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Abstract 
Numbers of (pre)diabetes are increasing and numbers of obesity, in most cases an 
important indicator, even more. 
This literature review focused on three outcome measures that are highly relevant in the 
management of diabetes: Fasting Plasma Glucose (FPG), Glucose Tolerance (GT) and 
Glucose Control (GC).  
Results of the literature review indicate that NMES improves GT in the short term. Ten out of 
eleven studies found significant positive effects of NMES on Glucose Tolerance. Fasting 
Plasma Glucose levels improved in two out of three studies, while two out of five studies 
showed significantly improved HbA1c.  
This literature review shows that Neuromuscular electrostimulation (NMES) has a positive 
effect on the body’s ability to control glucose levels (Glucose control) and Glucose 
Tolerance.  
NMES, as an innovative form of exercise and easily implementable for physiotherapists, may 
be a viable treatment option for physiotherapists in the management of Diabetes and may 
offer possibilities to offer training when there are physical constraints. More research is 
needed to see if NMES is helpful in long term glucose control as measured by HbA1c and 
what intensity and frequency have the most helpful effect in lowering glucose levels in the 
blood.  

Introduction  
Numbers of obesity are climbing at an alarming pace. In the US 73,6% of people aged 18 + 
were overweight (in 2017-2018) (https://www.cdc.gov/nchs/fastats/obesity-overweight.htm), 
which is defined as a BMI of 25>. In Holland in 2020, a year into the Covid situation, which 
may have influenced lifestyle factors and added corona kilo’s, 50% of people aged 18+ were 
overweight. Although the actual numbers in children seems to be more optimistic, in the US, 
20% of the 4 to 19 year olds were overweight (BMI 25>) in 2017-2018 
(https://www.cdc.gov/obesity/data/childhood.html), while in Holland the percentage of 
children aged 4 to 17 with a BMI 25> was 14.7% in 2020 (Schönbeck, Talma, van 
Dommelen, Bakker, Buitendijk, HiraSing & van Buuren, 2011). However, the prevalence of 
overweight in children since 1980 was two, subsequently three times higher in 1997 and 
2009 (Schönbeck et al. 2011). Growing numbers of obesity are giving rise to action, as 
obesity and diabetes are the main key risk factors along with dyslipidemia and hypertension, 
in the development of Cardiovascular Disease (Hansen, Niebauer, Cornelissen, Barna, 
Neunhäuserer, Stettler & Dendale et al. 2018). Physical inactivity has been identified as a 
salient influenable risk factor for obesity and diabetes (Rana, Li, Manson & Hu 2007). 
Physical inactivity is the most interesting modifiable factor for physical therapists who are 
able to promote physical activity through treatment such as active rehabilitation and 
neuromuscular electrostimulation. 
Physical activity and diet interventions are able to positively influence the insulin uptake and 
lessen insulin resistance which supports long term health (Gropp et al. 2017). 
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What is Diabetes  
Diabetes is a disease which happens along a spectrum where the tissues, mainly the 
muscles, have difficulty using insulin which enables glucose to be used as a source of 
energy. This process is labelled: Insulin Resistance (IR).  
Diabetes is a direct result of IR and develops in a spectrum starting with Impaired Glucose 
Tolerance (IGT) and/or Impaired Glucose Fasting (IGF) which although they may both lead 
to Diabetes are metabolically distinct physiological processes (Rao, Disraeli & McGregor, 
2004). 
 

Too high levels of glucose (hyperglycemia) lead to hyperinsulinemia. Hyperinsulinemia leads 
to IR where tissues such as muscles are less insulin sensitive. This leads to a point where 
pancreatic β-cell insulin secretion is no longer able to control glucose levels in the blood 
(Gropp et al. 2017) leading to hyperglycemia, elevated plasma glucose levels.  
Pancreatic β-cell mass that produces insulin, becomes damaged, worsening the body’s 
ability to control glucose. The ensuing chronic hyperglycemia leads to micro and 
macrovascular damage and neuropathy (Gropp et al. 2017). 

Current Management of Diabetes and it’s drawbacks  

Currently Diabetes is managed with a number of interventions, diet, exercise and 
pharmacological interventions (Gropp et al. 2017). Patients are often started on metformin 
medication that lowers glucose levels. As diabetes progresses it is followed by sulfonylureas 
which increase β-cell insulin release lowering glucose levels but inadvertently increasing 
chances of weight gain, cardiovascular risk and cancer (Gropp et al. 2017). If HbA1c levels 
rise and sulfonylureas are not controlling hyperglycemia sufficiently, insulin is added as a 
treatment.  
 
Insulin, as a therapeutic intervention, has significant drawbacks. A review over 18599 
patients showed that administration of insulin is associated with clinically harmful adverse 
effects, namely hypoglycemic events and an increase in weight (Erpeldinger, Rehman, 
Berkhout, Pigache, Zerbib, Regnault & Boussageon 2016). According to the review by 
Erpeldinger et al. (2016) benefits of Insulin therapy may be limited to the reduction of short 
term (postprandial) hyperglycemia whilst increasing risks of hypoglycemic events and weight 
gain. Erpeldinger et al. (2016) state that there is currently no significant evidence of long 
term efficacy of insulin therapy on any of the clinical outcomes of Diabetes type 2. New 
treatment strategies are needed.  
 

There is a growing and urgent need to address obesity and diabetes through lifestyle 
interventions such as exercise. Due to the fact that people who are obese may have physical 
limitations or may not be able to motivate themselves to exercise frequently or intensively 
enough, electrostimulation offers possibilities to make sure exercise needs are met (Crowe 
et al. 2012). These outcomes are giving rise to the need for new updated treatment protocols 
that focus on exercise and diet interventions.  
A different approach for managing diabetes is a return to Normo Glycemic Regulation 
(NGR). NGR is the state where the body is able to keep the body in tightly regulated 
bandwidths of glucose and postprandial glucose levels do not exceed ≥ 155 mg/dl 8.6 
mmol/L. That is to say a medication free remission of Diabetes. In bariatric surgery, in some 
cases on very low carbohydrate/ Keto diets and/ or after significant weight loss, a 
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Normalisation of Glycemic Regulation was achieved, which is coined a return to NGR (Erion 
& Corkey 2018 and Kelly, Mansoor, Dohm, Chapman, Pender & Pories 2014). Therefore a 
return to NGR as an achievable goal, needs to be considered as a treatment goal. A return 
to NGR offers vast potential in the reduction of progression to Diabetes and is achievable by 
decreasing simple carbohydrate intake and increasing exercise which improves insulin 
sensitivity (Erion et al. 2018).  
Exercising is helpful as it lowers glucose levels preventing hyperglycemia, the main aim of 
diabetes management (Gropp et al. 2017). Keeping glucose levels low also supports β-cell 
health, which is important as β-cells produce insulin that keeps glucose regulated. 
 
Exercise, and augmenting exercise with NMES could improve insulin sensitivity of the 
tissues, mainly in the muscles as a result lowering glucose levels. NMES works through the 
use of electrodes which are applied to the skin and are able to stimulate a muscle externally 
thereby contracting the muscle (Crowe et al. 2012). This mimics and or augments a 
voluntary muscle contraction and NMES can be used even in the context of physical 
constraints seen as it offers the potential of passive stimulation. It may also be used to 
create a stronger contraction, as is currently happening in the sport physiotherapy setting, 
which would be expected to require more glucose uptake thereby lowering glucose levels 
(Crowe et al 2012).  

Method 
Fasting Plasma Glucose 
Fasting plasma glucose, which is measured after an overnight fast of at least 8 hours. A 
fasting blood glucose level of 5.6 mmol/L> or 99 mg/dL is regarded as normal, 5.6 to 7 
mmol/L or 100 to 126 mg/dL is regarded as prediabetes and 126 mg/dL> or 7.1 mmol/L 
classifies as diabetes https://www.cdc.gov/diabetes/basics/getting-tested.html.  
 
Glucose Control 
Glycated Haemoglobin or HbA1c as a 8 to 12 week average measure of Glucose Control. A 
HbA1C score of 5.7% < is normal, a HbA1C between 5.7 and 6.4% marks prediabetes, and 
a HbA1C 6.5% > marks diabetes. In Holland these scores are represented in different 
scores: A HbA1C score of 39 < is normal, a HbA1C between 39 and 46 marks prediabetes, 
and a HbA1C 46 > marks diabetes. 
 
Glucose Tolerance 
Postprandial Glucose levels, important for diagnosing diabetes, can be assessed through 
the Oral Glucose Tolerance Test, where a person drinks a sweet substance containing 75 
gram of glucose to assess plasma Glucose levels at different time frames post 
meal/prandial. Currently a timeframe of 2 hours is used to diagnose Diabetes. OGTT scores 
of ≥200 mg/dL or ≥11 mmol/L mark diabetes, 140 to 199 mg/dL or 6.7 to 11 mmol/L mark 
prediabetes https://www.cdc.gov/diabetes/basics/getting-tested.html American Diabetes 
Association (2020). The prediabetic range of 6.7 to 11 mmol/L is also described as Impaired 
Glucose Tolerance (IGT) 
Glucose Area Under the Curve (AUC) is another sensitive marker for Glucose Tolerance. 
AUC may be used as an index marker for the whole glucose excursion after an OGTT. 
Sakaguchi, Takeda, Maeda, Ogawa, Sato, Okada & Kashiwagi (2016) concluded that cut off 
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values for glucose intolerance in AUC could be defined as 290 mg h/dl or 16.09 mmol/l. This 
cut off value provided a highly sensitive (90%) and specific (93%) marker for detecting 
prediabetes (people with a 1 hour post prandial glucose level of > 180 mg/dl or > 8.9mmol/



 

6 
 

Results 

Authors  N Study 
population 

NMES Intervention control 
intervention  

Duration 
in min 

NMES 
intensity 

Outcome 
measure 

Outcome  

Crowe et 
al. 2012 

NMES=8 Men  
T2DM,  
53,68 yrs 

6x/week passive NMES, 8 
weeks 
goal: aerobic. ”levels that 
made them sweaty and 
breathless (affects speech)”  

NA 45-60 Max 
tolerable 

GC ⇑ Mean HbA1c improved by 0.860.7% from 7.461.3% before 
NMES to 6.66 1.0% (p=0.01) after. 
 

Galvan et 
al. 2019  

NMES=5 
Control=5 

Men/women 
Overweight/ 
obese  
18-54 yr. 

3x/week NMES, 4 weeks 
bilateral quadriceps 
stimulation 

bilateral 
quadriceps low 
intensity sensory 
level stimulation  

30 Max 
tolerable 

GT ⇑ trend 
for the 
NMES 
group at 
P=.07 

Postprandial Glucose at 3 hours showed a trend for 
improvement for the NMES group and no effect for the control 
group.  
 
AUC NMES 455.55 ± 26.07 to 415.36 ± 25.89 (p=0.07) 
AUC Control 430.73 ± 20.23 to 494.68 ± 77.21 (p=0.76) 

Galvan et 
al. 2022 

NMES=10 
Control: 
within 
subjects 

Men/women, 
36.8 ± 3.8 yrs 

3x/week, 4 weeks First week: low 
intensity sensory 
level tingling 
sensation 

30 Max 
tolerable 

GT: ⇑ 
FPG: no 
effect 

OGTT significant improvement after 4 weeks of NMES  
AUC NMES baseline: 469, at 4 weeks: 280  
AUC control baseline: 480, at 4 weeks: 490 
AUC NMES p= 0.0014 
 
FPG NMES baseline: 90 at 4 weeks: 80  
FPG control baseline: 120, at 4 weeks:110  

Giggins et 
al. 2017 

NMES=13  Men/women 
T2DM  
45.1- 58.9 yrs 

6x/week, 8 weeks NA 60 Max 
tolerable 

FPG:⇓ 
GC: no 
effect 

Fasting blood glucose: decreased 
baseline 9.2 ± 3.0 at 8 weeks 7.8 ± 2.4 p=0.003 
 
HbA1c decreased 0.3 %, non-significant 
HbA1c 64 mmol ±17.5 at 8 weeks 61 mmol ±18.6 
P= 0.221  

Guzmán-
González 
et al. 2019 

NMES=16 
Control: 
within 
subjects 

Men/women 
T2DM  
18-30 yrs 

1x/week, 4 weeks  
NMES in week 2-4  

First week  20 Max 
tolerable 

GT ⇑  
 

Control condition compared to baseline 
OGTT 50 minutes from baseline p = 0.011  
OGTT 110 minutes from baseline p = 0.001  
Significant differences at 10 and 20 minutes between control 
and experimental conditions p < 0.05 
 
5 hz compared to baseline 
OGTT 10 min from baseline during NMES -13%; p = 0.010 
OGTT 20 min from baseline during NMES -18%; p = 0.041  
10 HZ compared to baseline 
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OGTT at 10 minutes and 20 minutes from baseline during 
NMES: non significant 
50 HZ compared to baseline 
OGTT at 10 minutes and 20 minutes from baseline during 
NMES: non significant 

Jabbour et 
al. 2015 

NMES=8 
Control: 
within 
subjects  

Men/women 
T2DM  
39-65 yrs 

One session low intensity 
NMES  

control condition: 
received sham 
NMES, 
electrodes 
applied intensity 
unspecified 

60 Max 
tolerable 

GT: ⇑ OGTT 
postprandial glucose levels with NMES lower at 60 minutes P< 
0.01 and at 120 minutes P<0.01 
These P values at 60 and 120 minutes apply compared to both 
baseline and compared to control condition 
 
Significant (P<0.01) positive correlation (r=0.9) was found 
between NMES intensity and the change in blood glucose 
between 0 and 60 minutes. 

Joubert et 
al. 2015 

NMES=18 
Control: 
within 
subjects  

Men/women 
T2DM with low 
energy 
expenditure 

One NMES session and 
separately a week of daily 
NMES training. 

NA undefined undefined GT: ⇑ Euglycemic hyperinsulinemic clamp 
Insulin sensitivity (M value) increased by 9.3 ± 38.2 % (not 
significant) after 1 session and 24.9 ± 35.8 %, P=0.009 after 
one week, compared to the baseline . 

Hamada et 
al. 2004 

NMES=8 
Control: 
within 
subjects 

Men 
Healthy  
22.8-24 yrs 

One NMES Session no control 
condition 

20 Limited to 
80 mA 

GT: ⇑ Whole body glucose uptake measured during euglycemic 
clamp, significant increase during and after NMES. 
 
At 5 and 10 and 15 minutes during NMES compared to 
baseline P < 0.01 
20–50 min Post NMES: 2.6 +- 0.4 mg kg P< 0.01 
50–80 min Post NMES: 1.7 +- 0.3 mg kg P< 0.01 
80–110 min Post NMES: 1.2 +- 0.3 mg kg P< 0.01 

Hamada et 
al. 2003 

NMES=8  Men 
Healthy 
22.8-24 yrs 

One NMES Session no control 
condition 

20 Limited to 
80 mA 

GT:⇑ Euglycemic clamp 
Glucose Disposal Rate compared to baseline 
Baseline 7.2 +-0.4 
during EMS 9.7 =-0.9 significant (P<.001) 
post EMS 20-50 min: 10.1 +-0.6 (P<.001)  
Post EMS 50-80 min: 10.1 +-0.4 (P<.001)  
Post EMS 80-110 min: 11.4 +-0.8 (P<.001)  

Kimura et 
al. 2010 

NMES=14 
Control: 
within 
subjects 

Men  
Pre(4)- 
Obese(10) 
42.1-47.7 yrs  

One NMES Session after 
breakfast, same group 

Complete rest 
after identical 
breakfast, same 
group 

20 Max 
tolerable  

GT: ⇑ OGTT specifically AUC 
Decreased Glucose Area Under Curve 30,60, 90 and 120 
minutes post prandial P < 0.05 

Miyamoto 
et al. 2012 

NMES=11 
Control: 
within 
subjects 

Men  
T2DM  
54.3- 59.7 yrs 

One NMES session starting 
30 minutes after breakfast 

Complete rest 
after identical 
breakfast 

30 Max 
tolerable 

GT: ⇑ Glucose levels (OGTT) after NMES significantly lower 
postprandial. Compared to control:  
60 minutes: p < 0.01 NMES:10.5 control 12: 
90 minutes: p < 0.05 NMES:10 control:11.5  
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120 minutes: p < 0.05 NMES:9.5 control:11 

Miyamoto 
et al. 2018 

NMES=14 
Control 
same n=14 

Men  
T2DM  
60.2-66.2 yrs 

5x/week, 8 weeks  session one 
complete rest 
functioned as the 
control condition 

40 Max 
tolerable  

FPG: ⇓ 
GC: no 
change 

Fasting plasma glucose decreased P < 0.05 
HbA1c: No significant changes p ≥ 0.05 

Poole et al. 
2005 

NMES=5  Men/women 
T2DM  
21-55 yrs  

1x/day, 12 weeks No Control, 
 

240 40 mA GC: no 
change 
GT: ⇑ 

HbA1c: No change 
Baseline: 6.5 % +- 0.6, post intervention 6.5 % +- 0.6 
 
AUC: improved (p=0.016) 
Baseline 1634 mmol +- 305 , Post intervention: 1754 mmol +-
336 

Rubinowic
z-Zasada 
et al. 2021 

NMES=15 N=15 immobile 
hemiplegia 
caused by an 
ischemic stroke 
T2DM on insulin 
therapy 

5x/week, 12 weeks  no control group 60  Eliciting 
incomplete, 
tetanic 
contraction
s of the 
muscles 

GC: :⇑ HbA1C: decreased 
Baseline 7.6% ± 1.28 , Post intervention: 7.2% ± 1.46  
P=0.0033 

Sharma et 
al. 2010 

NMES=10 
Control 
n=10 

Men/women 
T2DM  
55> yrs  

3x/week, 2 weeks Electrical 
stimulation of 
quadriceps 
muscle, intensity 
up to sensory 
level, mild 
pricking 
sensation, no 
muscle 
contraction. 

40 Max 
tolerable 

GT:⇑ Blood glucose levels of intervention group decreased 
significantly after first and sixth session:  
t = 8.27, P = 0.000 
Baseline: 197.30 ± 47.027 → Post intervention: 176.88 ± 43.74  
t=5.026, P=0.001 
Baseline: 169.67 ± 23.94  → Post intervention: 148.11 ± 18.53  
 
No significant difference between the post treatment scores 
after the 1st session between control 196.20 ± 52.47 mg/dL 
and experimental group 176.88 ± 43.74 mg/dL 
 
significant difference between the post treatment scores of the 
control 207.22 ± 58.16 and experimental group 148.10 ± 18.53 
mg/dL after the 6th treatment 39.92%, P < 0.05  

Table 1. Results of included literature 
 
Terms:  
GT: Glucose Tolerance, GC: Glucose Control, FPG Fasting Plasma Glucose IGT: Impaired Glucose Tolerance 

BG: Blood Glucose, Postprandial: After a meal , HbA1c: glycated Hemoglobin measure for average glucose over the last 8 to 12 weeks , GDR: Glucose Disposal 
Rate, NA: Not Applicable
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Fasting Plasma Glucose 
Two out of three studies observed that fasting plasma glucose improved after 8 weeks of 
NMES Giggins et al. (2017), Miyamoto et al. (2018). Although the GT measurement in the 
study of Galvan et al. (2022) did show a significant decrease, the FPG didn’t decreased 
significantly in this study. 
 
Glucose control  
Crowe et al. (2012) and Rubinowicz-Zasada et al. (2021) reported that HbA1c lowered in 
diabetics after 8 and 12 weeks of almost daily 40 to 60 minute NMES sessions. Mean HbA1c 
improved from 7.4% to 6.6% (p=0.01) in the study of Crowe et al. (2012) and from 7.6% to 
7.2% at 12 weeks (P=0.0033) in the study of Rubinowicz-Zasada et al. (2021). 
 
Although two out of five studies showed significantly improved HbA1c levels, three did not. 
Interestingly, the three studies (Poole et al, 2005; Miyamoto et al, 2018 and Giggins et al, 
2017) that did not find a significant improvement of the GC, did all show a significant 
improvement on FPG or GT. 
 
Glucose tolerance 
Most of the currently included studies focused on Glucose Tolerance outcomes measured 
through OGTT and AUC. Ten of the eleven studies focused on Glucose Tolerance found 
significant positive results of NMES, and the eleventh found a positive trend of NMES at 
P=.07 (Galvan et al. 2019). This means that NMES improved Glucose Tolerance on a short 
term level, measured in hours. 
 
one NMES session 
Five studies looked at the effects of one single NMES session on Glucose Tolerance and all 
showed significant improvements. Kimura et al. (2010) and Miyamoto et al. (2012) found 
significantly improved postprandial glucose levels after one NMES session in comparison to 
resting conditions.  
Hamada et al. (2003) and Hamada et al. (2004) showed that Glucose Disposal Rates were 
significantly improved with NMES indicating that Glucose Tolerance in healthy subjects will 
improve as well as a result of NMES treatment.  
Jabbour et al. (2015) reported a significant (P<0.01) positive correlation (r=0.9) between 
NMES intensity and glucose levels at 60 minutes indicating that higher intensity of NMES 
lead to lower glucose levels. Sharma et al. (2010), Galvan et al. (2019), Galvan et al (2022) 
and Jabbour et al (2015) also show that higher intensity levels results in greater 
improvement in GT in comparison to applied NMES at lower intensity. 
 
One to twelve weeks of NMES sessions 
Both Joubert et al. (2015) and Sharma et al. (2010) reported a significant improvement in 
glucose tolerance after, respectively one and two weeks, while there wasn’t a significant 
improvement after the first session. This indicates that the application of NMES could further 
improve the GT on the long term. 
Three studies looked at a four week period. Two showed significant improvements and one 
showed a trend for improvement (p=0.07), where the control group showed no improvement 
(p=0.76) (Galvan et al. 2019). Galvan et al. (2022) found improved AUC numbers (p= 
0.0014) compared to the control group which was treated with NMES on a low intensity 
level. Guzman-Gonzalez et al. (2019) reported that OGTT levels improved significantly but 
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only in the 5 hz condition not in the 10 and 50 hz condition. Poole et al. (2005) measured the 
effects of NMES over 12 weeks and reported a significant improvement in (AUC) (p=0.016).  

Discussion 
Based on the results of this literature review, it seems NMES may be helpful in the 
management of diabetes by improving mainly fasting plasma glucose levels and Glucose 
Tolerance. Results are mixed on the effects of NMES on more long term Glucose Control.  
 
Overall NMES seems to improve glucose tolerance in the short term and that hypoglycemic 
effect starts immediately with the application of NMES and improves over time. Furthermore, 
it would be helpful to determine more specifically what parameters are affecting the results in 
detail, it can be suggested that a high intensity of NMES seems to cause a greater 
improvement in comparison to lower intensity levels of NMES. The studies with different 
levels of intensity (Galvan et al, 2022; Joubert et al, 2015; Galvan et al, 2019; Jabbour et al, 
2015 and Sharma et al, 2010) all show greater improvements with the higher intensity levels. 
The study by Poole et al. (2005) also suggests that intensity may have a strong influence on 
the hypoglycemic effect of NMES seen as they administered 240 minute NMES sessions 
that did not lower HbA1c levels. Poole et al. suspect that the stimulation current was too low 
to create benefits. The population only tolerated 40mA which equalled 10% of the maximum 
voluntary contraction. 
 
Hamada et al (2003) propose that NMES tends to activate fast twitch fibres first due to the 
fact that large motor neurons are targeted. This is probably caused by the large nerve axons 
that show low input resistance to an externally applied electric current (Hamada et al. 2003). 
Hamada et al. (2003) suggest that their findings, which included lactate measurements, 
show that NMES leads to greater carbohydrate utilisation compared to voluntary cycling 
which explains the improved Glucose Disposal Rates. 
Miyamoto et al (2012) argue that results showing improved postprandial glucose excursions 
after NMES may be partly explained by the observation that NMES tends to selectively 
recruit fast glycolytic fibres, which would then increase the utilisation of muscle glycogen 
which would be resynthesized during and after NMES and that that would lead to an 
improved postprandial glucose excursion. 
 
Glucose control as measured through HbA1c levels, showed a significant improvement in 
two out of five studies (Crowe et al. 2012, Rubinowicz-Zasada et al. 2021). The frequency 
and duration of the studies were similar so it may be that the current intensity of the 
stimulation may be affecting results in Glucose control. Besides the intensity, the physical 
condition of the population might be an important parameter, as both Crowe et al (2012) and 
Rubinowicz-Zasada et al. (2021) apply the NMES in a passive manner. 
More research is needed to assess if NMES is able to improve Glucose Control (HbA1c 
levels) and if so, how exactly. If NMES is effective in improving Glucose Tolerance, which 
the results are indicating, then it would be expected that the improved short term Glucose 
Tolerance would improve Glucose Control which is a more long term 8 to 12 week average 
measure of Glucose levels. More fully powered studies are indicated to determine if NMES is 
helpful in improving Glucose Control in diabetics.  
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Furthermore, there is an indication (Guzman- Gonzalez et al. 2019) that hertz levels may 
influence the results, seen as the 5 hertz condition improved postprandial glucose levels and 
the 10 and 50 hertz conditions did not.  
 
The current literature review is limited due to the great heterogeneity of the included studies. 
The number and physical condition of participants widely vary and in some studies NMES 
was applied passively, without training and in others it was applied actively whilst exercising. 
This is likely to lead to different outcomes seen as exercising in itself lowers glucose levels 
as well. NMES is an application which is showing great potential in both the neurological 
(Stroke, MS, Paraplegia) and orthopaedic (ACL reconstruction, shoulder operations) 
settings, especially when suffering from physical constraints (Crowe et al, 2012). Diabetes 
and NMES has not yet received a lot of research focus.  
Seen as obesity and diabetes are rapidly becoming highly concerning with an alarming rate 
of 1 in 14 of diabetics in Holland (https://www.diabetesfonds.nl/over-diabetes/diabetes-in-
het-algemeen), the more options we have to manage and or prevent diabetes are helpful. 
Pragmatic interventions that can allow for greater training intensities, such as NMES, are 
likely to be helpful in managing diabetes patients in physiotherapy practice.  
 
The traditional goal of diabetes management, reducing hyperglycemia may need expanding. 
NGR as a treatment goal may well be valuable in the management of Diabetes. Future 
research directions will also focus on diagnosing Diabetes at an earlier prediabetic stage to 
decrease cardiovascular risks. Cutting edge research by Bergman et al. (2018) and 
Schwartz, Rachfal & Corky (2022) indicates that new cut off values at 1 hour post prandial 
are more indicative of both physiological damage associated with Diabetes and risk of 
progression to type 2 Diabetes. Prediabetes is relevant as Hostalek (2019) indicate that 25% 
of prediabetes people will develop Diabetes Type 2 in 3 to 5 years with a lifetime risk set as 
high as 70%. Diagnosing prediabetes offers the opportunity to halt the progression to 
Diabetes through exercise, NMES and diet interventions.  

Conclusion 
The results indicate clearly that Glucose Tolerance improves with the use of NMES. These 
results are achieved both in single NMES sessions, and over a number of weeks. Fasting 
plasma glucose levels seems to benefit from NMES sessions as well. Results regarding 
glucose control are currently too inconsistent to be conclusive. A higher intensity of 
electrotherapy seems to cause greater results in blood glucose levels on short and long 
term. More research is necessary to determine other important parameters of the application 
of NMES. 
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