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AbsTrACT
Introduction Prevalence of type 2 diabetes (T2D) is 
increasing rapidly and lifestyle interventions to reverse 
diabetes are seen as a possible solution to stop this trend. 
New practice-based evidence is needed to gain more 
insight in the actual, and above all scientific, basis for 
these claims.
Methods This observational study with a pretest post-
test design aimed to pilot a 6-month multicomponent 
outpatient group-based nutrition and lifestyle intervention 
programme on glycaemic control and use of glucose 
lowering medication in motivated T2D patients with a body 
mass index (BMI) >25 kg/m2 in the Netherlands (February 
2015–March 2016).
results 74 T2D patients (56% female) aged 57.4±8.0 years 
with mean BMI 31.2±4.2 kg/m2 and mean waist 
circumference 105.4±10.2 cm were included in the study. 
Compared with baseline, mean HbA1c levels at 6 months 
were 5 mmol/mol lower (SD=10, p<0.001) and the number 
of participants with HbA1c levels ≤53 mmol/mol after 
intervention had increased (from 36% (n=26/72) to 60% 
(n=43/72)). At baseline, 90% of participants were taking at 
least one type of glucose lowering medication. At 6 months, 
49% (n=35/72) of the participants had reduced their 
medication or eliminated it completely (13%). Secondary 
outcomes were significantly lower fasting glucose levels 
(− 1.2±2.6 mmol/L), body weight (−4.9±5.1 kg), BMI 
(−1.70±1.69 kg/m2) and waist circumference (−9.4±5.0 cm). 
Plasma lipids remained unchanged except for a decrease in 
triglyceride levels. Furthermore, self-reported quality of life 
was significantly higher while experienced fatigue and sleep 
problems were significantly lower.
Conclusion This pilot study showed that a 6-month 
multicomponent group-based program in a routine care 
setting could improve glycaemic control and reduce the 
use of glucose lowering medication in motivated T2D 
diabetics. A fully scaled study is needed to confirm these 
results.

InTroduCTIon
The prevalence of type 2 diabetes (T2D) 
has seen an exponential rise during the last 

decades.1 It is probable that lifestyle-related 
factors are the dominant cause, together with 
the ageing of the population and a genetic 
predisposition.2 Among lifestyle factors, meta-
bolically unhealthy eating habits play a key 
role in the aetiology and progression of T2D.3 4 
Therefore, it would be logical to give nutri-
tion and lifestyle a prominent place in T2D 
prevention and treatment.5 T2D is potentially 
reversible, as reflected by normalised Hb1Ac 
levels and a reduction and/or elimination of 
T2D medication.6 The latter could also be 
called drug-free remission of T2D. Sustained 
remission of T2D comes with improved phys-
ical health and well-being of the patient, fewer 
comorbidities and a considerable reduction 
in medical costs. Interventions to reverse T2D 
so far were based on (1) bariatric surgery,7 8 
(2) very low-calorie diets9 10 or (3) nutritional 
ketosis.11–14 A major limitation of the latter 
two options is that they are based on data 
from studies with a number of shortcomings, 
for example, being relatively short in dura-
tion,12 15 performed in relatively small popu-
lations,10–13 not leading to long-term changes 
or reversal of T2D,16–20 and/or that long term 

What this paper adds

 ► While lifestyle interventions are seen as possible 
solutions to stop the increasing trend in type 2 dia-
betes, studies backing this up are rare.

 ► This pilot study of a 6-month lifestyle programme 
(n=74) showed that participants used less glu-
cose-lowering medication and Hb1Ac levels dropped 
significantly.

 ► ‘Reverse Diabetes2’ focusses on lifelong changes 
in nutrition (unprocessed food, no calorie counting), 
stress management and physical activity.
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adherence to these strategies is relatively low.9 18 21–23 
Moreover, none of these studies assessed T2D medication 
use as a primary outcome. General lifestyle intervention 
studies, including nutrition, physical activity and stress 
reduction, in T2D are even rarer. The studies that have 
been performed showed long-term improvements.24–26

Common arguments against lifestyle management 
as part of standard clinical practice includes that a lack 
of patient motivation hampers the sustainability of any 
potential results, that it would be impractical, and that 
effectiveness in primary care is not supported by evidence. 
Indeed, studies in primary care settings that show the effi-
cacy of lifestyle interventions are relatively scarce.27

The objective of this study was therefore to pilot a 
newly developed 6-month multicomponent programme 
providing intensive counselling on nutrition and life-
style, a digital coaching and education platform, physi-
cian-guided medication management and cooking 
classes. This programme is called ‘Reverse Diabetes2’ 
(In Dutch ‘Keer Diabetes2 Om’) and has been developed by 
the Foundation Nutrition Alive (In Dutch ‘Voeding Leeft’). 
The novelty of this programme lies in its multicompo-
nent character. This includes providing skills rather than 
just knowledge of nutrition and lifestyle, in its individual 
approach using biometric feedback, and its use of a 
group-based approach. In addition, the programme uses 
a dynamic ‘proof of practice’ approach28 and therefore 
is continuously updated as insights on T2D develop over 
time.29 The study hypothesis was that T2D patients would 
significantly reduce their Hb1Ac levels and use of glucose 
lowering medication in response to the 6-month multi-
component multidisciplinary programme.

MeThods
study population
Patients who completed the ‘Reverse Diabetes2’ 
programme (see below) between February 2015 and 
March 2016 were enrolled in this observational study. 
Informed consent was provided by both the patient and 
their general practitioner (GP). Patients were included 
using a stepped-wedge design with approximately 20 
patients per group starting each month per location (a 
so-called convenience sample). Inclusion criteria were 
diagnosis of T2D mellitus, age 18–75 years, body mass 
index (BMI) 25–41 kg/m2, ability to speak Dutch fluently 
and motivation to take part in a lifestyle intervention 
programme. Exclusion criteria were a diagnosis of type 1 
diabetes, use of an insulin pump, serious comorbidities, 
for example, a severe form of chronic obstructive pulmo-
nary disease (COPD) (Gold III or IV), bariatric surgery, 
eating disorders, heart failure (class 2–4), or kidney failure 
(estimatedglomerular filtration rate (eGFR)/modifica-
tion of diet in renal disease (MDRD), eGFR/MDRD <45 
unit). The study was approved by the Institutional Review 
Board of Healthcare partners Friesland. Medication 
use of participants was always managed by a healthcare 
professional (GP) in accordance with standard medical 

practice. The investigators had no influence on possible 
changes in glucose lowering medication.

Lifestyle intervention programme
The programme ‘Reverse Diabetes2’ is a 6-month life-
style intervention programme developed with the aim 
to help T2D patients regain control over their disease 
by improving lifestyle and nutrition. In this programme, 
people with T2D are supported and empowered by 
providing them with knowledge and skills to structur-
ally adapt their dietary habits and general lifestyle. This 
intervention programme distinguishes itself from regular 
healthcare for T2D patients in the Netherlands by its 
group-based setup, intensity of knowledge transfer, struc-
tural focus on stress reduction, a cooking class and inter-
net-based community building. Guidance is provided for 
a period of 6 months by a multidisciplinary support team, 
comprising a dietician, a personal coach and a nurse 
practitioner in collaboration with the patient’s GP. Part-
ners and family of the patients were also actively involved 
in the process as this has been shown to improve the 
effectiveness of lifestyle intervention programmes.30 The 
cause and underlying physiology of T2D was explained 
and specific attention was paid to aspects such as devel-
oping cooking skills, managing stress, mental obstacles 
and exercise routines. Above all, an important principle 
of the group programme was that participants as well as 
their partners were encouraged to support each other, 
and share their experiences, which has been shown 
to improve the effectiveness of lifestyle intervention 
programmes.30 To this end, social media like Facebook 
and WhatsApp were used to establish online communi-
ties. Participants also received instant biometric feed-
back, by routinely measuring their blood glucose levels 
after meals, via blood measurements performed by their 
own GP and by regularly measuring their waist circumfer-
ence.31 The core of the programme is nutritional advice, 
which is based on the evidence-based dietary guide-
lines from the Dutch Diabetic Federation for T2D32 and 
includes an increased consumption of fresh, unprocessed 
foods with high nutritional value and healthy natural fats, 
while being low on high glycaemic (rapidly absorbable) 
carbohydrates. Instead, consumption of low glycaemic 
index carbohydrates was encouraged. It is important to 
note that the diet was neither a calorie-restricted nor a 
high-fat diet. Practical guidance was tailored to the indi-
vidual’s preference, that is, each person was encouraged 
to find his/her own preferred dietary choices. To enhance 
participants’ compliance with the programme, they were 
asked for a financial contribution towards programme 
costs (€295 of which €100 was reimbursed when partici-
pants had completed all questionnaires and was waived if 
this contribution hindered highly motivated people with 
budgetary restraints from participating).

The programme started with a 2-day group training, 
always taking place in a quiet place in the country. After 1 
month, 3 months and 6 months, respectively, groups were 
invited for day-long follow-up meeting. Group members 
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were encouraged to keep in regular contact with each 
other and the support team using social media such as 
Facebook and WhatsApp.30

study design
A pretest posttest design was used to pilot the pilot 
programme ‘Reverse Diabetes2’. The analyses presented 
in this study included patients diagnosed with T2D, who 
completed the 6-month programme and completed 
both baseline and follow-up questionnaires on health, 
quality of life, T2D parameters (measured by a health-
care professional such as nurse practitioner or GP) and 
programme adherence. One week prior to the start of the 
programme and 1 week before the final meeting, partic-
ipants received an email with an invitation and link to 
complete an online questionnaire. The primary outcome 
measures of the study were Hb1Ac levels and the use 
of glucose lowering medication; secondary outcomes 
included other T2D biomarkers including self-reported 
blood lipid profile (fasting glucose, cholesterol), height, 
weight, waist circumference, programme adherence and 
appreciation, subjective health parameters and physical 
activity levels.

A power calculation based on the primary outcome 
Hb1Ac values, with a mean difference of 5 mmol/mol 
(matched pairs) and a SD of 11 mmol/mol (based on 
unpublished but self-collected data, 2014) with alpha 0.05 
and beta 0.95 (two-sided) showed that 46 participants 
were needed.

Primary outcome measures: glucose regulation (hbA1c) and 
glucose lowering medication use
HbA1c levels were measured by the participant’s GP or 
nurse practioner, and glucose lowering medication was 
prescribed according to the Dutch GPs guideline stan-
dards (Nederlands Huisartsen Genootschap [NHG]).33 
The participants reported this information to the inves-
tigators; there was no direct data-exchange between GPs 
and investigators. Medication use was assessed by asking 
the participants to report on the dose and frequency 
of their current glucose lowering medication. Glucose 
lowering medication use was classified as 0 (no medica-
tion), 1 (only Metformin), 2 (sulfonylureum [SU]-deri-
vate and Metformin) and 3 (insulin and SU-derivate and 
Metformin). Both parameters were assessed at baseline 
and 6 months.

secondary outcome measures
Secondary outcome measures included fasting blood 
glucose, cholesterol (high-densitylipoprotein [HDL], 
low-density lipoprotein [LDL], triglycerides), height, 
weight, waist circumference, programme adherence and 
appreciation, subjective health parameters and physical 
activity levels. Participants were asked to report the most 
recently measured values, by their GP or nurse practioner, 
according to the Dutch GPs guideline standards (NHG).33 
Perceived health and quality of life were assessed with a 
10-point Likert scale (eg, how do you rate your health/

quality over the past 14 days on a scale from 1 to 10?). 
The validated ‘Checklist Individual Strength (CIS)’ ques-
tionnaire34 to assess experienced fatigue during the past 2 
weeks on a 7-point scale (ranging from (not) to (very appli-
cable)). Sleep problems and physical activity (moderate 
and intense, over the past 14 days) were assessed with a 
5-point Likert scale (eg, have you experienced any sleep 
problems and/or have you performed moderate or 
intense physical activity?). Programme adherence and 
appreciation were assessed with a 5-point Likert scale per 
mealtime (breakfast, lunch, dinner, snacks and drinks) 
(ranging from (not) to (almost fully)). Programme appre-
ciation was assessed with a 10-point Likert scale. Further-
more, information on date of birth, sex, education level 
(highest achieved level classified as low/middle or higher 
education level) and family structure (married/cohab-
iting or single with or without children living at home) 
was collected at baseline.

statistical analyses
SPSS (V.23.0) was used for conducting the statistical anal-
yses. First, descriptive analyses were performed to describe 
the sociodemographic characteristics of the participants. 
Data were described as mean±SD, as they were normally 
distributed, or n (percentage). Next, paired sample t-tests 
were performed on change in each measured param-
eter (follow-up minus baseline). Furthermore, stratified 
analyses on HbA1c were performed on participants with 
HbA1c-values below (‘low starters’) or above 53 mmol/
mol at baseline (‘high starters’), as this HbA1c-value is 
seen as a target value for T2D patients.6 Results were inter-
preted as statistically significant when p<0.05 (two-sided). 
Missing data were treated according to the per-protocol 
approach.

resuLTs
subjects
Four groups each consisting of 15–20 patients (n=74) 
started the programme. One participant dropped-out 
after 3 months. 73 participants therefore completed 
the 6-month programme. Of these 73 participants, 72 
completed both baseline and follow-up questionnaires at 
6 months on at least HbA1c and medication data (97% of 
74 participants enrolled in the programme). Participants 
were aged 57.4±8.0 years (range 30–70 years) (table 1). 
The majority had a middle or higher education (76%). 
Due to missing or invalid answers, data on secondary 
outcomes at 6 months are presented for fewer partic-
ipants, varying from 34 to 65 (47%–90%) per outcome 
measure.

Primary outcome measures
HbA1c levels
Participants had significantly lower Hb1Ac levels 
(53.2±12.5 mmol/mol) at 6 months compared with base-
line (58.3±12.0 mmol/mol; p<0.001, table 2). At baseline, 
46 participants (64%) had HbA1c-values above 53 mmol/
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Table 1 Demographic characteristics of participants at 
baseline (n=72)

N Mean±SD or %

Age (years)* 69 57.4±8.0

Sex 

  Men 32 44%

  Women 40 56%

Education level* 

  Low 9 13%

  Middle 47 65%

  High 8 11%

  Missing 8 11%

Family structure* 

  Married/cohabiting 
without children (at 
home)

16 22%

  Married/cohabiting with 
children (at home)

24 33%

  Married/cohabiting with 
children outside home

16 22%

  Single/living alone 
without children (at 
home)

4 6%

  Single/living alone with 
children outside home

4 6%

  Single/living alone with 
children (at home)

3 4%

  Other 2 3%

  Missing 3 4%

*Data missing for age (n=3), education level (n=8) and family 
structure (n=3).

Table 2 Mean scores (SD) and change scores for HbA1c at baseline and at 6 months (n=72)

N Baseline 6 months (n=72) Mean difference P value

HbA1c mmol/mol 72 58.3 (12.0) 53.2 (12.5) −5.2 (10.1) <0.001

Subgroup analyses 

  HbA1c baseline ≥53 mmol/mol 46 64.1 (11.3) 56.0 (14.0) −8.1 (10.5) <0.001

  HbA1c baseline <53 mmol/mol 26 48.1 (2.3) 48.1 (7.1) 0.04 (7.1) 0.978

mol and at 6 months, 29 participants (40%) had a HbA1c-
value above 53 mmol/mol.

Stratified analyses with a HbA1c-value below (‘low 
starters’) or above 53 mmol/mol (‘high starters’) at 
baseline showed a greater reduction in HbA1c in the 
‘high starters’ than the ‘low starters’ after 6 months (see 
table 2 and online supplementary table 1). In the group 
of ‘high starters’ (n=46), HbA1c levels were 8 mmol/
mol lower compared with baseline (64.1±11.3 mmol/mol 
to 56.0±14.0, p<0.001), while no significant change was 
observed in the ‘low starters’ (n=26, 48.1±2.3 mmol/mol 
to 48.1±7.1, p=0.978).

Use of glucose lowering medication
At baseline, 65 of the 72 participants (90%) used glucose 
lowering medication (table 3 and figure 1). After 6 
months, 35 of the 72 participants (49%) used less 
glucose-lowering medication, of whom 9 participants 
(13%) ceased all glucose-lowering medication (table 3 
and online supplementary table 1). Seven participants 
(10%) who did not use medication at baseline still used 
no medication after 6 months.

secondary outcome measures
Effects on other T2D biomarkers and health parameters
Participants had significantly lower fasting glucose level at 
6 months (−1.2±2.6 mmol/L, p=0.001) (table 4). Further-
more, body weight was 4.9±5.1 kg lower (p<0.001), waist 
circumference was 9.4±5.0 cm less (p<0.001) and BMI was 
1.70±1.69 kg/m2 (p<0.001) lower at 6 months compared 
with baseline results. Although data on cholesterol-related 
values were available from only about half of the partici-
pants, the programme seemed to have had no effects on 
blood lipid profiles (table 4).

Effects on subjective health parameters and physical activity
Perceived self-reported health scores and quality of life 
were significantly higher compared with baseline (p=0.001 
and p=0.022, respectively) (table 4). Perceived fatigue 
(CIS-score) was significantly lower at 6 months (−6.3±18.0, 
p=0.016). At 6 months, participants felt less fatigued, had 
higher levels of concentration and were more motivated 
to be physically active. In addition, participants also expe-
rienced fewer sleeping problems at 6 months (p=0.002). 
Furthermore, results showed that physical exercise at 
a moderate level was significantly higher at 6 months 
(p=0.013), but no significant change in intensive physical 
activity was observed (p=0.459).

Program adherence and appreciation
Results at 6 months showed 91% of the participants almost 
or almost fully (Likert scale 4–5) adhered to the nutri-
tion guidelines for breakfast, 89% for lunch, 87% for the 
evening meal, 69% for snacks and 80% for drinks. Partici-
pants indicated that recommendations for breakfast, lunch 
and dinner were easy to follow. At the same time, partici-
pants reported more difficulties with skipping snacks, such 
as nuts and cheese in the afternoon and evening, and more 
difficulty avoiding certain drinks, such as a glass of wine at 
dinner or in the evening (results not shown). At 6 months, 
participants rated their appreciation of the programme 
with an average of 9.0±0.7 out of 10.

 on 14 M
ay 2019 by guest. P

rotected by copyright.
https://nutrition.bm

j.com
B

M
JN

P
H

: F
irst published as 10.1136/bm

jnph-2018-000012 on 14 M
ay 2019. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjnph-2018-000012
https://dx.doi.org/10.1136/bmjnph-2018-000012
https://nutrition.bmj.com


5Pot GK, et al. bmjnph 2019;0:1–8. doi:10.1136/bmjnph-2018-000012

BMJ Nutrition, Prevention & Health 

Table 3 Number (and row percentage) of participants per medication class at baseline and 6 months (n=72)

Medication class at 6 months

Medication class at baseline Baseline No medication Metformin
Metformin+SU-
derivate

Metformin +SU-
derivate+Insulin

No medication 7 (10%) 7 0 0 0

Metformin 13 (18%) 2 11 0 0

Metformin+SU-derivate 30 (42%) 5 17 7 1

Metformin+SU-derivate+Insulin 22 (31%) 2 8 1 11

Subtotal 72 (100%) 16 (22%) 36 (50%) 8 (11%) 12 (17%)

Figure 1 Percentage of participants who changed glucose-
lowering medication use from baseline to 6 months (n=72).

dIsCussIon
The results of this proof-of-practice pilot study show that 
this 6-month multicomponent group-based nutrition and 
lifestyle intervention programme led to improved glucose 
control reflected by lower Hb1Ac levels and a reduction 
of glucose lowering medication use in motivated T2D 
patients. In addition, participants reported improvements 
in perceived quality of life, sleeping quality and fatigue 
and they showed high appreciation of the programme 
after 6 months.

The most noticeable effect was the reduction of glucose 
lowering medication. Overall, in 49% of the participants 
using glucose lowering drugs, it was considered medically 
justified to downscale their glucose lowering medication 
or even stop all glucose lowering medication completely 
within the 6 months of the programme (11 patients were 
able to come off insulin). This is in line with two recent 
international papers on the reversal of T2D in obese 
patients, which also described that reduction of medica-
tion is achievable using intensive lifestyle and nutritional 
programmes. The DiRECT study35 as well as the Virta-
Health trial36 achieved a 46%–58% remission rate of T2D 
reflected by a reduction in HbA1c and reduction in medi-
cation use. The DiRECT study used a total, very low-calorie 
diet replacement and structured support for long-term 
weight loss management in 306 T2D patients.35 The 
VirtaHealth trial evaluated a novel care model providing 

continuous remote care with medication management 
based on biometric feedback combined with nutritional 
ketosis in 349 T2D patients.36 Both the DiRECT and Virta-
Health study followed participants for 1 year. A reduction 
in medication use can contribute to reduced healthcare 
costs. We are currently performing a health economics 
analysis to elaborate further on this.

In this study, we observed an average weight loss of 4.9 
kg at 6 months, a small but statistically significant weight 
reduction. The more ketogenic dietary approach of the 
VirtaHealth trial in T2D patients showed an average of 14 
kg weight reduction in 12 months.36 Other studies found 
no effect of low-carbohydrate diets after 12 months,19 
24 months18 and 64 months,20 respectively. Another life-
style intervention programme in a prediabetes setting, 
the SLIMMER intervention (Netherlands), recorded an 
average of 2.5 kg weight reduction after 18 months.37 
When comparing these studies, it is important to note 
that the participants included in this programme had a 
somewhat lower starting weight and BMI compared with 
previous studies; on average their starting weight was 93 
kg versus 85 kg–114 kg in previous studies18–20 36 37 and 
their BMI an average of 31 kg/m2 versus 29–41 kg/m2 in 
previous studies18–20 36 37. Our results on body weight and 
HbA1c are similar to recent findings on the reversal of 
T2D.14 24 Interventions based on intensive lifestyle change 
(eg, caloric restriction and exercise, energy restricted low 
carbohydrate, individual and group-based counselling as 
well as a ketogenic dietary approach and e-health/online 
monitoring) have generally shown a reduction in body 
weight between 3 and 14 kg within a period of 10–12 
months.14 24 Similarly, these lifestyle intervention studies 
reported a reduction of HbA1c of 5–15 mmol/mol. Our 
study showed a reduction of 5 mmol/mol in HbA1c 
levels at 6 months. Differences in baseline characteristics 
(weight at onset of the programme, BMI, HbA1c, etc) 
of the participants in these studies may explain overall 
effect-size differences.

In addition, this study suggests that perceived quality 
of life improved and that people felt more energetic and 
less fatigued. This is in contrast to a systematic review by 
Snorgaard et al who found no improvements in quality 
of life assessed in 2 out of the 10 included randomised 
controlled trial (RCTs) of their systematic review.38 It 
should be noted that not all participants completed the 
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Table 4 Secondary outcomes: mean scores and change scores for health parameters, experienced health, quality of life, 
fatigue and physical activity at baseline and at 6 months

N 

Baseline 6 months

Mean difference 
(comparing 6 
months with 
baseline)

Statistical 
significance

Mean (SD) Mean (SD) Mean (SD) P value

Fasting glucose (mmol/L) 57 8.9 (2.4) 7.7 (1.9) −1.2 (2.6) 0.001

Total cholesterol (mmol/L) 39 4.9 (1.2) 4.8 (1.3) −0.2 (0.7) 0.235

HDL (mmol/L) 41 1.2 (0.3) 1.2 (0.3) 0.1 (0.3) 0.106

LDL (mmol/L) 41 3.0 (1.1) 2.9 (1.2) −0.1 (0.8) 0.697

Total cholesterol/HDL ratio 34 4.3 (1.6) 4.0 (1.7) −0.3 (1.4) 0.201

Triglycerides (mmol/L) 38 1.9 (0.9) 1.5 (0.7) −0.4 (1.0) 0.016

Body weight (kg) 65 93.2 (14.3) 88.3 (14.9) −4.9 (5.1) <0.001

BMI (kg/m2) 63 31.2 (4.2) 29.5 (4.5) −1.70 (1.69) <0.001

Waist circumference (cm) 43 105.4 (10.2) 96.1 (9.6) −9.4 (5.0) <0.001

Health 53 6.7 (1.5) 7.6 (1.5) 0.9 (1.8) 0.001

Quality of life 53 7.0 (1.5) 7.5 (1.6) 0.5 (1.6) 0.022

Fatigue (CIS-score) 51 58.7 (21.5) 52.4 (21.1) −6.3 (18.0) 0.016

Sleep (bad sleep) 54 3.1 (2.0) 2.5 (1.7) −0.7 (1.5) 0.002

Moderate physical activity 54 3.6 (1.2) 4.0 (1.1) 0.4 (1.3) 0.013

Intensive physical activity 54 1.9 (1.3) 2.1 (1.4) 0.2 (1.5) 0.459

BMI, body mass index; CIS, Checklist Individual Strength.

questions on perceived quality of life and it may therefore 
be possible that different results would be found for those 
who have not completed the questionnaires. However, 
when comparing participant characteristics of those who 
have completed the questionnaires with the baseline data 
from the non-completers, we observed no or small differ-
ences in age, gender, education and medication use.

We acknowledge that caution should be taken when 
interpreting the results of this pilot study. First, this pilot 
study did not include a control group and had a relatively 
small sample size. We are currently scaling up this inter-
vention programme and we will also compare the results 
with data from patients receiving standard medical care 
(using a quasi-experimental design). Another limita-
tion is that participants of the programme joined the 
programme on their own initiative, which will inevitably 
cause selection bias in relation to their compliance and 
motivation to complete. In addition, participants were 
asked for financial contribution towards the costs of the 
intervention to stimulate intrinsic motivation, which may 
have led to a selection bias in towards people with greater 
financial means. However, if the financial contribution 
meant people were not able to participate, it was waived 
which in practice rarely occurred.

Data in this study are based on online questionnaires 
with self-reported answers, which may elicit socially desir-
able answers. However, questionnaires were completed 
anonymously and participants were instructed that there 
are no right or wrong answers. Moreover, validated ques-
tionnaires were used where possible (eg, CIS). A limitation 

of questionnaire-based studies can be the relatively low 
retention rates, especially in longer term studies, however, 
the attrition rate in this pilot study at 6 months was similar 
to other intervention studies.18 35 Finally, it should also 
be noted that medication use of participants was always 
managed by a healthcare professional (GP) and in accor-
dance with standard medical practice. The investigators 
had no influence on possible changes in medication use.

The Voeding Leeft programme benefits from its prac-
tice-based and dynamic approach. At the same time, 
the proof of practice design of this study introduces 
constraints on accurate and optimal data-collection. It 
is advisable that future studies with higher numbers of 
participants pay specific attention to this issue. Consid-
ering the increasing attention for the use of lifestyle 
interventions as medicine and to ensure optimal data 
collection within a primary setting, the development of 
a dedicated infrastructure for data-collection and analysis 
would be desirable.

The primary outcomes of this evaluation study of 
the Voeding Leeft programme included medical and 
biochemical parameters, that is, Hb1Ac levels and medi-
cation use, and subjective health parameters such as 
quality of life. This pilot study and other studies have 
shown that it is possible to improve glucose control with a 
lifestyle intervention. However, sustainable adherence to 
a lifestyle change is crucial for its long-term success. This 
pilot study showed high appreciation of the programme 
and high adherence to the nutritional guidelines after 
6 months. The present programme benefits from its 
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multicomponent character, including the group-based 
approach as well as individual instant feedback, and 
addressing health literacy as well as health skills (eg, 
cooking classes). It would be interesting to follow partici-
pants after completing the 6-month intervention to gain 
insight in long-term effectiveness.

In conclusion, this pilot study indicates that this 
6-month multicomponent programme led to improved 
glucose control and a reduction of glucose lowering 
medication use in motivated T2D patients. It provides a 
step in the direction of more practice-based evidence but 
a fully scaled study is needed to confirm these results.
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