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Abstract
Aims/hypothesis We aimed to determine associations of regression to normal glucose tolerance (NGT), maintaining impaired
glucose tolerance (IGT) or progression to diabetes with subsequent risks of CVD and microvascular disease among Chinese
adults with IGT.
Methods We conducted an observational study among 540 participants in the Da Qing Diabetes Prevention Study, a 6 year
lifestyle intervention trial in people with IGT, defined by 1985WHO criteria as fasting plasma glucose <7.8 mmol/l and 2 h post-
load plasma glucose ≥7.8 and <11.1 mmol/l. At the end of the trial, the groups that had regressed to NGT, remained with IGT or
progressed to diabetes were identified. Participants were then followed for 24 years after completion of the trial, during which we
compared the incidence and hazard ratios for CVD and microvascular disease in each group and estimated the differences in their
median time to onset from parametric Weibull distribution models.
Results At the end of the 6 year trial, 252 (46.7%) participants had developed diabetes, 114 (21.1%) had remained with
IGT and 174 (32.2%) had regressed to NGT. Compared with those who developed diabetes during the trial, the median
time to onset of diabetes was delayed by 14.86 years (95% CI 12.49, 17.25) in the NGT and 9.87 years (95% CI 8.12,
11.68) in the IGT groups. After completion of the trial, among those with diabetes, IGT and NGT, the 24 year
cumulative incidence of CVD was 64.5%, 48.5% and 45.1%, respectively, and 36.8%, 21.7% and 16.5% for microvas-
cular diseases. Compared with participants who had progressed to diabetes during the trial, those who regressed to NGT
had a 37% (HR 0.63; 95% CI 0.47, 0.85) reduction in CVD incidence and a median delay of 7.45 years (95% CI 1.91,
12.99) in onset, and those who remained with IGT had a 34% (HR 0.66; 95% CI 0.47, 0.91) lower CVD incidence with
a median delay in onset of 5.69 years (95% CI 1.0, 10.38). Participants with NGT had a 66% (HR 0.34; 95% CI 0.20,
0.56) lower incidence of microvascular diseases and a median delay in the onset of 18.66 years (95% CI 6.08, 31.24),
and those remaining with IGT had a 52% (HR 0.48; 95% CI 0.29, 0.81) lower incidence with a median delay of
12.56 years (95% CI 2.49, 22.63).
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Conclusions/interpretation People with IGT who reverted to NGT or remained with IGT at the end of the 6 year trial subse-
quently had significantly lower incidences of CVD and microvascular disease than those who had developed diabetes.

Keywords Cardiovascular disease . Diabetes . Impaired glucose tolerance . Microvascular disease . Normal glucose tolerance .

Prevention . Progression . Regression

Abbreviations
DPP Diabetes Prevention Program
DQDPS Da Qing Diabetes Prevention Study
IGT Impaired glucose tolerance
NGT Normal glucose tolerance

Introduction

The global prevalence of diabetes in adults has been increas-
ing over recent decades, with an estimated 451 million with
diabetes in 2017, 281% higher than in 2000, and with a
projected increase to 693 million by 2045 [1]. In China in
2013, the number of adults with diabetes was estimated to
be 119 million (10.9% of the adult population), and the
number with prediabetes with levels of HbA1c 39–46 mmol/
mol (5.7–6.4%), fasting plasma glucose 5.6–6.9 mmol/l or 2 h
plasma glucose 7.8–11.0 mmol/l, all of whom are at high risk
of developing type 2 diabetes, was approximately 388 million
(35.7% of the population) [2]. The excess incidence of macro-
and microvascular diseases and death among people with type
2 diabetes is well documented [3, 4] and people with impaired
glucose tolerance (IGT) have a high risk of progression to type
2 diabetes [5, 6], CVD and mortality [7, 8].

Several randomised clinical trials have demonstrated that
lifestyle interventions in people with IGT can reduce the rate
of progression to diabetes [9–12]. However, the response to
lifestyle modification among people with IGT is variable, as
some progress to diabetes, some regress to normal glucose
tolerance (NGT) and others remain with IGT. Whether and
how these different responses are associated with the subse-
quent long-term complications such as CVD and microvascu-
lar disease is uncertain. Interventions that prevent or delay the
onset of diabetes might be expected to reduce risks of compli-
cations, yet few studies have addressed this hypothesis. The
15 year follow-up of the US Diabetes Prevention Program
(DPP) provided evidence that the incidence of microvascular
diseases was 21% lower in women when diabetes was
prevented or delayed, but data on CVD events were not
reported [13, 14]. A 13 year follow-up of the Finnish
Diabetes Prevention Study, while reporting prolonged success
of lifestyle intervention to prevent diabetes, showed no
evidence of a reduction in CVD mortality [15, 16]. The aim
of the present study was to determine if differences in
glycaemic response in people with IGT who participated in
the Da Qing Diabetes Prevention Study (DQDPS) were
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associated with the subsequent risks of type 2 diabetes and
cardiovascular and microvascular diseases.

Methods

Study design and participants In 1986, 576 adults aged 25–
74 years with IGT in Da Qing, China participated in DQDPS,
a 6 year cluster randomised controlled clinical trial of lifestyle
intervention, at the end of which they were informed of the
trial results and subsequently received routine medical care
from their usual providers. Details of the design of the trial
and the primary outcomes of the subsequent 20 and 30 year
follow-up studies have been reported previously [9, 17, 18].

Participants received a 75 g OGTT at baseline and 2 years,
4 years and 6 years after randomisation. Subsequently, follow-
up interviews, examinations on survivors, and reviews of
medical records and death certificateswere conducted 30 years
after randomisation to determine the incidence of diabetes,
diabetes-related complications and mortality. Study partici-
pants, and proxies who served as informants for the deceased,
provided written, informed consent. Institutional review
boards at the Chinese Center for Disease Control and
Prevention and Fuwai Hospital approved the 30 year follow-
up study.

Outcome definitions During the trial, diabetes, IGT and
NGT status was determined using WHO 1985 criteria
[19] based on 75 g OGTT results. Diabetes was defined
as fasting plasma glucose ≥7.8 mmol/l or 2 h post-load
plasma glucose ≥11.1 mmol/l, IGT as fasting plasma
glucose <7.8 mmol/l and 2 h post-load plasma glucose
≥7.8 and <11.1 mmol/l, and NGT as fasting plasma
glucose and 2 h post-load plasma glucose <7.8 mmol/
l. During the subsequent 24 year follow-up, diabetes
was defined by self-reported physician-diagnosed diabe-
tes, evidence of increased blood or plasma glucose
levels in the medical records and/or use of glucose-
lowering medications, and for those not known to have
diabetes from OGTT results using the 1985 WHO
criteria. CVD was defined as non-fatal or fatal myocar-
dial infarction, sudden death, non-fatal or fatal stroke,
or hospitalisation for heart failure. Microvascular disease
was defined as a composite outcome of retinopathy,
defined as a history of photocoagulation, blindness from
retinal disease or proliferative retinopathy; nephropathy,
defined as a history of end-stage renal disease, renal
dialysis, renal transplantation or death from chronic
kidney disease; and neuropathy, defined as a history of
leg, ankle or foot ulceration, gangrene or amputation.
Two physicians, unaware of the participant’s trial
assignment, independently adjudicated outcomes and
disagreements were resolved by a third senior physician.

Statistical analysis The follow-up time to each outcome was
calculated from the end of the trial in 1992 to the date of the
first occurrence of the event, or death, or 31 December 2016,
or, for those lost to follow-up, the last date of contact.
Descriptive statistics were used to compare the characteristics
at baseline and at the end of the trial, and changes in these
measurements among groups of participants who developed
type 2 diabetes, reverted to NGT or remained with IGT. Data
are presented as means (±SD) or counts (percentages).
Comparisons among these groups were made using
ANOVA tests for continuous variables and χ2 tests for cate-
gorical variables. Incidence rates of diabetes, CVD events and
microvascular complications were expressed as the number of
events divided by person-years.

The cumulative incidence rates of outcomes during the
24 year follow-up were calculated using the Kaplan–Meier
method. Multivariable Cox regression models using clinically
meaningful variables were used to explore determinants of
progression to diabetes. Cox proportional hazards analyses
were used to estimate hazard ratios for differences in compli-
cation rates among the NGT, IGT and diabetes groups.
Differences in time taken to develop outcome events in the
NGT, IGT and diabetes groups were estimated from paramet-
ric models with a Weibull distribution and used to interpolate
differences in median survival times [20, 21].

To determine if findings and conclusions would be differ-
ent if the original sample had been defined using 1999 WHO
criteria rather than 1985 criteria, we conducted a sensitivity
analysis excluding results from the 34 original study partici-
pants who had baseline fasting plasma glucose levels of ≥7.0
and <7.8 mmol/l and who would have been designated as
having diabetes by 1999 WHO criteria.

The p values are two-tailed, and values <0.05 were consid-
ered statistically significant. All analyses were conducted
using SAS version 9.4 (SAS, Cary, NC, USA).

Results

By the end of the 6 year trial, 252 (46.7%) of the 540 partic-
ipants had progressed to diabetes, 174 (32.2%) had regressed
to NGT and 114 (21.1%) remained with IGT (electronic
supplementary material [ESM] Fig. 1). Table 1 shows their
characteristics. Participants who developed diabetes during
the trial had higher baseline BMI and fasting and 2 h post-
load plasma glucose concentrations compared with those who
remained with IGT or had regressed to NGT.

Predictors of progression to diabetes at the end of the
6 year trial were investigated by regression analysis
using the baseline clinical characteristics of age, sex,
BMI, systolic blood pressure and fasting plasma glucose
as independent variables. BMI (HR 1.06; 95% CI 1.03,
1.10) and baseline fasting plasma glucose (HR 1.72;
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95% CI 1.40, 2.13) were significantly and independent-
ly associated with progression to diabetes.

During the 24 year follow-up, the cumulative incidence of
diabetes in participants who had reverted to NGT or retained

Table 1 Baseline and follow-up
characteristics of participants
according to their glycaemic
status at the end of the 6 year trial

Characteristic NGT (n=174) IGT (n=114) Diabetes (n=252)

1986

Age, years 45.2±9.70 45.3±8.9 45.1±8.8

Female sex, no. (%) 70 (40.2) 52 (45.6) 120 (47.6)

Current smoker, no. (%) 73 (42.0) 47 (41.2) 99 (39.3)

BMI, kg/m2 25.2±4.4 25.4±3.7 26.6±3.6**

BP, mmHg

Systolic 131.1±24.2 127.8±20.1 135.7±26.6*

Diastolic 87.0±15.0 85.1±11.9 88.5±15.1

Total cholesterol, mmol/l 5.1±1.5 4.8±1.0 5.2±1.3

Fasting glucose, mmol/l 5.5±0.7 5.5±0.8 5.8±0.8**

2 h glucose, mmol/l 8.8±0.8 9.0±0.9 9.1±0.9**

1992

BMI, kg/m2 24.8±3.2 25.0±3.6 25.8±3.4*

BP, mmHg

Systolic 127.8±20.1 133.2±19.9 132.2±20.6

Diastolic 83.8±13.2 85.6±11.3 85.5±12.1

Total cholesterol, mmol/l 5.1±1.4 4.9±0.8 5.4±1.0*

Fasting glucose, mmol/l 5.5±0.9 5.9±0.9 8.5±3.8**

2 h glucose, mmol/l 6.3±1.0 9.3±0.9** 14.3±3.5**

Change of 6 years

Δ BMI, kg/m2 −0.3±2.2 −0.4±1.9 −0.8±1.8*
Δ BP, mmHg

Δ Systolic −1.6±21.2 6.3±17.8** −3.5±23.5
Δ Diastolic −2.9±15.7 0.7±13.2 −2.7±15.2

Δ Total cholesterol, mmol/l 0.2±1.7 0.02±1.0 0.1±1.6

Δ Fasting glucose, mmol/l 0.2±1.1 0.3±1.0 2.7±3.7**

Δ 2 h glucose, mmol/l −2.4±1.2 0.3±1.2** 5.1±3.6**

Means ± SD

Comparing with NGT, *p<0.05, **p<0.01

NGT 174 165 150 130 112 86 71 58 47 35 32

IGT 114 110 103 89 70 48 38 16 15 10 8

DM 252 181 78 0 0 0 0 0 0 0 0

Number at risk Follow-up years
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Fig. 1 Cumulative incidence of
diabetes by glycaemic group at
the end of the 6 year follow-up.
The red line represents those who
developed diabetes (DM), the
purple line those who remained
with IGT and the blue line those
who reverted to NGT. The
vertical black lines show the time
after randomisation when the
cumulative incidence of diabetes
reached 50% (as indicated by the
horizonal line) in the diabetes,
IGT and NGT groups
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IGT increased to 77.9% (95% CI 70.2, 83.8) and 92.9% (95%
CI 84.0, 96.9), respectively, and in each group the cumulative
incidence of diabetes reached 50% many years later than in
those who had developed it during the trial (Fig. 1).

The number of events and incidence rates of CVD and
microvascular disease observed during the 24 year follow-up
in the NGT, IGT and diabetes groups are shown in Table 2.
The 24 year cumulative incidence of CVD was 64.5% (95%
CI 57.6, 70.6) in the diabetes, 48.5% (95% CI 38.2, 58.1) in
the IGT and 45.1% (95% CI 36.8, 52.9) in the NGT groups.

CVD incidence was 37% lower (HR 0.63; 95% CI 0.47, 0.85)
in the NGT group and 34% lower (HR 0.66; 95% CI 0.47,
0.91) in the IGT group than in the diabetes group (Fig. 2a,
ESM Fig. 2a,b). Similar rates were also seen after adjustment
for potential risk factors and in the combined NGT plus IGT
group (Fig. 3, ESM Fig. 2b).

A similar pattern was seen for microvascular disease. The
24 year cumulative incidence of microvascular disease in the
diabetes, IGT and NGT groups was 36.8% (95% CI 29.9,
43.7), 21.7% (95% CI 13.3, 31.3) and 16.5% (95% CI 10.3,

Table 2 Incidence of CVD events and microvascular disease during 24 year follow-up by glycaemic group at the end of the 6 year trial

Variable NGT
(n=174)

IGT
(n=114)

Diabetes
(n=252)

Cases/person-
years

Incidence/1000
person-years (95%
CI)

Cases/person-
years

Incidence/1000
person-years (95%
CI)

Cases/person-
years

Incidence/1000
person-years (95%
CI)

CVD eventsa 67/2672 25.1 (19.4, 31.8) 48/1850 25.9 (19.1, 34.4) 142/3629 39.1 (33.0, 46.1)

Stroke 54/3674 14.7 (11.0, 19.2) 37/2500 14.8 (10.4, 20.4) 110/5221 21.1 (17.3, 25.4)

Myocardial
infarction

23/3025 7.6 (4.8, 11.4) 16/2122 7.5 (4.3, 12.2) 46/4508 10.2 (7.5, 13.6)

Heart failure 12/3119 3.8 (2.0, 6.7) 11/2166 5.1 (2.5, 9.1) 32/4683 6.8 (4.7, 9.6)

Composite
microvascular
diseaseb

19/3062 6.2 (3.7, 9.7) 18/2080 8.7 (5.1, 13.7) 72/4215 17.1 (13.4, 21.5)

Retinopathy 13/3010 4.3 (2.3, 7.4) 13/2033 6.4 (3.4, 10.9) 56/4164 13.4 (10.2, 17.5)

Nephropathy 5/3129 1.6 (0.5, 3.7) 3/2179 1.4 (0.3, 4.0) 15/4687 3.2 (1.8, 5.3)

Neuropathy 4/3128 1.3 (0.3, 3.3) 3/2173 1.4 (0.3, 4.0) 14/4672 3.0 (1.6, 5.0)

a CVD events: the first occurrence of fatal and non-fatal myocardial infarction, fatal and non-fatal stroke, or hospitalised heart failure
b Composite microvascular disease: the first occurrence of retinopathy, nephropathy or neuropathy

HR (NGT/DM): 0.63 (95% CI 0.47, 0.85)

HR (IGT/DM): 0.66 (95% CI 0.47, 0.91)

Number at risk Follow-up years

NGT 174 145 131 111 93 81 72

IGT 114 101 90 80 65 54 43

DM 252 217 182 148 118 100 77

HR (NGT/DM): 0.34 (95 %CI 0.20, 0.56)

HR (IGT/DM): 0.48 (95 %CI 0.29, 0.81)

Number at risk Follow-up years

NGT 174 151 143 132 115 102 87

IGT 114 107 100 90 75 67 56

DM 252 236 215 179 143 120 96
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Fig. 2 Twenty-four-year cumulative incidence of first CVD events (a)
and composite microvascular disease (b). The red line represents those
who developed diabetes, the purple line those who remained with IGT
and the blue line those who reverted to NGT by the end of the 6 year
follow-up. CVD events: the first occurrence of fatal and non-fatal

myocardial infarction, fatal and non-fatal stroke, or hospitalised heart
failure. Composite microvascular disease was defined as the first occur-
rence of severe retinopathy, nephropathy or neuropathy. HRs are derived
from proportional hazards models. DM, diabetes
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24.0), respectively. Incidence rates were 66% (HR 0.34; 95%
CI 0.20, 0.56) lower in the NGT group and 52% (HR 0.48;
95%CI 0.29, 0.81) lower in the IGT group than in the diabetes
group, and remained similar and significantly lower in the
NGT and IGT groups after adjustment for other risk factors
(Fig. 2b, ESM Fig. 2a,b). No differences between the NGT
and IGT groups were seen in the incidence of either CVD
events (HR 0.94; 95% CI 0.66, 1.40) or microvascular disease
(HR 0.70; 95% CI 0.37, 1.34), nor in any of the individual
components (ESM Fig. 2a).

The incidence rates of the individual components of CVD
events and composite microvascular complications in the
NGT, IGT and diabetes groups are shown in ESM Fig 3.
The 24 year cumulative incidence rates of stroke and retinop-
athy were significantly lower in the NGT and IGT groups than
in the diabetes group, whereas the differences in the incidence
of myocardial infarction, heart failure, nephropathy and
neuropathy, while lower in the NGT and IGT groups, did
not reach statistical significance (ESM Fig 3a-g).

Compared with the diabetes group, the median time to
onset of diabetes was 14.86 years (95% CI 12.49, 17.25) later
in the NGT group and 9.87 years (95%CI 8.12, 11.68) later in
the IGT group. There were also longer median delays to the
onset of CVD events of 7.45 years (95%CI 1.91, 12.99) in the
NGT group and 5.69 years (95% CI 1.0, 10.38) in the IGT
group. Median delays to the onset of microvascular disease of

18.66 years (95%CI 6.08, 31.24) were seen in the NGT group
and of 12.56 years (95% CI 2.49, 22.63) in the IGT group
(Table 3).

Results of the sensitivity analysis using 1999WHO criteria
rather than 1985 criteria for IGT, excluding 34 participants
who otherwise would have been classified as having diabetes
at baseline, are shown in the supplemental analysis (ESM Figs
4–6 and ESM Tables 1, 2). Only minor differences in the
incidence and median delays in onset of CVD and microvas-
cular disease were found.

Discussion

Most clinical trials designed to prevent type 2 diabetes have
been conducted in people with IGT, who have a high risk of
developing the disease [5, 6]. The effectiveness of interventions
has been judged primarily by determining the proportion who
progress to glycaemic levels diagnostic for diabetes. A more
clinically meaningful way to evaluate the effectiveness of such
interventions would be to determine their effect on reducing the
risk of diabetes-related vascular complications and mortality,
which is the ultimate objective of diabetes prevention, but to
do so requires many years of extended follow-up which few
studies have attempted [22]. An alternative way to assess the
success in the short term may be to determine the extent to

Neuropathy

Nephropathy

Retinopathy

Composite 

microvascular disease

Heart failure

Myocardial infarction

Stroke

CVD events

Outcome Adjusted HR (95% CI)     

Cumulative incidence of

24 year follow-up (95% CI) Unadjusted HR (95% CI) p p

0 1 2

NGT+IGT better DM better

0 1 2

NGT+IGT better DM better

46.4% (40.0, 52.6) vs 64.5% (52.6, 70.6)

37.7% (31.5, 43.9) vs 51.5% (44.4, 58.1)

17.1% (11.5, 22.3) vs 21.1% (15.7, 27.0)

11.6% (7.6, 16.5) vs 18.3% (12.9, 24.5)

18.6% (13.5, 24.5) vs 36.8% (29.9, 43.7)

13.5% (9.0, 18.9)   vs 30.7% (23.4, 37.2)

3.5% (1.8, 6.7)      vs   8.4% (4.2, 12.3)

3.6% (1.7, 7.6)      vs   8.0% (3.9, 11.9) 

0.71 (0.55, 0.91) 0.006

0.74 (0.56, 0.97) 0.031

0.78 (0.50, 1.20) 0.257

0.67 (0.38, 1.16) 0.95

0.42 (0.28, 0.64) <0.0001

0.41 (0.25, 0.66) 0.0003

0.38 (0.15, 0.95) 0.032

0.44 (0.17, 1.13) 0.089

0.64 (0.50, 0.82) 0.0004

0.68 (0.51, 0.90) 0.006

0.73 (0.48, 1.12) 0.15

0.62 (0.36, 1.06) 0.08

0.41 (0.25, 0.68) <0.0001

0.37 (0.23, 0.58) <0.0001

0.46 (0.20, 1.09) 0.08

0.43 (0.17, 1.07) 0.07

Fig. 3 Twenty-four-year cumulative incidence rates of CVD events and
microvascular disease in the combined normal and impaired glucose
tolerance (NGT+IGT) and diabetes (DM) groups, with forest plots of

HRs comparing the incidence of these events, unadjusted and adjusted
for age, sex, smoking, BMI, systolic BP, total cholesterol and intervention

Table 3 Differences between glycaemic groups in median delay in onset of diabetes, CVD and microvascular disease

Variable Diabetes CVDa Microvascular diseaseb

Median delay, years (95% CI) p value Median delay, years (95% CI) p value Median delay, years (95% CI) p value

NGT vs diabetes 14.86 (12.49, 17.25) <0.001 7.45 (1.91, 12.99) 0.008 18.66 (6.08, 31.24) 0.004

IGT vs diabetes 9.87 (8.12, 11.68) <0.001 5.69 (1.0, 10.38) 0.017 12.56 (2.49, 22.63) 0.014

(NGT + IGT) vs diabetes 12.62 (10.81, 14.45) <0.001 6.70 (2.35, 11.05) 0.003 15.02 (7.32, 22.72) <0.001

a CVD: the first occurrence of fatal and non-fatal myocardial infarction, fatal and non-fatal stroke, or hospitalised heart failure
bMicrovascular disease: the first occurrence of retinopathy, nephropathy or neuropathy
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which intervention results in regression to normoglycaemia or
otherwise prevents progression to diabetes by prolonging the
state of IGT. Whether these can be meaningful surrogate
measures for the effectiveness of an intervention depends on
the degree to which they ultimately predict delay in onset of
diabetes and reductions in the incidence of complications, a
question that we address in this paper.

It is well established that pharmacologic or lifestyle inter-
ventions in people with IGT result in diverse short-term
glycaemic responses such as regression to NGT, prolongation
of the period with IGT or development of diabetes [23].
However, there is only limited evidence of the effects of
regression to NGT or remaining with IGT on the risk of
diabetes-related vascular complications, such as CVD events
and microvascular disease. For example, in the US DPP,
participants with IGT who reverted to NGT during 3 years
of lifestyle intervention had a 56% lower risk of type 2 diabe-
tes during the subsequent 10 years than those who consistently
had prediabetes [24] and a 22% lower risk of aggregate micro-
vascular disease (nephropathy and retinopathy) [25], and by
15 years there was a 28% lower prevalence of microvascular
complications among those who had not developed diabetes
[13]. However, no difference in the incidence of CVD was
seen in spite of some improvement in CVD risk factors [14].
The 15 year follow-up provided evidence that the incidence of
microvascular diseases was 21% lower in women when diabe-
tes was prevented or delayed, but data on CVD events were
not reported. Similarly, a 13 year follow-up of the Finnish
Diabetes Prevention Study, while reporting prolonged success
of lifestyle intervention to prevent diabetes, showed no
evidence of a reduction in CVD mortality rate [16].

We have previously reported that lifestyle intervention in
the DQDPS reduced the incidence of diabetes, and, after 20–
30 years of follow-up, significantly decreased the incidence of
CVD and microvascular complications and the mortality rate
[9, 17, 18]. The present analysis showed that participants who
remained free of diabetes during the 6 year trial subsequently
had 36% lower incidence of CVD and a 59% lower incidence
of microvascular disease than those who had developed diabe-
tes. Furthermore, the risk reductions were of similar magni-
tudes both in participants who regressed to NGT and in those
who remained with IGT during the trial. These findings
demonstrate that delaying diabetes onset in the IGT popula-
tion is a key component of diabetes prevention, which ulti-
mately results in reductions in the incidence of diabetes-
related micro- and macrovascular complications.

Compared with the participants who progressed to diabetes
by the end of the 6 year trial, those who regressed to NGT or
retained IGT had a much longer median delay in the onset of
diabetes, and consequently experienced many fewer years of
exposure to diabetes levels of hyperglycaemia and other asso-
ciatedmetabolic abnormalities.We postulate that this decreased
exposure to hyperglycaemia and the related metabolic

abnormalities is the main reason for the reduced incidence of
CVD andmicrovascular complications. Our previous reports of
the effectiveness of lifestyle intervention in reducing the inci-
dence of CVD and microvascular disease among the DQDPS
participants randomised to the intervention group can be attrib-
uted largely to the greater proportion in the intervention arm
(60%) who at the end of the trial had regressed to NGT or
remained with IGT vs the 36% seen in the control group [18].

The findings further emphasise that delaying diabetes onset
is a key not only to curbing the increasing incidence of diabe-
tes, but more importantly is an effective means of reducing the
incidence of its serious long-term vascular complications.
Participants with IGTwho regressed to NGT or remainedwith
IGT over a 6 year period had 10–15 more years free of diabe-
tes. The findings also suggest that assessment of the propor-
tion and duration of regression to NGT or remaining with IGT
may provide useful indices to predict the likelihood of long-
term success of interventions designed to prevent diabetes and
its complications. Reducing the incidence of both diabetes and
its complications by regressing IGT to NGT and maintaining
the IGT status would result in a substantial saving in medical
costs associated with treating diabetes and its complications.

The study has several strengths. First, individuals with IGT
were recruited for the trial by screening a well defined popu-
lation using 75 g OGTTs at baseline and regularly during the
trial period. Second, participants were followed for up to
24 years after completing the 6 year trial, which provided
enough time to observe the development of CVD events,
microvascular disease and other long-term complications of
diabetes. Third, little migration away from the city occurred
since the start of the original trial, thereby keeping loss to
follow-up to a minimum and enabling high completion rates
even many years later. Lastly, all participants received usual
care from the primary care clinics in Daqing, so that most
participants received treatment from the same medical care
system and hospital throughout the study, thereby facilitating
access to their medical records. The study also has some limi-
tations. First, the sample size was relatively small: 540 partic-
ipants completed the trial and provided the clinical outcome
data during follow-up. Second, we did not carry out system-
atic examinations at regular intervals on participants through-
out the follow-up, so the outcomes assessed were limited to
those that can be identified and reliably determined from
medical history and other records. Third, the sample selection
for the trial and this analysis are based on the 1985 WHO
criteria for IGT. Supplemental analyses also indicated that
the findings would have been similar if 1999 WHO criteria
for IGT had been used. However, the findings may not be
generalisable to people with prediabetes defined in other
ways.

In conclusion, the study provides strong observational
evidence that, in people with IGT, regression to NGT or other-
wise prolonging the time until progression to diabetes reduces
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the risk of subsequent adverse outcomes such as CVD and
microvascular complications. The findings suggest that, in
people with IGT, interventions to prevent diabetes should be
designed and targeted to prevent progression to diabetes and
to promote regression to NGT for as long and in as many
people as possible.

Supplementary Information The online version contains peer-reviewed
but unedited supplementary material available at https://doi.org/10.1007/
s00125-021-05401-x.
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