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Background: This study investigated the effects of weight loss during follow-up on cardiovascular outcomes in a type 2 diabetes 
cohort and tested interactions with clinical and laboratory variables, particularly physical activity, that could impact the associations.
Methods: Relative weight changes were assessed in 651 individuals with type 2 diabetes and categorized as ≥5% loss, <5% loss, 
or gain. Associations between weight loss categories and incident cardiovascular outcomes (total cardiovascular events [CVEs], ma-
jor adverse cardiovascular events [MACEs], and cardiovascular mortality) were assessed using multivariable Cox regression with 
interaction analyses.
Results: During the initial 2 years, 125 individuals (19.2%) lost ≥5% of their weight, 180 (27.6%) lost <5%, and 346 (53.1%) gained 
weight. Over a median additional follow-up of 9.3 years, 188 patients had CVEs (150 MACEs) and 106 patients died from cardiovas-
cular causes. Patients with ≥5% weight loss had a significantly lower risk of total CVEs (hazard ratio [HR], 0.52; 95% confidence in-
terval, 0.33 to 0.89; P=0.011) than those who gained weight, but non-significant lower risks of MACEs or cardiovascular deaths. Pa-
tients with <5% weight loss had risks similar to those with weight gain. There were interactions between weight loss and physical ac-
tivity. In active individuals, ≥5% weight loss was associated with significantly lower risks for total CVEs (HR, 0.20; P=0.004) and 
MACEs (HR, 0.21; P=0.010), whereas in sedentary individuals, no cardiovascular protective effect of weight loss was evidenced.
Conclusion: Weight loss ≥5% may be beneficial for cardiovascular disease prevention, particularly when achieved with regular 
physical activity, even in high-risk individuals with long-standing type 2 diabetes.
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INTRODUCTION

Despite the increasing amount of evidence for the advantages of 
weight loss in improving cardiovascular risk factors in the short 
term, there is no consensus on the effect of weight loss by be-

havioral changes in providing better long-term cardiovascular 
outcomes in individuals with type 2 diabetes [1]. A recent sys-
tematic review including 17 studies, most of which had obser-
vational designs, showed that weight gain was associated with 
increased risks of incident cardiovascular disease; however, 
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there was a lack of data to support weight loss interventions for 
preventing adverse cardiovascular outcomes [1]. Most of the 
observational studies in that systematic review assessed weight 
changes over a period of 1 to 2 years [2-10], and most of them 
did not show associations between weight loss and mortality 
[2,6,8,10]. However, weight measurements were variably ob-
tained in these previous studies, which might have affected their 
concordance. In some studies, data on weight changes were ob-
tained from patients’ medical records [3,4,7-9], while other 
studies conducted objective weight measurements [4,5,10-12]. 
Additionally, in a few studies, weight was only self-reported by 
participants [2,13,14] or no information was provided on how 
weight was ascertained [15]. Furthermore, although weight loss 
has been recommended for obese patients with type 2 diabetes, 
unintentional weight change might be detrimental, particularly 
in elderly people [16]. Finally, some studies showed that regard-
less of weight changes, sustained physical activity may be asso-
ciated with improved survival, but not weight loss itself [7,17]. 
Ideally, together with encouraging weight loss in obese and 
overweight individuals, clinical interventions should aim at 
healthy lifestyle behaviors, particularly regular physical activity [7].

Therefore, long-term follow-up studies investigating behav-
ioral changes and their relationships with weight loss are still 
needed to understand the effects of such changes on cardiovas-
cular disease and mortality. In particular, it is still necessary to 
investigate the possible interactions between weight changes 
and regular physical activity on cardiovascular outcomes in pa-
tients with type 2 diabetes, which is a high-cardiovascular-risk 
condition [7,17]. Taking this previous evidence into perspective, 
the current study utilized data from a middle-aged type 2 diabe-
tes cohort with a long-term follow-up, in which most of the sub-
jects had microvascular or macrovascular complications. The 
aims were (1) to investigate the effects of weight loss on adverse 
cardiovascular outcomes and (2) to explore the possible interac-
tions between weight changes and regular physical activity on 
these cardiovascular outcomes.

METHODS

Patients and baseline procedures
This prospective study included 690 individuals with type 2 dia-
betes from the Rio de Janeiro Type 2 Diabetes Cohort Study, 
enrolled between August 2004 and December 2008 and re-eval-
uated annually until December 2019 in the diabetes outpatient 
clinic of the School of Medicine and University Hospital, Fed-
eral University of Rio de Janeiro, Brazil. The study was ap-

proved by the Research Ethics Committee of the School of 
Medicine and University Hospital, Federal University of Rio de 
Janeiro, Brazil (number124/2004), and all participants gave 
written informed consent. The characteristics of this cohort, the 
baseline procedures, and the diagnostic definitions and criteria 
for chronic complications of diabetes have been described pre-
viously and are further detailed in the Supplemental Methods 
[18-21]. In summary, the inclusion criteria were all adults with 
type 2 diabetes up to 80 years old with either any microvascular 
or macrovascular complication, or with at least two other modi-
fiable cardiovascular risk factors. The exclusion criteria were 
morbid obesity (body mass index [BMI] ≥40 kg/m2), advanced 
renal failure (serum creatinine >180 μmol/L or estimated glo-
merular filtration rate <30 mL/min/1.73 m2), or the presence of 
any serious concomitant disease limiting life expectancy. For 
this analysis, we excluded 39 participants who had a cardiovas-
cular event (CVE) during the initial 2 years after cohort entry 
(period of weight change assessment), totaling 651 individuals 
in this study. For all participants, a standard baseline protocol 
was used that included a thorough clinical-laboratory evalua-
tion. Blood pressure (BP) in the clinic was measured three times 
using a digital oscillometric BP monitor (HEM-907XL, Omron 
Healthcare, Kyoto, Japan) with a suitable-sized cuff on two oc-
casions 2 weeks apart at study entry. The first measure of each 
visit was discarded, and the mean BP recorded at the last two 
readings of each visit was used for further analysis. Arterial hy-
pertension was diagnosed if the mean systolic blood pressure 
(SBP) was ≥140 mm Hg, the mean diastolic blood pressure 
was ≥90 mm Hg, or if antihypertensive drugs had been pre-
scribed. The laboratory evaluation included fasting glycemia, 
glycated hemoglobin (HbA1c), and serum creatinine and lipid 
levels. Albuminuria was evaluated in two non-consecutive ster-
ile 24-hour urine collections.

Weight changes assessment
Body weight was measured at baseline and at each clinic visit 
(three to four times per year) during the initial 2-year period af-
ter cohort entry, using the same digital scale device (Filizola 
Ltd., São Paulo, Brazil) with participants barefoot and wearing 
light clothing. Relative weight changes during the first 2 years 
were calculated as the last weight measured in the second year 
minus the baseline weight divided by the baseline weight multi-
plied by 100%. Weight changes were evaluated into three cate-
gories: weight loss ≥5%, weight loss between 0% to <5%, and 
weight gain. During this initial 2-year period of weight change 
assessment, variables potentially associated with weight change 
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(BP, HbA1c, and serum lipids) were registered at each clinic visit 
and their mean values were considered. Self-reported physical 
activity was also recorded at each visit. Participants were con-
sidered physically active if at least in 10 months of each year of 
the first 2 years of follow-up they reported having regularly per-
formed ≥150 minutes per week of moderate-intensity aerobic 
activity over 5 days a week, or 20 minutes of vigorous-intensity 
aerobic activity spread over 3 days/week, with no more than 2 
consecutive days without activity [22]. On a 10-point scale, 
where sitting is 0 and all-out effort is 10, moderate-intensity ac-
tivity is a 5 or 6, and vigorous-intensity activity is 7 or 8. Hence, 
this amount of aerobic activity did not include routine activities 
of daily living of light intensity (e.g., self-care, cooking, casual 
walking, or shopping) or moderate-intensity activities lasting 
less than 10 minutes in duration (e.g., walking around the home 
or office, or walking from the parking lot) [22].

Follow-up and outcome assessment
The follow-up for this report began after the initial 2-year body 
weight assessment period. The patients were followed up regu-
larly at least three to four times a year until December 2019 
while receiving standardized treatment. The observation period 
was considered as the number of months from the date of the 
last 2nd year weight measurement to the date of the last clinic 
visit in 2019 or the first endpoint, whichever came first. The pri-
mary outcome was the occurrence of any CVE (fatal or non-fa-
tal myocardial infarctions [MIs], sudden cardiac death, new-on-
set heart failure, death from progressive heart failure, any myo-
cardial revascularization procedure, fatal or non-fatal stroke, 
any aortic or lower limb revascularization procedure, any am-
putation above the ankle, and death from aortic or peripheral ar-
terial disease). Major adverse cardiovascular events (MACEs; 
non-fatal MIs and strokes, as well as cardiovascular deaths), and 
cardiovascular mortality were considered as secondary out-
comes [18]. 

Statistical analyses
Continuous data were described as mean±standard deviation or 
as median (interquartile range [IQR]). In the initial exploratory 
analysis, baseline characteristics were compared according to 
the categories of weight change by analysis of variance, the 
Kruskal-Wallis test, or the chi-square test, as appropriate. Ka-
plan-Meier curves for the incidence of cumulative endpoints 
during follow-up, compared by the log-rank test, were used to 
assess differences in the incidence of outcomes among weight 
change subgroups. To assess the independent prognostic value 

of categories of body weight change for each cardiovascular out-
come, time-to-event multivariate Cox analyses were conducted 
with progressively increasing statistical adjustments for con-
founding. Model 1 was adjusted for age, sex, baseline BMI, 
smoking status, diabetes duration, the presence of macrovascular 
and microvascular complications, and the use of insulin, statins 
and the number of antihypertensive drugs. Model 2 was further 
adjusted for potential mediators of the effects of weight changes 
(physical activity and mean SBP, HbA1c, high-density lipopro-
tein cholesterol, and low-density lipoprotein cholesterol in the 
first 2-year period). These results were presented as hazard ratios 
(HRs) with their 95% confidence intervals (CIs). Because the 
current recommendation is that obese/overweight individuals 
with type 2 diabetes should lose weight, we estimated the HRs 
of the two subgroups with weight loss (≥5% and 0% to <5%) 
in relation to the category with weight gain as the reference. The 
proportional hazards assumption was tested by inspecting log-
minus-log curves, and no violation was observed. In sensitivity 
analyses, interactions between weight change subgroups and age 
(>60/≤60 years), sex, baseline BMI (≥30/<30 kg/m2), diabetes 
duration (≤5/>5 years), physical activity (active/sedentary), the 
absence or presence of microvascular and macrovascular com-
plications, and glycemic control (mean HbA1c ≥7.5/<7.5%, ≥
58/<58 mmol/mol) were tested for all outcomes, and whenever 
there was evidence of interaction (P<0.10 for the interaction 
term), a stratified analysis for this covariate were performed. The 
statistical analysis was performed with SPSS version 19.0 (IBM 
Corp., Armonk, NY, USA), and a two-tailed P value <0.05 was 
considered significant.

RESULTS

Baseline characteristics according to relative body weight 
changes
In total, 651 individuals with type 2 diabetes were followed up 
and re-evaluated regularly at 3 to 4 months during the first 2 
years after cohort entry. Over this period, 125 individuals 
(19.2%) lost ≥5% of their body weight, 180 (27.6%) lost <5% 
of their weight, and 346 (53.1%) gained weight. Table 1 outlines 
the baseline characteristics of all evaluated individuals and of 
cohort participants divided into these categories of relative body 
weight changes. Patients with ≥5% weight loss had greater 
baseline BMI and abdominal circumference, had a shorter dia-
betes duration, were less frequently treated with insulin, and had 
lower HbA1c and serum triglyceride levels than those who 
gained weight.
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Table 1. Characteristics of All Patients Enrolled and Subgroups according to Relative Changes in Body Weight during the First 2 Years 
of Follow-up 

Characteristic All patients 
(n=651)

Weight loss ≥5% 
(n=125)

Weight loss 
0% to <5%

(n=180)
Weight gain

(n=346) P value

Age, yr 59.9±9.5 60.0±10.1 59.9±9.8 59.9±9.2 0.990

Male sex, % 38.1 31.2 39.4 39.9 0.210
Body mass index, kg/m2 29.7±4.9 30.9±4.8a 29.9±5.1 29.1±4.7 0.002
Abdominal circumference, cm 102±11 105±11a 102±12 101±11 0.003
Smoking, current/past, % 43.8 40.0 39.4 47.4 0.141
Physical activity, % active 34.4 35.2 31.8 35.4 0.710
Diabetes duration, yr 8 (3–15) 5 (2–12)b 7 (3–12) 10 (4–18) <0.001
Chronic diabetic complication, %

Cerebrovascular disease 8.4 8.8 8.3 8.4 0.990
Coronary artery disease 14.9 11.2 15.6 15.9 0.432
Peripheral artery disease 16.3 12.0 16.8 17.6 0.341
Retinopathy 31.9 26.4 27.0 36.3 0.038
Nephropathy 30.8 23.8 31.4 32.9 0.170
Peripheral neuropathy 28.1 21.1 27.0 31.3 0.092

Diabetes treatment, %
Metformin 88.0 84.8 88.3 89.0 0.461
Sulfonylureas 42.5 46.4 50.6a 37.0 0.007
Insulin 47.5 32.8b 38.9b 57.2 <0.001
Other medicationsc 5.3 5.7 5.1 5.2 0.971

Dyslipidemia, % 87.1 82.4 88.3 88.2 0.220
Statin use 77.1 70.4 78.3 78.9 0.141

Arterial hypertension, % 86.3 87.2 85.6 86.4 0.921
Number of antihypertensive drugs 3 (1–3) 2 (1–3) 3 (1–4) 3 (1–3) 0.601

ACE inhibitors/AR blockers, % 81.0 80.8 78.3 82.4 0.531
Diuretics, % 61.4 62.4 60.6 61.6 0.951
Calcium channel blockers, % 28.1 25.6 29.4 28.3 0.760
Beta-blockers, % 45.5 42.4 48.3 45.1 0.580

Mean 2-year SBP, mm Hg 140±18 139±19 141±18 141±17 0.711
Mean 2-year DBP, mm Hg 79±9 79±9 79±9 79±9 0.990
Laboratory variables 

Mean fasting glycemia, mmol/L 8.2±2.8 7.6±2.8 8.4±2.9 8.2±2.8 0.028
Mean HbA1c, % 7.7±1.4 7.2±1.4b 7.7±1.4 7.9±1.4 <0.001
Mean HbA1c, mmol/mol 61±15.3 55±15.3 61±15.3 63±15.3
Mean triacylglycerol, mmol/L 1.9±1.4 1.6±0.9a 2.0±1.3 1.9±1.6 0.004
Mean HDL-C, mmol/L 1.1±0.3 1.1±0.3 1.2±0.3 1.1±0.2 0.941
Mean LDL-C, mmol/L 2.7±0.8 2.7±0.9 2.7±0.7 2.7±0.8 0.920
eGFR, mL/min/1.73 m2 80±18 81±17 82±18 79±17 0.151

Albuminuria, mg/day 13 (7–40) 11 (7–24) 15 (7–40) 13 (7–50) 0.350

Values are expressed as mean±standard deviation, percentage, or median (interquartile range). 
ACE, angiotensin-converting enzyme; AR, angiotensin II receptor; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate. 
Post hoc comparisons among subgroups were performed against the reference subgroup (weight gain) with the Bonferroni correction for multiple comparisons 
aP<0.01; bP<0.001; cOther antidiabetic medications in use were acarbose, dipeptidyl peptidase 4 inhibitors, and thiazolidinediones—no individual was using glu-
cagon-like peptide-1 agonists or sodium-glucose cotransporter 2 inhibitors.
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Follow-up and incidence of adverse outcomes
After the 2-year body weight measurement period, patients 
were further followed up for a median of 9.3 years (IQR, 5.4 to 
11.3; maximum 14.3), which corresponded to 5,198 person-
years (PY) of follow-up, over which there were 188 total CVEs 
(incidence rate, 31.6 per 1,000 PY), 150 MACEs (24.3 per 
1,000 PY), and 106 deaths from cardiovascular causes (16.5 per 
1,000 PY). Table 2 shows that the incidence rates of total CVEs 
and MACEs were lowest in the subgroup with greater weight 
loss (≥5%) and similar between the other two subgroups 
(weight loss <5% and weight gain). These significantly lower 
cumulative incidence rates of total CVEs and MACEs during 
follow-up in the subgroup with greater weight loss were further 
confirmed in the Kaplan-Meier curves shown in Fig. 1. There 

were no significant differences among the subgroups of weight 
changes in relation to cardiovascular mortality incidence.

Adjusted risks associated with changes in body weight 
Table 3 outlines the adjusted risks associated with relative body 
weight change subgroups. Patients with ≥5% weight loss had a 
significant risk reduction (by 48%) for total CVEs and non-sig-
nificant reductions of 34% and 15% in risk for MACEs and car-
diovascular mortality, respectively, compared to those who 
gained weight during the first 2 years of follow-up. Patients 
with <5% weight loss had risks similar to those who gained 
weight for the three outcomes. 

There was evidence of interaction (P for interaction <0.10) 
between body weight change subgroups and physical activity 

Table 2. Incidence of Total and Major Cardiovascular Events and Cardiovascular Mortality in All Patients Enrolled and Subgroups ac-
cording to Relative Changes in Body Weight during the First 2 Years of Follow-up 

Outcomes incidence All patients 
(n=651)

Weight loss ≥5%
(n=125)

Weight loss 0% to <5%
(n=180)

Weight gain
(n=346) P value

Total cardiovascular events 188 (31.6) 19 (15.3)a 53 (33.7) 116 (37.0) 0.001

Major adverse cardiovascular events 150 (24.3) 17 (13.6)b 43 (26.3) 90 (27.4) 0.023

Cardiovascular mortality 106 (16.5) 13 (10.3) 33 (19.2) 60 (17.4) 0.121

Values are expressed as number (incidence rate per 1,000 person-years of follow-up). 
Post hoc comparisons among subgroups were performed against the reference subgroup (weight gain) with the Bonferroni correction for multiple com-
parisons aP<0.001; bP<0.05.

Number of patients at risk (at each 24-month interval
begining at the 2nd year): 
G1: 125-112-97-83-73-53-5-1
G2: 180-148-125-105-81-54-14-0
G3: 346-303-257-209-165-117-25-2

Number of patients at risk (at each 24-month interval
begining at the 2nd year): 
G1: 125-113-98-84-74-54-15-1
G2: 180-154-129-111-88-57-16-0
G3: 346-315-271-223-180-133-27-2

Number of patients at risk (at each 24-month interval
begining at the 2nd year): 
G1: 125-113-98-84-74-55-16-1
G2: 180-160-137-119-97-65-17-0
G3: 346-324-286-240-197-150-31-2
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Fig. 1. Kaplan-Meier curves of the cumulative incidence of endpoints in patients grouped according to relative body weight changes during 
the first 2 years of follow-up: G1 is the subgroup that lost ≥5% of weight, G2 lost 0% to <5%, and G3 gained weight. (A) Total cardiovas-
cular events (CVEs), (B) major adverse cardiovascular events (MACEs), and (C) cardiovascular (CV) deaths.

Log rank test:
Overall: P=0.001
G3 vs. G1 P˂0.001
G3 vs. G2 P˂0.64

Log rank test:
Overall: P=0.023
G3 vs. G1 P˂0.007
G3 vs. G2 P˂0.97

Log rank test:
Overall: P=0.12
G3 vs. G1 P˂0.083
G3 vs. G2 P˂0.51
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Table 4. Risks of Adverse Cardiovascular Outcomes Associated with Relative Weight Loss in Patients Stratified by Being Physically 
Active or Sedentary during the First 2-Year of Follow-up

Outcomes 

Regular physical activity during the initial 2-year period 

P for interactionPhysically active (n=224) Sedentary (n=427)

HR (95% CI) P value HR (95% CI) P value

Total cardiovascular events (n=51/137)

     Weight loss ≥5% 0.20 (0.06–0.60) 0.004 0.66 (0.37–1.18) 0.161 0.073

     Weight loss 0% to <5% 0.82 (0.42–1.61) 0.570 1.16 (0.78–1.74) 0.470 0.570

     Weight gain 1.0 (Ref) - 1.0 (Ref) -

Major adverse cardiovascular events (n=43/107)

     Weight loss ≥5% 0.21 (0.07–0.69) 0.010 0.83 (0.44–1.56) 0.570 0.097

     Weight loss 0% to <5% 0.82 (0.38–1.74) 0.601 1.31 (0.83–2.07) 0.241 0.410

     Weight gain 1.0 (Ref) - 1.0 (Ref) -

Cardiovascular mortality (n=28/78)

     Weight loss ≥5% 0.28 (0.07–1.13) 0.073 1.10 (0.53–2.30) 0.801 0.101

     Weight loss 0% to <5% 0.46 (0.16–1.29) 0.140 1.89 (1.12–3.20) 0.018 0.016

     Weight gain 1.0 (Ref) - 1.0 (Ref) -

HRs were adjusted for age, sex, baseline body mass index, smoking status, diabetes duration, presence of macrovascular and microvascular complica-
tions, use of insulin and statins, number of antihypertensive drugs, and mean systolic blood pressure, glycated hemoglobin, low-density lipoprotein 
cholesterol, and high-density lipoprotein cholesterol during the 2-year period of weight change (model 2 in Table 2). 
HR, hazard ratio; CI, confidence interval.

Table 3. Risks of Adverse Cardiovascular Outcomes Associated with Relative Weight Loss during the First 2 Years of Follow-up

Outcomes
Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value

Total cardiovascular events (n=188)

     Weight loss ≥5% 0.54 (0.33–0.89) 0.016 0.52 (0.32–0.86) 0.011

     Weight loss 0% to <5% 1.08 (0.77–1.52) 0.640 1.12 (0.80–1.56) 0.520

     Weight gain 1.0 (Ref) - 1.0 (Ref) -

Major adverse cardiovascular events (n=150)

     Weight loss ≥5% 0.68 (0.40–1.16) 0.160 0.66 (0.39–1.14) 0.140

     Weight loss 0% to <5% 1.21 (0.83–1.77) 0.321 1.22 (0.83–1.78) 0.312

     Weight gain 1.0 (Ref) - 1.0 (Ref) -

Cardiovascular mortality (n=106)

     Weight loss ≥5% 0.83 (0.44–1.55) 0.550 0.85 (0.45–1.59) 0.600

     Weight loss 0% to <5% 1.39 (0.89–2.17) 0.151 1.39 (0.89–2.18) 0.151

     Weight gain 1.0 (Ref) - 1.0 (Ref) -

Model 1 was adjusted for age, sex, baseline body mass index, smoking status, diabetes duration, presence of macrovascular and microvascular compli-
cations, use of insulin and statins, and number of antihypertensive drugs. Model 2 was further adjusted for the potential mediating covariates between 
weight loss during the initial 2-year period and outcomes: regular physical activity, and mean systolic blood pressure, glycated hemoglobin, low-density 
lipoprotein cholesterol, and high-density lipoprotein cholesterol. 
HR, hazard ratio; CI, confidence interval.
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during the initial 2-year period (Table 4). In the subgroup of pa-
tients who were physically active during the initial 2-year period 
(224 individuals, 34.4%), loosing ≥5% of body weight was as-
sociated with markedly significant reductions, by 80% and 79%, 
in risk for total CVEs and MACEs, respectively, and a marginal-
ly significant (P=0.07) risk reduction of 72% for cardiovascular 
death in relation to the subgroup that gained weight. Otherwise, 
in the subgroup that remained sedentary during the initial 2-year 
period (427 participants, 65.6%) there were no significant pro-
tective effects of weight loss for any of the cardiovascular out-
comes. Physical activity per se was not significantly associated 
with lower risks of cardiovascular outcomes (HR, 0.76; 95% CI, 
0.54 to 1.05; P=0.10 for total CVEs) (HR, 0.78; 95% CI, 0.54 
to 1.13; P=0.19 for MACEs) (HR, 0.69; 95% CI, 0.44 to 1.09; 
P=0.11 for cardiovascular mortality), in fully-adjusted analyses.

No other evidence was found for interactions of body weight 
changes with age, sex, baseline BMI, diabetes duration, the 
presence of microvascular and macrovascular complications, 
and glycemic control (all P for interaction values >0.30), indi-
cating that the risks associated with body weight changes were 
similar between older and younger participants, men and wom-
en, and obese and non-obese participants, as well as in those 
with a shorter or longer diabetes duration, with or without com-
plications or with poorer or better glycemic control.

DISCUSSION

This long-term prospective cohort study with middle-aged to el-
derly individuals with long-standing type 2 diabetes demon-
strated that ≥5% weight loss during the initial 2-year period of 
follow-up provided significant cardiovascular protection, par-
ticularly when this was achieved with concomitant regular 
physical activity. Otherwise, smaller weight losses did not ap-
pear to have any beneficial effect on cardiovascular disease pre-
vention in relation to individuals who gained weight. Overall, 
these findings support that weight loss of ≥5%, coupled with 
encouraging regular physical activity, may be a therapeutic goal 
in the clinical management of overweight and obese individuals 
with type 2 diabetes to reduce the cardiovascular disease bur-
den, regardless of age, diabetes duration or the absence or pres-
ence of complications.

Fourteen observational cohort studies [2-15] have evaluated 
the effects of weight changes on cardiovascular and mortality 
outcomes in people with type 2 diabetes, as recently summa-
rized in a systematic review [1]. Only two of these studies [6, 
10], like ours, demonstrated a protective association between 

greater weight loss over the initial 1 to 2 years of follow-up and 
adverse cardiovascular outcomes. In the first one, an observa-
tional post hoc analysis of the Action for Health in Diabetes 
(Look AHEAD) trial with 4,834 overweight/obese individuals 
with type 2 diabetes (mean duration, 5 years) who were fol-
lowed up for 10 years, those who lost ≥10% of their body 
weight in the 1st year had significantly lower (by 21% to 24%) 
risks of cardiovascular outcomes than those who had stable 
weight or gained weight, whereas improvement in physical fit-
ness was marginally associated with better outcomes [6]. In the 
second study, a cohort analysis from the Anglo-Danish-Dutch 
Study of Intensive Treatment in People with Screen-Detected 
Diabetes in Primary Care (ADDITION)-Cambridge trial with 
725 adults with recently detected type 2 diabetes who were fol-
lowed up for 10 years, those who lost ≥5% of their body weight 
in the 1st year had 48% lower risk of future incident cardiovas-
cular disease than those with <2.5% weight change [10]. We 
advance this evidence base by showing that this potential pro-
tective cardiovascular effect of a ≥5% weight loss in the first 2 
years of follow-up (34% to 48% lower risk) was also observed 
in individuals with longer diabetes duration (median 8 years) 
and at higher cardiovascular risk (30% with established cardio-
vascular disease and 52% with microvascular complications at 
baseline), and also by demonstrating that engaging in regular 
physical activity during the period of weight loss markedly im-
proved this protective effect (up to 72%–80% lower risks). 
However, some previous studies either did not demonstrate any 
beneficial effect of weight loss on cardiovascular outcomes 
[4,7,8,14] or even showed a possible detrimental effect [9]. 
These disparities can probably be explained by differences in 
studies’ protocols and analyses, such as different population 
characteristics (older or younger people, shorter or longer dia-
betes durations, lower or higher baseline cardiovascular risks), 
different methods of assessing weight changes over different 
time periods and with different definitions of weight loss, dis-
crepancies in follow-up lengths, different adjustments for con-
founding, and differences between intentional and non-inten-
tional weight loss, which could lead to reverse causality, partic-
ularly with all-cause mortality in elderly people [16]. Further-
more, only one [23] of the three published randomized con-
trolled trials [23-25] on intensive behavioral interventions aim-
ing at weight loss in people with type 2 diabetes demonstrated 
beneficial cardiovascular effects. In a meta-analysis, the overall 
effect of the intensive intervention was null for cardiovascular 
outcomes [1]. Therefore, the cardiovascular risk reduction asso-
ciated with weight loss is still subject to debate; and new studies 
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aiming to identify the clinical characteristics of individuals who 
may benefit from weight loss and how much weight loss should 
be achieved for reducing cardiovascular risk remain important 
[1]. Because of this, it is necessary to explore possible interac-
tions between weight loss and clinical characteristics, particu-
larly with regular physical activity, which might mediate at least 
part of the beneficial effect of weight loss. 

Few previous studies have investigated changes in weight and 
physical activity over time and their interactions with cardiovas-
cular outcomes [17], and no study has done so in individuals 
with diabetes. A cohort study with 3,307 individuals with coro-
nary artery disease observed a reduction in cardiovascular risk 
in those with sustained regular physical activity, but not in those 
who lost weight [17]. In a cohort study with 173,246 Korean in-
dividuals with newly-detected type 2 diabetes [7], weight loss 
was not associated with better cardiovascular prognosis, but the 
survivors had a significantly higher proportion of individuals 
who regularly engaged in physical activity. However, a formal 
interaction analysis between body weight changes and physical 
activity was not performed [7]. We demonstrated interactions 
between weight loss and regular physical activity for cardiovas-
cular outcomes, in which sustained physical activity during the 
initial 2-year period of weight change assessment markedly ac-
centuated the protective effect of greater weight loss on cardio-
vascular outcomes, although performing physical activity per se 
was not associated with cardiovascular risk reduction (non-sig-
nificant 22% to 31% lower risks). These findings are novel and 
support that weight loss of ≥5%, coupled with regular physical 
activity, may be a therapeutic goal in clinical management of 
overweight and obese individuals with type 2 diabetes to reduce 
the cardiovascular disease burden.

We acknowledge some limitations of this study. First, this 
study involved a prospective observational cohort; hence, no 
causal relationships nor pathophysiological inferences can be 
made; instead, any such inferences are speculative. Moreover, 
as with any cohort study, residual confounding due to unmea-
sured or unknown factors cannot be ruled out. Second, we could 
not ascertain whether weight loss in our cohort was intentional 
or non-intentional. Non-intentional weight loss may be associ-
ated with a worse prognosis, particularly all-cause mortality, be-
cause of reverse causality with pathological weight loss associ-
ated with severe chronic conditions and cancer. However, pa-
tients with these conditions that limited life expectancy were 
excluded from cohort entry. Moreover, because most (85%) of 
the participants were obese or overweight, it is plausible that 
weight loss was mainly intentional, recommended by the at-

tending health team. Third, this cohort enrolled mainly middle-
aged to elderly individuals with long-standing type 2 diabetes 
followed up at a tertiary care university hospital. Hence, our re-
sults might not be generalizable to younger individuals with re-
cent-onset type 2 diabetes or the setting of primary care man-
agement. Nonetheless, the main strength of this study is its well-
documented cohort of individuals with type 2 diabetes under 
standardized care who received regular outcome evaluations 
over a long-term 10-year follow-up. Further, we gathered infor-
mation on physical activity habits at each clinic visit, which al-
lowed us to investigate interactions between weight loss and 
physical activity.

In conclusion, in a middle-aged type 2 diabetes cohort with a 
long-term follow-up, we demonstrated the beneficial cardiovas-
cular effects of ≥5% weight loss during the first 2 years of fol-
low-up. The benefit was particularly marked when this weight 
loss was reached with concurrent regular physical activity. As a 
whole, these findings support that weight loss of ≥5%, in addi-
tion to regular physical activity, may be a therapeutic target in 
clinical management of overweight and obese individuals with 
type 2 diabetes for primary or secondary cardiovascular disease 
prevention, even in high-risk individuals with long-standing di-
abetes.
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