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Abstract

Background: The transition of inflammatory response from short- to long-lived initiates a state of systemic
lowgrade inflammation that breaks down the immune homeostasis leading to alterations all over the body,
interrupting normal cellular physiology and raises most of non-communicable disease risks. Physical inactivity
combined with obesity as the most common side effect, contributes greatly to the development of cardiovascular
and arterial stiffening diseases on basis of aggravating inflammatory and oxidative stress responses. Both aerobic
exercise and dietary sugar restriction are known interventions attempting to lower these risks counteracting for the
disease progression through inhibiting the systemic low grade inflammatory state.

Aims: To evaluate the effects of 8-weeks of aerobic exercise program and added sugar elimination on body’s
inflammatory state in sedentary obese females aged 40—60 year.

Methods and results: 60 participants were randomly assigned to one of three groups considering 20 for each:
group I (aerobic exercise), group II (added sugar elimination), group III (aerobic exercise combined with added
sugar elimination). TNF alpha levels and subject’s score on the inflammatory questionnaire were measured pre-
and post-intervention. All groups showed significant improvement in TNF alpha levels and inflammatory
questionnaire scores, with the combined group showing the greatest improvement (36.060%, 30.329%
respectively).

Conclusion: Both aerobic exercise and added sugar elimination independently or synergistically enhance the
body’s anti-inflammatory mechanisms in sedentary obese females.
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1. Introduction

Physical inactivity as a high risk factor for cardiovascular disease impairs the active role of exercise in enhancing
cardiovascular metabolism and function, reducing oxidative stress and chronic inflammation, regulating insulin
sensitivity and autophagy, and increasing myocardial mitochondrial efficiency (1).
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Physical exercise is the main determinant of a subject’s functional performance and healthy aging. It enhances
antioxidant response by reducing inflammatory and oxidative stress damage signalling alongside with increasing
antioxidant enzymes and nitric oxide levels. It can also decrease pro-inflammatory signals and improve vascular
endothelial function (2).

Physical exercise exibits a preventive and treating tool for almost all disease measures. It reduces inflammation by
regulating the effect of pro-inflammatory toll-like receptors (TLRs) on innate immune cells after exercise, together
with shielding against insulin resistance and metabolic disease risks (3).

Added sugars and processed foods are key factors in both the triggering and aggravation of inflammation, which
is strongly linked to the development of obesity, T2D, metabolic syndrome and cardiovascular insufficiency (4).
Physical activity increases T-regulatory cell levels, decreases immunoglobulin secretion and shifts the Th1/Th2
balance to a decreased Thl cell production. Moreover, it also promotes the release of IL-6 from muscles as a
myokine with an anti-inflammatory response through IL-10 secretion and IL-1p inhibition (5).

Risky added sugar consumption with its modulation of microbiota, promotes systemic (low grade) inflammation
in consistence with metabolic dysregulation and endotoxemia (6).

According to the lipotoxicity theory, increased liver FFA synthesis in response to dietary sugar consumption
generates more FFA metabolites that is involved in triggering inflammatoryand oxidative stress reactions (7).
TNF-a has a great impact on healthy metabolism and metabolic diseases, particularly, obesity-linked glucose
metabolism and insulin resistance (IR). High TNF-a levels corresponds strongly to obesity and low-grade chronic
inflammatory status as well as to the possibly derived cardiometabolic disorders (8).

Purpose of The Study

To assess the serum tumour necrosis alpha and inflammatory reaction to aerobic exercise in comparison with added
sugar elimination.

2. Methods

2.1. Study design:

60 sedentary obese female aged 40 to 60 with high normal TNF-alpha levels and some symptoms of systemic
inflammation (>75 score on the inflammatory questionnaire) were incorporated in three groups, 20 patients for
each. All patients were diagnosed as having high normal TNF-alpha levels and some symptoms of systemic
inflammation (>75 score on the inflammatory questionnaire).

2.2. Sampling strategy: any sedentary obese 40-60 years old female with BMI of 30-40 diagnosed as having a
high normal or mildly elevated TNF- alpha levels with symptoms of systemic inflammation (>75 score on the
inflammatory questionnaire) and had none of the exclusion criteria could be included in this study. Patients with
orthopaedic or cardiac disorders those that could interfere with their ability to walk or exercise, were altogether
excluded .

2.3. Instrumentation: computerized treadmill, sphygmomanometer, weight and height scale, kits and tubes of
blood samples.

2.4. Evaluational approach: Subjects were randomly incorporated into three groups (20 female for each): group
I accomplished a uniform programme of aerobic exercise, group Il accomplished a special programme of added
sugar elimination, group III accomplished the same programme of aerobic exercise combined with the same
programme of added sugar elimination.

2.5. Measurements:

Initial evaluation: in form of estimation of the serum TNF- alpha levels and the subject’'s score on the
inflammatory questionnaire.

Final evaluation: applied at the end of the study (8 weeks after the initial evaluation) and in the same form and
sequence (estimation of the serum TNF- alpha levels and the subject’s score on the inflammatory questionnaire)

2.6. Intervention:

1. Group I performed a specialized programme of aerobic exercise with these prescriptions.

* Frequency: 3-5 times /week along the whole study period.

* Intensity: 65-70% of the maximal heart rate (220- age x 60/100).

* Duration: 50 min including:
10 min warming up in the form of exercise movements (stretching and flexibility) in standing position.
30 min active phase (walking on a treadmill).
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10 min cooling down in the form of exercise movements (stretching and flexibility) performed in the seated
position.
2. Group II performed prescribed programme of added sugar elimination.
3. Group III performed the same programme of aerobic exercise combined with the same programme of added
sugar elimination.

3. Results
Table (1): Comparisons of the three groups at baseline
Parameter Group I Group IT Group III All Sig.
participants
Median | Q1- Median | Q1- | Median | Q1- | Median | Q1-Q3

Q3 Q3 Q3

Age (years) 49.5 45.3- | 47 43.3- | 47 41- 48 43-52 527
53 50 52.8

BMI (kg/m?) | 36.7 35.9- | 39.3 37.3- | 36.7 35.9- | 38.6 36.1- .062
394 39.5 39.1 39.5

TNF 38.5 36- 44 39-53 | 44 37- 43 37-48.8 | .037
42.8 54

Questionnaire | 99.5 92.8- | 113.5 100.8- | 121 109- | 112 100- <.001

score 112.8 117.8 127.8 119.8

Notes: Q1-Q3 = 25" — 75" percentiles. Sig. = statistical significance (p-value). The test of significance is
KruskalWallis H-test.

Table (1) shows no statistically significant difference in age and BMI between the three groups at baseline. The
level of TNF was higher in groups II and III vs. group I at baseline (figure 1). The questionnaire score was higher
in groups III>II>1 at baseline (figure 2).
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Table (2): Correlations of TNF level change (preintervention-postintervention) with study parameters

Parameter Group I Group II Group III All participants

I's Slg. I's Sig. I's Slg. I's Sig.
Age (years) -.169 477 211 371 .030 .900 -.034 795
BMI (kg/m?) -.108 .651 .102 .669 .186 432 .109 408
Questionnaire score 419 .066 -.044 .853 409 .073 137 297
change

Notes: rs = Spearman’s correlation coefficient. Sig. = statistical significance (p-value).

Table (2) shows no statistically significant correlation between TNF change vs. age, BMI, and questionnaire score
change. However, the correlation between TNF and questionnaire score changes in groups I and Il was of medium
strength with marginal significance (p<.1 but>.05).

Table (3): Postintervention TNF level adjusted to preintervention values

Group Unadjusted Adjusted F Sig. Partial 02
Mean SD Mean SE

Group I 28.70 4.256 30.233 723 2.982 .059 .096

Group I1 30.80 5.845 29.830 710

Group III 28.50 4.059 27.937 .705

Notes: SD = standard deviation. SE = standard error. Sig. = statistical significance (p-value). Partial Eta squared is
a measure of effect size. The test of significance is the one-way analysis of covariance (ANCOVA).

Estimated Marginal Means of TNF (Postintervention)
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Figure (3): Postintervention TNF level adjusted to preintervention values
Table 3 and Figure 3 show a higher adjusted mean TNF level in group [>group II>group III which was marginally
significant.

Table (4): Postintervention questionnaire score adjusted to preintervention values

Group Unadjusted Adjusted F Sig. Partial 02
Mean SD Mean SE

Group I 82.35 9.538 90.070 1.454 58.445 <.001 .676

Group I1 97.00 10.603 96.778 1.310

Group IIT | 83.25 12.949 75.752 1.446

Notes: SD = standard deviation. SE = standard error. Sig. = statistical significance (p-value). Partial Eta squared is
a measure of effect size. The test of significance is the one-way analysis of covariance (ANCOVA).
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Estimated Marginal Means of Questionnaire score (Postintervention)
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Figure (4): Postintervention questionnaire score adjusted to preintervention values

Table 4 and Figure 4 show a higher adjusted mean questionnaire score in group II>group I>group III which was
statistically significant.

Table (5): Percentage of improvement in TNF and questionnaire score in the three groups

Parameter Group I Group II Group III Sig. 02
Mean SD Mean SD Mean SD

TNF level 28.153 7.9714 33.126 7.2247 36.060 10.9142 022 125

Questionnaire 19.044 4.3296 12.530 4.2226 30.329 6.8619 <.001 |.671

score

Notes: SD = standard deviation. Sig. = statistical significance (p-value). Eta squared (0?) is a measure of effect
size, which is considered small, medium, or large if eta squared equals 0.01, 0.06, or 0.14, respectively. The test
of significance is one-way ANOVA.
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Figure (5): Percentage of improvement in TNF and questionnaire score in the three groups

Table (5) and figure (5) showed a statistically significant difference in the percentage of improvement in TNF level
with medium effect size, and in questionnaire score with large effect size. Post-hoc Tukey’s tests revealed a
significantly higher improvement of TNF in group III>group I, and a significantly higher improvement of
questionnaire score in group III>group I>group II.

Statistical analysis:

IBM-SPSS software, which was released by IBM Corp. in 2020, was used to enter andanalyse data. IBM Corp.,
Armonk, NY; IBM SPSS Statistics for Windows, Version 27.0. Shapiro-Wilk's test (normally distributed data has
p>0.050) and Q-Q-plots were used to first check the quantitative data for normality. Examining boxplots allowed
for the detection of notable outliers. The mean, standard deviation, median, and Q1 (25th percentile) through Q3
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(75th percentile) were used to express the quantitative data. To compare numerical data across several groups, the
one-way ANOVA and its nonparametric counterpart, the Kruskal-Wallis H-test, were employed. After adjusting
for a covariate variable, a numerical variable was compared between groups using one-way ANCOVA. The
direction and strength of the relationship between two numerical variables were evaluated using Spearman's
correlation test. Results were deemed statistically significant for any test if the p-value was less than or equal to
0.050. When necessary, the data were graphically presented using the appropriate charts.

4. Discussion

The study at hand revealed a significant improvement in the subject’s TNF alpha levels in response to aerobic
exercise, added sugar elimination and when combining both of them with a percentage of (28.153 %, 33.126%,
36.060%) respectively, and a significant improvement in the subject’s inflammatory symptoms with a percentage
of (19.044%, 12.530%, 30.329% respectively) according to their scores on the inflammatory questionnaire. This
comes in support with (9) when he examined , through a systematic review, the exercise's anti-inflammatory effect.
Regular exercise therapies have been shown to lower the inflammatory markers such as IL 6, TNF a, and C-
reactive protein.

And goes hand in hand with (10) when he examined the effects of acute aerobic exercise on different cytokines
and recorded an elevation in serum klotho levels and a reduction in IL1f, TNF-a levels, which all support the
acute anti-inflammatory effect of exercise in RA patients.

This is also emphasized by the results of the systematic review comparing the anti-inflammatory effect of exercise
alone or combined with caloric restriction suggesting better anti-inflammatory effect (larger reduction in TNF-a
and IL-6, reduction in CRP) of combining exercise and calroic restriction than being separated (11).

These results come in consistence with (12) in the systematic review of evaluating the impact of ten various sources
of food on different biomarkers of inflammation. It was concluded that added nutritive sweeteners increased TNF-
a levels, which is also supported by (13) as he stated that body’s response to high dietary sugars signals
inflammatory changes and impaired integrity in addition to metabolic endotoxemia and hepatic steatosis. The
results also align with (14) when he investigated how aerobic interval workouts affected the ratio between
interleukin-10 and tumor necrosis factor considering the levels of adipokines in multiple — sclerotic females. It
was concluded that tumor necrosis factor o levels dropped dramatically after the aerobic interval workouts.
Saffouri GB (15), with his pilot interventional study about shifting from a diet with minimal fiber content to
excessive simple sugar regimen , demonstrated: a significant triggering of functional gastrointestinal disorders , a
decline in small intestinal diversity of microbes and a raise of small intestinal permeability which is widely known
as a trigger of immunological response contributing to intestinal and systemic inflammation.

The results also come in accordance with (16) when he suggested through his study that the intake of simple sugars
which is linked to many non-communicable diseases predisposes to inflammatory cascades and colitis via
pathogenic alteration of gut microbiota in mice.

(17) also stated that high Simple Sugar diets trigger a Pro-Inflammatory Response via Gut Microbiota modulation
and TLR4 Signaling. As it significantly enhanced neutrophil infiltration while raising the levels of 1L-6, IL-18,
and TNF-a, which all support its dramatic role in disturbing barrier integrity and systemic immune reactions.

Conclusion

To wrap it up, both aerobic exercise and added sugar elimination can significantly lower the TNF- Alpha levels
and systemic inflammatory potentials in sedentary obese females, whether implemented independently or in
combination.
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