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Abstract
Aims/hypothesis We determined the effects of 6 years of
lifestyle intervention in persons with impaired glucose
tolerance (IGT) on the development of retinopathy, nephrop-
athy and neuropathy over a 20 year period.
Methods In 1986, 577 adults with IGT from 33 clinics in
Da Qing, China were randomly assigned by clinic to a
control group or one of three lifestyle intervention groups
(diet, exercise, and diet plus exercise). Active intervention
was carried out from 1986 to 1992. In 2006 we conducted a
20 year follow-up study of the original participants to

compare the incidence of microvascular complications in
the combined intervention group vs the control group.
Results Follow-up information was obtained on 542 (94%)
of the 577 original participants. The cumulative incidence
of severe retinopathy was 9.2% in the combined interven-
tion group and 16.2% in the control group (p=0.03, log-
rank test). After adjusting for clinic and age, the incidence
of severe retinopathy was 47% lower in the intervention
group than the control group (hazard rate ratio 0.53, 95%
CI 0.29–0.99, p=0.048). No significant differences were
found in the incidence of severe nephropathy (hazard rate
ratio 1.05, 95% CI 0.16–7.05, intervention vs control, p=
0.96) or in the prevalence of neuropathy (8.6% vs 9.1%, p=
0.89) among the 20 year survivors.
Conclusions/interpretation Lifestyle intervention for 6 years
in IGT was associated with a 47% reduction in the
incidence of severe, vision-threatening retinopathy over a
20 year interval, primarily due to the reduced incidence of
diabetes in the intervention group. However, similar
benefits were not seen for nephropathy or neuropathy.
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Introduction

Several studies have shown that lifestyle or pharmacological
interventions can reduce diabetes incidence in people with
impaired glucose tolerance (IGT) [1–7]. In the China Da
Qing Diabetes Prevention Study (CDQDPS), lifestyle
intervention among people with IGT over a 6 year period
reduced the incidence of diabetes by 33% in the diet only
group, 47% in the exercise group and 38% in the diet plus
exercise group compared with the control group, but there
was no significant difference among the three intervention
groups [1]. Follow-up over a 20 year period showed an
overall 43% reduction in diabetes incidence in the
combined intervention group compared with the control
group [2].

Diabetes mellitus leads to both macro- and microvascular
complications that are responsible for most of the associated
excess morbidity and mortality. While macrovascular com-
plications such as cardiovascular disease are the most
frequent cause of excess mortality, microvascular complica-
tions such as retinopathy and nephropathy are responsible
for much of the excess morbidity [8–15]. Despite the
perceived value of lifestyle interventions, whether the
reduced incidence of diabetes also translates to a reduced
incidence of microvascular complications is unclear. We
have previously reported that the lifestyle intervention in
this study resulted in a non-significant reduction in first
cardiovascular disease (CVD) events (hazard rate ratio
0.98, 95% CI 0.71–1.37), CVD mortality (hazard rate ratio
0.83, 95% CI 0.48–1.40) and all-cause mortality (hazard
rate ratio 0.96, 95% CI 0.65–1.41) [2]. Whether or not
lifestyle interventions influence these events remains
uncertain because of the limited power of the present study
to detect such changes.

Here we report the results of a follow-up study of
CDQDPS participants on the effects of lifestyle interven-
tion on the development of retinopathy, nephropathy and
neuropathy over a 20 year period.

Methods

Design overview The design and conduct of the CDQDPS
and the outcome study (CDQDPOS) have been described
previously [1, 2, 16]. In brief, the CDQDPS was conducted
between 1986 and 1992 to test whether lifestyle interven-
tion can reduce diabetes incidence in Chinese people with
IGT. In 1986, 577 people with IGT from 33 outpatient
clinics in Da Qing, China were randomised by clinic to
either a control group or one of three lifestyle intervention
groups (diet, exercise, and diet plus exercise). The goal of
the diet intervention was to increase participants’ vegetable
intake and lower their alcohol and sugar intake and, in

those who were overweight or obese, to lose weight by
reducing total calorie intake. The goal of the exercise
intervention was to increase leisure-time physical activity.
The intervention took place over 6 years after which the
participants were informed of their individual test results
and told about the reduced incidence of diabetes among
those who received lifestyle interventions. All participants
were then asked to continue with usual medical care.

In 2006, a follow-up study (CDQDPOS) of the original
participants 20 years after randomisation was conducted to
determine the effect of the 6 year intervention on diabetes
incidence and on prespecified diabetes-related complications,
including microvascular disease. As diabetes incidence did
not differ significantly among the three intervention groups
during the active intervention period and because of limited
power to detect differences, the intervention groups were
combined and comparisons were made between the com-
bined intervention group and the control group. The
characteristics of study participants at baseline, the end of
the 6 year active intervention and the end of the 20 year
follow-up have been reported elsewhere [1, 2]. The institu-
tional review boards of WHO and the China–Japan
Friendship Hospital approved the protocol. All study
participants or their proxies who provided information about
deceased participants gave written informed consent.

Data collection In 1986, 110,660 residents aged ≥25 years
were screened in Da Qing, China, by measurement of
plasma glucose concentration after a standard breakfast (a
steamed bun containing ≥80 g carbohydrate), and 3,956
participants with 2 h plasma glucose ≥6.67 mmol/l after
breakfast were given a 75 g OGTT test; 577 of the tested
participants had IGT. Baseline examinations, question-
naires, demographic information were collected, and retinal
examinations were performed by two ophthalmologists
using direct ophthalmoscopy. Pupils were dilated and fundus
photographs were taken of each eye. Of the participants with
IGT, 14.7% had non-proliferative retinopathy but none had
proliferative retinopathy [16].

In 2006, data on the living participants were collected by
personal interview, medical chart review and clinical
examination. For deceased participants, data were obtained
by proxy interview and medical chart review. Dates of
retinal photocoagulation, onset of blindness, renal replace-
ment treatment, amputation and death were determined by
interviews and validated by medical chart review. Trained
abstracters, masked to the participants’ intervention status,
reviewed the medical records.

Clinical examinations of living participants were per-
formed by examiners who were also not aware of the
participants’ intervention status. These examinations included
measurement of height, weight and inspection of lower
extremities for ulcers and amputations. Sitting brachial BP
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was measured twice using a standard mercury sphygmoma-
nometer and the average of the readings was recorded.
Brachial and posterior tibial and/or dorsalis pedis BP was
measured using Doppler ultrasound. The ankle–brachial
index was calculated and the lower value from either side
was used. A 45º single-field colour fundus photograph of each
eye was taken with a Canon non-mydriatic retinal camera
using a standardised photography protocol, and slit-lamp
biomicroscopy was used in those whose retina could not be
visualised or who had unsatisfactory photographs. The retinal
photographs were graded independently for the presence
and severity of diabetic retinopathy by two ophthalmologists
(L. Zhang and H. Zhang) who were masked to the
participants’ intervention status. Disagreements between the
readers were referred to an independent reader for arbitration.
The graders used a modification of the Early Treatment
Diabetic Retinopathy Study grading system [17]. A test of
sensory neuropathy was performed in which a 10 g
monofilament was placed perpendicular to five designated
sites in each foot (1st toe, 4th toe and over 1st, 3rd and 5th
metatarsal joints on the ventral surface), avoiding callosities,
and pressed until it bent, and the participants were asked if
they could feel the touch [18]. After an overnight fast (8–
12 h), blood and urine specimens were obtained and a 75 g
load OGTT was administered. Blood specimens were
centrifuged immediately after collection, plasma glucose
was determined by a glucose oxidase method, HbA1c by latex
immunoagglutination, serum and urine creatinine by enzyme
method and urinary albumin by immunonephelometry. The
ratio of urinary albumin to creatinine (ACR) was calculated.

Outcome classification and assessment Retinopathy status
was determined from a history of retinal photocoagulation
or blindness, and retinal photographs or slit-lamp examina-
tion. Abnormalities on the retinal photographs or from the
slit-lamp examination were classified according to changes
in the worse affected eye. Non-proliferative retinopathy
(NPR) was defined as microaneurysm(s) and/or intraretinal
haemorrhage(s) and/or hard exudates and/or cotton wool
spots and/or venous beading. Proliferative retinopathy (PR)
was defined as new vessels and/or fibrous proliferation and/
or vitreous haemorrhage and/or retinal detachment and/or
scars of photocoagulation in either eye.

Severe retinopathy was defined as a history of photoco-
agulation, blindness or PR. The date of onset of severe
retinopathy was taken as the date of initiation of retinal
photocoagulation or occurrence of blindness according to the
chart review or interview, or as 2006 if it was defined only by
photographic or slit-lamp examination. One participant who
was blind at the time of randomisation and one participant
whose photocoagulation date was unknown were excluded.

Nephropathy was defined as a history of renal dialysis or
transplantation, death from nephropathy or end-stage renal

disease (ESRD), or among living participants as ACR
≥300 mg/g (to convert values to mg/mmol multiply by
0.113) or serum creatinine ≥177 μmol/l (2 mg/dl). Severe
nephropathy was defined as that which led to renal
replacement therapy or death from nephropathy or ESRD.

Overt neuropathy was defined as a history of lower
extremity amputation, gangrene or ulceration. In living
participants, abnormal touch sensation was defined as loss
of sensation at one or more sites in the monofilament test.

Diabetes status was defined using the 1985 WHO
criteria [19] from results of the OGTT done every 2 years
during the active intervention period (1986–1992) or at the
end of the study (2006), or by self-reported physician-
diagnosed diabetes with evidence of elevated glucose levels
in the medical record, or as taking hypoglycaemic medi-
cations, as described previously [1, 2]. The date of diagnosis
of diabetes was taken as its date of first recognition.

Statistical analysis To determine the incidence of outcome
events, data were censored at the date of first report of the
specific event, death, loss to follow-up or 31 December
2006, whichever came first. The incidence of events was
computed as the number of cases per 1,000 person-years at
risk. Confidence intervals for incidence density were
calculated using Poisson distribution estimates [20].

Using intention-to-treat analysis, the development of
severe retinopathy and nephropathy in the intervention and
control group was compared by the Kaplan–Meier method;
p values were computed by log-rank tests and hazard rate
ratios comparing the rates in the intervention group with
those in the control group adjusted for age and clinic-
clustering were estimated by Cox proportional hazards
analysis (NLMIXED), which fits non-linear mixed models
by maximising an approximation to the likelihood integrated
over the random effects. The number needed to treat was
calculated as described by Altman and Andersen [21]. The
prevalences of retinopathy, macro- or microalbuminuria and
neuropathy were calculated for those alive in 2006. The
statistical significance of differences between groups was
assessed using the χ2 test for categorical and the t-test for
continuous variables. The Mantel–Haenszel χ2 test for
trend was used to evaluate the effects of follow-up and
diabetes duration. Results were considered significant if p<
0.05. Statistical analyses were performed using SAS
System for Windows, version 9.1 (SAS Institute Inc, Cary
NC, USA).

Results

The flow chart of the follow-up study is shown in Fig. 1. In
2006, of 577 original participants, information on one or
more of the complications was obtained in 542 (94%). The
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characteristics of the participants at baseline and among
living participants at the 20 year follow-up in 2006 are
shown in Table 1. Comparisons of the baseline charac-
teristics of the living participants examined in 2006 and
those unavailable for examination showed no significant
difference between the groups.

Retinopathy Information about eye disease was obtained on
540 (94%) of the original participants, of whom 48 had
severe retinopathy. Severe retinopathy occurred in 31
participants in the intervention group and 17 in the control
group, leading to a cumulative incidence of 9.2 and 16.2%,
respectively (p=0.03, log-rank test; Fig. 2). In proportional
hazards analysis with adjustment for age and clinic-
clustering, the intervention group had a 47% lower incidence
of severe retinopathy than the control group (hazard rate ratio
0.53, 95% CI 0.29–0.99, p=0.048). There were no signifi-
cant differences in the incidence of severe retinopathy
among participants in the originally assigned intervention
groups (diet only, 4.5/1,000 person-years, 95% CI 1.8–7.1;
exercise only 5.3/1,000 person-years, 95% CI 2.5–8.0; diet
plus exercise 2.6/1,000 person-years, 95% CI 0.5–4.6).

The sources of information on severe retinopathy were
as follows. Nine cases were reported among the 142
participants who had died, of whom four had a history of

photocoagulation and five were blind. Among 400 survi-
vors, 39 had severe retinopathy. Three hundred and one had
gradable retinal photographs and in 12 objective informa-
tion was obtained only from slit-lamp examination. These
retinal examinations showed photocoagulation scars (n=20)

110,660 residents screened for 
diabetes and IGT in 1986 

577 with IGT randomised by clinic: 
Baseline examinations included ophthalmoscopy, fundus 
photographs and urine albumin measurements 

Assigned to intervention 
(n=441)

Assigned to control 
(n=136)

Participated in 2006 study: 133 
Lost to follow-up: 3

Participated in 2006 study: 409 
Lost to follow-up: 32

Deaths 
(n=39)

Diabetes: 34 
Retinopathy: 3 
Nephropathy: 1

Deaths 
(n=103)

Diabetes: 72 
Retinopathy: 6
Nephropathy: 7

Alive (n=94) Alive (n=306)

Fundus photos/slit lamp: 75 
ACR/serum creatinine: 87 
Monofilament test: 77

Fundus photos/slit lamp: 238 
ACR/serum creatinine: 237 
Monofilament test: 256

Diabetes: 84 
Retinopathy: 14 
Nephropathy: 1 
Neuropathy: 7a

Diabetes: 237 
Retinopathy: 25 
Nephropathy: 0 
Neuropathy: 22a

Fig. 1 Flow diagram of the China Da Qing Diabetes Prevention
Outcome Study showing assignments to control and intervention
groups, losses to follow-up and the main sources of information on
retinopathy, nephropathy and neuropathy among participants. The
numbers of participants who developed diabetes and each of the
microvascular complications are shown. aOne or more insensate sites
by the monofilament test

Table 1 Baseline and follow-up characteristics of study participants

Variable Intervention group Control group

Total number of participants 441 136

1986

Sex (men/women) 235/206 77/59

Age (years) 44.7±9.3 46.7±9.2a

BMI (kg/m2) 25.6±4.0 26.2±3.8

BP (mmHg)

Systolic 132.2±23.5 134.4±23.4

Diastolic 87.2±13.5 88.5±13.5

Fasting plasma glucose
(mmol/l)

5.6±0.8 5.5±0.8

2 h Plasma glucose (mmol/l) 9.0±0.9 9.0±0.9

2006

Total number of participants 306 94

BMI (kg/m2) 24.5±3.1 (n=266) 24.4±3.5 (n=82)

BP (mmHg) (n=285) (n=87)

Systolic 144.6±23.6 145.1±19.1

Diastolic 82.4±12.3 82.8±11.5

Fasting plasma glucose
(mmol/l)

7.9±3.2 (n=260) 8.7±3.1 (n=80)*

2 h Plasma glucose
(mmol/l)

11.5±4.6 (n=100) 13.8±6.0 (n=28)*

HbA1c (%) 7.34±1.7 (n=271) 7.83±2.0 (n=81)*

Diabetes status (n=306) (n=93)

Normal glucose tolerance 40 (13.1) 3 (3.2)*

IGT 29 (9.5) 6 (6.5)*

Diabetes 237 (77.4) 84 (90.3)*

Retinopathy (n=238) (n=75)

No retinopathy 135 (56.7) 38 (50.7)

Non-proliferative retinopathy 86 (36.1) 29 (38.7)

Proliferative retinopathy 17 (7.2) 8 (10.6)

ACR (mg/g)a (n=254) (n=79)

<30 151 (59.5) 44 (55.7)

30–299 93 (36.6) 32 (40.5)

≥300 10 (3.9) 3 (3.8)

Neuropathy (n=333)

≥1 Insensate site 22 (8.6) 7 (9.1)

≥3 Insensate sites 11 (4.3) 5 (6.5)

Ankle–brachial index (n=262) (n=79)

<0.9 22 (8.4) 10 (12.7)

0.9–1.5 240 (91.6) 69 (87.3)

Data are mean±SD or n (%)
a To convert values to mg/mmol multiply by 0.113

*p<0.05
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or signs of proliferative retinopathy (n=5). The medical
chart reviews provided evidence of photocoagulation in the
two others. Five had only a positive history (two blindness,
three photocoagulation). Among the other 87 surviving
participants without retinal examination, seven had severe
retinopathy (one blindness, six photocoagulation), of whom
one had a positive chart review and six were reported by
history only. Among the 313 participants who had gradable
fundus photographs or slit-lamp examination, the history of
severe retinopathy obtained from the interview agreed with
the objective assessment in 93.6% (κ=0.76).

The incidence of severe retinopathy increased as follow-
up time increased, with 36 of the 48 events occurring
during the last 5 years of follow-up (ptrend<0.0001; Table 2).
All those with severe retinopathy had developed diabetes

by the time their retinopathy was recognised and the
incidence rose rapidly as the duration of diabetes increased
(ptrend<0.0001; Table 3). When adjusted for differences in
the duration of diabetes between the intervention and
control groups, the incidence in the two groups was similar
(incidence rate ratio 0.85, 95% CI 0.47–1.54, intervention
vs control, p=0.59), indicating that the difference in
incidence of severe retinopathy in the intervention and
control groups was largely explained by the lower
incidence of diabetes and the mean delay of 3.6 years in
the onset of diabetes in the intervention group [2].

Based on information from the retinal photographs or
slit-lamp examinations, NPR was present in 36.1% in the
intervention group and 38.7% in the control group (p=0.51,
Table 1). NPR was seen in 41.6% of those with diabetes
and 14.3% of those without diabetes.

Nephropathy Information on nephropathy was obtained in
542 (94%) of the original participants. Severe nephropathy
requiring renal replacement therapy or leading to death
occurred in nine participants (seven in the intervention
group and two in the control group), all of whom had
diabetes when they developed renal disease. Two had
received renal dialysis (one in the intervention group, one
in the control group) and one in the intervention group had
a renal transplant. Six (five in the intervention group and
one in the control group) died from diabetic nephropathy or
ESRD. The cumulative incidence of severe nephropathy
was 2.1% in the intervention group and 2.0% in the control
group (p=0.95, log-rank test), and in proportional hazards
analysis the hazard rate ratio was 1.05 (intervention vs
control, 95% CI 0.16–7.05, p=0.96). Among living
participants in 2006, ACR ≥300 mg/g or an elevated serum
creatinine level was present only among those who had
developed diabetes and was present in 4.0% in the
intervention group and 4.6% in the control group (p=0.82).
Of the 15 with ACR ≥300 mg/g or elevated creatinine,

Number at risk:
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Fig. 2 Cumulative incidence of severe retinopathy during the 20 year
follow-up of the China Da Qing Diabetes Prevention Outcome Study
in the control group (dotted line, white circles) and intervention group
(solid line, black circles). The number at risk represents the number of
participants who contributed to the cumulative incidence of severe
retinopathy at each of the follow-up years in the control and
intervention groups. The hazard rate ratio between the intervention
and control group was 0.53 (95% CI 0.29–0.99)

Table 2 Incidence of severe retinopathy by follow-up time from randomisation

Follow-up
time (years)

Intervention group Control group Hazard rate ratio
(95% CI)

No. of
cases

No. of
participants

Person-
years

Incidence
(/1,000 person-
years)

No. of
cases

No. of
participants

Person-
years

Incidence
(/1,000 person-
years)

0–9.9 0 439 4,067 – 1 136 1,306 0.77 –

10–14.9 8 378 1,796 4.45 3 121 549 5.46 0.82 (0.22–3.10)

15–20 23 348 1,579 14.6 13 104 454 28.6 0.51 (0.26–1.01)

Total 31 439 7,442 4.2 17 136 2,301 7.4 0.53 (0.29–0.99)a, b

ptrend<0.0001 for follow-up time
a Adjusted for age and clinic-clustering
b Intervention vs control group
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eight had severe retinopathy. ACR in the microalbuminuric
range (30–299 mg/g) was frequent (36.6% in the intervention
group and 40.5% in the control group, p=0.82; Table 1).

Neuropathy Overt neuropathy was uncommon. Amputations
or gangrene were reported in four of the 542 participants.
Foot ulcers were seen in four of 333 living participants with
foot examinations, one of whom had amputation. All with
overt neuropathy had already developed diabetes. Abnormal
touch sensation with one or more insensate sites occurred in
29 (8.7%), with similar prevalences in the intervention and
control groups (8.6%and 9.1%, respectively, p=0.89; Table 1).

Discussion

This study demonstrated that a 6-year lifestyle intervention
among people with IGT reduced the development of vision-
threatening retinopathy by 47% over a 20 year interval.
This reduction occurred in conjunction with a 43% reduction
in the incidence of diabetes [2] and represents the first
evidence from a randomised controlled trial that lifestyle
interventions which reduce the incidence of diabetes may
reduce the incidence of diabetes-related complications.
Using lifestyle interventions over a 6 year period, the
number with IGT needed to treat to prevent one case of
proliferative retinopathy or blindness was 14 persons (95%
CI 9–205).

Proliferative retinopathy and blindness occurred only
among those who had already developed diabetes, predom-
inantly among those who had had diabetes for 10 years or
more, indicating the specificity of this microvascular compli-
cation. The 20 year cumulative incidence of severe retinop-
athy of 16.2% in the control group affirms the high risk of this
complication among people with IGT who subsequently
develop diabetes. In contrast, NPR assessed among the 20 year
survivors was equally prevalent in the intervention and control
groups. While significantly more frequent in those with
diabetes (41.6%), NPR was also seen in 14.3% of those who
did not develop diabetes, confirming that it is a common but

less specific microvascular complication than PR [22, 23].
None of the participants with IGT had proliferative
retinopathy at the inception of the intervention trial.
Although there are only limited data, the prevalence of
severe retinopathy in Chinese patients with diabetes is
reported to be higher than in other ethnic groups [24].

Several factors may explain why we observed effects on
severe retinopathy but not on nephropathy and neuropathy.
First, the low cumulative incidence of severe nephropathy
and neuropathy limited the statistical power to detect
differences and may limit conclusions about whether or
not lifestyle intervention influences these complications.
Severe nephropathy, resulting in the need for renal replace-
ment treatment or death, was found in only nine (1.7%)
participants, and abnormal renal function, defined as ACR ≥
300 mg/g or elevated serum creatinine, was present in only
4.2% of the surviving participants (5.1% in those with and
0% in those without diabetes). Severe neuropathy was also
rare, affecting 1.2% of intervention and 1.5% of control
participants. The relatively low frequencies of severe ne-
phropathy and neuropathy may be attributable to the
relatively short duration of diabetes in many participants, as
most longitudinal studies report a marked increase in the
incidence of severe nephropathy only after a duration of
diabetes of 15–20 years or more [25, 26]. Second, nephrop-
athy based on albumin excretion and neuropathy based on
the monofilament test were assessed only at follow-up in
living participants; thus, we lacked information on the 25%
who died during the study. This means that the findings
could have been affected by a survival bias and competing
mortality, whereby people who had these complications
were less likely to be identified, reducing the incidence and
the ability to detect an intervention effect. Given these
limitations, much larger studies, such as the US Diabetes
Prevention Program Outcome Study [27], perhaps with even
longer follow-up, are needed to investigate whether or not
lifestyle intervention influences the incidence of these
complications.

Finally, retinopathy may simply bemore directly influenced
by the protective effects of lifestyle-based diabetes prevention

Table 3 Incidence of severe retinopathy by diabetes duration

Intervention group Control group

Time since recognition
of diabetes (years)

No. of
cases

Person-years Incidence/1,000
person-years (95% CI)

No. of
cases

Person-years Incidence/1,000
person-years (95% CI)

0–4.9 3 1,332 2.3 (0.5–6.6) 1 503 2.0 (0.05–11.1)

5–9.9 10 1,031 9.7 (4.7–17.8) 4 410 9.8 (2.7–25.0)

10–14.9 7 665 10.5 (4.2–21.7) 8 303 26.4 (11.4–52.0)

15–20 11 127 86.6 (43.2–155.0) 4 79 50.6 (13.8–129.6)

Duration-standardised incidence rate ratio (intervention vs control): 0.85 (95% CI 0.47–1.54, p=0.59)
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because retinopathy is more specific to diabetes than either
neuropathy or nephropathy.

The follow-up study was designed to determine the long-
term effects of lifestyle intervention on the incidence of
diabetes, but with the prespecified secondary objective of
determining its effect on the incidence of the common
microvascular complications of retinopathy, nephropathy
and neuropathy. The original study was not designed to
examine the effects of intervention on vascular complica-
tions and thus the statistical power of the follow-up study to
detect differences in these complications was limited. As
the three original active treatment groups showed similar
reductions in diabetes incidence, they were combined in the
follow-up study to attempt to overcome this limitation. The
study used cluster randomisation of clinics, with all
participants in each individual clinic assigned to receive
the same intervention. This design greatly facilitated the
delivery of group instruction as all participants and staff in
the same clinic received and delivered the same message,
thereby minimising the likelihood of contamination among
the intervention groups. The statistical analyses were adjusted
for cluster randomisation to account for this feature of the
study design. Clinically overt microvascular events were
ascertained from interviews using standardised question-
naires and physical examinations, and from medical chart
reviews conducted by personnel who were not aware of the
participant’s treatment assignment, thus alleviating the
likelihood of interviewer or observer biases. As participants
were not systematically tested for clinically asymptomatic
microvascular complications throughout the study, recogni-
tion of these complications depended on the 20 year follow-
up examinations carried out among 365 (91%) of the 400
survivors, who represented only 69% of the original
participants. A possible source of differential bias is that as
diabetes was more frequent among the control group, a
greater proportion of participants in this group was likely to
have had routine ophthalmoscopic examinations to detect
retinopathy. However, as severe retinopathy was found
exclusively among participants who had already developed
diabetes, a greater proportion of ophthalmological examina-
tions among the controls than among the intervention group
seems an unlikely source of such bias. While the proportions
of survivors examined in the intervention and control groups
(91 and 93%, respectively) were similar, results from these
examinations require cautious interpretation as the partic-
ipants were not necessarily representative of those originally
assigned to these groups andwere subject to survivor bias and
the effects of treatment for comorbid conditions. The absence
of information on potential risk factors (other than diabetes
duration), except at baseline and at the end of the active
intervention, prevents inferences about mechanisms whereby
lifestyle intervention other than by preventing diabetes may
have reduced the incidence of severe retinopathy.

While the lower incidence of severe retinopathy was
associated with a reduced incidence of diabetes in the
intervention group, a mechanism other than mitigation of
glycaemia might be responsible. However, an equivalent
reduction in the incidence of severe retinopathy was seen
among participants assigned to each of the three original
intervention strategies. This suggests that the effects on the
incidence of proliferative retinopathy were not dependent on
a particular component of the intervention, such as dietary
change or exercise. Nevertheless, the concomitant reduc-
tions in the incidences of retinopathy and diabetes could be
due to factors other than the reduction in glycaemia per se.

This study showed that group lifestyle intervention in
people with IGT resulted in a significantly reduced
incidence of one of the most serious complications of
diabetes—severe retinopathy. To our knowledge, this is a
first demonstration that such interventions can reduce at
least one of the more common serious microvascular
complications of diabetes that is a major cause of morbidity
in those with type 2 diabetes. The main reason for the lower
incidence of retinopathy was the lower incidence of
diabetes and the associated mean delay of 3.6 years in the
onset of diabetes among participants who were assigned to
the group-based intervention strategies [2].

We conclude that the lifestyle intervention delayed or
prevented the onset of type 2 diabetes, and also that its
effects delayed or prevented at least one of the serious
microvascular complications of the disease. The 47%
reduction in severe retinopathy together with the 17%
reduction in cardiovascular disease mortality reported
previously [2] provide a strong additional rationale for
pursuing lifestyle intervention in persons with IGT and
additional evidence to justify public health efforts to reduce
the enormous global burden of type 2 diabetes using
lifestyle interventions.
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