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ABSTRACT

Metabolic syndrome is associated with systemic inflammation
and oxidative stress, which increase the risk of cardiovascular diseases. This study aimed to
investigate the effects of eight weeks of concurrent exercise training and nettle
supplementation on the inflammatory-anti-inflammatory balance in women with metabolic

syndrome.
SlVeJ SRR EiRlelss This semi-experimental study included 60 women with metabolic
syndrome (aged 35-45 years) who were randomly assigned to four groups of 15 participants

each: 1) Exercise + Placebo, 2) Nettle Supplement, 3) Exercise + Nettle Supplement, and 4)
Placebo. The exercise groups followed an eight-week protocol, three sessions per week,
consisting of 30 minutes of aerobic activity at 60-70% of heart rate reserve and 30 minutes
of resistance training. The supplementation groups received 1,500 mg/day of dried nettle
extract (three doses of 500 mg).

Between-group analysis showed that the combined group (Exercise + Nettle) led to
asignificant increase in total antioxidant capacity (TAC) levels (P <0.001) and significant
reductions in Interleukin-1 beta (IL-1p) (P = 0.011) and C-reactive protein (CRP) (P = 0.008)
compared to the Exercise + Placebo group. Additionally, compared to the Nettle Supplement

roup, the combined group achieved a greater reduction in CRP (P = 0.001).

Hm The findings suggest that both concurrent exercise and nettle supplementation
alone can improve inflammatory status and antioxidant capacity in women with metabolic
syndrome. However, combining these interventions produces a synergistic effect and may
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Introduction

etabolic syndrome is a cluster of metabolic

abnormalities, including abdominal obesity,

dyslipidemia, hypertension, and insulin

resistance. It was first described in 1988 by
Gerald Reaven as “Syndrome X.” The pathophysiology of
this syndrome results from complex interactions between
genetic and environmental factors, ultimately leading to
insulin resistance and chronic low-grade inflammation.
The rising global prevalence of metabolic syndrome
constitutes a major public health concern. Lifestyle
modifications, particularly diet and physical activity, play
a crucial role in the prevention and management of this
condition. Regular exercise—especially aerobic and
resistance training—is recognized as a fundamental and
effective intervention for improving insulin sensitivity and
reducing cardiovascular risk factors. Concurrent training
programs that integrate both modalities may offer
additional benefits. In parallel, the use of medicinal plants
such as nettle as a complementary strategy has gained
increasing attention. Evidence suggests that nettle
supplementation can improve insulin sensitivity and lipid
profiles. Preliminary findings also indicate that combining
exercise training with nettle supplementation may exert
synergistic metabolic effects. However, limited data are
available regarding the combined impact of these
interventions on the inflammatory—anti-inflammatory
balance, a key component in the pathophysiology of
metabolic syndrome. Therefore, this study aimed to
investigate the effects of eight weeks of concurrent
exercise training and nettle supplementation, both
independently and in combination, on inflammatory and
anti-inflammatory markers in women with metabolic
syndrome.

Methods

This semi-experimental study employed a pretest—
posttest design and was conducted on 60 women with
metabolic syndrome (aged 35-45 years) in Qom, lIran.
Participants were randomly assigned to four groups (n =15
per group): (1) Exercise + Placebo, (2) Nettle Supplement,
(3) Exercise + Nettle Supplement, and (4) Control
(Placebo). Inclusion criteria were meeting at least three
diagnostic criteria for metabolic syndrome and having a
sedentary lifestyle. The exercise intervention consisted of
eight weeks of concurrent training performed three times
per week. Each session included 30 minutes of resistance
training (eight major exercises performed in three sets of
eight repetitions) followed by 30 minutes of aerobic
exercise at an intensity of 60-70% of heart rate reserve.
Participants in the supplementation groups consumed three
daily capsules containing 500 mg of dried nettle leaf
extract. Anthropometric measurements (body weight,
height, body mass index, and body fat percentage) and
fasting blood samples were collected before and after the
intervention. Serum levels of inflammatory markers (C-
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reactive protein (CRP) and IL-1pB), the anti-inflammatory
marker IL-10, and total antioxidant capacity (TAC) were
measured using enzyme-linked immunosorbent assay
(ELISA) kits and standard laboratory procedures. Data
were analyzed using analysis of covariance (ANCOVA)
with SPSS (version 26).

Results

Paired t-test results indicated that the exercise group
exhibited a significant increase in serum TAC (P = 0.023)
and IL-10 (P = 0.035), along with significant reductions in
IL-1B (P < 0.001) and CRP (P < 0.001). In the
supplementation group, serum TAC significantly increased
(P < 0.001), while there was a significant decrease in IL-1p
(P < 0.001) and CRP (P < 0.001) compared with baseline
values. However, no significant change was observed in IL-
10 (P = 0.057). In the combined group (exercise +
supplementation), significant increases were observed in
TAC (P < 0.001) and IL-10 (P < 0.001), accompanied by
significant reductions in IL-1 (P < 0.001) and CRP (P <
0.001). No significant changes were detected in the placebo
group for any of the measured variables (P > 0.05).
ANCOVA revealed significant between-group differences
in TAC (F =25.147; P < 0.001; partial n?= 0.587), IL-10 (F
=3.897; P =0.013; partial n> = 0.175), IL-1B (F = 19.781; P
<0.001; partial n?=0.519), and CRP (F =26.118; P <0.001,
partial 12 = 0.588). Post hoc analyses demonstrated that the
combined group showed a significantly greater increase in
TAC (P <0.001) and greater reductions in IL-1B (P =0.011)
and CRP (P = 0.008) compared with the Exercise + Placebo
group. Furthermore, compared with the Nettle Supplement
group, the combined intervention resulted in a significantly
greater reduction in CRP levels (P = 0.001).

Conclusion

The findings of this study indicate that eight weeks of
concurrent exercise training (aerobic and resistance) and
nettle supplementation, whether applied independently or in
combination, significantly improved inflammatory and
antioxidant profiles in women with metabolic syndrome.
These improvements were characterized by increased levels
of IL-10 and TAC, along with reduced concentrations of IL-
1B and CRP. The underlying mechanisms may include
reductions in visceral adiposity—the primary source of pro-
inflammatory cytokines—as well as activation of anti-
inflammatory signaling pathways such as AMPK and
inhibition of the NF-kB pathway in response to exercise. The
beneficial effects of nettle supplementation are likely
attributable to its antioxidant and anti-inflammatory
constituents, including quercetin. Notably, the combined
intervention produced a synergistic effect, resulting in more
pronounced improvements in IL-10, TAC, and IL-1p
compared with either intervention alone. This synergy may
be explained by enhanced management of exercise-induced
oxidative stress through nettle-derived antioxidants and
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more effective multi-target modulation of shared
inflammatory pathways. Overall, the combination of regular
concurrent exercise training and nettle supplementation in
our study may be proposed as an effective non-
pharmacological and complementary strategy for improving
the  inflammatory-anti-inflammatory  balance  and
antioxidant status in women with metabolic syndrome.
Nevertheless, a number of limitations should be considered,
including incomplete control of dietary intake, the absence
of a follow-up period, and limited generalizability of the
findings. Future studies incorporating longitudinal follow-
up designs and molecular-level analyses are warranted to
further elucidate these synergistic mechanisms.
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