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ABSTRACT
Aims/Introduction: To explore the predicting factors of exercise response (whether
the participants converted to diabetes) in elderly patients with prediabetes.
Materials and Methods: This is a retrospective subgroup analysis of the registered
clinical trial with previous publication of the same cohort. A total of 248 participants with
prediabetes were randomized to the aerobic training (n = 83) group, resistance training
(n = 82) group and control group (n = 83). The patients who finished the 2-year exercise
intervention were included in this analysis to explore the factors impacting exercise
response.
Results: A total of 113 patients with prediabetes completed 2 years of exercise, with 56
participants in the aerobic exercise group and 57 in the resistance exercise group. Patients
who reversed to normal glucose tolerance, remained in prediabetes and developed
diabetes were 18 (15.90%), 70 (62.00%) and 25 (22.10%), respectively. Logistic regression
showed that baseline, homeostatic model 2 assessment of b-cell function (b = -0.143,
P = 0.039), hemoglobin A1c (b = 3.301, P = 0.007) and body mass index (b = 0.402,
P = 0.012) were related to exercise response, whereas the waist-to-hip ratio (b = -3.277,
P = 0.693) and types of exercise (b = 1.192, P = 0.093) were not significantly related to
exercise response.
Conclusions: Baseline homeostatic model 2 assessment of b-cell function, hemoglobin
A1c and body mass index were the predictors for the response to exercise in elderly
patients with prediabetes.

INTRODUCTION
Prediabetes, also known as impaired glucose regulation, is
defined as a pre-disease state between normal blood glucose
and diabetes mellitus1. Approximately 5–10% of people with
prediabetes eventually progress to type 2 diabetes annually2.
Exercise has been widely recognized to ameliorate insulin resis-
tance, and therefore, prevent or delay the onset of diabetes3,4.
However, despite the overall health benefits brought by regular
exercise, not all patients showed the expected results after exer-
cise. People whose responses do not improve or even have
adverse reactions are often referred to as “non-responders” or
“exercise resistors”5. Therefore, it is important to evaluate

exercise response predictors to enhance the effectiveness of
exercise intervention.
After a 2-year exercise intervention in elderly patients with

prediabetes, our team found that aerobic training (AT) and
resistance training (RT) improved b-cell function, blood glucose
and lipid profiles, as well as reduced insulin resistance and
type 2 diabetes risk6–8. Despite the beneficial effects achieved in
the study, there were still some patients with poor exercise
response and converted to type 2 diabetes. To our knowledge,
there is no study analyzing the predictors of exercise response
as conversion to type 2 diabetes mellitus in elderly patients
with prediabetes. Therefore, the purpose of the present study
was to evaluate predictors of exercise response in our cohort of
elderly patients with prediabetes who participated in a 2-year
exercise intervention.Received 19 July 2021; revised 28 January 2022; accepted 20 February 2022
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MATERIALS AND METHODS
Study design and sample selection
This was a retrospective subgroup analysis of the registered
clinical trial with previous publication of the same cohort6–8.
An analysis was carried out in elderly prediabetes patients
who completed regular exercise (AT and RT) for up to
2 years in several medicine centers, including the Affiliated
Hospital of Integrative Medicine of Nanjing University of
Traditional Chinese Medicine, Danyang People’s Hospital and
the First Affiliated Hospital of Guangxi Medical University,
from January 2014 to December 2016. The participants who
completed the 2-year study with an attendance rate ≥70% in
the exercise groups were considered to have finished the
exercise training, and were included in the exercise response
analysis.
The program (NCT02561377, registered at www.clinicaltrial.

gov) was approved by the ethics committee of Jiangsu Provin-
cial Hospital of Integrated Traditional Chinese and Western
Medicine, and all participants signed an informed consent
form, in accordance with the principles of the Declaration of
Helsinki.

Study participants
Retired individuals (had time to go to the centers for exercise)
aged <75 years were included in the present study if they had
prediabetes, as defined by any of the following criteria: (i) fast-
ing blood glucose between 5.6–6.9 mmol/L, indicating impaired
fasting glucose, on two separate occasions; (ii) blood glucose
concentration between 7.8–11.0 mmol/L, 2 h after ingestion of
a 75-g oral glucose load (indicating impaired glucose tolerance);
and (iii) hemoglobin A1c (HbA1c) between 5.7% and 6.4%9 on
two occasions. Participants were excluded if they had been
diagnosed with diabetes, cardiovascular or cerebrovascular dis-
ease, were pregnant or breastfeeding, had severe physical dis-
ability, or lacked the intellectual or emotional capability to
adhere to the study protocol6.

Exercise programs
Patients participated in the AT sessions three times each week
for 60 min per session under the supervision of a qualified
research nurse (including 5 min of warm up, aerobic exercises
(dancing with music) for 50 min and 5 min of stretching
exercises). Participants carried out aerobic exercises at 60–70%
of their maximal heart rate determined in the treadmill test.
During training, heart rate was monitored using a heart rate
watch (Polar A370; Polar, Oulu, Finland), which was con-
nected to a computer. When heart rate exceeded 60–70% of
maximal heart rate, we would let participants slow down the
movement or reduce the exercise time, until the heart rate
returned to 60–70% of the maximal heart rate, then continue
to exercise.
Participants were involved in RT sessions three times per

week, supervised by research nurses, in the gardens of two hos-
pitals (Nanjing and Danyang) and in community squares

(Guilin). There were 13 exercises in the RT protocol: leg
presses, leg extensions, chest presses, pull downs, rowing
motions, calf raises, seated leg curls, shoulder presses, straight
arm forwards, straight arm backwards, leg rotation left, leg
rotation right and abdominal crunches. The protocol took
approximately 50 min to complete (plus 5 min of warm up
and 5 min of stretching exercises). The detailed methods of AT
and RT were described in previous studies6–8. The present
study assessed the response to exercise, so we mainly focused
on the individuals in the exercise groups (AT and RT).

Data collection
Demographic data, such as age, sex, smoking, body mass index
(BMI), waist-to-hip ratio and blood pressure, were collected.
Bodyweight and height were measured for all participants wear-
ing light clothing and standing barefoot. BMI was calculated
from weight and height squared (kg/m2). Waist circumference
was measured at the midpoint between the lower ribs and the
iliac crest at the end of normal expiration.
The oral glucose tolerance test (OGTT) was carried out by

administering 75 g glucose solution to participants after a 10-h
fast, with plasma glucose sampling before and 2 h after glucose
administration (2hPG). Plasma glucose was analyzed using a
YSI 2700 Select Biochemistry Analyzer (YSI, Yellow Springs,
OH, USA). Fasting serum insulin was measured using a solid-
phase, enzyme-labeled chemiluminescent immunometric assay
(Immulite 2000; Diagnostic Products, Los Angeles, CA, USA)
and homeostatic model 2 assessment of b-cell function
(HOMA2-b) and insulin resistance (HOMA2-IR) were calcu-
lated based on fasting serum insulin and fasting blood glucose.
HbA1c was determined by HPLC (Bio-Rad Diamat, Munich,
Germany).
Blood lipid assays: Fasting serum concentrations of total

cholesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol and plasma triacylglycerol were tested by
colorimetric methods using commercially available kits (Abbott,
Abbott Park, IL, USA) with an Architect c8000 analyzer
(Abbott) according to the manufacturer’s instructions.
Data collection was carried out at baseline, 6 months,

12 months and after the completion of the 24-month exercise.

Exercise response determination
After 2 years of exercise intervention (AT or RT), the partici-
pants who remained in prediabetes or reversed to normal glu-
cose tolerance were defined as beneficial response to exercise,
whereas the patients who converted to type 2 diabetes were
defined as poor response. We repeated OGTT and HbA1c at
6 months, 12 months and 24 months. In both the AT and RT
group, patients once diagnosed with diabetes at any of these
time points were considered as having diabetes, regardless of
their subsequent results of OGTT or HbA1C, and they were
categorized to the poor exercise response groups. For example,
if a patient was diagnosed as diabetes after 6 months, but their
blood glucose and HbA1c were within the normal limits after
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24 months of intervention, they were still considered to have
diabetes.

Statistical analysis
We estimated that a sample size of 70 patients per group would
provide 80% power to detect a mean (–standard deviation) clin-
ically important difference between groups of 0.66 – 1.2 in the
change in HbA1c, at an alpha level of 0.05. SPSS 22.0 (IBM
Corp., Armonk, NY, USA) was applied for statistical analysis.
Baseline characteristics were compared with the use of analysis
of variance or the Kruskal–Wallis test. Longitudinal changes
between AT, RT and control groups were tested with the use of
repeated measures analysis of variance, and intention-to-treat
analyses were carried out. During 2 years of study, patients from
the AT and RT groups who converted to diabetes were future
categorized to the poor response group, whereas those who
reversed to normal glucose tolerance or remained in prediabetes
were categorized to the beneficial response group. In comparing
the difference between the beneficial response group and poor
response group, normally distributed data were shown as the
mean – standard deviation, and the independent samples t-test
was used for comparison between two groups, otherwise data
were described by the median (interquartile range) and a non-
parametric rank sum test was used. The v2-test was used to
compare the categorical variables between two different response
groups. Binary logistic regression analysis was used to determine
the factors impacting the response to exercise (0 = beneficial
response, 1 = poor response) in elderly patients with predia-
betes, and variables, such as sex, age, smoking status, types of
exercise, research site, baseline HbA1c, BMI, waist-to-hip ratio,
HOMA2-IR and HOMA2-b, were entered into the model
simultaneously. Odds ratios (OR) and their respective 95% con-
fidence intervals (CI) were calculated. P-values <0.05 were con-
sidered to show statistical significance.

RESULTS
Adherence
248 elderly participants with pre-diabetes were randomized to
the AT (n = 83) group, RT (n = 82) group and control group
(n = 83). A total of 172 patients completed the 2-year study,
with 58 participants in the AT group, 60 in the RT group and
55 in the control group. Two out of 58 in AT group and three
out of 60 in the RT group had missing data, so 56 patients in
the AT and 57 patients in the RT group were finally included
in the exercise response analysis.

Baseline data and changes after 24 months in the AT, RT and
control groups
Table 1 presents the characteristics and laboratory values of
patients with prediabetes in the AT, RT and control groups at
baseline and changes after 24 months of intervention. There
were no significant differences between the groups at baseline
(all P > 0.05).

As shown in Table 1, after 24 months of intervention, there
were several significant differences in metabolic outcomes
among the three groups. After training, there was no significant
difference in the changes in HbA1c (square root mean,
P = 0.306), fasting blood glucose (square root mean,
P = 0.204) and 2hPG (square root mean, P = 0.704) between
the AT and RT groups, but changes in HbA1c (group-by-time
interaction P < 0.001), fasting plasma glucose (group-by-time
interaction P < 0.001) and 2hPG (group-by-time interaction
P = 0.047) in both exercise groups were significantly greater
than in the control group. Participants in both the AT and RT
groups showed significant improvement in HOMA2-b (group-
by-time interaction P < 0.001) and HOMA2-IR (group-by-time
interaction P < 0.045) compared with the control group. The
improvement in HOMA2-b was not significantly greater in the
RT than the AT group (P = 0.269). BMI, systolic blood, dias-
tolic blood pressure and low-density lipoprotein cholesterol
improved in both exercise groups compared with the control
group (P < 0.05). Although the decreases in BMI (P = 0.432),
HOMA2-IR (P = 0.506), systolic blood pressure (P = 0.605)
and low-density lipoprotein cholesterol (P = 0.938) were greater
in the AT than the RT group, the differences did not reach sta-
tistical significance.

Exercise response
Among 113 patients who completed the 2-year exercise train-
ing and were included in the exercise response analysis, 88
patients had beneficial exercise response and 25 patients had
poor response. Of the 18 patients who reversed to normal
glucose tolerance, 10 were in the AT group and eight were
in the RT group. Furthermore, there were 70 patients who
remained prediabetes (AT n = 37 and RT n = 33). Together,
this resulted in 47 (83.9%) AT patients and 41 (71.9%) RT
patients categorized as good exercise responders. A total of
25 patients converted to type 2 diabetes, with nine (16.1%)
patients in the AT group and 16 (28.1%) in the RT group
(Figure 1). There was no significant difference between two
groups with respect to exercise response results (P = 0.124;
Figure 2).

Baseline information and metabolic outcome changes after
24 months of exercise training in the beneficial response
group and poor response group
As presented in Table 2, 88 patients had beneficial exercise
response and 25 patients had poor response. At baseline, the
beneficial response group had lower BMI (P = 0.011), fasting
plasma glucose (P = 0.002), 2hPG (P = 0.002), HOMA2-IR
(P = 0.015) and higher HOMA2-b. After 24 months of train-
ing, the beneficial exercise response group had greater
HOMA2-b, and lower fasting plasma glucose, 2-h post-
OGTT blood glucose, HbA1c, fasting insulin and HOMA2-IR
compared with the poor exercise response group (all
P < 0.05).
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Factors at baseline related to exercise response in elderly
patients with prediabetes
Logistic multiple regression was carried out to analyze the pre-
dictive factors at baseline to exercise response after 2 years of
exercise training. The results are presented in Table 3. Baseline
HbA1c (b = 3.301, P = 0.007), BMI (b = 0.402, P = 0.012)
and HOMA2-b (b = -0.143, P = 0.039) were significantly
related to exercise response in elderly prediabetes patients. Base-
line BMI and HbA1c were risk factors of poor response. As

baseline HbA1c and BMI increased, the risk for prediabetes
patients conversion to diabetes increased. Baseline HOMA2-b
was a protective factor for exercise response. Waist-to-hip ratio
(b = -3.277, P = 0.693) and types of exercise (b = 1.192,
P = 0.093) were not significantly related to exercise response
(Table 3).

DISCUSSION
The present study found that after 2 years of exercise training,
88 of 113 patients (77.9%) had a benefical exercise response,
and 25 (22.1%) had a poor response and converted to type 2
diabetes mellitus. Baseline HOMA2-b, HbA1c and BMI were
predictors to exercise response in elderly patients with predia-
betes. Among the three predictors, as shown by their b values,
the magnitude of effect of HbA1c on the odds of being a
responder was greater than BMI and HOMA2-b, and
HOMA2-b had the lowest magnitude of effect.
Despite the 2-year exercise intervention, 22.1% of prediabetes

patients still converted to diabetes, which was very high com-
pared with the Insulin Resistance Atherosclerosis Study (IRAS),
Daqing and Diabetes Prevention Program (DPP) studies. The
participants’ average age in the present study (61.14 – 6.06 years)
was much higher than the IRAS (54.4 – 0.32)10, Daqing
(44.7 – 0.4)11 and DPP studies (50.6 – 10.7)12. The effects of
increasing insulin resistance and impaired pancreatic islet func-
tion with aging might contribute to the consequent risk of dia-
betes13,14. Furthermore, in the IRAS study, together with
impaired glucose tolerance patients, people with normal glucose
tolerance were also included in the study, which would obviously
dilute its incidence of diabetes. These might explain the higher
conversion ratio in the present study compared with the IRAS,
Daqing and DPP studies.
The present study found that baseline HbA1c was the stron-

gest predictor of exercise response for patients with prediabetes,
which was supported by evidence that chronic hyperglycemia
was associated with smaller exercise-induced improvements in
peripheral insulin sensitivity, which in turn contributed to
blunted exercise-induced glucose response15. A randomized,
cross-over study found that exercise-induced improvements in
glucose response were impaired by pre-exercise hyper-
glycemia16, which was in agreement with the present findings.
Furthermore, in in vivo and in vitro studies, exposure to hyper-
glycemia impaired skeletal muscle cell insulin sensitivity17,18,
insulin secretion capacity19,20 and hepatic insulin sensitivity21.
Such hyperglycemia-induced impairments could also explain
the exercise response blunted by higher baseline HbA1c. This
suggests intervening with exercise earlier (when the HbA1c
levels of prediabetes patients are relatively low), rather than
later. For those poor exercise responders, pharmacological or
dietary intervention before introducing an exercise regimen
might be an effective strategy to enhance their chances of
success22.
The present study showed that baseline BMI was a predictor

of poor exercise response. The prediabetes patients with higher
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baseline BMI had poorer response to exercise, which was sup-
ported by evidence that insulin resistance is one of the main
pathophysiological mechanisms of prediabetes in the elderly,
which is closely related to visceral fat deposition23,24. Pancreatic
islet function has declined in elderly prediabetes patients25. Pre-
vious studies showed that as BMI increased, the visceral fat
continuously deposited, which contributes to inflammatory fac-
tors accumulating to produce oxidative stress, posing a high
impact on the pancreas, leading islet function impairment, thus,
exercise response is blunted26,27. Therefore, for those who with
high BMI, before exercise training, reducing BMI by diet or
medication might improve their response to exercise.
However, there is epidemiological evidence that the impact

of BMI is different in terms of mortality and morbidity in the

elderly, as compared with other ages. The BMI associated with
the lowest mortality risk was higher in older individuals than
in younger individuals28, and a higher BMI was associated with
increased survival in older adults29. In clinical decision-making
on weight loss for elderly prediabetes patients, healthcare pro-
fessionals have to weigh the pros and cons, and future studies
aimed at finding an optimal BMI range for elderly prediabetes
patients are warranted.
Interestingly, even though there was no statistical deference,

the decrease of BMI was greater in the poor exercise response
group (-1.50 – 2.14) than that of beneficial the exercise
response group (-0.56 – 2.17, P = 0.059). At the baseline, the
average BMI of the poor response group (26.26 – 3.06) was
much higher than that of the beneficial group (24.44 – 2.72);

Table 2 | Characteristics and laboratory values at baseline and changes after 24 months in the beneficial response group and poor response
group

Characteristics Beneficial response (n = 88) Poor response (n = 25) T/x2 P-value

Female, n (%) 53 (60.2%) 12 (48.0%) 2.090 0.054
Age (years) 62.64 – 5.89 64.92 – 6.50 1.488 0.903
Smoker, n (%) 14 (15.9%) 7 (28.0%) 1.213 0.234
AT group, n (%), 47 (53.4%) 9 (36%) 2.360 0.124
BMI (kg/m2) Baseline 24.44 – 2.72 26.26 – 3.06 2.693 0.011*

D -0.56 – 2.17 -1.50 – 2.14 -1.907 0.059
WHR Baseline 0.87 – 0.51 0.90 – 0.06 0.629 0.533

D 0.11 – 0.07 0.13 – 0.11 1.017 0.312
FPG (mmol/L) Baseline 5.84 – 0.50 6.29 – 0.58 3.447 0.002**

D -0.34 – 0.77 0.11 – 1.24 2.221 0.028*
2hPG (mmol/L) Baseline 7.61 – 1.23 8.41 – 1.66 2.249 0.032*

D -0.38 – 1.98 1.85 – 3.93 3.884 0.001*
HbA1c (%) Baseline 5.90 (5.70, 6.10) 6.40(5.85, 6.50) 3.424 0.002**

D -0.29 – 0.46 0.58 – 1.24 5.412 0.001**
FINS (mmol/L) Baseline 11.51 (8.50, 13.47) 10.61 (7.67, 12.80) 1.67 0.664

D -1.11 – 4.48 1.54 – 5.79 2.444 0.016**
TG (mmol/L) Baseline 1.88 – 1.02 1.81 – 0.82 -0.388 0.700

D 0.03 – 1.86 -0.23 – 0.58 -1.117 0.267
HDL-C (mmol/L) Baseline 1.48 – 0.36 1.44 – 0.35 -0.554 0.583

D 0.12 – 0.38 0.06 – 0.19 -0.768 0.444
LDL-C (mmol/L) Baseline 3.10 – 0.63 3.08 – 0.73 -0.164 0.871

D 0.03 – 1.04 0.22 – 1.08 0.814 0.417
SBP (mmHg) Baseline 132.50 (125, 140) 136.00 (123, 145.5) 0.986 0.332

D -2.93 – 12.38 -3.36 – 16.50 -1.141 0.888
DBP (mmHg) Baseline 80.00 (75.25, 86.00) 84.00 (77.50, 87.50) 0.884 0.382

D -4.20 – 8.96 -0.68 – 8.86 1.739 0.085
HOMA2-b Baseline 92.87 (71.63, 116.73) 70.53 (45.57, 97.98) -2.543 0.015*

D 0.58 – 1.23 0.37 – 0.46 -2.616 0.010*
HOMA2-IR Baseline 2.50 (1.95, 3.46) 2.96 (1.81, 4.93) -1.253 0.032*

D -0.24 – 1.34 -0.13 – 1.25 2.875 0.005*

Data expressed as the mean – standard deviation for continuous characteristics; n (%) for categorical characteristics; median (interquartile range) for
variables with abnormal distributions. P-value significance in <0.05. *P < 0.05, **P < 0.01. D, The biochemical measurements after 2 years of exer-
cise minus the biochemical measurements at baseline; 2hPG, 2-h plasma glucose after oral glucose tolerance test; AT, aerobic training; BMI, body
mass index; DBP, diastolic blood pressure; FINS, fasting insulin; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein
cholesterol; HOMA2-IR, homeostasis model assessment of insulin resistance; HOMA2-b, homeostasis model assessment of b-cell function; LDL-C,
low-density lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglyceride; WHR, waist-to-hip ratio.
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therefore, under the same intensity and time of exercise, the
patients in the poor response group had more room for reduc-
tion. This might partially explain the fact that the magnitude of
BMI reduction was greater in the poor response group than
that of the beneficial response group. This might also indicate
that mild change in BMI did not have a strong impact on exer-
cise response for prediabetes patients with BMI >25.
In the present study, we found that b-cell function, not insu-

lin resistance at baseline, was a predictive factor for beneficial
exercise response in elderly patients with prediabetes. Kahn
et al 30 reported that in patients with prediabetes, their insulin
sensitivity and b-cell function decreased. Whereas it has been
widely confirmed that exercise improves insulin sensitivity in
prediabetes patients3,4,31. However, improving b-cell function
through exercise was not that easy for prediabetes patients3,4.
Thus, it is not difficult to speculate that based on the improve-
ment of insulin sensitivity, the exercise response would largely
depended on baseline b-cell function, which suggests that, when
making a treatment plan (does the patient need antiglycemic
medication?) for prediabetes patients, their baseline b-cell func-
tion should be considered.
Finally, the present study also found that type of exercise is

not a factor affecting exercise response in elderly prediabetes
patients. The effects of aerobic exercise on blood sugar control
in elderly prediabetes patients have been confirmed by a large
number of studies32,33. In the previous study, our team found
that resistance exercise is as effective as aerobic exercise in

reducing insulin resistance; improving b-cell function, blood
glucose and lipid metabolism; and reducing the risk of type 2
diabetes and cardiovascular disease6-8. This also shows that the
different exercise types of elderly prediabetes patients will not
affect their own exercise response. Different methods of long-
term regular exercise can effectively reduce the risk of diabetes
and achieve the best exercise response.
The strengths of the present study include the multicenter,

randomized controlled trial design and the up to 2 years long
intervention, with the exercise training supervised by the
researchers. The findings from our study might have pragmatic
implications to help clinicians make individualized treatment
plans for prediabetes patients. However, there were still some
limitations in the present study. The adherence rate was rela-
tively low; therefore, the number of patients included in the
exercise response analysis was rather small. Studies with a large
sample should be carried out to confirm our findings.
In conclusion, baseline HbA1c, BMI and b-cell function were

predictive factors for exercise response in elderly patients with
prediabetes. This might indicate that in treating prediabetes
patients with higher HbA1c, BMI and lower b-cell function, on
the basis of diet and exercise intervention, early medications
therapy might be advised.
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