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Abstract
Objective: To evaluate the effect of a multimodular therapy concept (endurance training, strength training, and diet) on 

proinsulin in patients with metabolic syndrome and non-insulin dependent diabetes.
Methods: Prospective cohort study (n = 22), pre- post-evaluation. Data evaluated: BMI, HbA1c, proinsulin, body fat, 

serum glucose. Observation period three months.
Results: Proinsulin showed a tendency to normal values (n.s.). When those patients who took metformin (n = 7) only, 

the effect was significant (P < 0.05). BMI, body fat and body weight decreased significantly (P < 0.001). HbA1c did not 
change significantly.

Conclusions: Although the effect of decrease of body mass may be partially camouflaged because there was an 
increase of muscle mass (heavier than fat), the concept has been proven to be an effective strategy to decrease several 
risk factors on metabolic syndrome. Further investigations are necessary to detect subgroups of patients who may have 
the optimal benefit and more data are necessary to establish an optimized structure of the training for the patients. Such 
studies should cover longer observation periods (6 months or more).
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Introduction
In 2005 the International Diabetes Federation has 

defined the metabolic syndrome (MS) as abdominal 
adipositas with a  waist circumference of 94 cm or 
more for European men or at least 80 cm for European 
women, in combination with at least two of the follow-
ing factors: triglycerides >150 mg/dl, HDL cholesterol 
<50 mg/dl in females or <40 ml/dl in males, increased 
blood pressure (>130/85 mmHg) and either increased 
fasting plasma glucose levels (>100 mg/dl), a  non-
insulin-dependent diabetes or a  previous of one of 
these disturbances. Normally several of these factors, 
everyone of which an independent cardiovascular risk 
factor, may be found at the same patient. But MS is 
more than a risk factor: it significantly decreases the 
quality of life of the patients [1].

About 5% of the German population suffers from 
diabetes (~90% type II diabetes) and it was estimated 
that in about a  third of them the disease was never 
diagnosed [2]. The annual increase of the prevalence 
of diabetes in Western Europe is 10% [3]. These 
patients have a  2- to 6-fold risk for coronary heart 
disease (CHD) compared to non-diabetic persons [4, 
5]. Statistically their risk is as high as those of patients 

with a  myocardial infarction in their history [5-7]. 
Recent data support these results (e.g. [8]). The other 
way around 30-67% of those patients who suffer from 
CHD (diagnosis by angiography) show an impaired 
glucose tolerance according to WHO criteria [5, 9, 10]. 

Table 1. WHO criteria for obesity [29]

WHO class BMI [kg/m2]
Underweight <18.5

Normal weight 18.5-24.9
Overweight 25-29.9

Obesity Grade I 30-34.9
             Grade II 35-39.9
             Grade III 40+

A  specific problem of MS and diabetes in gen-
eral is the peripheral insulin resistance (IR), which 
is defined as genetically determined reduction of the 
receptors of peripheral cells and structural changes of 
the remaining receptors. This causes a decrease of the 
activity of intracellular phosphatidylinositol-3-kinase 
and therefore a reduction of glucose carrier molecules 
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in fat and muscle cells. In endothelial cells this kinase 
causes a disorder of NO secretion and by this it in-
duces a peripheral vasoconstriction. Consequently, IR 
should be interpreted as an independent risk factor for 
vascular diseases [5, 11]. In early stages of the disease 
there is a compensatory increase of insulin secretion. 
But later there will be a dysfunction of the pancreatic 
beta cells. Then the catalytic capacity is limited and 
then an increase of proinsulin may be measured in 
the peripheral blood [3]. The portion of unprocessed 
proinsulin will increase more and more while the 
concentration of active insulin decreases [12]. 

Proinsulin will be disintegrated to proinsulin like 
molecules (PLMs) in the plasma by proteases [13, 14]. 
One of these PLMs is des-31,32-proinsulin. Increased 
plasma concentrations of this substance indicate 
functionally disintegrated beta cells, especially by 
chronically overstimulation of the insulin secretion. 
This may be the consequence of an insufficient therapy 
of a diabetic patient, but also when substances were 
administered which stimulate insulin secretion like 
sulfonylurea [15, 16].

Apart from genetic factors diabetes is mainly de-
termined by adipositas and inactivity. Consequently 
weight reduction and activity (aerobic training) should 
be integral parts of any therapeutic concept [1, 2, 
17]. This increases norepinephrine, epinephrine, and 
glucagons levels as well as those of glucose carrier 
molecules (GLUT-4) – all of them resulting in an 
increase of glucose uptake of the muscle cells and an 
increase of glycogen production in these cells. This 
could be shown in several studies: HbA1c, insulin re-
sistance, body mass index (BMI), blood pressure, total 
cholesterol and LDL cholesterol, triglycerides were 
reduced as it was the 10 years risk for CHD [3]. Since 
it is difficult to measure insulin resistance directly e.g. 
by i.v. glucose tolerance or hyperglycaemic clamp test, 
the HOMA score may be the most often used system 
to detect (and to quantify) insulin resistance (fasting 
glucose x fasting insulin/22.5; values >2.0 indicate in-
sulin resistance) [18]. But there is a disadvantage since 
the results are only reliable when no intact proinsulin 
was released to the plasma, which needs intact beta 
cells. A newer procedure is the direct measurement 
of proinsulin. In the IRIS-II study this was proven 
to have a specificity of 93% and a sensitivity of 47% 
compared to HOMA score [19, 20]. Others reported 
a specificity up to 100% and a sensitivity up to 53% 
(survey in [19]).

The study presented here was aimed to check 
changes of proinsulin levels in patients with MS with 
non-insulin dependent diabetes who performed an 
individual dietary and sports therapeutic programme. 
In contrast to others the program investigated here 
includes a  significant amount of strength training, 
because it was assumed that this increases muscle 

mass and therefore the total mass of metabolically 
highly active tissue. The hypothesis of such training is 
that this metabolism supports the other factors of the 
therapeutic concept which cause weight loss. Studies 
have proven that any sport which includes strength 
training is of benefit also for patients or old persons 
and adverse reactions are minimal if the level of such 
training is carefully adjusted to the abilities of the 
individual (survey in [21]).

Methods
Participants

11 men and 11 women joined the study and per-
formed an individual sport therapeutic programme 
and dietary education for three months. Inclusion 
criteria were MS (BMI of at least 27 kg/m2) with non-
insulin dependent diabetes and an age of at least 18 
years. Exclusion criteria were any disease which would 
have excluded the patients from the training program, 
pregnancy, an age of less than 18 years and persons 
who were mentally unable to understand the study 
and to give an accurate written consent. 

Procedure
Blood samples for proinsulin, HbA1c, and plasma 

glucose were taken at the beginning and after three 
months. All samples were taken at the same daytime 
(6 p.m.) and the volunteers were advised not to eat or 
drink anything (except water) for four hours prior to 
the blood sampling. BMI and body fat were also taken 
at the beginning and at the end of the three months 
period, the latter by impedance technology (Body 
Fat Monitor BF 306, Omron Healthcare Europe B.V., 
Hoofddorp/Netherlands).

All participants got detailed training and infor-
mation in optimal nutrition and changes of lifestyle 
necessary to fight MS in standardized lectures at the 
beginning of the study. This and the coaching of the 
probands during the study was performed by a team 
consisting of a nutritionist, a diabetologist, a physi-
cian specialized in nutrition, and an educationalist. 
Together with the individuals the team analysed the 
nutrition of the participants in detail and an individual 
nutrition concept was then developed according to the 
recommendations of the German Society for Nutri-
tion. For this process the software of the society was 
used (“DGHE Ernährungssoftware DGE-PC profes-
sional Version 3.0”). All probands had to take care for 
detailed documentation of their nutrition, body weight 
and participation in the sports program. Previous pilot 
studies had shown that this procedure increases the 
compliance of the patients significantly.

The individualized sport program used group 
dynamics to get the feeling of pleasure since obese per-
sons are known to suffer from compunction because of 
their weight and that they are uninhibited in a group 
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Fig. 1. Shoulder fixator for back muscle training

Fig. 2. Rudder traction machine for back muscle training

Fig. 3. Latissimus dorsi trainer

Fig. 4. Pectoral muscle trainingFig. 5. Leg extensor system
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Fig. 6. Training System for the adductors and abductors of the hip

Fig. 7. Training system for the leg’s extensor and flexor muscles

of similar patients. Sports consisted of endurance and 
of strength training (2/3 to 1/3 of the time). Endur-
ance training was performed in steady state modus 
for 30 (-60) min. in 1 (-2) units and with a pause of 
30 min., when 2 units had to be done. The probands 
were allowed to choose between treadmills, spinning 
ergometers, or cross trainers to perform the training 
(all of them from Proxomed® Medizintechnik GmbH, 
Alzenau/Germany). The apparatuses used are com-
puter assisted and they automatically reduce workload 
if a proband exceeds his or hers individual threshold.

The workload was strictly within aerobic range at 
40 (-70)% of the individual maximal workload. This 

was tested by the IPN Test according to Lagerstrom et 
al. [22, 23]. This test evaluates the aerobic workload 
in W/kg body weight at the Mader threshold [24-27]. 
For higher accuracy the test does not follow the Hol-
lmann scheme of ergometry [25] since it increases the 
workload at the cycle ergometer for 25 Watts every 2 
minutes. All patients were tested in the presence of 
a  physician. Heart rate during training (HRT) was 
evaluated as follows: HRT = HRrest + [(220-age [yr])-
HRrest]*X with X = workload during training in % of 
maximum workload. To control workload during 
training by heart rate (HR) is generally accepted as safe 
and effective since decades and widely used in any kind 
of endurance sports, also with patients (e.g. [25, 28]).

Strength training was performed as extensive in-
terval strength endurance training (3x30 repetitions 
without load relieving and 1 min. pause between the 
three sets). For back muscle training the so-called 
“shoulder fixator” (Fig. 1), the rudder traction machine 
(Fig. 2), and Latissimus-dorsi-trainer (Fig. 3) were 
used. For pectoral muscle training the pectoral system 
as shown in Fig. 4 was used. Shoulder muscles were 
trained with dumb-bells: with the elbow flexed at 90° 
the arms had to be lifted laterally until the elbows were 
at the shoulder’s level. Arms were trained with biceps 
curls and triceps extension and the legs with the leg 
extensor (Fig. 5). The systems for the adductors and 
abductors of the hip and those for the leg’s flexors are 
shown in Fig. 6 and Fig. 7, respectively.

Training was not allowed before detailed informa-
tion was given about correct body position, how to 
move and to breathe. The probands were advised to 
avoid forced respiration during expulsion strictly. Any 
training was surveyed by trainers and a sport physi-
cian. Every six weeks the loads of the strength training 
was regularly adjusted to the actual training status to 
keep the load at 40-60% of he maximum force as it was 
done for the endurance training.

Statistical analysis
Because some data did not follow normal distri-

bution non-parametric tests were used for statistics 
(Wilcoxon-signed-rank-Test). P < 0.05 was defined as 
significant. The ethical commission of the University 
of Salzburg fully agreed with the study design. 

Results
Primary outcome measures concerned proinsulin, 

secondary ones were HbA1c, plasma glucose concen-
tration, and BMI.

Before the training was started, mean proinsulin 
levels were 22.88 pmol/l (+/-18.58; median: 16.1; 
range: 7.2 – 67.1). Three months later the respective 
values were 20.45 pmol/l (+/-22.12; median: 10.9; 
range 3.4 – 86.2). Caused by the large statistical spread 
of the data the difference showed a trend towards lower 
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proinsulin levels, but the difference of -2.43 pmol/l was 
not significant (P = 0.12). A detailed analysis of the 
data was performed to get more information about the 
statistical spread and the occurrence of non-respond-
ers. While most volunteers (n=16) showed a more or 
less pronounced decrease of proinsulin a minority of 6 
persons showed an increase (Fig 8). This increase was 
independent from the other factors investigated and 
it is unlikely that these probands did not follow the 
training plan or dietary restrictions since BMI (weight 
loss), HbA1c, and plasma glucose were according to 
the results of the rest of the collective.

When the proinsulin data were analysed after 
grouping them according to drug intake (11 persons 
without medication, 7 persons with metformin; 4 
persons where drug intake was unclear or had been 
changed by the family physician during the study were 
excluded from this analysis) there was a tendency (P 
= 0.7) to lower values in the group without medica-
tion, but a significant reduction of proinsulin levels 
in the group which took metformin during the whole 
observation period (P = 0.02).

Mean HbA1c was 6.06% (+/-0.82; median 6.25; 
range 4.5 – 7.4) at the beginning and 5.91% (+/-4.2; 

Fig. 11. Individual changes of body fat [%] (1: values before, 2: values after 
the three months of training period)

Fig. 8. Individual changes of proinsulin concentrations (values before and 
after the three months training period; whole study group P=0,12)

Fig. 9. Individual changes of HbA1c (1: values before, 2: values after the 
three months training period)

Fig. 10. Individual changes of BMI (1: values before, 2: values after the three 
months of training period)

median 5.85; range 4.2 – 7.6) at the end of the study 
(Fig 9). The difference of -0.15% is not significant. 
When the probands are grouped as described above 
the difference is not significant in those who do not 
take metformin (P = 0.69), but marginal significant in 
the metformin group (P = 0.05).

Body weight decreased from 104.6kg (+/-23.6) to 
99.6 kg (+/-22.7) (P < 0.001). With a mean of 5 kg the 
decrease was slightly more pronounced in women 
than in men (4 kg, n.s.). BMI was reduced significantly 
during the study (-2.1 kg/m2; P < 0.001, Fig 10). While 
it was 37.75 (mean) at the beginning of the study 
(+/-6.22; median 38.0; range 26.8 – 49.1) it was 35.65 
(mean) at the end (+/-5.89; median 37.4; range 24.5 – 
45.2). Except of two persons who showed a constant 
body weight all probands showed a decrease of BMI, 
some of them for more than 3 kg/m2. Considering 
the WHO criteria for obesity [29] 6 persons reduced 
their obesity class for one class (one person reached 
normal weight). No person showed an increase in 
body mass. A comparison of the subgroups with or 
without metformin medication showed a significant 
reduction of BMI in both subgroups, although it is less 
pronounced in the metformin group (P = 0.001 and 
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P = 0.03). Body fat of the study group was 40.4% (+/-
5.84) at the beginning and 38.3% (+/-6.46; P < 0.001) 
at the end of the study (Fig 11).

Discussion
We investigated the effect of a  sport therapeutic 

program which combined aerobic endurance training, 
strength training, and dietary education on proinsulin 
levels, BMI, and HbA1c. While there was a remarkable 
reduction in body weight or BMI during the relatively 
short observation period of only three months, proin-
sulin levels showed a tendency to lover concentrations 
only, as it was also found for HbA1c.

First of all the study has proven, that the sport 
therapeutic programme which combines sport, dietary 
training and individual coaching, is effective since all 
probands showed a significant reduction of their body 
weight. According to the WHO classification of obesity 
[29] 6 persons reduced their risk class by one and one 
person showed normal BMI at the end of the study. There 
is general consensus that this reduces the risk for cardio-
circulatory diseases [8]. Although we did not measure 
abdominal circumference which represents abdominal 
fat as an independent risk factor for cardiocirculatory 
diseases as well as for several other diseases, there is 
no doubt that the remarkable weight reduction of our 
probands also included abdominal fat [1, 8, 17, 30-44].

Since muscular tissue is heavier than fat and the 
training programme aimed to increase the metabolic 
highly active muscle tissue the reduction of fat during 
the observation period is higher than the data of the 
body weight indicate. This is confirmed by the highly 
significant decrease of % body fat in all participants. 
Studies which include fat-free muscle mass as parameter 
are rare, which is surprising since muscles are metaboli-
cally highly active tissue [17]. Garrow et al. reported, 
that strength training did not induce a significant loss 
of body weight, but an increase of fat-free muscle mass 
[45]. Waddel et al. reported similar results for an ob-
servation period of 40 weeks [46]. In contrast to these 
studies all of our subjects showed booth, loss of total 
weight loss (respectively body mass) and an increase of 
muscle mass. But a direct comparison is difficult as the 
protocols were different. As reported by Liu strength 
training was safe since no participant complained any 
kind of muscular problems during the study period [21]. 

The main interest of our study was to get informa-
tion about changes of proinsulin and IR during the 
sport program. IR can be found in many individuals, 
especially when they are obese, without a  diabetes 
may be clinically diagnosed. These people are able to 
compensate the increased demand of insulin. Later, 
about 1/3 of these persons show an impaired func-
tion of the pancreatic beta cells and this is the onset of 
a clinically relevant diabetes [14]. Studies have shown 
that micro- and macrovascular damage may start 

at a very early stage of the disease [14, 47, 48]. This 
highlights the importance to fight IR as early and as 
consequently as possible.

Since traditional risk classifications of diabetic 
patients by HbA1c, serum glucose, lipids, BMI, and 
blood pressure consider symptoms only and the pre-
dictive value of such a procedure is limited because 
the primary dysfunction, IR or beta cell dysfunction, 
cannot be identified, procedures which enable a more 
detailed analysis could be of benefit for therapy [49]. 
Therefore Pfützner et al. suggest to differentiate 
patients who show insulin sensitivity and normal 
insulin secretion, but a dysfunction of the early stage 
of insulin secretion (“class I”) from others, who show 
an increasing IR but an increased insulin secretion of 
the beta cells (“class II”). In “class IIIa” the catalytic 
capacity is at its limits and the concentration of intact 
proinsulin increases. This leads to the final stage IIIb 
which is characterised by a total depletion of beta cell 
secretion. Patients at stages I and II should have the 
greatest benefit from any procedure which charges 
insulin secretion and decreases IR, e.g. by sport [3]. 
There is some evidence that females may have a higher 
benefit than males by activity or sports [50]. But this 
may be balanced by a gender-specific training with 
males at higher intensity and females at lower intensity 
but for a significantly longer duration of the respective 
training [50-54]. But such differences may be biased, 
because women are significantly less active in sports 
than men [55, 56] and individuals tend to overestimate 
their level of activity [57].

The training of muscles is of special interest to 
fight IR. With the increase of muscle mass there is an 
increase of basal metabolic rate [58]. Some studies 
showed that the combination of aerobic endurance 
and strength training ameliorate the metabolic situ-
ation and reduce the risk of complications which are 
associated with diabetes (survey in [59, 60]). A risk 
reduction for 20 to 70% to develop diabetes is pos-
sible, but the highest reduction was shown in all study 
groups when different training techniques were com-
bined with other procedures (dietary weight loss etc.) 
(survey in [61, 62]). 

In our study there was a significant effect of the 
decrease of proinsulin concentrations in patients who 
were also treated by metformin. This may be a con-
sequence of the limited size of the study group. But 
this may also be a consequence of the drug’s effect on 
the glucose metabolism. Since our patients were not 
at diabetes stage IIIb according to Pfützner as men-
tioned above, a  reduced enteral glucose resorption, 
an inhibition of the hepatic gluconeogenesis and an 
increase of the muscle’s glucose uptake – all of which 
induced by metformin – cause a minor activity of the 
beta cells while the catalytic activity is not at its limit. 
As a consequence there is less proinsulin in the serum. 
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Our study has some limitations. The effect of met-
formin was already discussed above. We compared 
persons with or without such a medication, but since 
the size of the subgroups is limited this should be 
interpreted as pilot study only. The limited duration 
may have reduced the effect of changes in HbA1c since 
this is directly correlated to the lifespan of erythrocytes 
which is approximately 90 days. Another problem 
was that there might be a bias by the selection of the 
patients. Since diabetic persons as well as their physi-
cians regularly underestimate the cardiac risk of such 
a patient [63] we had to take care for ethical reasons 
that the risk for our participants was minimal since this 
kind of training was not investigated before. With the 
data available now another study should be planned 
to evaluate whether there are specific diagnoses like 
cardiovascular diseases where the patients have more 
or less benefit of such training. Some hormones like 
adiponectin are of specific influence on the insulin 
sensitivity [64, 65]. Such tests and those of high sensi-
tive C-reactive protein (hsCRP) may be also included 
in further studies. Due to logistical problems it was 
not always possible to get blood samples for glucose 
and proinsulin before breakfast. This may have caused 
some of the variance of the data. Another factor is the 
interindividual variability of proinsulin. This problem 
may be solved by a  larger size of the study group. 
Based on the data of the study presented here, a study 
group to investigate the effect on proinsulin with 
a power of 80% should include 156 participants and 
to evaluate HbA1c 140 persons would be necessary. 
We provided a close cooperation of the participants 
and the personnel also concerning dietary topics. 
But for practical reasons we did not control any food 
intake. Since some food ingredients were discussed as 
being a determining factor of MS the aspects of nutri-
tion may be focused more in the next study. At least 
vitamin D uptake should be monitored since it this 
substance may be an important predictor of hsCRP, 
plasma glucose, and systemic inflammation – all of 
which are closely related to MS [66]. Our study cannot 
prove the long-term effect on our patients. Therefore 
a follow-up with re-evaluation after one and two years 
is necessary [67]. In contrast to others who did not 
get any effect after a period of 14 days, our training 
was an adequate stimulus, both the duration and the 
intensity [68]. However, it is not yet known which the 
optimal intensity of strength training for patients with 
MS might be and how often per week such training 
should be performed to gain the best possible effect.

However, although the effect of decrease of body 
mass may be partially camouflaged because there was 
an increase of muscle mass which is heavier than fat, 
the concept has been proven to be an effective strategy 
to decrease several risk factors on metabolic syndrome. 
Because there is some bias between dietary procedure 

and training we cannot define in detail which of both 
was the major effect. But since the primary goal of our 
pilot study was to investigate the combination of both, 
it was not intended to analyze both factors separately. 
Further investigations are necessary to detect subgroups 
of patients who may have the optimal benefit and more 
data are necessary to establish an optimized structure of 
the training for the patients. Such studies should cover 
longer observation periods (6 months or more) and 
should also have a follow-up study after about 1-3 years.
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