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Background/Aims: Because weight control is important in treatment of type 2 
diabetes, it is essential to understand the associations between weight change and 
the risk of microvascular complications among patients with type 2 diabetes. We 
examined whether weight changes early after new-onset diabetes have an impact 
on the clinical outcomes of diabetic nephropathy and retinopathy.
Methods: Using the Korean National Health Insurance Service-National Health 
Screening Cohort database, 181,872 patients newly diagnosed with type 2 dia-
betes who were free of end-stage renal disease (ESRD) and proliferative diabetic 
retinopathy (PDR) during 2007 to 2012 were followed to the end of 2016. Weight 
change was defined as the difference in body weight from the time of diabetes di-
agnosis to 2 years later.
Results: We identified 180 cases of ESRD and 780 cases of PDR followed up for a 
median of 5.5 years from the index year at 2 years after diagnosis. Those with 5% 
to 10% weight gain showed a significantly higher hazard ratio (HR) for ESRD, 
compared with those with ≤ 5% weight change after adjusting for several con-
founding factors, including the baseline estimated glomerular f iltration rate 
(HR, 1.75; 95% confidence interval [CI], 1.14 to 2.70). Those with ≥ 10% weight loss 
showed the lowest HR for PDR (HR, 0.52; 95% CI, 0.33 to 0.83), whereas those with 
≥ 10% weight gain showed the highest HR for PDR (HR, 3.20; 95% CI, 2.51 to 4.08).
Conclusions: Weight gain after new-onset diabetes was associated with increased 
risk of ESRD and PDR whereas weight loss with decreased risk of PDR, but not 
ESRD.

Keywords: Body weight; Kidney failure, chronic; Diabetic retinopathy; Diabetes 
mellitus, type 2

Weight change and microvascular outcomes in 
patients with new-onset diabetes: a nationwide 
cohort study
Eun Sil Koh1,2, Kyung Do Han3, Mee Kyoung Kim4, Eun Sook Kim5, Min-Kyung Lee6, Ga Eun Nam7, and 
Hyuk-Sang Kwon4

Received : March 30, 2020
Revised : June 24, 2020
Accepted : July 13, 2020

Correspondence to Hyuk-Sang Kwon, M.D.
Division of Endocrinology and Metabolism, Department of Internal Medicine, Yeouido 
St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 10 63-ro, 
Yeongdeungpo-gu, Seoul 07345, Korea
Tel: +82-2-3779-1039, Fax: +82-2-780-3132, E-mail: drkwon@catholic.ac.kr
https://orcid.org/0000-0003-4026-4572

mailto:drkwon@catholic.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2020.121&domain=pdf&date_stamp=2021-07-01


933

Koh ES, et al. Weight change after diabetes diagnosis 

www.kjim.orghttps://doi.org/10.3904/kjim.2020.121

INTRODUCTION

According to the increasing incidence of diabetes and the 
aging population, the main microvascular complications 
of diabetes—diabetic nephropathy (DN) and diabetic 
retinopathy (DR)—have become leading causes of end-
stage renal disease (ESRD) and blindness, respectively. In 
DN, complex factors including hemodynamic changes, 
inflammation and hyperglycaemia aggravate renal func-
tion and lead to ESRD, which requires dialysis or trans-
plantation. DR threatens all individuals with diabetes, 
leading to vision loss with severe proliferative DR (PDR) 
and a significant negative impact on quality of life [1-3]. 
Thus, DN and DR are multifactorial progressive micro-
vascular complications of diabetes with irreversible poor 
outcomes. Mounting evidence has demonstrated that 
the diabetic milieu leads to increased local expression 
of inflammatory molecules, such as cytokines, chemo-
kines and growth factors, and involves various expres-
sion changes in several inflammatory mediators in the 
development of DN and DR [2,4-6]. Because the retinal 
artery shares a common anatomical structure, risk fac-
tors and pathogenic mechanisms for organ dysfunction 
with those of arteries in the kidney, it is not surprising 
that diabetes-related exposure to inflammatory cascades 
is a common pathogenic mechanism [7-10].

Obesity may amplify a pro-inflammatory metabolic 
milieu [11,12]; thus, we can assume that weight gain may 
trigger the inflammatory cascade in patients with diabe-
tes, and weight reduction may reverse the results. In ex-
perimental models, caloric restriction has shown antiox-
idant effects mediated by the induction of mitochondrial 
biogenesis and antioxidant enzymes and a reduction in 
free radical mitochondrial leakage during oxidative phos-
phorylation [13]. In addition, recent studies have revealed 
the beneficial impact of food control and exercise thera-
py on the composition of body physiologic factors in pa-
tients with chronic kidney disease (CKD) [14,15]. Because 
obesity is common among people with type 2 diabetes 
and weight control is a key management of diabetes, it is 
essential to understand the associations between weight 
change and the risk of microvascular complications such 
as DN and DR among patients with type 2 diabetes. Here, 
we investigated the association between weight change 
early after new-onset diabetes and the risk of ESRD or 
PDR using a nationwide population-based cohort. 

METHODS

Data source and study population
In South Korea, the National Health Insurance System 
is the only insurer and managed by the government, 
providing regular health check-up programs to the 
public. Those enrolled in the health insurance service 
are recommended to undergo health check-ups at least 
biennially. In the current study, we included subjects 
(aged ≥ 30 years) who underwent a health examination 
between 2007 and 2012. Of these, we included only sub-
jects with newly diagnosed diabetes who started taking 
diabetic medications within 1 year of their health check-
up. We defined newly diagnosed diabetes patients as 
follows: (1) fasting blood glucose ≥ 126 mg/dL measured 
at a health examination during 2007 to 2012 and < 126 
mg/dL during 2002 to 2006; (2) no previous history of 
any antidiabetic medications; (3) started taking diabet-
ic medications within 1 year of the health examination 
under ICD-10 codes E11–14 [16-18]. Among the 326,650 
newly diagnosed diabetic subjects, 184,720 underwent a 
second health examination during 2009 to 2014 (index 
year). We excluded subjects having ESRD, PDR or ma-
lignancy prior to the index year. The final study popula-
tion consisted of 181,872 subjects (Fig. 1). This study was 
conducted according to the Declaration of Helsinki and 
approved by the Institutional Review Board of College 
of Medicine, The Catholic University of Korea (IRB No. 
SC18ZES10045). Because anonymized and deidentified 
information was used for the analyses, informed con-
sent was not required.

Definitions of weight change 
We calculated weight changes over a 2-year interval ac-
cording to the difference in weight values between the 
first and second health exams, expressed as a percentage. 
We divided the individuals into five subgroups as follows: 
≥ 10% weight loss, 5% to 10% weight loss, ≤ 5% weight 
change, 5% to 10% weight gain, and ≥ 10% weight gain.

Assessment of other variables
Blood samples for the measurements of serum glucose, 
creatinine (Cr) and total cholesterol levels were drawn 
after an overnight fast. The estimated glomerular fil-
tration rate (eGFR) was calculated using the abbreviat-
ed Modification of Diet in Renal Disease formula: 175 
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× serum Cr (mg/dL) − 1.154 × age (year) − 0.203 × (0.742 
if female). Low glomerular filtration rate was defined 
as an eGFR < 60 mL/min/1.73 m2 according to the U.S. 
National Kidney Foundation guidelines. Hypertension 
was defined according to the presence of at least one 
claim per year under ICD-10 codes I10 or I11 and at least 
one claim per year for the prescription of an antihyper-
tensive agent or systolic/diastolic blood pressure (BP) ≥ 
140/90 mmHg [16]. Dyslipidaemia was defined accord-
ing to the presence of at least one claim per year under 
ICD-10 code E78 and at least one claim per year for the 
prescription of lipid-lowering agent or total cholesterol 
level ≥ 240 mg/dL [16,19].

Study outcomes and follow-up
The end points of the study were newly diagnosed ESRD 
or PDR. The incidence of ESRD was defined by a com-
bination of the ICD-10 code (N18 to 19, Z49, Z94.0, Z99.2) 
and initiation of renal replacement therapy and/or kid-
ney transplantation during hospitalization. All medical 
care expenses for dialysis were reimbursed using the 

Korean Health Insurance Review and Assessment Ser-
vice database. These patients were also registered as spe-
cial medical aid beneficiaries. Therefore, we were able to 
identify every ESRD patient in the South Korean popu-
lation and analyse the data of all ESRD patients who had 
started dialysis [20]. Codes for treatment or medical ex-
pense claims included R3280 for kidney transplantation, 
O7011 to O7020 or V001 for haemodialysis, and O7071 to 
O7075 or V003 for peritoneal dialysis. We excluded indi-
viduals without previous CKD who had a transplant or 
dialysis code on the same date as an acute renal failure 
code. Subjects on continuous renal replacement therapy 
or acute peritoneal dialysis were also excluded [19,20]. 
PDR was defined by the procedure code S5160 or S5161 
for pan-retinal photocoagulation in patients already di-
agnosed with DR (diagnostic code H36.0) [16]. The study 
population was followed from baseline at the index year 
to the date of ESRD or PDR diagnosis, or until Decem-
ber 31, 2016, whichever came first.

Statistical analysis
Baseline characteristics are presented as mean ± stan-
dard deviation or number (%). Participants were classi-
fied into five weight change categories. The incidence of 
primary outcomes was calculated by dividing the num-
ber of incident cases by the total follow-up duration 
(person-years). The disease-free probability of primary 
outcomes according to weight change subgroup was 
calculated using Kaplan-Meier curves, and the log-rank 
test was performed to analyse differences among the 
groups. Hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for ESRD and PDR were calculated using the 
Cox proportional hazards model for each weight change 
category. Statistical analyses were performed using SAS 
version 9.4 (SAS Institute Inc., Cary, NC, USA), and a p < 
0.05 was considered to indicate significance.

RESULTS

Baseline characteristics of study population
The mean age of total study population was 56.3 years 
and 65.1% was male, and mean body mass index (BMI) 
and eGFR were 25.4 kg/m2 and 89.9 mL/min/1.73 m2, 
respectively. The baseline characteristics of the partici-
pants according to weight change over the 2-year period 

Figure 1. Flowchart of study population. FBG, fasting blood 
glucose; DM, diabetes mellitus; ESRD, end-stage renal dis-
ease; PDR, proliferative diabetic retinopathy.

n = 3,749.014
Participants (≥ 30 years) who had undergone a health examination during 2007-2012 

Who did not take any diabetic medications before and 
whose FBG ≥ 126 mg/dL in a health examination

during 2007–2012

Followed from index year to the date of death or until December 31, 2015

3,422,364 Were excluded

141,930 Were excluded

n = 326,650
Subjects with new-onset DM 

: started taking diabetic medications within 1 year at the time of 
health examination

n = 184,720 
Subjects who underwent 2nd health examinations from

January 2009 to December 2014

n = 181,872
Subjects eligible for inclusion

Subjects were excluded: having cancer
before the index year (2009–2014)

Subjects were excluded: having 
ESRD or PDR before the index year
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after the diagnosis of diabetes are listed in Table 1. At 2 
years following the diabetes diagnosis, 68.3% of the par 
ticipants showed < 5% weight change, whereas 19.1% had 
≥ 5% weight loss and 12.6% had ≥ 5% weight gain. The 
individuals with ≥ 10% weight gain were younger, more 
to be male, and tended to have a higher baseline BMI, 
height, waist circumference. Also, those with ≥ 10% 
weight gain were more likely to be a current smoker and 
a heavy drinker, and to have higher BP, fasting glucose 
level and higher prevalence of dyslipidemia.

Risk of incident ESRD and PDR according to weight 
change group after diabetes diagnosis
There were 180 cases of ESRD (0.10%) and 780 cases of 
PDR (0.43%) during a median follow-up of 5.5 years from 
the index year at 2 years after newly diagnosed diabe-
tes. Table 2 shows the HRs (95% CIs) of ESRD and PDR 
by the body weight change in patients with new-onset 
diabetes. Those with 5% to 10% weight gain had a sig-
nificantly higher HR for ESRD, compared with those 
with < 5% weight change, after adjusting for several con-

Table 1. Baseline characteristics of study subjects according to the weight changes status

Characteristic
Weight change 

≤ –10%
(n = 7,629)

–10% to –5%
(n = 27,103)

–5% to 5%
(n = 124,227)

5% to 10%
(n = 16,736)

≥ 10%
(n = 6,177)

Age, yr 57.8 ± 12.1 57.1 ± 11.0 56.3 ± 10.3 55.3 ± 10.4 54.6 ± 10.9

Male sex 3,703 (48.5) 15,466 (57.1) 829,52 (66.8) 11,802 (70.5) 4,461 (72.2)

BMI, kg/m2 23.0 ± 3.1 24.3 ± 3.0 25.6 ± 3.2 26.3 ± 3.4 26.6 ± 3.6

Body weight, kg 59.8 ± 11.2 64.4 ±11.2 69.1 ± 11.4 71.2 ± 12.1 72.2 ± 12.5

Height, cm 161.1 ± 9.6 162.4 ± 9.3 163.9 ± 8.8 164.4 ± 8.8 164.6 ± 8.9

Waist circumference, cm 80.4 ± 8.5 83.1 ± 8.1 86.5 ± 8.1 88.0 ± 8.4 88.6 ± 8.7

Current smoker 1,545 (20.3) 6,436 (23.8) 33,063 (26.7) 4,780 (28.6) 1,839 (29.8)

Heavy drinker 353 (4.6) 1,784 (6.6) 11,078 (9.0) 1,612 (9.7) 610 (9.9)

Regular exercise 4,012 (52.7) 14,900 (55.18) 69,876 (56.4) 9,146 (54.8) 3,337 (54.1)

Income lower 25% 1,611 (21.1) 5,283 (19.5) 23,827 (19.2) 3,492 (20.9) 1,335 (21.6)

Hypertension 3,685 (48.3) 135,75(50.1) 68,788 (55.4) 9,683 (57.9) 3,560 (57.7)

Dyslipidemia 3,402 (44.7) 12,875 (47.6) 63,335 (51.0) 8,704 (52.1) 3,232 (52.4)

Fasting blood glucose, mg/dL 126.7 ±48.2 130.7 ± 41.6 136.7 ± 38.1 139.4 ± 38.4 140.2 ± 42.0

Systolic BP, mmHg 123.5 ± 14.9 125.3 ± 14.4 127.7 ± 14.3 129.0 ± 14.4 129.4 ± 14.8

Diastolic BP, mmHg 80.5 ±10.4 80.6 ± 10.2 81.0 ± 10.2 80.7 ± 10.5 80.1 ± 10.4

Serum creatinine, mg/dL 0.91 ± 0.66 0.93 ± 0.67 0.97 ± 0.76 0.97 ± 0.7 0.95 ± 0.53

eGFR, mL/min/1.73 m2 90.6 ± 50.1 89.4 ± 42.1 89.0 ± 42.5 89.7 ± 40.8 90.4 ± 41.1

eGFR < 60 mL/min/1.73 m2 641 (8.4) 1,825 (6.7) 7,992 (6.4) 1,041 (6.22) 408 (6.61)

Total cholesterol, mg/dL 182.8 ± 41.1 187.8 ± 40.8 190.5 ± 40.2 188.0 ± 39.3 187.6 ± 39.7

At diagnosis of diabetes

Body weight, kg 69.4 ± 12.9 69.2 ± 12.0 69.4 ± 11.4 66.6 ± 11.4 63.3 ± 11.2

BMI, kg/m2 26.5 ± 3.6 26.1 ± 3.3 25.7 ± 3.2 24.6 ± 3.2 23.3 ± 3.2

Systolic BP, mmHg 130.4 ± 16.1 130.0 ± 15.5 130.0 ± 15.6 129.2 ± 16.1 127.5 ± 16.5

Diastolic BP, mmHg 76.2 ± 9.8 77.4 ± 9.51 79.0 ± 9.5 79.7 ± 9.6 80.1 ± 9.62

Fasting blood glucose, mg/dL 163.0 ± 40.7 162.0 ± 39.5 169.4 ± 45.1 200.9 ± 60.0 228.0 ± 67.0

Total cholesterol, mg/dL 215.7 ± 42.6 215.5 ± 41.8 215.0 ± 42.0 216.5 ± 44.0 217.4 ± 46.3

Values are presented as mean ± standard deviation or number (%).
BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate.
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Table 2. HRs and 95% CIs of clinical outcomes (ESRD and PDR) according to the weight changes status among the patients 
with new-onset type 2 diabetes

Weight change Number Events
Follow-up  
duration,  

person-years

Incidence rate,  
/1,000  

person-years

HR (95% CI)

Model 1 Model 2 Model 3

ESRD

≤ –10% 7,629 11 18,728 0.59 1.51 (0.74–2.94) 1.53 (0.78–2.99) 1.49 (0.76–2.91)

–10% to –5% 27,103 27 66,478 0.41 1.17 (0.76–1.81) 1.14 (0.72–1.78) 1.14 (0.72–1.78)

–5% to 5% 124,227 108 316,900 0.34 1 (reference) 1 (reference) 1 (reference)

5% to 10% 16,736 26 45,032 0.58 1.72 (1.12–2.64) 1.72 (1.12–2.65) 1.75 (1.14, –2.70)

≥ 10% 6,177 8 16,526 0.48 1.46 (0.71–2.99) 1.43 (0.70–2.94) 1.53 (0.74–3.14)

PDR

≤ 10% 7,629 19 18,712 1.02 0.55 (0.34–0.87) 0.52 (0.33–0.83) 0.52 (0.33–0.83)

–10% to –5% 27,103 82 66,336 1.24 0.74 (0.67–0.94) 0.76 (0.60–0.97) 0.76 (0.60–0.97)

–5% to 5% 124,227 471 316,159 1.49 1 (reference) 1 (reference) 1 (reference)

5% to 10% 16,736 132 44,801 2.95 2.02 (1.66–2.46) 2.01 (1.65–2.45) 2.02 (1.66–2.45)

≥ 10% 6,177 76 16,383 4.64 3.32 (2.60–4.23) 3.19 (2.50–4.07) 3.20 (2.51–4.08)

Model 1, age, sex, body mass index, smoking, alcohol drinking, regular exercise, and income; Model 2, adjusted for Model 1 
plus fasting glucose, hypertension, dyslipidemia, and waist circumference; Model 3, adjusted for Model 2 plus estimated glo-
merular filtration.
HR, hazard ratio; CI, confidence interval; ESRD, end-stage renal disease; PDR, proliferative diabetic retinopathy. 
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Figure 2. Kaplan-Meier estimates of cumulative incidence of (A) end-stage renal disease and (B) proliferative diabetic retinopa-
thy among patients with newly diagnosed diabetes by the weight change categories. 
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founding factors, including BMI and the baseline eGFR 
(HR, 1.75; 95% CI, 1.14 to 2.70). In the case of PDR, those 
with ≥ 10% weight loss showed the lowest HR for PDR 
(HR, 0.52; 95% CI, 0.33 to 0.83), whereas those with ≥ 10% 
weight gain the highest HR for PDR (HR, 3.20; 95% CI, 
2.51 to 4.08) (Fig. 2).

Subgroup analysis
To evaluate the effect modifiers affecting the relation-
ships between weight change and risk of ESRD and PDR, 
we conducted a stratified analysis using several factors 
such age, sex, smoking, drinking and exercise habits, in-
come status, presence or absence of hypertension, dys-
lipidaemia or abdominal obesity, BMI and fasting glu-
cose level (Fig. 3). Higher adjusted HRs for ESRD were 
associated with non-obesity (BMI < 25 kg/m2) and fast-
ing blood glucose level ≥ 126 mg/dL in group with ≥ 5% 
weight gain, compared those with < 5% weight change, 

albeit there was no significant p for interaction. In the 
case of PDR, ≥ 5% weight gain remained predictive of 
worse survival and ≥ 5% weight loss better survival in 
compared with the < 5% weight change group in strat-
ified analysis. The associations between weight change 
and risk of incident ESRD and PDR were not affected by 
the potential confounding factors.

DISCUSSION

In the present population-based study, weight change 
early after diabetes diagnosis was associated with 
the risk of ESRD and PDR. Weight gain during the 2 
years after new-onset diabetes showed the higher risk 
of two microvascular complications of diabetes–ESRD 
and PDR, even after adjusting for confounding factors. 
Meanwhile, greater weight loss had an inverse associa-

Figure 3. Subgroup analysis of association between the weight change categories and end-stage renal disease (ESRD) and pro-
liferative diabetic retinopathy (PDR) stratified by age, sex, body mass index (BMI) and the presence of comorbidities. Hazard 
ratio (HR) and 95% confidence intervals of (A) ESRD and (B) PDR by the weight change categories. Blue square means HR of 
patients with ≥ 5% weight loss for ESRD and PDR compared with those with < 5% weight change as reference. Red square indi-
cates HR of patients with ≥ 5% weight gain for ESRD and PDR compared with those with < 5% weight change. Adjusted for age, 
sex, BMI, alcohol drinking, smoking, regular exercise, income status, presence of hypertension and dyslipidemia, abdominal 
obesity, fasting glucose category, and estimated glomerular filtration rate. 
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tion with the incidence of PDR, but not ESRD. 
The current findings of association between greater 

weight gain and the risk of ESRD in new-onset diabetes 
can be explained by similar mechanisms of obesity-re-
lated renal outcomes. Obesity-related kidney injury has 
focused on changes in intrarenal hemodynamics, name-
ly glomerular hyperfiltration, which is augmented by an 
increased extracellular volume and sodium reabsorp-
tion in the proximal tubule and altered tubuloglomeru-
lar feedback [11,21,22]. Over time, continued obesity-in-
duced hyperfiltration contributes to thickening of the 
glomerular basement membrane and mesangial sclero-
sis, ultimately leading to renal function decline [23,24]. 
Thus, Impact of obesity on renal outcomes has been ex-
tensively focused in previous reports [25,26]. In a study 
of more than 100,000 screened individuals in Japan, the 
risk of ESRD was increased in subjects with a BMI > 25 
kg/m2 [25]. Similarly, in a United States population, an 
increase in BMI led to a proportional increase in ESRD 
incidence over a median follow-up of 21 years [26]. As 
gradual weight gain eventually link to obesity, we can 
explain the impact of weight gain on renal function in 
the current study. However, weight loss early after dia-
betes diagnosis did not show a beneficial effect on renal 
outcomes in our study. This is inconsistent with the re-
sults of the Look Action for Health in Diabetes (AHEAD) 
study or effect of bariatric surgery, which suggested that 
in obese and overweight people with type 2 diabetes, 
weight reduction through intensive lifestyle interven-
tions improves the microvascular complication of DN 
[27,28]. Data from these previous studies supported a 
direct effect of significant weight reduction on kidney 
function independent of the effects of diabetes and hy-
pertension [29]. The ultimate difference is that the Look 
AHEAD study was an intervention study, whereas the 
current study was observational. Thus, weight loss can 
be indirectly caused by a combination of other comor-
bidities such as poor outcome of CKD-linked malnutri-
tion [30-32], rather than active lifestyle modifications by 
each individual.

Meanwhile, our study found significant positive re-
lationships between weight change after new-onset 
diabetes and PDR: the subjects with weight gain have 
more risk of PDR, whereas those with weigh loss had 
less risk of PDR. A number of previous studies have 
evaluated the association between obesity and DR; how-

ever, the findings are inconclusive [33-35]. In contrast to 
previously reported positive associations between BMI 
and DR, other study demonstrated protective effects 
of higher BMI on DR, predominantly among Asians 
[35]. Additionally, recent meta-analyses reported no in-
creased risk of DR by elevated BMI [33,34]. Discriminat-
ing between obesity and weight gain, the current results 
demonstrated that weight gain after new-onset diabetes 
could be a strong and novel independent risk factor of 
DR. A possible mechanism for this is that weight change 
influences glycaemic control, in turn affecting clinical 
outcomes and presumably related to hemodynamic 
and vascular endothelial growth factor (VEGF)-depen-
dent mechanisms, because improved hyperglycaemia 
by weight loss may downregulate VEGF expression in 
retinal cells. Also, other various metabolites derived by 
unstable weight change may facilitate the aggravation of 
DR, which needs further investigation [7,8,36-38]. 

The comorbidity of DN and DR is the unlucky link-
age and the association of two diseases has been dis-
cussed because of the proximity of vascular structural 
determinants and overlap of pathogenetic pathways 
including genetic determinants. The prolonged hyper-
glycemia-induced vascular endothelial dysfunction of 
small vessel contributed to both the development and 
progression of DN and DR. DN has been implicated in 
the marked expression of VEGF, which is induced by 
mitochondrial damage to accelerate glomerular sclero-
sis and renal fibrosis, thereby promoting the progress 
of renal decline [39]. In addition, VEGF is linked with 
DR as a key driver behind neovascularization [40]. Al-
though it is unclear how weight change has effect on the 
degree of vascular endothelial dysfunction, in terms of 
common pathologic process with a high VEGF expres-
sion between DN and DR, the current findings are inter-
esting in that weight loss early after new-onset diabetes 
attenuated the risk of PDR whereas it did not affect the 
risk of ESRD.

Several caveats of the current analysis warrant further 
consideration. First, the follow-up period was relative-
ly short to access the risk of incident ESRD and PDR. 
Second, we were not able to know whether body weight 
change were intentional or unintentional. For example, 
we could not fully exclude the other conditions affect-
ing body weight change, such as medications or thyroid 
disease. Third, this was an observation study and the 
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association between weight changes and the risk of in-
cident ESRD and PDR may not be causal. Fourth, there 
is a limitation in the operational definition of PDR and 
ESRD because of the intrinsic characteristics of a na-
tionwide cohort. Finally, there may have been possible 
selection bias when we excluded the subjects without 
the second health examination in 2009 to 2012, because 
we could not check the demographic equality of the ex-
cluded group with eligible study subject. Nevertheless, 
the strength of this study is that it evaluated a nation-
wide cohort of patients with new-onset diabetes with a 
large sample size and longitudinal design. In addition, 
this analysis did not focus simply on obesity or fragility, 
but weight gain and weight loss after new-onset diabe-
tes, which includes a series of metabolic alterations over 
time. To our knowledge, this is the first study to evalu-
ate the associations between weight change and diabetic 
microvascular complications in patients with new-onset 
diabetes, using abundant data including socioeconom-
ics, biomedical information and lifestyle variables.

In conclusion, this large-scale cohort study of the 
Korean population showed that weight gain early after 
diabetes was associated with increased risk of ESRD 
and PDR, whereas weight loss was with decreased risk 
of PDR, but not ESRD. Regarding the risk of diabetic 
microvascular complications, we may suggest active 
surveillance for body weight in patients with new-onset 
diabetes. 

Conflict of interest
No potential conflict of interest relevant to this article 
was reported.

Acknowledgments 
This study was performed using the database from the 
National Health Insurance System (NHIS-2018-1-258), 
and the results do not necessarily represent the opin-
ion of the National Health Insurance Corporation. 
The research was supported by Basic Science Research 
Program through the National Research Foundation 
of Korea (NRF) funded by the Ministry of Education 
(2018R1D1A1B07049079). The funders of the study had 
no role in study design, data collection, data analysis, 
data interpretation, or writing of the report.

REFERENCES

1. Dow C, Mancini F, Rajaobelina K, et al. Diet and risk of 
diabetic retinopathy: a systematic review. Eur J Epidemiol 
2018;33:141-156.

2. Rubsam A, Parikh S, Fort PE. Role of inflammation in di-
abetic retinopathy. Int J Mol Sci 2018;19:942.

3. NCD Risk Factor Collaboration (NCD-RisC). Worldwide 
trends in diabetes since 1980: a pooled analysis of 751 
population-based studies with 4.4 million participants. 
Lancet 2016;387:1513-1530.

4. Hammes HP. Diabetic retinopathy: hyperglycaemia, oxi-
dative stress and beyond. Diabetologia 2018;61:29-38.

5. Zhang X, Zhao L, Hambly B, Bao S, Wang K. Diabetic ret-
inopathy: reversibility of epigenetic modifications and 
new therapeutic targets. Cell Biosci 2017;7:42.

6. Reidy K, Kang HM, Hostetter T, Susztak K. Molecular 
mechanisms of diabetic kidney disease. J Clin Invest 
2014;124:2333-2340.

7. Hsieh YT, Tsai MJ, Tu ST, Hsieh MC. Association of ab-
normal renal profiles and proliferative diabetic retinop-
athy and diabetic macular edema in an Asian population 
with type 2 diabetes. JAMA Ophthalmol 2018;136:68-74.

8. Hwang HS, Choi YA, Kim SY, et al. Diabetes retinopathy 
is a poor predictor for renal and cardiovascular outcomes 
in comparison with hypertensive retinopathy in patients 
with chronic kidney disease. Diabetes Res Clin Pract 
2015;109:312-318.

9. Lee MK, Han KD, Lee JH, et al. Normal-to-mildly in-
creased albuminuria predicts the risk for diabetic retinop-
athy in patients with type 2 diabetes. Sci Rep 2017;7:11757.

10. Yun KJ, Kim HJ, Kim MK, et al. Risk factors for the devel-
opment and progression of diabetic kidney disease in pa-

KEY MESSAGE

1. Weight gain early after diabetes diagnosis was 
associated with increased risk of end-stage re-
nal disease (ESRD) and proliferative diabetic 
retinopathy (PDR) whereas weight loss with de-
creased risk of PDR, but not ESRD.

2. Considering the risk of diabetic microvascular 
complications, we propose the active surveil-
lance for body weight in patients with new-on-
set diabetes.

www.kjim.org


       

940 www.kjim.org https://doi.org/10.3904/kjim.2020.121

The Korean Journal of Internal Medicine Vol. 36, No. 4, July 2021

tients with type 2 diabetes mellitus and advanced diabetic 
retinopathy. Diabetes Metab J 2016;40:473-481.

11. Mallamaci F, Tripepi G. Obesity and CKD progression: 
hard facts on fat CKD patients. Nephrol Dial Transplant 
2013;28 Suppl 4:iv105-iv108.

12. Satriano J, Sharma K. Autophagy and metabolic changes 
in obesity-related chronic kidney disease. Nephrol Dial 
Transplant 2013;28 Suppl 4:iv29-iv36.

13. Kubota T, Kubota N, Kadowaki T. Imbalanced insulin ac-
tions in obesity and type 2 diabetes: key mouse models of 
insulin signaling pathway. Cell Metab 2017;25:797-810.

14. Ikizler TA, Robinson-Cohen C, Ellis C, et al. Metabolic ef-
fects of diet and exercise in patients with moderate to se-
vere CKD: a randomized clinical trial. J Am Soc Nephrol 
2018;29:250-259.

15. Bolignano D, Zoccali C. Effects of weight loss on renal 
function in obese CKD patients: a systematic review. 
Nephrol Dial Transplant 2013;28 Suppl 4:iv82-iv98.

16. Ko SH, Han K, Lee YH, et al. Past and current status of 
adult type 2 diabetes mellitus management in Korea: a 
National Health Insurance Service database analysis. Dia-
betes Metab J 2018;42:93-100.

17. Kim MK, Han K, Koh ES, et al. Weight change and mor-
tality and cardiovascular outcomes in patients with 
new-onset diabetes mellitus: a nationwide cohort study. 
Cardiovasc Diabetol 2019;18:36.

18. Nam GE, Park YG, Han K, et al. BMI, weight change, and 
dementia risk in patients with new-onset type 2 diabetes: a 
nationwide cohort study. Diabetes Care 2019;42:1217-1224.

19. Koh ES, Kim M, Kim MK, et al. Intra-individual variabili-
ty in high density lipoprotein cholesterol and risk of end-
stage renal disease: a nationwide population-based study. 
Atherosclerosis 2019;286:135-141.

20. Kim MK, Han K, Koh ES, et al. Variability in total choles-
terol is associated with the risk of end-stage renal dis-
ease: a nationwide population-based study. Arterioscler 
Thromb Vasc Biol 2017;37:1963-1970.

21. Kovesdy CP, Furth SL, Zoccali C; World Kidney Day Steer-
ing Committee. Obesity and kidney disease: hidden con-
sequences of the epidemic. Am J Nephrol 2017;45:283-291.

22. Stenvinkel P, Zoccali C, Ikizler TA. Obesity in CKD: 
what should nephrologists know? J Am Soc Nephrol 
2013;24:1727-1736.

23. Garofalo C, Borrelli S, Minutolo R, Chiodini P, De Nicola 
L, Conte G. A systematic review and meta-analysis sug-
gests obesity predicts onset of chronic kidney disease in 

the general population. Kidney Int 2017;91:1224-1235.
24. Jung CH, Lee MJ, Kang YM, et al. The risk of chronic kid-

ney disease in a metabolically healthy obese population. 
Kidney Int 2015;88:843-850.

25. Iseki K, Ikemiya Y, Kinjo K, Inoue T, Iseki C, Takishita S. 
Body mass index and the risk of development of end-
stage renal disease in a screened cohort. Kidney Int 
2004;65:1870-1876.

26. Hsu CY, McCulloch CE, Iribarren C, Darbinian J, Go AS. 
Body mass index and risk for end-stage renal disease. 
Ann Intern Med 2006;144:21-28.

27. Look AHEAD Research Group. Effect of a long-term 
behavioural weight loss intervention on nephropathy in 
overweight or obese adults with type 2 diabetes: a sec-
ondary analysis of the Look AHEAD randomised clinical 
trial. Lancet Diabetes Endocrinol 2014;2:801-809.

28. Chang AR, Chen Y, Still C, et al. Bariatric surgery is asso-
ciated with improvement in kidney outcomes. Kidney Int 
2016;90:164-171.

29. Whaley-Connell A, Sowers JR. Obesity and kidney disease: 
from population to basic science and the search for new 
therapeutic targets. Kidney Int 2017;92:313-323.

30. Ikizler TA. A patient with CKD and poor nutritional sta-
tus. Clin J Am Soc Nephrol 2013;8:2174-2182.

31. Kalantar-Zadeh K, Rhee CM, Chou J, et al. The obesity 
paradox in kidney disease: how to reconcile it with obesi-
ty management. Kidney Int Rep 2017;2:271-281.

32. Naderi N, Kleine CE, Park C, et al. Obesity paradox in ad-
vanced kidney disease: from bedside to the bench. Prog 
Cardiovasc Dis 2018;61:168-181.

33. Moh A, Neelam K, Zhang X, et al. Excess visceral adiposity 
is associated with diabetic retinopathy in a multiethnic 
Asian cohort with longstanding type 2 diabetes. Endocr 
Res 2018;43:186-194.

34. Yoshida Y, Hagura R, Hara Y, Sugasawa G, Akanuma Y. 
Risk factors for the development of diabetic retinopathy 
in Japanese type 2 diabetic patients. Diabetes Res Clin 
Pract 2001;51:195-203.

35. Chan JC, Chee ML, Tan NY, Cheng CY, Wong TY, Saban-
ayagam C. Differential effect of body mass index on the 
incidence of diabetes and diabetic retinopathy in two 
Asian populations. Nutr Diabetes 2018;8:16.

36. Van Leiden HA, Dekker JM, Moll AC, et al. Blood pres-
sure, lipids, and obesity are associated with retinopathy: 
the Hoorn Study. Diabetes Care 2002;25:1320-1325.

37. Jeng CJ, Hsieh YT, Yang CM, Yang CH, Lin CL, Wang 

www.kjim.org


941

Koh ES, et al. Weight change after diabetes diagnosis 

www.kjim.orghttps://doi.org/10.3904/kjim.2020.121

IJ. Diabetic retinopathy in patients with diabetic ne-
phropathy: development and progression. PLoS One 
2016;11:e0161897.

38. Rodriguez-Poncelas A, Mundet-Tuduri X, Miravet-
Jimenez S, et al. Chronic kidney disease and diabetic 
retinopathy in patients with type 2 diabetes. PLoS One 
2016;11:e0149448.

39. Han Q, Zhu H, Chen X, Liu Z. Non-genetic mechanisms 
of diabetic nephropathy. Front Med 2017;11:319-332.

40. Willermain F, Scifo L, Weber C, Caspers L, Perret J, Del-
porte C. Potential interplay between hyperosmolarity and 
inflammation on retinal pigmented epithelium in patho-
genesis of diabetic retinopathy. Int J Mol Sci 2018;19:1056.       

www.kjim.org

