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中 文 摘 要 ： 本研究目的: 探討高齡糖尿病前期者進行高或低強度阻力運動訓練
後，對胰島素敏感性、身體組成、肌肉品質、及功能性體適能之影
響。
研究方法: 高齡糖尿病前期者20名，隨機分派至高強度(3 × 8 ×
80% 1RM)及低強度(3 × 16 × 40% 1RM)阻力訓練組，受試者進行8週
，每周3次的全身性阻力運動訓練。口服葡萄糖耐受測驗、血脂檢查
、雙能X光身體組成分析、高齡者功能性體適能及肌肉功能於訓練前
、後進行檢測。
結果: 口服葡萄糖耐受測驗曲線下面積於8週訓練後顯著下降(5.3%)。8週訓練前後胰島素敏感性指標(HOMA-IR, Matsuda Index,
and Disposition Index)的變化分別是-21.7%、+25.0%及+54.6% (p
< 0.05)。去脂體重、體脂率、及血脂指標(三酸甘油酯、總膽固醇
、高密度脂蛋白膽固醇)等指標在8週訓練前後未有顯著變化。高齡
糖尿病前期者於訓練後顯著改善其功能性體適能(握力、6公尺步行
速度、30秒起立坐下計時反覆次數)及肌肉品質。高強度組在肩推、
坐姿划船、背伸展等動作測驗表現上，其肌肉力量的進步幅度顯著
優於低強度組。進一步進行相關性分析，結果顯示30秒起立坐下計
時反覆次數及6公尺步行速度的變化量與HOMA-IR的變化量有顯著相
關(r = -0.480 and r = 0.529, p < 0.05)。
結論: 等訓練量不同負荷的阻力運動可顯著改善高齡糖尿病前期者
之胰島素敏感性、肌肉品質及身體功能；等訓練量下，高強度阻力
運動訓練對高齡糖尿病前期者之肌肉力量的增進更具效果。
中 文 關 鍵 詞 ： 等訓練量阻力訓練、肌肉功能、糖尿病前期、老化、胰島素敏感性
英 文 摘 要 ： Purpose: The purpose of the investigation was to examine
the influence of resistance training (RT) with equal volume
and varying load on insulin sensitivity, body composition,
muscle quality, and physical function in older adults with
prediabetes.
Methods: Older men and women with prediabetes were
recruited, then randomly assigned to HIGH (3 × 8 × 80% 1RM;
n=10) or LOW (3 × 16 × 40% 1RM; n=10) group for 8 weeks of
whole-body RT. The oral glucose tolerance test (OGTT),
lipid profile, DEXA scan, functional capacity, and muscle
function were measured at baseline and follow-up.
Results: The OGTT area under the curve for glucose (-5.3%)
decreased significantly in older adults with prediabetes
after 8-weeks of volume-matched RT. HOMA-IR (-21.7%)
decreased significantly and Matsuda Index (+25.0%) and
Disposition Index (+54.6%) increased significantly after
intervention (p < 0.05). No changes in lean body mass, body
fat percentage, and lipid profile were observed after
intervention (p > 0.05). Functional capacity and muscle
quality (upper and lower limbs) increased significantly
after intervention (p < 0.05). HIGH group had significant
improvements in muscle strength of shoulder press (17.3 %
vs 9.8%), seated row (23.7% vs 9.9%), and back extension

(31.8% vs 12.7%) compared with LOW group (p < 0.05).
Changes in 30-sec chair stand and timed up and go tests
were inversely and positively correlated with changes in
HOMA-IR (r = -0.480 and r = 0.529, p < 0.05).
Conclusion: Results indicate that equal-volume RT at
different loads is beneficial for insulin sensitivity,
muscle quality, and physical function in older adults with
prediabetes, and high-load RT results in greater muscular
strength gains.
英 文 關 鍵 詞 ： volume-matched resistance training; muscle function;
prediabetes; aging; insulin sensitivity

科技部補助專題研究計畫成果報告
（□期中進度報告/期末報告）

不同強度阻力運動訓練對高齡糖尿病前期族群胰島素敏感性的影響
(II)
計畫類別：個別型計畫
□整合型計畫
計畫編號：MOST 109－2410－H－003－071－
執行期間： 109 年 8 月 1 日至 110 年 7 月 31 日
執行機構及系所：臺灣師範大學體育學系
計畫主持人：劉宏文
共同主持人：
計畫參與人員：
本計畫除繳交成果報告外，另含下列出國報告，共 _1__ 份：
□執行國際合作與移地研究心得報告
出席國際學術會議心得報告
□出國參訪及考察心得報告

本研究具有政策應用參考價值： 否
□是，建議提供機關_______
(勾選「是」者，請列舉建議可提供施政參考之業務主管機關)
本研究具影響公共利益之重大發現：否
□是

中

華

民

國 110 年 10 月
I

日

摘要
Purpose: The purpose of the investigation was to examine the influence of resistance training (RT) with equal
volume and varying load on insulin sensitivity, body composition, muscle quality, and physical function in
older adults with prediabetes. Methods: Older men and women with prediabetes were recruited, then
randomly assigned to HIGH (3 × 8 × 80% 1RM; n=10) or LOW (3 × 16 × 40% 1RM; n=10) group for 8 weeks
of whole-body RT. The oral glucose tolerance test (OGTT), lipid profile, DEXA scan, functional capacity,
and muscle function were measured at baseline and follow-up. Results: The OGTT area under the curve for
glucose (-5.3%) decreased significantly in older adults with prediabetes after 8-weeks of volume-matched
RT. HOMA-IR (-21.7%) decreased significantly and Matsuda Index (+25.0%) and Disposition Index
(+54.6%) increased significantly after intervention (p < 0.05). No changes in lean body mass, body fat
percentage, and lipid profile were observed after intervention (p > 0.05). Functional capacity and muscle
quality (upper and lower limbs) increased significantly after intervention (p < 0.05). HIGH group had
significant improvements in muscle strength of shoulder press (17.3 % vs 9.8%), seated row (23.7% vs
9.9%), and back extension (31.8% vs 12.7%) compared with LOW group (p < 0.05). Changes in 30-sec chair
stand and timed up and go tests were inversely and positively correlated with changes in HOMA-IR (r =
-0.480 and r = 0.529, p < 0.05). Conclusion: Results indicate that equal-volume RT at different loads is
beneficial for insulin sensitivity, muscle quality, and physical function in older adults with prediabetes, and
high-load RT results in greater muscular strength gains.
Keywords: volume-matched resistance training; muscle function; prediabetes; aging; insulin sensitivity
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前言
The higher prevalence of prediabetes, defined as impaired glucose tolerance (IGT) and/or impaired
fasting glucose (IFG), has been found in the older population (1). If left untreated, prediabetes can result in
higher mortality and greater health-related costs in this high-risk population.
文獻探討
Hyperglycemia-induced peripheral neuropathy can impair nerve function (2, 3), leading to accelerated
loss of muscle mass and strength (4). A decline in the skeletal muscle system accompanied with impairments
of lower limb muscle affects the ability to live independently and increases the risk of falling in patients with
diabetes (5). The American Diabetes Association recommends that patients with prediabetes or diabetes
should participate in moderate to vigorous physical activity to preserve and/or increase muscle mass and
strength (6). Aging is accompanied by a progressive loss of skeletal muscle strength, mass, and quality (7).
Muscle quality, defined as muscular strength per unit of muscle mass, is negatively associated with the risk
of mortality (8, 9) and poor performance and falls (10, 11). Both hyperglycemia and aging can impair
skeletal muscle function (12). A study combining the two factors reported that aging-associated loss of
skeletal muscle function is more severe in adults with hyperglycemia than normoglycemic individuals (13).
The preventive strategy for prediabetic older adults, a high-risk population for type 2 diabetes (T2D), is to
improve insulin sensitivity and muscle function.
Supervised resistance training (RT) is a safe and effective approach to enhancing muscle mass, strength,
and quality (14) in order to ameliorate aging-associated loss of skeletal muscle function. A meta-analysis
review suggests that RT performed at moderate- to high-load (50-80% 1RM) significantly improved
glycemic control in older adults with T2D (15). Furthermore, high-load RT simultaneously improves insulin
sensitivity and muscle quality in older adults with T2D (16). At present, there appears to be little evidence to
support the efficacy of low-load RT on insulin sensitivity and muscle function in high-risk populations with
little or no experience in RT.
The importance of maintaining -cell function to prevent the progression of prediabetes to diabetes has
attracted a lot of attention from health care practitioners. The beneficial effects of aerobic exercise, including
high-intensity interval training (17) and continuous exercise (18) on pancreatic function in subjects at risk of
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T2D have been widely investigated. It has long been recognized that RT improves glycemic control (19) and
insulin sensitivity (20), but its effect on -cell function is less well studied.
研究目的
The aim of the current study was to examine the effect of high-load (80% 1RM) and low-load (40%
1RM) RT on blood parameters and physical function, in order to better inform practitioners and to design a
guide for improving health-related outcomes in older adults with prediabetes. Prior work suggests that RT
volume (set × repetition × load) is a determinant variable affecting health parameters (21), therefore
equivalent RT volume was applied in the present study. We hypothesized that supervised high-load and
low-load RT with equal volume would show similar improvements in insulin sensitivity, -cell function, and
physical function for prediabetic older adults.
研究方法
Subjects
All subjects met the following inclusion criteria: Physically independent adults at least 60 years-old, with
no habit of resistance training and no history of cardiovascular disease, diabetes, cancer or other chronic
diseases, and who are not currently receiving hormonal replacement therapy. Subjects meeting the eligibility
criteria were then screened for prediabetes with the oral glucose tolerance test (fasting glucose of 100-125
mg/dl and/or 2-hour glucose of 140-199 mg/dl). Twenty subjects were eligible for follow up screenings and
were randomly assigned to one of the two groups: high-load RT group (HIGH, n = 10) and low-load RT group
(LOW, n = 10). During the experiment, subjects were asked to maintain their physical activity and diet. Before
commencing the study, subjects were fully informed of the procedures, risks, benefits and purpose of the study.
Written informed consent was obtained from all subjects. This study was conducted according to the
Declaration of Helsinki and approved by the National Taiwan Normal University Research Ethics Committee
(REC#201912HM096).
Body composition
Height and weight were measured using a digital meter (DS-102, JENIX). Lean body mass and body fat
percentage were assessed by Dual-energy X-ray absorptiometry (DEXA) (Discovery DXA system, Hologic).
Subjects were asked to put on light clothing, take off their shoes and remove all metal objects on their bodies
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prior to the assessment, then instructed to lay flat on the scanning table. During the entire scanning procedure,
their feet were rotated inwards, and their hands remained in a pronated position until the end of the assessment.
The equipment software generated standard lines to separate the limbs from the trunk and head. DEXA
analysis was performed by a certified medical radiation technologist at Country Hospital (Taipei City).
Blood sampling and oral glucose tolerance test (OGTT)
Blood samples were collected in the early morning (8-11:00 am) after fasting overnight (12 hours from
8pm to 8am). Participants who fasted overnight were given a 300ml glucose drink (75g/300ml). Blood
samples were taken from the median cubital vein at 0, 30, 60 and 120 mins after glucose consumption.
Blood glucose levels were measured in duplicate using ACCU-CHEK (Roche). Participants with fasting
glucose of 100-125 mg/dl and/or 2-hour glucose of 140-199 mg/dl are prediabetic. Participants with fasting
glucose of  126 mg/dl and/or 2-hour glucose of  200 mg/dl have T2D.
Insulin and Lipid profile
Blood samples were left to clot at room temperature for at least 30 mins and then centrifuged at 3000g
for 15 min at 4°C. Serum samples were aliquoted into microtubes, and immediately frozen at −20 °C until
analysis. Concentrations of insulin were measured in duplicate using an insulin ELISA kit (Cat# 10-1113-01,
Mercodia). Lipid profile - including TG, total cholesterol, and high-density lipoprotein - were measured by
dry chemistry analyzer (SPOTCHEM EZ SP-4430, Arkray).
Indices of insulin resistance and secretion
Homeostasis model assessment-insulin resistance (HOMA-IR), insulinogenic index (IGI), Matsuda
index, and disposition index (DI) were calculated according to the formula provided in previous studies
(22-24). HOMA-IR = glucose (mg/dL) × insulin (mU/L) / 405. IGI = Δ insulin (30-0 min) ∕ ΔG (30-0 min).
Matsuda index = 10000 / √((Fasting glucose × Fasting insulin) (Mean glucose×Mean insulin)). Early phase
DI = IGI × Matsuda index.
Muscular strength
Muscle strength was evaluated using the 1RM test, assessed in the following order: chest press, leg press,
seated row, back extension, shoulder press, leg curl, lat pulldown, and abdominal crunch. Before testing began,
subjects performed 2 weeks of supervised training sessions (3 times per week) to learn the proper technique
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for each exercises (25). Testing started with a 5-minute general warm-up, followed by a specific warm-up
consisting of 1 set of 10 repetitions at approximately 50% of the estimated load and 1 set of 3 repetitions at
approximately 70-80% of the estimated load. The test procedure was initiated after a 3-minute rest. The load
was imposed until the subject was able to accomplish only 1 maximal execution in all exercises. The rest
period was 3 minutes between each attempt and 5 minutes between exercises. The 1RM test was completed
within 3 trials. During testing, two experienced instructors provided verbal encouragement and ensured the
safety and integrity of the exercise.
Muscle quality
Upper-body muscle quality (UMQ) was determined by dividing the sum of 1RM in chest press and
seated row by the sum of lean upper body mass and lean trunk body mass, while lower-body muscle quality
(LMQ) was determined by dividing the sum of 1RM in leg curl and leg press by lean lower body mass.
Resistance training program
Supervised RT program (8 weeks) with qualified fitness professionals was performed 3 times per week in
the morning (8-10am). The RT program was performed on pin loaded machines (Prestige Strength VRS,
Cybex), and 8 exercises were executed in the same order as in the 1RM test. Subjects in the HIGH group
performed 3 sets of 8 repetitions per exercise with load of 80% 1RM, whereas subjects in the LOW group
performed 3 sets of 16 repetitions per exercise with load of 40% 1RM. Each repetition was comprised of
approximately 1:2 seconds (concentric and eccentric phases, respectively). The rest interval between sets was
2-3 minutes in the HIGH RT group and 1-1.5 minutes in the LOW RT group, with 2-3 minutes between each
exercise for both groups. After 4 weeks of training, the training load was adjusted by the retest 1RM to
maintain proper training load. The training load for each exercise was calculated by the following equation: set
× repetition × load. Each training session lasted about 60-70 minutes, including a 5-minute warm-up, 50-60
minutes of resistance training and a 5-minute stretch. Anthropometry, body composition, muscle strength, and
functional tests were obtained prior to and following the completion of the RT interventions. To avoid any
acute effects from the last RT session, post-training measurements were performed at least 72 hours after the
final RT session.
Functional capacity
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Grip strength was assessed by a handgrip dynamometer (YDM-110D; Yagami) in standing position.
Both hands were measured three times and the test interval between each was 30-seconds. The average value
of the six tests was determined as the value of the hand grip strength. Walking time was assessed by the Timed
Up and Go Test (TUG). Subjects were instructed to stand up from a seated position, walk 3 meters in their
usual pace, turn around, walk back to the chair and sit down. The average time of the three assessments was
determined as the TUG. The 30-second chair stand was performed using a chair without armrests. Subjects
rose from the chair to a full standing position, then sat back down again and were encouraged to repeat this as
many times as possible within 30-seconds. The average value of the three assessments was determined as the
value of the 30-second chair stand.
Statistical analyses
Baseline differences were assessed using independent-samples t-test. For the comparisons of sex and
prediabetes phenotypes between HIGH and LOW groups, Chi square test was used. A 2 × 2 (group: HIGH
and LOW; time: pre-training and post-training) mixed analysis of variance (ANOVA) was applied to training
volume, insulin sensitivity, -cell function, lipid profile body composition, functional capacity, and muscle
strength and quality. The outcomes of OGTT (glucose and insulin) was examined by a three-way mixed
ANOVA (all time points in OGTT, training, and group). Bonferroni’s post-hoc test was used to identify the
difference, when significant main effects or interactions were observed. Independent t-test was used to
compare percentage changes of body composition, functional capacity, muscle strength and quality, and lipid
profile between the two groups. Pearson’s correlation was used to determine associations among percent
changes in variables. Data was expressed as means ± SEM. Significance was set at p < 0.05. SPSS Statistics
version 25.0 (IMB, NY, USA) was used for the analysis.
結果
Participant Characteristics at Baseline and training volume
The general characteristics, including sex ratio, age, waist/hip ratio, body mass index (BMI), and
phenotypes of prediabetes are shown in Table 1. The accumulated training volume during week 1-8 is shown
in Fig. 1. No significant difference was observed in total training volume between HIGH and LOW groups (p
> 0.05).
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FIGURE 1: Training volume during 1-4 week and 5-8 week. Data are means  SEM. HIGH (n=10) and
LOW (n=10).
TABLE 1 - Subject characteristics.
Characteristic

HIGH (n = 10)

LOW (n = 10)

Sex, n (%)

p
.653

Male

5 (50)

4 (40)

Female

5 (50)

6 (60)

Age

68.6 ± 0.8

68 ± 1.9

.772

Height (cm)

1.6 ± 0.0

1.6 ± 0.0

.716

Weight (kg)

60 ± 3.0

58.1 ± 2.5

.630

Waist/hip ratio

0.9 ± 0.0

0.9 ± 0.0

1.000

Body mass index (kg/m2)

22.8 ± 0.8

22.4 ± 0.7

.770

Prediabetes phenotype, n (%)

.842

Impaired fasting glucose

4 (40)

4 (40)

Impaired glucose tolerance

3 (30)

2 (20)

Combined

3 (30)

4 (40)

Changes in indices of insulin sensitivity and lipid profile
A significant main effect of time was observed for OGTT area under the curve (AUC) for glucose
(-5.3%) after 8-wks of volume-matched RT (p < 0.05; Fig. 2A). There was no significant difference in
OGTT AUC for insulin (p > 0.05; Fig. 2B). A significant main effect of time was also observed for
HOMA-IR (-21.7%), Matsuda index (+25.0%), and disposition index (+54.6%, p < 0.05; Fig. 3A, C, D).
There was no significant difference in insulinogenic index (p > 0.05; Fig. 3B). There were no significant
differences in TG, TC, HDLc, and nonHDLc after 8-wks of volume-matched RT (Table 2).
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FIGURE 2: Different training load effects on glucose (A) and insulin (B) during the oral glucose tolerance
test. HIGH, 80% 1RM (n=10); LOW, 40% 1RM (n=10). Data are means  SEM.

FIGURE 3: Different training load effects on HOMA-IR (A), insulinogenic index (B), Matsuda index (C),
and disposition index (D). HIGH, 80% 1RM (n=10); LOW, 40% 1RM (n=10). Data are means  SEM.
Changes in Muscle Function
The data for body composition, functional tests, muscle strength for the 8 resistance training exercises,
and muscle quality are shown in Table 3. There were no significant differences in LBM, ULBM, LLBM,
ALM/height2 and body fat percentage after 8-wks of volume-matched RT (Table 3). A significant main effect
of time was observed for all functional capacity outcomes, including grip strength, 30-sec chair stand, and
TUG, after 8 weeks of RT program (Table 3). There were no significant differences in percentage change of
body composition and functional capacity tests between HIGH and LOW groups (Table 3).
Significant interactions of muscular strength (shoulder press, seated row, and back extension) were
observed (Table 3). The percentage change in muscle strength of 8 resistance exercises and muscle quality are
shown in Table 3. There were significant increases in percentage change of shoulder press (17.3% vs. 9.8%, p
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< 0.05), seated row (23.7% vs. 9.9%, p < 0.05), and back extension (31.8% vs. 12.7%) in the HIGH group
compared with the LOW group. A significant main effect of time was observed for UMQ and LMQ (Table 3).
Correlations between physical function and insulin sensitivity
To further explore the link between physical function and indices of insulin sensitivity after RT
intervention, correlation analysis was measured. We found that changes of 30-sec chair stand and TUG were
inversely and directly related to changes of HOMA-IR, respectively (r = -0.480 and r = 0.529; p < 0.05; Fig.
4).

FIGURE 4: Relationship between physical function and insulin sensitivity. Percent change of 30-sec chair
stand and TUG showed negative and positive correlations with percentage change of HOMA-IR,
respectively (A & B). □: HIGH (n=10); ●: LOW (n=10).
Changes in indices of insulin sensitivity and lipid profile
There was no significant difference in OGTT AUC for total GLP-1 (p > 0.05; Fig. 5A&B). There was
no significant difference in OGTT AUC for active GLP-1 (p > 0.05; Fig. 5C&D).A significant main effect
of time was also observed for OGTT AUC for C-peptide (p < 0.05; Fig. 5E&F).
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FIGURE 5: Different training load effects on total GLP-1 (A&B), active GLP-1 (C&D), and C-peptide
(E&F). HIGH, 80% 1RM (n=10); LOW, 40% 1RM (n=10). Data are means  SEM.
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TABLE 2 - Comparison of lipid profile.
HIGH (n = 10)

LOW (n = 10)

Pre

Post

Δ%

Pre

Post

Δ%

Time

Group

Interaction

TG (mg/dL)

97.3 ± 18.9

103.7 ± 23.4

3.5%

89.6 ± 15.3

89.5 ± 21.8

-3.6%

.643

.696

.632

TC (mg/dL)

198.3 ± 9.5

207.3 ± 10

4.9%

191.1 ± 8.1

201.7 ± 9.3

5.9%

.062

.604

.873

HDLc (mg/dL)

63.3 ± 1.8

64.8 ± 4.1

2.0%

63.8 ± 3.7

66 ± 4.2

3.5%

.342

.859

.856

nonHDLc (mg/dL)

135 ± 10.2

142.5 ± 9.7

6.6%

127.3 ± 6.6

135.7 ± 10.1

6.7%

.085

.565

.919

Variables

TG, triglycerides; TC, total cholesterol; HDLc, high-density lipoprotein cholesterol

TABLE 3 - Comparison of body composition, functional capacity, muscle strength, and muscle quality.
HIGH (n = 10)

LOW (n = 10)

Pre

Post

Δ%

Pre

Post

Δ%

Time

Group

Interaction

43 ± 2.9

43.3 ± 3.1

0.6%

39.9 ± 2.4

40.1 ± 2.7

0.3%

.334

.436

.859

ULBM (kg)

25.8 ± 1.7

26.2 ± 1.8

1.6%

23.8 ± 1.4

23.8 ± 1.6

-0.1%

.182

.362

.239

LLBM (kg)

13.8 ± 1.1

13.7 ± 1.1

-0.8%

12.9 ± 0.9

13.1 ± 1.1

1.3%

.611

.594

.341

ALM/height2 (kg/m2)

6.9 ± 0.4

6.9 ± 0.4

0.1%

6.5 ± 0.4

6.6 ± 0.5

1.0%

.425

.590

.660

Fat (%)

25.1 ± 0.1

26.1 ± 0.1

3.7%

28.4 ± 0.1

28.7 ± 0.1

1.3%

.067

.384

.331

Grip strength (kg)

29.0 ± 2.4

32.3 ± 2.7

11.4%

27.5 ± 2.7

30.3 ± 2.7

12.0%

< .001

.636

.627

30-sec chair stand (reps)

14.0 ± 0.8

16.8 ± 0.8

21.1%

15.0 ± 0.8

17.2 ± 0.8

16.3%

< .001

.505

.522

TUG (s)

9.0 ± 0.4

7.6 ± 0.2

-14.3%

8.9 ± 0.5

7.5 ± 0.3

-15.8%

< .001

.922

.896

26.6 ± 3.1

33.5 ± 4.1

25.3%

23.9 ± 4.3

28.3 ± 4.4

22.7%

< .001

.363

.180

Variables
Body composition
LBM (kg)

Functional capacity

Muscle strength (kg)
Chest press
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Shoulder press

29.4 ± 2.3

34.8 ± 3.2*

17.3%

29.0 ± 2.3

31.8 ± 2.5*

9.8%†

< .001

.637

.049

Lat pulldown

43.2 ± 3.4

54.0 ± 4.6

24.5%

41.0 ± 3.7

47.2 ± 4.4

15.9%

< .001

.432

.067

Seated row

51.6 ± 4.3

63.9 ± 5.6*

23.7%

50.1 ± 4.8

55.2 ± 5.5*

9.9%†

< .001

.481

.001

Abdominal crunch

43.9 ± 3.1

54.9 ± 4.7

24.9%

41.1 ± 4.1

47.2 ± 4.4

16.5%

< .001

.369

.098

Back extension

41.5 ± 4.7

54.0 ± 5.8*

31.8%

36.0 ± 2.7

40.6 ± 3.2*

12.7%†

< .001

.127

.005

Leg curl

32.8 ± 2.5

40.2 ± 3.5

21.7%

29.4 ± 2

33.9 ± 2.3

15.6%

< .001

.197

.053

Leg press

99.0 ± 7.6

117.7 ± 9.4

19.0%

96.6 ± 9.5

109.1 ± 11.3

12.7%

< .001

.684

.227

UMQ

3.1 ± 0.2

3.7 ± 0.2

21.2%

3.1 ± 0.3

3.5 ± 0.3

14.1%

< .001

.733

.052

LMQ

9.7 ± 0.5

11.6 ± 0.5

20.8%

9.9 ± 0.6

11.1 ± 0.7

12.2%

< .001

.840

.114

Muscle quality

LBM, lean body mass; ULBM, upper lean body mass; LLBM, lower lean body mass; ALM, appendicular lean mass; TUG, time up and go test;
UMQ, upper muscle quality; LMQ, lower muscle quality. * p < 0.05 vs. Pre; † p < 0.05 vs. HIGH.
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討論
The main finding of this study was that for prediabetic older adults, the 8-week RT program produced
improvements in insulin sensitivity, -cell function, muscle quality, and functional capacity. The study had
several advantages. Firstly, strict control of training volume allowed for direct examination of the effect of
high-load (80% 1RM) and low-load (40% 1RM) RT on insulin sensitivity, muscle strength and quality, and
functional capacity under equal training volume conditions. Secondly, resistance training protocols and
accumulated training volume in the study can be used as a reference for developing future training manuals.
Lastly and most importantly, the results can be applied to older adults, in particular with regard to improved
aging-related disorders before substantial disease progression.
Insulin sensitivity
Resistance exercise has been recognized as a therapeutic tool in the treatment of diabetes (16, 19). Similar
to that in the previous study (26), our results show that 8-wk RT program has beneficial effects on insulin
resistance score (HOMA-IR) and insulin sensitivity index (Matsuda index) in older adults with prediabetes.
Increases in disposition index, an alternative approach to estimating -cell function using OGTT-derived
measures (27), show the potential benefits of RT on pancreatic function. A significant main effect of time
was observed in indices of insulin sensitivity and secretion in response to training, supporting the fact that
training volume is a decisive variable that affects health outcomes (21). Low-load RT has important clinical
significance, especially for prediabetic older adults with little or no experience in RT, in lessening
RT-induced muscle damage. We did not observe any changes in body composition after intervention;
suggesting that improved insulin sensitivity by RT is independent of changes in muscle and fat mass. The
underlying mechanisms of improvements in glycemic control and insulin sensitivity from RT can be
attributed to skeletal muscle adaptations, including increases in microvascular blood flow (28) and oxidative
capacity (29).
Body composition
The National Strength and Conditioning Association recommend that older adults perform RT at 70–85%
1RM for 6 to 8weeks in order to induce muscle hypertrophy (14, 30). In this study, no changes in LBM and
ALM/Height2 were observed in our subjects after the 8-week RT program. Here, the results of the study
10

disagree with that of previous studies - prediabetic older adults increase their LBM after 12weeks of RT with
moderate-to-heavy load (31-33). Insulin resistance is one mechanism involved in aging-related anabolic
resistance which stunts muscle growth (34). Longer RT intervention and protein supplementation might be
necessary for prediabetic older adults in order to achieve substantial muscle hypertrophy.
Functional capacity
As people age, the gradual loss of muscle function negatively impacts physical activity, thereby increasing
their risk of falls and mortality (35). For older adults, supervised RT can bring greater improvement in
physical function than unsupervised programs (36, 37). Here, improved functional capacity was observed in
prediabetic older adults after 8 weeks of supervised RT. The findings of this study, and that of previous
studies (38-40) all demonstrate that supervised RT improves functional capacity in older adults regardless of
varying resistance training loads (40-80% 1RM). With equal training volume, relative training load is less
important when it comes to improving what is probably the most clinically relevant measure of muscle
health.
Muscle strength and quality
RT is considered the most effective approach to improving muscle strength. High-load was more effective
than low-load in regard to muscle strength gain in healthy older adults performing equal-volume RT (41, 42).
Our results are in line with previous studies - showing that in older, prediabetic adults, RT at high-load
produced greater improvement in muscle strength than low-load, especially in shoulder press, seated row,
and back extension. Our results also suggest that even low-load RT prescription is equally effective in
preventing muscle weakness and falls - the most common health issues among older adults. Other than
muscle strength gains, we did not observe any differences between HIGH and LOW groups for the 30-sec
chair stand test, a functional lower limb endurance assessment, after the RT program. In contrast to our
findings, the previous study demonstrated that high repetition low-load training produced better performance
of muscular endurance in healthy young adults when subjects performed as many repetitions as possible up
until muscular failure (43, 44). This inconsistency could be due to the fact that the 30-sec chair stand test is
not a maximum performance test for muscular endurance. It should be noted that the relationship between
muscle strength and functional capacity is not linear (45). Greater gains in strength can no longer produce
11

further advantages of functional capacity when the threshold of improved functional capacity has been
reached (4). This can explain why the HIGH group achieved greater muscle strength, but demonstrated
similar improvements in functional capacity compared with the LOW group.
Accumulating evidence indicates that muscle quality is crucial for muscle function and mobility in later life
(46). Our results are in line with previous studies which found that RT has a substantial impact on muscle
quality in healthy older adults (40, 47). Based on the results in the present study, prediabetic older adults
who have little or no RT experience can start with low-load RT in order to prevent aging-related muscle
weakness.
Association between insulin sensitivity and physical function
The relationship between glycemic control and physical function has been reported in longitudinal
observational studies (13). Even modest hyperglycemia is correlated with peripheral neuropathy (2, 3). Our
interventional study explored that improved insulin sensitivity is indeed associated with better physical
function in older adults with prediabetes.
Conclusion
Increased insulin sensitivity, -cell function, and muscle function can be useful for older adults with
prediabetes, as it leads to better glycemic control and more independence in daily activities. Our results
demonstrate that high-load and low-load resistance training has the following beneficial effects: increased
insulin sensitivity, improved muscle quality, and better functional capacity. Moreover, resistance training at
high-load for prediabetic older adults elicited greater gains in muscle strength than low-load. Supervised
resistance training for older, prediabetic adults with a fitness professional is a safe and effective approach,
even at low-load, for improved insulin sensitivity and muscle function. Examining the effects of
volume-matched RT prescriptions on insulin sensitivity, body composition, and muscle health could help
shape future exercise guidelines/recommendations for this population.
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四、 建議
缺乏實體互動的會議，大大減少與會者與其他與會人員交流之機會，再者會議註冊
費也未因線上會議有提供折扣，整體而言參本次參與 ACSM 線上會議的感受不佳。
希望 COVID-19 疫情早日結束，回歸實體會議。
五、攜回資料名稱及內容
本會議相關議程及與會發表摘要均已電子化，大會提供專屬 APP 供與會學者隨時搜
尋相關資訊。

20

科技部補助專題研究計畫出席國際學術會議心得報告
日期： 110 年 6 月 1 日

計畫編號

MOST 109－2410－H－003－071－

計畫名稱

不同強度阻力運動訓練對高齡糖尿病前期族群胰島素敏感性的影(II)

出國人員
姓名

劉宏文

服務機構
及職稱

國立臺灣師範大學/副教授

會議時間

110 年 6 月 1 日 6
月5日

會議地點

線上會議( virtual meeting)

會議名稱
發表題目

(英文) 2021 American College of Sports Medicine Annual Meeting
(英文) Effects of equal volume resistance training with different
intensities on glycemic control in nonobese older adults with prediabetes

一、 參加會議經過
2021 美國運動醫學年會實體會議原訂於美國華盛頓特區舉辦，但因全球
COVID-19 疫情仍嚴峻，所以主辦單位本次年會改以線上會議進行。主持人首
度報名參加國際線上會議。
二、 與會心得
主持人本次會議以 E-POSTER 形式進行發表，官方的 APP 有提供線上討論區
(如下圖右上角 chat 圖示) 。E-poster 在會議期間 110/6/01-05，與會者均可上
網瀏覽觀看並提問。相較於過往，主持人所參加之 ACSM 實體會議，線上會
議的互動效果不佳，會議期間無人提問。再者因時差的關係，想參與線上直
播也迫於生理時鐘及隔日的工作不得不有所取捨。於次日再次觀看錄影回放
影片，缺乏即時於主講人互動之參與感。
三、 發表論文全文或摘要
會議摘要/發表海報請見下圖所示。

18

19

四、 建議
缺乏實體互動的會議，大大減少與會者與其他與會人員交流之機會，再者會議註冊
費也未因線上會議有提供折扣，整體而言參本次參與 ACSM 線上會議的感受不佳。
希望 COVID-19 疫情早日結束，回歸實體會議。
五、攜回資料名稱及內容
本會議相關議程及與會發表摘要均已電子化，大會提供專屬 APP 供與會學者隨時搜
尋相關資訊。

20

109年度專題研究計畫成果彙整表
計畫主持人：劉宏文

計畫編號：109-2410-H-003-071-

計畫名稱：不同強度阻力運動訓練對高齡糖尿病前期族群胰島素敏感性的影響(II)
成果項目

質化
（說明：各成果項目請附佐證資料或細
單位
項說明，如期刊名稱、年份、卷期、起
訖頁數、證號...等）

量化

期刊論文

0

研討會論文

0

篇

專書
國
學術性論文
內
專書論文

0 本

技術報告

0 篇

其他

0 篇

期刊論文

0

研討會論文

1

0 章

篇 美國運動醫學會2021年會，E-POSTER發
表。

國
學術性論文 專書
外
專書論文

0 本

技術報告

0 篇

其他

0 篇

大專生

0

碩士生

1

博士生

0

博士級研究人員

0

專任人員
大專生

0 人次
0

碩士生

0

博士生

0

博士級研究人員

0

專任人員

0

本國籍
參
與
計
畫
人
力
非本國籍

0 章

碩士生兼任助理，於110年8月完成碩士
學位。

其他成果
研究成果1篇已投稿至國際知名期刊，正在審查中。
（無法以量化表達之成果如辦理學術活動
、獲得獎項、重要國際合作、研究成果國
際影響力及其他協助產業技術發展之具體
效益事項等，請以文字敘述填列。）

