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ABSTRACT
Objective  Type 2 diabetes is one of the main causes 
of kidney damage. Recent intervention studies suggest 
that the progression of type 2 diabetes can be halted, or 
even brought into remission by lifestyle interventions. In 
a pragmatic trial, the Reverse Diabetes2 Now programme 
(RD2N, NL: Keer Diabetes2 Om), a multicomponent lifestyle 
intervention, reduced the need for bloodglucose lowering 
medications up to 24 months.
Research design and methods  Here, we retrospectively 
investigate the effect of RD2N on markers of kidney 
function in patients selected for impaired kidney function 
at baseline (eGFR <70 mL/min/1.73 m2 (n=45). Baseline 
data were retrieved from the intervention database and 
follow-up data on renal markers were collected from 
routine medical records. Wilcoxon non-parametric tests 
were used to assess changes over 6 and 12 months.
Results  After 6 months median eGFR increased 
significantly from 62.0 (IQR 55.5–65.0) to 69.0 (IQR 
55.0–76.5) mL/min/1.73 m2 (p=0.002). Median albumin/
creatinine ratio (n=26) remained within the normal range 
(<3 mg/mmol). The effect on eGFR was similar after 
exclusion of patients in whom medication was changed 
(median eGFR 62.0 ((IQR 59.5–66.0) to 69.0 (IQR 60.0–
77.0) mL/min/1.73 m2, p=0.006, n=29), suggesting that 
the effect on eGFR is not related to medication changes. 
At 12 months, eGFR was not significantly changed (n=22, 
median eGFR 63.5 mL/min/1.73 m2 (IQR 58.5–71.0), 
p=0.067).
Conclusions  The retrospective nature of this study and 
the despite guidelines limited availability of renal markers 
in routine type 2 diabetes care are limiting. Nevertheless, 
these data support a favourable effect of RD2N on renal 
function. Further research, with proper documentation of 
renal function, urinary protein excretion and dietary intake, 
is needed to substantiate these results, ideally in a large-
scale prospective cohort study.

INTRODUCTION
Lifestyle is a main driving factor in the devel-
opment and progression of type 2 diabetes 
and its complications.1 Unfortunately, life-
style interventions are considered notoriously 
difficult, in particular regarding sustained 
efficacy.2 Yet, intervention studies suggest 
lifestyle intervention might cause remission 

of type 2 diabetes.3–10 Two recent pragmatic 
trials indicate that the multicomponent 
lifestyle programme Reverse Diabetes2 
Now (Keer Diabetes2 Om), developed in 
the Netherlands, leads to sustained real-
life benefits particularly in terms of better 
glycaemic control with less medication use, 
reduced body weight and better quality of 
life (QoL) in type 2 diabetes patients up to 
24 months.11 12 Details on the programme 
have been described elsewhere.11 Briefly, 
Reverse Diabetes2 Now aims at improving 
diet quality (restricted carb Mediterranean 
diet, rcMD), and improving physical activity, 
relaxation and sleep. The programme has an 
intervention phase of 6 months, followed by 
an aftercare phase of 18 months. Participants 
are guided in groups of approximately 20 by 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ It is a long held belief that chronic kidney disease 
(CKD), once established, is irreversible.

	⇒ Emerging evidence suggests lifestyle intervention 
might be able to (partially) reverse CKD.

	⇒ This study retrospectively investigated the effect 
of a multicomponent, intensive lifestyle interven-
tion (Reverse Diabetes2 Now) on markers of kidney 
function.

WHAT THIS STUDY ADDS
	⇒ Type 2 diabetes patients with impaired eGFR at 
baseline (<70 m/min/1.73 m2) who participated in 
an intensive lifestyle intervention had a significant 
increase in eGFR after 6 months.

	⇒ Results suggest the increase in eGFR is not due to 
hyperfiltration or changes in medication use during 
the study period.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Lifestyle factors might be a more important deter-
minant for kidney function than originally thought.

	⇒ A larger, prospective study including a control or 
comparison group is warranted to verify our results.
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a nurse, coach and dietitian. Multiple healthcare insurers 
reimburse participation. Medication use could be 
adjusted per protocol by the patient’s own general prac-
titioner (GP) or nurse practitioner (NP) as appropriate.

Type 2 diabetes is a main cause of chronic kidney 
disease (CKD) worldwide.13 Based on the beneficial effect 
of Reverse Diabetes2 Now, it can be hypothesised that the 
intervention might also be associated with amelioration of 
renal end organ damage, but assessment of renal effects 
was not part of the original study. Therefore, here, we 
retrospectively investigate the effect of Reverse Diabetes2 
Now on kidney function in type 2 diabetes patients with 
impaired baseline eGFR measured as CKD-Epidemiology 
Collaboration (EPI) as reported.

Research design and methods
All Reverse Diabetes2 Now participants (2015 until march 
2020) were screened for eligibility, based on availability 
of eGFR at baseline and completion of the programme 
(see figure  1 for flow chart). Type 2 diabetes patients 
with eGFR <45 mL/min/1.73 m2 could not participate 
in Reverse Diabetes2 Now, because of medical safety 
concerns, unless the medical team decided otherwise. A 
total of 641 participants were eligible.

Considering the biphasic course of kidney function 
in early renal impairment in type 2 diabetes, and the 
difficult interpretation of eGFR in the higher range in 
this population, we aimed to include only participants 
with established renal function involvement, apparent 
from suboptimal eGFR (<90) at baseline. Based on a 
two-sided α=5%, β=20% ca. Fifty-six participants would 
have to be included to detect a difference in eGFR of 5 
mL/min/1.73 m2 with an SD of 13 mL/min/1.73 m2. 
Assuming that approximately 20% of all eligible partici-
pants would be available for the study, we decided on an 
eGFR cut-off of 70 mL/min/1.73 m2, which made for 277 
eligible participants. The more commonly used cut-off 
of eGFR <60 mL/min/1.73 m2, corresponding to stage 
III CKD, was not feasible in this primary care population, 

with only a very small minority of patients with eGFR <60 
mL/min/1.73 m2. All 277 patients were invited to partici-
pate. One hundred and eight patients were willing to and 
signed informed consent.

Data on demographics, baseline eGFR, body weight, 
body mass index (BMI), baseline medication use and 
HbA1c were available from the intervention database. 
As the original study design did not include follow-up 
assessment of kidney parameters (eGFR and albumin/
creatinine ratio), blood pressure and complete use medi-
cations (apart from the use of blood glucose lowering 
medications), data had to be retrieved from routine 
assessment from the patient’s medical record. The 
researchers contacted the GP, or NP of the participants. 
Not all general or NPs could be contacted, and in many 
of the routine medical records the requested data on 
eGFR and albumin/creatinine ratio were not available. 
Eventually, follow-up data could be retrieved from 60 
individuals. In 15 individuals, however, there were incon-
sistencies in eGFR reporting, that is, use of MDRD at one 
point and CKD-EPI at the next (eg, at baseline assessment 
with MDRD and follow-up with CKD-EPI). These cases 
were excluded so that this could not affect the results. 
Most eGFR estimations in this study were based on the 
CKD Epidemiology Collaboration (CKD-EPI) formula14 
(n=30). In 2 individuals eGFR was consistently assessed 
with MDRD and in 13 individuals it was uncertain whether 
CKD-EPI or MDRD was used at each time point. Ulti-
mately, data of 45 participants was available for analysis 
with a variable amount of data per parameter.

Outcomes were checked for normality with the Shapiro 
Wilk test and visual inspection of QQ-plots. A paired 
t-test was carried out for normally distributed variables 
and a Wilcoxon non-parametric test for skewed vari-
ables. Normally distributed variables were presented as 
mean±SD and skewed variables as median (IQR). The 
difference between variables at different time points 
was calculated by looking at individual delta’s and 

Figure 1  Flow chart of inclusion process.
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subsequently calculating the mean if these delta’s were 
normally distributed or the median if not. A sensitivity 
analysis was performed excluding all individuals (n=11) 
in whom medication for blood pressure and/or kidney 
function had been changed between baseline and 6 
months and individuals for which insufficient data was 
available (n=5). The following types of medication were 
considered for this analysis: ACE-inhibitors, angioten-
sin-II blockers, calcium antagonists, beta blockers and 
diuretics (thiazides or potassium sparing). A two-sided 
p<0.05 was interpreted as statistically significant. Due to 
missing data, statistical analysis was only feasible for a 
subgroup at T6.

RESULTS
Description of the study population at baseline
The study population consisted of 45 participants. 
Slightly more men than women were included. The 
median age was 68 years (table 1). All participants were 

overweight (>25 kg/m2) or obese (>30 kg/m2), since this 
was an inclusion criterium for Reverse Diabetes2 Now. 
On average participants had the type 2 diabetes diagnosis 
for 11.7±6.6 years. All participants used blood glucose 
lowering medications at baseline as this was an inclusion 
criterion for participation in Reverse Diabetes2 Now as 
well. 73.3% (33/45) of the participants also used one or 
more antihypertensives. Medication use remained stable 
(including stable no use of medication) from baseline up 
until 6 months in 64.4% (29/45) of participants.

Kidney function
eGFR data were available for 37 participants after 6 
months (table  2). Median kidney function (eGFR) at 
baseline was 62.0 mL/min/1.73 m2 (IQR 55.5–65.0). 
After 6 months, median eGFR increased to 69.0 mL/
min/1.73 m2 ((IQR 55.0–76.5) (p=0.002), corresponding 
to a mean increase from baseline of 8.1%±15.1%. See 
figure 2 for an overview of the individual eGFR data. After 
12 months, data of 22 participants was available, with a 
median eGFR of 63.5 mL/min/1.73 m2 (IQR 58.5–71.0), 
(p=0.067), corresponding to a mean increase from base-
line of 4.8%±12.0%.

Data on albumin/creatinine ratio after 6 months were 
available in 26 participants. Median albumin/creatinine 
was within the normal range (<3 mg/mmol) at baseline 
(1.0 mg/mmol (IQR 0.4–1.8)) and this did not change 
after 6 months (median 0.9 mg/mmol (IQR 0.5–3.0), 
p=0.262). After 12 months, data of 18 participants was 
available. Median albumin/creatinine ratio was still 1.0 
((IQR 0.2–2.7), p=0.286).

After 6 months, average BMI had decreased from 
32.1±4.2 kg/m2 to 29.3±4.0 kg/m2 (p<0.001). MAP 
had decreased as well by 3.4 mm Hg to 92.3±10.4 mm 
Hg (p=0.044). After 6 months, HbA1c was on average 
7.1±3.4%, which was non-significant change (p=0.137).

After 12 months, average BMI decreased further 
to 29.0±3.7 kg/m2 (p<0.001). The change in MAP 
(to 92.3±9.3 mm Hg) was non-significant at that time 
(p=0.106). Average HbA1c was 7.4±3.4%, the change in 
HbA1c was non-significant (p=0.361).

Twenty-nine out of 45 participants remained stable 
with respect to their use of medication (for blood pres-
sure or kidney function) between baseline and 6 months. 
After exclusion of the 11 individuals with unstable use, 
and 5 individuals with insufficient data on medication 
use at T6, results on renal markers remained similar. In 
this subgroup, median eGFR increased from 62.0 mL/
min/1.73 m2 (IQR 59.5–66.0) to 69.0 mL/min/1.73 
m2 (IQR 60.0–77.0), which equals an average increase 
of 7.7%±12.3% (p=0.006). See table  2 for results on 
secondary parameters.

CONCLUSIONS
In this retrospective study we found that type 2 diabetes 
patients with baseline eGFR below 70 mL/min/1.73 m2 
who participated in an intensive lifestyle intervention 

Table 1  Characteristics of the study population at baseline

Mean±SD/median 
(IQR)/n (%)

n 45

Sex

 � Male 25 (55.6)

 � Female 20 (44.4)

 � Age (years) 68 (9)

 � Weight (kg) 96.1±15.2

 � BMI (kg/m2) 32.0±4.2

 � Overweight 15 (33.3)

 � Obese 30 (66.7)

 � Years between diagnosis and start intervention* 11.7±6.6

Use of medication†

Blood glucose lowering

 � Metformin only 16 (35.6)

 � Other oral medication (with or without metformin) 14 (31.1)

 � Insulin (with or without other oral medication) 15 (33.3)

For blood pressure/kidney function†

 � RAAS-blockage 27 (60.0)

 � Angiotensin-II blockers 10 (22.2)

 � ACE-inhibitors 17 (37.8)

 � Calcium antagonists 6 (13.3)

 � Bètablockers 14 (31.1)

 � Diuretics (thiazides or potassium sparing) 14 (31.1)

 � None 10 (22.2)

 � No data 2 (4.4)

 � No or stable use (T0–T6) 29 (64.4)

 � Changed use (T0–T6) 11 (24.4)

 � No/insufficient data (T0–T6) 5 (11.1)

*Missing data of three participants.
†Participants could be using more than one type or combination drugs. Sum adds up 
to more than 100%.
BMI, body mass index; IQR, interquartile range; SD, standard deviation.
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(Reverse Diabetes2 Now) had a significant increase in 
eGFR after 6 months. The available data at 12 months 
might support the assumption that the effect is sustained, 
but require further substantiation. Average albumin/
creatinine ratio remained stable within the normal range 
(<3 mg/mmol), suggesting that the rise in eGFR is not 
due to induction of hyperfiltration. In line, the factors 
that can elicit hyperfiltration, namely high BMI and poor 
glycaemic control (reflected by HbA1c), both improved, 
although borderline for glycaemic control. The sensitivity 
analysis showed that the effects are probably not due to 
changes in medication use. The favourable effect on 
kidney function might be considered remarkable in view 
of the common assumption that CKD, once established, 
is irreversible, yet supports other recent data on (partial) 
reversal of CKD.15–17

It is not the first time that an increase in eGFR is 
reported in relation to lifestyle interventions. Several 
dietary intervention studies, including adults with CKD, 
overweight adults and elderly men and women with high 
risk of cardiovascular disease with and without type 2 
diabetes, found an average increase in eGFR between 
2.5% and 6.7%.15–17 In these studies the average albumin/
creatinine ratio also stayed within the normal range. 
In a systematic review from 2017 including 17 (non) 
randomised controlled trials with more than 1600 adults 
with CKD (including end stage kidney disease) it was also 
concluded that dietary interventions were associated with 
increased QoL, decreased blood pressure and increased 
eGFR.15 In this review, the authors called for pragmatic 

trials for answering research questions related to this 
theme. In a recent practice-based cohort study in the UK 
including 143 type 2 diabetes patients with normal renal 
function or mild CKD adhering to a low carb diet it was 
found that over an average of 30 months serum creati-
nine improved significantly with a mean of 4.7 (14.9) 
μmol/L.18

The effects of Reverse Diabetes2 Now have been inves-
tigated in the setting of a pragmatic trial, which inher-
ently has advantages and disadvantages. Data quality and 
collection can be limiting, since researchers are depen-
dent on the data collection through regular care. This 
limitation also applies to the current study. The extent of 
missing data is remarkable, however, since routine collec-
tion of renal data is part of the guidelines for diabetes 
management in general practice in The Netherlands. 
Improvements can be made in current medical practices, 
which would also benefit the organisation and possibili-
ties for carrying out similar scientific (pragmatic) studies. 
In this small study population, the missing data limited 
the interpretation of results, especially after 12 months. It 
must also be mentioned that the eGFR cut-off of 70 mL/
min/1.73 m2 does not correspond to the more commonly 
used eGFR cut-off <60 mL/min/1.73 m2 indicating stage 
III kidney disease. Nevertheless, the cut-off of 70 mL/
min/1.73 m2 ensures the presence of established kidney 
function impairment and is considerably below the range 
of renal function where the biphasic renal function 
changes of early diabetic renal involvement complicate 
the interpretation of renal function data.

Table 2  Changes in kidney function parameters after 6 months for the total population (n=45) and the group with stable 
medication use (n=29) and after 12 months for the total population

Total population (n=45)

T0 T6 T12

Mean±SD median (IQR) Mean±SD median (IQR) n P value Mean±SD median (IQR) n P value

 � eGFR (mL/min/1.73 m2) 62.0 (55.5–65.0) 69.0 (55.0–76.5) 37 0.002* 63.5 (58.5–71.0) 22 0.067

 � Albumin/creatinine ratio 1.0 (0.4–1.8) 0.9 (0.5–3.0) 26 0.262 1.0 (0.2–2.7) 18 0.286

 � HbA1c (%) 7.3±3.1 7.1±3.4 43 0.137 7.4±3.4 24 0.361

Blood pressure (mmHg)

 � Systolic 133.6±14.3 129.4±17.2 36 0.094 132.0±13.6 27 0.826

 � Diastolic 76.7±10.3 73.8±9.1 36 0.062 72.4±9.3 27 0.025*

 � MAP† 95.7±10.2 92.3±10.4 36 0.044* 92.3±9.3 27 0.106

 � BMI (kg/m2) 32.1±4.2 29.3±4.0 44 <0.001* 29.0±3.7 29 <0.001*

 � Group with stable medication use (n=29) Mean±SD median (IQR) Mean±SD median (IQR) n P value N/A

 � eGFR (mL/min/1.73 m2) 62.0 (59.5–66.0) 69.0 (60.0–77.0) 25 0.006*

 � Albumin/creatinine ratio 1.1 (0.3–3.1) 0.9 (0.2–4.0) 26 0.249

 � HbA1c (%) 7.2±3.1 7.0±3.5 27 0.248

Blood pressure (mmHg)

 � Systolic 134.6±16.3 128.9±18.5 24 0.074

 � Diastolic 77.7±10.5 73.1±10.1 24 0.016

 � MAP† 96.7±11.0 91.7±11.2 24 0.015

 � BMI (kg/m2) 31.5±4.0 28.8±4.0 29 <0.001*

*Significant result.
†MAP calculated as: (SBP+2(DBP))/3.
BMI, body mass index; DBP, diastolic blood pressure; IQR, interquartile range; MAP, mean arterial pressure; NA, not available; SBP, systolic blood pressure; SD, standard deviation.
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The pragmatic setting, however, is a plus in view of 
the fact that the other studies on lifestyle and kidney 
disease mentioned before have mostly been carried out 
in a controlled environment, less well reflecting real life 
conditions.

It is possible that part of the observed effect is in reality 
due to biological variability in repeated measurements 
(4%–7%) or measurement error (2%).19 However, the 
increase in eGFR after 6 months exceeds this range, 
suggesting this, at least in part, reflects a true improve-
ment. The sensitivity analysis suggested the effects on 
kidney function are not due to changes in medication 
use, but this subgroup was relatively small. Because 

no control group was included, no causal link can be 
established.

Current clinical dietary guidelines for CKD patients 
focus on specific dietary components including salt, 
potassium and protein and there is less focus on total 
dietary quality (including those specific components).

In the literature, it suggested that the MD, consisting 
of ample amounts of vegetables, fruits, extra virgin olive 
oil, legumes, nuts and seeds, might be the diet of choice 
for kidney patients.20 Our data seem to support this state-
ment. Possibly, the increase in eGFR is a consequence of 
increased protein intake, which could be a consequence 
of adhering to the rcMD (as a consequence of relatively 

Figure 2  Overview of individual eGFR values at baseline (0) and at T6 (n=37)
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fewer carbohydrates). For future research on the effects of 
Reverse Diabetes2 Now, it is advisable to document actual 
dietary intake and 24-hour urine in at least a subgroup 
of the study population to quantify protein intake and 
determine whether or not this is responsible for an 
effect on eGFR. High proteins diets, for example, a keto-
genic diet, are popular among type 2 diabetes patients, 
because this can impact glycaemic control. There have 
been health safety concerns with respect to high (animal)
protein diets for people with impaired kidney function, 
since this might cause intraglomerular hypertension and 
consequent kidney hyperfiltration, glomerular injury and 
proteinuria.21 Long-term high protein intake may even 
lead to de novo CKD. This is, however, not applicable to 
Reverse Diabetes2 Now, since this is not a high (animal)
protein diet but a rcMD focusing on diet quality and it 
does not eliminate a specific macronutrient group. A 
recent observational study on dietary intake in a small 
group of Reverse Diabetes2 Now participants found that 
protein intake remained fairly similar over time.22 Lastly, 
the focus of Reverse Diabetes2 Now was not on losing 
weight, but on achieving a healthy diet and lifestyle in 
general, also aimed at improving sleep, physical activity 
and relaxation. For future studies, it is also interesting to 
investigate possible underlying mechanisms.

Taken together, this retrospective analysis suggests that 
in type 2 diabetes patients with suboptimal eGFR Reverse 
Diabetes2 Now might improve kidney function. Lifestyle 
intervention might be a more important determinant 
for kidney function than originally thought. A larger, 
prospective study including a control group is warranted.
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