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ARTICLE HIGHLIGHTS

® Why did we undertake this study?
It was unclear whether early weight loss independently reduces long-term mortality and cardiovascular risk in individuals with prediabetes.

® What is the specific question we wanted to answer?
We aim to determine whether early weight loss is independently associated with reduced long-term mortality and cardiovascular events.

® What did we find?
Early weight loss after identification of impaired glucose tolerance independently reduced the long-term risk of cardiovascular disease (CVD)
events, heart failure, CVD mortality, and all-cause mortality. Weight loss >5% delayed the median onset time of all-cause mortality and CVD
mortality by 2.1 and 6.5 years, respectively.

® What is the implication of our findings?
Early weight management should be an important intervention target for prediabetes care to reduce subsequent long-term cardiovascular risks and
promote longevity.
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OBJECTIVE

To determine whether weight loss during the initial years following diagnosis of
impaired glucose tolerance (IGT) is independently associated with reduced long-
term mortality and cardiovascular risk.

RESEARCH DESIGN AND METHODS

In the Da Qing Diabetes Prevention Study, 540 adults with IGT were categorized
into three groups based on their weight change from baseline to the end of a
6-year lifestyle intervention trial: non—weight loss (n = 200), low weight loss
(<5%, n = 163), and high weight loss (=5%, n = 177). Participants were followed
for 34 years to assess all-cause mortality, cardiovascular disease (CVD) mortality,
and CVD events. Cox models were used to assess associations.

RESULTS

Weight loss during the initial 6 years following IGT diagnosis was associated with
reduced long-term risks of CVD events and mortality (P = 0.007-0.015). Com-
pared with participants without weight loss, those with weight loss =5% had sig-
nificantly lower risks of CVD death (hazard ratio [HR] 0.56, 95% CI 0.35-0.89),
CVD events (HR 0.71, 95% ClI 0.52-0.99), hospitalized heart failure (HR 0.48, 95%
Cl 0.26-0.88), and all-cause death (HR 0.67, 95% ClI 0.48-0.95) after adjusting for
age, sex, baseline weight, and other covariates. Furthermore, the high weight
loss group showed delays in the median time to all-cause mortality and CVD mor-
tality of 2.1 years and 6.5 years, respectively.

CONCLUSIONS

Weight loss achieved in the early years after diagnosis of IGT in Chinese adults is
associated with substantially lower long-term risks of CVD events and mortality,
suggesting the critical importance of early weight management in individuals
with prediabetes for improving long-term survival and cardiovascular health.

The global prevalence of diabetes and impaired glucose tolerance (IGT) continues to
increase steadily, posing a major public health challenge worldwide (1). This increase
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is accompanied by significantly increased
risks of cardiovascular diseases (CVDs), mi-
crovascular complications, and all-cause
mortality (1,2). Individuals with IGT not
only have a high predisposition to devel-
oping diabetes but also often face a heavy
burden of cardiovascular risk factors such
as obesity, hypertension, dyslipidemia,
and chronic inflammation (3). Although
the benefits of lifestyle intervention in
delaying diabetes onset are well-established
(4,5), a pivotal unanswered question re-
mains: To what extent does early weight
loss independently account for long-term
reductions in mortality and cardiovascular
risk in this population?

Numerous studies have confirmed that
modest weight reduction improves insulin
sensitivity, glucose metabolism, and f-cell
function, thereby decreasing diabetes inci-
dence (6,7). Furthermore, weight loss is
associated with short-term improvements
in cardiovascular risk profiles, including
lowered blood pressure, improved lipid
parameters, and reduced inflammatory
markers (8,9). The Look AHEAD (Action
for Health in Diabetes) study indicated
that, after ~10 years of follow-up, over-
weight or obese individuals with type 2
diabetes who achieved at least 10%
weight loss had a significantly lower risk
of CVD compared with those who had
no weight loss (10). However, in people
with prediabetes or IGT, whether the
benefits of weight loss translate into
sustained protection against hard end
points—such as cardiovascular events
and mortality—and whether such effects
are independent of other metabolic
changes and medication use, has not
been fully elucidated. In particular, the
extent to which weight loss per se
contributes to long-term outcomes, be-
yond its effects on glycemic control and
other conventional risk factors, requires
further investigation (11).

The Da Qing Diabetes Prevention Study
(DQDPS) provided foundational evidence
that lifestyle interventions can reduce the
incidence of diabetes among IGT adults
(12). Extended follow-ups at 23 and
30 years further revealed sustained
reductions in cardiovascular events, mi-
crovascular complications, and mortality,
suggesting a “legacy effect” of early life-
style modification (13,14). Notably, these
benefits persisted despite eventual con-
vergence of diabetes rates between groups,
indicating that these factors are beyond glu-
cose control. The UK Prospective Diabetes

Study (UKPDS) represents another key
study exploring the legacy effect. It
demonstrated that the benefits of early
intensive glycemic control on cardio-
vascular outcomes and overall survival
persisted for decades, even as glycemic
status eventually aligned in all partici-
pants (15,16). Although weight loss is a
central component of lifestyle inter-
ventions and is closely correlated with
short-term metabolic improvement, its
role as an independent predictor of
long-term survival and cardiovascular
health has not been rigorously quanti-
fied in long-term follow-up studies (10).
By addressing his question, we aim to
identify a modifiable risk factor that of-
fers durable cardiovascular and survival
benefits, thereby strengthening the evi-
dence base for weight management as a
cornerstone of clinical and public health
strategies aimed at alleviating the long-
term consequences of prediabetes.

RESEARCH DESIGN AND METHODS

Participants

A total of 576 adults with IGT from the
DQDPS participated in a 6-year lifestyle
intervention trial between 1986 and 1992,
of whom 540 were subsequently followed
for up to 34 years to document the occur-
rence of all-cause mortality, CVD mortality,
and CVD events. To assess the effect of
weight loss on long-term cardiovascular
outcomes, participants in this post hoc
analysis were stratified into three groups
based on their weight change from base-
line to the end of the 6-year trial: those
with no weight loss (n = 200), those with
low weight loss (<5%, n = 163), and
those with high weight loss (>5%, n =
177). The 5% threshold was selected
based on its established clinical rele-
vance in diabetes prevention trials (17).

Study Design and Procedures

Spanning a total of 34 years, DQDPS
(a cluster-randomized trial from 1986
to 1992) and its subsequent observa-
tional follow-up, the Da Qing Diabetes
Prevention Outcome Study (DQDPOS)
(1992-2020), provided the longest fol-
low-up (34 years) among all major diabe-
tes prevention trials worldwide, including
the American Diabetes Prevention Pro-
gram (DPP) and the Finnish Diabetes Pre-
vention Study (DPS). This study reported
a post hoc analysis using data derived
from the DQDPOS cohort study.

The details of the DQDPS procedures
were reported previously (12-14,18). In
brief, in 1986, a population-based dia-
betes screening was conducted among
110,660 adults aged 25-74 years in
Daging, China. Using a 75-g oral glucose
tolerance test (OGTT), 576 individuals
were identified as having IGT. These par-
ticipants were subsequently randomized
by clinic into four groups: a diet-only group,
an exercise-only group, a combined diet
and exercise group, and a control group.
The dietary intervention was tailored ac-
cording to baseline BMI (12). Participants
with a BMI <25 kg/m? were prescribed a
daily caloric intake of 25-30 kcal/kg, with
the macronutrient distribution set at
55-65% carbohydrates, 10-15% pro-
tein, and 25-30% fat. For those with a
BMI >25 kg/mz, a calorie-restricted diet
was implemented to promote gradual
weight loss (0.5-1.0 kg/month) until a
target BMI of 23 kg/m? was achieved,
with individualized meal plans provided.
Concurrently, the exercise intervention
required participants to increase their
leisure time physical activity by at least
one unit per day (or two units per day
for individuals aged <50 years without
CVD), with one unit defined as 30 min
of light, 20 min of moderate, 10 min of
vigorous, or 5 min of very vigorous exer-
cise. Exercise prescriptions were per-
sonalized based on age, health status,
and participant preferences. The diet-
plus-exercise intervention integrated both
dietary and exercise components as de-
scribed previously (12). The active inter-
vention phase continued for 6 years until
1992. Medical consultations related to
the intervention were held according
to a structured schedule, commencing
with weekly sessions in the first month,
transitioning to monthly sessions for
the following 3 months, and concluding
with quarterly sessions for the remain-
der of the 6-year intervention period.

Following the completion of 6-year life-
style intervention, DQDPOS commenced.
The participants were prospectively
followed up in 2006, 2009, 2016, and 2020.
Of the 576 original participants, 540 re-
mained in the longitudinal cohort at the
end of the 34-year follow-up in 2020 (405
in the intervention groups and 135 in
the control group), and 36 were lost to
follow-up (Supplementary Fig. 1). The
34-year follow-up assessment was approved
by the Institutional Ethics Committee of
Fuwai Hospital (Beijing, China). Written
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informed consent was obtained from all
surviving participants and from the legal
proxies of deceased participants.

Measurement Procedures and
Outcomes

OGTTs were performed according to a
standard protocol: the participants fasted
overnight for 8-12 h, after which an ante-
cubital venous blood sample was col-
lected to measure fasting plasma glucose
levels. Participants then consumed 75 g
of anhydrous glucose in 300 mL of warm
water within 5 min, with additional blood
samples collected at 1 h and 2 h postin-
gestion. Body weight, blood pressure,
and serum lipid profiles were measured
under fasting conditions. During follow-up
time, for living participants, data were
collected through personal interviews,
clinical examinations (including OGTTs,
lipid profile tests, electrocardiograms,
etc.), and medical history review. For
deceased participants, data were col-
lected through proxy interviews with
relatives such as spouses or children
and medical record review. Standard-
ized questionnaires were used to col-
lect data on smoking history, medical
history, and medication use. All proce-
dures were conducted by trained staff
per standard protocol, with strict qual-
ity control to minimize bias. Baseline
hypercholesterolemia was defined as a
fasting serum total cholesterol concen-
tration of at least 5.2 mmol/L. Baseline
overweight was defined as baseline
BMI of at least 25 kg/m2 but less than
30 kg/mz, and baseline obesity was de-
fined as baseline BMI of at least 30 kg/m?>.
Diabetes was identified largely based on
the 1985 World Health Organization
OGTT criteria (fasting plasma glucose
>7.8 mmol/L or 2-h plasma glucose
>11.1 mmol/L following a 75-g glucose load),
and on self-reported physician-diagnosed
diabetes, antihyperglycemic medication
use, or elevated glucose levels documented
in medical records during follow-up.

The end points of the DQDPOS were
CVD events, CVD mortality, all-cause
mortality, and composite microvascular
disease. CVD events were defined as
myocardial infarction (including sudden
cardiac death), stroke, or hospitalization
for heart failure, whereas CVD mortality
included deaths attributable to myocar-
dial infarction, sudden death, heart failure,
or stroke. CVD death and heart failure
were serious outcomes closely associated

with obesity and metabolic abnormalities.
In clinical trials of certain glucose-lowering
drugs (e.g., the sodium—glucose cotrans-
porter 2 inhibitor empagliflozin), cardio-
vascular death and heart failure were
used as composite end points (19).
Therefore, this study explored the ef-
fects of weight loss on the composite
end point of CVD death and heart fail-
ure. In the follow-up visits conducted
20, 23, 30, and 34 years after the base-
line (1986), questionnaires and onsite
laboratory tests were administered to
the surviving participants, while proxy
guestionnaires were used for those who
had died. The collected outcome indica-
tors were further confirmed through
medical records. All outcomes were
independently evaluated by two physi-
cians who were blinded to blood glu-
cose status. In cases of disagreement,
a third senior physician was consulted
to arbitrate the results.

Statistical Analysis

Continuous variables were presented as
mean =+ SD for normally distributed data,
or as median (first quartile, third quartile)
for nonnormally distributed data. Cate-
gorical variables were expressed as counts
and percentages. Between-group compar-
isons were performed using one-way AN-
OVA for normally distributed continuous
variables, the Kruskal-Wallis test for non-
normally distributed continuous variables,
and the %2 test for categorical variables.
Cox proportional hazards models were
used to estimate hazard ratios (HRs) and
95% Cls to assess the association between
weight loss during the first 6 years and
long-term outcomes. Variables with signif-
icant differences among the three weight
loss groups in the baseline analysis (P <
0.05) and those that were demonstrated
to affect CVD events and mortality out-
comes in previous studies were selected.
A collinearity analysis was performed on
these variables to confirm the absence of
collinearity (no collinearity was defined as
a variance inflation factor <5), and all
these variables, including age, sex, smok-
ing status, baseline systolic blood pres-
sure, baseline blood glucose, baseline
hypercholesterolemia, baseline weight,
medication (insulin, cholesterol-lowering
drugs, and antihypertensive drugs) use
during follow-up, and lifestyle inter-
vention, as well as posttrial diabetes
status—a time-dependent variable defined

He and Associates

as diabetes diagnosed before the occur-
rence of the outcome event—were further
included as covariates in the Cox propor-
tional hazards analysis. The incidence rate
was calculated using the formula incidence
rate = (number of incident events/total
person-years of follow-up) X 1,000, and is
reported as events per 1,000 person-years.
A difference was considered statistically
significant when P < 0.05. A parametric
survival analysis was conducted using a
Weibull regression model to examine the
association between weight loss groups
and survival time. Median survival times
with 95% Cls were estimated for each
group using ESTIMATE statements with the
ILINK and EXP options in SAS to obtain in-
terpretable results on the original time
scale. Restricted cubic spline (RCS) analyses
were performed to generate shape plots
for the association between weight loss
and HRs of CVD death, CVD events, hos-
pitalized heart failure, and all-cause
death. RCS models were adjusted for
age, sex, smoking status, systolic blood
pressure, blood glucose, hypercholester-
olemia, baseline weight, insulin use dur-
ing follow-up time, cholesterol-lowering
drug use during follow-up time, antihy-
pertensive drug use during follow-up
time, and lifestyle intervention. The ab-
solute risk reduction (ARR) was calculated
as the difference in cumulative incidence
between each weight loss group (0-5%
and >5%) and the reference group (no
weight loss). The number needed to
treat (NNT) was derived as the reciprocal
of ARR (NNT = 1/ARR).

Baseline weight (1986) had 6 missing
values (1.1%), whereas weight at the
end of the 6-year trial (1992) had 96
missing values (17.8%). No missing data
were present for the other variables in-
cluded in this study. Missing baseline
weight and missing weight data from
1992 were addressed using multiple
imputation with the fully conditional spec-
ification (FCS) approach in SAS (PROC Ml).
Meanwhile, we performed a sensitivity
analysis by excluding participants with
missing body weight data without data
imputation. Subsequent analyses were
performed, and the results were com-
bined using Rubin’s rules to obtain valid
statistical inferences. Several measures
were implemented to minimize potential
bias. Two independent physicians who
were blinded to glucose status performed
the outcome adjudication, with disagree-
ments resolved by a third senior physician.
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Table 1—Characteristics of IGT participants stratified by weight change over a 6-year trial

Variable All participants Non—weight loss Low weight loss High weight loss

Number, n 540 200 163 177

Baseline variables
Age, years 452 + 9.1 448 + 9.4 454 + 9.5 454 + 8.2
Male, n (%) 298 (55.2) 114 (57.0) 100 (61.3) 84 (47.5)
Female, n (%) 242 (44.8) 86 (43.0) 63 (38.7) 93 (52.5)
SBP, mmHg 132.6 + 24.7 130.8 + 26.0 132.9 + 24.8 1342 + 23.1
DBP, mmHg 87.3 + 145 86.2 + 14.9 87.6 + 14.4 88.3 + 13.9
Smoking, n (%) 219 (40.6) 99 (49.5) 56 (34.4)** 64 (36.2)**
FBG, mmol/L 5.6 + 0.8 55+0.8 55+ 0.8 5.8 + 0.8**
BG2h, mmol/L 9.0 + 0.9 8.9 +0.8 9.0 + 0.9 9.1 + 0.9*
TC, mmol/L 51+ 13 51+ 1.5 5.0+ 1.2 51+ 1.1
BMI, kg/m? 259 + 3.9 242 + 3.6 26.2 + 3.9%** 27.5 & 3.6***

Weight in 1986, kg

Variables during follow-up time
Weight in 1992, kg
Weight loss, kg
Weight loss percent
Insulin, n (%)
Antihypertensive drugs, n (%)
Cholesterol-lowering drugs, n (%)
Control group, n (%)
Diet intervention, n (%)
Exercise intervention, n (%)
Diet and exercise intervention, n (%)
Total lifestyle intervention, n (%)

69.9 (61.9, 76.9) 63.9 (57.0, 71.9)

68.0 (60.0, 75.0) 69.0 (61.0, 75.0)

1.9 (1.1, 4.9) —2.9 (=5.0, —0.9)

2.4 (=21, 6.7) -4.6 (-8.0, —1.5)
237 (43.9) 75 (37.5)
267 (49.4) 95 (47.5)
241 (44.6) 85 (42.5)
135 (25.0) 59 (29.5)
135 (25.0) 47 (23.5)
144 (26.7) 58 (29.0)
125 (23.1) 36 (18.0)
404 (74.8) 141 (70.5)

71.1 (64.0, 78.1)*** 73.1 (65.0, 80.1)***

70.0 (61.9, 75.5)
2.0 (1.0, 2.9)***
2.7 (1.5, 3.6)***

66.0 (58.6, 73.3)
6.4 (5.0, 8.3)***
8.7 (6.7, 11.1)***

70 (42.9) 92 (52.0)**
74 (45.4) 98 (55.4)
69 (42.3) 87 (49.2)
36 (22.1) 40 (22.6)
42 (25.8) 46 (26.0)
44 (27.0) 42 (23.7)
40 (24.5) 49 (27.7)
126 (77.3) 137 (77.4)

The continuous variables were presented as mean + standard deviation for normally distributed data, or as median (first quartile, third quar-
tile) for non-normally distributed data. Weight loss was calculated as the baseline weight in 1986 minus the weight in 1992, representing the
effect of the 6-year intervention on weight change. Non—weight loss was defined as a body weight in 1992 that was equal to or greater than
that in 1986. Low weight loss was defined as weight loss between 0 and 5%. High weight loss was defined as weight loss of at least 5%. Weight
loss percent = (weight in 1986 — weight in 1992)/weight in 1986. Data from IGT patients with low weight loss and high weight loss were compared
with data of IGT patients without weight loss: *P < 0.05, **P < 0.01, ***P < 0.001. BG2h, blood glucose level at 2 h of OGTT; DBP, diastolic blood
pressure; FBG, fasting blood glucose level; SBP, systolic blood pressure; TC, total cholesterol level.

The loss to follow-up was low (6.25%), and
missing data were addressed using multi-
ple imputation. Multivariate Cox regres-
sion models were used to adjust for a
wide range of potential confounders,
including demographic factors, meta-
bolic parameters, and medication use.
SAS 9.4 (SAS Institute) was used for data
processing and the Cox regression analy-
ses. R software (version 4.4.1) was used
to perform RCS, ARR, and NNT analyses.

Data and Resource Availability

The data supporting this study are not
publicly available because of privacy and
ethical restrictions but can be obtained
from the corresponding author upon rea-
sonable request and subject to an approved
proposal and data access agreement.

RESULTS

A total of 540 subjects with IGT under-
went lifestyle intervention for 6 years
(from 1986 to 1992), and were followed
up until 2020 (a total of 34 years). Table 1

summarizes the baseline characteris-
tics of the participants in the three
weight change groups, along with their
6-year weight changes and the use of in-
sulin, antihypertensive, and lipid-lowering
agents during follow-up. The median
weight loss in the non-weight loss,
low weight loss, and high weight loss
groups was —-4.6%, 2.7%, and 8.7%,
corresponding to —2.9 kg, 2.0 kg, and
6.4 kg, respectively. Compared with
the non—weight loss group, both the
low and high weight loss groups had
significantly higher baseline BMI and
body weight. The high weight loss group
also had a lower prevalence of smoking, a
higher proportion of insulin use, and higher
baseline fasting and 2-hour postload plasma
glucose levels. No significant differences
were observed among the three groups in
terms of age, blood pressure, total choles-
terol level, or use of antihypertensive or
lipid-lowering medications (Table 1).

Table 2 presents the factors associated
with the risks of mortality and vascular

events over the 34-year follow-up period.
Age and baseline body weight were
consistent and significant predictors
of all the outcomes. Male sex was as-
sociated with an increased risk of CVD
events, whereas smoking was linked
to increased all-cause mortality. Base-
line systolic blood pressure and the de-
velopment of diabetes after the 6-year
trial were positively associated with all
outcomes except heart failure. Notably,
after adjusting for the aforementioned
covariates, weight loss following the
6-year intervention was associated with
reduced risks of all outcomes: CVD death
(P = 0.013), CVD events (P = 0.015),
heart failure (P = 0.014), and all-cause
mortality (P = 0.007) (Table 2). In addi-
tion, weight loss was associated with a
lower risk of the composite end points
of all-cause death or CVD events and heart
failure or CVD death (Supplementary
Table 1).

Table 3 compares the long-term risks
of mortality and vascular complications
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Table 2—Factors associated with risks of mortality and cardiovascular events

CVD death Hospitalized heart All-cause death
(n =147) CVD events (n = 311) failure (n = 80) (n =301)
Adjusted HR Adjusted HR Adjusted HR Adjusted HR
(95% Cl) P value (95% Cl) P value (95% Cl) P value (95% Cl) P value
Age, years 1.07 (1.04, 1.09) <0.001 1.06 (1.04, 1.07) <0.001 1.10 (1.06, 1.14) <0.001 1.07 (1.05, 1.09) <0.001
Sex (male vs. female) 1.30 (0.85, 1.98) 0.232 1.49 (1.11, 2.00) 0.008 0.82 (0.47, 1.44) 0.489 1.23 (0.91, 1.66) 0.186
Smoker vs. nonsmoker 1.13 (0.78, 1.65) 0.517 1.03 (0.79, 1.34) 0.826 1.45(0.88, 2.40) 0.148 1.47 (1.12,1.92) 0.005
Baseline BG2h, mmol/L 1.09 (0.89, 1.32) 0.441 1.13(0.99, 1.29) 0.073 1.14 (0.88,1.47) 0.329 1.20 (1.05, 1.38) 0.008
Baseline SBP, mmHg 1.01 (1.006, 1.02) <0.001 1.01 (1.001, 1.01) 0.013 1.003 (0.99, 1.01) 0.584 1.01 (1.003, 1.01) 0.004
Baseline hypercholesterolemia 1.26 (0.84, 1.89) 0.256 1.21 (0.92, 1.61) 0.178 1.87 (1.11, 3.16) 0.018 1.19 (0.89, 1.60) 0.251
vs. normal cholesterol
Use vs. no use of insulin 0.41 (0.27, 0.64) <0.001 0.90 (0.68, 1.19) 0.449 1.02 (0.60, 1.72) 0.953 0.47 (0.34, 0.63) <0.001
Use vs. no use of 0.43 (0.27, 0.69) <0.001 0.99 (0.74, 1.33) 0.947 0.80 (0.46, 1.39) 0.435 0.36 (0.25, 0.50) <0.001
cholesterol-lowering drug
Use vs. no use of 0.54 (0.35, 0.84) 0.006 0.89 (0.66, 1.20) 0.430 1.30 (0.70, 2.40) 0.409 0.46 (0.34, 0.63) <0.001
antihypertensive drug
Post 6-year trial diabetes vs.  1.82 (1.13, 2.95) 0.014 1.61 (1.17, 2.21) 0.004 1.28 (0.57, 2.90) 0.552 2.08 (1.47, 2.95) <0.001
no diabetes
Lifestyle intervention vs. 0.77 (0.53, 1.11) 0.161 0.95 (0.73, 1.24) 0.694 1.17 (0.69, 1.99) 0.560 0.87 (0.66, 1.15) 0.320
control
Baseline weight, kg 1.03 (1.01, 1.04) 0.005 1.02 (1.003, 1.03) 0.013 1.05 (1.03, 1.08) <0.001 1.02 (1.003, 1.03) 0.016
Weight loss in 6-year 0.95 (0.91, 0.99) 0.013 0.97 (0.94, 0.99) 0.015 0.94 (0.89, 0.99) 0.014 0.96 (0.93, 0.99) 0.007

trial, kg

All statistically significant results are indicated by boldfacing. Post 6-year trial diabetes is a time-dependent variable. Medication use denotes
use of insulin, cholesterol-lowering, and antihypertensive drugs during the 34-year follow-up. All the models were adjusted for all the varia-
bles listed in this table. BG2h, blood glucose level at 2 h of oral glucose tolerance test; SBP, systolic blood pressure.

among IGT participants according to weight
loss status. Over the 34-year follow-up
period, the adjusted incidence rates of
CVD death were 13.7, 11.2, and 9.7 per
1,000 person-years in the non-weight
loss, low weight loss, and high weight
loss groups, respectively. Compared with
the non-weight loss group, the high
weight loss group had a significant 44%
lower risk of CVD death (HR 0.56, 95% Cl
0.35-0.89), after adjustment for age, sex,
smoking status, systolic blood pressure,
blood glucose, total cholesterol, baseline
weight, medication use (insulin, anti-
hypertensive, and lipid-lowering agents),
and lifestyle intervention (Table 3 and
Fig. 1A). The adjusted incidence rates of
CVD events per 1,000 person-years were
40.8, 40.7, and 33.2 across the three
groups. Participants who achieved at
least 5% weight loss had a 29% lower
risk of CVD events (HR 0.71, 95% CI
0.52-0.99) compared with those with-
out weight loss (Table 3 and Fig. 1B).
A 52% lower risk of heart failure was
observed in the high weight loss group
relative to the non—-weight loss group
(HR 0.48, 95% Cl 0.26-0.88) (Table 3

and Fig. 1C). Both the low and high
weight loss groups showed significantly
lower risks of all-cause mortality (HR 0.68,
95% Cl 0.48-0.95 for low vs. hon—weight
loss; HR 0.67, 95% Cl 0.48-0.95 for high
vs. non—weight loss) (Table 3 and Fig. 1D)
and significantly lower risks of the
composite end point of heart failure
or CVD death (HR 0.65, 95% ClI 0.43-
0.98 for low vs. non-weight loss; HR
0.54, 95% CI 0.36—0.83 for high wvs.
non—weight loss) (Table 3).

The median survival time was 32.2 years
(95% Cl 31.6-32.8) in the non—weight loss
group, 33.5 years (95% Cl 32.8-34.1) in the
low weight loss group, and 34.3 vyears
(95% Cl 33.7-35.0) in the high weight loss
group (Supplementary Table 2). Compared
with the non—weight loss group, life expec-
tancy was extended by 1.3 years (95% Cl
0.4-2.2) in the low weight loss group and
by 2.1 years (95% Cl 1.2—3.0) in the high
weight loss group (Supplementary Table 2).
For CVD mortality, the median times to
death were 49.3 years (95% Cl 47.9-50.7),
50.1 years (95% CI 48.6-51.7), and
55.8 years (95% Cl 54.0-57.5) in the
non-weight loss, low weight loss, and

high weight loss groups, respectively.
The high weight loss group experienced
a median delay in CVD death of 6.5 years
(95% ClI 4.3-8.7) compared with the
non—weight loss group (Supplementary
Table 2).

Shape plots were generated using RCS
analyses to illustrate the dose-response
associations of weight loss with HRs for
CVD death, CVD events, hospitalized heart
failure, and all-cause death (Supplementary
Fig. 2). We further performed a sensitivity
analysis by excluding participants with miss-
ing body weight data without data imputa-
tion, and the findings remained consistent
with those obtained from the imputed data set
(Supplementary Tables 3-5). Supplementary
Table 6 presents ARR and NNT for the out-
comes. Supplementary Tables 7 and 8 illustrates
the sex-specific impacts of weight loss on long-
term mortality and CVD events among
participants with IGT, stratified by male
and female subgroups.

CONCLUSIONS

The present DQDPS provides compelling
evidence that modest weight loss, achieved
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Table 3—Effects of weight loss on long-term death and cardiovascular complications among participants with IGT

Cumulative Event rate/ 1000
Number incidence# (%, person-years##
Outcome Group of events 95% Cl) (95% Cl) HR### (95% Cl) P valuet#
CVD death No weight loss 55 23.8 (22.6, 25.0) 13.7 (13.1, 14.2) REF REF
Weight loss <5% 46 20.4 (19.4, 21.4) 11.2 (10.7, 11.8) 0.66 (0.41, 1.04) 0.072
Weight loss >5% 46 16.7 (15.6, 17.7) 9.7 (9.3, 10.2) 0.56 (0.35, 0.89) 0.015
CVD events No weight loss 109 55.4 (54.0, 56.9) 40.8 (40.1, 41.6) REF REF
Weight loss <5% 99 52.2 (50.9, 53.6) 40.7 (39.9, 41.5) 0.86 (0.62, 1.19) 0.364
Weight loss >5% 103 48.0 (46.4, 49.6) 33.2 (32.5, 33.9) 0.71 (0.52, 0.99) 0.044
Hospitalized heart failure No weight loss 29 15.8 (14.7, 17.0) 7.4 (7.0, 7.9) REF REF
Weight loss <5% 22 12.8 (11.9, 13.8) 4.8 (4.5, 5.2) 0.63 (0.34, 1.16) 0.136
Weight loss >5% 29 9.9 (9.0, 10.8) 4.2 (3.9, 4.5) 0.48 (0.26, 0.88) 0.018
All-cause death No weight loss 115 40.4 (39.1, 41.6) 35.9 (35.2, 36.6) REF REF
Weight loss <5% 88 37.9 (36.7, 39.0) 28.6 (27.8, 29.4) 0.68 (0.48, 0.95) 0.023
Weight loss >5% 98 34.1 (32.7, 35.4) 28.4 (27.7, 29.1) 0.67 (0.48, 0.95) 0.023
Combination of heart No weight loss 66 31.2 (29.9, 32.5) 19.0 (18.4, 19.6) REF REF
failure and CVD death

Weight loss <5% 54 27.1 (25.9, 28.2) 14.9 (14.3, 15.5) 0.65 (0.43, 0.98) 0.039
Weight loss >5% 58 22.4 (21.1, 23.6) 13.0 (12.5, 13.5) 0.54 (0.36, 0.83) 0.005

All statistically significant results are indicated by boldfacing. No weight loss was defined as a body weight in 1992 that was equal to or
greater than that in 1986. #Cumulative incidence, adjusted for age, sex, smoking status, and baseline overweight or obesity status. ##Event
rate/1,000 person-years: adjusted for age, sex, smoking status, systolic blood pressure, blood glucose, hypercholesterolemia, baseline weight,
insulin use during follow-up time, cholesterol-lowering drug use during follow-up time, antihypertensive drug use during follow-up time, and
lifestyle intervention. ###HR and P value: adjusted for age, sex, smoking status, systolic blood pressure, blood glucose, hypercholesterolemia,
baseline weight, insulin use during follow-up time, cholesterol-lowering drug use during follow-up time, antihypertensive drug use during fol-
low-up time, post 6-year trial diabetes status, and lifestyle intervention.

through lifestyle intervention in individuals
with IGT, is associated with substantial re-
ductions in the risks of CVD mortality, CVD
events, and all-cause mortality over a
34-year period. The findings validate
our hypothesis that weight reduction
within the initial 6 years after IGT di-
agnosis is independently associated with
reduced long-term risks of cardiovascular
events and mortality. Notably, the princi-
pal findings of our study indicate that a
weight loss of >5% is associated with a
44% reduced risk of CVD death, a 29%
decreased risk of composite CVD events,
a 52% lower risk of hospitalized heart
failure, and a 33% reduced risk of all-
cause mortality. Compared with partici-
pants without weight loss, participants
with weight loss of >5% had median de-
lays in all-cause death and CVD death of
2.1 years and 6.5 years, respectively.
Significant risk reductions of CVD events,
heart failure, CVD death, and all-cause
death were observed only in the high
weight loss (weight loss >5%) group,
suggesting that a greater magnitude
of weight loss may be necessary to sig-
nificantly impact the aggregate burden of
macrovascular complications. Given that
the mean baseline BMI of participants

with >5% weight loss was 27.5 kg/m?, suf-
ficient weight loss appeared to mitigate
the excess risk linked to overweight and
obesity, underscoring that the detrimental
effects of adiposity on the cardiovascular
system are modifiable (10,20,21). The ben-
efits of >5% weight loss on these out-
comes align with evidence that weight
loss improves insulin resistance, blood pres-
sure, lipid profile, and cardiac structure/
function, which collectively interrupt path-
ways to atherosclerosis and heart failure
(22=25). Moreover, weight loss has been
shown to reduce epicardial fat and improve
left ventricular diastolic function—key fac-
tors in pathogenesis of heart failure (26,27).
These benefits likely underpin the 6.5-year
delay in CVD mortality observed here,
supporting weight management as a
foundational cardioprotective strategy
in prediabetes.

Our DQDPS, the Finnish DPS, and the
American DPP were recognized as three
foundational studies in the field of type 2
diabetes prevention (28). Our findings
align with and extend evidence from
other major diabetes prevention trials,
although the target values of weight
loss were not the same in these diabe-
tes prevention studies worldwide: the

American DPP established a 7% weight
loss goal throughout ~3.5 years of in-
tensive lifestyle intervention (29); the
Finnish DPS targeted a 5% weight loss
during a 4-year intervention (17); and
our Da Qing study set a relatively flexi-
ble target, which was 0.5-1.0 kg per
month, until the target body weight
was achieved (12). Notably, the flexi-
ble weight loss target of Da Qing study
achieved an 8.7% (interquartile range
6.7-11.1%) reduction in body weight
in ~30% of the participants. All three
diabetes prevention studies demon-
strated that the lifestyle interventions
are highly effective at preventing type 2 di-
abetes (4,18,30,31). Nevertheless, among
these three studies, only our DQDPS dem-
onstrated extended long-term significant
benefits of lifestyle intervention on CVD
outcomes (13,32,33). A key mechanistic
link between weight loss and CVD benefits
is the improvement in cardiometabolic risk
factors. Studies have consistently shown
that a 5-7% reduction in body weight
leads to clinically meaningful improve-
ments in insulin sensitivity, glycemic
control, blood pressure, and dyslipidemia—
changes sufficient to alter disease trajec-
tory (21,34). Our data provide the
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Figure 1—Cumulative incidences of CVD death (A), CVD events (B), heart failure (C), and all-cause death (D) in three groups stratified by weight
change (non—weight loss group, low weight loss group, and high weight loss group) during follow-up time after 6-year trial. Groups are non—weight
loss (no weight loss), low weight loss (weight loss 0-5%), and high weight loss (weight loss >5%); follow-up time points are 0, 4, 8, 12, 16, 20, 24,
and 28 years after the 6-year trial. The cumulative incidences are adjusted for age, sex, smoking status, and baseline overweight or obesity status.

important information that achieving
this magnitude of weight loss early in
the dysglycemic continuum indeed pays
a substantial dividend in terms of delayed
cardiovascular morbidity and mortality
decades later. However, the threshold-
like association needs further verification
in larger cohorts to avoid overinterpreta-
tion of current results.

The Da Qing cohort was studied in the
late 1980s and early 1990s, when the
prevalence of overweight and obesity
in China was considerably lower than it
is today (35). However, the core biological
mechanisms—improved insulin sensitivity,

better glycemic control, reduced blood
pressure, and favorable lipid profiles
induced by early weight loss—remain
robust and transferable to today’s higher-
risk Chinese population (36,37), support-
ing the relevance of our weight-centered
intervention strategy in current clinical
practice.

The strengths of our study include its
exceptionally long follow-up duration of
34 years, the prospective collection of
data, and the detailed adjustment for a
wide array of potential confounders, in-
cluding the development of posttrial di-
abetes and the use of cardioprotective

medications during follow-up. However,
a few limitations should be considered.
First, participants were not randomized
to weight loss groups; instead, groups
were defined post hoc based on ob-
served weight change during 6-year
lifestyle intervention. This observational
classification might introduce selection
bias and confounding by indication: par-
ticipants with higher baseline weight
and glucose levels were more likely to
achieve greater weight loss, which may re-
flect differences in adherence and meta-
bolic responsiveness. Although we adjusted
extensively for baseline characteristics,
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residual confounding could not be fully
excluded. Second, weight loss was achieved
during an active 6-year intervention
period, and we did not have sufficient
continuous data on weight maintenance
or fluctuation beyond this period. The
long-term benefits suggest a lasting leg-
acy effect of early weight loss, but the
sustainability of weight loss and its in-
teraction with later-life risk factors war-
rants further investigation (18). Third,
the sample is restricted to Chinese
adults with IGT; generalizability to other
ethnicities, populations with severe obe-
sity, or those with established CVD re-
mains limited. Fourth, this study had a
relatively small sample size. These con-
straints imply that our findings should
not be overinterpreted as definitive
causal evidence but as strong observa-
tional support for early weight man-
agement in prediabetes. Future studies
with larger sample sizes and randomized
by different weight loss targets are
needed to confirm the effect of weight
loss on cardiovascular events and mor-
tality risk.

In conclusion, our findings from the
34-year follow-up of DQDPS provide
powerful and optimistic evidence that,
in Chinese people with prediabetes,
weight loss >5% achieved through life-
style intervention in the early several
years after identification of dysglycemia
(IGT) is associated with significantly lower
long-term risks of all-cause death, CVD
death, and major cardiovascular diseases,
particularly heart failure. Notably, this
legacy effect even existed independent
of whether the participants developed di-
abetes during the posttrial follow-up pe-
riod. These results suggest that early
weight management following a diag-
nosis of IGT represents an important
intervention target for lowering long-
term cardiovascular risks and improv-
ing long-term survival—even among
Chinese populations, who have a lower
prevalence of obesity compared with
Western populations.
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