matussek, A.; Nilsson, B.O.; Wikby, A. The inverted CD4/CD8 ratio

and associated parameters in 66-year-old individuals: The Swedish HEXA immune study. Age 2012, 35, 985–991. [CrossRef]
10. Vasson, M.-P.; Farges, M.-C.; Goncalves-Mendes, N.; Talvas, J.; Ribalta, J.; Winklhofer-Roob, B.; Rock, E.; Rossary, A. Does aging

affect the immune status? A comparative analysis in 300 healthy volunteers from France, Austria and Spain. Immun. Ageing 2013,
10, 38. [CrossRef]

11. Guzik, T.J.; Hoch, N.E.; Brown, K.A.; McCann, L.A.; Rahman, A.; Dikalov, S.; Goronzy, J.; Weyand, C.; Harrison, D.G. Role of the T
cell in the genesis of angiotensin II–induced hypertension and vascular dysfunction. J. Exp. Med. 2007, 204, 2449–2460. [CrossRef]

12. Rai, A.; Narisawa, M.; Li, P.; Piao, L.; Li, Y.; Yang, G.; Cheng, X.W. Adaptive immune disorders in hypertension and heart failure:
Focusing on T-cell subset activation and clinical implications. J. Hypertens. 2020, 38, 1878–1889. [CrossRef]

13. Durstine, J.L.; Moore, G.E. ACSM’s Exercise Management for Persons with Chronic Diseases and Disabilities, 2nd ed.; Human Kinetics:
Champaign, IL, USA, 2003.

14. World Health Organization. Document Number: WHO/NMH/NPH/01.2 2001; 55p. Available online: https://apps.who.int/
iris/handle/10665/66941 (accessed on 9 October 2021).

15. Lee, S.B.; Oh, J.H.; Park, J.H.; Choi, S.P.; Wee, J.H. Differences in youngest-old, middle-old, and oldest-old patients who visit the
emergency department. Clin. Exp. Emerg. Med. 2018, 5, 249–255. [CrossRef] [PubMed]

16. Tylutka, A.; Morawin, B.; Gramacki, A.; Zembron-Lacny, A. Lifestyle exercise attenuates immunosenescence; flow cytometry
analysis. BMC Geriatr. 2021, 21, 200. [CrossRef]

17. VanItallie, T.B.; Yang, M.U.; Heymsfield, S.B.; Funk, R.C.; Boileau, R.A. Height-normalized indices of the body’s fat-free mass and
fat mass: Potentially useful indicators of nutritional status. Am. J. Clin. Nutr. 1990, 52, 953–959. [CrossRef] [PubMed]

18. Hang, J.; Huang, J.; Zhou, S.; Wu, L.; Zhu, Y.; Zhu, L.; Zhou, H.; Xu, K.; Jiang, H.; Yang, X. The clinical implication of CD45RA+
naïve T cells and CD45RO+ memory T cells in advanced pancreatic cancer: A proxy for tumor biology and outcome prediction.
Cancer Med. 2019, 8, 1326–1335. [CrossRef]

19. McBride, J.A.; Striker, R. Imbalance in the game of T cells: What can the CD4/CD8 T cell ratio tell us about HIV and health. PLoS
Pathog. 2017, 13, e1006624. [CrossRef]

20. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2020. Available online: https://www.R-project.org/ (accessed on 9 October 2021).

21. Cohen, J. Statistical Power Analysis for the Behavioural Sciences, 2nd ed.; Erbaum Press: Hillsdale, NJ, USA, 1988.
22. Miles, J.; Shevlin, M. Applying Regression and Correlation: A Guide for Students and Researchers; Sage: London, UK, 2001.
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function between female powerlifters, fitness-oriented athletes, and sedentary controls. Echocardiography 2020, 37, 1566–1573.
[CrossRef]

24. Hu, B.; Jadhav, R.R.; Gustafson, C.E.; Le Saux, S.; Ye, Z.; Li, X.; Tian, L.; Weyand, C.M.; Goronzy, J.J. Distinct age-related epi-genetic
eignatures in CD4 and CD8 T cells. Front. Immunol. 2020, 11, 585168. [CrossRef]

http://doi.org/10.1007/s11357-012-9455-1
http://doi.org/10.1186/1742-4933-7-4
http://doi.org/10.1007/s11538-019-00630-z
http://www.ncbi.nlm.nih.gov/pubmed/31201663
http://doi.org/10.1182/blood.V95.9.2860.009k35_2860_2868
http://www.ncbi.nlm.nih.gov/pubmed/10779432
http://doi.org/10.1016/S0167-5699(00)01714-X
http://doi.org/10.3389/fimmu.2020.573662
http://www.ncbi.nlm.nih.gov/pubmed/33123152
http://doi.org/10.1038/nri.2016.90
http://doi.org/10.1042/CS20160004
http://doi.org/10.1007/s11357-012-9400-3
http://doi.org/10.1186/1742-4933-10-38
http://doi.org/10.1084/jem.20070657
http://doi.org/10.1097/HJH.0000000000002456
https://apps.who.int/iris/handle/10665/66941
https://apps.who.int/iris/handle/10665/66941
http://doi.org/10.15441/ceem.17.261
http://www.ncbi.nlm.nih.gov/pubmed/30571903
http://doi.org/10.1186/s12877-021-02128-7
http://doi.org/10.1093/ajcn/52.6.953
http://www.ncbi.nlm.nih.gov/pubmed/2239792
http://doi.org/10.1002/cam4.1988
http://doi.org/10.1371/journal.ppat.1006624
https://www.R-project.org/
http://doi.org/10.1111/echo.14842
http://doi.org/10.3389/fimmu.2020.585168


J. Clin. Med. 2022, 11, 291 16 of 16

25. Yu, H.T.; Shin, E.-C. T Cell Immunosenescence, Hypertension, and Arterial Stiffness. Epidemiol. Health 2014, 36, e2014005.
[CrossRef] [PubMed]

26. Youn, J.C.; Yu, H.T.; Lim, B.J.; Koh, M.J.; Lee, J.; Chang, D.Y.; Choi, Y.S.; Lee, S.H.; Kang, S.M.; Jang, Y.; et al. Immunosenescent
CD8+ T cells and C-X-C chemokine receptor type 3 chemokines are increased in human hypertension. Hypertension 2013, 62,
126–133. [CrossRef] [PubMed]

27. Ni, X.; Wang, A.; Zhang, L.; Shan, L.-Y.; Zhang, H.-C.; Li, L.; Si, J.-Q.; Luo, J.; Li, X.-Z.; Ma, K.-T. Up-regulation of gap junction
in peripheral blood T lymphocytes contributes to the inflammatory response in essential hypertension. PLoS ONE 2017, 12,
e0184773. [CrossRef]

28. Itani, H.A.; McMaster, W.G., Jr.; Saleh, M.A.; Nazarewicz, R.R.; Mikolajczyk, T.P.; Kaszuba, A.M.; Konior, A.; Prejbisz, A.;
Januszewicz, A.; Norlander, A.E.; et al. Activation of human T cells in hypertension: Studies of humanized mice and hypertensive
humans. Hypertension 2016, 68, 123–132. [CrossRef] [PubMed]

29. Alonso-Fernandez, P.; De la Fuenta, M. Role of the immune system in aging and longevity. Curr. Aging Sci. 2011, 4, 78–100.
[CrossRef]

30. Ji, H.; Zheng, W.; Li, X.; Liu, J.; Wu, X.; Zhang, M.A.; Umans, J.G.; Hay, M.; Speth, R.C.; Dunn, S.E.; et al. Sex- specific T cells
regulation of angiotensin II dependent hypertension RR. Hypertension 2014, 64, 573–582. [CrossRef]

31. Sandberg, K.; Ji, H.; Einstein, G.; Au, A.; Hay, M. Is immune system-related hypertension associated with ovarian hormone
deficiency? Exp. Physiol. 2016, 101, 368–374. [CrossRef] [PubMed]

32. Hui, J.; Qu, Y.-Y.; Tang, N.; Liu, Y.-M.; Zhong, H.; Wang, L.-M.; Feng, Q.; Li, Z.; He, F. Association of cytomegalovirus infection
with hypertension risk: A meta-analysis. Wien. Klin. Wochenschr. 2016, 128, 586–591. [CrossRef]

33. Arnold, C.R.; Wolf, J.; Brunner, S.; Herndler-Brandstetter, D.; Grubeck-Loebenstein, B. Gain and loss of T cells subset in old
age–age related reshaping of the T cells repertoire. J. Clin. Immunol. 2011, 31, 137–146. [CrossRef]

34. Gupta, S.; Gollapudi, S. TNF-α-induced apoptosis in human naïve and memory CD8+ T cells in aged humans. Exp. Gerontol.
2005, 41, 69–77. [CrossRef]

35. Goronzy, J.J.; Lee, W.-W.; Weyand, C.M. Aging and T-cell diversity. Exp. Gerontol. 2007, 42, 400–406. [CrossRef]
36. Moro-García, M.A.; Alonso-Arias, R.; López-Vázquez, A.; Suárez-García, F.M.; Solano-Jaurrieta, J.J.; Baltar, J.; López-Larrea, C.

Relationship between functional ability in older people, immune system status, and intensity of response to CMV. Age 2011, 34,
479–495. [CrossRef] [PubMed]

37. Adriaensen, W.; Derhovanessian, E.; Vaes, B.; van Pottelbergh, G.; Degryse, J.-M.; Pawelec, G.; Hamprecht, K.; Theeten, H.;
Matheï, C. CD4:8 Ratio > 5 Is Associated With a Dominant Naive T-Cell Phenotype and Impaired Physical Functioning in
CMV–Seropositive Very Elderly People: Results From the BELFRAIL Study. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2015, 70, 143–154.
[CrossRef] [PubMed]

38. Wikby, A.; Månsson, I.A.; Johansson, B.; Strindhall, J.; Nilsson, S.E. The immune risk profile is associated with age and gender:
Findings from three Swedish population studies of individuals 20–100 years of age. Biogerontology 2008, 9, 299–308. [CrossRef]
[PubMed]

39. Hirokawa, K.; Utsuyama, M.; Hayashi, Y.; Kitagawa, M.; Makinodan, T.; Fulop, T. Slower immune system aging in women versus
men in the Japanese population. Immun. Ageing 2013, 10, 19. [CrossRef]

40. Dudkowska, M.; Janiszewska, D.; Karpa, A.; Broczek, K.; Dabrowski, M.; Sikora, E. The role of gender and labour status in
immunosenescence of 65+ Polish population. Biogerontology 2017, 18, 581–590. [CrossRef]

41. Barbé-Tuana, F.; Funchal, G.; Schmitz, C.R.R.; Maurmann, R.; Bauer, M.E. The interplay between immunosenescence and
age-related diseases. In Seminars in Immunopathology; Springer: Berlin/Heidelberg, Germany, 2020; pp. 1–13.

http://doi.org/10.4178/epih/e2014005
http://www.ncbi.nlm.nih.gov/pubmed/24904754
http://doi.org/10.1161/HYPERTENSIONAHA.113.00689
http://www.ncbi.nlm.nih.gov/pubmed/23716586
http://doi.org/10.1371/journal.pone.0184773
http://doi.org/10.1161/HYPERTENSIONAHA.116.07237
http://www.ncbi.nlm.nih.gov/pubmed/27217403
http://doi.org/10.2174/1874609811104020078
http://doi.org/10.1161/HYPERTENSIONAHA.114.03663
http://doi.org/10.1113/EP085149
http://www.ncbi.nlm.nih.gov/pubmed/26419911
http://doi.org/10.1007/s00508-016-0977-x
http://doi.org/10.1007/s10875-010-9499-x
http://doi.org/10.1016/j.exger.2005.10.001
http://doi.org/10.1016/j.exger.2006.11.016
http://doi.org/10.1007/s11357-011-9240-6
http://www.ncbi.nlm.nih.gov/pubmed/21487706
http://doi.org/10.1093/gerona/glu018
http://www.ncbi.nlm.nih.gov/pubmed/24568932
http://doi.org/10.1007/s10522-008-9138-6
http://www.ncbi.nlm.nih.gov/pubmed/18369735
http://doi.org/10.1186/1742-4933-10-19
http://doi.org/10.1007/s10522-017-9702-z

	Introduction 
	Materials and Methods 
	Participants 
	Body Composition 
	Blood Sampling 
	Flow Cytometry Analysis 
	Cytomegalovirus (CMV) IgG 
	Haematological Variables 
	Biochemical Variables 
	Statistical Analysis 

	Results 
	Body Composition 
	Flow Cytometry Analysis 
	CMV IgG Status and Immune Cells 
	Haematological Variables 
	Biochemical Variables 

	Discussion 
	Conclusions 
	Limitations 
	References

