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ABSTRACT

Type 2 diabetes is one of the most common metabolic diseases, especially prevalent in
the elderly, and carries numerous complications, including an increased risk of liver diseases, such as
non-alcoholic fatty liver disease (NAFLD).. The aim of this study was to determine the effect of aerobic
exercise in two phases of light and dark on markers of non-alcoholic fatty liver including liver fat index
(FLI), lipid accumulation product (LAP), hepatic steatosis index (HSI), and Framingham steatosis index
(FSI) in elderly women with type 2 diabetes.

This quasi-experimental study was conducted on 45 elderly women with type 2
diabetes aged 60-65 years. Participants were randomly divided into three groups: control, training in the
light phase (morning), and training in the dark phase (evening). Aerobic exercises were performed for 12
weeks, three sessions per week, and each session lasted 50 minutes at an intensity of 60-70% of maximum
heart rate. Anthropometric and serum indices were measured before and after the intervention, and data
were analyzed using analysis of covariance and paired t-tests.

(5T The results demonstrated that both exercise groups exhibited a significant decrease in FLI, LAP, HSI,
and FSI compared to the control group (P=0.001). Additionally, training in the dark phase demonstrated a
more pronounced effect on reducing the LAP index than training in the light phase (P=0.002).
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Extended Abstract

Introduction

ging is a complex biological process char-

acterized by a gradual decline in physi-

ological functions and quality of life. The

increasing global elderly population, asso-

ciated with the rising incidence of chronic
diseases, like type 2 diabetes mellitus (T2DM), necessi-
tates effective interventions. T2DM, often linked to oxi-
dative stress and inflammation, can lead to complications,
such as non-alcoholic fatty liver disease (NAFLD), affect-
ing over 80% of T2DM patients. Early identification of
NAFLD risk through non-invasive indices, like the Fatty
Liver Index (FLI), Lipid Accumulation Product (LAP),
Hepatic Steatosis Index (HSI), and Framingham Steatosis
Index (FSI) is crucial [9]. Exercise is a known modulator
of glucose homeostasis and insulin sensitivity, with ex-
ercise timing potentially influencing metabolic responses
due to circadian rhythms [ 10]. This study aimed to inves-
tigate whether a structured aerobic exercise program sig-
nificantly improves NAFLD-related biochemical indices
(FLI, LAP, HSI, and FSI) in elderly women with T2DM,
and to determine if specific exercise timing (morning vs.
evening) yields superior outcomes.

Materials and Methods

This experimental study used a pre-test/post-test non-
equivalent control group design in a laboratory setting.
The study population included 45 women, aged 60-65
years, with T2DM from Chaharmahal and Bakhtiari
province, Iran. Participants were recruited based on strict
inclusion criteria, including a physician’s T2DM diagno-
sis, HbAlc >6.5%, and no prior history of NAFLD. Ex-
clusion criteria screened for conditions that would prevent
exercise or affect data validity, such as severe heart failure
or neurological disorders.

We determined a sample size of 15 participants per
group (totaling 45) considering 0=0.05 and 80% power,
using the FLI as the primary outcome. Participants were
randomly assigned to one of two exercise groups (morn-
ing or evening) or a control group. the subjects provided
written informed consent. Anthropometric data and blood
samples were collected before and 48 hours after the 12-
week intervention. Three participants dropped out for
various reasons.

Exercise groups trained for 12 weeks, with three ses-
sions per week. Morning sessions were held at 9 AM
(ZT3) and evening sessions at 9 PM (ZT15), consistent

with circadian rhythm research [12]. Each 50-minute ses-
sion included a warm-up, 40 minutes of brisk walking/
light jogging at moderate intensity (progressively increas-
ing from 50% to 70% of heart rate reserve), and a cool-
down [20]. Heart rate was continuously monitored.

We collected comprehensive anthropometric measure-
ments (e.g., BMI and waist circumference) and blood
samples after a 12-hour fast. We measured fasting blood
sugar (FBS), serum insulin, and calculated insulin resis-
tance (HOMA-IR) [16]. Key liver enzymes (ALT and
AST), lipid profile (TG, LDL, HDL, and TC), and HbAlc
levels were also assessed. NAFLD status was evaluated
via sonography, and the FLI, LAP, HSL, and FSI were cal-
culated using established formulas.

Results

Our 12-week aerobic exercise intervention led to sig-
nificant improvements in various metabolic and anthro-
pometric markers. Inter-group analysis showed signifi-
cant differences across most studied indices (P<0.05),
excluding age, height, and waist-to-hip ratio (P>0.05).
Both morning and evening exercise groups demonstrated
significant improvements compared to the control group
(P<0.05). Direct comparison between the two exercise
groups revealed significant differences only for TG and
LDL levels (P<0.05), with no other significant differences
observed (P>0.05). Levene’s test confirmed homogeneity
of variances between groups for all indices (P>0.05).

Both exercise groups experienced notable positive
changes in blood pressure, with significant reductions
in systolic and diastolic readings (P<0.001 within-group
for exercise groups vs. P>0.013 for the control group).
HOMA-IR values, and FBS, insulin, and HbAlc lev-
els also significantly decreased in both exercise groups
(P<0.001 to P<0.018 within-group), in contrast to the
control group, which showed no significant change or a
worsening trend.

Liver enzymes (AST, ALT, and GGT) significantly
reduced in both exercise groups (P<0.001 to P<0.005
within-group), while they increased in the control group.
Furthermore, within the exercise groups, the reductions
in TG, total cholesterol, and LDL levels were statistically
significant, with p-values ranging from less than 0.001 to
less than 0.006. Similarly, HDL levels significantly in-
creased within these groups (P<0.001).

Regarding NAFLD-related biochemical indices, a sig-

nificant inter-group difference was observed for FLI, HSI,
LAP, and FSI (P<0.001). Both morning and evening ex-
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ercise groups showed significant reductions in FLI, HSI,
and FSI compared to the control group (P<0.001). Inter-
estingly, while both exercise groups showed a significant
reduction in LAP compared to the control group, the eve-
ning exercise group exhibited a greater reduction in LAP
than the morning group (P=0.030). No other significant
timing-specific differences were found for FLI, HSL, or
FSI. Intra-group analyses confirmed significant reductions
in these indices within both exercise groups (P<0.001),
with no significant changes in the control group.

Anthropometric outcomes

In terms of anthropometric variables, both exercise
groups, unlike the control group, experienced significant
decreases in weight, BMI, and body fat percentage after
the intervention (P<0.05 within-group). Similarly, waist
and hip circumferences significantly reduced in the exer-
cise groups (P<0.002 within-group).

Conclusion

This study aimed to evaluate the impact of aerobic
exercise timing (morning vs. evening) on biochemical
markers associated with NAFLD in elderly women with
T2DM. Our findings demonstrated that both morning and
evening aerobic exercise significantly reduced NAFLD
indicators, such as FLI, HSI, LAP, and FSI compared
to the control group. This highlights the effectiveness of
aerobic exercise as a non-pharmacological intervention
in improving liver function in T2DM patients. While
most indices improved similarly across exercise groups,
LAP showed a significant difference, with evening exer-
cise yielding superior outcomes. These results align with
previous research indicating the positive effects of physi-
cal activity on NAFLD [9]. The observed reductions in
NAFLD indices can be attributed to multiple physiologi-
cal mechanisms, including decreased visceral adipose
tissue, improved insulin sensitivity, reduced TG levels,
and enhanced lipid profiles. Regular exercise, particularly
moderate-to-high intensity aerobic training, promotes
hepatic fat oxidation and reduces inflammatory markers,
thus mitigating NAFLD progression.
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9. Body Mass Index (BMI)
10. Waist Circumference (WC)
11. Waist-to-Hip Ratio (WHR)

A g3l Ol o120 6o s has 28,5 i o
Jhrecdl ol 8,515 5 FLI Lol gewly it dsazgils 5 duojo
09,5 ;o 10 ;a3 10 ol [A] LS aslllas aa>gily 9 S=\F
b9y 3| Bog,S (e (Solal (apasss jglaiads Wigd o () 2
ForalS b a5’ Bolay olael Jaaz g oolw Bolai arass
V0 09,5 8) pas 5 oo (i o5 09,5 9 )3 (Boluai ooy
8y )18 G N0) J 7S 09,8 Sy 9 (i

asbiculs, py5 cdalllas 4y 09,9 5l S8 Lo Soge;] dcn
0599 3l day 9 JB. 038 )5 JopoS5 | 3o ) (5,50 9 (o255
oalojl g (i slapygesl GE S S b ples jle s po3
Culs 0929 (i) S de ik sl e p3 0B 438 (9>
«S9lS DSt ooty 135 Y gno (o yod 095 il ol iy &S
25 pa S5 g iz (2l Jedoa ) pas el
Y ojlads gy aid ol |, 5 p2rlgo udoay

i e 4o s palis 2950

(03,5 (o yeS 5y 3l alete sl ¥ 40 (24 ped (slaog S

DIYT ohlSe 5 g3l (ogiy 3l 5y Crred Oloy Comess 12
o P el olidig) 8955 o) aS &jguo (s el oolaiu
aid 8 15 )8 (ZT12) juae # celis (S5, 89,4 (ylo 5 (ZTO)
Vsl ;o (olidy) £950 5l Ly el ¥ 0 503 o g s
celw o g (U geyd 5l g cel ¥ 9 (ZT3) e
Ay e Glilez g (359 ool (58559 w0 (ZT15) s 4

Y 95 Culed 4 Mo Siallow (U5 59 3 45 (S paB Ll 2 (Sl (y1 903 o U 02 g (218 5y 1125




Y o lods YY) 0590 NP0 L

dslllas o (FaS S 8 (S ldCaner b yiie g8 ) Jeu

(w0 33) 31/ jlumoidl o0tk (yuSiloo e Zolaw b yuito
FYIovEa/y
L}w
£()++)
FEEAY) Jako
Jab cmsy
v(¥) 20
b(\ ] ) N Igus o
Y¥(aY) el g cudgs
L\ (stlosnl;
) ol
FFaY) s
Juzdl cmsg
") il
(V) oot
' S5 o520
v(F) 395 e 8 b

MMP@)?QAWW‘&MWQ&@)?
L] b (55 o3lail (a2 &jg0ts g 45 50

oleyd Ws sanseis oSl solisud b (FBS) MLl (95
5 oolizasd L HDAIC 15356 pebas . 5,155 5 (Sl
@7 Sl (o)) solaiods ol (5503l panis coS
SeilS 4y gy 50 pl> L3l e B gigm B2sb 5l g0
9 Wb (Byme bl S50 50 @z e (S sim 9 Sielend
logasls wal Jos 4 (i) 3 HE <o b 5550 o o
0 (AP ¥ g3 (smer Jpame (FLD MaS' o2
(FSI) pleSiual 8 jg3lnnl jaslss o (HSD) M guuS” je5lenl

1903, dplone 7 9 0 F VeV o)led (slago 8 32k |l

2 9 9l S 3l () ) 093 sladigad rizeen

o el FA 9 IS 5l 5 8 el YV aits >
o ad S il o el VY 5l e dnds 5T )
(Iran, Tehran, ;a3 o)l oS 5l oolisul b sl ;5615
(Hitachi®, model jlsuws ;S4l5 59, 4 Azmoon Pars)
Ordgml cdale .0l (g ,.505lail 704, 902 made in Japan)
gy g0 Al (reader microplate) 1Y) iy, 4 pyw

2. LAP: (WC [emloypudSisy  clalim(OA- Al dploee) o)l Jga 8 3k 5l redged] s Caglie
(mmol/Lh 1o 1 HOMA-IR: 305 ¢yelu! (RU/ML) x 315 557515
__e (mmol/Ly/ YY/& [\ 1.
3. Fli= .o [V#]

4. L= +/20Y xIn(MG) + +/\Yq x BMI + </¥\A x
IN(GGT)+ +/+OF x WC- Vo/Y¥F0.

5. HSl= Al BMI SIY (atly o5 (siogasl 51

+Y (3,0 Cobs age;D).

18. Fasting Blood Sugar (FBS)

19. Fatty Liver Index (FLI)

20. Lipid Accumulation Product (LAP)
21. Hepatic Steatosis Index (HSI)

22. Framingham Steatosis Index (FSI)
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12. Alanine Aminotransferase (ALT)
13. Aspartate Aminotransferase (AST)
14. Triglycerides (TG)

15. Low-Density Lipoprotein (LDL)

16. High-Density Lipoprotein (HDL)
17. Total Cholesterol (TC)
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25. Analysis of Covariance (ANCOVA)
26. Paired-samples t-test
27. Bonferroni
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30. Activated Protein Kinase(AMP)
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