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ABSTRACTABSTRACT
Background: Whether physical fitness score has a correlation with any endothelial dysfunction players needs 
to be evaluated. This study aimed to assess and compare Fitness Scores of Type 2 Diabetes Mellitus (T2DM) 
patients with healthy individuals and their relationship to Inducible Nitric Oxide Synthase.
Materials & Methods:  A cross sectional study conducted at department of Physiology in 198 subjects.  Subjects 
were grouped into Group1: control (n=88), Group 2: T2DM (n=110). Physical fitness score parameters and 
serum iNOS was compared between different groups.
Results: Waist to hip ratio (WHR) is significantly different between control group (0.92±0.15) and DM group 
(1.0±0.08) with a p value= 0.00. BMI is also significantly different between the two groups (control: 27.8±5.0, DM: 
29.4±4.9 p= 0.02). In addition, fat mass is significantly different between the two group (control: 23.4±8.9, DM: 
26.4±10.1, p=0.02) and % fat (control: 29.3±7.7, DM: 32.5±10.8, p=0.01). eNOS is also significantly different 
between the two groups (control: 112.9±47.5, DM: 86.4±47.3, p=0.00) while iNOS is not significantly different 
(Control: 25.5±15.4, DM:  27.2±24.1, p=0.55). There is no significant difference in fitness score between control 
group (69.1±9.9) and DM group (68.2±7.7) with p=0.49. Linear regression analysis is performed to evaluate 
the association of iNOS as the dependent variable with fitness score as predictors. Linear regression analysis 
showed a significant negative association of iNOS with fitness score (r=-0.386, p<.001) for all cases, (r=-0.427, 
p<.001) for control group, and (r=-0.365, p<.001) for diabetes mellitus group.
Conclusions & recommendations: Our findings address the negative correlation between iNOS and fitness 
score in healthy and DM patients. It reveals the decrease of iNOS as fitness score increases. Fitness score can 
be used as a predictor of cardiovascular prognosis in diabetic patients. Further and extensive studies are needed 
in this area to confirm the findings.
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INTRODUCTIONINTRODUCTION
Controlling Type 2 Diabetes mellitus (T2DM) and its 
complications would be one of the main achieve-
ments of health authorities in this century. It is not a 
secret to mention that T2DM is one of the harmful 
consequences of sedentary life. In 2021, around 7 
million deaths were due to DM and its complica-
tions.1,2 With strict dietary interventions , exercises 
and medications, the impact of diabetes can be 
minimized.
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The effect of endothelial dysfunction, which 
comprises of endothelial cells injury and oxidative 
stress induced inflammation are considered as 
part of the pathways that lead to different metabolic 
disorders including T2DM.3,4 Among others, 
inducible Nitric Oxide Synthase (iNOS) is one of the 
main factors involved in endothelial dysfunction.5 
Elevated levels of serum iNOS has been reported in 
T2DM leading to endothelial dysfunction.6 It therefore 
can be assumed that by controlling the iNOS serum 
level, the impact of endothelial dysfunction can be 
minimized. 
There has been continuous research to find out 
quantitative and reliable noninvasive indices 
of the human body that can be used for the 
assessment of body well-being as well as the 
prognosis of diseases.7-9 Several indices have 
been discovered as valid and reliable methods to 
assess body composition such as body mass index 
(BMI) and waist circumference (WC).8-10 However, 
each index has its limitation specially to detect 
cardiovascular and metabolic abnormalities. For 
example, an elevated levels of fat-free mass (FFM) 
increases BMI even though it does not indicate 
increase cardiovascular risk. Recently, we observed 
several indices that can predict cardiovascular 
complications in diabetes mellitus patients such as 
Arm Circumference (AC), Arm Muscle circumference 
(AMC), Adiponectin-Resistin (AR) ratio, and Insulin 
Resistance Adiponectin-Resistin (IRAR) ratio.11-13 

Similarly, physical fitness score, as one of body 
composition indices, has been mentioned in the 
literature to be negatively correlated with serum 
total leptin and free leptin index in T2DM.14  Thus, 
it might be used as a predictor for cardiovascular 
risk outcomes. Whether physical fitness score has a 
correlation with any endothelial dysfunction players 
needs to be evaluated. This study aimed to assess 
and compare Fitness Scores of Type 2 Diabetes 
Mellitus (T2DM) patients with healthy individuals and 
their relationship to Inducible Nitric Oxide Synthase.

MATERIALS AND METHODSMATERIALS AND METHODS
A cross-sectional study was conducted at the Phys-
iology department, College of Medicine and King 
Khalid University Hospital, King Saud University. 
A total of 88 healthy adult subjects and 104 T2DM 
patients were recruited. All participants underwent 
body composition analysis. BIA, assessed body 
composition of the participants with a commercially 
available body analyzer (InBody 3.0, Biospace, 
Seoul, Korea). Measurements included body weight, 
BMI, protein mass, fat mass, % body fat and fitness 
scoring based on the target values for ideal body 
fitness. The participant stood on the device while it 
measured body weight, and age, height and gender 
were entered on the touch screen. Serum iNOS, was 
compared between control and diabetes groups. 
Patients were recruited from the outpatient diabetic 

clinic of the King Khalid University Hospital. Informed 
consent was obtained from all subjects. Ethical ap-
proval of the study was obtained from the institutional 
review board of King Saud University Medical City 
(KSUMC). Inducible Nitric Oxide Synthase (iNOS) 
kits were obtained from USCN Life China (Catalog 
Number: E0837h).
SPSS version 25 was used to analyze data. De-
scriptive characteristics were calculated as Mean ± 
Standard Deviation (SD) for continuous variables, 
and as frequencies and percentages for categorical 
variables. Independent sample t test was used to 
assess significant differences. We assessed a linear 
regression models with iNOS as dependent variable 
and fitness score as predictors in all cases combined, 
and separately in control and diabetes mellitus group 
keeping an alpha error of 5%. P value of <0.05 was 
considered as significant.

RESULTSRESULTS
The data was collected from total 198 subjects with 
88 healthy and 110 T2DM subjects. Table 1 shows 
the anthropometric characteristics and blood pa-
rameters of both groups. In the anthropometric 
parameters Waist to hip ratio (WHR), weight, BMI, fat 
mass, and percent fat is significantly high in diabetic 
group compared to control. Furthermore, HbA1c, 
FBS, TGs and HOMA-IR was significantly raised in 
the diabetic group compared to control (Table 1). 
In contrast, the eNOS levels were significantly high 
in control group compared to diabetic, however, no 
significant difference was observed in iNOS levels 
between the groups.
eNOS level were different between control group 
(0.92±0.15) and DM group (1.0±0.08) with a p 
value= 0.00. BMI is also significantly different 
between the two groups (control: 27.8±5.0, 
DM: 29.4±4.9 p= 0.02). In addition, fat mass 
is significantly different between the two group 
(control: 23.4±8.9, DM: 26.4±10.1, p=0.02) and 
% fat (control: 29.3±7.7, DM: 32.5±10.8, p=0.01). 
eNOS is also significantly different between the 
two groups (control: 112.9±47.5, DM: 86.4±47.3, 
p=0.00) while iNOS is not significantly different 
(Control: 25.5±15.4, DM:  27.2±24.1, p=0.55). There 
is no significant difference in fitness score between 
control group (69.1±9.9) and DM group (68.2±7.7) 
with p=0.49.
Linear regression analysis was performed to evaluate 
the association of iNOS as the dependent variable 
with fitness score as predictor. Linear regression 
analysis showed a significant negative association 
of iNOS with fitness score (r=-0.386, p<.001) for all 
cases (figure 1).Furthermore, negative association 
was observed for control group (r=-0.427, p<.001), 
and T2DM group (r=-0.365, p<.001) as shown in 
Figure 2, and 3 respectively.
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Table 1: Anthrpometric, blood parameter, eNOS and iNOS levels among T2DM and Control group. 

Variable All, n=198 Control, n=88 T2DM, n=110 P value

Age (year) 50.5±10.7 49.3±10.8 51.8±10.6 0.09

TBW (Liters) 40.7±12.4 40.3±6.8 41.1±5.6 0.34

WHR 0.96±0.1 0.92±0.15 1.0±0.08 0.00*

Height (cm) 165.9±11.6 167.5±8.2 164.4±15.1 0.67

Weight (Kg) 81±17.9 78.1±14.9 83.9±20.9 0.02*

BMI (Kg/m2) 28.6±4.9 27.8±5.0 29.4±4.9 0.02*

Fat mass (Kg) 24.9±9.5 23.4±8.9 26.4±10.1 0.02*

% FAT 30.9±9.2 29.3±7.7 32.5±10.8 0.01*

Protein mass (Kg) 10.9±1.6 10.9±1.8 11.0±1.5 0.65

eNOS (U/ml) 49.8±47.4 112.9±47.5 86.4±47.3 0.00*

iNOS (U/ml) 26.3±19.7 25.5±15.4 27.2±24.1 0.55

Fitness score 68.6±8.8 69.1±9.9 68.2±7.7 0.49

FBS (mmol/dl) 6.9±1.8 5.0±0.5 8.8±3.1 0.00*

Insulin (microliter/ml) 24.3±10.9 24.4±13.2 24.4±8.6 0.98

HOMA-IR 7.5±4.0 5.5±3.2 9.6±4.9 0.00*

HbA1c (%) 6.3±1.0 5.0±0.5 7.7±1.5 0.00*

TG (mmol/L) 1.6±1.1 1.2±0.6 2.1±1.6 0.00*

TC (mmol/L) 4.5±1.0 4.7±1.0 4.3±1.1 0.15

HDL (mmol/L) 1.0±0.1 1.1±0.2 1.0±0.3 0.22

LDL (mmol/L) 2.7±0.9 2.9±0.9 2.6±0.9 0.29

Data are represented as mean ± standard deviation, * significant. BMI: body mass index; WHR: waist/hip ratio, 
FBS: fasting blood sugar; TC: total cholesterol; TG: triglycerides; LDL: low-density lipoprotein; HDL: high-density 
lipoprotein, HOMA-IR: Homeostatic Model Assessment for Insulin, HbA1c: Glycosylated Hemoglobin, TBW: Total 
body water.

Figure 1. Linear regression analysis between se-
rum iNOS and fitness score in all cases. (N=198).

Figure 2. Linear regression analysis between 
serum iNOS and fitness score in control group. 
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(n=88).

Figure 3. Linear regression analysis between serum iNOS and fitness score in diabetes mellitus group. 
(n=110).

Table 2: linear regression analysis for iNOS as dependent variable for all cases. (N=198):

Predictor Unstandardized 
Beta Coefficients

Standardized Beta
Coefficients

t. Sig.
95% confidence interval

Lower-upper 
Age .331 .133 2.488 .015 .066 .596
BMI(Kg/m2) .128 .435 .394 .770 -.738 .993
%FAT -.248 .329 -.752 .454 -.903 .407
HbA1c .580 .020 .190 .850 -5.496 6.656
HOMA-IR -.148 -.034 -.331 .741 -1.034 .739
Fitness score -.902 -.416 -3.190 .000 -1.465 -.340

Table 3: Linear regression analysis for iNOS as dependent variable for control group. (n=88).

Predictor Unstandardized 
Beta Coefficients

Standardized Beta
Coefficients

t. Sig.
95% confidence interval

Lower-upper
Age -.313 -.131 -1.422 .158 -.751 .124
BMI(Kg/m2) -.555 -.113 -.979 .330 -1.680 .569
%FAT -.367 -.164 -1.295 .198 -.928 .195
HbA1c 1900 .108 1.121 .265 -1.461 5.262
HOMA-IR .007 .001 .013 .989 -.985 .998
Fitness score -1.552 -.466 -4.151 .000 -2.294 -.811

Table 4: Linear regression analysis for iNOS as dependent variable for diabetes mellitus group. (n=110).

Predictor Unstandardized 
Beta Coefficients

Standardized Beta
Coefficients

t. Sig.
95% confidence interval

Lower-upper

Age .016 .008 .121 .904 -.244 .276

BMI(Kg/m2) -.130 -.032 -.360 .719 -.842 .582

%FAT -.354 -.168 -1.686 .094 -.769 .060

HbA1c 1.483 .123 1.556 .121 -.397 3.363

HOMA-IR -.019 -.004 -.056 .956 -.707 .668

Fitness score -1.278 -.436 -5.179 .000 -1.765 -.792



301

Impact of physical fitness scores and its association with inducible nitric oxide synthase (iNOS) in healthy...

Gomal Journal of Medical Sciences October-December 2024, Vol. 22, No. 4

DISCUSSIONDISCUSSION
One of the main pathophysiological changes that 
accompany diabetes mellitus is endothelial dysfunc-
tion that leads to inflammatory process and hence 
increase production inducible nitric oxide synthase 
(iNOS).15 This eventually leads to cardiovascular and 
other serious complications of diabetes mellitus.16 
Therefore, minimizing the production of iNOS would 
decrease the cardiovascular complications and its 
consequences.6 One of the approaches that has 
been evaluated to decrease iNOS level is to improve 
physical activities.17,18 
The World Health Organization (WHO) declared that 
in Saudi Arabia, there are 2.8 to 4.3 million T2DM 
patients between the ages of 27 to 60 years in 2022.19 
One reason that led to this astonishing rise in the 
burden of T2DM is the result of change in the life 
style in the last few decades. It has been observed 
that Saudi Arabia has high obesity prevalence with 
low physical fitness score20 which has very strong 
association with the prevalence of Diabetes mellitus 
in Saudi Arabia.
Our results addressed the negative correlation 
between iNOS and fitness score in both healthy 
subjects and T2DM patients. It also reveals that 
decrease in the iNOS level shows increase in the 
fitness score. The decrease of iNOS is known to be 
a sign of reduction of inflammation and hence con-
trolling the disease progression. In addition, fitness 
score can be used as a predictor of cardiovascular 
risk in subject with diabetes mellitus. The regression 
analysis reveals that fitness scores are negatively 
correlated with the iNOS level independently in both 
the healthy and diabetic subjects. This suggests 
that reduce physical activity may be the sole factor 
responsible for increase in the iNOS. This correlates 
with the sedentary lifestyle of Saudi population along 
with decline in the fitness score reported previously.20 
However, the eNOS levels were significantly high in 
control compared to T2DM subjects suggesting a 
deranged endothelial function. Indeed, there is a 
need for more extensive studies in this regard and 
in other population as well.
This is the first study to evaluate the relationship of 
physical fitness score and iNOS in Diabetes mellitus 
patients. In addition, we have collected good sample 
size. However, it is a cross sectional study and more 
elaboration is needed to confirm the association of 
fitness score with iNOS. 
Conclusion and recommendations: 
Our findings address the negative correlation be-
tween iNOS and fitness score in healthy and DM 
patients. It reveals the decrease of iNOS as fitness 
score increases. Fitness score can be used as a 
predictor of cardiovascular prognosis in diabetic 
patients. Further and extensive studies are needed 
in this area to confirm the findings.
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