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Abstract 

Background: The sedentary lifestyle has been introduced as one of the 

main causes of disease and a predictor of morbidity and mortality. 

Inflammation is an essential contributor to the pathogenesis of 

diseases. The aim of the present study was to investigate the effect of 

high-intensity interval training and honey consumption on IL-6, IL-12 

and TNF-a levels in sedentary individuals. 

Methods: Thirty-eight young, healthy and inactive men were assigned 

to one of the following interventions: Exercise+placebo (EP), 

Exercise+Supplement (ES), Supplement (S) and Placebo (P). Subjects 

in the exercise groups underwent a supervised HIIT program over 8 

weeks. Exercise at each session comprised 2 min high intensity training 

with the intensity of 80-90% of heart rate max interspersed by low-

intensity intervals of walking for 1 minute. Throughout the study, the 

subjects in supplement groups received 5 cc/kg body mass of 13% 

honey dissolved in plain water within 30-60 min before each exercise 

session. The subjects in placebo groups were administered with an 

equal volume of water solution with 5 gr sucrose. Before and 72h after 

the experimental period blood samples were collected to assess plasma 

levels of IL-6, IL-12, and TNF-a. 

Results: We observed that IL-6 levels significantly decreased in ES and 

E groups from pretest to posttest and there was a significant difference 

between the ES and control groups (Pvalue=0.023). However, no 

significant changes were observed for IL-12 and TNF-a (Pvalue>0.05). 

Conclusions: HIIT program along with honey consumption over 8 

weeks could have favorable effects on inflammatory indices such as IL-

6 in subjects with sedentary life-style. 
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Introduction 

The sedentary lifestyle has been introduced as one of the 

causes of disease and a predictor of morbidity and mortality. It 

is a risk factor for cardiovascular disease (CVD) the prevalence 
of which is increasing in societies.1,2 Inflammation is 

contributed to the pathogenesis of several chronic diseases such 
as CVD.3,4 During the state of inflammation some biomarkers 

including CRP, TNF-a, IL-1, IL-6 and, IL-12 is elevated.4,5 
Accordingly, Ito et al., (2003) reported that blood levels of IL-6 

and its hepatic byproduct C-reactive protein (CRP) can reflect 
the magnitude of plaque inflammation. They suggested that 

therapeutic modulations of inflammatory biomarkers can 
feasibly prevent atherosclerosis and upcoming cardiovascular 

diseases.6 Physical inactivity can independently result in acute 

and chronic inflammation elevating its biomarkers in 

circulation.7 It has been indicated that people with sedentary 

behavior have greater BMI, higher systolic blood pressure and 

insulin resistance as well as elevated levels of inflammatory 
cytokines. People who spend more time sitting present a worse 

inflammatory profile.7  

Lifestyle modifications, on the other hand, such as physical 
activity and a healthy diet may favorably modulate 
inflammatory responses and immune system function.8-11 The 
effect of exercise training on inflammation has been explored 
in numerous studies and various results have been achieved.12-

16 Few studies have indicated an inverse relationship between 
biomarkers of inflammation and cardiorespiratory fitness.17,18 
For instance, Fischer et al., (2004) reported that 10 weeks of 
endurance training decreased IL-6 levels.16 According to 
ACSM guidelines, 150 min moderate-intensity exercise is 
recommended for inactive subjects to achieved health benefits 
of exercise.19 Nonetheless, recommendations of physical 
activity for inactive individuals include moderate to vigorous 
continuous exercise throughout the week. Recently, high-
intensity interval training (HIIT) programs have attracted 
attention because of being time-efficient. Since lack of time is 
one of the common barriers if exercise participation, HIIT 
programs with low volume can be a proper strategy that can be 
considered by fitness professionals.20 Fisher et al., (2015) 
reported that 6 weeks of HIIT protocol improved lipid profile, 
Body fat %, and cardiovascular fitness in overweight and obese 
male individuals.21 Gerosa-Neto et al., (2016) also reported that 
BMI, weight, and IL-6 significantly reduced but TNF-a levels 
increased following 16 weeks of HIIT program in overweight 
and obese adults.22 Although some researchers have 
investigated the effects of HIIT programs in different aspects, 
they have not been investigated as much as other modalities of 
exercise training and the health benefits of HIIT training 
programs needs to be further elucidated. 

Besides, diet and consuming healthy nutrients is another 
component of life style. Health benefits of honey on humans 
have been claimed by nutritionists.23,24 It is a healthy nutrient 
comprised of carbohydrate as well as vitamins and minerals 
and is a strong antioxidant. It has a potential therapeutic role in 
the treatment of diseases due to its anti-inflammatory, 
antioxidant and antimicrobial properties.24 Fukuda et al., (2011) 
indicated that honey induces neutrophils that possess antitumor 
activity.25 Jalili et al., (2010) reported that pre-exercise honey 
consumption could attenuate the immune system response to a 
single bout of aerobic exercise.26 Carbohydrate ingestion 
during exercise sessions has been recommended by exercise 
nutritionists. Due to its nutritional value and health benefits, 
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honey may be a suitable alternative to other common sources of 
carbohydrate such as sucrose. However, little is known about 
the benefits of honey as a sport supplement. 

Overall, based on the aforementioned statements we 
assumed that honey consumption prior to exercise along with 
HIIT program over 8 weeks could have favorable effect on 
biomarkers of inflammation in subjects with sedentary lifestyle.  

Materials and Methods  

Thirty-eight healthy, inactive volunteers participated in this 
study. First, the participants were informed about the 
experimental procedure and the study protocol and then they 
gave the written consent. The study procedures were in 
accordance with the ethical standards of the Helsinki 

Declaration of 1975, as revised in 2000 (available at 
http://www.wma.net/e/policy/17-c_e.html) and the trial was 
registered with the trial ID: UMIN000039156. Inclusion 
criteria were healthy state, inactive life-style, age range 
between 20-30 yrs, and exclusion criteria included tobacco use, 
medicine and supplement intake. None of the participants had a 
history of smoking, heart diseases, and regular physical 
activity. They were all inactive based on the evaluations by the 
physical activity questionnaire (PAQ). The subjects were 
randomly assigned to the following groups: 1- 
Exercise+placebo (EP, N=10), 2- Exercise+Supplement (ES, 
N=10), 3- Supplement (S, N=10) and 4- Placebo (P, N=8) 
(figure 1). Simple randomization was applied in the present 
study and 2 subjects in the control group did not attend the lab 
for post-test evaluations due to personal reasons. 

Subjects in the exercise groups underwent a supervised 
high-intensity interval training program over 8 weeks. Exercise 
at each session comprised 2 min high-intensity training with 
the intensity of 80-90% of heart rate max interspersed by low-
intensity intervals of walking for 1 minute. Each exercise 
session lasted 40-50 min and the frequency of exercise training 
was 4 sessions a week. Each exercise session preceded by 10-
15 min warm-up and followed by 5-10 min cool down. The 
intensity of exercise was determined based on each participants' 
maximal heart rate. The heart rate throughout the exercise was 
monitored by the polar heart rate monitor (PE3000, Polar 

Electro, Kemple, Finland). The participants were required to 
follow their usual diet and abstain from taking any supplements 
throughout the experimental period. Moreover, a 24-hour diet 
recall questionnaire was completed before the first assessment 
session and the participants were asked to replicate it preceding 
the second assessment session. Throughout the study, the 
subjects in supplement groups received 5 cc/kg body mass of 
13% honey dissolved in plain water within 30-60 min before 
each exercise session. The subjects in placebo groups were 
administered with an equal volume of water solution with 5 gr 
sucrose. The supplement and placebo were provided in a 
covered bottle to mask the supplementation. 

At the first attendance to the lab, the basic measurements of 
weight, height, body mass index, height, and body fat 
percentage were done. Body mass index (BMI) was calculated 
as body weight (kg) divided by height (m2). The skinfolds were 
measured using skin fold caliper (slim guide, USA) on the right 
side of the body at chest, abdominal, and suprailiac sites. Skin 
fold measurements were performed in triplicate and average 
values were used to estimate fat percent using the Jackson-
Pollack equation. The assessments were replicated at the end of 
the experimental period. 

Before and 72h after the experimental period, the 
participants were asked to attend the lab following an overnight 
(8-10 h) fasting and blood samples were taken from antecubital 
vein. The samples were then centrifuged at 3000 r.p.m for 15 
min to separate plasma samples. The plasma samples were then 
frozen and stored at -80 °C for subsequent assessments of IL-6, 
IL-12 and TNF-a. IL-6, TNF-a, and IL-12 were assessed 
through ELIZA methods using commercial kits (IL-6: Sanquin, 
Netherlands, IL-12: Invitrogen, USA, and TNF-a: Invitrogen, USA). 

Data are presented as Mean±SD. Normal distribution of 
data was confirmed using the Kolmogorov–Smirnov test and 
parametric statistical tests were applied. Since there were no 
significant inter-group differences at the pre-test. To determine 
the difference between groups, the post-test data was subtracted 
from the pre-test and then the results (Δ) were analyzed using 
the one-way ANOVA test. Tukey's post hoc test was used to 
determine the differences when ANOVA reached significance 
level. Statistical significance was set at Pvalue<0.05. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Participant recruitment flow chart 

Assessed for eligibility (n=47) 

Randomized (n=38) 

Excluded (n=9) 

 

- Regular Exercise (n=4) 

- Tobacco use (n=5) 

Exercise+Supplement (ES) (n=10) Exercise+Placebo (EP) (n=10) Supplement (S) (n=10) Placebo (P) (n=8) 
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Results 

Data indicate that there was no significant difference 

among groups regarding baseline characteristics. The mean and 

SD for variables are also presented in table 1. 

There were no significant inter-group differences at 

baseline regarding all variables (Pvalue>0.05). We observed 

that IL-6 levels significantly decreased in ES and EP groups 

from pre-test to posttest and there was a significant difference 

between the ES and control groups (Pvalue=0.023) (table 1, 

figure 2). However, no significant changes were observed for 

TNF-a levels from pre-test to posttest with no significant inter-

group differences (Pvalue=0.400). Moreover, mean values of 

IL-12 decreased in exercise groups from pre-test to posttest but 

it was not statistically significant and the difference between 

exercise groups and the control did not reach significance level 

(Pvalue=0.283) (table 1). 
 

Table 1. Mean±SD values of variables 

Variables IL-6 (pg/ml) IL-12 (pg/ml) TNF-a (pg/ml) 

                                Groups Pre-test Post-test Pre-test Post-test Pre-test Post-test 

Exercise+Supplement (ES) 1.88 ± 0.31 1.01 ± 0.2*# 1.79 ± 0.22 1.6 ± 0.2 3.52 ± 0.45 3.43 ± 0.42 

Exercise+Placebo (EP) 1.74 ± 0.34 1.37 ± 0.42 1.71 ± 0.29 1.49 ± 0.25 2.98 ± 0.53 2.91 ± 0.49 

Supplement (S) 1.78 ± 0.28 1.61 ± 0.30 1.72 ± 0.31 1.59 ± 0.31 3.62 ± 0.6 3.69 ± 0.58 

Placebo (P) 1.49 ± 0.36 1.63 ± 0.24 1.56 ± 0.30 1.60 ± 0.28 3.41 ± 0.43 3.46 ± 0.4 

Significantly (Pvalue<0.05) different with pre-exercise * 

Significantly (Pvalue<0.05) different with the placebo # 

Abbreviations: ES, exercise plus supplement: E, exercise; S, supplement; C, control; IL-6, interleukin 6; IL-12, interleukin 12; TNF-a, tumor necrosis factor a 

 

 

 

Figure 2. IL-6 levels at pre-test and post-test in the experimental and control groups 
* Significantly (Pvalue<0.05) different with the placebo 
# Significantly (Pvalue<0.05) different with pre-test 

 



Amanollahi et al 

International Journal of Health Studies 2020;6(2)        |         4 

Discussion 

In this study, we investigated the effect of high-intensity 

interval training along with honey consumption on some 

inflammatory markers in sedentary male subjects. The results 

indicated that honey consumption along with HIIT could 

decrease IL-6 levels but had no remarkable effect on IL-12 and 

TNF-an in inactive subjects.  

Regarding effects of HIIT on IL-6 our finding is consistent 

with Hadiono et al., (2019), Gerosa-Neto et al., (2016).22,27 

Hadiono et al., (2019) indicated that the HIIT program for 6 

weeks decreased IL-6 levels in obese participants to a larger 

extent than medium intensity training (MIT).27 They suggested 

that, HIIT exercise is more effective than MIT to alter IL-6 

levels. Gerosta-Neto et al., (2016) also investigated the effect 

of HIIT on inflammatory indices in overweight and obese 

subjects.22They found that 16 weeks of HIIT significantly 

increased IL-6 levels. These findings support the hypothesis 

that HIIT program has the potential to reduce the concentration 

of pro-inflammatory markers. Regular exercise training is 

known to exert an anti-inflammatory effect, especially in 

overweight and sedentary subjects.14 Another possible reason 

would be the changes in body fat percentage, especially 

visceral body fat, following regular exercise participation. IL-6 

is mainly secreted by adipose tissue, particularly visceral 

adipose tissue. Jae et al., (2006) indicated that there is an 

association between body fat percent and levels of 

inflammatory indices and lower levels of inflammatory factors 

is accompanied by lower fat percent.28 HIIT has been suggested 

to increases energy expenditure to a larger extent than 

continuous forms of exercise which can be maintained for 

hours postexercise.29 Thus, it can be effective in reducing 

visceral adipose tissue. Moreover, IL-6 release from adipose 

tissue is enhanced by sympathetic stimulation. On the other 

hand, regular physical activity causes a decrease in sympathetic 

stimulation which can result in lower IL-6 release. Unlike our 

results, it has been indicated that a single bout of HIIT can 

increase circulatory levels of IL-6. This is comparable with our 

study as unlike our study, they have conducted single-session 

exercise investigating acute effect of HIIT on inflammatory 

markers. It has been suggested that IL-6 release during exercise 

can inhibit pro-inflammatory cytokine production and up-

regulate the transcription of anti-inflammatory cytokines such 

as IL-10.30,31 Exercise intensity is a key modulator of IL-6 

release as during high-intensity efforts IL-6 release can be 

elevated and during active rest intervals it can be removed by 

kidney and liver.32 Therefore, an adaptation to IL-6 production 

and release may occur at long-term training to decrease resting 

levels of IL-6. On the other side, previous studies have 

indicated that the ingestion of carbohydrates during exercise 

may have an ergogenic effect and can ameliorate the response 

of inflammatory biomarkers. However, Miles et al., (2007) 

reported that a single bout of exercise with and without 

carbohydrate ingestion increased IL-6 levels.33 Sim et al., 

(2011) also reported similar results indicating that carbohydrate 

ingestion during exercise has no remarkable effect on post-

exercise IL-6 response.34 Honey consumption has been 

suggested to alter the immune response to exercise. Jalili et al., 

(2010) reported that exercise-induced white blood cell count in 

sedentary subjects can be attenuated by honey ingestion.26 Wan 

Ghazali et al., indicated that honey can exert anti-inflammatory 

effects in chronic smokers.35 We assumed that honey 

consumption before exercise over 8 weeks of training may 

have a favorable effect on resting levels of IL-6 which was 

approved in the present study. 

However, neither the HIIT program nor honey 

administration had a remarkable effect on resting levels of 

TNF-an and IL-12 in sedentary subjects. It is in line with 

Hadiono et al., (2016) who reported that HIIT had no 

significant effect on TNF-a levels in obese subjects.27 In 

contrast, Gerosta-Neto et al., (2016) reported that HIIT 

increases blood levels of TNF-a.22 There is a discrepancy in the 

literature with this regard which can be attributable to 

differences in exercise modality, characteristics of the subjects, 

baseline levels of markers and the assessment time-point. 

Elevated levels of inflammatory biomarkers reported by 

Gerosta-Neto et al may be due posttest assessments.22 

Assessment of inflammatory indices very close to the latest 

exercise session may result in false elevation of the markers. 

Yet, we assessed blood levels of the markers 72 postexercise. 

Furthermore, in the present study, we observed that honey 

consumption during HIIT program had no additive effect to 

cause any alteration in resting levels of IL-12 and TNF-an in 

sedentary subjects. The reason behind this finding is not clear 

but we assume that IL-12 and TNF-a levels would have been 

affected if they were above physiological levels, as it has been 

suggested that honey can exert anti-inflammatory effects in 

subjects with elevated levels of inflammatory indices such as 

chronic smokers.35 

Overall, high-intensity interval training accompanied by 

honey consumption over 8 weeks could have favorable effects 

on inflammatory indices such as IL-6 in subjects with the 

sedentary life-style. 

Acknowledgement 

This study was approved by Urmia university as a master's 

thesis. Hereby, the authors would like to thank all the subjects 

who participated in the present study. 

Conflict of Interest 

The authors declare that they have no conflict of interest. 

References  

1. Richardson CR, Kriska AM, Lantz PM, Hayward RA. Physical activity and 

mortality across cardiovascular disease risk groups. Medicine & Science in 

Sports & Exercise 2004;36:1923-9. doi:10.1249/01.MSS.0000145443.02568.7A 

2. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. 

Sedentary time and its association with risk for disease incidence, mortality, 

and hospitalization in adults: a systematic review and meta-analysis. Annals of 

Internal Medicine 2015;162:123-32. doi:10.7326/M14-1651 

3. Ito T, Ikeda U. Inflammatory cytokines and cardiovascular disease. 

Current Drug Targets - Inflammation & Allergy 2003;2:257-65. 
doi:10.2174/1568010033484106 

4. Li JJ, Fang CH. C-reactive protein is not only an inflammatory marker but also 

a direct cause of cardiovascular diseases. US National Library of Medicine 

National Institutes of Health 2004;62:499-506. doi:10.1016/j.mehy.2003.12.014 

5. Mehra VC, Ramgolam VS, Bender JR. Cytokines and cardiovascular disease. J 

Leukoc Biol 2005;78:805-18. doi:10.1189/jlb.0405182 



Amanollahi et al 

 

5       |        International Journal of Health Studies 2020;6(2)  

6. Ito N, Ruegg UT, Kudo A, Miyagoe-Suzuki Y, Takeda S. Activation of 

calcium signaling through Trpv1 by nNOS and peroxynitrite as a key trigger of 

skeletal muscle hypertrophy. Nat Med 2013;19:101-6. doi:10.1038/nm.3019 

7. León-Latre M, Moreno-Franco B, Andrés-Esteban EM, Ledesma M, 

Laclaustra M, Alcalde V, et al. Sedentary lifestyle and its relation to 

cardiovascular risk factors, insulin resistance and inflammatory profile. Rev 

Esp Cardiol (Engl Ed) 2014;67:449-55. doi:10.1016/j.rec.2013.10.015 

8. Garanty-Bogacka B, Syrenicz M, Goral J, Krupa B, Syrenicz J, Walczak M, et 
al. Changes in inflammatory biomarkers after successful lifestyle intervention 

in obese children. Endokrynol Pol 2011;62:499-505. 

9. Toms TE, Symmons DP, Kitas GD. Dyslipidaemia in rheumatoid arthritis: the 

role of inflammation, drugs, lifestyle and genetic factors. Curr Vasc Pharmacol 

2010;8:301-26. doi:10.2174/157016110791112269 

10. Oh EG, Bang SY, Kim SH, Hyun SS, Chu SH, Jeon JY, et al. Therapeutic 

lifestyle modification program reduces plasma levels of the chemokines CRP 

and MCP-1 in subjects with metabolic syndrome. Biol Res Nurs 2013;15:48-

55. doi:10.1177/1099800411416637 

11. Roberts CK, Won D, Pruthi S, Lin SS, Barnard RJ. Effect of a diet and 

exercise intervention on oxidative stress, inflammation and monocyte adhesion 

in diabetic men. Diabetes Res Clin Pract 2006;73:249-59. 
doi:10.1016/j.diabres.2006.02.013 

12. You T, Berman DM, Ryan AS, Nicklas BJ. Effects of hypocaloric diet and 

exercise training on inflammation and adipocyte lipolysis in obese 

postmenopausal women. J Clin Endocrinol Metab 2004;89:1739-46. 
doi:10.1210/jc.2003-031310 

13. Kawanishi N, Yano H, Yokogawa Y, Suzuki K. Exercise training inhibits 

inflammation in adipose tissue via both suppression of macrophage infiltration 

and acceleration of phenotypic switching from M1 to M2 macrophages in 

high-fat-diet-induced obese mice. Exerc Immunol Rev 2010;16:105-18. 

14. Beavers KM, Brinkley TE, Nicklas BJ. Effect of exercise training on chronic 

inflammation. Clin Chim Acta 2010;411:785-93. 
doi:10.1016/j.cca.2010.02.069 

15. Cook MD, Martin SA, Williams C, Whitlock K, Wallig MA, Pence BD, et al. 

Forced treadmill exercise training exacerbates inflammation and causes 
mortality while voluntary wheel training is protective in a mouse model of 

colitis. Brain Behav Immun 2013;33:46-56. doi:10.1016/j.bbi.2013.05.005 

16. Fischer CP, Plomgaard P, Hansen AK, Pilegaard H, Saltin B, Pedersen BK. 

Endurance training reduces the contraction-induced interleukin-6 mRNA 
expression in human skeletal muscle. Am J Physiol Endocrinol Metab 

2004;287:E1189-94. doi:10.1152/ajpendo.00206.2004 

17. Church TS, Barlow CE, Earnest CP, Kampert JB, Priest EL, Blair SN. Associations 

between cardiorespiratory fitness and C-reactive protein in men. Arterioscler 

Thromb Vasc Biol 2002;22:1869-76. doi:10.1161/01.atv.0000036611.77940.f8 

18. Lavie CJ, Church TS, Milani RV, Earnest CP. Impact of physical activity, 

cardiorespiratory fitness, and exercise training on markers of inflammation. J 

Cardiopulm Rehabil Prev 2011;31:137-45. doi:10.1097/HCR.0b013e3182122827 

19. Swain DP, Brawner CA, Medicine AC. ACSM's resource manual for 
guidelines for exercise testing and prescription. Wolters Kluwer 

Health/Lippincott Williams & Wilkins: Philadelphia, Pennsylvania; 2014. 

20. Gillen JB, Gibala MJ. Is high-intensity interval training a time-efficient 

exercise strategy to improve health and fitness? Appl Physiol Nutr Metab 

2014;39:409-12. doi:10.1139/apnm-2013-0187 

21. Fisher G, Brown AW, Bohan Brown MM, Alcorn A, Noles C, Winwood L, et 

al. High intensity interval-vs moderate intensity-training for improving 

cardiometabolic health in overweight or obese males: a randomized controlled 

trial. PLoS One 2015;10:e0138853. doi:10.1371/journal.pone.0138853 

22. Gerosa-Neto J, Antunes BM, Campos EZ, Rodrigues J, Ferrari GD, Rosa 

Neto JC, et al. Impact of long-term high-intensity interval and moderate-

intensity continuous training on subclinical inflammation in overweight/obese 

adults. J Exerc Rehabil 2016;12:575-80. doi:10.12965/jer.1632770.385 

23. Kumar KS, Bhowmik D, Biswajit C, Chandira MR. Medicinal uses and health 

benefits of honey: an overview. J Chem Pharm Res 2010;2:385-95. 

24. Samarghandian S, Farkhondeh T, Samini F. Honey and health: A review of 

recent clinical research. Pharmacognosy Res 2017;9:121-7. doi:10.4103/0974-

8490.204647 

25. Fukuda M, Kobayashi K, Hirono Y, Miyagawa M, Ishida T, Ejiogu EC, et al. 

Jungle honey enhances immune function and antitumor activity. Evidence-

Based Complementary and Alternative Medicine 2011;2011:1-8. 
doi:10.1093/ecam/nen086 

26. Jalili L, Hajizadeh B, Mohammadzadeh H, Tartibian B. The effects of honey 

solution before maximal aerobic exercise on immune respones in active young 

men. J Urmia Univ Med Sci 2010;21:235-42. 

27. Hadiono BM, Kushartanti W. High Intensity Interval Training (HIIT) and 

Moderate Intensity Training (MIT) Against TNF-α and IL-6 levels In Rats. 2nd 

International Conference on Sports Sciences and Health 2018 (2nd ICSSH 

2018); 2019: Atlantis Press. 

28. Jae SY, Fernhall B, Heffernan KS, Jeong M, Chun EM, Sung J, et al. Effects 

of lifestyle modifications on C-reactive protein: contribution of weight loss and 

improved aerobic capacity. Metabolism 2006;55:825-31. 
doi:10.1016/j.metabol.2006.02.010 

29. Astorino TA, Schubert MM. Changes in fat oxidation in response to various 

regimes of high intensity interval training (HIIT). Eur J Appl Physiol 

2018;118:51-63. doi:10.1007/s00421-017-3756-0 

30. Nimmo MA, Leggate M, Viana JL, King JA. The effect of physical activity 

on mediators of inflammation. Diabetes Obes Metab 2013;15:51-60. 
doi:10.1111/dom.12156 

31. Fischer CP. Interleukin-6 in acute exercise and training: what is the biological 

relevance? Exerc Immunol Rev 2006;12:6-33. 

32. Febbraio MA, Ott P, Nielsen HB, Steensberg A, Keller C, Krustrup P, et al. 

Hepatosplanchnic clearance of interleukin-6 in humans during exercise. Am J 

Physiol Endocrinol Metab 2003;285:E397-402. 
doi:10.1152/ajpendo.00134.2003 

33. Miles MP, Pearson SD, Andring JM, Kidd JR, Volpe SL. Effect of 

carbohydrate intake during recovery from eccentric exercise on interleukin-6 

and muscle-damage markers. Int J Sport Nutr Exerc Metab 2007;17:507-20. 
doi:10.1123/ijsnem.17.6.507 

34. Sim M, Dawson B, Landers G, Wiegerinck ET, Swinkels DW, Townsend 

MA, et al. The effects of carbohydrate ingestion during endurance running on 

post-exercise inflammation and hepcidin levels. Eur J Appl Physiol 

2012;112:1889-98. doi:10.1007/s00421-011-2156-0 

35. Ghazali WS, Romli AC, Mohamed M. Effects of honey supplementation on 

inflammatory markers among chronic smokers: a randomized controlled trial. 

BMC Complement Altern Med 2017;17:175. doi:10.1186/s12906-017-1703-6 

 


