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中 文 摘 要 ： 前言: 台灣人口的老化及糖尿病的高盛行率、死亡率及龐大的醫療
花費，使老年人糖尿病的防治已成為當前的重要課題。老年糖尿病
前期的族群如未妥善控制血糖，隨著老化引起的肌肉質量流失、內
臟脂肪堆積及發炎反應上升，會增加第2型糖尿病的發生率。目前不
同強度阻力運動訓練對系統性發炎及身體組成變化的文獻仍不多
，因此對於高齡糖尿病前期者的阻力運動處方仍有待進一步研究。
本研究旨在探討等訓練量不同強度阻力運動訓練對老年糖尿病前期
身體組成及系統性發炎的影響。
方法: 糖尿病前期老人(年齡65-80歲)，每組各12名受試者。各組分
別進行10週低(40% 1RM)、高(80% 1RM)強度阻力運動訓練，訓練前
後測量肌肉質量、全身性脂肪量、內臟脂肪、荷爾蒙及發炎細胞激
素等會影響胰島素敏感性的變因。
結果: 10週訓練後高強度組空腹血糖回到正常值(< 100 mg/dL)；低
強度組在10週訓練後，口服葡萄糖耐受測驗曲線下面積(0-30分鐘
)顯著降低。血清MCP-1及TNFa濃度在10週高強度阻力訓練後顯著降
低，而抗發炎細胞激素IL-10則顯著上升。IL-6及CRP等發炎指標濃
度，不論高、低強度在10週訓練前後皆未觀察到顯著變化。
Leptin濃度則在10週低強度阻力訓練後顯著下降。MCP-1及TNFa的變
化量與空腹血糖及口服葡萄糖耐受測驗曲線下面積(0-120分鐘)的變
化量顯著相關。身體組成分析顯示，脂肪量、體脂率、內臟脂肪及
局部脂肪在10週高強度阻力訓練後均顯著增加。
結論: 在等訓練量的情況下，高、低強度阻力運動對於血糖的調控
的益處分別來自改善空腹血糖或降低進食後血糖的反應。此外長期
進行高強度阻力運動具抗發炎的效果。

中文關鍵詞： 阻力運動訓練、糖尿病前期、促發炎細胞激素、胰島素阻抗

英 文 摘 要 ： Introduction: Prevalence of type 2 diabetes continues to
increase as more people live longer in Taiwan, thereby
resulting in higher mortality and greater health-related
costs. Aging population can develop type 2 diabetes
mellitus (DM) in certain circumstances such as age-related
muscle loss, visceral fat accumulation, and increased
inflammatory response. Few data are available on the
effects of different intensities of resistance training on
body composition and systemic Inflammation. Therefore,
optimal resistance training prescription for prediabetic
older adults is still unknown. The purpose of the current
investigation was to examine differences in body
composition and systemic inflammation in relation to equal
volumes of high and low intensity resistance training in
nonobese older adults with prediabetes.
Methods: Twenty four older adults with prediabetes
completed 10-wk resistance training (n=12/group). Oral
glucose tolerance test (OGTT) and blood samples were
collected at baseline and after 10 week of resistance
training.
Results: Fasting plasma glucose was returned to a normal



level (<100 mg/dL) in high-intensity group. AUC of OGTT (0-
30min) was significantly decreased in low intensity group.
Serum levels of MCP-1 and TNFa were significantly decreased
after 10-week high-intensity (80% 1RM) resistance training.
Anti-inflammatory cytokine, IL-10, was significantly
increased after 10-week training in high-intensity group.
There were no changes in IL-6 and CRP levels in both
groups. Leptin was significantly decreased after 10-week
low-intensity (40% 1RM) resistance training. Changes of
TNFa and MCP-1 were correlated with changes of fasting
glucose and AUC of OGTT (0-120 min). Fat mass and body fat
percentage were increased unexpectedly after 10-week high-
intensity resistance training.
Conclusions: These results indicate that matching volumes
of high and low-intensity resistance training have distinct
effects on glycemic control, and high-intensity resistance
training has a more prominent effect on anti-inflammatory
properties.

英文關鍵詞： Resistance training; Prediabetes; Pro-inflammatory
cytokines; Insulin resistance
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摘要  

Introduction: Prevalence of type 2 diabetes continues to increase as more people live longer in Taiwan, 

thereby resulting in higher mortality and greater health-related costs. Aging population can develop type 2 

diabetes mellitus (DM) in certain circumstances such as age-related muscle loss, visceral fat accumulation, 

and increased inflammatory response. Few data are available on the effects of different intensities of 

resistance training on body composition and systemic Inflammation. Therefore, optimal resistance training 

prescription for prediabetic older adults is still unknown. The purpose of the current investigation was to 

examine differences in body composition and systemic inflammation in relation to equal volumes of high 

and low intensity resistance training in nonobese older adults with prediabetes. 

Methods: Twenty four older adults with prediabetes completed 10-wk resistance training (n=12/group). Oral 

glucose tolerance test (OGTT) and blood samples were collected at baseline and after 10 week of resistance 

training.  

Results: Fasting plasma glucose was returned to a normal level (<100 mg/dL) in high-intensity group. AUC 

of OGTT (0-30min) was significantly decreased in low intensity group. Serum levels of MCP-1 and TNF 

were significantly decreased after 10-week high-intensity (80% 1RM) resistance training. Anti-inflammatory 

cytokine, IL-10, was significantly increased after 10-week training in high-intensity group. There were no 

changes in IL-6 and CRP levels in both groups. Leptin was significantly decreased after 10-week 

low-intensity (40% 1RM) resistance training. Changes of TNF and MCP-1 were correlated with changes of 

fasting glucose and AUC of OGTT (0-120 min). Fat mass and body fat percentage were increased 

unexpectedly after 10-week high-intensity resistance training. 

Conclusions: These results indicate that matching volumes of high and low-intensity resistance training 

have distinct effects on glycemic control, and high-intensity resistance training has a more prominent effect 

on anti-inflammatory properties.  

 

Keywords: Resistance training; Prediabetes; Pro-inflammatory cytokines; Insulin resistance   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

前言 

The prevalence of impaired glucose tolerance (IGT), impaired fasting glucose (IFG), and diabetes 

mellitus (DM) increases with age. Type 2 DM was evident in >20% while impaired glucose tolerance (IGT) 

was found in another 20% of those between 60 and 74 years of age (Harris et al., 1998). Nearly one-third of 

the people with IGT will develop type 2 DM within 10 years, if left untreated (Karuranga & Wiebke 

Ohlrogge, 2018). Approximately one half of old adults are unaware of having prediabetes (Harris et al., 

1998), thereby resulting in higher mortality and greater health-related costs.  

 

文獻探討 

Certain risk factors for developing prediabetes have been identified, including low-grade chronic 

inflammation. Circulating TNF- and IL-6 levels are significantly associated with advancing age. Thus 

circulating TNF- and IL-6 levels can predict the impairment in insulin action (Paolisso et al., 1998). On the 

other hand, anti-inflammatory cytokine, such as IL-10, may be important in the aging process because IL-10 

is positively related to whole-body insulin sensitivity (Dagdeviren et al., 2017).  

Lifestyle changes, including diet and/or regular exercise, reduced the incidence of type 2 DM in 

high-risk populations (Colberg et al., 2010). Resistance training (RT) is the primary mode of exercise for 

enhancing the muscular strength, power, and neuromuscular functioning of older adults (Lavin et al., 2019). 

A number of studies have been performed to investigate glucose-lowering effects in resistance training 

program of diabetic population (Hansen, Landstad, Gundersen, Torjesen, & Svebak, 2012; Lee, Yoo, & So, 

2015; Onambele-Pearson, Breen, & Stewart, 2010). Improved glycemic control is associated with resistance 

exercise-mediated changes, including increasing muscle mass, reducing body fat %, and suppressing 

inflammation(Eikenberg et al., 2016; Eves & Plotnikoff, 2006; Sardeli et al., 2018; Tomeleri et al., 2018). 

Few data are available on the effects of different intensities of resistance training, characterized by the same 

work volume, on body composition and systemic Inflammation. Therefore, optimal resistance training 

prescription for prediabetic older adults is still unknown pending the results of the feasibility study.  

 

研究目的 

The purpose of the current investigation was to examine differences in body composition and systemic 

inflammation in relation to equal volumes of high and low intensity resistance training of nonobese older 

adults with prediabetes. 

 

研究方法 

Study participants 

Participants in this study included older men and women who were recruited from the wenshan district 

of Taipei City. All participants (age 64–81 years) had no cardiovascular disease, hypertension, obesity (BMI 

>25 kg/m
2
), infections, or any other serious medical problems. All participants had no previous resistance 

training experience. The study was approved by the National Taiwan Normal University Research Ethics 

Committee (REC#2018HM015) and all participants signed informed consent to participate in the study.  

The diagnostic criteria of prediabetes were as follows: Fasting blood glucose of 100 -125 mg/dL and/or 

an oral glucose tolerance test (OGTT) 2 hour blood glucose of 140-199 mg/dl (Bansal, 2015). A total of 56 

older adults were invited to undergo an OGTT. After OGTT, 14 people were found to have normal blood 



 

glucose tolerance; 5, overt T2DM; and 37, prediabetes. A total of 31 subjects with prediabetes underwent 

resistance training sessions 3 times a week for 10 weeks (Figure 1). Six subjects were lost to follow‐up 

during the 10-week intervention, yielding a dropout rate of 19.4%. These subjects reported reasons including 

injury or personal matters. A total of 24 subjects entered the final analysis: 12 subjects in the high-intensity 

group and 12 subjects in the low-intensity group. The characteristics of the subjects with prediabetes were 

shown in Table 1; no significant difference was observed between high- and low-intensity groups. 

 

 

Figure 1—Flowchart of data collection process. 

 

Resistance training program 

Subjects were pair matched based on sex, age, and BMI and then randomly assigned to a group that 

either performed training at a loading range of 8–12 repetitions (high intensity) or a group that performed 

16–20 repetitions (low intensity).  

The 10-week resistance training program consisted of three training sessions per week, with at least one 

day off between each training session which were supervised by instructors. The training program has eight 

machine-based exercises including chest push, shoulder push, seat row, elbow flexion, leg press, leg curl, 

abdominal curl, and lower back extension. The first two weeks were the familiarization period. Training of 

this period involved three sets, and each exercise was repeated fifteen to twenty times. The 1-RM test was 

measured on the last day of 2
nd

, 6
th

 and 10
th

 week of training program. During the 3
rd

 to the 10
th

 week of the 

program, high intensity group performed training at a loading range of 8–12 repetitions and low intensity 



 

group performed 16–20 repetitions. Subjects had 1-2 min rest intervals between sets. Each training session 

was about 60 minutes, including a warm-up for 10 minutes, resistance training for 40-45 minutes and a 10 

minute stretch. 

Anthropometric variables 

Height and weight was measured using digital meter (DS-102, JENIX). Body composition was 

measured using Dual-energy X-ray absorptiometry method.  

Blood sampling and oral glucose tolerance test (OGTT) 

Participants did not perform exercise 2 days before and 2 days after the last day of training. Blood 

samples were collected in the early morning (8-9:00 am) after overnight fasting. Overnight fasted (12h) 

participants were given 300ml glucose drink (75g/300ml). Blood samples were taken from the median 

cubital vein at 0, 30, 60, and 120 min after glucose consumption. Blood glucose levels were measured by 

ACCU-CHEK (Roche, Basel, Switzerland).  

Biochemical markers 

Blood samples were allowed to clot at room temperature for at least 30 min and then centrifuged at 

3000g for 15 min at 4°C. Serum samples were aliquoted into microtubes, and immediately frozen at −20 °C 

until analyzed. Concentrations of metabolic hormones and cytokines were measured in duplicate using the 

ELISA kits: monocyte chemoattractant protein-1 (MCP-1, Cat#ab179886, Abcam), tumor necrosis factor 

alpha (TNF, Cat#KHC3014, Invitrogen), interleukin-6 (IL-6) and IL-10 (Cat#430507 and Cat#430607, 

Biolegend) C-reactive protein (CRP, Cat#ab100545, Abcam), and leptin (Cat# 10-1199-01, Mercodia).  

Statistical analysis 

SPSS Statistics (SPSS Inc.) was used to analyze data. The descriptive data were reported as mean ± 

standard deviation (SD). Normality of the dependent variables was assessed using the Shapiro-Wilk tests. 

Variables were assessed using a two-way ANOVA. The Student–Newman–Keuls post-hoc test was applied if 

a significant difference was found. Several variables had unequal variances. Thus, nonparametric tests were 

applied. The Mann-Whitney U was applied when comparing ranks of two independent samples and the 

Wilcoxon sign rank test was applied when comparing ranks of two dependent samples. Spearman's rank 

correlation was used to measure the strength of the association between pairs of variables. A P-value < 0.05 

was considered statistically significant. 

 

結果 

Participant characteristics 

There were no significant differences of the anthropometric variables between high- and low-intensity 

groups at baseline (Table 1).  

 

Training volume and 1RM test 

 There was no significant difference of accumulated training volume (3-10wk) between high- and 

Table 1

Group

Variable mean SD mean SD p

Age 67.17 3.10 67.58 5.43 0.820

Height 1.63 0.08 1.60 0.08 0.390

Weight 58.67 9.63 56.77 7.77 0.600

Fasting glucose 103.3 7.3 104.4 7.4 0.701

High n = 12 (6:6) Low n = 12 (4:8)



 

low-intensity groups (323,732  78,398 vs 325,281  64,821 lbs). Compared with pre training, there was an 

average increase of 22% and 12% in muscle strength of high- and low-intensity group, respectively. Both 

groups significantly improved their 1RM tests after 10-wk resistance training (p < 0.05). 

 

Effects of resistance training on glycemic control 

A significant time effect was observed for fasting glucose and early phase of OGTT (0-30min) (p < 

0.05; Table 2). A non-significant trend (p = 0.089; Table 2) was observed for fasting glucose in 

high-intensity group. Fastening glucose in high-intensity group returned to normal blood glucose level 

(<100 mg/dL). The AUC of OGTT (0-30min) was significantly decreased after 10-wk training in 

low-intensity group (p < 0.05; Table 2). 

 

Effects of resistance training on cytokines, and metabolic hormones 

A group × time interaction was observed for TNF-α and MCP-1 (p < 0.05; Figure 2 A&B). Circulating 

TNF-α and MCP-1 levels were significantly decreased and circulating IL-10 levels were significantly 

increased after 10-wk high-intensity resistance training (p < 0.05; Figure 2 A-C).  

After 10-wk resistance training, no significant changes were observed for circulating IL-6 and CRP in 

both groups (Figure 3 A&B). There was a significantly lower concentration of circulating leptin after 10-wk 

low-intensity resistance training (p < 0.05; Figure 3 C). 

 

Correlations between circulating cytokines and glucose 

To further explore the link between circulating cytokines and glycemic control, we correlated 

alterations in cytokines (TNF and MCP-1) with fasting glucose and AUC of OGTT. We found that changes 

of TNF and MCP-1 were directly related to changes of fasting glucose (r = 0.42 and 0.45; p < 0.05) and 

AUC of OGTT (0-120 min) (r = 0.42 and 0.44; p < 0.05).  

 

Effects of resistance training on body composition 

Descriptive statistics at baseline and the effects of time, group, and group × time interactions for each 

variable were shown in Table 3. A significant time effect was observed for weight, BMI, fat mass, leg fat, 

and trunk fat (p < 0.05; Table 3). A group × time interaction was found for fat mass, %fat, leg fat, trunk fat, 

and gynoid, such that 10-wk high-intensity resistance training increased weight, BMI, fat mass, % fat, leg fat, 

trunk fat, visceral fat area, android and gynoid (p < 0.05; Table 3).  



 

討論 

The major finding of present study is that 10-wk resistance training effectively improves glycemic 

control in nonobese older adults with prediabetes. In addition, high intensity resistance training exhibits 

anti-inflammatory properties.  

Glycemic control 
The role of resistance exercise has been recognized for a therapeutically useful tool in diabetes 

treatment. But there are still conflicting data from studies dealing with the optimal intensity of resistance 

training prescription for prediabetic older adults. In the present study, improvement of glycemic control was 

observed in older adults after 10-wk resistance training program. Fasting glucose level was returned to the 

normal level (<100 mg/dL) in high-intensity group, although it approximated but did not reach statistical 

significance. In low-intensity group, AUC of oral glucose tolerance test was significantly reduced in the 

early phase (0-30 min), suggesting that peripheral tissue insulin resistance has been improved. Hepatic 

insulin resistance is linked to the pathogenesis of IFG. The primary cause of postprandial hyperglycemia is 

that extrahepatic insulin resistance is coupled to impaired insulin secretion is (Bock et al., 2007). Therefore, 

high-intensity resistance exercise has a beneficial effect on fasting glucose level and low-intensity resistance 

exercise has a great impact on postprandial blood glucose. 

Cytokines and exercise 

After analyzing the exercise-induced changes in fasting plasma glucose and postprandial blood glucose, 

we next characterized the pro-and anti-inflammatory cytokines. Aging is associated with low-grade 

inflammation and markers such as TNF and IL-6 (Morley & Baumgartner, 2004). Pro-inflammatory 

cytokines, IL-6 and TNF, stimulate inflammatory signaling pathway and impair insulin signaling pathway 

in skeletal muscle (Rehman & Akash, 2016), and thus increases the prevalence of impaired glucose 

tolerance and diabetes mellitus (DM) in older adults (Frasca, Blomberg, & Paganelli, 2017). We observed 

significant reductions in MCP-1 and TNF levels after 10-wk high-intensity resistance training in older 

adults with prediabetes. Changes in MCP-1 and TNF are responsible for the blood glucose lowering effect, 

and are supported by correlation analysis in this regard. Physical exercise, especially the high-intensity 

training, is associated with muscle damage (Flann, LaStayo, McClain, Hazel, & Lindstedt, 2011) and, hence, 

the synthesis of anti-inflammatory cytokine (IL-10) in balance with pro-inflammatory cytokine (TNF-α). 

Our results were in agreement with previous studies, which can explain why only high-intensity resistance 

training exhibits a strong influence on anti-inflammatory cytokine (IL-10). Decreased leptin level was 

observed in low-intensity group despite no change in body fat. The reduction in leptin that occurred as a 

result of the exercise training rather than losing fat as the body fat was similar before and after training 

(Table 3).  

Body composition and exercise 

Resistance exercise enhances muscle protein synthesis and increases lean muscle mass in healthy older 

adults (Smith, Villareal, Sinacore, Shah, & Mittendorfer, 2012; Tome, 2017), although not all have observed 

this (Peterson, Sen, & Gordon, 2011). The failure of older muscle in response to exercise was known as 

anabolic resistance (Burd, Gorissen, & van Loon, 2013; Onambele-Pearson et al., 2010). The blunted 

response of muscle protein synthesis to anabolic stimuli in older muscle could be linked to muscle and 

systemic insulin resistance (Wall et al., 2015). In the present study, no significant changes in lean body mass 

were observed in both groups. Optimal protein intake is another key factor to stimulate muscle protein 



 

synthesis(Tome, 2017). In prediabetic condition, older adults should increase their protein intake to 

overcome anabolic resistance. In the present study, subjects were asked to maintain their normal eating, 

which unlikely has greater stimulation of muscle protein synthesis. Although prediabetic older adults did not 

gain muscle mass, they did significantly improve their muscle strength after 10-wk training program. 

Furthermore, changes in strength are now well-established as having greater impact on the health, mobility, 

function and even mortality of older adults than muscle mass(Whitney & Peterson, 2018). 

In high intensity group, nonobese older adults significantly increased fat mass and body fat percentage. 

Increasing incidence rates of muscle damage can be observed after high-intensity resistance exercise (80% 

1RM). It is speculated that subjects undergoing high-intensity resistance training could reduce their daily 

physical activity because of muscle soreness. In this scenario, this could lead a positive energy balance, 

since we asked subjects to maintain normal eating. On the other hand, low intensity group performed the 

same work volume and maintained their body composition. Compared with other anthropometric obesity 

indicators, diabetes and prediabetes are associated with excess visceral fat (Sardeli et al., 2018). In high 

intensity group, their fat is evenly distributed over their body therefore; a 1% increase in body fat did not 

counteract exercise-mediated glycemic control.  

CONCLUSIONS 

These results indicate that matching volumes of high and low-intensity resistance training have distinct 

beneficial effects on glycemic control, and high-intensity resistance training has a more prominent effect on 

anti-inflammatory properties. Results from the present study have major impacts on academia and society in 

the prevention of type 2 diabetes in older adults.
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