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Abstract

Background and Aim: Albumin reduced levels have been associated with metabolic disorders, type 2
diabetes, and muscle atrophy. On the other hand, physical exercise may influence diabetes-related and muscle
atrophy—associated indices through improving body composition and regulating metabolism. Therefore, the
present study aimed to investigate the effect of a combined training program on anthropometric indices and serum
albumin levels in women with type 2 diabetes.

Methods: This quasi-experimental study was conducted on 29 women with type 2 diabetes, with a mean age
of 47.75 + 3.19 years. Following the assessment of inclusion and exclusion criteria, participants were randomly
assigned into two groups: the combined training (CT) group and the control (CO) group. The combined training
group performed the selected exercise protocol for 8 weeks, with three sessions per week. Blood samples were
collected before and after the intervention by a laboratory specialist, and serum albumin levels were measured
using human Kkits.

Results: Combined training significantly increased serum albumin levels (P < 0.001) and skeletal muscle mass
(SMM) (P < 0.003). Additionally, fat mass Index (FMI) and body mass index (BMI) significantly decreased in
the training group compared with the control group (P < 0.001). However, no significant correlations were
observed between serum albumin levels and SMM (r = 0.466, P > 0.05), FMI (r = 0.107, P > 0.05), or BMI (r =
0.253, P> 0.05).

Conclusion: The findings of this study indicate that combined training can improve body composition indices,
increase muscle mass, and enhance serum albumin levels in women with type 2 diabetes. However, the absence
of significant correlations between serum albumin and body composition indices suggests that the use of serum
albumin as an independent marker of muscle atrophy in these patients requires further investigation.
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Extended Abstract

Background and Objective

Type 2 Diabetes Mellitus (T2DM) is a
global pandemic, with its prevalence
projected to reach 784 million by 2045
(Singer et al., 2022). Skeletal muscle plays
a pivotal role in energy metabolism, and its
decline (atrophy) is a serious complication
of T2DM, resulting from an imbalance
between protein synthesis and breakdown
(Sartori et al., 2021; Perry et al., 2016).
Serum albumin, the most abundant plasma
protein, has been proposed as a potential
biomarker for muscle atrophy due to its
ease of measurement and low cost
(Cabrerizo et al., 2015). However, findings
regarding its association with muscle mass
remain inconsistent, particularly in women
with T2DM (Snyder et al., 2012; Chen et
al., 2022). Regular physical exercise,
particularly  combined aerobic  and
resistance training, can improve glycemic
control, preserve muscle mass, and prevent
atrophy (Yanai et al., 2018; Ramezani et al.,
2023). However, limited research has
examined the concurrent effect of
combined training on serum albumin levels
and body composition indices in female
diabetic patients. This study aimed to
investigate the effect of an 8-week
combined training program on
anthropometric indices and serum albumin
levels in women with T2DM.

Methods

This  quasi-experimental study was
conducted over 8 weeks following the
comprehensive standards of the Declaration
of Helsinki for reporting experimental
research. From 150 women with type 2
diabetes registered at Ardabil hospitals and
the Diabetes Association, 45 patients
meeting the inclusion criteria (age 35-55
years, BMI 25-30 kg/m?, HbAlc > 6.5%,
FBG > 126 mg/dL, no regular physical
activity in the past six months, and use of
oral hypoglycemic agents) were enrolled.
Exclusion criteria included uncontrolled
hypertension (>160/100 mmHg), history of
cardiovascular disease, thyroid disorders,

severe kidney or liver disease, smoking, or
alcohol use. Following a familiarization
session and written informed consent,
participants were randomly assigned to
either a combined training (CT; n=23) or
control (CO; n=22) group. However, due to
personal, medical, and family reasons, 13
participants dropped out, resulting in a final
sample of 29 participants (CT: n=15, CO:
n=14).

Anthropometric indices including weight,
BMI, body fat percentage (FMI), skeletal
muscle mass (SMM), and waist-to-hip ratio
(WHR) were measured 72 hours before and
after the intervention using a Jawon
Medical body composition analyzer (X-
Contact 356, South Korea). Blood samples
were collected after 12 hours of fasting, 48
hours before and 48 hours after the final
training session, by a laboratory specialist.
Serum albumin levels were measured using
human kits (Biorexfars, Iran, sensitivity:
0.5 g/dL). Fasting blood glucose, insulin,
and HbAlc were also measured. The
combined training protocol consisted of
resistance exercises (chest press, leg
extensions/flexions, shoulder  press,
biceps/triceps exercises at 40-70% of 1RM,
progressing over 8 weeks) and endurance
training (stationary cycling at 40-70% of
maximum heart rate, with running
intervals), performed three days per week
for 8 weeks. Data normality was assessed
using the Shapiro-Wilk test, and pre- and
post- intervention differences between
groups were analyzed using independent t-
tests. Pearson's correlation coefficient was
used to examine the association between
serum albumin and SMM, FMI, and BMI.
Statistical significance was set at P < 0.05,
and analyses were conducted using SPSS
version 26.

Results

Baseline  characteristics showed no
significant differences between groups (P >
0.05). Significant improvements were
observed in the CT group compared to the
CO group for fasting blood glucose
(F=12.327, t=-6.945, P<0.001), fasting
insulin (F=1.130, t=-4.853, P<0.001), and
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HbAlc (F=0.347, t=-8.220, P<0.001).
However, HOMA-IR  showed no
significant difference (F=0.239, t=-1.938,
P=0.063). Anthropometric analysis
revealed significant reductions in the CT
group compared to controls for weight
(F=0.019, t=-6.693, P<0.001), BMI
(F=0.055, t=-6.878, P<0.001), WHR
(F=13.337, t=-8.303, P<0.001), and body
fat percentage (FMI) (F=40.972, t=-4.171,
P<0.001). Conversely, skeletal muscle
mass (SMM) significantly increased in the
CT group (F=0.237, t=0.306, P=0.003).
Importantly, serum albumin levels showed
a significant increase in the CT group
compared to controls (F=0.823, t=4.196,
P<0.001), indicating a potential beneficial
effect of combined training on this
biomarker.

However, Pearson correlation analysis
revealed no significant correlations
between serum albumin and SMM (r =
0.0466, P > 0.05), FMI (r = 0.1078, P >
0.05), or BMI (r =0.0253, P > 0.05). These
findings indicate that while combined
training independently improved both
serum albumin levels and body
composition indices, the lack of significant
correlation suggests that serum albumin
may not serve as a direct or independent
marker of muscle atrophy in this
population. The absence of such a
correlation may be attributed to the
multifactorial nature of albumin regulation,
including inflammation, hydration status,
liver function, and nutritional intake, which
may confound its relationship with muscle
mass (Cabrerizo et al., 2015; Silva-Fhon et
al., 2021).

Conclusion

The findings of this study indicate that an 8-
week  combined  training  program
significantly improves body composition
indices (reduced BMI, WHR, and body fat
percentage; increased skeletal muscle
mass), enhances glycemic control, and
increases serum albumin levels in women
with type 2 diabetes. These improvements
likely arise from the synergistic effects of
resistance training (increasing muscle mass
and GLUT-4 reservoir via the PI3K-AKT
pathway) and aerobic training (improving
oxidative capacity and glucose uptake via
the AMPK pathway) (Kadoglou et al.,
2012; Fresig et al., 2007). However, the
absence of significant correlations between
serum albumin and body composition
indices suggests that serum albumin may
not be a reliable independent marker of
muscle atrophy in this population, possibly
due to confounding factors such as
inflammation, nutritional status, and
hydration (Silva-Fhon et al., 2021; Chen et
al., 2022). These findings highlight the
importance of using multiple biomarkers
and direct measures of muscle mass for
assessing muscle health in diabetic patients.
Limitations include the relatively small
sample size, lack of dietary control, and
absence of measurements of inflammatory
markers. Future studies with larger
samples, longer intervention periods, and
direct measures of muscle protein synthesis
are recommended to further elucidate the
relationship between exercise, serum
albumin, and muscle atrophy in type 2
diabetes.
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