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Abstract: Aim: To explore the network relationship between cognitive function, depressive symptom
intensity, body composition, proxies of cognitive reserve, trophic factor, adipokines and myokines,
physical performance and blood pressure in a group of older people with poorly managed hyper-
tension (PMHTN) compared to a normotensive (NTN) group. Materials and methods: History of
hypertension and blood pressure level were examined in older participants. Thirty-one subjects diag-
nosed with PMHTN (history of hypertension diagnosis and values of sBP or dBP over 140/90 mmHg)
and eighteen NTN (lack of history of hypertension and sBP and dBP lower than 140/90 mmHg)
participated. Participants completed physical and cognitive function assessments: including the Mini–
Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA) and its two subtests
Delayed Recall (DR) and Verbal Fluency (VF) and Trail Making Test Part B (TMT B). Factors associated
with cognitive functioning: age, years of education, cognitive and travel activity were assessed using
a questionnaire. Visceral fat was determined by bioimpedance testing and gait velocity and agility
assessed using an Up and Go test. To summarize the strength and direction (negative or positive) of a
relationship between two variables, Spearman’s rank correlation coefficient was used. Then, network
graphs were created to illustrate the relationship between variables. Node strength (number of edges
per node), neighbourhood connectivity (the average connectivity of all the neighbours of a node),
stress (the number of shortest paths passing through each node) were compared in network from
PMHTN group to network from NTN group. Results: Neighbourhood connectivity and stress were
significantly higher in of the PMHTN network compared to NTN (6.03 ± 1.5 vs. 4.23 ± 2.5, p = 0.005
and 118.21 ± 137.6 vs. 56.87 ± 101.5, p = 0.02, accordingly). Conclusion: In older subjects with poorly
managed hypertension, dyshomeostasis was observed, compared to normotensive subjects.

Keywords: trophic factor; hormones; gerontology

1. Introduction

Untreated hypertension might be related to dyshomeostasis observed in many phys-
iologic systems [1]. Hypertension management in older people has shown correlation
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between higher blood pressure (BP) with higher prevalence of many disorders, including
stroke, coronary heart disease, heart failure, peripheral artery disease, end-stage renal
disease and sudden death [2]. In addition, it was observed that hypertension has a nega-
tive influence on cognitive function in older people [2]. A range of health complications
might occur with poor adherence to hypertension treatment, including increased vascular
stiffness, left ventricular hypertrophy, cognitive function decline, decreased quality of life
and work productivity [3].

Hypertension is characterized by pleiotropic negative health consequences, but also
has many potential risk factors. The latter group might include: low levels of physical
activity level, diet with low quantity of vegetables and fruits, body composition (obesity
and overweight) and low educational level [4,5]. These variables that are recognized as
individual as risk factors and consequences of hypertension may also be related to each
other in a mutual way. In addition, some risk factors might indirectly influence other risk
factors, what in turn would create a cluster of inter-related risk factors interfering with each
other and hypertension development.

Body composition changes in older people with a trend towards a decrease in lean body
mass [6]. In turn, low muscle mass and sarcopenic obesity is related to worse functional
capacity [7]. Obesity is associated with many comorbidities, particularly, hypertension,
decreased physical function and worse cognitive function [8,9]. Recent studies have shown
that both adipose and muscle tissues are hormonally active. The level of adipokines has
been shown to be related to obesity and body fat distribution [10]. Moreover, adipokine
profile is more directly related to pathological mechanisms of metabolic syndrome than the
level of adipose tissue [10].

Myokines also might be related to obesity-related pathology. Irisin belongs to adipomy
okines group, because it is both adipokine and myokine [11]. Irisin might play a role in
the pathophysiology of hypertension [12]. In addition, adipokines and myokines might be
related to cognitive function in older people. Higher levels of adiponectin were noted in
mild to moderate Alzheimer’s dementia compared to patients in the prodromal phase of
the disease [13].

As noted by other Authors, high BP in older people is a complex condition [2]. Aging
negatively influence on body composition by a decrease in muscle mass and increase in
visceral fat. As a consequence, those changes might lead to disturbances in the pattern of
hormone production by those tissues, which in turn might negatively impact both blood
pressure homeostasis and cognitive function [6,8,9]. Similarly, low physical activity level
might be a risk factor for both cognitive function decline and hypertension [4,5,14]. In
addition, the level of education might be related to hypertension development, but is
also one indicator of cognitive reserve [15]. Factors related to cognitive reserve could also
include levels of physical and cognitive activity [10]. On the other hand, a higher severity of
depression symptoms may lead to decreased physical activity levels and cognitive function
in older people [16]. In contrast, high levels of physical activity could serve a protective
role against the emergence of depression in older people [17].

Authors suggest that new therapeutic strategies for chronic disorders could be im-
plemented based on the analysis of the architecture of aberrant networks [18]. Moreover,
disease classification used currently, might have a tendency to omit the interconnected
character of many disorders [19]. In response, a systems-based network framework for
defining human disease has been proposed [19].

Therefore, we in this explorative study we have compared networks of cognitive
function, depression symptoms intensity, body composition, proxies of cognitive reserve,
trophic factor, adipokines and myokines, physical performance and blood pressure in
group of older people with poorly managed hypertension (PMHTN) comparing to nor-
motensive (NTN) group. We hypothesize that these variables are interconnected to each
other and that difference in the pattern of this interconnection might reveal dyshomeostasis
in PMHTN group.
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2. Materials and Methods
2.1. Study Group

Participants were recruited into this pilot study based on a regional TV and radio
advertising campaign, during health-promoting lectures at Collegium Medicum University
and many older people’s organizations in Bydgoszcz, in Day Care Centers for the Elderly,
and at various meeting-groups for older people. Study marketing material included
literature and information describing an opportunity to participate free-of-charge in a
study measuring physical, physiotherapeutic, dietary, social and cognitive measures for
people 60 years old and over. The recruitment period of participants into the current
study took place between November 2015 and February 2018. Age under 60 years old was
the only excluding factor from participation in study. Examination was conducted in the
Department of Geriatrics, Collegium Medicum University Hospital in Bydgoszcz, Poland.
The study was approved by the Ethics Committee, Ludwik Rydygier Memorial Collegium
Medicum in Bydgoszcz, Nicolaus Copernicus University, Torun (KB 340/2015). Written,
informed consent was obtained from all participants.

2.2. Assessment Methods
Cognitive Tests

Ninety-seven percent of cognitive function tests were conducted by the same person
(SK). General cognitive function level was assessed using Mini–Mental State Examination
(MMSE) and Montreal Cognitive Assessment (MoCA), while executive functioning domain:
visuospatial skills, task switching and working memory was examined using Trail Making
Test Part B (TMT B) [20].

Both MMSE and MoCA are cognitive function screening 30-point questionnaires. A
high scores indicate better cognitive performance [21,22]. In the case of MoCA. Results of
two subtests (Verbal Fluency (VF) subtest and Delayed Recall (DR) were considered during
the analysis, besides of the total score.

In the DR subtests subjects were exposed to the list of 5 words two times in a row.
Subjects were asked to memorize words, and then the recall was performed after a few
minutes. Result in the DR subtest that might range between 0 to 5, indicates the total
number of words that subjects were able to recall after free recall and category and list cues.

Score in the VF subtest indicates the number of words in Polish starting with letter “S”
which are not own nouns (conjugation was prohibited) that subject was able to express in
one minute Therefore, higher score indicate better verbal fluency [23]. Trail Making Test
part B score is a time spend on test completion. Therefore, the higher the score, the worse
executive function [20].

2.3. Functional Performance Assessment

The Timed up-and-go [24] test serve as an indicator of gait speed and balance in
dynamic manner. Subjects are asked to complete the task as fast as possible. The task is
to get up from chair and go straight ahead to and around a marker placed on floor three
meters away from the chain and get back and sit on the chair again.

To measure aerobic capacity of patients, six-minute walk test (6MWT) was per-
formed [25]. To reduce time spent turning the test was performed on flat corridor with
distance of 50 m. Participants were asked to maintain the same velocity during the whole
test while walking as fast as possible. To exclude competition between subjects, most
performed the test alone, otherwise sufficient interval between consecutive participants
was maintained [26].

In addition, four subtests from Fullerton Functional Fitness Test were used: arm curl
test and 30-s chair stand, sit and reach test [27].

To measure upper limb strength arm curl test was performed using two types of
weight: 2 kg for women and 3.5 kg for men. During the test, subject was holding the
weight in comfortable grip, while sitting position on the chair with a backrest. We avoided
full extension to the side of the chair, due to the risk of the injury experience in subjects
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with under-diagnosed osteoporosis. Therefore, we decided to start the movement from
weight positioned on thigh. Then, supinating during flexion was advised so that the palm
of the hand faced the biceps brachii muscle at the end of concentric phase, if the initial
position of palm was in directed in another way. Left- and right-hand strength was assessed
separately [27]. Mean results based on number of repetitions performed by participants
using left and right hand were analyzed only.

To measure lower limbs strength 30-s chair stand test was performed on the chair
with a backrest. Test program contains standing from sitting position to a standing with
full extension in knees and hips, without pushing off with the arms. Tests score was the
number of repetitions consisted of standing and sitting phase performed in 30 s [27].

2.4. Body Composition Analysis

Tanita BC-545 body-fat analyzer served to examine body mass and body composition.
Participants were weighed in light clothing. Weighing accuracy is 0.1%. Body composition
indicators (Body Water Content (BWC), body fat (%), visceral fat (units), muscle mass (kg)
were measured using bioelectric impedance analysis (BIA). Based on results basal metabolic
rate (BMR) measured in kcals was calculated using a built-in algorithm. Participants were
asked to stand on electrodes on sole of foot and holding electrodes in hands. Respondents
themselves gave information about height to reduce amount of time spend on examination
and body mass index (BMI) was calculated in accordance to World Health Organization
(WHO) recommendations [28].

2.5. Activity Level Questionnaire and Physical Examination

Frequency of current physical, mental and social activities was assessed using question-
naire, described in more detail previously [21]. Frequency was coded into seven categories
(“never”, “once a year”, “several times a year”, “1–2 times a month”, “once a week”, “few
times a week”, and “daily”). Then, variables based on total score of overall activity was
calculated and analyzed.

2.6. Blood Pressure Examination

Blood pressure assessment was done in the doctor’s office. Applied methodology was
based on the 2013 ESH/ESC Practice Guidelines [29]. Systolic Blood Pressure (sBP) and
Diastolic Blood Pressure (dBP) were measured as one followed by another upper limb.
Every examination was taken after at least 5 min of sitting in upright position. Mean value
for each sBP and dBP from these two measurements were analyzed. Pulse pressure (PP)
was calculated using formula:

PP = sBP − dBP

Hypertension was examined during patients history examination. Participants were
asked to recall the history of hypertension diagnosis and its treatment. Before examina-
tion, subjects were reminded during a phone call to take a list of medications as well as
documents regarding patients history, to facilitate the process of data collection.

Subjects with poorly managed hypertension were distinguished based on history of
hypertension diagnosis and values of sBP or dBP over 140/90 mmHg during assessment
in the above study. The NTN group was distinguished based on a lack of history of
hypertension and sBP and dBP lower than 140/90 mmHg, respectively.

2.7. Emotional State Assessment

Trained technician assessed the severity of depression using the 15-item Geriatric
Depression Scale (GDS) [30]. The shorter version, composed of 15 questions binary (yes/no)
responses could be applied both in older people with intact and decline of cognitive
function [31]. The total score might range from 0 to 15 points. The higher the score, the
higher the severity of depression.
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2.8. Biochemical Examination

Samples of venous blood were taken from the cubital vein to 6 mL tubes with a
coagulation activator. Blood for serum was left for 20 min to clot and then centrifuged
(3000× g for 15 min) and separated into portions (300 µL) for sterilized tubes, where they
were stored at −80 ◦C until designation of adipokines. ELISA enzyme immunoassays for
levels determination of Adiponectin [ug/mL], Irisin [ug/mL], Vaspin [ng/mL], Vsisfatin
[ng/mL], Insulin-like growth factor 1 (IGF-1) [ng/mL], Insulin-like growth factor-binding
protein 3 (IGFBP-3) [ng/mL] were examined using validated kits from BioVender, Brno,
Czech Republic.

2.9. Statistical Analysis

Descriptive statistics were presented as mean and standard deviation (SD). To test
the assumption of normality Shapiro–Wilk test was used and histograms were visually
inspected. Levene’s test was used to assess the equality of variances. If the assumptions
on normality of distribution and equality of variances were met, then independent T-tests
was used, otherwise Mann–Whitney U was applied to examine between-group differences.
The α was set at 0.05 and thus a p-value lower than 0.05 was considered as statistically
significant. Effect size (r) was calculated for significant comparisons [32].

To summarize the strength and direction (negative or positive) of a relationship
between two variables, Spearman’s rank correlation coefficient was used. Cytoscape
software version 3.8.1 (The Cytoscape Consortium, 4221 Hill St, San Diego, CA 92107, USA)
was used to perform the network analysis [33]. Nodes are illustrated as dots. The variables
were grouped according to categories illustrated by colour of nodes: cognitive function
(red node), depression symptoms intensity (yellow), body composition (cyan), trophic
factor, adipokines and myokines (pink), physical performance (green), blood pressure
(pink) and blue for social variables: years of education, cognitive and physical activity
level. The size of the dots next to the variable names indicates the quantity of significant
correlation coefficients with other variables, i.e., the higher the quantity, the bigger the
dot. Direction of correlation is indicated by colour of edges (connections between nodes
indicated by dots): blue illustrates negative while red positive correlation. Effect size
of correlation is illustrated by edge (connection) width and colour intensity. Strength of
correlation without negative sign served as an input to Prefuse Force Directed Layout
algorithm implemented in Cytoscape software. Node strength (number of edges per node),
neighbourhood connectivity (the average connectivity of all the neighbours of a node),
stress (the number of shortest paths passing through each node) were compared using
Mann–Whitney U test. We have selected those variables based on previous study on
dyshomeostasis [34]. In addition, qualitative analysis of between-network differences
was conducted.

3. Results

The group with poorly managed hypertension consisted of 31 participants (2 males),
normotensive group consisted of 18 participants (1 male).

As Table A1 shows, the PMHTN group was significantly older: 70.84 ± 6.2 vs. 66.17 ± 4.8
years old in the NTN group, Z = 2.63, p = 0.01, r = 0.38. Subjects with PMHTN had higher
BMI (27.68 ± 3.9 vs. 24.02 ± 3.9, p = 0.01, r = 0.4), and body fat percentage (35.76 ± 6.2 vs.
28.64 ± 9, p = 0.004, r = 0.44). Moreover, the visceral fat level was higher in the PMHTN
group 10.63 ± 2.6 vs. 7.41 ± 2, p = 0.0002, r = 0.59. Trivial differences in blood pressure
were also observed.

Figures 1a,b, 2 and 3 represent network analysis in both groups, and separately in
PMHTN and NTN groups, respectively. All nodes are shown in both networks, to reveal
nodes with and without edges, therefore, number of nodes is the same in both groups (n = 30).
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Figure 1. Network analysis comparison in PMHTN and NTN groups. PMHTN group network is
presented on left side (a), NTN group on the right side (b). sBP—systolic blood pressure, dBP—
diastolic blood pressure, mBP—mean blood pressure, PP—pulse pressure, MMSE—Mini–Mental State
Examination, MoCA—Montreal Cognitive Assessment, MoCA DR—Montreal Cognitive Assessment
Delayed Recall, TMT B—Trail Making Test part B, BMR—Basal Metabolic Rate, BWC—Body Water
Content, BMI—Body Mass Index, 6MWT—six-minute walk test, IGF-1—Insulin-like growth factor 1,
GDS—Geriatric Depression Scale.

Quantitative analysis of between-network differences showed no statistically signifi-
cant difference (p > 0.05) in centrality of network measures (betweenness and closeness).
Neighbourhood connectivity (the average connectivity of all the neighbours of a node),
was significantly higher in network of hypertensive group (5.86 ± 1.8 vs. 4.2 ± 2.5 in NTN
group, Z = −2.81, p = 0.005, r = −0.36). Moreover, stress (the number of shortest paths
passing through each node) was significantly higher in network of hypertensive group
(114.27 ± 136.9 vs. 56.87 ± 101.5 in NTN group, Z = −2.14, p = 0.03, r = −0.28). Number of
edges per node was significantly higher in network in hypertensive group (4.67 ± 2.6 vs.
3.33 ± 2.6 in NTN group, Z = −2.02, p = 0.04, r = −0.26). However, no significant differences
in edge betweenness (the number of shortest paths between vertices that contain the edge)
were observed (p > 0.05).

In qualitative analysis of between-network differences one can observe that chronolog-
ical age was connected to more nodes in hypertensive group than in NTN one. Depression
symptoms intensity was negatively related with MMSE score in NTN group, while no such
connection was observed in the hypertensive group. In contrary to hypertensive group,
in the NTN group there was no relationship between pulse pressure with vaspin. Years
of education and level of physical activity, vaspin and irisin were not related to any other
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factors in the NTN group. Overall, trophic factor, adipokines and myokines have more
connections to other factors in the hypertensive group.
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Geriatric Depression Scale.
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Geriatric Depression Scale.

4. Discussion

In the current pilot study we have noted differences in both general topology and
amongst specific nodes and their interactions within networks. This illustrates intercon-
nections between selected hormones, social factors, physical and cognitive performance
and blood pressure in older subjects with poorly managed hypertension compared to
normotensive. Liu et al. described the network analysis of comorbidities in hypertension
patients [35] where coronary heart disease, hyperlipemia, atherosclerosis, and diabetes
mellitus belonged to the core of the network. To our best knowledge, the current study is
the first to examine differences in the networks of adipokines level and cognitive function
in older subjects with normal blood pressure vs. poorly managed hypertension.
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Observing networks may allow exploration of the mechanisms that underly certain
human disorders and these might be subcategorized into several dimensions, such as
metabolic, disease and social networks.

It is likely these three dimensions are highly interconnected which would be obvious
when focusing on relationships between a subset of variables from one dimension in a
given analysis. In addition, even when exploring factors from one of those dimensions
only, the complex pattern of interconnections between analyzed variables might not be
evident, if a network approach is not applied. For instance, in the case of research solely
on risk factors for hypertension, the standard way of analysis of a relationship between a
particular risk factor and hypertension might omit the very important aspect of relationship
between risk factors itself [35]. In the current study, we have observed differences in the
overall topology of the network and interconnection between adipokines, myokines, body
composition, cognitive function, proxies of cognitive reserve, physical performance and
blood pressure in older patients with poorly managed hypertension vs. normotensive,
what might indicate the presence of homeostasis disturbance in the former group.

4.1. Relationship between Trophic Factor, Adipokines and Cognitive Function in Older People

We have observed a positive relationship between adiponectin and the verbal delayed
recall subtest score. A recent review suggested a causal role of adiponectin in neuroplasticity
promotion in the hippocampus [36]. Based on the current results, PMHTN is associated
with a disruption of this connection. Moreover, higher level of vaspin were related to a
worse performance in MMSE and TMT B in the PMHTN group. Higher levels of vaspin
were observed in older people with frailty compared to a control group without frailty [37].
Furthermore, frailty is associated with poor global cognitive function in older people [38].

IGF-1 and IGFBP-3 were positively related to level of cognitive activity in the NTN
group, while no such connection was observed in the PMHTN group in the current study.
Zhu et al. observed a 41% reduction of cognitive impairment risk in a group with high
level of participation in leisure activities [39]. Al-Delaimy et al. noticed that IGF-1 was
positively related to MMSE and Verbal Fluency, and IGFBP-1 was negatively correlated
with MMSE in older men [40].

4.2. Relationship between Adipokines and Blood Pressure in Older People

In the current study, positive correlations between visfatin and mBP and sBP were
observed in the NTN group, while negative correlation between vaspin and PP was ob-
served in PMHTN group. Yamaleyeva et al. have shown that apelin plays a role in blood
pressure regulation [41]. Therefore, further studies should explore the potential relationship
between adipokines and hypertension pathology.

4.3. Relationship between Trophic Factor, Adipokines, Body Composition and Functional
Performance

In the NTN group, a positive relationship between adiponectin level with BMR was
noted in the current study. BMR is correlated positively with muscle mass. Therefore, Baker
et al. concludes that a higher serum adiponectin level is associated with lower skeletal muscle
mass are contrary to our findings [42]. In the hypertensive group the relationship between
body composition and functional performance with biochemical factors was more complex,
comparing to NTN group. Zhao et al. suggested irisin level as a marker of sarcopenia [43]. In
contrast, we have observed a negative relationship between irisin and lower and upper limb
strength. A positive relationship between vaspin and BMI and body fat were observed in the
PMHTN group. This is in keeping with results from the study of Pazgan-Simon et al., where
vaspin levels were higher in patients with BMI > 30 kg/m2 [44]. A negative relationship
between vaspin and lower limbs strength was observed, in line with previous studies, in
which low vaspin levels were related to a high fitness level [45]. A negative relationship
between visfatin and the Up and go test was observed in the PMHTN group. Moreover, a
negative relationship between IGFBP-3 and vaspin, as well as between IGF-1 and vaspin,
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were noted. Levels of vaspin [45] and visfatin in males [46] are positively related to fat in
body composition analysis. Aging is related to an increase in body total fat mass and an
accompanying decrease in lean mass and bone density, that are independent from general
and physiological fluctuations in BMI [47]. Therefore, the relationship between adipokines
with functional performance might be a spurious relationship, where, in fact, adipokines
would be positively related to fat mass, and fat mass negatively related to muscle mass,
which eventually would be directly related to functional performance. However, the
relationships between IGF-1 and IGFBP-3 with adipokines and functional performance is
worth exploration in further studies.

4.4. Implications for Clinical Practice

It seems that the observation that there is a simple unilateral relationship between
a set of risk factors with the increased risk of hypertension might not reveal the whole
mechanism underlying hypertension development in older people. Previous study showed
the importance of taking age into account in models predicting cardiovascular risk related
to hypertension, as young women are characterized by low risk even in the case of presence
of more than one major risk factor [48]. Aging itself could be related to increased risk of
multiple chronic disorders and risk factors, as chronic inflammation, frailty and cardio-
vascular disease [49]. It is important to take into account the multiple other relationships
between the risk factors with themselves and multiple disorders, outwith hypertension only.
In fact, it seems that there is a very complex relationship between education level, cognitive
function, BMI, body composition, and pattern of adipokines and myokines expression. For
instance, low education level could serve as a risk factor in older subjects for both cognitive
decline [50], lower nutrition awareness [51], lower frequency of undertaking intensive
physical activity [52].

Therefore, the network relationships between risk factors and the negative health con-
sequences of hypertension and other disorders should be taken into account in the further
research. In terms of the approach taken in communication with patients via public health
platforms, information on the pleiotropic health benefits of some non-pharmacological
therapies addressing factors from the network variables explored in this study should
be underlined. Interventions focused on changes in the physical activity level [53] and
diet with caloric deficit [54] might lead to reverse of age-related negative changes in body
composition. In addition, a physical exercise program might improve cognitive function
in older people [55], and lead to a reduction in depression severity [17]. Furthermore,
programs composed of both, aerobic training, resistance training and its combination might
reduce blood pressure of −6 mmHg in dBP and 2–3.5 mmHg in dBP in older subjects [56].
Potentially, some of those benefits induced by non-pharmacological therapies might be
partially mediated by alternations in myokines and adipokines level [57,58].

4.5. Study Limitations

One of the potential limitations of this study, is the relatively small sample size of
participants, which arguably compromises the inferences and repercussions of the work
in clinical practice. Furthermore, it is important to acknowledge that the two compared
groups are not well balanced in terms of sample sizes, with eighteen participants (one male)
in NTN and thirty-one subjects (two males) with PMHTN. Participants in the NTN group
were significantly younger, which also might have influenced the results. However the
effect size of this difference was small. In future studies the sample size of both subgroups
should be increased as well as better balanced in terms of characteristics of the main
demographic variables as age, sex and weight. Additional limitations to recognize include;
reported height by participants was included rather than measured height which might
led to bias in BMI calculation. In addition, the physical and cognitive activity level was
measured using questionnaires, with reference to the frequency of particular activities
only, without providing information on duration or intensity. In addition, there are many
potential variables that might affect blood pressure, the present study did not represent an
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exhaustive list and additional variables that might have an affect should not be discounted.
Further studies should incorporate examination of leptin as well as low-density lipoprotein
(LDL), high-density lipoproteins (HDL), triglycerides. Due to the explorative nature of
the above study, sample calculation was not made. However, to our knowledge, this is
the first study to examine difference in NTN compared to PMHTN older people using
network approach.

5. Conclusions

In the current pilot study, we have noted a disturbance of homeostasis in older subjects
with poorly managed hypertension, compared to normotensive subjects. Our results of an
exploratory analysis show differences in the network structure underlying the relationship
between trophic factor, adipokines, myokines, body composition, proxies of cognitive
reserve, physical performance and cognitive function in a group of subjects with poorly
managed hypertension and normotensive in both general topology, amongst specific nodes
and their interactions.
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Appendix A

Table A1. Quantitative variables in patients with poorly managed hypertension (history of hyperten-
sion diagnosis and values of sBP or dBP over 140/90 mmHg) vs. normotensive group (lack of history
of hypertension and sBP and dBP lower than 140/90 mmHg).

Variables (unit)
Mean ± SD

Poorly Managed
Hypertension

Mean ± SD
Normotensive p-Value

Age (years) 70.84 ± 6.2 66.17 ± 4.8 0.01
MMSE (points) 27.68 ± 1.9 27.56 ± 2.1 1.00
MoCA (points) 23.13 ± 2.8 23.94 ± 3.4 0.33

MoCA Delayed Recall (words
recalled) 4.58 ± 0.7 4.67 ± 0.8 0.50

Verbal Fluency (words/min) 11.00 ± 4.2 13.33 ± 4.6 0.07
GDS (points) 3.68 ± 3.1 3.17 ± 2.5 0.71
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Table A1. Cont.

Variables (unit)
Mean ± SD

Poorly Managed
Hypertension

Mean ± SD
Normotensive p-Value

TMT B (s) 164.83 ± 91.3 132.88 ± 64.0 0.27
BMI (kg/m2) 27.68 ± 3.9 24.02 ± 3.9 0.01
Body fat (%) 35.76 ± 6.2 28.64 ± 9.0 0.004

Muscle mass (kg) 43.40 ± 6.1 42.26 ± 6.7 0.53
BMR (kcal) 1368.04 ± 177.4 1313.18 ± 190.6 0.35

Body water content (%) 45.88 ± 4.8 51.36 ± 6.2 0.003
Bone mass (kg) 2.31 ± 0.3 2.26 ± 0.4 0.55

Visceral fat (units) 10.63 ± 2.6 7.41 ± 2.0 0.0002
Physical activities lvl 18.17 ± 9.8 20.17 ± 7.9 0.46

Cognitive activities lvl 41 ± 8.1 41 ± 7.3 0.69
Adiponectin (ug/mL) 11.48 ± 7.6 9.05 ± 4.9 0.20

Irisin (ug/mL) 1.57 ± 0.9 1.46 ± 0.7 0.72
Vaspin (ng/mL) 0.39 ± 1.2 0.07 ± 0.0 0.74
Visfatin (ng/mL) 47.37 ± 16.7 50.03 ± 13.5 0.64
IGF-1 (ng/mL) 82.56 ± 65.4 100.18 ± 148.8 0.76

IGFBP-3 (ng/mL) 1070.87 ± 847.6 1299.35 ± 1930.3 0.76
Upper limbs strength mean (reps) 19.48 ± 7.1 21.75 ± 6.5 0.25

Lower limbs strength (reps) 13.72 ± 4.5 15.82 ± 5.2 0.22
Six-minute walk test (m) 491.18 ± 108.9 528.11 ± 64.3 0.08

Timed up and go (s) 7.59 ± 2.0 6.92 ± 1.7 0.25
sBP (mmHg) 158.02 ± 11.5 121.53 ± 8.4 <0.00001
dBP (mmHg) 91.08 ± 9.1 76.25 ± 7.5 0.000004
mBP (mmHg) 130.11 ± 19.6 105.37 ± 7.2 0.0000005
PP (mmHg) 66.94 ± 10.7 45.28 ± 7.4 0.0000003

Years of education (years) 12.83 ± 2.9 14.78 ± 3.4 0.09
MMSE—Mini–Mental State Examination; MoCA—Montreal Cognitive Assessment; MoCA Delayed Recall—
number of words correctly recalled after category and list cues in Delayed Recall subtest of MoCA, TMT B—Trail
Making Test Part B, GDS—Geriatric Depression Scale; BMI—Body Mass Index; IGF-1—Insulin-like growth factor
1; Insulin-like growth factor-binding protein 3—IGFBP-3; sBP—systolic blood pressure; dBP—diastolic blood
pressure; mBP—mean blood pressure; PP—pulse pressure; BMR—Basic Metabolic Rate.

References
1. Kshatriya, S.; Reams, G.P.; Spear, R.M.; Freeman, R.H.; Dietz, J.R.; Villarreal, D. Obesity hypertension: The emerging role of leptin

in renal and cardiovascular dyshomeostasis. Curr. Opin. Nephrol. Hypertens. 2010, 19, 72–78. [CrossRef] [PubMed]
2. Benetos, A.; Petrovic, M.; Strandberg, T. Hypertension Management in Older and Frail Older Patients. Circ. Res. 2019, 124,

1045–1060. [CrossRef] [PubMed]
3. Burnier, M.; Egan, B.M. Adherence in Hypertension: A review of prevalence, risk factors, impact, and management. Circ. Res.

2019, 124, 1124–1140. [CrossRef] [PubMed]
4. Leung, A.A.; Bushnik, T.; Hennessy, D.; McAlister, F.A.; Manuel, D.G. Risk factors for hypertension in Canada. Health Rep. 2019,

30, 3–13. [PubMed]
5. Hari, T.S.; Sudha, T.S.; Varghese, A.M.; Sasanka, K.K.; Thangaraju, P. A study of risk factors and com-plications in elderly

hypertensive subjects. J. Fam. Med. Prim. Care 2021, 10, 2230–2234. [CrossRef]
6. Kuo, P.-L.; Schrack, J.A.; Shardell, M.D.; Levine, M.; Moore, A.Z.; An, Y.; Elango, P.; Karikkineth, A.; Tanaka, T.; De Cabo, R.; et al.

A roadmap to build a phenotypic metric of ageing: Insights from the Baltimore Longitudinal Study of Aging. J. Intern. Med. 2020,
287, 373–394. [CrossRef]

7. Hirani, V.; Naganathan, V.; Blyth, F.; Le Couteur, D.; Seibel, M.; Waite, L.M.; Handelsman, D.J.; Cumming, R. Longitudinal
associations between body composition, sarcopenic obesity and outcomes of frailty, disability, institutionalisation and mortality
in community-dwelling older men: The Concord Health and Ageing in Men Project. Age Ageing 2017, 46, 413–420. [CrossRef]

8. Andolfi, C.; Fisichella, P.M. Epidemiology of Obesity and Associated Comorbidities. J. Laparoendosc. Adv. Surg. Tech. A 2018, 28,
919–924. [CrossRef]

9. Agustí, A.; García-Pardo, M.P.; López-Almela, I.; Campillo, I.; Maes, M.; Romani-Pérez, M.; Sanz, Y. Interplay between the
Gut-Brain Axis, Obesity and Cognitive Function. Front. Neurosci. 2018, 12, 155. [CrossRef]

10. Schrover, I.M.; Van Der Graaf, Y.; Spiering, W.; Visseren, F.L.J. The relation between body fat distribution, plasma concentrations
of adipokines and the metabolic syndrome in patients with clinically manifest vascular disease. Eur. J. Prev. Cardiol. 2018, 25,
1548–1557. [CrossRef]

http://doi.org/10.1097/MNH.0b013e328332fb49
http://www.ncbi.nlm.nih.gov/pubmed/19851106
http://doi.org/10.1161/CIRCRESAHA.118.313236
http://www.ncbi.nlm.nih.gov/pubmed/30920928
http://doi.org/10.1161/CIRCRESAHA.118.313220
http://www.ncbi.nlm.nih.gov/pubmed/30920917
http://www.ncbi.nlm.nih.gov/pubmed/30785634
http://doi.org/10.4103/jfmpc.jfmpc_1959_20
http://doi.org/10.1111/joim.13024
http://doi.org/10.1093/ageing/afw214
http://doi.org/10.1089/lap.2018.0380
http://doi.org/10.3389/fnins.2018.00155
http://doi.org/10.1177/2047487318790722


Int. J. Environ. Res. Public Health 2022, 19, 6467 13 of 14

11. Arhire, L.I.; Mihalache, L.; Covasa, M. Irisin: A Hope in Understanding and Managing Obesity and Metabolic Syndrome. Front.
Endocrinol. 2019, 10, 524. [CrossRef] [PubMed]

12. Chen, K.; Zhou, M.; Wang, X.; Li, S.; Yang, D. The Role of Myokines and Adipokines in Hypertension and Hypertension-Related
Complications. Hypertens. Res. 2019, 42, 1544–1551. [CrossRef] [PubMed]

13. Letra, L.; Matafome, P.; Rodrigues, T.; Duro, D.; Lemos, R.; Baldeiras, I.; Patrício, M.; Castelo-Branco, M.; Caetano, G.; Seiça, R.;
et al. Association between Adipokines and Biomarkers of Alzheimer’s Disease: A Cross-Sectional Study. J. Alzheimer’s Dis. 2019,
67, 725–735. [CrossRef] [PubMed]

14. Cunningham, C.; O’Sullivan, R.; Caserotti, P.; Tully, M.A. Consequences of physical inactivity in older adults: A systematic review
of reviews and meta-analyses. Scand. J. Med. Sci. Sports 2020, 30, 816–827. [CrossRef]

15. Perneczky, R.; Kempermann, G.; Korczyn, A.D.; Matthews, F.E.; Ikram, M.A.; Scarmeas, N.; Chetelat, G.; Stern, Y.; Ewers,
M. Translational research on reserve against neurodegenerative disease: Consensus report of the International Conference on
Cognitive Reserve in the Dementias and the Alzheimer’s Association Reserve, Resilience and Protective Factors Professional
Interest Area working groups. BMC Med. 2019, 17, 47. [CrossRef]

16. Perini, G.; Ramusino, M.C.; Sinforiani, E.; Bernini, S.; Petrachi, R.; Costa, A. Cognitive impairment in depression: Recent advances
and novel treatments. Neuropsychiatr. Dis. Treat. 2019, 15, 1249–1258. [CrossRef]

17. Schuch, F.B.; Vancampfort, D.; Firth, J.; Rosenbaum, S.; Ward, P.B.; Silva, E.S.; Hallgren, M.; De Leon, A.P.; Dunn, A.L.; Deslandes,
A.C.; et al. Physical Activity and Incident Depression: A Meta-Analysis of Prospective Cohort Studies. Am. J. Psychiatry 2018, 175,
631–648. [CrossRef]

18. Pawson, T.; Linding, R. Network medicine. FEBS Lett. 2008, 582, 1266–1270. [CrossRef]
19. Barabási, A.-L.; Gulbahce, N.; Loscalzo, J. Network medicine: A network-based approach to human disease. Nat. Rev. Genet.

2011, 12, 56–68. [CrossRef]
20. Reitan, R.M. Validity of the Trail Making Test as an Indicator of Organic Brain Damage. Percept. Mot. Ski. 1958, 8, 271–276.

[CrossRef]
21. Folstein, M.F.; Robins, L.N.; Helzer, J.E. The mini-mental state examination. Arch. Gen. Psychiatry 1983, 7, 812. [CrossRef]

[PubMed]
22. Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The

Montreal Cognitive Assessment; MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53,
695–699. [CrossRef]

23. Magierska, J.; Magierski, R.; Fendler, W.; Kłoszewska, I.; Sobów, T.M. Clinical application of the Polish adaptation of the Montreal
Cognitive Assessment (MoCA) test in screening for cognitive impairment. Neurol Neurochir Pol. 2012, 46, 130–139. [CrossRef]
[PubMed]

24. Podsiadlo, D.; Richardson, S. The Timed “Up & Go”: A Test of Basic Functional Mobility for Frail Elderly Persons. J. Am. Geriatr.
Soc. 1991, 39, 142–148. [CrossRef]

25. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. American Thoracic Society. ATS
statement: Guidelines for the six-minute walk test. Am. J. Respir. Crit. Care Med. 2002, 166, 111–117. [CrossRef] [PubMed]

26. Roomi, J.; Johnson, M.M.; Waters, K.; Yohannes, A.; Helm, A.; Connolly, M.J. Respiratory Rehabilitation, Exercise Capacity and
Quality of Life in Chronic Airways Disease in Old Age. Age Ageing 1996, 25, 12–16. [CrossRef]

27. Rikli, R.E.; Jones, C.J. Development and Validation of a Functional Fitness Test for Community-Residing Older Adults. J. Aging
Phys. Act. 1999, 7, 129–161. [CrossRef]

28. Bailey, K.V.; Ferro-Luzzi, A. Use of body mass index of adults in assessing individual and community nutritional status. Bull.
World Health Organ. 1995, 73, 673–680.

29. Mancia, G.; Fagard, R.; Narkiewicz, K.; Redón, J.; Zanchetti, A.; Böhm, M.; Christiaens, T.; Cífková, R.; De Backer, G.; Dominiczak,
A.; et al. 2013 ESH/ESC Guidelines for the management of arterial hypertension. J. Hypertens. 2013, 31, 1281–1357. [CrossRef]

30. Almeida, O.P.; Almeida, S.A. Short versions of the geriatric depression scale: A study of their validity for the diagnosis of a major
depressive episode according to ICD-10 and DSM-IV. Int. J. Geriatr. Psychiatry 1999, 14, 858–865. [CrossRef]

31. Conradsson, M.; Rosendahl, E.; Littbrand, H.; Gustafson, Y.; Olofsson, B.; Lövheim, H. Usefulness of the Geriatric Depression
Scale 15-item version among very old people with and without cognitive impairment. Aging Ment. Health 2013, 17, 638–645.
[CrossRef]

32. Field, A. Discovering Statistics Using SPSS; Sage Publications: London, UK, 2009; p. 550.
33. Shannon, P.; Markiel, A.; Ozier, O.; Baliga, N.S.; Wang, J.T.; Ramage, D.; Amin, N.; Schwikowski, B.; Ideker, T. Cytoscape: A

software environment for integrated models of Biomolecular Interaction Networks. Genome Res. 2003, 13, 2498–2504. [CrossRef]
[PubMed]

34. Clark, J.E.; Ng, W.-F.; Rushton, S.; Watson, S.; Newton, J.L. Network structure underpinning (dys)homeostasis in chronic fatigue
syndrome; Preliminary findings. PLoS ONE 2019, 14, e0213724. [CrossRef] [PubMed]

35. Liu, J.; Ma, J.; Wang, J.; Zeng, D.D.; Song, H.; Wang, L.; Cao, Z. Comorbidity Analysis According to Sex and Age in Hypertension
Patients in China. Int. J. Med. Sci. 2016, 13, 99–107. [CrossRef] [PubMed]

36. Lee, T.H.-Y.; Cheng, K.K.-Y.; Hoo, R.L.-C.; Siu, P.M.-F.; Yau, S.-Y. The Novel Perspectives of Adipokines on Brain Health. Int. J.
Mol. Sci. 2019, 20, 5638. [CrossRef] [PubMed]

http://doi.org/10.3389/fendo.2019.00524
http://www.ncbi.nlm.nih.gov/pubmed/31428053
http://doi.org/10.1038/s41440-019-0266-y
http://www.ncbi.nlm.nih.gov/pubmed/31133682
http://doi.org/10.3233/JAD-180669
http://www.ncbi.nlm.nih.gov/pubmed/30689587
http://doi.org/10.1111/sms.13616
http://doi.org/10.1186/s12916-019-1283-z
http://doi.org/10.2147/NDT.S199746
http://doi.org/10.1176/appi.ajp.2018.17111194
http://doi.org/10.1016/j.febslet.2008.02.011
http://doi.org/10.1038/nrg2918
http://doi.org/10.2466/pms.1958.8.3.271
http://doi.org/10.1001/archpsyc.1983.01790060110016
http://www.ncbi.nlm.nih.gov/pubmed/6860082
http://doi.org/10.1111/j.1532-5415.2005.53221.x
http://doi.org/10.5114/ninp.2012.28255
http://www.ncbi.nlm.nih.gov/pubmed/22581594
http://doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://doi.org/10.1164/ajrccm.166.1.at1102
http://www.ncbi.nlm.nih.gov/pubmed/12091180
http://doi.org/10.1093/ageing/25.1.12
http://doi.org/10.1123/japa.7.2.129
http://doi.org/10.1097/01.hjh.0000431740.32696.cc
http://doi.org/10.1002/(SICI)1099-1166(199910)14:10&lt;858::AID-GPS35&gt;3.0.CO;2-8
http://doi.org/10.1080/13607863.2012.758231
http://doi.org/10.1101/gr.1239303
http://www.ncbi.nlm.nih.gov/pubmed/14597658
http://doi.org/10.1371/journal.pone.0213724
http://www.ncbi.nlm.nih.gov/pubmed/30908516
http://doi.org/10.7150/ijms.13456
http://www.ncbi.nlm.nih.gov/pubmed/26941567
http://doi.org/10.3390/ijms20225638
http://www.ncbi.nlm.nih.gov/pubmed/31718027


Int. J. Environ. Res. Public Health 2022, 19, 6467 14 of 14

37. Ma, L.; Sha, G.; Zhang, Y.; Li, Y. Elevated serum Il-6 and adiponectin levels are associated with frailty and physical function in
Chinese older adults. Clin. Interv. Aging 2018, 13, 2013–2020. [CrossRef]

38. Ma, L.; Zhang, L.; Sun, F.; Li, Y.; Tang, Z. Cognitive function in Prefrail and frail community-dwelling older adults in China. BMC
Geriatr. 2019, 19, 53. [CrossRef]

39. Zhu, X.; Qiu, C.; Zeng, Y.; Li, J. Leisure activities, education, and cognitive impairment in Chinese older adults: A population-based
longitudinal study. Int. Psychogeriatr. 2017, 29, 727–739. [CrossRef]

40. Al-Delaimy, W.K.; Von Muhlen, D.; Barrett-Connor, E. Insulinlike Growth Factor-1, Insulinlike Growth Factor Binding Protein-1,
and Cognitive Function in Older Men and Women. J. Am. Geriatr. Soc. 2009, 57, 1441–1446. [CrossRef]

41. Gourdy, P.; Cazals, L.; Thalamas, C.; Sommet, A.; Calvas, F.; Galitzky, M.; Vinel, C.; Dray, C.; Hanaire, H.; Castan-Laurell, I.; et al.
Apelin administration improves insulin sensitivity in overweight men during hyperinsulinaemic-euglycaemic clamp. Diabetes
Obes. Metab. 2017, 20, 157–164. [CrossRef]

42. Baker, J.F.; Newman, A.B.; Kanaya, A.; Leonard, M.B.; Zemel, B.; Miljkovic, I.; Long, J.; Weber, D.; Harris, T.B. The Adiponectin
Paradox in the Elderly: Associations with Body Composition, Physical Functioning, and Mortality. J. Gerontol. A Biol. Sci. Med.
Sci. 2019, 74, 247–253. [CrossRef] [PubMed]

43. Zhao, M.; Zhou, X.; Yuan, C.; Li, R.; Ma, Y.; Tang, X. Association between serum irisin concentrations and sarcopenia in patients
with liver cirrhosis: A cross-sectional study. Sci. Rep. 2020, 10, 16093. [CrossRef] [PubMed]

44. Pazgan-Simon, M.; Kukla, M.; Zuwała-Jagiełło, J.; Derra, A.; Bator, M.; Menżyk, T.; Lekstan, A.; Grzebyk, E.; Simon, K. Serum
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