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A BSTRA CT

Very low  calorie diets (VLCDs) induce rapid w eight loss and improve glycaemia, dyslipidae-

mia and blood pressure in obese patients w ith type 2 diabetes mellitus. It is unclear how  long 

the benefi cial eff ects of a once-only VLCD w ill last in these patients.

W e therefore looked at the long-term eff ect (18 months) of a once-only 30-day VLCD (450 

kCal/day) on body w eight, glycaemic regulation, hypertension and dyslipidaemia in 22 obese 

(BMI 37.7 ±  1.1 kg/m2, mean ±  SEM) type 2 diabetic patients (mean duration of diabetes 7.4 ±  

1.0 years, fasting plasma glucose [FPG] 12.4 ±  0.8 mmol/L, H bA
1c

 8.3 ±  0.3% ), w ho participated 

in 2 other studies in w hich a 30-day VLCD w as the intervention. During the 30-day VLCD, all 

blood glucose-low ering medication (including insulin) w as stopped. After the 30-day VLCD, 

caloric intake w as slow ly increased to eucaloric and patients w ere encouraged to maintain 

w eight loss. Medication for their diabetes, blood pressure or dyslipidaemia w as reinstituted if 

deemed necessary by their ow n physician. O n day 0 and 30 of the VLCD and after 18 months 

follow -up, anthropometric measures, blood pressure, glucose, H bA
1c

, insulin, C-peptide and 

lipid levels w ere measured.

The 30-day VLCD signifi cantly reduced body w eight (-11.4 ±  0.6 kg) w ith an improvement 

in dyslipidaemia, hypertension and glycaemia (although all blood glucose-low ering medica-

tion w as discontinued). As a group, patients had sustained loss of body w eight and improve-

ment in blood pressure and lipids, at 18 months follow -up. H bA
1c

 levels w ere also signifi cantly 

low er (-0.7%  compared to day 0), although patients used less blood glucose-low ering medi-

cation, especially insulin (18 patients on day 0 [112 ±  21 units/day]; 6 patients at 18 months 

[23 ±  9 units/day]). The 6 patients on insulin therapy at 18 months all had regained w eight 

to prediet levels, but still had a better cardiovascular risk profi le as compared to before the 

dietary intervention.

In conclusion, a once-only 30-day VLCD leads to a sustained improvement in glycaemia, 

dyslipidaemia and blood pressure up to 18 months follow -up in obese type 2 diabetic pa-

tients, even, although to a lesser extent, in patients w ho regained body w eight.
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IN TRO D U CTIO N

Type 2 diabetes mellitus is a major health problem, both qualitatively and quantitatively. The 

number of patients with type 2 diabetes is increasing steadily worldwide with an estimated 

366 million patients in 20301. Especially worrisome is the increasing number of children and 

adolescents with type 2 diabetes mellitus2,3. It is estimated that over 80% of adult patients 

with type 2 diabetes are overweight (defi ned as a body mass index [BMI] between 25 and 30 

kg/m2) or obese (BMI >  30 kg/m2)4 and almost all children and adolescents who develop type 

2 diabetes are overweight or obese2,5. Genetic factors are without doubt of major signifi cance 

in the development of type 2 diabetes but environmental and social factors, like a lack of 

physical exercise and high caloric intake, are equally important and are pivotal targets for 

therapy.

Both impaired insulin secretion and insulin resistance of target organs are involved in the 

cause of type 2 diabetes mellitus. Insulin resistance is thought to be of major pathogenetic 

importance in obese type 2 diabetic patients6, making it often diffi  cult to achieve adequate 

glycaemic regulation. Insulin therapy in this patient group induces further weight gain, hence 

aggravating insulin resistance. Weight loss reduces insulin resistance and its associated meta-

bolic abnormalities (hyperglycaemia, hyperinsulinaemia, dyslipidaemia and hypertension)7-9 

and, therefore, the only reasonable approach in (very) obese patients with type 2 mellitus is 

weight reduction.

Caloric restriction remains the hallmark for weight loss. However, only substantial caloric 

restriction or less severe caloric restriction of longer duration, will lead to the considerable 

weight loss (≥  5-10 kg) needed to improve peripheral insulin sensitivity in morbidly obese10 

and obese type 2 diabetic patients11. Substantial caloric restriction has the advantage of rapid 

weight loss, which stimulates patients to adhere to their diet. Very low calorie diets (VLCD, <  

800 kCal/day) can be used for this purpose. Nowadays, these diets are commercially available 

and safe12. Several strategies can be followed: continuously for several weeks to months or in-

termittently13,14. Both these regimens will lead to weight loss and improvement of blood glu-

cose levels. However, the question is: how long will these eff ects of a VLCD on body weight, 

glycaemic control and other metabolic derangements last in obese type 2 diabetic patients?

The purpose of this study was to evaluate the long-term (18 months) eff ect of a once-only 

30-day VLCD (Modifast®, 450 kCal/day) on body weight and glycaemic control in obese type 

2 diabetic patients with inadequate glycaemic regulation, despite the fact that most patients 

used large doses of insulin before the dietary intervention, in addition to oral blood glucose-

lowering agents. The eff ects on dyslipidaemia and blood pressure were also evaluated.
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PATIENTS AND M ETH ODS

Patients

Twenty-two obese (BMI 37.7 ± 1.1 kg/m2, mean ± SEM) patients (12 female and 10 male) 

with type 2 diabetes mellitus (mean duration 7.4 ± 1.0 years, fasting plasma glucose (FPG) 

level 12.4 ± 0.8 mmol/L, HbA
1c

 8.3 ± 0.3%), age 56 ± 2 years, who participated in 2 diff erent 

studies15,16, in which a 30-day VLCD was either used as the intervention or off ered as a therapy 

after fi nishing the initial study, were followed (as an observational study) for 18 months after 

they completed these 2 studies. The 2 studies were approved by the Medical Ethical Commit-

tee of Leiden University Medical Centre. Inclusion criteria for these 2 studies were a diagnosis 

of type 2 diabetes mellitus and obesity (BMI > 30 kg/m2). In addition, glycaemic regulation 

had to be poorly controlled, defi ned as an HbA
1c

 level > 7% and FPG levels > 10 mmol/L. 

Eighteen of the twenty-two patients used insulin (mean dosage 112 ± 21 units/day) with or 

without oral blood glucose-lowering agents.

All patients underwent a medical screening, including a physical examination, blood chem-

istry testing and an electrocardiogram. None of the patients had a history of cardiovascular 

disease, nor did they have liver or kidney function abnormalities. The use of antihypertensive 

or lipid-lowering medication was allowed. None of the patients used other drugs, were smok-

ers or suff ered from any other disease that might interfere with the study.

Protocol

Study measurements, as outlined in the methods, were performed on day 0 and 30 of a 30-day 

VLCD and 18 months after the completion of the VLCD. All measurements were performed in 

the morning after an overnight fast while patients were still in the fasting state. Three weeks 

before the start of the study, all oral blood glucose-lowering agents were discontinued. If 

patients also used insulin, the insulin dosage was adjusted if necessary after the discontinu-

ation of the oral blood glucose-lowering agents. On day 0, a VLCD (Modifast , 450 kCal/day) 

was started and from that moment on insulin therapy was discontinued as well, at least for 

Time in months

Stop oral blood 

glucose-lowering 

agents

-3 weeks Day 0

Study day, 

Start VLCD 

Day 30 18 months

Study day, 

end VLCD ,

1-time dietary advise

Study day, 

end VLCD 

Day 2 Day 10

No insulin or other 

glucose-lowering therapy

1x/3 months follow-up by own internist,

reinstitution of glucose-lowering or other medication

if deemed necessary by own internist 

Figure 1
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the duration of the 30-day VLCD. Patients followed the VLCD for 30 days. During the 30-day 

VLCD, patients visited the outpatient clinic every week for support to keep up with their diet 

and control of body weight, blood pressure and blood glucose levels. After the 30-day VLCD, 

a normal diet was slowly reintroduced (reinstitution of 1 normal meal per 2-4 weeks, with an 

increase of 200 kCal/ 2-4 weeks until a caloric intake aimed at weight maintenance (energy 

requirements measured by bioelectrical impedance measurement) was achieved (around 

1500 kCal/day) and patients were advised to maintain their weight loss. Thereafter patients 

were seen every 3 months at the outpatient clinic (Fig. 1).

The VLCD consisted of three sachets of Modifast  (Nutrition &  Santé, Antwerpen, Belgium) 

per day (450 kCal/day), providing about 50 g protein, 50-60 g carbohydrates and 7 g lipids 

daily. During the diet patients were allowed to drink calorie-free substances ad libitum.

METHODS

Length (meters [m]), weight (kilograms [kg]), body mass index (BMI=  weight (kg) / length2 

(m)) and waist/hip circumference were measured according to WHO recommendations17.

Blood pressure was measured with an Omron 705IT blood pressure device (Omron Matsu-

saka, Mie, Japan) and recorded with 1 mmHg accuracy.

Serum insulin was measured with a radioimmunoassay (RIA) (Medgenix, Fleurus, Belgium), 

with an interassay coeffi  cient of variation (CV) below 5%.

Serum glucose, total cholesterol, HDL-cholesterol, and triglyceride concentrations were 

measured with a fully automated Modulari system consisting of a P800, an I800 and an E170 

(Roche, Almere, The Netherlands). HbA
1c

 levels were measured with an HPLC system (Vari-

ant, Biomed, Hercules, CA, USA). C-peptide levels were measured with a radioimmunoassay 

(Linco Research, St. Charles, MO, USA). The interassay CV was 4.2 to 6.0% with a sensitivity of 

0.03 ng/mL.

Calculations

Data are presented as mean ± SEM. 

Homeostatic Model Assessment (HOMA) of insulin resistance (IR, normal values approach 

1) and β-cell function (% β, 100% is normal) were calculated with the updated computer 

version (HOMA2) of the formulae of Matthews et al.18.

10 year coronary heart disease (CHD) risk was calculated according to both the Framing-

ham risk score19 and the United Kingdom Prospective Diabetes Study (UKPDS) risk engine20.

Diff erences between study days were calculated with the Student’s t-test for paired samples. 

Diff erences between groups were calculated with the Student’s t-test for independent sam-

ples. A non-parametric test (Wilcoxon signed-rank test) was performed when appropriate. All 

analyses were performed using SPSS for Windows version 12.0 (SPSS Inc.,Chicago, IL, USA).
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RESULTS

Intervention period (day 0 to day 30 of the VLCD)

Baseline characteristics of the patients, as well as changes after 30 days VLCD and 18 months 

follow-up are given in Table 1. All 22 patients completed the 30-day VLCD without problems, 

no deterioration of glycaemic control occurred and no side eff ects were noted. Neither oral 

blood glucose-lowering agents nor insulin therapy had to be restarted during the VLCD.

Patients lost 11.4 ± 0.6 kg (p = 0.0001) and waist circumference decreased 8.6 ± 1.0 cm (p = 

0.0001). Despite the fact that all blood glucose-lowering medication was discontinued, both 

FPG levels as well as HbA
1c

 levels decreased, although not signifi cant. Fasting serum insulin 

concentrations declined from 19.7 ± 3.0 mU/L on day 2 to 15.0 ± 2.0 mU/L on day 30 (p = 

0.013). HOMA-IR decreased from 3.4 ± 0.4 to 2.4 ± 0.3 (p = 0.001), whereas HOMA-β increased 

from 39.4 ± 6.0 to 53.4 ± 10.0 (p = 0.031). We used day 2 for the measurement of the serum 

insulin concentration to avoid interference with long-acting insulin, which had been used 

until one day before the start of the VLCD.

Systolic and diastolic blood pressure decreased signifi cantly. Total cholesterol and triglyc-

eride concentrations also decreased signifi cantly. HDL-cholesterol, as is often seen at the 

initiation of weight loss, decreased a little.

Post-intervention period (day 30 to 18 m onths follow ing the VLCD)

As the patients were free to choose their diet, we were not informed about their caloric intake 

during this period. No patient was lost to follow-up. As a group, patients did not gain weight 

Table 1.  Anthropometric measures, glycaemic regulation, lipid levels and blood pressure before, at the end and 18 months after a 30-day VLCD 

in obese type 2 diabetic patients.

Day 0 Day 30 18 months

Weight (kg) 111.4 ± 3.5 99.3 ± 3.3* 99.1 ± 3.4†

BMI (kg/m2) 37.7 ± 1.1 33.8 ± 1.0* 33.4 ± 1.1†

Waist circumference (cm) 122 ± 2 113 ± 2* 114 ± 2†

FPG (mmol/L) 12.4 ± 0.8 10.7 ± 0.9 10.9 ± 1.0

HbA
1c

 (%) 8.3 ± 0.4 7.9 ± 0.4 7.6 ± 0.4‡

Systolic blood pressure (mmHg) 168 ± 7 143 ± 7§ 145 ± 4||

Diastolic blood pressure (mmHg) 95 ± 4 83 ± 3§ 81 ± 2||

Total cholesterol (mmol/L) 5.9 ± 0.4 4.7 ± 0.2# 5.4 ± 0.2**

HDL-cholesterol (mmol/L) 1.1 ± 0.05 1.0 ± 0.05# 1.3 ± 0.07||,††

Cholesterol/HDL-cholesterol ratio 5.6 ± 0.4 5.1 ± 0.4 4.6 ± 0.3‡‡

Triglycerides (mmol/L) 4.9 ± 1.5 1.9 ± 0.3§§ 2.5 ± 0.4|| || , ##

Units of insulin (no. of patients treated 
with insulin)

112 ± 21 (n=18) 0 23 ± 9 (n=6)

* p = 0.0001, § p = 0.004, # p = 0.007, §§ p = 0.001 :  day 30 as compared to day 0.
† p =  0.0001, ‡ p =  0.027, || p =  0.0001, || || p =  0.009 :  18 months versus day 0. 
** p =  0.007, †† p =  0.0001, ‡‡ p =  0.004, ## p =  0.014 :  18 months versus day 30
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from the end of the VLCD up to 18 months follow-up. In addition, waist circumference, as a 

measure of visceral fat mass, also remained the same. During the follow-up period, 1 patient 

experienced an acute coronary syndrome, and 1 patient developed prostate cancer. Some 

patients intermittently used a hypocaloric (1 sachet of Modifast for breakfast in combination 

with 2 normal meals a day) but not a very low calorie diet. Furthermore, no weight-control 

drugs were used.

FPG levels and HbA
1c

 levels did not increase during the follow-up period and although 

most patients were restarted on oral blood glucose-lowering therapy, the dose was less than 

before the diet. Since 6 patients were on insulin therapy again at 18 months follow-up and, 

hence, their fasting serum insulin level would no be accurate, we did not use their data for 

comparison with the fasting serum insulin concentration on day 30 (and day 2, next section). 

In addition, serum insulin levels at 18 months were lacking in 2 patients. We can therefore 

only compare data on endogenous insulin levels of 14 patients and, hence, HOMA-IR and 

HOMA-β could also only be calculated for 14 patients. Nevertheless, in these 14 patients se-

rum insulin (15.3 ± 2.3 mU/L on day 30 to 14.4 ± 2.1 mU/L at 18 months), HOMA-IR (2.4 ± 0.3 

on day 30 to 2.2 ± 0.3 at 18 months) and HOMA-β (53.4 ± 10.0 on day 30 to 55.7 ± 9.0 at 18 

months) did not change signifi cantly between day 30 and 18 months follow-up.

Systolic and diastolic blood pressure did not diff er between day 30 and 18 months follow-

up. Total cholesterol and triglyceride levels increased to some extent whereas HDL-cholesterol 

levels were signifi cantly higher at 18 months as compared to day 30 (p = 0.007).(Table 1)

When looking more closely at the data, 8 patients had stable body weight (plus or minus 5 

kilogram [kg]), 6 patients lost more than 5 kg of body weight and 8 patients regained more 

Table 2. Cardiovascular risk factors at 18 months, according to post-intervention (day 30 to 18 months follow-up) weight changes.

From day 30-18months :

Stable weight W eight loss W eight gain 

>  5 kg > 5 kg

(n=8) (n=6) (n=8)

FPG (mmol/L) 10.1 ± 1.2 10.2 ± 2.6 12.5 ± 1.6

HbA
1c

 (%) 7.8 ± 0.4 7.1 ± 0.9 8.1 ± 0.6

Systolic blood pressure (mmHg) 148 ± 4 132 ± 6* 153 ± 7†

Diastolic blood pressure (mmHg) 84 ± 2 75 ± 3‡ 82 ± 4

Total cholesterol (mmol/L) 5.3 ± 0.5 5.2 ± 0.4 5.6 ± 0.3

HDL-cholesterol (mmol/L) 1.3 ± 0.1 1.4 ± 0.2 1.2 ± 0.1

Triglycerides (mmol/L) 2.5 ± 0.8 1.7 ± 0.1 3.1 ± 0.4§

C-peptide (ng/mL) 1.2 ± 0.2 0.9 ± 0.1 0.8 ± 0.2

Insulin (mU/L) 16.0 ± 4.1 12.5 ± 1.9 13.0 ± 0.6

HOMA-IR 2.4 ± 0.6 1.7 ± 0.2 2.4 ± 0.4

HOMA-β 53.5 ± 9.6|| 85.4 ± 17.9 21.4 ± 4.1¶

Data are presented as mean ±  SEM
* p = 0.033, ‡ p = 0.017  weight stable versus weight loss
† p = 0.022, § p = 0.011, ¶ p = 0.031 weight gain versus weight loss
|| p = 0.016   weight stable versus weight gain
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than 5 kg of body weight from day 30 to 18 months follow-up (see Table 2). When these 

3 groups were compared, the patients that had gained body weight had worse glycaemic 

control and dyslipidaemia and a higher (systolic) blood pressure as compared to the other 2 

groups. Because the groups were small, signifi cance was not always reached.

Day 0 versus 18 months follow-up

As a group, body weight and waist circumference were signifi cantly lower at 18 months fol-

low-up as compared to day 0.

FPG and HbA
1c

 levels for the whole group were also signifi cantly lower at 18 months, de-

spite the fact that patients used less blood glucose-lowering medication (see Table 3). Four 

patients used no blood glucose-lowering therapy at all at 18 months. Most of the patients 

on oral blood glucose-lowering therapy were on metformin only. In addition, only 6 patients 

were on insulin therapy at 18 months (5 patients had already been on insulin therapy before 

the VLCD, 1 patients used insulin for the fi rst time) with a mean dose of 23 ± 9 units per day, 

whereas before the VLCD 18 patients were on insulin therapy with a mean dose of 112 ± 21 

units/day.

Fasting serum insulin concentrations and HOMA-IR and HOMA-β could be compared in 

14 patients (see section above). Fasting serum insulin levels were signifi cantly lower at 18 

months (14.4 ± 2.1 mU/L) as compared to day 2 (20.2 ± 3.5 mU/L), p = 0.045. HOMA-IR was sig-

Table 3.  Use of blood glucose-lowering, lipid-lowering and antihypertensive agents before and 18 months after a 30-day VLCD in obese type 2 

diabetic patients.

Day 0 18 months

number of patients number of patients

Insulin only 6 1

Insulin +  oral blood glucose lowering agent 12 5

Metformin only 1 7

Metformin + SU-derivative 3 5

No blood glucose lowering therapy 0 4

Statin 6 4

Fibrate 3 (1 also statin) 1

Beta-blocker 9 7

ACE-inhibitor of ATII-antagonist 11 11

Diuretic 10 3

Number of antihypertensive agents Day 0 18 months

number of patients number of patients

0 antihypertensive agents 6 9

1 antihypertensive agent 7 7

2 antihypertensive agents 5 5

3 antihypertensive agents 4 2

4 antihypertensive agents 1 0
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nifi cantly lower at 18 months (2.2 ± 0.3) as compared to day 2 (3.4 ± 0.4), p = 0.019, whereas 

HOMA-β did not signifi cantly change between day 2 and 18 months. Serum C-peptide levels, 

another indirect measure for β-cell function, also did not change signifi cantly between day 0 

and 18 months (1.1 ± 0.1 ng/mL on day 0 to 1.0 ± 0.1 ng/mL at 18 months).

At 18 months follow-up both systolic and diastolic blood pressure were signifi cantly lower 

than before the start of the diet. Although total cholesterol and triglyceride concentrations 

had increased between day 30 and 18 months, they were still signifi cantly lower at 18 months 

as compared to day 0. HDL-cholesterol and the total cholesterol/HDL ratio were also signifi -

cantly improved at 18 months follow-up (Table 1).

Surprisingly, the 8 patients who had gained more than 5 kg body weight still had a signifi -

cantly lower systolic (183 ± 10 mmHg on day 0 to 152 ± 8 mmHg at 18 months, p = 0.004) and 

diastolic blood pressure (99 ± 5 mmHg on day 0 to 80 ± 4 mmHg at 18 months, p = 0.013), 

lower triglycerides (4.4 ± 0.8 mmol/L on day 0 and 3.1 ± 0.3 mmol/L at 18 months, p = 0.025) 

and a higher HDL-cholesterol (0.9 ± 0.08 mmol/L on day 0 to 1.2 ± 0.1 mmol/L at 18 months, 

p = 0.005) as compared to the start of the study. In addition, although not signifi cant, FPG 

levels (14.1 ± 1.6 mmol/L on day 0 to 12.5 ± 1.6 mmol/L at 18 months) and HbA
1c

 levels (9.1 ± 

0.6% on day 0 to 8.1 ± 0.6%) were also lower at 18 months follow up, as compared to before 

the dietary intervention.

Factors discriminating the patients on insulin therapy from those not on insulin therapy, at 18 months 

follow-up.

The 6 patients on insulin therapy at 18 months all had regained body-weight to prediet lev-

els. They also had a longer duration of type 2 diabetes (10.7 ± 1.9 versus 6.2 ± 1.0 years, p = 

0.04) with lower serum insulin (12.2 ± 3.7 versus 22.0 ± 2.7 mU/L, NS) and C-peptide levels (0.8 

± 0.1 versus 1.19 ± 0.16 ng/mL, NS) at the start of the study as compared to patients who were 

not restarted on insulin therapy.

The long-term infl uence of a once-only 30-day VLCD on the Framingham and UKPDS risk score for coronary 

heart disease

10 year coronary heart disease risk (CHD) risk estimates according to the Framingham Risk 

Tables declined from 11.3 ± 2.2 to 8.0 ± 1.5%, p = 0.007. CHD risk estimates according to the 

UKPDS risk engine were higher than Framingham risk estimates but were also lower at 18 

months follow-up (23.8 ± 4.0 to 17.8 ± 3.0%, p = 0.002).

DISCUSSION

This study demonstrates that a 30-day VLCD in severely obese, mostly insulin-treated, type 

2 diabetic patients is well tolerated and that the simultaneous discontinuation of all blood 
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glucose-lowering agents is safe. The diet resulted in a considerable loss of weight and waist 

circumference. Glycaemic control improved, as did cardiovascular risk factors such as blood 

pressure and plasma lipid levels.

During the 18 months regular follow-up in an outpatient setting, weight loss and the 

decrease in waist circumference were maintained for the whole group. Glycaemic control 

deteriorated to some extent but remained considerably better than before the VLCD whereas 

patients used less blood glucose-lowering medication, especially insulin (see Table 3 and 

below). Blood pressure and serum lipid levels also remained lower than before the dietary 

intervention while patients used fewer antihypertensive and lipid-lowering agents at 18 

months follow-up.

Six of the 22 patients were started on insulin therapy (5 already had insulin therapy before 

the VLCD was instituted, 1 patient used insulin for the fi rst time) during the 18 months follow-

up. All these patients had regained body weight to pre-intervention levels. In addition, they 

had a longer duration of type 2 diabetes and lower serum insulin and C-peptide levels at the 

start of the study, underscoring our previous observation that remaining endogenous insulin 

secretion is important as well15. Nevertheless, even the patients who gained more than 5 kg 

body weight (n=8) still had better glycaemic control and improved lipid levels and blood 

pressure as compared to before the dietary intervention. We do not have a good explanation 

for this, other than that at least for some period of time between day 0 and 18 months follow-

up, their body-weight has been lower.

Few studies have addressed the long-term eff ect of a VLCD in obese type 2 diabetic patients 

and most used the VLCD for a much longer period of time than we did (8-20 weeks)21-23 or also 

included a behaviour therapy programme24. The results of these other studies are also less 

favourable, resulting from an increase in weight to no increase in weight but deterioration 

of glycaemic control 1 year after the VLCD. One study22 also extended follow-up to 1.5 years, 

but found a deterioration in glycaemic control in most of the patients. One of the reasons 

that our results are so impressive might be that most patients did not want to be restarted on 

insulin therapy and, hence, were very motivated to maintain their weight loss. In addition, a 

normal diet was reintroduced very slowly once the 30-day VLCD had been completed. Finally, 

regular counselling (every week during the diet, once every 3 months thereafter) seems to 

be an important factor.

Whether the lower HbA
1c

 levels, blood pressure, triglyceride and total cholesterol levels, 

along with the increased HDL-cholesterol level, at 18 months follow-up will lead to a lower 

risk for cardiovascular disease in our patients, remains to be elucidated. Most studies inves-

tigating the eff ects of lowering cardiovascular risk factors on morbidity and mortality from 

cardiovascular disease have follow-up periods of at least 3 years, whereas our group showed 

sustained improvement in cardiovascular risk factors for 18 months. Nevertheless, if our pa-

tients are able to sustain their weight loss and/or their improved cardiovascular risk profi le, a 

reduction in risk for cardiovascular disease might be expected given the evidence of several 
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large trials, also in patients with diabetes, that lower(ing) blood pressure25,26, total27 and LDL-

cholesterol28-30 and decreasing triglycide levels while increasing HDL-cholesterol31-33 signifi -

cantly reduces the risk for cardiovascular disease. Although not designed for this purpose, 

one might also estimate cardiovascular risk according to the Framingham risk score19 or the 

UKPDS risk engine20. 10-year CHD risk estimates in our patients were lower at 18 months fol-

low-up as compared to day 0, both according to the Framingham and the UKPDS risk score. 

Risk percentages calculated with the Framingham risk score were relatively low, probably 

because the original Framingham cohort contained only 237 patients with diabetes. Values 

obtained with the UKPDS risk engine are more likely to refl ect the true cardiovascular risk in 

our group of middle-aged patients with type 2 diabetes, hypertension and dyslipidaemia (at 

least at the start of the study) and a duration of type 2 diabetes of 7.4 years.

Treatment goals for glycaemic regulation, blood pressure and serum lipids as set by the 

American Diabetes Association (ADA)34 were not reached for all parameters but came very 

close (HbA
1c

 7.6 ± 0.4%, total cholesterol 5.4 ± 0.2 mmol/L, triglycerides 2.5 ± 0.4 mmol/L, 

HDL cholesterol 1.3 ± 0.07 mmol/L, blood pressure 145 ± 4 mmHg / 81 ± 2 mmHg) and were 

substantially improved as compared to before the intervention (Table 1).

We are aware that the group of patients is relatively small, follow-up of limited duration 

and that a control group is lacking. Nevertheless, the observation in these 22 patients, that 

a once-only 30-day VLCD (with at the end a weight-maintaining advise, followed by regular 

outpatient clinic visits) has sustained benefi cial metabolic eff ects that might extend over 

and beyond the weight loss/weight maintenance observed, is interesting and needs further 

investigation in a (randomised) controlled prospective study. We used a VLCD, to be able to 

discontinue all blood glucose-lowering medication at the start of the diet to avoid hypo-

glycaemia. Perhaps the same results can be obtained with a formula diet of greater energy 

content. In addition, varying the degree of calories with time (i.e. start with 450 kCal/day 

for 4 weeks, continue with 600 kCal/day and so on) or an intermittent VLCD might be as 

successful.

In conclusion, we show that a once-only 30-day VLCD in very obese, largely insulin-treated 

type 2 diabetic patients, leads to a sustained improvement in HbA
1c

, total cholesterol, HDL-

cholesterol, triglyceride levels and blood pressure at 18 months follow-up, even in patients 

who regained more than 5 kg body-weight. Although bariatric surgery is more eff ective in 

establishing sustained weight loss35-37, this is an invasive and costly procedure available for 

only a limited number of patients. VLCDs are cheap, safe, easy to use and can also lead to 

large weight losses38. Given the enormous increase in obesity and type 2 diabetes, VLCDs can 

be an important therapeutic strategy.
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