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ABSTRACT

Introduction Non-alcoholic fatty liver disease (NAFLD)
is highly prevalent (~75%) in people with type 2
diabetes (T2D). Since exercise and weight loss (WL) are
recommended for the management of both NAFLD and
T2D, this study examined whether progressive resistance
training (PRT) plus WL could lead to greater improvements
in the fatty liver index (FLI), an indicator of NAFLD,
compared with WL alone in older adults with T2D.
Research design and methods This study represents a
secondary analysis of a 12-month, two-arm randomised
controlled trial including 36 overweight and obese
adults (60–80 years) with T2D randomly allocated to
supervised PRT plus WL (hypocaloric diet) (n=19) or
WL plus sham (stretching) (n=17) for 6 months (phase
I), followed by 6-months home-based training with ad
libitum diet (phase II). FLI, which is an algorithm based on
waist circumference, body mass index, triglycerides and
gamma-glutamyl transferase, was assessed at baseline
and every 3 months. Linear mixed models were used to
analyse between-group differences over time, adjusting for
baseline values.
Results At baseline, the mean±SD FLI was 76.6±18.5
and the likelihood of NAFLD (FLI >60) in all participants
was 86%. Following phase I, both groups had similar
statistically significant improvements in FLI (mean change
(95% CI): PRT+WL, −12 (−20 to –4); WL, −9 (−15 to
–4)), with no significant between-group difference.
After the subsequent 6-month home-based phase, the
improvements in FLI tended to persist in both groups
(PRT+WL, −7 (−11 to –2); WL, −4 (−10 to 1)), with no
between-group differences.
Conclusions In older overweight adults with T2D, PRT
did not enhance the benefits of WL on FLI, a predictor of
NAFLD.
Trial registration number ACTRN12622000640707.

INTRODUCTION
Type 2 diabetes (T2D) is a serious global
public health issue, estimated to affect 462
million people globally.1 Individuals with T2D

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Lifestyle strategies such as weight loss through hy-

pocaloric diets and exercise, including progressive
resistance training (PRT), are cornerstone to prevention and management of both type 2 diabetes (T2D)
and non-alcoholic liver disease (NAFLD).
⇒ However, whether PRT plus weight loss is more effective for improving NAFLD than weight loss alone
is not known.

WHAT THIS STUDY ADDS
⇒ In this 12-month randomized controlled clinical trial

including 36 older overweight and obese sedentary
adults with T2D, weight loss with or without PRT was
associated with similar significant reductions in the
fatty liver index (FLI), an indicator of NAFLD.
⇒ This was likely due to the favourable changes (losses) in both weight and adiposity which were similar
between the groups, despite PRT providing some
additional benefits to muscle (lean) mass.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
⇒ While this study indicates that weight loss is the key

factor driving improvements in the FLI in older adults
with T2D, further research is needed to explore the
potential synergistic effects of exercise combined
weight loss on other liver outcomes (eg, hepatic
fat) in a large sample of older adults with T2D and
NAFLD to help shape future clinical guidelines.

are also at significantly higher risk of multiple
other chronic diseases, including non-
alcoholic fatty liver disease (NAFLD).2 In fact,
the prevalence of NAFLD in people with T2D
has been identified as high as 60%–75%,3
with the rapidly rising burden of both diseases
heightened by poor dietary habits, physical
inactivity and sedentary behaviours.4 5 Both
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conditions also share several common metabolic risk
factors and pathophysiological and inflammatory pathways,6 with a growing body of evidence indicating a bidirectional relationship between T2D and NAFLD.4 7
For both T2D and NAFLD, lifestyle strategies including
weight loss (WL) through dietary modification and exercise are the cornerstone for prevention and management.8 9 Available evidence indicates calorie restriction
used to induce WL (7%–10% total body weight) is effective for improving glycemic control and reducing liver
fat in those with T2D and NAFLD.10 11 However, WL is
often associated with a concurrent loss in muscle (lean)
mass,12 which is important as there is growing evidence
that low muscle mass is independently associated with poor
glycemic control13 and increased risk of T2D,14 including
in those with NAFLD.15 16 A meta-
analysis of 18 cross-
sectional studies involving 48 709 adults also found that
low muscle mass was associated with a 1.3-fold and 2.4-fold
increased risk and severity of NAFLD, respectively.17 This
suggest that optimising muscle (lean) mass may represent
an important approach to prevention and management of
both T2D and NAFLD.
Progressive resistance training (PRT) is one method that
has been shown to improve body composition, particularly
muscle (lean) mass, as well as glycemic control and blood
lipids in people with T2D.18 Resistance training has also
been shown to reduce liver fat (10%–25%), liver enzymes
and the FLI, as well as improve muscle (lean) mass in
people with NAFLD.19 20 In older adults with obesity and
those with T2D, we and others have shown that PRT can
prevent the concurrent loss of muscle (lean) mass associated with WL while resulting in similar reductions in fat
mass and total body weight, as achieved by WL alone.21–23
Furthermore, in older overweight adults with T2D we have
shown that high-intensity PRT (75%–85% of one repetition maximum strength) in combination with moderate
WL (−2.5 to −3.1 kg) was more effective at improving
glycemic control (glycated hemoglobin (HbA1c)) and lean
mass compared with WL alone, despite similar losses in
fat mass.22 23 However, whether PRT combined with WL is
more effective at improving NAFLD outcomes, compared
with WL, has not been examined. Therefore, the aim of
this study, which is a secondary analysis of our previous
12-month RCT,22 23 was to investigate whether 6 months of
high-intensity PRT combined with WL can reduce the risk
of NAFLD (improve FLI) in older overweight and obese
adults with T2D compared with WL alone. A secondary
aim was to evaluate whether any improvement in FLI
following the supervised and structured training can be
maintained following 6 months of home-based exercise
training without any further instruction to lose weight.
METHODS
Study design
This is a secondary analysis of a prior two-arm, 12-month
RCT consisting of two phases involving 36 older overweight and obese adults with T2D.22 23 Phase I incorporated 6 months of supervised and structured gym-based
2

PRT with WL and phase II involved a further 6 months of
home-based PRT with ad libitum diet. Participants were
randomly assigned (via a computer-generated random
number table in Excel) to either of the two groups by
an independent researcher. Recruitment to the intervention occurred over a 2-year period (February 1999
to January 2001). Repeated measures were conducted
at 3, 6, 9 and 12 months for all outcomes, other than
body composition (6 and 12 months). As previously
reported,22 23 participants were initially randomized to
either PRT+WL (n=19) or sham (flexibility) training+WL
(n=17) for the first 6 months. All assessments and training
were performed at Deakin University, Melbourne,
Australia. The study was retrospectively registered with
the Australian and New Zealand Clinical Trial Registry
(ACTRN12622000640707).
Participants
As previously reported,22 23 36 overweight and obese
adults aged 60–80 years with T2D were recruited from
the International Diabetes Institute Clinics. Participants
were initially screened by telephone, with eligible participants (n=110) required to undertake further assessments
to determine eligibility (HbA1c, resting blood pressure,
ECG, medical history). Participants were included based
on the following criteria: established T2D (>6 months),
being treated with diet or a oral hypoglycemic agent
(excluding insulin), HbA1c range 7%–10%, overweight
or obese (body mass index (BMI) >27 kg/m2 and ≤40
kg/m2), not participating in regular PRT and engaging
in <150 min moderate or <60 min vigorous exercise/
week (preceding 6 months), non-smoker and consuming
<2 alcoholic drinks/day. Exclusion criteria were: history/
evidence of ischemic heart disease, systemic diseases,
hypertension (>160/90 mm Hg), advanced diabetic
neuropathy and/or retinopathy and conditions (severe
orthopedic, cardiovascular or respiratory) that prevent
participation and those with absolute exercise contraindications according to the American College of Sports
Medicine guidelines.24 A total of 47 participants (24 men,
23 women) were deemed eligible, of which 36 agreed to
participate. As reported previously,22 23 in the first 8 weeks
six participants (PRT+WL group, n=2, sham+WL group,
n=4) withdrew due to non-related health problems or
commitments and one participant was excluded due to
starting insulin. In total, 81% of participants (PRT+WL,
n=16, 84%; sham+WL, n=13, 76%) completed phase I. An
additional three participants (PRT+WL, n=2; sham+WL,
n=1) withdrew during the first 2 weeks of phase II (home-
based training) due to travel, osteoarthritis knee pain
and unrelated personal issues. Thus, 26 participants
(PRT+WL, n=14, 74%; sham+WL, n=12, 71%) completed
the 12-month intervention (figure 1).
Intervention
Phase I: supervised gym-based intervention
A detailed description of the exercise intervention has
been previously reported.22 23 Briefly, for the first 6-month
BMJ Open Diab Res Care 2022;10:e002950. doi:10.1136/bmjdrc-2022-002950
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Figure 1

Study flow chart. HbA1c, glycated hemoglobin; PRT, progressive resistance training; WL, weight loss.

gym-
based intervention, all participants attended the
exercise laboratory at Deakin University three non-
consecutive days per week. Those randomized to PRT
performed an individually prescribed 45–60 min, high-
intensity (75%–85% of their one repetition maximum
strength) program consisting of free weights and weights
machines (three sets of 8–10 repetitions, nine exercises).
To ensure correct technique and progression, all sessions
were fully supervised. The sham flexibility group sessions
consisted of 5 min of stationary cycling (no workload)
followed by a sequence of static stretching exercises (~30
min) designed to provide participation and improve
flexibility but not to elicit changes in muscle strength or
fitness.
BMJ Open Diab Res Care 2022;10:e002950. doi:10.1136/bmjdrc-2022-002950

Phase II: home-based training
Following the 6-month supervised gym-based intervention, participants were prescribed a home-based exercise
program in which they were provided with individualised instructions and equipment (dumbbells and ankle
weights for PRT group and flexibility chart for flexibility
group). Participants were asked to train 3 days/week
at home and/or at a community or commercial leisure
centre. To facilitate transition, participants in the PRT+WL
group performed the home-based PRT program within
the structured and supervised gym setting for the final
month of phase I. The home-based exercises replaced
weight machines with dumbbells and ankle weights and
3
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participants were requested to complete nine exercises
(three sets of 8–10 repetitions) with the aim to exercise at
a moderate intensity (at least 60% of maximum). Participants attended the gymnasium monthly to monitor
technique and progression and completed weekly exercise diaries to monitor adherence. In addition, weekly
phone calls (first month) and subsequent fortnightly
calls monitored adherence and enabled participants to
ask questions and receive feedback. A single home visit
was conducted early during the home program to ensure
safety and provide additional weights to facilitate progression. Participants in the control flexibility group were
requested to maintain the flexibility program at home.
Weight loss intervention
Four weeks prior to the commencement of phase I,
all participants were placed on a healthy eating plan
supplying ≤30% total energy from total fat (≤10% saturated fat) with protein and carbohydrate being distributed for remaining energy. Individually prescribed by a
dietitian, the plan was designed to induce moderate WL
(~0.25 kg/week) throughout phase I. Interviews every 2
weeks by the dietitian and completion of a weekly checklist were used to assess adherence. Changes in nutrient
intake were assessed via a 3-day food record conducted
at 3 and 6 months. Nutrition information was analyzed
using Foodworks nutrient analysis software (Xyris, Brisbane, Queensland, Australia). Following the gym-based
intervention (phase I), participants were not required
to adhere to the healthy eating (WL) plan and did not
receive further dietary recommendations.
Measurements
Health and medical history
Information on participants health and medical history
were assessed via an interviewer questionnaire conducted
at baseline. Information collected included: duration of
diabetes (years), age of diabetes onset, oral hypoglycemic
medication use, lipid-lowering medication use, history of
several diseases (eg, hypertension, retinopathy, neuropathy and arthritis/osteoarthritis) and supplement usage.
Anthropometry
Height (cm) was measured using a Holtain stadiometer
(Holtain, Croswell, Wales) and weight (kg) using SECA
electronic scales, assessed to the nearest 0.1 kg. Waist
circumference (WC) was measured at the midpoint
between the iliac crest and lower edge of rib cage using a
non-elastic measuring tape.
Biochemical measures and the fatty liver index
Morning venous blood samples were collected at baseline, 3, 6, 9 and 12 months with all samples obtained after
an overnight fast and at least 48 hours post exercise. The
glutamyl transferase (GGT) and
biomarkers (gamma-
triglycerides (TG)) were analyzed using standard laboratory procedures. The FLI, a well-validated and simple
algorithm, was defined by the following formula25:
4

FLI=(e0.953×LN (TG)+0.139×BMI+0.718×LN (GGT)+0.053×WC–15.745)/
(1+e0.953×LN (TG)+0.139×BMI+0.718×LN (GGT)+0.053×WC–15.745)×100
Scores for the FLI range from 0 to 100, with a score
≥60 being used to consider the likely presence of NAFLD
and <30 to rule out the presence of liver steatosis.25 Blood
measures were available for the following number of
participants: baseline, 3 and 6 months (PRT+WL, n=16;
sham+WL, n=13), 9 and 12 months (PRT+WL, n=14;
sham+WL, n=12).
Habitual physical activity
An interview-administered validated 7-day physical activity
recall questionnaire was used to estimate habitual physical activity (energy expenditure, kcal/day), excluding
the exercise intervention.26
Statistical analysis
Statistical analysis was conducted using Stata SE Statistical software. The data were analyzed using a modified
intention-
to-
treat approach, including all randomized
participants with at least one follow-up measurement. A
linear mixed model was used to analyze the data, with
random intercepts for participants, time as a repeated
measure and an interaction between group and time.
For all models, normality and homogeneity of variance
of the residuals were checked using quantile-
quantile
plots and scatter plots, respectively. No data imputation
was undertaken. The results were analyzed adjusted for
baseline values (model 1), and model 1 plus baseline
total lean body mass (model 2), and model 1 plus baseline physical activity (model 3). A mixed effects logistic
regression model was used to analyze group differences
for the changes in proportion of participants with an FLI
≥60. Statistical significance was set at p<0.05.
RESULTS
Participant characteristics
Baseline characteristics are shown in table 1. The
mean±SD age and BMI of the participants was 67.3±5.1
years and 31.9±3.5 kg/m2, respectively, with 69% of the
participants classified as obese (BMI >30). The mean
duration of diabetes was 8.1±6.5 years and 86.2% of
participants were taking oral hypoglycemic medication
(other than insulin) and 34.5% of participants were
taking lipid-lowering medications. During phase I, four
participants (PRT+WL n=3, sham+WL n=1) decreased
their oral hypoglycemic medication dosage while four
participants (PRT+WL n=2, sham+WL n=2) increased
medication. During phase II, one participant increased
and one decreased hypoglycemic medication dosage
(both PRT+WL). Regarding lipid-lowering medication,
one participant commenced lipid-lowering medication
(sham+WL) during phase I, while during phase II, one
participant (PRT+WL) commenced and one ceased
(sham+WL) medication. At baseline, 86.2% of participants had a likely presence of NAFLD (FLI >60), while
3.5% indicated an absence of NAFLD (FLI <30) (table 1).
BMJ Open Diab Res Care 2022;10:e002950. doi:10.1136/bmjdrc-2022-002950
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Table 1 Baseline characteristics of participants in the
progressive resistance training plus moderate weight loss
(PRT+WL) and moderate weight loss group (sham+WL)
Characteristic

PRT+WL
(n=16)

Sham+WL
(n=13)

Male/Female, n
Age (years)

10/6
67.6±5.2

6/7
66.9±5.3

Height (cm)

167.8±8.7

166.0±9.2

Weight, kg

88.7±10.9

89.5±12.1

2

BMI, kg/m

31.5±10.9

32.5±3.8

Waist circumference (cm)

105.3±7.5

103.3±11.4

Age at diagnosis (years)

60.1±5.0

58.1±8.6

Duration diabetes (years)

7.6±5.4

8.8±7.9

Oral hypoglycemic
medication use, n (%)

15 (94%)

10 (78%)

Lipid-lowering medication
use, n (%)

5 (31%)

5 (38%)

Estimated physical activity
(kJ/day)

3022±413

3110±428

FLI <30, n (%)

0 (0%)

1 (8%)

 30–59, n (%)
 >60, n (%)

2 (13%)
14 (87%)

1 (8%)
11 (85%)

Values presented are mean±SDs unless otherwise indicated.
BMI, body mass index; FLI, fatty liver index.

Adherence to intervention
As reported previously,22 23 average adherence to
exercise program was 88% and 85% (PRT+WL
sham+WL, respectively) during phase I. During
home-
based training (phase II), mean adherence
73% in PRT+WL and 78% in sham+WL.

the
and
the
was

Anthropometry and biochemical measures
There was a comparable statistically significant reduction in body weight in both the PRT+WL and sham+WL
groups after 3 months (mean±SD change: −1.8±2.0 kg
vs −2.0±1.5 kg, both p<0.01) and 6 months (−2.5±2.9
kg vs −3.1±2.1 kg, both p<0.01) relative to baseline. At
completion of 12 months, both groups experienced
similar increases in weight (mean change relative to baseline: PRT+WL, -1.7±1.9 kg; sham+WL, -1.6±2.0 kg, both
p<0.05), however weight did remain significantly lower
than baseline values for both groups.
The absolute within-group changes and net between-
group differences for the change in BMI, WC, GGT, TG
and FLI relative to baseline are shown in table 2. After
phase I, comparable statistically significant reductions in
BMI and WC were observed within each group. Neither
group experienced a significant change in TG levels after
the initial 6 months. PRT+WL had a significant 7.4 and
9.1 U/L (both p<0.05) decrease in GGT after 3 and 6
months, respectively, but these changes did not differ
significantly from sham+WL after 3 months (p=0.06) or
6 months (p=0.09). At completion of phase II, BMI and
BMJ Open Diab Res Care 2022;10:e002950. doi:10.1136/bmjdrc-2022-002950

WC remained significantly lower than baseline values for
both groups with no significant between-group differences (table 2). TG levels remained relatively unchanged
(both groups) and there were no significant within-
group changes relative to baseline nor group differences
in GGT after 9 or 12 months.
Fatty liver index
At completion of 6 months, both groups experienced a
statistically significant reduction in FLI, with no significant between-group differences for the change after 3
months (interaction, p=0.50) or 6 months (interaction,
p=0.56) (table 2 and figure 2). All results for FLI remained
unchanged after further adjusting for baseline total lean
body mass and baseline physical activity. After 12 months
(phase II), the significant improvement in FLI persisted in
PRT+WL relative to baseline but not sham+WL, however
between-group differences for the change over time were
not significant (interaction, p=0.75). Regarding NAFLD
risk, the proportion of participants with an FLI score ≥60
after 3 months and 6 months decreased from baseline by
26% and 25% in the PRT+WL and 16% and 8% in the
sham+WL, respectively (figure 3). At completion of 12
months, there was a 9% and 10% reduction from baseline
in the PRT+WL and sham+WL for the proportion of participants with a FLI ≥60. There was no statistically significant
difference between groups for the change in proportion of
participants with a FLI ≥60 at 3 months (p=0.93), 6 months
(p=0.37), 9 months (p=0.48) or 12 months (p=0.73).

DISCUSSION
The main finding from this RCT in older overweight and
obese adults with T2D was that 6 months of moderate
WL, with or without supervised high-intensity PRT, was
associated with similar significant improvements (reductions) in FLI. A second key finding was that FLI tended
to increase in both groups in parallel with weight regain
during the second 6 months following the ad libitum diet,
but remained below baseline levels in those undertaking
the home-
based PRT. While this indicates that home-
based PRT may help to attenuate some of the weight-
related regains in FLI, collectively, findings from this
study suggest that the primary factors driving changes in
FLI are alterations in body weight and adiposity and that
PRT provided no or little additional benefits in older
overweight and obese adults with T2D. However, the findings related to PRT should be interpreted with caution
considering the modest sample size which likely limited
our ability to detect any additive benefits of PRT over WL
on FLI in this study involving secondary data analysis.
Since we have previously reported significantly greater
improvements in glycemic control (HbA1c −1.2±1.0%
vs −0.4±0.8%) and total body lean mass (0.5±1.1 kg vs
−0.4±1.0 kg), and greater reductions in inflammatory
markers interleukin-
10 and tumor necrosis factor-α,
compared with sham+WL group,22 23 we hypothesized that
there would be a greater improvement in FLI in those
5
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Table 2 Baseline values and absolute within-group changes after the supervised, gym-based training (phase I, 3 and 6
months) and the home-based training (phase II, 9 and 12 months) in PRT+WL and sham+WL for BMI, waist circumference,
triglycerides, gamma-glutamyl transferase and FLI and the net between-group differences for change relative to baseline
Mean (95% CI) absolute change from baseline
Baseline

∆ 3 months

∆ 6 months

∆ 9 months

∆ 12 months

 PRT+WL

31.5±3.4

−0.6 (−1.0 to –0.3)**

−0.9 (−1.4 to –0.3)**

−0.8 (−1.3 to –0.3)**

−0.6 (−1.0 to –0.2)**

 Sham+WL

32.5±3.8

−0.7 (−1.0 to –0.4)***

−1.1 (−1.5 to –0.7)***

−1.1 (−1.7 to –0.6)**

−0.6 (−1.0 to –0.1)*

 Net difference (95% CI)

0.1 (−0.4 to 0.6)

0.2 (−0.5 to 0.9)

0.3 (−0.4 to 1.0)

0.0 (−0.5 to 0.5)

 P value†

0.76

0.62

0.32

0.79

 
BMI, kg/m2

Waist circumference, cm
 PRT+WL

105.3±7.5

−3.8 (−5.6 to –1.9)***

−6.9 (−10.0 to –3.9)***

−6.8 (−10.5 to –3.0)**

−3.7 (−6.5 to –1.0)*

 Sham+WL

103.3±11.4

−3.1 (−5.2 to –1.0)**

−6.7 (−10.4 to –3.0)**

−6.4 (−10.0 to –2.7)**

−2.3 (−4.3 to –0.2)*

 Net difference (95% CI)

−0.7 (−3.3 to 2.0)

−0.3 (−4.8 to 4.2)

−0.4 (−5.4 to 4.6)

−1.4 (−4.8 to 1.9)

 P value†

0.74

0.88

0.75

0.32

Triglycerides, mmol/L
 PRT+WL

1.83±0.75

−0.23 (−0.60 to 0.15)

−0.24 (−0.63 to 0.15)

−0.39 (−0.80 to 0.01)

−0.09 (−0.44 to 0.26)

 Sham+WL

1.85±0.78

0.28 (−0.49 to 1.04)

−0.05 (−0.58 to 0.47)

−0.08 (−0.45 to 0.28)

0.12 (−0.56 to 0.79)

 Net difference (95% CI)

−0.17 (−0.77 to 0.43)

−0.16 (−0.68 to 0.36)

−0.51 (−1.23 to 0.21)

−0.37 (−1.13 to 0.39)

 P value†

0.52

0.48

0.39

0.60

Gamma-glutamyl transferase, U/L
 PRT+WL

45.9±47.6

−7.4 (−13.7 to –1.0)*

−9.1 (−16.1 to –2.1)*

−4.8 (−14.4 to 4.8)

−2.1 (−11.5 to 7.3)

 Sham+WL

34.2±28.5

3.2 (−6.9 to 13.4)

7.0 (−15.3 to 29.3)

5.2 (−9.0 to 8.6)

0.9 (−6.0 to 7.8)

 Net difference (95% CI)

−10.6 (−21.5 to 0.3)

−16.1 (−36.4 to 4.2)

−10.0 (−27.5 to 7.6)

−3.0 (−14.4 to 8.4)

 P value†

0.06

0.09

0.07

0.10

FLI
 PRT+WL

77.2±20.0

−7.0 (−12.0 to –2.0)**

−12.3 (−20.3 to –4.2)**

−11.7 (−17.6 to -5.9)*** −6.5 (−10.8 to –2.2)**

 Sham+WL

75.9±19.8

−10.8 (−23.6 to 2.1)

−9.3 (−14.8 to –3.8)**

−10.1 (−19.1 to –1.0)*

−4.3 (−9.9 to 1.4)

 Net difference (95% CI)

3.8 (−8.3 to 15.9)

−2.9 (−12.7 to 6.9)

−1.6 (−11.5 to 8.2)

−2.3 (−8.9 to 4.3)

 P value†

0.50

0.56

0.95

0.75

All baseline values are unadjusted means±SDs. All change values are unadjusted means (95% CI) and expressed as absolute changes from baseline. Mean net
differences (95% CI) were calculated by subtracting within-group changes for PRT+WL from within-group changes from WL.
*P<0.05, **p<0.01, ***p<0.001 within-group change from baseline.
†P values represent group-by-time interaction from linear mixed models adjusted for baseline values.
BMI, body mass index; FLI, fatty liver index; PRT, progressive resistance training; WL, weight loss.

undertaking PRT. This hypothesis was also informed by
previous research demonstrating PRT may benefit NAFLD
through enhanced insulin sensitivity,27 reduced inflammation28 and/or increased muscle mass.29 30 However, few
studies have assessed the effect of PRT on FLI directly,
and studies assessing other liver outcomes (eg, liver fat,
liver enzymes), are limited and have reported mixed findings.19 27 31 For example, previous research has indicated
8–12 weeks of PRT at moderate intensity (50%–70% of one
repetition maximum strength), independent of WL, can
achieve modest reductions in liver fat (10%–13%) in those
with NAFLD.30 32 More notable decreases in liver fat (26%)
and improvements in the liver enzyme ALT have been
demonstrated after 4 months of high-intensity PRT (70%–
80% of one repetition maximum strength) combined with
dietary advice in T2D participants with NAFLD.19 Together,
these findings suggest that high-intensity PRT may result
in more favorable NAFLD outcomes. Therefore, the lack
6

of any additional benefits of PRT in our study were somewhat unexpected as participants were prescribed a high-
intensity (75%–85% of one repetition maximum strength)
PRT program (phase I) in which adherence was excellent
(mean 88%) and the program resulted in multiple other
benefits over WL alone as indicated above. Furthermore,
in our cohort of older overweight and obese adults with
T2D, 86% of participants were identified to be at high risk
of NAFLD (FLI >60). One possible explanation is that the
FLI includes only selected measurements of body fat (WC)
and liver function (eg, GGT), and thus may not be sensitive
to changes in liver fat in response to the PRT above WL
alone, or the difference was not substantial enough to be
detected by the small sample size of our trial. Although FLI
is well validated in population studies,25 it is conceivable
there may have been benefits to other key liver outcomes
(eg, liver fat, liver enzymes) that we did not assess and are
not reflected in the FLI or conversely a longer duration of
BMJ Open Diab Res Care 2022;10:e002950. doi:10.1136/bmjdrc-2022-002950
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Figure 2 Mean (±SD) fatty liver index (FLI) scores in the
progressive resistance training plus weight loss (● PRT+WL)
and weight loss (○ sham+WL) group at baseline, 3, 6, 9 and
12 months. *P<0.05, **p<0.01, ***p<0.001 vs baseline. The
grey shaded region represents the supervised, gym-based
training phase and when both groups were prescribed a
moderate weight loss diet and the white region represents
the home-based training phase with the ad libitum diet.

high-intensity PRT may be required to elicit improvements
in FLI. However, there is some evidence supporting the
benefits of 10–24 weeks of PRT for improving FLI (13%–
18%) in older menopausal women with obesity33 and those
with T2D,34 but these studies included PRT in conjunction
with aerobic training (AT). Aerobic training is often associated with greater reductions in visceral fat relative to PRT
and changes in adipocytokines,35 which may explain the
observed improvements in FLI in these studies.

Figure 3 Proportion of participants in the progressive
resistance training plus weight loss (PRT+WL) and weight
loss (sham+WL) groups that were classified as likely to have
non-alcoholic fatty liver disease (fatty liver index (FLI) ≥60) at
baseline, 3, 6, 9 and 12 months. The first 6 months represent
the supervised, gym-based training and the second 6
months the home-based training.
BMJ Open Diab Res Care 2022;10:e002950. doi:10.1136/bmjdrc-2022-002950

There is emerging evidence indicating that lean
(muscle) mass may play an important role in NAFLD,36
with research highlighting an inverse association between
measures of muscle mass and NAFLD risk and severity.17
For instance, a population-based study involving 10 534
community-dwelling adults (2631 with NAFLD) aged 51.4
(SD 8.3) years found those in the highest tertile for body
weight-
adjusted appendicular skeletal muscle mass gain
after 1 year, exhibited a significant reduction in liver fat,
and resolution of baseline NAFLD after 7 years.37 Therefore, it is possible that PRT-related improvement in muscle
mass may play a role in improving NAFLD outcomes.
This is likely mediated by improved insulin resistance and
muscle-liver crosstalk via modification in myokines.38 There
is consistent evidence from clinical trials highlighting the
effectiveness of PRT in healthy people and those with
chronic conditions as a strategy to improve lean (muscle)
mass,39 40 including people with NAFLD.29 30 However,
whether PRT-related changes in muscle (lean) mass are
associated with improvements in liver outcomes in people
with NAFLD remains uncertain. A 12-week RCT in sedentary obese men with NAFLD reported a ~14% reduction in
liver fat following a high-intensity PRT program, without
any accompanying WL,30 in which the men experienced
a mean 1.2 kg gain in muscle mass. As we have reported
elsewhere,22 23 the PRT+WL group in our study experienced a significant mean 0.5 kg increase in total body lean
mass after 6 months while the WL group had a mean 0.4
kg reduction, with both groups experiencing similar losses
in fat mass. It is plausible that the lean mass gain of 0.5 kg
in our study was not substantial enough to translate into
any benefits to FLI. Whether there is an optimal gain in
muscle (lean) mass that may elicit improvements in FLI is
not known, but further prospective studies and intervention trials are needed to evaluate whether a given exercise-
induced change in lean (muscle) mass may be associated
with improvements in liver-specific outcomes in people
with NAFLD, independent of changes in weight or fat mass.
The finding that there were similar significant reductions in FLI in both the PRT+WL and sham+WL groups
in our study is likely attributed to the modest WL experienced by both groups. Furthermore, both groups achieved
comparable improvements in measures of adiposity,
including BMI, WC and fat mass (mean change after
6 months: −2.1 to −2.4 kg).22 23 Given that WL is recommended as one of the key strategies to reduce liver fat, it
is possible the effects of PRT in our study were masked by
the effects of changes in body weight and fat mass. There is
compelling evidence that hypocaloric diets resulting in WL
of 7%–10% of total body weight are associated with reductions in liver fat (~40%–50%) and liver markers in those
with NAFLD.41–45 In terms of FLI, a 32%–38% reduction
was reported following WL of ~9%–11% via hypocaloric
diets in 98 overweight and obese adults with NAFLD.46 In
our study of older overweight and obese adults with T2D, a
significant although more modest (~13%–16%) reduction
in FLI was observed after 6 months. The smaller changes in
FLI observed in our study are likely related to the smaller
7
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reductions in body weight (mean change 2.8% PRT+WL
and 3.5% sham+WL). In agreement with our findings,
another study conducted in 716 participants with NAFLD
reported that a 3.4% reduction in total body weight was
associated with a 12% reduction in FLI, after 6 months of a
lifestyle intervention (diet and habitual physical activity).47
Collectively, these findings support previous research
highlighting a strong relationship between the magnitude
of change (loss) in weight (adiposity) and subsequent
changes in FLI.48
Another key outcome from our study was that the
WL-related improvements in FLI during phase I in both
groups tended to increase (return to baseline values)
during phase II with the ad libitum diet and concomitant
gains in weight and fat mass. In agreement with these findings, previous research conducted in 98 overweight and
obese adults with NAFLD demonstrated that WL (diet
induced) reductions in FLI were reversed ensuing subsequent weight regain.48 However, it is worth noting that
FLI did remain significantly below baseline values in the
PRT+WL group after phase II in our study. Nevertheless,
this was not significantly different from the sham+WL
group which limits our ability to make claims about the
potential benefits of PRT alone as a modality to maintain
WL-induced improvements in FLI. A potential reason for
why the home-based PRT training did not result in greater
benefits to FLI relative to the sham exercise may relate
in part to a reduction in training adherence (88%–73%)
and total training volume (~52%) in phase II, as machine
weights were replaced by free weights (dumbbells, ankle
weights) which limited (and reduced related to phase I)
the total training load prescribed.23
The strengths of this study are that it is the first to examine
the effect of PRT+WL versus WL alone in NAFLD using FLI
in older overweight and obese adults with T2D. The RCT
design with a long-term follow-up (12 months), and high
adherence to the high-intensity PRT are also noteworthy
strengths. However, there are several limitations. First, this
study represents a secondary analysis of a previous RCT
with a small sample size that was not designed to detect any
potential between-group differences in FLI. Second, liver
enzymes and direct measures of liver fat were not available,
and FLI was used as a surrogate determinant of NAFLD
risk. Third, both BMI and WC are parameters in the FLI
equation, and therefore changes in FLI are primarily
mediated by reductions in body weight, and thus does not
capture the potential beneficial effects of changes in lean
mass on liver fat. Therefore, it is possible that PRT may have
induced additive improvements in liver outcomes unable
to be captured in the present study. Given most previous
studies report liver fat as the primary outcome, capacity for
more meaningful comparison between other PRT-related
studies was also limited. Future studies may also consider
a more comprehensive assessment of body composition,
including muscle adiposity, as there is evidence that individuals with high muscle fat are more likely to have higher
liver fat.49
8

CONCLUSION
In sedentary, older overweight and obese adults with T2D,
6 months of moderate WL was associated with improvements in FLI, but high-intensity PRT did not provide any
added benefits. While these findings support the role for
improving (reducing) weight and adiposity as a key strategy
for the management of NAFLD in overweight and obese
adults with T2D, the lack of any significant added benefits of PRT must be considered given the modest sample
size. This likely limited our ability to detect any additive
effects from this trial which represents secondary data analysis. Further large-scale and appropriately powered RCTs
assessing liver-specific outcomes and other forms of exercise (eg, PRT combined with AT) are required to provide
greater insight into the potential synergistic effects of exercise with WL in this cohort.
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