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Background: Diabetic kidney disease (DKD) is associated with an elevated risk of fractures. However, little is known about the as-
sociation between proteinuric or non-proteinuric DKD and the risk of hip fracture. Thus, we investigated the incidence of hip frac-
tures among Korean adults with type 2 diabetes mellitus (T2DM) stratified by DKD phenotype.
Methods: In this retrospective cohort study using the Korean National Health Insurance Service database, patients with T2DM who 
received at least one general health checkup between 2009 and 2012 were followed until the date of hip fracture, death, or December 
31, 2018. We classified the DKD phenotype by proteinuria and estimated glomerular filtration rate (eGFR), as follows: no DKD 
(PU−GFR−), proteinuric DKD with normal eGFR (PU+GFR−), non-proteinuric DKD with reduced eGFR (PU−GFR+), and protein-
uric DKD with reduced eGFR (PU+GFR+)
Results: The cumulative incidence of hip fractures was highest in the PU+GFR+ group, followed by the PU−GFR+ group and the 
PU+GFR− group. After adjustment for confounding factors, the hazard ratio (HR) for hip fracture was still highest in the PU+GFR+ 
group. However, the PU+GFR− group had a higher HR for hip fracture than the PU−GFR+ group (PU+GFR+: HR, 1.69; 95% confi-
dence interval [CI], 1.57 to 1.81; PU+GFR−: HR, 1.37; 95% CI, 1.30 to 1.46; PU−GFR+: HR, 1.20; 95% CI, 1.16 to 1.24 using the 
PU−GFR− group as the reference category).
Conclusion: The present study demonstrated that DKD was significantly associated with a higher risk of hip fracture, with protein-
uria as a major determinant.
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INTRODUCTION

Diabetes mellitus has become a major global health concern, as 

its prevalence has increased worldwide. Although fractures have 
not been generally recognized as a complication of diabetes 
mellitus until recently, it has become evident that diabetes mel-
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litus negatively affects bone health, and people with diabetes 
have a significantly higher risk of fractures than the general 
population [1]. In particular, hip fractures are associated with 
severe morbidity and mortality in older individuals, including 
those with diabetes mellitus [2,3]. 

The increased fracture risk in patients with type 2 diabetes 
mellitus (T2DM) is often explained by the higher risk of falls 
[4,5]. In addition, a hyperglycemic environment impairs bone 
quality through a variety of underlying mechanisms involving 
chronic inflammation, advanced glycation end products, and 
sclerostin [6].

Diabetic kidney disease (DKD), a well-known microvascular 
complication of diabetes mellitus, is a leading cause of end-
stage renal disease (ESRD). It has been estimated that approxi-
mately 20% to 40% of patients with diabetes mellitus develop 
DKD [7]. Proteinuria has traditionally been considered the hall-
mark of DKD and precedes renal function decline. However, 
accumulating evidence has recently indicated that a substantial 
proportion of patients with diabetes develop renal function loss 
in the absence of proteinuria, known as non-proteinuric DKD 
[8]. DKD has been shown to further increase the risk of fracture 
in patients with diabetes [9]. However, no study has investigated 
whether proteinuric and non-proteinuric DKD have different ef-
fects on fracture risk. Therefore, we investigated the incidence 
of hip fractures in Korean adults with T2DM stratified by pro-
teinuria and estimated glomerular filtration rate (eGFR) based 
on data from a Korean nationwide population-based cohort 
study. 

METHODS

Data source and study population
This retrospective cohort study analyzed data from the Korean 
National Health Insurance Service (NHIS) database (DB). The 
Korean NHIS is a single-payer system, which is mandatory for 
all Korean residents. Among the datasets provided from the 
NHIS DB, we used the Qualification DB, Claim DB, and the 
Health Checkup DB. Detailed information on each DB has been 
described elsewhere [10]. 

Briefly, the Qualification DB includes information on qualifi-
cations such as age, sex, income, and region. The Claim DB 
contains data on payments made to medical institutions for 
treatment and information on the type of disease and prescrip-
tions [11]. The Health Checkup DB contains information on 
general health checkups, lifetime transition period health check-
ups, cancer checkups, and baby/infant health checkups [12]. 

Among these, we used information on general health checkups, 
which are provided to all applicable examinees without cost an-
nually or biannually. The eligibility criteria for general health 
checkup examinees are (1) employee subscribers and regional 
insurance subscribers who are regional householders; (2) depen-
dents and household members of employee subscribers aged 40 
years or older; and (3) Medical Aid beneficiaries who are house-
holders aged 19 to 64 years and household members aged 41 to 
64 years.

In this study, we included 2,746,988 people with T2DM who 
underwent at least one general health checkup between 2009 
and 2012 (Fig. 1). Among these, subjects were excluded if (1) 
they were younger than 50 years of age (n=739,077); (2) they 
had nephropathy other than DKD: acute nephritic syndrome 
(N00), rapidly progressive nephritic syndrome (N01), chronic 
nephritic syndrome (N03), nephrotic syndrome (N04), unspeci-
fied nephritic syndrome (N05), isolated proteinuria with speci-
fied morphological lesion (N06), and hereditary nephropathy, 
not elsewhere classified (N07) (n=163,806); (3) they had co-
morbidities including ESRD (n=4,895), cancer (n=66,042), 
hyperparathyroidism (n=1,069), and Cushing’s syndrome 
(n=9,233) that could affect the fracture outcomes; (4) they had 
a previous history of any fracture (n=240,003) or any fracture 
within 1 year of a general health checkup (n=33,836); or (5) 
values were missing from the general health checkup examina-
tion (n=51,634). The final sample size was 1,437,393. The par-
ticipants were classified according to their DKD phenotype and 
followed until the date of hip fracture, death, or December 31, 
2018 (Fig. 1). Because we used previously collected, publicly 
available, de-identified data, this study was exempted from ethi-
cal review by the Institutional Review Board.

Definitions of T2DM and DKD phenotype
At baseline, individuals were defined as having T2DM if they 
had a diagnostic code of T2DM (International Classification of 
Diseases, Tenth Revision [ICD-10] code: E11-E14) with a rele-
vant prescription. The list of prescription medications included 
sulfonylureas, metformin, meglitinides, thiazolidinediones, di-
peptidyl peptidase 4 inhibitors, α-glucosidase inhibitors, and in-
sulin. If the participants did not meet the aforementioned criteria 
for T2DM, they were defined as having T2DM if they had a 
fasting plasma glucose level of ≥126 mg/dL at a general health 
checkup. We defined an eGFR of less than 60 mL/min/1.73 m2 
as indicating decreased renal function. Proteinuria of ≥1+ as-
sessed by a urinary dipstick test was defined as dipstick-positive 
proteinuria. A 2-by-2 factorial design (normal vs. decreased re-
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nal function, and positive vs. negative proteinuria) was used to 
determine the independent effects of eGFR and proteinuria on 
hip fracture. ESRD was defined when a participant had a rare/
incurable disease code (V001, hemodialysis; V003, peritoneal 
dialysis; V005, treatment with immune suppressants after kid-
ney transplantation).

General health checkup information 
All examinees in the general health checkup were asked to com-
plete a self-administered questionnaire, which included ques-
tions about smoking status, alcohol consumption, and physical 
activity. Participants were categorized as current smokers if they 
had smoked 100 or more cigarettes in their lifetime and smoked 
at the time of the examination. Heavy drinkers were defined as 
those who consumed alcohol ≥5 days per week. Subjects were 

defined as physically active if they met either of the following 
two criteria: (1) vigorous-intensity activity ≥3 days per week or 
(2) moderate-intensity activity ≥5 days per week. To evaluate 
socioeconomic status, an income level lower than 20% of the 
total population was determined as low income. Body mass in-
dex (BMI) was calculated as weight divided by height squared 
(kg/m2). A venous sample collected after an overnight fast was 
used to examine fasting plasma glucose, total cholesterol, tri-
glycerides, high-density lipoprotein cholesterol, low-density li-
poprotein cholesterol, creatinine, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), gamma-glutamyl trans-
ferase (GGT), and hemoglobin levels. eGFR was calculated us-
ing the Modification of Diet in Renal Disease equation [13]. 
Proteinuria was determined by a single dipstick urinalysis. 
Urine samples were obtained early in the morning following an 

Fig. 1. Flow chart of the study population. ESRD, end-stage renal disease; PU−GFR−, no diabetic kidney disease (DKD); PU+GFR−, protein-
uric DKD with normal estimated glomerular filtration rate (eGFR); PU−GFR+, non-proteinuric DKD with reduced eGFR; PU+GFR+, pro-
teinuric DKD with reduced eGFR.

Patients with type 2 diabetes who had undergone health examinations 
provided by Korean National Health Insurance Service

between 2009 and 2012
(n=2,746,988)

Individuals aged ≥50 years with type 2 diabetes
(n=2,007,911)

Eligible participants
(n=1,437,393)

Follow-up until hip fracture, death, or till December 31, 2018

PU−GFR− 
(n=1,181,712)

PU+GFR− 
(n=72,593)

PU−GFR+ 
(n=159,077)

PU+GFR+ 
(n=24,011)

Individuals aged <50 years with type 2 diabetes
(n=739,077)

Individuals presumed to have 
non-diabetic kidney disease (n=163,806)

Individuals diagnosed with ESRD 
at the year of health checkup (n=4,895)

Individuals with a previous history of fracture (n=240,003) 
or fracture within 1 year of health checkup (n=33,836)

Individuals with possibility of secondary osteoporosis
- Hyperparathyroidism (n=1,069) 
- Cushing’s syndrome (n=9,233)

Individuals diagnosed with cancer (n=66,042)

Individuals with any missing values (n=51,634)
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overnight fast, and the results of the dipstick urinalysis were in-
terpreted on the basis of a color scale that semi-quantified pro-
teinuria as negative, trace, 1+, 2+, 3+, or 4+.

Demographic factors and comorbidities 
Hypertension was defined by an ICD-10 code for hypertension 
(I10-I13, I15) with anti-hypertensive medications or systolic 
blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥
90 mm Hg at a general health checkup. Dyslipidemia was de-
fined by the ICD-10 code for dyslipidemia (E78) with lipid-
lowering agents or total cholesterol levels of ≥240 mg/dL at a 
general health checkup. Proliferative diabetic retinopathy (PDR) 
was defined as the presence of two or more diagnoses of diabet-
ic retinopathy (H360) and a procedure code for pan-retinal pho-
tocoagulation (S5160). Other medical conditions, including 
cancer, hyperparathyroidism, Cushing’s syndrome, ischemic 
heart disease, stroke, and heart failure, were defined by ICD-10 
codes. Detailed definitions are presented in Supplemental Table 
S1.

Outcomes 
The primary outcome of this study was the occurrence of hip 
fracture. Cases were defined as patients who were admitted to a 
hospital with discharge diagnostic codes of hip fracture (S72.0, 
S72.1, or S72.2), in accordance with the definition used in a 
previous study [14]. This definition encompasses femur neck 
(S72.0), trochanteric (S72.1), and subtrochanteric (S72.2) frac-
tures.

Statistical analysis 
Descriptive statistics were used to summarize the baseline char-
acteristics. Baseline characteristics according to DKD pheno-
type are presented as the number (percentage) for categorical 
variables and the mean±standard deviation for continuous vari-
ables. If the distribution of continuous variables was heavily 
skewed, the geometric mean was used. Participants’ baseline 
characteristics were compared using one-way analysis of vari-
ance and the chi-square test for continuous variables and cate-
gorical variables, respectively.

Cumulative incidence was calculated using the Kaplan-Meier 
estimate, and the log-rank test was performed to examine 
whether the risk of hip fracture significantly differed according 
to DKD phenotype or grade of proteinuria. The incidence rate 
of hip fractures was expressed as the number of events per 1,000 
person-years. Cox proportional-hazards regression analysis was 
performed to evaluate the hazard ratio (HR) for hip fractures 

depending upon DKD phenotype and grade of proteinuria. 
Model 1 was unadjusted, while Model 2 was adjusted for age 
and sex. Model 3 was additionally adjusted for smoking, alco-
hol, physical activity, and income; Model 4 was additionally ad-
justed for hypertension, dyslipidemia, and BMI; and Model 5 
further included thiazolidinedione usage, factors related to fall 
risk (stroke, PDR, insulin use, and sulfonylurea use), renin-an-
giotensin system (RAS) inhibitor use, and duration of diabetes. 

In addition to the primary analysis, we performed sensitivity 
analyses in which we used an eGFR of 45 mL/min/1.73 m2 and 
proteinuria of ≥2+ as cut-offs for renal dysfunction and dip-
stick-positive proteinuria, respectively. 

Subgroup analyses with tests for interaction were performed 
according to age (<65 years vs. ≥65 years), sex, and duration 
of diabetes (<5 years vs. ≥5 years) with adjustment for the co-
variates used in the final model (Model 5) of the Cox propor-
tional hazard regression analysis. Statistical analyses were con-
ducted using SAS version 9.4 (SAS Institute, Cary, NC, USA). 
A P value <0.05 was considered to indicate statistical signifi-
cance.

RESULTS

Baseline characteristics
The baseline characteristics of the study subjects are described 
in Table 1. The prevalence of DKD phenotypes was 82.2% 
(1,181,712/1,437,393) for no DKD, 5.1% (72,593/1,437,393) for 
proteinuric DKD with normal eGFR, 11.1% (159,077/ 
1,437,393) for non-proteinuric DKD with reduced eGFR, and 
1.7% (24,011/1,437,393) for proteinuric DKD with reduced 
eGFR. Subjects who had non-proteinuric DKD with reduced 
eGFR were older and more likely to be women. Comorbidities 
including hypertension, dyslipidemia, ischemic heart disease, 
stroke, and heart failure were most prevalent in subjects who 
had proteinuric DKD with reduced eGFR, followed by those 
who had non-proteinuric DKD with reduced eGFR. In contrast, 
longer disease duration, insulin use, polypharmacy, and PDR, 
indicating severe diabetes, were more prevalent in subjects who 
had proteinuric DKD with normal eGFR than in those who had 
non-proteinuric DKD with reduced eGFR. Subjects who had 
proteinuric DKD with normal eGFR had the highest BMI val-
ues and GGT, AST, and ALT levels. 

Risk of hip fracture according to DKD phenotype
During the study period, a total of 21,825 hip fractures devel-
oped among 1,437,393 patients. The cumulative incidence of 
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hip fractures was highest in subjects who had proteinuric DKD 
with reduced eGFR, followed by those who had non-proteinuric 
DKD with reduced eGFR (log-rank test, P<0.001) (Fig. 2). The 
incidence rates of hip fractures among patients with no DKD, 
proteinuric DKD with normal eGFR, non-proteinuric DKD 

with reduced eGFR, and proteinuric DKD with reduced eGFR 
were 1.74, 2.46, 4.33, and 5.43 per 1,000 person-years, respec-
tively (Table 2). After adjusting for age and sex, the risk of hip 
fracture was higher in subjects who had proteinuric DKD with 
normal eGFR than in those who had non-proteinuric DKD with 

Table 1. Baseline Characteristics of the Study Population According to DKD Phenotype

Characteristic PU−GFR− 
(n=1,181,712)

PU+GFR− 
(n=72,593)

PU−GFR+ 
(n=159,077)

PU+GFR+ 
(n=24,011) P value

Age, yr 61.3±8.1c,d 61.4±8.2c,d 67.3±8.5a,b,d 66.1±8.5a,b,c <0.001
Female sex 483,376 (40.9)b,c 23,478 (32.3)a,c,d 87,177 (54.8)a,b,d 9,698 (40.4)b,c <0.001
BMI, kg/m2 24.9±3.2b,c,d 25.2±3.4a 25.1±3.3a 25.1±3.4a <0.001
Current smoker 263,180 (22.3)b,c,d 19,837 (27.3)a,c,d 21,260 (13.4)a,b,d 4,359 (18.2)a,b,c <0.001
Heavy drinker 109,138 (9.2)b,c,d 9,313 (12.8)a,c,d 6,710 (4.2)a,b,d 1,347 (5.6)a,b,c <0.001
Comorbidities
   Hypertension 703,802 (59.6)b,c,d 53,010 (73.0)a,c,d 120,203 (75.6)a,b,d 20,991 (87.4)a,b,c <0.001
   Dyslipidemia 487,680 (41.3)b,c,d 35,272 (48.6)a,c,d 79,759 (50.1)a,b,d 13,931 (58.0)a,b,c <0.001
   Ischemic heart disease 211,565 (17.9)b,c,d 14,586 (20.1)a,c,d 43,738 (27.5)a,b,d 7,560 (31.5)a,b,c <0.001
   Stroke 83,972 (7.1)b,c,d 6,328 (8.7)a,c,d 21,379 (13.4)a,b,d 3,977 (16.6)a,b,c <0.001
   Heart failure 30,020 (2.5)b,c,d 2,436 (3.4)a,c,d 10,374 (6.5)a,b,d 1,847 (7.7)a,b,c <0.001
Severity of diabetes
   Duration of diabetes ≥5 yr 377,126 (31.9)b,c,d 32,080 (44.2)a,d 70,180 (44.1)a,d 15,129 (63.0)a,b,c <0.001
   Insulin 88,115 (7.5)b,c,d 10,627 (14.6)a,c,d 20,562 (12.9)a,b,d 70,29 (29.3)a,b,c <0.001
   OHA ≥2 classes 49,6450 (42.0)b,c,d 38,903 (53.6)a,c,d 78,178 (49.1)a,b,d 13,755 (57.3)a,b,c <0.001
   Proliferative DR 5,634 (0.5)b,c,d 1,362 (1.9)a,c,d 1,449 (0.9)a,b,d 969 (4.0)a,b,c <0.001
Drug <0.001
   RAS inhibitor 437,158 (37.0)b,c,d 35,540 (49.0)a,c,d 87,838 (55.2)a,b,d 16,857 (70.2)a,b,c <0.001
   Sulfonylurea 515,366 (43.6)b,c,d 39,929 (55.0)a,c,d 83,488 (52.5)a,b,d 14,693 (61.2)a,b,c <0.001
   Thiazolidinedione 79,080 (6.7)b,c,d 5,740 (7.9)a,d 12,226 (7.7)a,d 2,076 (8.7)a,b,c <0.001
   DPP4 inhibitor 96,743 (8.2)b,c,d 7,027 (9.7)a,c 13,468 (8.5)a,b,d 2,344 (9.8)a,c <0.001
   α-Glucosidase inhibitor 137,279 (11.6)b,c,d 12,468 (17.2)a,d 26,780 (16.8)a,d 5,856 (24.4)a,b,c <0.001
   Meglitinide 18,226 (1.5)b,c,d 1,563 (2.2)a,c,d 4,470 (2.8)a,b,d 1,234 (5.1)a,b,c <0.001
   Metformin 560,669 (47.5)b,c,d 41,886 (57.7)a,c,d 83,506 (52.5)a,b,d 13,720 (57.1)a,b,c <0.001
Systolic blood pressure, mm Hg 129.6±15.8b,c,d 134.2±17.6a,c,d 130.5±16.4a,b,d 135.4±18.6a,b,c <0.001
Diastolic blood pressure, mm Hg 79±10.1b,c,d 81.2±11.1a,c,d 78.2±10.3a,b,d 79.6±11.3a,b,c <0.001
eGFR, mL/min/1.73 m2 88±32.7b,c,d 86.5±32.6a,c,d 48±15.1a,b,d 44.8±14.0a,b,c <0.001
Non-HDL-C, mg/dL 144.4±44.3b,d 149.8±50.2a,c,d 144.6±45.6b,d 148.9±55.3a,b,c <0.001
Triglycerides, mg/dL 139.8 (139.6–139.9)b,c,d 156.1 (155.5–156.8)a,c,d 146.1 (145.8–146.5)a,b,d 160.7 (159.7–161.8)a,b,c <0.001
AST, IU/L 25.9 (25.8–25.9)b,c,d 27.7 (27.6–27.8)a,c,d 25.0 (25.0–25.1)a,b,d 24.3 (24.1–24.4)a,b,c <0.001
ALT, IU/L 25.5 (25.5–25.6)b,c,d 27.5 (27.3–27.6)a,c,d 22.7 (22.6–22.7)a,b,d 22.1 (21.9–22.2)a,b,c <0.001
GGT, IU/L 35.1 (35.0–35.1)b,c,d 43.8 (43.6–44.1)a,c,d 29.8 (29.7–29.9)a,b,d 32.4 (32.1–32.7)a,b,c <0.001

Values are expressed as mean±standard deviation, number (%), or mean (95% confidence interval).
DKD, diabetic kidney disease; PU−GFR−, no DKD; PU+GFR−, proteinuric DKD with normal eGFR; PU−GFR+, non-proteinuric DKD with reduced 
eGFR; PU+GFR+, proteinuric DKD with reduced eGFR; BMI, body mass index; OHA, oral hypoglycemic agent; DR, diabetic retinopathy; RAS, renin-
angiotensin system; DPP4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; AST, aspar-
tate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase. 
a<0.001 vs. PU−GFR− group; b<0.001 vs. PU+GFR− group; c<0.001 vs. PU−GFR+ group; d<0.001 vs. PU+GFR+ group.
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reduced eGFR (proteinuric DKD with normal eGFR: HR, 1.48; 
95% confidence interval [CI], 1.40 to 1.57; non-proteinuric 
DKD with reduced eGFR: HR, 1.25; 95% CI, 1.21 to 1.30 using 
the no DKD group as the reference category). This difference 
remained consistent after adjusting for social factors (Model 3) 
or additional clinical characteristics (Model 4). Even after ad-
justing for factors associated with fall risk, thiazolidinedione 
use, RAS inhibitor use, and duration of diabetes (Model 5), the 

effect of DKD phenotypes on hip fracture persisted, although 
the effect size was partially attenuated (proteinuric DKD with 
reduced eGFR: HR, 1.69; 95% CI, 1.57 to 1.81; proteinuric 
DKD with normal eGFR: HR, 1.37; 95% CI, 1.30 to 1.46; non-
proteinuric DKD with reduced eGFR: HR, 1.20; 95% CI, 1.16 
to 1.24 using the no DKD group as the reference category). 

Sensitivity analyses were performed with different criteria for 
renal dysfunction and the grade of proteinuria (Supplemental 
Tables S2-S4). The results were similar in that the risk of hip 
fracture was highest among subjects who had proteinuric DKD 
with reduced eGFR. The risk of hip fracture was higher in sub-
jects who had proteinuric DKD with normal eGFR than in those 
who had non-proteinuric DKD with reduced eGFR when a cut-
off of ≥2+ was used for dipstick-positive proteinuria (Supple-
mental Tables S2, S3). The risk of hip fracture in subjects with 
proteinuric DKD with normal eGFR or non-proteinuric DKD 
with reduced eGFR was comparable when we used an eGFR of 
45 mL/min/1.73 m2 and proteinuria of ≥1+ as cut-offs for renal 
dysfunction and dipstick-positive proteinuria, respectively 
(Supplemental Table S4). 

Risk of hip fracture according to the grade of proteinuria
The cumulative incidence of hip fractures according to the 
grade of proteinuria was analyzed using Kaplan-Meier curves 
(Supplemental Fig. S1). A higher grade of proteinuria was cor-
related with a higher incidence of hip fracture. After adjustment 
for multiple covariates, the HR for hip fracture was highest 
among patients with 4+ proteinuria, followed by those with 3+, 
2+, 1+, trace, and negative findings (4+: HR, 1.95; 95% CI, 1.50 

Fig. 2. Cumulative incidence plot of hip fractures according to dia-
betic kidney disease (DKD) phenotype. PU−GFR−, no DKD; 
PU+GFR−, proteinuric DKD with normal estimated glomerular fil-
tration rate (eGFR); PU−GFR+, non-proteinuric DKD with reduced 
eGFR; PU+GFR+, proteinuric DKD with reduced eGFR.

Table 2. Incidence Rate and Risk of Hip Fracture According to DKD Phenotype

Variable PU−GFR− (n=1,181,712) PU+GFR− (n=72,593) PU−GFR+ (n=159,077) PU+GFR+ (n=24,011)

Hip fracture cases 14,960 (1.27) 1,243 (1.71) 4,794 (3.01) 828 (3.45)

Hip fracture incidence rate, /1,000 PYs 1.74 2.46 4.33 5.43

Model 1 1 (reference) 1.42 (1.34–1.51) 2.5 (2.42–2.58) 3.21 (2.99–3.44)

Model 2 1 (reference) 1.48 (1.40–1.57) 1.25 (1.21–1.30) 1.97 (1.84–2.12)

Model 3 1 (reference) 1.47 (1.38–1.55) 1.25 (1.21–1.29) 1.96 (1.83–2.11)

Model 4 1 (reference) 1.49 (1.40–1.58) 1.27 (1.23–1.32) 2.02 (1.88–2.16)

Model 5 1 (reference) 1.37 (1.30–1.46) 1.20 (1.16–1.24) 1.69 (1.57–1.81)

Values are expressed as number (%) or hazard ratio (95% confidence interval). Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: Model 
2+smoking, alcohol, exercise, and income; Model 4: Model 3+hypertension, dyslipidemia, and body mass index; Model 5: Model 4+stroke, proliferative 
diabetic retinopathy, insulin use, sulfonylurea use, thiazolidinedione use, renin-angiotensin system inhibitor use, and duration of diabetes (≥5 or <5 
years).
PU−GFR−, no diabetic kidney disease (DKD); PU+GFR−, proteinuric DKD with normal estimated glomerular filtration rate (eGFR); PU−GFR+, non-pro-
teinuric DKD with reduced eGFR; PU+GFR+, proteinuric DKD with reduced eGFR; PYs, person-years.
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to 2.54; 3+: HR, 1.86; 95% CI, 1.64 to 2.11; 2+, HR, 1.63; 95% 
CI, 1.51 to 1.76; 1+: HR, 1.24; 95% CI, 1.17 to 1.32; trace: HR, 
1.11; 95% CI, 1.04 to 1.19 using the no-proteinuria group as the 
reference category) (Table 3). 

Subgroup analyses
Subgroup analyses were performed to investigate which sub-
groups were more strongly affected by the DKD phenotype than 

the others (Fig. 3). Compared to the no DKD group, the DKD 
groups showed a significantly higher risk of hip fracture regard-
less of age group, sex, or duration of diabetes. While the inci-
dence rate of hip fractures was higher in those ≥65 years old 
than in those <65 years old, the increase in the risk of hip frac-
ture associated with DKD was more prominent in patients aged 
<65 years (P for interaction <0.001). Similarly, women showed 
a higher incidence rate of hip fractures than men. However, the 

Table 3. Incidence Rate and Risk of Hip Fracture According to Diabetic Kidney Disease Phenotype

Variable PU: negative 
(n=1,288,788)

PU: trace 
(n=52,001)

PU: 1+ 
(n=56,454)

PU: 2+ 
(n=28,698)

PU: 3+ 
(n=9,497)

PU: 4+ 
(n=1,955)

Hip fracture cases 18,893 (1.47) 861 (1.66) 1,069 (1.89) 701 (2.44) 246 (2.59) 55 (2.81)

Hip fracture incidence rate, /1,000 PYs 2.03 2.34 2.73 3.64 4.00 4.42

Model 1 1 (reference) 1.16 (1.08–1.24) 1.36 (1.28–1.45) 1.82 (1.69–1.97) 2.03 (1.79–2.30) 2.25 (1.73–2.93)

Model 2 1 (reference) 1.15 (1.08–1.23) 1.33 (1.25–1.42) 1.86 (1.72–2.00) 2.21 (1.95–2.5) 2.32 (1.78–3.02)

Model 3 1 (reference) 1.15 (1.07–1.23) 1.32 (1.24–1.41) 1.84 (1.71–1.98) 2.18 (1.92–2.47) 2.30 (1.76–2.99)

Model 4 1 (reference) 1.16 (1.08–1.24) 1.34 (1.26–1.43) 1.87 (1.73–2.01) 2.21 (1.95–2.51) 2.30 (1.76–2.99)

Model 5 1 (reference) 1.11 (1.04–1.19) 1.24 (1.17–1.32) 1.63 (1.51–1.76) 1.86 (1.64–2.11) 1.95 (1.50–2.54)

Values are expressed as number (%) or hazard ratio (95% confidence interval). Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: Model 
2+smoking, alcohol, exercise, and income; Model 4: Model 3+hypertension, dyslipidemia, and body mass index; Model 5: Model 4+stroke, proliferative 
diabetic retinopathy, insulin use, sulfonylurea use, thiazolidinedione use, renin-angiotensin system inhibitor use, and duration of diabetes (≥5 or <5 
years).
PU, proteinuria; PYs, person-years.

Fig. 3. Subgroup analyses according to age group, sex, and duration of diabetes. The analyses were adjusted with following covariates: age, 
sex, smoking, alcohol, exercise, income, hypertension, dyslipidemia, body mass index, stroke, proliferative diabetic retinopathy, insulin use, 
sulfonylurea use, thiazolidinedione use, renin-angiotensin system inhibitor use, and duration of diabetes (≥5 or <5 years). IR, incidence 
rate; PYs, person-years; HR, hazard ratio; CI, confidence interval; PU−GFR−, no diabetic kidney disease (DKD); PU+GFR−, proteinuric 
DKD with normal estimated glomerular filtration rate (eGFR); PU−GFR+, non-proteinuric DKD with reduced eGFR; PU+GFR+, proteinuric 
DKD with reduced eGFR.
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effect of the DKD phenotype on hip fractures was more notice-
able in men than in women (P for interaction =0.016). Further-
more, the increase in the risk of hip fracture associated with 
DKD was more prominent in those with diabetes ≥5 years than 
those with diabetes <5 years.

DISCUSSION

Recent studies have found an increased risk of fractures in pa-
tients with T2DM, although they had normal or even higher 
bone mineral density (BMD) compared to the age-matched gen-
eral population [15-17]. Among the skeletal sites examined, 
most studies reported increased hip fracture risks in patients 
with T2DM, with a relative risk of 1.2 to 1.3 [1]. Besides hip 
fractures, some studies showed that T2DM was rather weakly 
associated with increased fracture risk at other sites, such as the 
spine, forearm, or ankle, although other studies reported insig-
nificant or inconsistent findings [18-20]. 

The higher risk of fractures in T2DM patients is explained by 
decreased bone strength and an increased propensity for falls. 
Bone fragility in T2DM patients may be due to microarchitec-
tural defects or impaired bone quality [6]. Some studies using 
high-resolution peripheral quantitative computed tomography at 
the distal radius and tibia revealed an increase in intracortical 
porosity and a decrease in cortical thickness in T2DM patients 
[21,22]. Bone microindentation testing of the tibia in postmeno-
pausal women found that bone material strength was signifi-
cantly lower in T2DM patients than in controls [23]. In addition, 
bone histomorphometry and biochemical marker studies 
showed that diabetes was accompanied by decreased cortical 
thickness and trabecular bone volume, accompanied by reduced 
bone turnover [24]. The presence of microvascular complica-
tions also increases the propensity for falls [1]. A previous study 
suggested that even modest declines in renal function were as-
sociated with an increased risk of falls through reduced muscle 
strength and nerve function from lower active vitamin D levels 
[25]. Chronic kidney disease-mineral bone disorders (CKD-
MBD) that accompany advanced DKD also increase the risk of 
fracture.

DKD develops in approximately 20% to 40% of patients with 
diabetes and remains the most common cause of ESRD in most 
countries [7]. DKD is also associated with increased morbidity 
and mortality in patients with diabetes [26]. The typical natural 
history of DKD includes glomerular hyperfiltration and albu-
minuria, which progress to macroalbuminuria or overt protein-
uria and declining renal function [27]. However, this traditional 

belief has recently been challenged by growing evidence that a 
substantial proportion of diabetes patients have renal function 
decline in the absence of previously detected proteinuria, which 
is now classified as non-proteinuric DKD [8,27]. Although it is 
unclear how non-proteinuric DKD develops, one possible ex-
planation is the senescence of the kidney with aging. Most el-
derly patients with diabetes mellitus have chronic underlying 
conditions such as hypertension, dyslipidemia, and hyperurice-
mia, all of which may further aggravate their kidney function 
through arteriosclerosis [8]. Another possible explanation is the 
use of reno-protective agents such as RAS blockades, which 
can protect against the development of proteinuria [8]. Some re-
cent studies reported that patients with non-proteinuric DKD 
had a lower risk of renal function decline and all-cause mortali-
ty than those with proteinuric DKD [28-30]. Furthermore, an 
Italian multicenter study found that patients with non-protein-
uric DKD showed a weaker association with advanced diabetic 
retinopathy than those with proteinuric DKD [31]. However, no 
study has investigated fracture risk according to DKD pheno-
type in T2DM patients. 

The results of the present study demonstrate that diabetes pa-
tients with DKD had a higher risk of hip fracture than those 
without DKD, consistent with the results of previous clinical 
studies [9]. Furthermore, our results also showed that the cumu-
lative incidence of hip fractures was highest in subjects who had 
proteinuric DKD with reduced eGFR, followed by those who 
had non-proteinuric DKD with reduced eGFR and those who 
had proteinuric DKD with normal eGFR. After adjusting for 
confounding factors, a synergistic effect of reduced eGFR and 
the presence of proteinuria on hip fracture risk was still ob-
served. However, the risk of hip fracture was higher in patients 
with proteinuric DKD with normal eGFR than in those with 
non-proteinuric DKD with reduced eGFR when we used an 
eGFR of less than 60 mL/min/1.73 m2 as a cut-off value for de-
creased renal function. Based on this finding, we analyzed the 
risk of hip fracture according to the grade of proteinuria. A 
higher grade of proteinuria was correlated with a higher inci-
dence of hip fracture, suggesting the importance of proteinuria 
as a predictor of hip fractures. Because proteinuria is associated 
with endothelial dysfunction, inflammation, and oxidative stress 
[14], it can affect bone loss and impaired bone quality via sever-
al plausible mechanisms. Recent clinical studies have demon-
strated the effectiveness of novel therapeutic agents such as fi-
nerenone in reducing proteinuria [32]. Further clinical studies 
are needed to evaluate the fracture prevention effect of drugs 
that reduce proteinuria in DKD patients. Nonetheless, the risk 
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of hip fracture in subjects who had proteinuric DKD with nor-
mal eGFR or non-proteinuric DKD with reduced eGFR was 
comparable when we used an eGFR of 45 mL/min/1.73 m2 and 
proteinuria of ≥1+ as cut-offs for renal dysfunction and pro-
teinuria, respectively, possibly because the effect of CKD-MBD 
is stronger in this stage of CKD [33].

Subgroup analyses showed that the association of DKD with 
an increased risk of hip fracture was more prominent in those 
aged <65 years after adjusting for confounders, although the in-
cidence of hip fractures was higher in those ≥65 years old than 
in those aged <65 years. This observation implies that particu-
larly careful attention should be needed regarding bone health 
of patients with T2DM, even in the lower risk population.

To the best of our knowledge, this is the first study to demon-
strate the association between DKD with or without proteinuria 
and hip fractures in T2DM patients. However, the present study 
has some limitations that should be considered when interpret-
ing the results. First, proteinuria was assessed using a dipstick 
test, instead of quantitative measurements, which made it diffi-
cult to differentiate between microalbuminuria and proteinuria. 
Second, the participants’ DKD phenotype was classified based 
on the presence of proteinuria and eGFR with only one baseline 
measurement each. Therefore, we cannot exclude the possibility 
of misclassification based on temporary changes in proteinuria 
or serum creatinine levels. Third, prescriptions which may have 
affected participants’ bone health, such as anti-osteoporotic 
agents, estrogens, and glucocorticoids, were not included in the 
analysis. Fourth, the retrospective study design has several in-
nate limitations; in particular, the existing data may be incom-
plete, inaccurate, or inconsistently measured between subjects 
[34]. Indeed, participants’ BMD was not included in the analy-
sis because no data were available. Thus, we could not adjust 
for the effect of BMD on the incidence of hip fractures. Further-
more, other important parameters including glycated hemoglo-
bin, and 25(OH) vitamin D3 levels were not incorporated into 
the analyses due to the lack of available data. Lastly, this study 
was conducted using data from only the Korean population, 
which limits the generalization of the results to other ethnicities. 

In conclusion, the present study showed that DKD was asso-
ciated with an increased risk of hip fractures in T2DM patients. 
The presence of proteinuria and reduced eGFR in T2DM pa-
tients should be considered as additional risk factors for hip 
fractures. Notably, proteinuria was a major determinant in the 
early CKD stage. More efforts are needed to prevent hip frac-
tures in T2DM patients with DKD. 
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