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ABSTRACT
Objective To assess weight loss maintenance, diabetes 
status, mortality and morbidity 15 years after a very low 
calorie diet programme (VLCD) in patients with obesity.
Design General practice data bases were interrogated 
for subjects coded for group therapy with VLCD in 
the 1990s. Causes of death, occurrence of vascular 
disease and remission or development of diabetes were 
ascertained from patient records and national stroke and 
cardiovascular disease data bases.
Results 325 subjects engaged in the programme and 
had sufficient data for analysis. Baseline characteristics 
were: age 47.8±12. 8 years; body mass index (BMI) 
36.1±6.8 kg/m2; 79.1% female/20.9% male; 13.5% had 
type 2 diabetes. After 15±4 years weight had changed 
from 97.9±19 kg at baseline to 100±20.8 kg. 10 with 
diabetes at baseline were in remission at 3 months, but 
only two remained in remission at 5 years. 50 new cases 
of type 2 diabetes and 11 of impaired fasting glucose 
developed during follow- up. Only 5.9% who remained 
healthy at follow- up had maintained >10% body weight 
reduction. Neither diabetes incidence nor diabetes 
free survival were related to percentage body weight 
lost during VLCD. Only baseline BMI was related to 
development of new impaired fasting glucose or diabetes 
by 15 years (p=0.007). 37 subjects had a cardiovascular 
event. Age (p=0.000002) and degree of weight loss 
after VLCD (p=0.03) were significantly associated with 
subsequent vascular events.
Conclusion Long- term maintenance of weight loss after 
VLCD was rare in this single centre retrospective study 
15 years later. Glucose intolerance developed in 21.4%. 
Lasting remission of type 2 diabetes or prevention of later 
glucose intolerance were not achieved. Vascular events 
were more frequent in those who lost most weight. Risk 
management during weight regain should be studied 
in future to assess potential for reduction in adverse 
cardiovascular outcomes.

INTRODUCTION
The central importance of nutrition in 
development of type 2 diabetes is widely 
accepted.1–4 Type 2 diabetes results from a 
combination of beta cell failure and insulin 

resistance, the latter almost invariably associ-
ated with some degree of obesity.5 Population 
wide weight loss has been associated with a 
reduction in prevalence of type 2 diabetes. 
The most recent example of this has been the 
Cuban experience from 1990 to 2010. As a 
result of forced austerity from 1990 an average 
weight loss of 5 kg was sustained in the adult 
population of Cuba. The prevalence of type 
2 diabetes declined over 10 years. This trend 
was reversed in the subsequent 10 years after 
the ending of austerity.6 This highlights the 
possibility that community- based weight loss 
programmes could reduce the prevalence of 
obesity and type 2 diabetes.

One recent pharmacy based study has 
shown maintenance of 10% wt loss at 132 days 
after intervention with very low calorie diet 
(VLCD).7 Meta- analysis of successful weight 
loss with VLCD has confirmed equal success 

Key messages

What is already known on this topic
 ► Many studies have shown successful short- term 
induction of weight loss in persons with obesity, 
but long- term weight loss maintenance has been 
disappointing.

What this study adds
 ► This is the first observational study to report long- 
term outcomes (15 years) after successful weight 
loss with very low calorie diet (VLCD).

 ► Weight regain in 95% was associated with vascular 
events and development of type 2 diabetes.

How this study might affect research, practice 
or policy

 ► Prospective long- term outcome studies will be re-
quired to ascertain whether intensive follow- up of 
low carbohydrate dietary interventions including 
VLCD can achieve weight loss maintenance without 
cardiovascular risk.
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in those with and without type 2 diabetes. Weight loss was 
better sustained for 18–36 months with a variety of dietary 
strategies.8 In another study from Scotland, retrospective 
analysis of weight loss maintenance following VLCD has 
shown impressive results for up to 3 years.9 However, 
in this study, only 10% of the participants recruited at 
baseline were intensively followed up at 3 years, the 
outcome for the majority- 90% is not reported.9 A recent 
prospective controlled study of VLCD has shown remis-
sion of early type 2 diabetes accompanied by resolution 
of ectopic hepatic and pancreatic fat. This has renewed 
interest in the concept that a long- term remission in 
glucose intolerance might be achievable.10 11 These find-
ings have also focused interest in VLCD intervention in 
the community, in order to reduce future development of 
type 2 diabetes.12 The high risk of cardiovascular disease 
associated with long- term obesity might be mitigated if 
VLCD induced weight loss could be sustained long- term 
as shown in follow- up of bariatric surgery.13 14

In the 1990s in South Devon, UK, a VLCD formula was 
made available only with private prescription from the 
general practitioner. The whole cohort of 351 patients 
who engaged in the programme were identified and 
retrospectively assessed for maintenance of weight loss 
achieved on the programme, subsequent development of 
diabetes and vascular events.

METHODS
Patients with obesity who were prescribed VLCD in the 
early 1990s, were identified from general practice data 
and hospital records confirming private prescription of 
‘Lipotrim’ (Howard Foundation, Cambridge, UK). The 
study protocol has been described fully in a previous 
report.15 Ninety- five per centof the practice populations 
in 1990 were ethnically White British. The VLCD weight 
loss programme was advertised in four general practice 
reception areas, and included in discussions of obesity and 
health during doctor and nurse appointments. Patients 
who selected VLCD were required to attend weekly group 
sessions with a nurse, counsellor and initially a doctor. 
Weekly meal replacements were issued on completion of 
each session. Timing of these community- based sessions 
was arranged to suit participants convenience. The 
complete nutritional replacement provided 450 kcal (30 
g carbohydrate) per day for women and 650 kcal (58 g 
carbohydrate) day for men. The meal replacements were 
provided in the form of sachets and flapjacks. The cost 
to the patient of meal replacement was £18 for females 
and £24 for males per week, paid weekly. Ten patients on 
benefits were included in the programme without cost to 
them. Exclusion criteria were blood pressure >150/90 mm 
Hg, serum creatinine >120 µmol/L, active retinopathy or 
neuropathy if living with diabetes, active treatment for 
cancer or known cardiovascular disease.

A total of 325 of 351 patients who attended the first 
session completed the programme figure 1. Group 
sessions of 8–10 took place in general practice and all 

participants were exposed to the same discussions on 
nutrition and practicalities of total meal replacement with 
VLCD. Group cooking demonstrations and group discus-
sions to focus healthy eating on cessation of the VLCD 
programme were included in the programme. Medica-
tions for diabetes and hypertension were stopped during 
the first week of treatment and weight, blood pressure, 
urinary ketones and blood glucose measured weekly.

Permission was granted by the Primary Care Trust 
and the four general practices involved in the VLCD 
programmes in the 1990s to audit 15- year outcomes. 
Records of patients with obesity who received private 
prescription of the VLCD formula ‘Lipotrim’ (Howard 
Foundation, Cambridge, UK) were searched to docu-
ment age, gender, baseline and final diabetes status, base-
line weight and body mass index (BMI). Weight loss in 
the 3 months after commencing VLCD (or during total 
time on VLCD if longer than 3 months), weight regain 
and 15- year weight (final weight was used if patients had 
deceased earlier) were also ascertained. Practice diag-
nosis of type 2 diabetes during follow- up was confirmed 
from records by Haemoglobin A 1c (Hba1c) ≥48 mmol/
mol (6.5%) or fasting serum glucose ≥7 mmol/L (126 mg 
%); and impaired fasting glucose (IGT) with serum 
glucose ≥6 but ≤7 mmol/L (108 to 126 mg %). Morbidity 
and mortality were ascertained from practice records and 
confirmed through Heart: Myocardial Ischaemia National 
Audit Project (HQIP/A- Z of National Clinical Audits/
Heart: Myocardial Ischaemia National Audit Project).16 
Reported stroke and heart failure were identified from 
practice records and confirmed from hospital records. 
The data were anonymised before analysis.

Statistical methods
The Kaplan- Meier method and Cox proportional hazard 
models were used to estimate overall survival and type 2 
diabetes free survival. Time from the end of VLCD inter-
vention was used as time 0, and censored at date of death 
or development of type 2 diabetes. All data were analysed 
in ‘R’ open software V.1.2.5019.

Figure 1 Outcome at 15 years follow up of very low calorie 
diet therapy. BMI, body mass index; VLCD, very low calorie 
diet.
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In addition, a binomial modelling approach was 
used to identify factors associated with development of 
IGT or diabetes and identify factors associated with the 
development of cardiovascular events (atrial fibrillation, 
acute coronary syndrome, congestive cardiac failure and 
stroke).

RESULTS
Numbers of records searched, those excluded and 
diabetes status after 15±4 year are depicted in figure 1. All 
were of white British ethnicity. A total of 3713 adults on 
the combined general practice lists were obese in 1995. 
Between 1995 and 2010, obesity and diabetes prevalence 
in the combined practices increased from 11.7% to 27% 
and 3.1% to 5.1%, respectively.

Table 1 describes the characteristics of whole cohort 
and subgroups according to baseline and incident glucose 
intolerance status. Baseline and follow- up weights in each 
of these subgroups can be seen in table 2.

Ten of the 44 patients with baseline type 2 diabetes 
normalised blood glucose levels after the VLCD treat-
ment at 3 months (weight reduced from 103±24 to 
89.5±21 kg, serum fructosamine reduced from 336±56 to 
258±25 mmol/L). Weight and serum fructosamine at 
3 years increased to 103±30 Kg, and 349±68 mmol/L, 
respectively. Only two sustained remission at 5 years, and 
none at 15 years. Full details shown in online supple-
mental table 1.

55 patients achieved >10 kg weight loss at 15 years 
follow- up: Of these four had undergone bariatric surgery, 
three had poorly controlled diabetes, six developed 
terminal cancer, three were in severe heart failure, two 

suffered severe strokes and one was living with dementia, 
(online supplemental table 2.

Thirteen of 220 with no diabetes at any time and who 
remained in good health maintained 10% wt loss at 15 
years representing a 5.9% wt loss maintenance associated 
with intervention with VLCD 15 years before.

The binomial model result included covariance of 
weight, BMI change, gender, baseline BMI, weight differ-
ence by 15 years and age on the development of IGT or 
diabetes. In the 281 patients without baseline diabetes 
the results were: null deviance: 292 on 276 degrees 
of freedom Z value: 2.6. All terms were rejected by the 
model except baseline BMI, which maintained a signifi-
cance of p=0.007 see figure 2. Outcomes are expressed as 
quartiles of baseline BMI. Diabetes free survival was not 
associated with percentage of baseline body weight lost 
during the VLCD intervention, or at the end of the study, 
see figures 3 and 4.

Factors associated with cardiovascular outcomes 
(stroke, atrial fibrillation, coronary artery disease, 
congestive cardiac failure) in binomial modelling of 
the whole cohort of 325 patients with obesity were base-
line age (p=0.000002) and weight lost during VLCD 
(p=0.03). The mean (±SD) characteristics were: age in 
years 57.7 (±8.2); weight in kilograms at baseline 109.8 
(±14.9); weight loss on VLCD 18.2 (±9.1); final weight 
117.9 (±20.9). 21 were female 16 male, 8 had diabetes 
at baseline and 12 developed diabetes. Events occurred 
9.2±4.3 years after VLCD.

Weight loss achieved on the VLCD programme was 
significantly related to baseline BMI, r=0.1323, p=0.017 
for those with any diabetes, baseline or incident diabetes, 

Table 1 Baseline characteristics of 325 subjects undertaking very low calorie diet programme between 1993 and 1998 in 
South Devon, UK

Whole cohort 
n=325

Type 2 diabetes 
baseline n=44

Developed diabetes 
or IFG n=61

No diabetes baseline 
or follow- up n=220

P value DM vs no 
DM at baseline

Age years mean (SD) 47.8 (12.8) 53.2 (12.1) 49.2 (12.0) 46.7 (13.0) 0.0034

Gender % F/M 79.1/20.9 65.9 78.5 92.8 0.1

BMI kg/m2 mean (SD) 36.1 (6.8) 38.2 (6.9) 38.2 (7.2) 35.1 (6.4) 0.003

Weight kg mean (SD) 97.9 (19) 105.6 (26.6) 102.0 (21.5) 95.7 (17.1) 0.0037

BMI, body mass index; DM, diabetes mellitus; IFG, impaired fasting glucose.

Table 2 Weight changes in 325 subjects in the 15 years following a VLCD treatment programme

Whole cohort 
n=325

Type 2 diabetes 
baseline n=44

Developed diabetes 
or IFG n=61

No diabetes baseline 
or follow- up n=220

Baseline weight kg mean (SD) 97.9 (19.0) 105.6 (26.6) 102.0 (21.5) 95.7 (17.1)

Baseline BMI kg/m2 mean (SD) 36.1 (6.8) 38.1 (6.9) 38.2 (7.2) 35.1 (6.4)

Weight loss on VLCD kg mean (SD) 14.8 (11.2) 12.4 (12.3) 15.5 (11.9) 15.1 (10.7)

Weight at 15 years kg mean (SD) 100.0 (20.8) 107.2 (25.4) 102.2 (22.2) 98.4 (19.5)

% maintaining >10 % weight loss at 
15 years

16.6 13.6 28.5 13.2

BMI, body mass index; IFG, impaired fasting glucose; VLCD, very low calorie diet.
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and r=0.1244, p=0.0005 for those with no diabetes online 
supplemental figure 1—).

DISCUSSION
In this 15- year follow- up of one intervention with VLCD, 
55 patients sustained >10 Kg weight loss at follow- up, but a 
number of confounding factors have contributed to final 
weight achieved in many of them. Fifteen had serious or 
fatal illness, three had poorly controlled diabetes and 
others undertook later weight loss interventions such 
as bariatric surgery (three) or other meal replacement 
programmes (four). It is internally consistent but not 
surprising that weight loss on the VLCD programme was 
related to baseline BMI as the intervention involved fixed 
caloric intake of 450 kcal/day for women and 650 kcals/
day for men.

Fifteen years after intensive VLCD intervention 21.4% 
of those without baseline diabetes developed type 2 
diabetes or impaired fasting glucose during follow- up 
(50 type 2 diabetes; 11 impaired fasting glucose). This 
compares with the results of the EPIC study, an ethnically 
similar group, showing a 10- year diabetes incidence of 
5.3% with baseline BMI 26 and age range 25–75 years.17 
The National Health and Nutrition Examination Survey, 
study of self- reported weights over 8 years in North Amer-
ican female healthcare workers those aged 59 years with 

higher BMI 35–40 Kg/M2 the cumulative incidence of 
type 2 diabetes was 43%.18 A Cochrane review of bariatric 
surgery trials the cumulative incidence of diabetes in 
control subjects was 25.8%.19 In the Swedish Obesity 
Survey control group the 15- year incidence of diabetes 
was 21.9%.20 In the Whitehall study analysis at 14 years 
in civil servants aged 52 years with 75% male gender and 
baseline BMI of 29, 9.7% developed type 2 diabetes by 
follow- up.21 The figure of 21.4% glucose intolerance in 
our group is broadly comparable to diabetes rates in 
these studies allowing for differences in baseline BMI and 
gender.

There was no correlation between weight loss during 
the VLCD programme and final weight loss, or with 
development of diabetes. In this respect the analysis 
of incidence of diabetes and vascular disease in Cuba 
from the 1980s until 2010 is relevant. The population 
effects of weight reduction over 10 years were lost with 
weight regain, though the outcomes for individuals who 
lost most weight during austerity is not known.6 None 
of our patients had clinically manifest renal or cardiac 
disease, sight threatening retinopathy or neuropathy 
at baseline. Nevertheless the 15- year vascular outcome 
was poor in our patients with either baseline or incident 
type 2 diabetes. This was despite the temporary remis-
sion in obesity. The Look Ahead study which included 
partial meal replacement with low calorie products to 
induce weight loss in type 2 diabetic subjects failed to 
demonstrate reduction in vascular events.22 Analysis of 
the Framingham data has shown an increased mortality 
among participants whose weight varied substantially 
during follow- up suggesting a harmful effect of so- called 
yo- yo dieting.23 The association of cardiovascular events 
with greater weight lost during VLCD in this study 
requires further investigation in randomised prospec-
tive studies. All of these participants not only regained 
weight but many exceeded their baseline weight by 15 
years. This large increase in weight would inevitably 
result in development of adverse cardiovascular risk. 
Study participants with similar age, gender and ethnicity 
to those in our study showed significant associations of 

Figure 2 Survival free from type 2 diabetes mellitus 
following weight loss in lipotrim study, Stratified by quartile of 
baseline BMI. BMI, body mass index.

Figure 3 Survival free from type 2 diabetes mellitus 
following weight loss in lipotrim study, stratified by weight 
loss <10% versus weight loss >10% during lipotrim study.

Figure 4 Survival free from type 2 diabetes mellitus 
following weight loss in lipotrim study, stratified by weight 
loss <10% versus weight loss >10% maintained by study 
end.
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weight regain with glucose intolerance, hypertension, 
hyperlipidaemia and mental ill health 5 years after 
bariatric surgery.24

Advantages of this audit are that it reflects the outcome 
in a high proportion of obese individuals who undertook 
a standardised total VLCD meal replacement programme 
over a short time period in one area of the UK. In addi-
tion, all received the same support video, advice on 
re- feeding and exercise. As the programme was delivered 
in the local community it was possible to arrange group 
session times for patient convenience. The limitations 
are that the cohort is exclusively of white British origin, 
reflecting the local population demographic. Other 
ethnic groups have a higher incidence of cardiovascular 
disease and lower BMI threshold for the development of 
type 2 diabetes.25–29 VLCD trials in this and other ethnic 
groups should be undertaken to establish risks and bene-
fits before large scale interventions are undertaken.

There is a potential source of bias in that the patients 
were required to purchase the meal replacements on a 
weekly basis by private prescription and were willing to 
attend group sessions. However, weight loss programmes 
delivered in the community are commercially based and 
extremely popular with evidence of short term success30 
(https://www.weightwatchers.com, www.slimfast.co. 
uk, www.slimmingworld.co.uk). More work would be 
welcome to evaluate the comparative efficacy of weight 
loss strategies as purchased meal plans or a prescribed 
free therapy, particularly as the majority of persons with 
obesity seeking support in losing weight in the commu-
nity will do so by engaging in proprietary weight loss 
programmes. It is of interest though not generalisable 
that all the 10 patients with obesity whose prescriptions 
were offered free because of financial difficulty failed to 
engage beyond the first week (the 10 subjects in figure 1 
‘failed to collect prescriptions’).

The lack of evidence that this intense VLCD programme 
induced lasting remission in type 2 diabetes or signifi-
cantly reduced incidence of glucose intolerance is disap-
pointing but not surprising as weight regain occurred in 
95%. Only 8.7% of patients with obesity in the combined 
practice lists undertook the VLCD programme. These 
findings highlight the challenges in engaging patients at 
risk of serious ill health in this case due to obesity. This 
also constitutes a bias in that the majority of persons 
with obesity not included in the programme may have 
responded differently to VLCD and had different rates of 
development of diabetes. The precise outcomes for the 
non- participating persons with obesity is not known.

Better engagement of patients with type 2 diabetes 
and good outcome at 2 years has been achieved with low 
carbohydrate diet (28.7%) in a single- centre study with 
the crucial difference that VLCD (which can be consid-
ered as a prescribed low carbohydrate diet) replaces usual 
food as a short intervention, while a low carbohydrate 
diet modifies food intake and can therefore be continued 
long term.31 A recent metanalysis of dietary carbohydrate 
restriction in treatment of type 2 diabetes has emphasised 

the inter- relationships between total energy restriction, 
VLCDs, and focused low carbohydrate diets.32

It is likely that the combination of obesogenic environ-
ment, availability of high energy dense ‘junk food’ and 
food addiction will all have played a part in the develop-
ment of obesity at baseline, and weight regain after VLCD 
experienced by the subjects in the study.33 34 Future meal 
replacement studies to induce remission in or prevent 
type 2 diabetes might result in longer term weight loss 
maintenance if effective post- VLCD lifestyle intervention 
strategies such as those employed in the diabetes preven-
tion programmes were implemented.35 A cogent case for 
integrated care in obesity treatment has been proposed.36 
This comprehensive review of tier 2 (community- based 
lifestyle intervention) and tier 3 (specialist weight 
management services) concludes that their efficacy 
remains uncertain. Difficult access to treatment for 
obesity, poor outcomes of intervention, rigidity in path-
ways and weight stigma are cited as continuing barriers. 
Facilities to deliver such a multifaceted intervention were 
not available at the time of our study This contrasts with 
the positive metanalysis of short term success of VLCD 
intervention in patients with type 2 diabetes in 2015.37

More options are becoming available for long- term 
weight loss maintenance. Excellent sustained weight loss 
has been demonstrated in a recent randomised controlled 
study of a weekly Glucagonlike Peptide Agonist (GLP1 
agonist) in population with obesity.38 Currently, this 
would be an expensive option for weight loss maintenance 
for very large numbers of obese persons. The efficacy of 
low carbohydrate diets in long- term weight loss has been 
demonstrated particularly in insulin resistant individuals 
in single- centre cohort studies.39 Randomised long- term 
studies of a range of low carbohydrate diets designed 
to evaluate sustained weight loss and cardiovascular 
outcomes are much needed. Randomised controlled 
studies of bariatric surgery have unequivocally demon-
strated substantial reduction in obesity, severity and 
prevalence of diabetes. The rarity of substantial weight 
regain post bariatric surgery is likely to contribute to the 
reduction in cardiovascular events,40 while the long- term 
effects of low carbohydrate diets (including VLCDs) on 
cardiovascular outcomes are only beginning to be tested 
in prospective studies.31

CONCLUSION
To our knowledge, this is the first report of very long- 
term outcome following VLCD with over 90% follow- up. 
Of a total of 325 subjects, only 5.9% who remained 
healthy sustained >10 kg weight loss at follow- up. Neither 
sustained remission in diabetes, nor an effect on incident 
diabetes were achieved. The higher incidence of cardio-
vascular events in those who lost most weight during 
VLCD requires further investigation. The effect on long- 
term outcomes after VLCD of intense multidisciplinary 
follow- up and cardiovascular risk management have not 
been reported. Finally, a reflection on the results of this 
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and many other weight loss interventions would suggest 
an urgent need for prevention of development of type 
2 diabetes in those with pre- diabetes,35 41 42 and public 
health strategies to reduce population levels of obesity, 
though these latter interventions have so far met with 
only limited success43
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                                                         Supplementary Table 1  

                           Outcome of 10 patients who remitted type 2 diabetes 

                                                    during VLCD 1993 to 1996 

 

 

 

 

 

 

 

 

 

      . 

 

  

Weight kg 

(SD) 

TTEST 

vs 

Baseline 

Fructosamine mmol/mol 

(range) 

TTESTvB 

Baseline 103.3 (24.4) 
 

336.8 (56.9) 
 

3 months 89.5 (21.3) 0.0004 258.9 (25.1) 0.00 

6 months 92.3 (20.1) 0.11 272.2 (52.1) 0.40 

3 years  96.72 (23.1) 0.19 349.2 (68.1) 0.01 

5 years 103.7 (30.3) 0.10 331.4 (67.0) 0.48 

15years 105.1 (30.5) 0.58 All on hypoglycaemic therapy 
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Supplementary Table 2  

Mortality and morbidity during 15 year follow up of 325 subjects who undertook a very low-calorie diet programme between 

1993 and 1996 

 

 

Outcome No diabetes at any 

time 

N=220 

Diabetes at 

baseline 

N=44 

Developed diabetes or 

IFG 

N=61 

>10 Kg weight loss at follow 

up 

 from whole cohort 

N=55 

Number deceased (%) 15 (6.8) 15 (34.1) 9 (14.8) 9 (16.3) 

Number with  

myocardial infarction (%) 

5 (2.3) 11 (25) 

8 fatal 

8 (13.1) 

2 fatal 

5 (9.0) 

none fatal 

Stroke (%) 4(1.8) 5 (11.4) 5 (8.1) 2(3.6) 

Breast, bowel  

or lung cancer (%) 

5 (2.3) 4 (9.1) 4 (6.5) 6 (10) 

Bariatric surgery 3 (1.3) 0 1 (1.6) 4 (7.2) 

Type 2 diabetes at follow up - - 50 17 (30.9) 

Poor diabetes control Hba1c 

>60mmol/mol (%) 

- 4 (9.1) 3 (4.9) 3 (5.4) 
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