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Abstract
Introduction: The coexistence of chronic diseases has led to greater negativity in patients than the negativity of diseases individually
speaking. The aim of this study was to investigate the effects of the body mass index on metabolic profile, isometric and isokinetic muscle
strength, static and dynamic balance, and anaerobic capacity in dyslipidemia patients, as well as to emphasize what exercises should be
recommended for recovering the experienced functional loss of the patients.
Materials and Methods: Forty five patients (26 women, 19 men) between 40 and 75 years of age and who were newly diagnosed as
dyslipidemia were enrolled into this study. The patients were divided into two groups according to their body mass indexes (BMI): group
1 (n:18) or those whose BMI was lower than 25 kg/m2, and group 2 (n:27) or those whose BMI was higher than 30 kg/m2. Biochemical
blood sampling was done. The Get Up and Go, single leg stance, anaerobic capacity, and isometric as well as isokinetic muscle strength
tests were performed in order to evaluate functional capacities.
Results: There were no statistically significant differences shown at gender distribution, age, or height (p>0.05) between groups. The
weight and BMI’s between the groups were statistically significantly different (p<0.05). The fasting glucose levels and triglyceride levels
of group 2 was statistically significantly higher than group 1 (p<0.05), whereas other biochemical parameters showed no differences
(p>0.05). The static balance tests results between groups have shown no statistically significant differences (p<0.05); however the dynamic
balance test results for group 2 was statistically significantly worse than those of group 1 (p<0.05). The parameters of the results of the
anaerobic testing, alongside those of the isometric and isokinetic testing for group 1 patients were statistically significantly higher than
those of group 2 (p<0.05).
Conclusion: Obesity negatively affects dyslipidemic patients’ metabolic and functional capacities. An exercise program for dyslipidemic
patients with a high BMI should include strengthening and balance as well as dynamic balance exercises in order to positively influence
both their metabolic profiles and functional status.
Keywords: Hyperlipidemia; Obesity; Physical fitness

Introduction
Dyslipidemia referrers to hypertiglyceridemia, low serum high-density lipoprotein (HDL) cholesterol levels, and high serum lowdensity lipoprotein (LDL) cholesterol levels. The prevalence of dyslipidemia is widespread. This prevalence is increasing day by
day due to a Western-style diet, obesity, and a lack of physical activity [1]. Obesity is fat accumulation within the body due to an
imbalance between energy intake and expenditure. Obesity detection can be done according to the fat ratio or according to the
body mass index (BMI) based upon the criteria of the World Health Organization. According to the BMI classification system,
a BMI equaling or over than 30.00 kg/m2 is classified as obese, and BMI between 18.50 to 24.99 kg/m2 is classed as normal [2].
Obesity predisposes one to chronic diseases such as hypertension, type 2 diabetes mellitus, osteoarthritis and certain types of
cancer [3]. Moreover, obesity and the diseases that accompany it will increase the risk of mortality and morbidity [4].
Recent studies done in Turkey indicate that within the Turkish population there is a high total cholesterol level of 43%, a low HDL
of 41.5%, a high LDL of 36.2%, a hypertriglyceridemia level of 35.7%, a 44.2% obesity rate among females, and a 25.2% obesity rate
among males, and that these results positively correlate to age, BMI, waist circumferences, fasting plasma glucose levels, and blood
pressure [1,5]. Lowering the dyslipidemia and obesity will lower the cardiovascular mortality and morbidity [1].
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Insulin resistance, chronic inflammation, lipotoxicity, muscular dysfunction (the lowering of the muscular activation, strength,
and quality), and mobility dysfunction (the lowering of the walking speed and physical performance) occurs due to physical
inactivity, obesity, and higher age [6]. Several studies have shown that aerobic and anaerobic capacity, postural balance, functional
performances, muscle strength, and endurances lower with obesity [3,7-12]. The coexistence of chronic diseases has led to
greater negativity in patients than the negativity of diseases individually speaking [13]. It is foreseen that the metabolic and
functional performances of dislipidemic obese patients will be significantly affected. In the literature, studies that have examined
the functional losses of dyslipidemic patients according to their body mass indexes were insufficient. In this study, we had first had
aimed to examine the effect of the body mass index on the metabolic profile, isometric-isokinetic muscle strength, static-dynamic
balance, anaerobic capacity in dyslipidemia patients. We secondly have tried to emphasize what exercises should be recommended
for recovering the function loss that patients experience.

Materials and Methods
Forty five patients (26 women, 19 men) between 40 and 75 years of age and who were newly diagnosed with dyslipidemia according
to biochemical analysis were enrolled into this study. Patients who had been using dyslipidemic drugs those with hypothyroidism-due to their effects on lipid metabolism and obesity--as well as those with a BMI between 25 to 29.9 kg/m2 were not enrolled into
this study [14].
The criteria of the National Cholesterol Education Program ATP III were used to diagnose dyslipidemia. A total cholesterol level
that is higher than 200 mg/dL is known as total cholesterolemia, serum triglycerides (TG) levels that higher than 150 mg/dL is
referred to as hypertriglyceridemia, serum HDL cholesterol levels that are lower than 50 mg/dL for male patients and lower than
40 mg/dL for female patients is known as low HDL cholesterolemia, and serum LDL cholesterol levels that are higher than 130
mg/dL is referred to as high LDL cholesterolemia [1].
Biochemical sampling (for fasting blood glucose, insulin, HOMA IR, triglyceride, total cholesterol, HDL, LDL, Thyroid-Stimulating
Hormone (TSH)) were done after 12 hours of fasting [15]. The HOMA (homeostais model assessment) value, which reflects
insulin resistance, is calculated as the ‘serum fasting glucose level (mg/dL) x fasting plasma insulin level (μU/mL)/405’ formula.
Insulin resistance is accepted should the HOMA-IR results be above ≥ 2.5 [16].
Body weights measured with a balance beam scale and heights were measured using a stadiometer (SECA 700, Germany). The
body mass index is measured by dividing the body mass by the square of the body height [1].Patients were divided into 2 groups
according to BMI. Group 1 includes patients with a BMI of lower than ‘25 kg/m2’, and group 2 includes those with a BMI of higher
than ‘30 kg/m2’ [17].
Tests were commenced after measuring the arterial tension on the condition that there were no contraindications. The Get Up
and Go test (15 meters) was performed in order to evaluate the performance-related dynamic balances of the patients, and the
Single leg Stance test (30 seconds) was performed in order to evaluate their the static balances [18,19]. The time to finish test was
recorded for the Get Up and Go Test, and the number of errors within 30 seconds was recorded for the single leg stance test [20].
A 10-minute submaximal cycle ergometer was done before, as well as 5 minute stretching exercises were done both before and after
the strength and anaerobic capacity tests. The Wingate anaerobic capacity test Wingate Test System 894E was used for 5% of body
weight for 20 seconds [8,21]. An isokinetic dynamometer (HUMAC® NORMTM Testing & Rehabilitation System, USA) was used
for muscle strength testing. Trial tests had been performed before the tests. As the knee mainly uses concentric contractions during
daily activities, the concentric mode was used for the isokinetic tests [22]. The isometric muscle strength test was performed at a
45o knee extension at a maximal effort of 5 [23]; the isokinetic muscle strength test was applied to the dominant leg at 60o/second
(5 repetition) and 240 o/second (15 repetition) angular velocities at a 0 o extension and 90 o flexion range of joint motion [24,25].
The approval by the ethics committee of this study, which conforms to the Declaration of Helsinki, was obtained during a meeting
with local ethics committee.
All of data was analyzed via the SPSS 22.0 package program. Descriptive statics were used in order to identify the data. The
Skewness-Kurtosis test had verified that some of the parameters were non-homogenous. Thus Mann-Whitney U tests were done
in order to evaluate whether or not any differences had existed between the groups. p<0.05 was considered to be statistically
significant. The results were given as median ± standard error.

Results
Eighteen of the patients’ BMI levels were within normal limits (18.5-24.9 kg/m2), whilst and twenty-seven of the patients’ BMI
level fell within the category of obese (>30 kg/m2). The age, height, body weight and BMI values of group 1 (12 female, 6 male)
patients were 55.9 ± 12 years, 164 ± 11.7 cm, 57.2 ± 9.9 kg and 21.3 ± 2.9 kg/m2. For group 2 (14 females, 13 males), these values
were 56.7 ± 10.5 years, 156.6 ± 7.4 cm, 83 ± 9.8 kg and 33.8 ± 3.4 kg/m2, respectively. There were no differences found between
groups’ in terms of the gender distribution (p=0.5), height (p=0.2) or age (p=0.9) of the patients. However statistically significant
differences were found between groups when it came to body weight and BMI values (p=0.001).
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All patients in this study have both high total cholesterolemia as well as high LDL cholesteremia. Additionally, 3 of the patients
from group 1 and 16 of the patients from group 2 have hypertriglyceridemia; 4 patients from group 1 and 12 patients from group
2 have low HDL cholesterolemia, and 3 patients from group 1 as well as 18 patients from group 2 have insulin resistance. The
biochemical results of the patients were shown in Table 1. The fasting blood glucose levels and triglyceride levels were statistically
significantly higher among group 2 patients (p<0.05); however, no differences were found between any of the other biochemical
parameters between the two groups (p>0.05).
Group 1 (n:18)

Group 2 (n:27)

p value

Glucose (mg/dL)

93.5 ± 7.5

124.3 ± 31.6

0.001*

Insulin (μU/mL)

18. 6 ± 31.6

22.7 ± 20.4

0.2

HOMA IR

4.2 ± 6.9

7.9 ± 8.4

0.1

Triglyceride

123.3 ± 41.4

161.3 ± 50.2

0.04*

Total cholesterol
(mg/dL)

274.6 ± 61.7

259 ± 33

0.8

HDL (mg/dL)

59.6 ± 16.9

48.1 ± 8.6

0.08

LDL (mg/dL)

190.6 ± 49.6

178.5 ± 28

0.9

TSH (uIU/mL)

1.2 ± 0.5

2 ± 0.7

0.3

mg: milligram; dL: deciliter; μU: micro unit; mL: milliliter; U: unit; HOMA:
Homeostasis Model Assessment; IR: insulin resistance; HDL: High density lipoprotein
cholesterol; LDL: Low density lipoprotein cholesterol; TSH: Thyroid-stimulating
hormone, Mann-Whitney U test has been used. *: p<0.05 (statistically significant)
Table 1: The results of the biochemical examinations

The results of the dynamic and static balance evaluations had shown statistically significant differences when it came to dynamic
balance (p<0.05); however there were no differences shown when it came to the results of the static balance test (p>0.05), (Table 2).
Group 1 (n:18)

Group 2 (n:27)

p value

The 15-meter “timed up and go” test (sec)

9.8 ± 1.1

11.5 ± 1.5

0.004*

One-leg standing test (error/30 sec)

1.3 ± 1.5

1.4 ± 2.3

1,0

Meter: Meter; sec: second; Mann-Whitney U test has been used. *: p<0.05 (statistically significant)
Table 2: Dynamic and static balance measurement values

Anaerobic measurement parameters were evaluated according to body weight. The peak power and average power of the group 1
were statistically significantly better than those of the second group (p<0.05). Even though the minimum power and power drops
were better for group 1, no statistically significant differences were shown between either group (p>0.05), (Table 3).
Group 1 (n:18)

Group 2 (n:27)

p value

3.8 ± 1.3

2.5 ± 1.4

0.03*

AP

3.2 ± 1

2.2 ± 1.3

0.04*

MP

2.3 ± 1.3

1.7 ± 1.2

0.2

PP

PD
1.5 ± 1.1
0.8 ± 0.5
0.06
W: watt; kg: kilogram; PP: Peak Power; AP: Average Power; MP: Minimum Power; PD: Power
Drop; Mann-Whitney U test has been used. *: p<0.05 (statistically significant)
Table 3: Anaerobic measurement parameters (W/kg)

The isokinetic and isometric muscle strength parameters-which were evaluated according to body weight--were statistically
significantly better for the results of group 1 the results of group 2 (p<0.05), (Table 4).
Group 1 (n:18)

Group 2 (n:27)

p value

Isometric ext PT/BW

165.9 ± 50.1

121.3 ± 38.7

0.03*

Isometric flex PT/BW

95.5 ± 25.6

58.8 ± 21.9

0.003*

Ext PT/ BW(@60 o/sec)

149.9 ± 51.2

97.9 ± 27.5

0.01*

Flex PT/ BW(@60 o/sec)

80.7 ± 22.8

58.6 ± 22.1

0.06

Ext PT/ BW(@240 /sec)

75.2 ± 20.5

49.4 ± 15.2

0.003*

Flex PT/ BW(@240 o/sec)

52.7 ± 14.8

29 ± 9.5

0.001*

Ext TW/ BW(@240 o/sec)

1387.9 ± 362.8

912.5 ± 271.9

0.002*

Flex TW/ BW(@240 /sec)

649.2 ± 197.7

460.6 ± 167.4

0.03*

o

o

PT: Peak Torque; BW: body weight; TW: Total work; sec: second; Ext: extension; Flex:
Flexion; Mann-Whitney U test has been used. *: p<0.05 (statistically significant)
Table 4: Isometric and isokinetic muscle strength measurement parameters (Newton meter)
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Discussion
It was identified in our study that while the patients with higher body mass index had higher fasting blood glucose and triglyceride
levels, they also had had lower dynamic balances, anaerobic peak power and average power values, and isometric as well as
isokinetic knee muscle strengths.
Dyslipidemia is an important public health problem. The mortality rate related to cardiovascular diseases such as coronary artery
disease, other artery diseases, diabetes mellitus, is increasing with each passing day around the world. Factors such as dyslipidemia,
smoking, diabetes mellitus, being male, a lack of exercise, obesity, and stress all pose a risk for cardiovascular diseases. It is
important to identify primary and secondary lipid and lipoprotein disorders in a person diagnosed with dyslipidemia. An increase
in the number of the risk factors that an individual has increases their risk of having a cardiovascular disease. The fact is that
obesity is considered now considered to be pandemic problem, and moreover the dyslipidemia affects the clinical course and
functional condition of the patients more severely [26].
In general, a high TG, low HDL cholesterol level, and an increase in a more proatherogenic form of cholesterol are observed
in obesity-related dyslipidemia cases. Uncontrolled fatty acid release from adipose tissue as well as an increased free fat acid in
circulation leads to mRNA expression in the muscles and/or lowers the lipoprotein lipase activity, thus resulting in obesity related
dyslipidemia [27].
The change in lipid forms is similar to the one in patients diagnosed with type 2 diabetes mellitus and/or insulin resistance.
Population-based studies indicate that every 89 mg/dL increase in the TG level increases the risk of cardiovascular disease by
32-76% [28]. The development of microvascular organ damages due to type 2 diabetes mellitus by affecting adipocytes is also
one complication of hypertriglyceridemia. Moreover, the fact that the TG/HDL cholesterol rate is higher than 3.66 increases the
mortality risk as a result of myocardial ischemia in females [29]. Considering the fact that factors such as dyslipidemia, an increase
in fasting glucose, insulin resistance, and obesity form the basis of metabolic syndrome, the presence of increased fasting glucose
in obese individuals in our study is not surprising [28].
Muscle mass is higher in obese patients; however their level of physical activity of is usually lower [30]. Obesity related changes such
as inflammation, metabolism, and reduced insulin signaling lowers muscular quality and functional capacity [30]. The function of
the lower extremity is significant in daily life. For example, recurrent lower extremity muscle contractions occur while climbing up
stairs or walking. Major deficiencies in these muscle groups affect lower extremity muscle strength, endurance, balance function,
anaerobic capacity and, thus, overall quality of life. Obesity may result in functional limitations causing deficiencies in muscle
strength and power. This condition has been examined in the literature to a limited extent [9]. There is no perfect test to evaluate
the general quality of life and function. However, there is a positive correlation between tests such as the ‘timed up and go’ test,
one-leg standing test, walking speed, standing up from the chair-all of which measure the balance and functional sufficiency level-and one’s quality of life and function [31].
Hergenroeder et al. had stated that performance-based mobility (timed up and go test) decreased in individuals with a BMI
greater than 35; however, performance-based balance (timed balance test) was not affected by the BMI [3]. Dutil et al. had argued
that obesity clearly affects postural control in elderly women, and had supported their hypothesis with the results they provided
[32]. Greve et al. had identified that there was a correlation between the BMI and postural balance by using the Biodex balance
system [12]. Hue et al. had stated that body weight affected balance control, and that the most important risk of falling frequently
observed in the older age groups is the loss of balance due to obesity [33]. Deforche et al. had once again proved that the lack of
balance due to obesity not only occurs in elderly people but also in adolescents, and that weight affects their postural balance [34].
Kemmler et al. had stated that there was a decrease in the time of the ‘timed up and go test’ together with weight loss and exercise,
and that there was an increase in the isometric body extensor strength, leg press strength, and power, and fitness level, indicating
that the balance function could be improved together with the weight-loss [11].
Although anaerobic energy systems are rarely used in daily life, all energy systems are interconnected with one other. It can be
predicted that every ounce of extra weight will affect anaerobic capacity. Kitagawa et al. had identified that anaerobic power in
obese individuals as well as anaerobic power in proportion to fat-free body weight were higher in obese individuals [35]. Lafortuna
et al. had determined that when they evaluated short-term alactic anaerobic performance with jump, sprint and stair climb tests,
the power output of obese individuals per each kilogram was lower [10]. One study by Żak-Gołąb et al. had examined the effect
of including obese individuals in the weight control program and losing weight--after they had evaluated the anaerobic thresholds
of both obese and non-obese individuals [4]. In their final report, they presented that the lactate and ventilatory thresholds were
higher, and that there was no change in accompaniment with weight loss.
Different factors and opposite results affecting the muscle performance at the cellular level in obese individuals were reported.
One of which is that the skeletal muscle in obese individuals will have a high interstitial adipocyte level, and that it will reduce
muscle quality in different pathophysiological ways. According to another opinion, it was supported that the amount of type 1
slow-twitch muscle fibers is related to the amount of fat, and that perhaps this situation can explain the fact that obese individuals
are advantageous during anaerobic work [10].
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Another parameter that can be evaluated in relation to the BMI is muscle strength and endurance. Podstawski et al. had reported
that endurance and strength were lower in overweight and obese individuals, and that every 1% of increase in the BMI would cause
a 0.93% decrease in the Burpee test [7]. Deforche et al. had stated that while obese youth receive lower results in ‘standing-broad
jump, sit-ups, bent-armhang, speed shuttle run and endurance shuttle run’ tests, their hand grip strength was higher [34]. When
Lazarus et al. had measured hand grip strength under the opinion that there might be a negative relationship between insulin
resistance, and physical activity, and muscle strength, they found out that hand grip muscle strength was lower in individuals with
high insulin resistance [36]. Carvalho et al. had indicated that the cardiorespiratory fitness level, concentric, and isometric knee
extensor muscle strength and endurance were lower in young obese women when versus normal-weight individuals [22]. Jurca
et al. had reported that the lower and upper extremity muscle strength of individuals with metabolic syndrome was lower [37].
Exercise prescriptions for dyslipidemic patients are principally similar to normal population. However, in order to activate
fat degradation at skeletal system, moderate to vigorous intensity physical activity and that it should be long-lasting. Exercise
prescription for obese patients should result in negative energy balance and stimulates lipolysis [38]. For such patients, the
American College of Sports Medicine recommends anywhere from 30-60 minutes of moderate to vigorous exercises per day
to a total of 150-250 minutes of exercise per week, or an approximately 1200-2000 kcal/week energy expenditure. Saris et al.
recommends 225-300 minute/week worth of exercise. Resistance exercises have a very low effect on lowering body weight alone.
However resistance exercises have shown to be effective when it comes to muscle strength, as well as to resolve the age related
sarcopenia. Resistance exercises combined with aerobic exercises helps to control glucose levels as well as more significantly lower
the hemoglobin A1c levels [39]. Balance exercises reduce the number of situations of imbalance, of the risk of falling,, and of
postural swinging—all of which were tied to obesity [39,40]. As a result of these positive effects, strength and balance exercises
should not be neglected for dyslipidemic patients who are obese.

Conclusion
According to the data obtained in our study, the presence of the body mass index increases the negative impact on the metabolic
and functional capacity of individuals with with dyslipidemia. The fight against obesity will provide great benefits to people and to
society when it comes to the treatment of chronic diseases.
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