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Background: Osteoporosis is a progressive bone disease that is characterized by a de-
crease in bone mass density and destruction of microstructure, which can lead to an in-
creased risk of fracture. Although many studies have been published about the relation-
ship between end-stage renal disease and osteoporosis, research on the relationship 
between proteinuria and the prevalence of osteoporosis is still lacking. Methods: We as-
sessed 91 postmenopausal women with type 2 diabetes who visited our hospital from 
January 2009 to January 2012. Results: Among 91 patients, the prevalence of osteopo-
rosis and osteopenia was 35.2% (32 cases) and 32.9% (30 cases) according to bone min-
eral density. The patients with microalbuminuria and macroalbuminuria (urine albumin-
to-creatinine ratio [UACR] ≥ 30) had a significantly higher incidence of osteoporosis com-
pared to subjects with normoalbuminuria (P<0.05). Conclusions: This study indicates 
that UACR may be a useful biomarker for increased risk of osteoporosis in postmenopausal 
women with type 2 diabetes who have been linked to higher UACR levels. 
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INTRODUCTION

Osteoporosis is a systemic skeletal disease characterized by abnormalities in 
bone structures and decreased bone density. As a result, bones become vulnera-
ble to fractures, as defined by the World Health Organization (WHO),[1] which 
limits the active lives of half the osteoporosis patients older than 50 years and 
most patients older than 70 years. 

There are various methods for diagnosing osteoporosis; measuring the bone 
mineral density (BMD) is the most effective standard procedure. The bone density 
helps identify the appropriate treatment options and is used to assess the treat-
ment response.[1,2] The bone density of the lumbar spine and the femur of post-
menopausal women is measured with dual energy X-ray absorptiometry (DXA) 
and is interpreted as normal if the lowest T-score is higher than -1.0, osteopenia if 
between -1.0 and -2.5, and osteoporosis if it is less than -2.5.[1]

Among the various mechanisms of osteoporosis, the absence of estrogen in post-
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menopausal women may be one of the major risk factors 
for accelerated bone loss.[3] Additionally, decreased BMD 
and an increased risk for fractures have been reported in 
patients with type 1 diabetes mellitus (DM). However, pa-
tients with type 2 DM are known to have various changes 
in the BMD and an increas ed risk of fractures from falls.[4-6]

According to the Korea National Health and Nutrition 
Examination Survey held in 2012, the prevalence rate of 
osteoporosis in women older than 50 years was 4 times 
higher than in men the same age (34.9% vs. 7.8%).[7] The 
frequency of osteoporosis sharply increased due to the de-
creased production of estrogen after menopause and with 
aging.[8] Although patients with type 2 DM had normal or 
increased BMD of the lumbar spine, head of the femur, and 
hipbone even after body mass index (BMI) calibration,[9,10] 
a meta-analysis showed that patients with type 2 DM had 
increased risk for fracture of the femur.[11]

In addition, chronic nephropathy is reported to affect 
bone metabolism.[12-14] In this study, we investigated the 
relationship between osteoporosis (determined by BMD), 
the estimated glomerular filtration rate (eGFR), the com-
putation of the creatinine clearance (CCr), and the urine al-
bumin-to-creatinine ratio (UACR) as an overall index of kid-
ney function in menopausal women with type 2 DM.

METHODS

1. Subjects
From January 2009 to January 2012, the study was con-

ducted on 91 postmenopausal women >50 years of age 
(mean age, 55.4±6.3 years; range, 45 to 74 years) with 
type 2 DM who were confirmed in the department of in-
ternal medicine. Postmenopausal status was defined as 
more than one year of amenorrhea, or age older than 50 
years for women who had had a hysterectomy.[15] We de-
fined type 2 DM in accordance with the criteria of the Ko-
rean Diabetes Association.[16] Patients were excluded from 
this study if they had a history of thyroid, parathyroid, oli-
gomenorrhea, or amenorrhea before 40 years, hyperpro-
lactinemia, oophorectomy, rheumatoid arthritis, ankylos-
ing spondylitis, malabsorption syndromes, malignant tu-
mors, hematologic diseases, previous pathological frac-
tures and traumatic fractures or those patients with serum 
creatinine (Cr) levels greater than 2.0 mg/dL. The protocol 
for this study was approved by the Ethics Committee at 

Dongsan Medical Center and signed informed consent was 
obtained from each participant.

2. Methods
A detailed questionnaire was completed by each of the 

91 participating patients. Information obtained included 
age, gender, height, weight, smoking history, history of al-
cohol consumption, duration of DM, and history of hyper-
tension or cardiovascular diseases. Additionally, baseline 
laboratory data including fasting blood glucose (FBG), gly-
cosylated hemoglobin (HbA1c), serum total bilirubin, as-
partate aminotransferase (AST), alanine aminotransami-
nase (ALT), Cr, and lipid profiles were analyzed. For all par-
ticipants, BMD at the lumbar and hip region were measured 
by DXA, it is interpreted as normal if the lowest T-score is 
higher than -1.0, osteopenia if between -1.0 and -2.5, and 
osteoporosis if it is less than -2.5. Renal function was esti-
mated by eGFR with a Modification of Diet in Renal Disease 
(MDRD) equation,[17] CCr with a Cockcroft-Gault equation, 
[18] and the UACR.[19] Albuminuria was defined as UACR 
30 to 300 mg/g as microalbuminuria and UACR ≥300 mg/g 
as macroalbuminuria.[20]

3. Analysis
Statistical analysis was performed using SPSS version 

21.0 (SPSS Inc., Chicago, IL, USA) and the baseline charac-
teristics of participants were presented as the mean±stan-
dard deviation and n (%). Multiple regression analysis was 
performed to assess independent associations between 
key risk factors and BMD. The prevalence of osteoporosis 
and osteopenia in microalbuminuria and macroalbumin-
uria groups was analyzed by Chi-square test. A P-value of 
less than 0.05 was considered statistically significant. 

RESULTS

1. Clinical characteristics of the patients
The baseline clinical and laboratory characteristics of the 

study population are shown in Table 1. Among the partici-
pants, the mean age was 66.3 years and BMI was 24.8 kg/
m2. The duration of DM was on average 11.5 years. The lab-
oratory data showed a mean HbA1c of 9.9% and osteopo-
rosis 35.2% (32 cases). Renal function of the patients was 
estimated by eGFR, CCr, and UACR and mean eGFR, CCr, and 
UACR were 92.9 mL/min/1.73 m2, 73.1 mL/min, and 46.6 
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mg/g Cr. The prevalence of albuminuria ≥30 mg/g Cr was 
38.5% (35 cases).

2. The relationships between BMD and the 
clinical conditions

The analysis was performed using a multiple regression 
analysis of the association between vertebral BMD and each 
independent variable, statistically significant results were 

obtained as a result, showing a statistically significant pro-
bability of less than 0.05 between age, BMI, CCr and verte-
bral BMD. The calibration coefficient of the determination 
R2 value was 0.412, and the explanatory power of the mod-
el was also relatively high. In the regression coefficient, the 
age regression expression was -0.006 and depending on 
the age increase in the subjects, vertebral BMD showed a 
decrease. Each regression coefficient of BMI and CCr was 
0.009 and 0.003, respectively. Increased vertebral BMD was 
dependent upon increases in both BMI and CCr in the sub-
jects (Table 2).

Also, the analysis was performed using a multiple regres-
sion analysis of the association between BMD of the femur 
and each independent variable. Each of the independent 
variable and BMD of the femur were obtained only by age 
specific statistically significant results that showed a statis-
tically significant probability of 0.01. The calibration coeffi-
cient of the determination R2 value was 0.494, and the ex-
planatory power of the model was also relatively high. In 
the regression coefficient, the age regression expression 
was -0.008 and depending on the age increase in the sub-
jects, BMD of the femur showed a decrease. Each regres-
sion coefficient of BMI and CCr was 0.006 and 0.002, respec-
tively. Increased BMD of the femur was dependent upon 
increases in both BMI and CCr in the subjects (Table 3).

In addition, the analysis was performed using a multiple 
logistic regression analysis of the association between two 
groups according to the results of BMD and each indepen-
dent variable. Groups were divided into normal and abnor-

Table 1. Comparison of patients groups at the time of admission

Patient number (person) 91

Age (yr) 66.3±9.5

Social habits
   Smoking history (person)
   History of alcohol consumption (person)

6 (6.6%)
9 (9.9%)

Underlying disease
   Hypertension (person)
   Cerebrovascular disease (person)
   Angina, myocardial infarction (person)

45 (49.5%)
7 (7.7%)
5 (5.5%)

Laboratory findings
   HbA1c (%)
   Total cholesterol (mg/dL)
   Low-density lipoprotein cholesterol (mg/dL)
   Serum creatinine (mg/dL)
   Creatinine clearance (mL/min)
   Glomerular filtration rate (mL/min/1.73 m2)
   Microalbumin/Creatinine ratio (mg/g Cr)

9.9±2.2
170.7±39.6
98.8±35.2

0.8±0.2
73.1±25.7
92.9±124.4
46.6±60.0

Bone mineral density
   Vertebraa) (g/cm2, T-score)
   Femurb) (g/cm2, T-score)

0.93±0.19, -1.48±1.59
0.74±0.14, -1.02±1.29

All values are means±standard deviation.
a)Average of the lowest two values among lumbar vertebra 1 to 4. b)Av-
erage of the lowest two values among the whole femur, femur neck and 
femur trochanter.
HbA1c, glycosylated hemoglobin. 

Table 2. The association between vertebral bone mineral density and each independent variable

Nonstandardized  
efficient

Standardized 
efficient t-value P-value

95.0% Confidence interval  
about B

B Standard error Beta Lower bounding Upper bounding

Age (yr) -0.006 0.002 -0.297 -2.651 0.010 -0.011 -0.001

Body mass index (kg/m2) 0.009 0.003 0.233 2.628 0.010 0.002 0.015

Smoking history 0.031 0.068 0.041 0.461 0.646 -0.104 0.166

Hypertension 0.022 0.034 0.057 0.649 0.518 -0.046 0.090

DM duration 0.000 0.002 0.013 0.128 0.898 -0.005 0.005

Total cholesterol (mg/dL) 0.000 0.000 -0.012 -0.134 0.894 -0.001 0.001

Fasting blood glucose (mg/dL) 0.000 0.000 -0.140 -1.557 0.123 -0.001 0.000

M/C ratio (mg/g Cr) 0.000 0.000 -0.047 -0.540 0.591 -0.001 0.000

Glomerular filtration (mL/min/1.73 m2) 0.000 0.000 0.035 0.385 0.701 0.000 0.000

Creatinine clearance (mL/min) 0.003 0.001 0.364 3.035 0.003 0.001 0.005

Adjusted R2=0.412.
DM, diabetes mellitus; M/C, microalbumin/creatinine ratio.
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mal consisted of patients with osteopenia and osteoporo-
sis based on the result of BMD. Statistically significant re-
sults were obtained as a result, showing a statistically sig-
nificant probability of less than 0.05 between age, smoking 
history, CCr and two groups according to the results of BMD 
(Table 4).

3. The prevalence of osteoporosis according to 
albuminuria

The prevalence of osteoporosis according to the clinical 
conditions was estimated (Table 5). The patients with albu-
minuria (UACR ≥30 mg/g Cr) had a significantly higher 
prevalence of osteoporosis (51.4%) compared to patients 

Table 3. The association between bone mineral density of the femur and each independent variable

Nonstandardized  
efficient

Standardized  
efficient t-value P-value

95.0% Confidence interval  
about B

B Standard error Beta Lower bounding Upper bounding

Age (yr) -0.008 0.002 -0.512 -4.933 0.000 -0.011 -0.005

Body mass index (kg/m2) 0.006 0.002 0.208 2.527 0.014 0.001 0.010

Smoking history 0.031 0.046 0.055 0.668 0.506 -0.061 0.122

Hypertension 0.010 0.023 0.035 0.432 0.667 -0.036 0.056

DM duration 0.002 0.002 0.091 0.997 0.322 -0.002 0.005

Total cholesterol (mg/dL) 0.000 0.000 -0.063 -0.760 0.450 -0.001 0.000

Fasting blood glucose (mg/dL) 0.000 0.000 -0.124 -1.492 0.140 0.000 0.000

M/C ratio (mg/g Cr) 0.000 0.000 -0.031 -0.386 0.700 0.000 0.000

Glomerular filtration (mL/min/1.73 m2) 0.000 0.000 0.018 0.206 0.838 0.000 0.000

Creatinine clearance (mL/min) 0.002 0.001 0.287 2.577 0.012 0.000 0.003

Adjusted R2=0.494.
DM, diabetes mellitus; M/C, microalbumin/creatinine ratio.

Table 4. Multiple logistic regression analysis of the association between two groups according to the results of bone mineral density and each 
independent variable

Nonstandardized efficient
P-value Exp (B)

95.0% Confidence interval about B

B Standard error Lower bounding Upper bounding

Age (yr) 0.319 0.108 0.003 1.376 1.112 1.701

Body mass index (kg/m2) -0.165 0.100 0.098 0.848 0.698 1.031

Smoking history -9.615 4.262 0.024 0.000 0.000 0.283

Alcohol history -3.016 2.235 0.177 0.049 0.001 3.913

Hypertension -1.223 1.191 0.305 0.294 0.029 3.041

Total cholesterol (mg/dL) 0.034 0.018 0.069 1.034 0.997 1.072

Fasting blood glucose (mg/dL) 0.008 0.006 0.182 1.008 0.996 1.021

M/C ratio (mg/g Cr) -0.001 0.008 0.920 0.999 0.984 1.015

Glomerular filtration (mL/min/1.73 m2) -0.001 0.017 0.946 0.999 0.967 1.032

Creatinine clearance (mL/min) -0.164 0.062 0.008 0.849 0.752 0.959

M/C, microalbumin/creatinine ratio.

Table 5. Prevalence difference of osteopenia and osteoporosis ac-
cording to the proteinuria

Microalbumin/
Creatinine ratio

Sum
UACR 
<30

UACR 
≥30

Osteoporosis Frequency (person)
Percentage of each group (%)

14
25.0

18
51.4

32
35.2

Osteopenia Frequency (person)
Percentage of each group (%)

20
35.7

10
28.6

30
32.9

Normal Frequency (person)
Percentage of each group (%)

22
39.3

7
20.0

29
31.9

Sum Frequency 56 35 91

P<0.05.
UACR, urine albumin to creatinine ratio.



The Association between UACR and Osteoporosis

http://dx.doi.org/10.11005/jbm.2016.23.1.1 http://e-jbm.org/  5

with normoalbuminuria (UACR <30 mg/g Cr, P<0.05). 

DISCUSSION

Although several studies have reported an association 
between DM and the high risk of pathological fractures, 
the relationship between DM and osteoporosis remains 
controversial.[21] Recent studies have reported an associa-
tion between type 1 DM and reduced BMD, while patients 
with type 2 DM generally have modestly increased or un-
changed BMD.[5] Given the discrepancies between BMD 
and fracture rate, there may be other clinical factors affect-
ing new bone formation, bone microarchitecture, bone 
quality, or BMD in DM. Patients with DM may have lower 
bone quality resulting from several mechanisms including 
hyperinsulinemia, the deposition of advanced glycosylation 
end products (AGEs) in collagen, reduced serum levels of 
insulin-like growth factor-1 (IGF-1), hypercalciuria, micro-
angiopathy, inflammation, and renal failure.[5]

The kidney is an important organ for regulating calcium 
and phosphorous metabolism, not only as the target or-
gan for parathyroid hormone (PTH), but also a principal 
site for calcitriol (1,25-dihydroxy-vitamin D [1,25-(OH)2D]) 
production.[22] The association between chronic kidney 
disease and reduced BMD and the resulting increased risk 
of fracture is well recognized.[23,24] In chronic renal failure 
(CRF) with an eGFR below 60 mL/min, phosphate is retain-
ed inducing a rise in the PTH and a decline in 1,25-(OH)2D 
levels. Therefore, bone disease such as renal osteodystro-
phy is observed in 75 to 100% of patients with CRF due to 
abnormal bone turnover, coupling, and mineralization.[25] 
In patients with further reduction in the eGFR to 20 to 40 
mL/min, skeletal PTH resistance also increases with wors-
ening uremia and patients have abnormal bone histology 
with impaired calcium and phosphate homeostasis.[26]

The number of patients with CRF is rapidly increasing 
and the most common primary cause of CRF identified in 
Korea was diabetic nephropathy (45.4%).[27]

The GFR is traditionally considered the best overall index 
of kidney function and has been estimated by the measure-
ment of serum Cr and Cr excretion in a 24-hr urine sample 
and computation of the CCr.[28]

In patients with type 2 DM, the annual evaluation for al-
buminuria is recommended in order to monitor for disease 
progression and response to therapy. A spot UACR, prefer-

ably in a first-morning void, correlates well with a 24-hr 
urine albumin excretion rate and accurately predicts renal 
events. Because of convenience, the UACR test has been 
utilized as the first-line annual screening test for patients 
with type 2 DM.[29]

Microalbuminuria is a strong and independent marker 
of increased cardiovascular risk.[30] A common pathophysi-
ologic process, such as endothelial dysfunction probably 
explains the association between microalbuminuria and 
cardiovascular disease.[30] In addition, endothelial dys-
function of the glomerular basement membrane can mod-
ify the glomerular barrier permeability of the kidneys, fa-
cilitating the urinary excretion of albumin.[31] An early 
stage in the development of atherosclerosis, endothelial 
dysfunction reduces the bioavailability of nitric oxide.[32] 
As albuminuria is associated with endothelial dysfunction 
and damage, it may also play a key role in the development 
of atherosclerosis.[33] Furthermore, several studies have 
demonstrated the effect of atherosclerosis on the BMD 
and bone metabolism.[34-37] Pathophysiological mecha-
nisms between atherosclerosis and osteoporosis are com-
plex.[38] During atherosclerosis, the increase in the serum 
levels of some inflammatory cytokines such as C-reactive 
protein, interleukin-6 (IL-6), and tumor necrosis factor-α 
confirms the inflammatory etiology of osteoporosis.[39] 
These inflammatory cytokines are potent stimulators of 
bone resorption.[39] The bone resorptive potential of mo-
nocytes has been directly correlated to serum IL-1, IL-6, and 
tumor necrosis factor-α levels in postmenopausal women. 
[40] In addition, these cytokines stimulate the proliferation 
and differentiation of osteoclast precursors, which lead to 
loss of bone mass.[40] Albuminuria and BMD appear to 
have a strong relationship when combined, and contribute 
to the development of osteoporosis.

In this study, the factors affecting vertebral and femoral 
BMD included age, BMI, and CCr. Micro- or macro-albumin-
uria as measured with the UACR, was significantly associ-
ated with osteoporosis compared to normoalbuminuria. 
This means that the increase in UACR a recent renal evalu-
ation marker may be significantly associated with the risk 
of osteoporosis in postmenopausal women with type 2 DM. 
A higher rate of osteopenia was demonstrated in patients 
with a UACR of less than 30 mg/g Cr. However, this high 
rate of osteopenia is believed to be due to low rate of os-
teoporosis. It was classified according to GFR, there was 
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not a statistically significant result. Because both UACR and 
GFR is associated with kidney, it seems there is no sense to 
divide the GFR alone. According to the results of multiple 
logistic regression analysis, there was significant correla-
tion between CCr among kidney markers and two groups 
according to the results of BMD. However, there was no 
significant correlation between UACR and two groups ac-
cording to the results of BMD. This is a limitation of this 
study, an additional prospective study involving a large 
population is needed.

There are several design features and limitations in this 
study. First, because the subjects were postmenopausal 
women with type 2 DM, estrogen deficiency and DM might 
affect BMD or the incidence of osteoporosis. However, we 
were unable to evaluate the estrogen level or medication. 
Second, we recruited patients with serum Cr level of less 
than 2.0 mg/dL to detect early fracture risk in study sub-
jects. Third, we did not evaluate bone turnover markers. Fi-
nally, this study was based on a cross-sectional study, an 
additional prospective study involving a large population 
is needed. In conclusion, this study demonstrated that urine 
ACR might be a useful biomarker for increased osteoporo-
sis risk in postmenopausal women with type 2 DM. 
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