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Background: Diabetic nephropathy (DN) can affect quality of life (QoL) because it requires arduous lifelong management. This study 
analyzed QoL differences between DN patients and patients with other chronic kidney diseases (CKDs). 
Methods: The analysis included subjects (n = 1,766) from the KNOW-CKD (Korean Cohort Study for Outcomes in Patients with Chronic 
Kidney Disease) cohort who completed the Kidney Disease Quality of Life Short Form questionnaire. After implementing propensity score 
matching (PSM) using factors that affect the QoL of DN patients, QoL differences between DN and non-DN participants were examined. 
Results: Among all DN patients (n = 390), higher QoL scores were found for taller subjects, and lower scores were found for those who 
were unemployed or unmarried, received Medical Aid, had lower economic status, had higher platelet counts or alkaline phosphatase 
levels, or used clopidogrel or insulin. After PSM, the 239 matched DN subjects reported significantly lower patient satisfaction (59.9 vs. 
64.5, p = 0.02) and general health (35.3 vs. 39.1, p = 0.04) than the 239 non-DN subjects. Scores decreased in both groups during 
the 5-year follow-up, and the scores in the work status, sexual function, and role-physical domains were lower among DN patients than 
non-DN patients, though those differences were not statistically significant. 
Conclusion: Socioeconomic factors of DN were strong risk factors for impaired QoL, as were high platelet, alkaline phosphatase, and 
clopidogrel and insulin use. Clinicians should keep in mind that the QoL of DN patients might decrease in some domains compared 
with non-DN CKDs. 
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Introduction 

Diabetic nephropathy (DN) is the top cause of end-stage 

renal disease (ESRD). In South Korea, 48.8% of ESRD is 

caused by DN (http://www.ksn.or.kr/rang_board/list.ht-

ml?code=sinchart; current renal replacement therapy in 

Korea, Insan Memorial Dialysis Registry 2019 [1]), and DN is 

also a major component of the global burden of ESRD. 

DN can affect quality of life (QoL) because it requires ar-

duous lifelong management. Various studies have examined 

factors that correlate with low QoL in DN patients. Doctors 

cannot consider patients’ short-term QoL; instead, they 

must focus on reducing patients’ risk of complications to im-

prove their long-term QoL [2]. For example, glucose fluctua-

tions affect cognitive function among patients with diabetes 

mellitus, which can lead to diminished QoL [3]. Among 

patients with diabetes, QoL is lower in women than in men, 

especially in terms of mental health. QoL was found to be 

worse among young women than among men with high 

hemoglobin A1c (HbA1c) levels [4]. Another study report-

ed that QoL was better when patients were younger, their 

diabetes diagnosis had been made in the past 5 years, their 

HbA1c level was lower than 7%, they had no other complica-

tions or history of hospitalization, and their body mass index 

(BMI) was below 24 kg/m2 [5]. 

However, how the QoL of patients with DN compares with 

that of patients with other types of chronic kidney disease 

(CKD) is not well known. Therefore, we used data from the 

KNOW-CKD (Korean Cohort Study for Outcomes in Patients 

with Chronic Kidney Disease) cohort, which includes mul-

tiple types of CKD (glomerulonephritis, DN, hypertensive 

kidney disease, polycystic kidney disease, etc.), to investigate 

factors that influence the QoL of patients with DN and deter-

mine whether the QoL of patients with DN differs from that 

of other patients in the KNOW-CKD cohort. To accomplish 

that goal, we compared QoL changes from baseline to 5 

years later between DN and non-DN subjects. 

Methods 

Study population and ethics statement 

This study used data from KNOW-CKD, a multicenter pro-

spective cohort study that included patients from through-

out Korea who were 20 to 75 years old with stage 1 to 5 

CKD and not on dialysis. The design and methods of the 

KNOW-CKD study have been presented in detail elsewhere 

(NCT01630486 at http://www.clinicaltrials.gov) [6]. All pro-

cedures were conducted in accordance with the relevant 

ethical standards of the institutional and national research 

committees and with the 1964 Helsinki Declaration and 

its later amendments or comparable ethical standards. 

Informed consent was obtained from all subjects. The In-

stitutional Review Board of each clinical center from which 

patients were drawn approved the KNOW-CKD study pro-

tocol in 2013: Seoul National University Hospital (No. 1104–

089–359), Seoul National University Bundang Hospital (No. 

B-1106/129-008), Yonsei University Severance Hospital (No. 

4-2011-0163), Kangbuk Samsung Medical Center (No. 2011-

01-076), The Catholic University of Korea, Seoul St. Mary’s 

Hospital (No. KC11OIMI0441), Gachon University Gil Hospi-

tal (No. GIRBA2553), Eulji General Hospital (No. 201105-01), 

Chonnam National University Hospital (No. CNUH-2011-

092), and Inje University Busan Paik Hospital (No. 11-091).  

Data collection and variables  

For the present study, data were searched using an electron-

ic data management system (PhactaX, Seoul, Republic of 

Korea) with assistance from the data management depart-

ment of the Medical Research Collaborative Center at Seoul 

National University. The following variables were analyzed: 

sex; age; weight; height; BMI; blood pressure; number of 

family members; work, marital, insurance, and economic 

status; coronary artery calcium score; hemoglobin; platelet 

count; albumin, uric acid, calcium, blood urea nitrogen 

(BUN), phosphate, alkaline phosphatase, total bilirubin, 

fasting glucose, HbA1c, vitamin D3, creatinine (Cr), and 

cystatin C (Cys C) levels; iron and total iron binding capacity 

(TIBC); hepcidin, adiponectin, and klotho levels; relative 

wall thickness (RWT); and use of clopidogrel or insulin. 

Serum Cr was measured using traceable isotope-dilution 

mass spectrometry. Samples collected before May 1, 2013, 

were analyzed retrospectively on the basis of samples stored 

in the Biobank. After May 1, 2013, real-time measurements 

were made after samples were collected from each institu-

tion and transported to a central laboratory. 
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Definitions 

The Korean version 1.3 of the Kidney Disease Quality of Life 

Short Form (KDQOL-SF) was used to evaluate health-relat-

ed QoL (HRQoL). The KDQOL-SF contains disease-targeted 

items (kidney disease component summary, KDCS) focused 

on the particular health-related concerns of subjects with 

kidney disease who are on dialysis: (1) symptoms/prob-

lems, (2) effects of kidney disease on daily life, (3) burden 

of kidney disease, (4) work status, (5) cognitive function, (6) 

quality of social interactions, (7) sexual function, (8) sleep, 

(9) social support, (10) dialysis staff encouragement, and 

(11) patient satisfaction. The KDQOL-SF also contains the 

Medical Outcome Study Short Form-36 Health Survey (SF-

36), which is composed of a physical component summary 

(PCS) and a mental component summary (MCS). The PCS 

and MCS each contain four subscales: (1) physical function, 

(2) role-physical (limitations due to physical problems), 

(3) bodily pain, and (4) general health and (1) vitality, (2) 

role-emotional, (3) social function, and (4) mental health, 

respectively. Within the KDQOL-SF, each domain of the 

KDCS and SF-36 is scored on a 100-point scale, with higher 

scores representing better QoL. The scores of items in the 

kidney disease-specific part of the KDQOL-SF were aver-

aged to give the KDCS score. The scores from the SF-36 part 

of the KDQOL-SF were summarized as MCS and PCS. The 

number of family members was grouped into ≤1, 2–3, or 

>3. Work status was defined as employed or unemployed; 

marital status was divided into married, unmarried, and di-

vorced or widowed; economic status was divided into higher 

(>$4,000/family/month), middle ($1,330–$4,000/family/

month) and lower (<$1,330/family/month); and insurance 

status was divided into medical insurance or Medical Aid 

(including refunds). The coronary artery calcium score was 

divided into two groups (≤400 and >400). RWT allows fur-

ther classification of left ventricular mass increase as either 

concentric hypertrophy (RWT > 0.42) or eccentric hyper-

trophy (RWT ≤ 0.42). DN was defined as CKD primarily or 

exclusively caused by diabetes. Among the 2,238 subjects in 

the KNOW-CKD cohort, 754 patients (33%) had diabetes, 

and 519 (23%) were deemed to have DN. In the KNOW-CKD 

cohort, the most common disease was glomerulonephritis 

(36%), followed by DN (23%), hypertensive nephropathy 

(18%), autosomal dominant polycystic kidney disease (16%), 

and other unclassified CKD (6%). In this study, the non-DN 

group contained all DN patients in the KNOW-CKD cohort 

not diagnosed with diabetes. 

The process of propensity score matching 

This study analyzed the 1,766 KNOW-CKD subjects who 

completed the KDQOL-SF. First, factors that influenced the 

KDCS, PCS, and MCS scores among the subjects with DN (n 

= 390) were examined. Then, we conducted propensity score 

matching (PSM) to control the factors that were significant 

in the DN subjects, reduce the effects of selection bias, and 

potential confounding between the two groups [7,8]. The 

following 32 variables were used for PSM: sex; age; weight; 

height; BMI; blood pressure, smoking; number of family 

members; work, marital, insurance, and economic status; 

coronary artery calcium score; RWT; Cr; Cys C; hemoglobin; 

platelet count; albumin, uric acid, calcium, BUN, phosphate, 

alkaline phosphatase, total bilirubin, and vitamin D3 levels; 

iron; TIBC; hepcidin, adiponectin, and klotho levels; and use 

of clopidogrel. To measure the balancing, we calculated the 

standardized bias for each measured covariate in the weight-

ed samples using the “twang” package in R version 4.0.4 

(R Foundation for Statistical Computing, Vienna, Austria; 

http://cran.r-project.org/). After PSM, 239 DN and 239 non-

DN subjects were successfully selected (Supplementary Fig. 

1, available online). Differences between the two groups in 

mean baseline and 5-year follow-up KDQOL-SF scores were 

then analyzed (Fig. 1). 

Statistical methodology 

Variables are expressed as the mean ± standard deviation or 

number (%). The p-value were calculated by Student’s t-test 

or Mann-Whitney U test for continuous variables and Chi-

square test or Fisher’s exact test for categorical variables. 

First, meaningful factors were selected from the KNOW-

CKD dataset using a literature review of factors that affect 

QoL in DN. Then, a linear regression model was constructed 

with those factors to understand which ones influenced QoL 

in the subjects with DN in the KNOW-CKD cohort. Factors 

that were significant (p < 0.05) in the univariate analysis 

were used in the multivariate model, and KDCS, PCS, and 

MCS were analyzed separately. After selecting the DN and 

non-DN groups through PSM by considering the variables 

found to influence the QoL of DN patients, the differences 
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between the two groups in their baseline and 5-year fol-

low-up KDQOL-SF scores were analyzed using the Student t 

test. Changes in the KDQOL-SF scores over 5 years were also 

compared between the two groups using the Student t test. 

All statistical analyses were conducted using IBM SPSS ver-

sion 23.0 for Windows (IBM Corp., Armonk, NY, USA). 

Results 

Baseline characteristics of diabetic nephropathy subjects 

Data from 390 DN patients were used to analyze QoL. 

Among them, 276 (70.8%) were male, and their average age 

was 59 years. Their average height was 165 cm and average 

BMI was 25.4 kg/m2. One hundred forty-two (36.4%) had 

more than three family members, and 46.4% (n = 181) of 

them were working. Furthermore, 320 (82.3%) were married, 

and more than 50% of them were in the middle economic 

status group. Approximately one-third (32.5%, n = 119) of 

the participants had a coronary calcium score greater than 

400. The average Cr level was 2.4 mg/dL, albumin level was 

4.0 g/dL, and hemoglobin level was 11.7 g/dL. The average 

platelet count was 241,000 per microliter, and HbA1c was 

7.3%. Thirty-five of the DN patients (9.0%) used clopidogrel, 

and 223 (57.3%) used insulin (Table 1). Before PSM, most of 

those variables differed between the DN and non-DN sub-

jects (Table 1). 

Linear regression analysis of the quality of life of diabetic 
nephropathy subjects 

To understand which factors influenced the QoL of subjects 

with DN, linear regression analyses were conducted using the 

KDCS, PCS, and MCS scores and other factors. The univari-

ate analysis of the KDCS scores found lower scores in women 

and higher scores in those with greater weight or height, al-

though there was no association with BMI. Regarding socio-

economic factors, scores were higher in those with more than 

three family members and lower in those who were unem-

ployed; unmarried, divorced, or widowed; without Medical 

Aid, and in the lower economic status group. Lower KDCS 

scores were also associated with higher levels of Cr, Cys C, 

platelets, BUN, phosphate, alkaline phosphatase, fasting 

glucose, HbA1c, and hepcidin; lower levels of hemoglobin, 

calcium, total bilirubin, vitamin D3, iron, and TIBC; and use 

of clopidogrel or insulin. In the multivariate model, KDCS 

scores were lower in subjects who had shorter height (B [95% 

confidence interval], 0.34 [0.09–0.60]), were unemployed 

(–6.02 [–8.70 to –3.34]), had Medical Aid (–10.29 [–16.51 to 

–4.06]), and had higher levels of alkaline phosphatase (–0.02 

[–0.04 to –0.004]). The scores were also lower among subjects 

who used clopidogrel (no use, 4.86 [0.47–9.25]) (Supplemen-

tary Table 1, available online; Fig. 2A).  

In the univariate analysis of PCS scores, lower scores were 

found in women, and higher scores were found in those with 

greater height. Regarding socioeconomic factors, low QoL 

was found among the unemployed, unmarried, those with-

out Medical Aid, and those with a lower economic status. No 

association was observed for coronary artery calcium score, 

but the score was lower for participants with an RWT > 0.42. 

KNOW-CKD (n = 2,238)
From June 2011 to August 2018

QoL analysis, 5-yr FU
DN

Figure 1. Flow chart of the patients. The analysis incorporated 
the 1,766 KNOW-CKD (Korean Cohort Study for Outcomes in 
Patients with Chronic Kidney Disease) subjects who completed 
the Kidney Disease Quality of Life Short Form (KDQOL-SF). 
After finding the factors that significantly influenced the kidney 
disease component summary, physical component summary, 
and mental component summary scores of subjects with diabetic 
nephropathy (DN) (n = 390), propensity score matching (PSM) 
using those factors yielded 239 DN and 239 non-DN subjects. 
Between-group differences in mean baseline and 5-year follow-up 
(FU) KDQOL-SF scores were analyzed.
QoL, quality of life.

Excluded (n = 472)
who did not perform 
baseline KDQOL-SFQoL DN (n = 390)

Total (n = 1,766)
By PSM pair sampling using 

the Greedy matching technique 
(5 to 1 digit match macro)

QoL analysis, 5-yr FU
Non-DN

QoL analysis, baseline 
DN (n = 239)

QoL analysis, baseline 
Non-DN (n = 239)
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Table 1. Baseline characteristics of diabetic nephropathy and non-diabetic nephropathy subjects before propensity score matching
Characteristic Total DN Non-DN p-value
No. of patients 1,766 390 1,376
Sex <0.001
 Male 1,097 (62.1) 276 (70.8) 821 (59.7)
 Female 669 (37.9) 114 (29.2) 555 (40.3)
Age (yr) 52.7 ± 12.3 58.7 ± 9.6 51.0 ± 12.5 <0.001
Weight (kg) 67.0 ± 12.1 69.1 ± 11.9 66.4 ± 12.1 <0.001
Height (cm) 165.0 ± 8.4 164.9 ± 8.3 165.0 ± 8.5 0.89
Body mass index (kg/m2) 24.5 ± 3.4 25.4 ± 3.4 24.3 ± 3.4 <0.001
SBP (mmHg) 128.5 ± 16.4 135.2 ± 18.4 126.7 ± 15.2 <0.001
DBP (mmHg) 77.3 ± 11.0 76.6 ± 11.3 77.5 ± 10.9 0.08
Smoking <0.001
 Never 910 (51.6) 164 (42.3) 746 (54.2)
 Current 290 (16.4) 66 (17.0) 224 (16.3)
 Former 564 (32.0) 158 (40.7) 406 (29.5)
No. of family member 0.001
 ≤1 136 (7.7) 31 (8.0) 105 (7.6)
 2–3 842 (47.7) 217 (55.6) 625 (45.4)
 >3 788 (44.6) 142 (36.4) 646 (47.0)
Work status <0.001
 Employed 1,034 (58.6) 181 (46.5) 853 (62.0)
 Unemployed 731 (41.4) 208 (53.5) 523 (38.0)
Marital status <0.001
 Married 1,462 (82.8) 320 (82.3) 1,142 (83.0)
 Unmarried 197 (11.2) 30 (7.7) 167 (12.1)
 Divorced or widowed 106 (6.0) 39 (10.0) 67 (4.9)
Insurance 0.21
Medical insurance 1,695 (96.0) 370 (94.9) 1,325 (96.3)
 Medical care (including refunds) 71 (4.0) 20 (5.1) 51 (3.7)
 Economic status (USD) <0.001
 Higher (>4,000/family/mo) 418 (24.4) 64 (17.1) 354 (26.4)
 Middle (1,330–4,000/family/mo) 913 (53.3) 193 (51.6) 720 (53.7)
 Lower (<1,330/family/mo) 383 (22.4) 117 (31.3) 266 (19.9)
Coronary artery calcium score <0.001
 ≤400 1,518 (86.0) 247 (63.3) 1,271 (92.4)
 >400 248 (14.0) 143 (36.7) 105 (7.6)
RWT <0.001
 ≤0.42 1,276 (73.3) 233 (61.2) 1,043 (76.8)
 >0.42 464 (26.7) 148 (38.8) 316 (23.3)
Creatinine (mg/dL) 1.81 ± 1.15 2.40 ± 1.37 1.65 ± 1.01 <0.001
Cystatin C (mg/dL) 1.69 ± 0.88 2.18 ± 0.91 1.57 ± 0.82 <0.001
Hemoglobin (g/dL) 12.87 ± 2.02 11.68 ± 1.85 13.21 ± 1.93 <0.001
Platelet (×103/mL) 231.95 ± 62.02 240.53 ± 64.65 229.5 ± 61.06 0.003
Albumin (g/dL) 4.18 ± 0.43 3.97 ± 0.52 4.24 ± 0.38 <0.001
Uric acid (mg/dL) 7.02 ± 1.90 7.43 ± 1.87 6.91 ± 1.89 <0.001
Calcium (mg/dL) 9.13 ± 0.54 8.92 ± 0.67 9.18 ± 0.48 <0.001
Blood urea nitrogen (mg/dL) 27.91 ± 15.49 36.96 ± 17.49 25.36 ± 13.86 <0.001
Phosphorus (mg/dL) 3.68 ± 0.67 3.96 ± 0.77 3.60 ± 0.61 <0.001
Alkaline phosphatase (IU/L) 87.19 ± 64.7 97.09 ± 73.89 84.41 ± 61.61 <0.001
Total bilirubin (mg/dL) 0.67 ± 0.31 0.51 ± 0.22 0.72 ± 0.31 <0.001
Fasting glucose (mg/dL) 109.5 ± 38.29 134.49 ± 59.19 102.47 ± 25.89 <0.001
25 Vitamin D3 (ng/mL) 18.15 ± 9.95 15.30 ± 11.27 18.88 ± 9.45 <0.001

(Continued to the next page)

Kim, et al. QoL in patients with diabetic nephropathy

47www.krcp-ksn.org



Lower scores were associated with higher levels of Cr, Cys C, 

platelets, BUN, phosphate, HbA1c, adiponectin, and urinary 

protein/Cr ratio and with lower levels of hemoglobin, albu-

min, calcium, total bilirubin, and iron. Lower scores were 

also found among participants using clopidogrel or insulin. 

In the multivariate model, PCS was lower among partici-

pants in the lower economic status group (–5.87 [–12.43 to 

0.68]) and in those with high platelet counts (–0.05 [–0.08 to 

–0.01]) and alkaline phosphatase (–0.03 [–0.07 to –0.002]) 

levels. Low PCS was also associated with clopidogrel use (no 

use, 9.383 [2.127–16.639]) (Supplementary Table 2, available 

online; Fig. 2B). 

In the univariate analysis of MCS scores, lower scores were 

found among women and those with a higher BMI, and 

higher scores were associated with greater height. Regarding 

socioeconomic factors, scores were higher among former 

smokers, and QoL was lower among patients in the middle 

and lower economic status groups than among those who 

were unemployed, did not have Medical Aid, or were in 

the higher economic status group. The coronary artery cal-

cium score did not show a significant association, but low 

scores were associated with an RWT > 0.42. Lower scores 

were found in patients with higher levels of Cr, platelets, 

phosphate, alkaline phosphatase, fasting glucose, HbA1c, 

adiponectin, and urinary protein/Cr ratio and in patients 

with lower levels of hemoglobin, total bilirubin, iron, and 

TIBC. Scores were also lower among participants who used 

clopidogrel or insulin. In the multivariate model, lower MCS 

scores were found among participants with lower economic 

status (–7.58 [–14.34 to –0.82]) and those with a high platelet 

count (–0.05 [–0.08 to –0.01]) (Supplementary Table 3, avail-

able online; Fig. 2C). 

In summary, QoL among patients with DN was higher in 

taller participants and lower in subjects who were unem-

ployed, unmarried, without Medical Aid, or in the lower eco-

nomic status group, as shown consistently in the KDCS, PCS, 

and MCS scores. Interestingly, lower QoL was also found in 

patients with higher alkaline phosphatase levels and platelet 

counts. As expected, QoL was low among participants using 

clopidogrel or insulin. 

Baseline characteristics of subjects in the diabetic nephropathy 
and non-diabetic nephropathy groups after propensity score 
matching 

PSM was conducted to minimize the differences between 

the DN and non-DN groups. The variables used for PSM 

were selected from the factors found to influence DN in 

the univariate analyses. Ultimately, 239 participants were 

allocated to the DN and non-DN groups, respectively. Due 

to the clinical characteristics of DN, fasting glucose and the 

spot urine protein/Cr ratio were not included as PSM vari-

ables. Because the two groups were balanced through PSM, 

none of the included variables differed significantly between 

them at baseline (Table 2). 

Approximately two-thirds (66%) of the patients were male, 

with an average age of around 58 years. Their average height 

was 164 cm, their average BMI was roughly 25 kg/m2, and 

Characteristic Total DN Non-DN p-value
Iron (μg/dL) 92.66 ± 35.59 81.30 ± 28.38 95.89 ± 36.76 <0.001
TIBC (μg/dL) 297.30 ± 53.01 280.25 ± 51.04 302.14 ± 52.58 <0.001
Hepcidin (ng/mL) 18.39 ± 18.41 24.12 ± 21.12 16.76 ± 17.23 <0.001
Adiponectin (μg/mL) 11.79 ± 9.91 13.22 ± 11.4 11.39 ± 9.41 0.02
Klotho (pg/mL) 547.06 ± 326.17 530.16 ± 213.29 551.85 ± 351.55 0.41
Urine protein/creatinine (g/g) 1.35 ± 1.9 2.84 ± 2.86 0.95 ± 1.3 <0.001
Clopidogrel <0.001
 Yes 76 (4.3) 35 (9.0) 41 (3.0)
 No 1,689 (95.7) 354 (91.0) 1,335 (97.0)
Insulin <0.001
 Yes 223 (12.6) 223 (57.3) 0 (0)
 No 1,543 (87.4) 166 (42.7) 0 (0)

Data are expressed as number only, number (%), or mean ± standard deviation.
DBP, diastolic blood pressure; DN, diabetic nephropathy; RWT, relative wall thickness; SBP, systolic blood pressure; TIBC, total iron binding capacity; USD, U.S. 
dollar.

Table 1. Continued
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Figure 2. Forest plot of linear regression for KDCS, PCS, and MCS scores in the DN group. (A) Linear regression analyses of KDCS, PCS, and 
MCS scores and QoL-influencing factors were conducted. Lower KDCS scores were associated with short stature, unemployment, unmarried 
status, non-Medical Aid status, higher alkaline phosphatase levels, and clopidogrel use. (B) Lower PCS scores were associated with lower 
economic status, high platelet counts, high alkaline phosphatase levels, and clopidogrel use. (C) Lower MCS scores were associated with lower 
economic status and high platelet counts.
BUN, blood urea nitrogen; DN, diabetic nephropathy; HbA1c, hemoglobin A1c; KDCS, kidney disease component summary; MCS, mental 
component summary; PCS, physical component summary; QoL, quality of life; ref., reference; RWT, relative wall thickness; TIBC, total iron binding 
capacity.

A

B

C

Female (ref. male)

Female (ref. male)

Female (ref. male)

Family number, 2–3 (ref. ≤1)
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their average systolic and diastolic blood pressure was 132 

mmHg and 77 mmHg, respectively. 

More than half (53.2%) of the participants had a history of 

smoking, 63.0% had more than three family members, 47.9% 

were employed, and 82.0% were married. Furthermore, 

93.5% had medical insurance, and 6.5% were covered under 

Medical Aid. The middle economic status ($1,330–$4,000/

family/month) included 49.0% of the participants. A cor-

onary artery calcium score >400 was present in 22% of the 

participants, and their mean Cr, hemoglobin, platelet count, 

albumin, uric acid, and calcium levels were 2.3 mg/dL, 12.0 

g/dL, 232,000/µL, 4.1 g/dL, 7.4 mg/dL, and 9.0 mg/dL, re-

spectively. Around 5% used clopidogrel (Table 2).  

Table 2. Baseline characteristics of diabetic nephropathy and non-diabetic nephropathy subjects after propensity score matching
Variable Total DN Non-DN p-value
No. of patients 478 239 239
Sex >0.99
 Male 316 (66.1) 158 (66.1) 158 (66.1)
 Female 162 (33.9) 81 (33.9) 81 (33.9)
Age (yr) 58.0 ± 10.6 58.5 ± 9.6 57.6 ± 11.5 0.36
Weight (kg) 68.2 ± 11.8 67.9 ± 11.5 68.5 ± 12.1 0.64
Height (cm) 164.2 ± 8.1 164.5 ± 7.9 163.8 ± 8.2 0.35
Body mass index (kg/m2) 25.2 ± 3.4 25.0 ± 3.4 25.4 ± 3.5 0.24
SBP (mmHg) 132.4 ± 16.4 132.8 ± 17.0 132.0 ± 15.8 0.58
DBP (mmHg) 76.6 ± 11.2 76.7 ± 10.7 76.4 ± 11.7 0.79
Smoking 0.87
 Never 224 (46.9) 113 (47.3) 111 (46.4)
 Current 73 (15.3) 38 (15.9) 35 (14.6)
 Former 181 (37.9) 88 (36.8) 93 (38.9)
No. of family member 0.95
 ≤1 36 (7.5) 18 (7.5) 18 (7.5)
 2–3 141 (29.5) 72 (30.1) 69 (28.9)
 >3 301 (63.0) 149 (62.3) 152 (63.6)
Work status 0.53
 Employed 229 (47.9) 118 (49.4) 111 (46.4)
 Unemployed 249 (52.1) 121 (50.6) 128 (53.6)
Marital status 0.91
 Married 392 (82.0) 196 (82.0) 196 (82.0)
 Unmarried 36 (7.5) 17 (7.1) 19 (7.9)
 Divorced or widowed 50 (10.5) 26 (10.9) 24 (10.0)
Insurance >0.99
 Medical insurance 447 (93.5) 224 (93.7) 223 (93.3)
 Medical care (including refunds) 31 (6.5) 15 (6.3) 16 (6.7)
Economic status (USD) 0.31
 Higher (>4,000/family/mo) 97 (20.3) 47 (19.7) 50 (20.9)
 Middle (1,330–4,000/family/mo) 234 (49.0) 125 (52.3) 109 (45.6)
 Lower (<1,330/family/mo) 147 (30.8) 67 (28.0) 80 (33.5)
Coronary artery calcium score 0.66
 ≤400 373 (78.0) 184 (77.0) 189 (79.1)
 >400 105 (22.0) 55 (23.0) 50 (20.9)
RWT 0.05
 ≤0.42 323 (67.6) 151 (63.2) 172 (72.0)
 >0.42 155 (32.4) 88 (36.8) 67 (28.0)
Creatinine (mg/dL) 2.3 ± 1.3 2.3 ± 1.4 2.3 ± 1.2 0.78
Cystatin C (mg/dL) 2.2 ± 1.0 2.2 ± 1.0 2.2 ± 0.9 0.93
Hemoglobin (g/dL) 12.0 ± 1.9 12.0 ± 1.8 12.0 ± 2.0 0.95

(Continued to the next page)
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Baseline quality of life scores in the two groups  

For the entire matched sample of 478 subjects, each domain 

of the KDQOL-SF scores was analyzed and visualized in a ra-

dar chart. For the domains of symptoms/problem list, phy-

sician encouragement, effects of kidney disease, cognitive 

function, physical function, and social function, the average 

scores were greater than 80. However, the average scores for 

work status, sexual function, patient satisfaction, and burden 

of kidney disease were less than 65. When the two groups 

were compared, the patient satisfaction score (DN vs. non-

DN: 59.9 vs. 64.5, p = 0.022) was significantly lower in the DN 

group than in the non-DN group. Additionally, the sexual 

function (31.8 vs. 37.0) and work status scores (50.7 vs. 55.0) 

tended to be lower in the DN group, but those differences 

were not statistically significant. 

When the SF-36 domains were analyzed, the scores for 

physical function, pain, and social function were greater 

than 80, but the scores for general health, emotional well-be-

ing, and energy/function were lower than 65. The general 

health score (35.3 vs. 39.1, p = 0.04) in the DN group was sig-

nificantly lower than that in the non-DN group. Additionally, 

the energy/fatigue score (46.2 vs. 49.6) tended to be lower in 

the DN group than in the non-DN group, but that difference 

was not statistically significant. Regardless of statistical sig-

nificance, the absolute scores in most domains was lower in 

the DN group than in the non-DN group. The DN group also 

tended to have lower KDCS, PCS, and MCS scores, although 

that tendency was not statistically significant between the 

two groups (Supplementary Table 4, available online; Fig. 3).

 

Comparison of 5-year follow-up quality of life scores 
between the two groups 

In the total sample of 478 matched subjects, the QoL scores 

of 221 participants (DN = 100, non-DN = 121) who complet-

ed an additional 5-year follow-up QoL questionnaire were 

analyzed. The scores for work status and sexual function 

were lower in the DN group than in the non-DN group, but 

that difference was not statistically significant. In the SF-

36, the DN group had lower role-physical domain scores, 

but that was not statistically significant either. The absolute 

composite scores in each group tended to be lower in the 

DN group, but the difference was not statistically significant 

(Supplementary Table 4, Fig. 4). 

Variable Total DN Non-DN p-value
Platelet (×103/mL) 231.5 ± 65.3 231.9 ± 64.5 230.1 ± 65.4 0.14
Albumin (g/dL) 4.1 ± 0.5 4.1 ± 0.5 4.1 ± 0.4 0.55
Uric acid (mg/dL) 7.4 ± 1.8 7.3 ± 1.8 7.5 ± 1.8 0.19
Calcium (mg/dL) 9.0 ± 0.6 9.0 ± 0.7 9.0 ± 0.6 0.96
Blood urea nitrogen (mg/dL) 35.3 ± 17.1 35.3 ± 17.0 35.2 ± 17.2 0.92
Phosphorus (mg/dL) 3.9 ± 0.7 3.9 ± 0.7 3.9 ± 0.7 0.49
Alkaline phosphatase (IU/L) 98.1 ± 70.7 101.7 ± 74.4 94.4 ± 66.7 0.26
Total bilirubin (mg/dL) 0.6 ± 0.3 0.6 ± 0.3 0.6 ± 0.3 0.05
Fasting glucose (mg/dL) 123.2 ± 52.9 130.3 ± 55.8 116.0 ± 48.8 0.003*
25 Vitamin D3 (ng/mL) 17.0 ± 7.3 16.8 ± 7.4 17.3 ± 7.2 0.41
Iron (μg/dL) 86.7 ± 32.1 84.9 ± 30.9 88.6 ± 33.3 0.22
TIBC (μg/dL) 287.3 ± 53.8 283.0 ± 49.2 291.7 ± 57.8 0.08
Hepcidin (ng/mL) 22.7 ± 21.2 23.3 ± 20.8 22.2 ± 21.6 0.59
Adiponectin, (μg/mL) 12.8 ± 10.8 12.3 ± 11.0 13.2 ± 10.6 0.38
Klotho (pg/mL) 520.3 ± 234.8 515.1 ± 208.5 525.5 ± 258.8 0.63
Urine protein/creatinine (g/g) 1.9 ± 2.5 2.3 ± 2.7 1.5 ± 2.2 >0.99*
Clopidogrel 0.31
 Yes 26 (5.4) 16 (6.7) 10 (4.2)
 No 452 (94.6) 223 (93.3) 229 (95.8)

Data are expressed as number only, number (%), or mean ± standard deviation.
DBP, diastolic blood pressure; DN, diabetic nephropathy; RWT, relative wall thickness; SBP, systolic blood pressure; TIBC, total iron binding capacity; USD, U.S. 
dollar.
*p < 0.05.

Table 2. Continued
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Comparison of changes in the quality of life scores from 
baseline to follow-up between the two groups 

We also analyzed changes in QoL from baseline to follow-up 

for the 221 participants (DN = 100, non-DN = 121) who com-

pleted the additional 5-year follow-up QoL questionnaire. 

We compared the 5-year follow-up QoL changes using the 

baseline values of each group. In both groups, the mean 

KDCS and PCS scores decreased after 5 years, but the MCS 

scores did not change (DN: KDCS, p = 0.001; PCS, p = 0.003; 

MCS, p = 0.05; non-DN: KDCS, p = 0.007; PCS, p = 0.01; MCS, 

p = 0.33) (Supplementary Fig. 2, available online). 

In both groups, several domain scores decreased over 

time, and the social support, patient satisfaction, and phy-

sician encouragement scores increased. This finding can be 

interpreted as showing that social and emotional support 

from physicians increased over time through long-term 

patient-physician engagement. Moreover, in both groups, 

the scores for the energy/fatigue and general health SF-36 

domains remained stable. When we compared the score 

changes from baseline to 5-year follow-up between the two 

groups, the decline in the work status, sexual function, sleep, 

and social support domains in the KDQOL-SF was steeper 

in the DN group than in the non-DN group. However, the 

difference was not statistically significant. 

In the SF-36, the decrease in the role-physical, social func-

Figure 3. Spider chart of baseline quality of life. (A) Differences of each component of kidney disease component summary (KDCS) 
according to the two groups. (B) Differences of each component of mental component summary (MCS) and physical component 
summary (PCS) according to the two groups. (C) Summarizing KDCS, MCS, and PCS according to the two groups. Compared with the 
non-diabetic nephropathy (DN) group, the DN group had a significantly lower patient satisfaction score (p = 0.02), non-significantly 
lower scores for sexual function and work status, a significantly lower general health score (p = 0.04), and a non-significantly lower 
energy/fatigue score. The lower absolute scores in the DN group are shown by the containment of the solid line (DN) inside the graph. 
The DN group also had non-significantly lower KDCS, PCS, and MCS scores.
aSignificant between-group difference.
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tion, and role-emotional domains was greater among DN 

patients than among non-DN patients, but the difference 

was not statistically significant. In the composite scores, 

each group saw a decline in QoL during the 5-year follow-up 

period, and the difference between the two groups was not 

statistically significant (Supplementary Table 4, Fig. 5).  

Discussion 

We began this study by wondering whether DN impairs QoL 

more than other types of CKD because a preliminary anal-

ysis showed that patients with DN had a significantly lower 

baseline HRQoL than other patients in the KNOW-CKD co-

hort. The KNOW-CKD cohort includes patients with various 

types of CKD [6], but it was difficult to match group charac-

teristics because the DN group had more advanced-stage 

and elderly patients than the general cohort. Therefore, 

we analyzed QoL among DN patients after controlling for 

physical and social factors that influenced QoL. When we 

compared the DN and non-DN groups selected through 

PSM, we confirmed that the DN group had inferior QoL in 

certain domains. In the baseline QoL, for which the sample 

size was sufficient, the DN group had lower scores than the 

non-DN group in the effects of kidney disease, cognitive 

function, and general health. In the 5-year follow-up data, 

the DN group had lower scores for sexual function than the 

non-DN group. In both groups, QoL decreased during the 

5-year follow-up. In a few domains, the QoL score was lower 

among non-DN participants, but those differences were not 

statistically significant. 

The prevalence of diabetes is increasing globally, and 

it causes 40% of CKD and 45% of ESRD. Moreover, ESRD 

Figure 4. Spider chart of follow-up data. (A) Differences of each component of kidney disease component summary (KDCS) according 
to the two groups. (B) Differences of each component of mental component summary (MCS) and physical component summary (PCS) 
according to the two groups. (C) Summarizing KDCS, MCS, and PCS according to the two groups. The diabetic nephropathy (DN) group 
had non-significantly lower work status, sexual function, role-physical domain, and composite scores.
aSignificant between-group difference.
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caused by diabetes is 70% to 80% more costly than ESRD 

caused by other conditions. Therefore, the incidence of 

ESRD and its associated socioeconomic costs can be re-

duced by diagnosing and delaying the progression of DN. 

The typical clinical progression of kidney disease in diabetes 

is microalbuminuria 3 years after diagnosis, overt albumin-

uria 15 years later, renal function decline another 5 years 

after that, and ESRD 5 years after renal function decline 

begins. DN can follow an atypical progression, but for the 

most part, preventing renal function from deteriorating to 

DN requires adequate control of diabetes, blood pressure, 

diet, and exercise before overt proteinuria occurs. Therefore, 

patients face considerable psychological and physical stress 

beginning with their diabetes diagnosis. 

Patients are forced to follow a restricted diet, have to live 

with the burden of complying with medication instructions, 

and often experience the risk of hypoglycemia and hypergly-

cemia in their daily lives. As such, they experience difficul-

ties that are unlike those experienced by patients with other 

types of CKD. Moreover, advanced DN is often caused by not 

adhering to those necessary guidelines and a long duration 

of diabetes, both of which can reduce QoL. In this study, 

QoL was generally lower in the DN group than in the non-

DN group, and in some domains, that inferiority was statis-

tically significant. Therefore, because of the prevalence and 

severity of disease, as well as patients’ QoL, particular care 

Figure 5. Spider chart of QoL changes. (A) Differences of each component of kidney disease component summary (KDCS) according 
to the two groups. (B) Differences of each component of mental component summary (MCS) and physical component summary (PCS) 
according to the two groups. (C) Summarizing KDCS, MCS, and PCS according to the two groups. Changes in QoL were analyzed in 
221 participants who completed the 5-year follow-up QoL questionnaire. Relative to the gray circle marked 0, a positive value (outside) 
denotes decreased QoL, and a negative value (inside) indicates improved QoL. In both groups, several domain scores decreased over 
time, although the social support, patient satisfaction, and physician encouragement scores increased. The diabetic nephropathy (DN) 
patients had non-significantly greater decreases in the role-physical, social function, and role-emotional domains than non-DN patients. 
The composite scores decreased in both groups, with no statistically significant between-group difference.
QoL, quality of life.
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should be taken to manage DN aggressively, and medical 

providers should be vigilant about the disease. 

To summarize, in this study, DN patients had lower QoL 

scores than non-DN patients in the domains of the effects of 

kidney disease, cognitive function, and general health. The 

domain of the effects of kidney disease includes dietary re-

strictions due to kidney disease, the effects of kidney disease 

on working around the house or traveling, dependence on 

medical staff, stress and worries, and discomfort regarding 

one’s sex life or personal appearance. Therefore, medical 

providers should establish realistic guidelines by providing 

detailed information about dietary restrictions. Moreover, 

social considerations are also needed to prevent diabetes 

from becoming a barrier to working around the house or 

traveling. 

Providers should also help patients overcome the stress 

caused by the disease and establish an appropriate self-im-

age. Proactive interventions to protect patients’ sex lives also 

seem necessary. Regarding cognitive function, a rehabilita-

tion program in collaboration with neurologists to prevent 

the loss of cognitive functions is needed. Lastly, in terms of 

general health, DN patients should be taught to have a posi-

tive perspective on their own health that allows them to cope 

with diabetes through proactive management, even though 

curing the condition is not a reasonable goal. 

Chin et al. [9] found that in a cohort of Koreans older than 

65 years, the glomerular filtration rate (using a cutoff of 45 

mL/min/1.73 m2) influenced HRQoL. Moreover, they found 

that PCS scores were lower than MCS scores and that low-

er hemoglobin levels affected MCS (PCS, 54.5; MCS, 51.7). 

In another cohort, lower QoL was found to affect all-cause 

mortality [10]. Choi et al. [11] used the EQ-5D questionnaire 

in the Korea National Health and Nutrition Examination 

Survey and reported that low sodium excretion correlated 

with low QoL. Anemia, the number of teeth, sleeping time, 

vitamin D levels, socioeconomic status, arthritis, and de-

pression were also found to correlate with QoL [12–16]. Kim 

et al. [17] found that QoL among elderly Korean peritoneal 

dialysis patients was better than that among elderly hemo-

dialysis patients in some domains. The KNOW-CKD cohort 

study also found that lower vitamin D levels were associated 

with lower QoL scores [18] and that low PCS scores correlat-

ed with CKD progression [19].  

Interestingly, in our study, higher platelet counts and al-

kaline phosphatase levels were associated with lower QoL. 

According to Molnar et al. [20], a high platelet count is asso-

ciated with renal cachexia and cardiovascular mortality. Our 

results can be interpreted similarly: hepcidin, a biomarker 

of inflammation, was significant in the univariate analysis, 

suggesting a connection between malnutrition-inflamma-

tion cachexia syndrome and low QoL. Alkaline phosphatase 

levels tend to increase as CKD progresses and are closely re-

lated to CKD mineral bone disease (MBD). A previous study 

reported that high alkaline phosphatase levels among ESRD 

patients were associated with hospitalization and death [21]. 

Therefore, it is possible that renal cachexia, inflammation, 

and CKD MBD, which are all reflected in the platelet count 

and alkaline phosphatase level, affected QoL. 

A limitation of this study is that it was not possible to statis-

tically control for all physical and social factors. However, we 

used all available resources to control for factors that affect 

QoL, though that required excluding many participants from 

the study. As described in the Methods section, PSM select-

ed only around 500 patients from the original pool of more 

than 1,800. The fact that more patients were not included in 

the analysis is a limitation. Moreover, the KDQOL-SF ques-

tionnaire was first developed for dialysis patients, so another 

limitation is that we could not use a questionnaire specifical-

ly designed for predialysis patients. However, the KDQOL-SF 

has been used in many other studies. This questionnaire was 

also completed through self-reporting by patients in the co-

hort, so the possibility of selection bias cannot be ruled out. 

In our first analysis, we found significant QoL variables in 

DN. In the univariate analysis, cardiovascular disease was 

not a significant variable in QoL, and in the age-adjusted 

Charlson comorbidity index (CCI), a score of 8 points or 

higher was a significant factor in the PCS and KDCS scores. 

However, in the multivariate analysis, CCI lost its signifi-

cance, and clopidogrel remained a significant variable. We 

suggest that that is why clopidogrel use itself is a stronger 

QoL variable than cardiovascular disease history or age-ad-

justed CCI. 

In conclusion, we analyzed the factors that affect the QoL 

of DN patients using prospective cohort data and conducted 

additional comparative analyses of diabetes and QoL using 

PSM. A balance between the DN and non-DN groups was 

achieved through PSM. In the following analyses of QoL, few 

variables differed statistically between the two groups due 

to the issue of sample size, but most absolute scores were 

lower in the DN group. Some issues remain to be resolved 
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before it can be conclusively stated that DN and non-DN pa-

tients do not differ significantly in QoL. Because the absolute 

QoL scores were lower among DN patients, we suggest that 

clinicians should be especially careful regarding QoL in this 

subgroup of patients. 
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