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Abstract

Reduced bone mineral density (BMD) is frequently observed in adults with HIV-1 infection. However, 
there is no sufficient information about the prevalence of BMD loss and its risk factors, including traditional and 
long-term comorbidities, in Japanese patients with HIV-1 infection. This was a single-center, retrospective study 
in Tokyo, Japan. HIV-1-infected patients over 40 years of age who visited our clinic between January 2013 and 
August 2014 were examined based on their medical chart and dual-energy X-ray absorptiometry (DXA) at the 
lumbar spine and femoral neck. Multivariate logistic regression was used to determine risk factors associated 
with low BMD, and linear regression was used to examine the relationship between low BMD and renal factors.　
Of the 306 patients (mean age, 49 years ; 96.4%, Japanese ; 95.1%, men ; median CD4 cell count, 520 cells/μL ;  
96.1% on antiretroviral therapy) who met our criteria, 37.9% and 7.2% had osteopenia and osteoporosis, respec-
tively, at the lumbar spine ; and 48.7% and 6.5%, respectively, at the femoral neck. Osteoporosis was revealed 
to have developed in their 40s. Multivariate analyses revealed an association between chronic kidney disease 
(CKD) and significantly lower BMD of the femoral neck (odds ratio, 1.999 ; 95% confidence interval, 1.078-

3.812) as well as other risk factors (BMI, smoking, and years of exposure to ritonavir-boosted protease inhibi-
tors). The DXA scan is necessary and feasible among Japanese HIV patients over 40 years of age. The present 
results demonstrated that CKD is an independent risk factor for femoral neck bone loss.
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Introduction

There have been considerable improvements in sur-
vival among HIV-infected patients due to advances in 
antiretroviral therapy (ART). As HIV-infected patients 
live longer, age-related complications are becoming 
more prevalent among this population. In addition, 
HIV-infected patients tend to have more comorbidities 
than their non-HIV counterparts. Although HIV infec-
tion and opportunistic infection are manageable with 
adequate ART, long-term complications such as cardio-

vascular disease (CVD), diabetes mellitus (DM), chronic 
kidney disease (CKD), and fractures are a growing con-
cern among HIV patients1). Mortality in HIV-infected 
patients without risk factors on successful ART is almost 
identical to that in the non–HIV-infected population, and 
the prevention and treatment of complications are impor-
tant for the long-term management of HIV-infected 
patients. Because osteoporosis is closely related to fra-
gility fracture and a worse prognosis in patients with 
fracture among the general population2), early interven-
tion is essential in preventing such injuries. In one 
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study, for every one standard deviation decrease in BMD 
at the hip, there was a 2.6-fold increase in the risk of hip 
fracture3). Evaluation of BMD is considered the most 
reliable method to determine bone health and is a good 
predictor among elderly people. 

Several HIV cohort studies have revealed a high prev-
alence of bone loss, osteoporosis4), and bone fracture 
compared with the general population5). One meta-

analysis showed that 67% of HIV-infected patients had 
osteopenia and 15% had osteoporosis4). HIV-related 
bone loss is due to three major causes : (1) the effect of 
HIV on bone, including HIV-induced chronic inflamma-
tion6) ; (2) classical risk factors such as older age, smok-
ing, low body weight, and excess alcohol (3 units/day)7) ;  
and (3) the side effects of antiretroviral drugs (ARVs)8).　
Several recommendations regarding bone loss screening 
among HIV-infected patients have been proposed9) ;  
however, uncertainty remains about the optimal timing of 
dual-energy X-ray absorptiometry (DXA) screening 
among HIV-infected patients.

Chronic kidney disease is the most important comor-
bidity among HIV-infected patients because of its high 
prevalence and predisposition to dialysis10). We investi-
gated the prevalence of CKD among HIV-infected Japa-
nese patients11), and the results showed a higher preva-
lence than among the general population. It is also a 
risk factor for CVD, anemia, and bone disorders among 
the general population12). There are several reports that 
moderate to severe decreases in kidney function are asso-
ciated with a 1.5- to 3-fold higher risk of fracture13).　
Chronic kidney disease-related bone fracture might 
become a major risk factor among the aged HIV popula-
tion. 

In this study, we retrospectively evaluated the result of 
DXA scanning of HIV-infected patients at our hospital 
and investigated the prevalence and risk factors for bone 
loss among HIV-infected patients. We analyzed the 
relation between BMD loss and HIV-related factors 
(including ARV exposure), CKD and other traditional 
risk factors.

Methods

Study design and participants
We performed a single-center, retrospective analysis 

in a hospital outpatient-based cohort and surveyed all 
patients attending for routine appointments between Jan-
uary 2013 and August 2014. We included patients who 
were 40 years old or older, and who had undergone a 
DXA scan at both the lumbar spine (L1-L4) and femoral 
neck in the study cohort ; the earliest scan in each patient 
was analyzed. Patient medical charts were screened for 
demographic data, age, race, sex, Body Mass Index 
(BMI) score, and blood and urinary test results, HIV-1 
viral load, number of CD4+ cells, ART, ART regimen 

with tenofovir disoproxil fumarate (TDF) and ART regi-
men with ritonavir-boosted protease inhibitor (PI/r).　
Patients were categorized as a current user or as a never/
former user in terms of cigarette smoking and excessive 
alcohol consumption (greater than 3 units/day). Hyper-
tension was defined as systolic blood pressure ≥ 140 
mmHg, diastolic blood pressure ≥ 90 mmHg, or hyper-
tension medication use. Diabetes mellitus was defined 
as a diagnosis of DM prior to baseline or the use of oral 
antidiabetic drugs or insulin at baseline. Dyslipidemia 
and CVD were defined as a diagnosis of either disease 
prior to baseline. Blood and urine data were obtained 
within 3 months before or after the date of the DXA scan.　
This study was conducted in accordance with “the Decla-
ration of Helsinki” and the “Ethical Guidelines for Medi-
cal and Health Research Involving Human Subjects” 
(Public Notice of the Ministry of Health, Labour and 
Welfare of Japan, 2014). The Institutional Review 
Board, The Ethics Committee in Medical Research, 
reviewed and approved the study protocol on August 27, 
2014 (No. 2820). Information on this research, includ-
ing its purpose and the freedom to refuse to participate 
was made public between August 27, 2014 and October 
30, 2014.

Bone mineral density
A DXA scan of the lumbar spine (L1-L4) and femoral 

neck was performed. All DXA scans were performed 
using a Hologic Discovery C instrument (Hologic Inc., 
Bedford, Massachusetts, USA). The WHO criteria14) 
were used to classify patients as having osteoporosis (T 
score －2.5 or below) or osteopenia (T score between  
－1 and －2.5). A low BMD score was defined as a T 
score of less than －1. We estimated the 10-year major 
bone fracture risk by FRAX15)

Chronic kidney disease classification and renal 
biomarkers
Serum and urinary creatinine (Cr) levels were 

measured using an L-type Wako CRE・M reagent (Wako 
Pure Chemical Industries, Ltd., Japan) on Hitachi 
Labospect® 008 (Hitachi, Japan). The estimated 
glomerular filtration rate (eGFR) was calculated using 
the Modification of Diet in Renal Disease study equation, 
as adjusted for the Japanese population16). Proteinuria 
was measured using an Uropaper® αIII (Eiken Chemical 
Co., Tokyo, Japan) on CLINITEK Novus® Automated 
Urine Chemistry Analyzer (Siemens Healthcare 
Diagnostics GmbH, Marburg, Germany). The estimated 
glomerular filtration rate and proteinuria were measured 
in at least two consecutive analyses that were conducted 
3 months apart.　Chronic kidney disease was diagnosed 
according to the guidelines of the National Kidney 
Foundation Kidney Disease Outcomes Quality Initiative 
(KDOQI)17). Renal tubular function was assessed based 
on the fractional excretion of phosphate (FEPO4) using 
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the following equation : (urine PO4/serum creatinine)/
(serum PO4/urine creatinine). Urinary α1 microglobulin 
was measured using enzyme-linked immunosorbent 
assay (ELISA) kits (LZ Test Eiken α 1-M ; Eiken 
Chemical Co., Tokyo, Japan). The concentration of 
urinary α1 microglobulin was standardized to a urinary 
Cr of 1 g/L (/gCr). All of the laboratory tests of this 
study were analyzed in the central clinical laboratory of 
our hospital or SRL Hachioji Laboratory, both of which 
have the accreditations of the ISO 15189.

Statistical analysis
All statistical tests were 2-sided, with a threshold of 

5%. Continuous variables are reported using medians 
and interquartile ranges, except when stated otherwise.　
Categorical variables are reported using numbers and 
percentages. The chi-square test was used to compare 
categorical variables between the two groups. A non-

parametric Mann-Whitney U test was performed to com-
pare continuous variables. Logistic regression was used 
to determine factors associated with low BMD. All 
variables with a P-value of < 0.1 in the univariate analy-
sis were entered in a multivariate logistic model. Cor-
relations between the various renal markers and BMD 
values were assessed using the Spearman correlation 
coefficient. Statistical analysis was performed using 
SPSS software, version 22.0 (SPSS, Chicago, IL). 

Results

Cohort characteristics
Among the 536 HIV-positive patients who were 40 

years or older, 228 were excluded due to lack of DXA 
scan data. Two more who only underwent a DXA scan 
at one of the two sites  were also excluded (Fig. 1). The 
baseline characteristics of the 306 participants are shown 
in Table 1. Median age was 49 [(interquartile range 
[IQR], 46-55)] years ; 96.4% of the participants were 
Japanese, and 95.1% were men. Ninety-six percent of 
the patients received antiretroviral therapy. Among 
these, 93.6% achieved a HIV-1 viral load less than 50 
copies/mL, 53.0% were using TDF-contained therapy, 
and 33.0% were using PI/r as part of their regimen. The 
current and nadir median CD4 cell counts were 520 cells/
μL and 161 cells/μL, respectively. Regarding conven-
tional risk factors for osteoporosis, 40.2% of the patients 
were current smokers, and 10.1% consumed more than 3 
units of alcohol/day. Sixteen percent of the patients had 
a BMI score of less than 20 kg/m2. Ten (3.3%) patients 
were treated with corticosteroids, and 10.8% had a his-
tory of prior bone fracture. The prevalence of comor-
bidities was as follows : hypertension (29.7%), DM 
(10.8%), dyslipidemia (20.9%), CKD (21.9%), and CVD 
(2.9%). Further details of the demographic characteris-
tics, laboratory profiles, and antiretroviral regimens and 
duration are summarized in Table 1.

Prevalence of BMD Loss
Forty-five percent of the patients showed low BMD 

(37.9% osteopenia, 7.2% osteoporosis) at the lumbar 
spine, and 55.2% of the patients showed low BMD 
(48.7% osteopenia, 6.5% osteoporosis) at the femoral 
neck. The prevalence of osteoporosis and osteopenia 
according to the age groups was relatively stable at the 
lumbar spine but increased at the femoral neck with age 
(Table 2). The prevalence of low BMD among patients 
aged 40 to 49 years was 44.8% at the lumbar spine and 
50.4% at the femoral neck. The analysis of the two 
groups, normal or low BMD, is shown in Table 3.

Risk factors for BMD loss
The distribution of T scores at the lumbar spine and 

femoral neck according to CKD status is shown in Fig 2.　
In univariate logistic regression models (Table 4), low 
BMD at the lumbar spine was correlated with lower 
BMI, longer PI/r duration, and the absence of DM. In 
the multivariate logistic regression model, only PI/r dura-
tion was significantly correlated with low BMD at the 
lumbar spine (Odds ratio [OR] per year increase, 
1.088 ; 95% CI 1.023-1.158) after adjusting for BMI, 
smoking, and DM. In univariate logistic regression 
models, low BMD at the femoral neck was correlated 
with age, lower BMI, smoking, CKD and longer PI/r 
duration. In the multivariate logistic regression model, 
lower BMI (OR per 1.0 increase, 0.880 ; 95% CI 0.819-

0.945), smoking (OR 2.078 ; 95% CI 1.251-3.452), 
CKD (OR 1.999 ; 95% CI 1.078-3.812) and longer PI/r 
duration (OR per 1 year increase, 1.089 ; 95% CI 1.013-

1.171) were correlated with low BMD at the femoral 
neck after adjusting for age, nadir CD4, and TDF expo-
sure duration. The duration of TDF and other classical 
risk factors, such as prior fracture, use of steroids, and 
alcohol consumption, were not correlated with low 
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Fig. 1 Flow chart of study population selection. 
 Total of 1,369 HIV patients visited our university hospital 

between Jan 1, 2013 and Aug 31, 2014. 1,063 patients 
were excluded (age < 40 years, 833 ; insufficient DXA, 
2 ; no DXA, 228 ). Total of 306 patients were included in 
analysis.
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BMD.
Renal biomarkers and femoral bone mineral 
density loss
In a bivariate correlation (Table 5), the T score at the 

femoral neck showed the best correlation with BMI (rs = 
0.265, P < 0.001), and the T score at the lumbar spine 
showed the best inverse correlation with PI/r duration (rs 
= －0.221, P < 0.010). No significant correlation was 
observed between femoral neck low BMD and eGFR (rs 

= －0.078, P = 0.171), FEPO4 (rs = －0.082, P = 0.153), 
or urinary α1 microglobulin (rs = －0.121, P = 0.054).　
No single factor showed a relationship with low BMD at 
the femoral neck or renal markers.

Discussion

Prevalence of BMD loss and osteoporosis
The present results revealed that bone mineral density 

loss was prevalent among elderly Japanese HIV patients.　

4

Table 1 Baseline characteristics of study patients.

Patient characteristics (N=306) Number of patients (%) or median [IQR]

Age, years 49 [46, 55]
Men 291 (95.1)
Japanese 295 (96.4)
Body mass index 23.3 [21.2, 25.0]
Hemophilia, blood coagulation disorders 13 (4.2)
Any history of fractures 33 (10.8)
Familial history of fracture 5 (1.6)
Corticosteroid use 10 (3.3)
Rheumatic disorder 1 (0.3)
Hypertension (+) 91 (29.7)
Diabetes mellitus (+) 33 (10.8)
Dyslipidemia (+) 64 (20.9)
Chronic kidney disease (+) 67 (21.9)
Cardiovascular disease (+) 9 (2.9)
Current smoking 123 (40.2)
Alcohol intake (more than 3 units/day) 31 (10.1)
Hepatitis B surface antigen positive 8 (2.6)
Hepatitis C antibody positive 18 (5.9)
Current CD4 cell count, (cells/μL) 520 [368, 695]
Nadir CD4 cell count, (cells/μL) 161 [47, 256]
Log HIV-RNA (logcopies/mL) 0 [0, 1.28]
HIV-RNA < 50 copies/mL 280 (91.5)
eGFR, mL/min/1.73 m2 77.0 [66.8, 87.7]
eGFR less than 60 mL/min/1.73 m2 44 (14.4)
eGFR grade 1 60 (19.6)
eGFR grade 2 202 (66.0)
eGFR grade 3a 37 (12.1)
eGFR grade 3b 5 (1.6)
eGFR grade 4 1 (0.3)
eGFR grade 5 1 (0.3)
Proteinuria 37 (12.1)
Phosphate wasting 21 (6.9)
Current use of ART 294 (96.1)
ART exposure (years) 6.23 [2.72, 11.1]
TDF exposure (years) 1.94 [0, 5.4]
PI/r exposure (years) 0 [0, 5.16]
Current use of PI/r 102 (33.0)
Current use of TDF 162 (53.0)
Current use of ABC 102 (36.0)

Values are expressed as medians [IQR] or as numbers (%). ART, antiretroviral therapy ;   
BMI, body mass index. Time on tenofovir (years). CV, coefficient of variation.
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Prevalence was higher among the older patient groups, 
although the group the 40s age group also showed a high 
prevalence of osteoporosis compared with the general 
Japanese population18) at both the lumbar spine and fem-
oral neck. This trend was especially prominent among 
patients aged younger than 50 years. The prevalence of 
osteoporosis in patients with HIV was 6.3% in the 40s 
age group, whereas it was only 0% in the general Japa-
nese population in the same age group18). More than 
half of HIV-infected patients show low BMD based on 
several international cohorts, although the percentage 

varies depending on age and sex4)19). The prevalence of 
low BMD in HIV-infected patients has been reported to 
range between 27% and 62.7% in the USA20)21), 16.7% 
and 54.8% in Korea22)23), and 55% and 66% in Japan24)25), 

and be 39.4% in Taiwan26). The present results are in 
concordance with those of these earlier studies, indicat-
ing the importance of BMD evaluation in Japanese HIV-

infected patients, even those of the younger generation. 
Recommendation for use of DXA scan
The Infectious Diseases Society of America, the 

European AIDS Clinical Society and other HIV and bone 
experts recommend DXA screening in HIV-infected 
postmenopausal women and men of age 50 years or 
older27). The Osteo Renal Exchange Program recently 
added to these recommendations by including HIV-

infected men aged 40-49 years or premenopausal women 
age greater than 40 years with a Fracture Risk Assess-
ment Tool (FRAX) score of more than 10% regarding 
10-year risk of major osteoporotic facture, and did not 
routinely recommend DXA among those aged 40-49 
years9). In the present study, none of the patients with a 
low BMD aged 40-49 years met the recommendation 
based on FRAX, even when including HIV infection as a 
secondary risk factor (data not shown). Such guidelines 
should consider the heightened risk of bone loss in 
younger HIV-infected patients. In an HIV Outpatient 
Study, HIV patients older than 47 years had increased 
fracture risk, even after adjusting for multiple factors28).　
We recommend that all HIV patients over 40 years 
should receive a DXA scan at least once. Therefore, we 
need to be vigilant regarding the real risk of fracture 
among HIV-infected patients29).

Importance of classical risk factors
The present results confirmed the importance of 

classical risk factors for bone loss, such as smoking and a 
low BMI score. Our cohort showed a high prevalence 

5

Fig. 2 Boxplot of data from T-scores at lumbar spine and femo-
ral neck with or without chronic kidney disease. 

 T-scores in patients with CKD were lower than those in 
patients without CKD at femoral neck (P=0.027). 

Table 2  Prevalence of osteopenia and osteoporosis according to WHO criteria of DEXA scan on (A) 
lumber spine and (B) femoral neck in each age group.

(A) lumber spine

Age group (years) 40-49 50-59 60-69 70- Total

Normal n (%)  79(55.2)  63(54.3)  22(57.9) 4(44.5) 168(54.9)
Osteopenia n (%)  55(38.5)  48(41.4)  10(26.3) 3(33.3) 116(37.9)
Osteoporosis n (%)   9(6.3)   5(4.3)   6(15.8) 2(22.2)  22(7.2)

Total n (%) 143(100) 116(100)  38(100) 9(100) 306(100)

(B) femoral neck

Age group (years) 40-49 50-59 60-69 70- Total

Normal n (%)  71(49.7)  51(44.0)  13(34.2) 2(22.2) 137(44.8)
Osteopenia n (%)  63(44.0)  62(53.4)  21(55.3) 3(33.3) 149(48.7)
Osteoporosis n (%)   9(6.3)   3(2.6)   4(10.5) 4(44.5)  20(6.5)

Total n (%) 143(100) 116(100)  38(100) 9(100) 306(100)
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of current smokers. Smoking cessation is also highly 
recommended for preventing osteoporosis. Alcohol 
intake was confirmed by patient declaration, so it is 
possible that the exact level of consumption was 
underestimated.　Alcohol and substance abuse are 
important risk factors for osteoporosis and fracture7), 
although the present study does not provide any 
information regarding them.　Infection with HCV was 
n o t  r e l a t e d  t o  l o w  B M D  a c c o r d i n g  t o  t h i s 
study. Compared with previous reports from Europe 
and  Amer ica28)30),  t he  low p reva lence  o f  HCV 
co-infection among the present cohort (5.9%) may have 
led to the statistical insignificance observed in this 
analysis.　The results revealed that DM was related to a 
higher BMD score at the lumbar spine. A meta-analysis 
confirmed that type2 diabetes patients have a higher 
BMD score than the non-diabetic population31), although 
type 2 DM patients have a higher risk of bone fracture, 
despite their higher BMD scores32). It is estimated that 
other factors, such as bone quality, are also important for 
evaluating risk of fracture in DM patients.

Chronic kidney disease-mineral and bone disorder
To our knowledge, this is the first study to demonstrate 

the existence of a bone-kidney axis among Asian HIV-

infected patients. There are several reports on the rela-
tionship between CKD and BMD loss among the general 
population. Chronic kidney disease–mineral and bone 
disorder (CKD-MBD) is a well-known bone-related 
complication that is regarded as a late-stage renal com-
plication. Kidney Disease Improving Global Outcomes 
(KDIGO) stated in their guidelines33) that BMD measure-
ment is not routinely recommended for CKD patients 
because of uncertainty concerning the utility of DXA in 
CKD. However, recent studies have noted that CKD 
patient bone loss and fracture are determined at the early 
stage of CKD13)34). Several studies indicate that BMD is 
low in pre-dialysis and dialysis patients with fractures at 
the lumbar spine and femoral neck35)36). Both low eGFR 
and higher albuminuria are significant risk factors for 
fracture37). Chronic kidney disease patients should be 
evaluated for BMD, even during the early stages of the 
disease. A low eGFR level has been associated with 

6

Table 3 Patient characteristics according to presence or absence of low bone mineral density.

Lumbar spine Femoral neck

Patient characteristic (* ; P<0.05 : L,F) Normal (n=168) Low BMD (n=138) P for trend Normal (n=137) Low BMD (n=169) P for trend

Age, years ( ,*) 49 [45, 54] 49 [45, 55] 0.902 49 [45, 53] 51 [46, 57] 0.02
Men, no. (%) 159 (94.6) 132 (95.7) 0.793 127 (92.7) 164 (97.0) 0.11
Japanese, no. (%) 161 (95.8) 134 (97.1) 0.76 129 (92.7) 166 (98.2) 0.069
Body mass index (*,*) 23.6 [21.8, 25.8] 22.8 [20.3, 25.1] 0.023 24.0 [21.9, 26.6] 22.9 [20.7, 24.8] 0.001
Hemophilia, coagulation disorders, no. (%) 7 (4.2) 6 (4.3) 1 3 (2.2) 10 (5.9) 0.154
HIV-RNA <50 copies/mL, no. (%) 152 (90.5) 128 (92.8) 0.541 121 (88.3) 159 (94.1) 0.098
Current CD4+ cell count (cells/μL) 531.2 [396.7, 720.4] 509.7 [341.8, 674.7] 0.194 535 [402, 702] 506 [341, 691] 0.226
nadir CD4 cell count, (cells/μL) ( ,*) 167 [66.9, 269.2] 146.9 [37.5, 246.8] 0.268 183 [90, 267] 126 [31, 251] 0.006
Any history of fracture, no. (%) 15 (8.9) 18 (13.0) 0.27 14 (10.2) 19 (11.2) 0.854
Familial history of fracture, no. (%) 4 (2.4) 1 (0.7) 0.383 4 (2.9) 1 (0.5) 0.177
Corticosteroid use, no. (%) 6 (3.6) 4 (2.9) 1 2 (1.5) 8 (4.7) 0.194
Rheumatic disorder, no. (%) 1 (0.6) 0 1 0 1 (0.6) 1
Hypertension (+) no. (%) 55 (32.7) 36 (26.1) 0.212 40 (29.2) 51 (30.2) 0.9
Diabetes Mellitus (+) no. (%) (*, ) 24 (14.3) 9 (6.5) 0.04 18 (13.1) 15 (8.9) 0.268
Chronic Kidney Disease (+) no. (%) ( ,*) 37 (22.0) 30 (21.7) 1 21 (15.3) 46 (27.2) 0.013
Dyslipidemia (+) no. (%) 32 (19.0) 32 (23.2) 0.399 25 (18.2) 39 (23.1) 0.325
Cardiovascular disease (+) no. (%) 4 (2.4) 0 0.736 4 (2.9) 5 (3.0) 1
Current smoking, no. (%) ( ,*) 60 (35.7) 63 (45.7) 0.08 44 (32.1) 79 (46.8) 0.01
Alcohol intake (more than 3 units/day), no. (%) 16 (9.5) 15 (10.9) 0.707 12 (8.8) 19 (11.2) 0.569
HBs antigen positive, no. (%) 6 (3.6) 2 (1.4) 0.302 4 (2.9) 4 (2.4) 1
HCV antibody positive, no. (%) 10 (6.0) 8 (5.8) 1 6 (4.4) 12 (7.1) 0.341
eGFR, mL/min/1.73 m2 75.5 [66.3, 87.7] 78.9 [67.7, 88.2] 0.36 75.3 [66.0, 87.7] 78.8 [67.6, 88.3] 0.362
Proteinuria, no. (%) ( ,*) 22 (13.1) 15 (10.9) 0.6 11 (8.0) 26 (15.3) 0.036
FEPO4, (%) 10.8 [7.6, 14.1] 11.1 [7.4, 15.3] 0.514 10.4[7.2, 13.9] 11.7 [7.5, 14.9] 0.098
Urinary α1 microglobulin (mg/gCr) ( ,*) 87.1 [49.8, 147.8] 97.4 [56.7, 152.4] 0.228 84.8 [48.1, 126.4] 97.9 [56.3, 172.0] 0.037
Current use of ART, no. (%) 164 (97.6) 135 (97.8) 1 133 (97.1) 166 (98.2) 0.704
　ART exposure (years) 6.5 [2.9, 11.4] 5.7 [2.2, 10.7] 0.201 4.9 [2.5, 10.7] 6.9 [3.0, 11.2] 0.312
　TDF exposure (years) 2.1 [0, 5.5] 1.8 [0, 5.4] 0.826 1.5 [0, 5.8] 2.8 [0, 5.9] 0.075
　PI/r exposure (years) (*,*) 0 [0, 3.8] 1.0 [0, 6.4] 0.019 0 [0, 3.7] 1.4 [0, 6.3] 0.011
　Current use of TDF 85 (50.6) 77 (55.8) 0.421 71 (51.8) 91 (53.8) 0.731
　Current use of PI/r ( ,*) 50 (30.0) 52 (38.0) 0.146 36 (26.3) 66 (39.1) 0.021

Values are expressed as medians [IQR] or as numbers (%). Low bone mineral density is defined as T score of less than －1.　
Chi-square test was used for categorical variables.
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increased risk of fracture38). The mechanism of CKD 
and BMD loss has not been clearly established. Several 
explanations have been proposed, including changes 
related to a spectrum of disorders in bone turnover, min-
eralization or volume that are linked to vascular calcifica-
tion, hyperphosphatemia, and hyperparathyroidism39).

Secondary osteoporosis is of increasing concern 
among HIV-infected patients. Casado et al.40) reported 
that CKD is an independent risk factor for osteoporosis 
among HIV-infected patients. The present study con-
firmed that CKD is an independent risk factor for low 

BMD at the femoral neck. Among renal factors, eGFR 
and FEPO4 were not significantly correlated with bone 
loss. Creatinine-based eGFR is influenced not only by 
kidney function, but also by muscle mass, which is an 
important determinant of fracture risk41) ; therefore, other 
renal markers, such as cystatin C, may be better able to 
predict fracture risk42). Urinary α1 microglobulin was 
statistically significant, but this relationship was very 
weak. However, urinary α1 microglobulin is a risk fac-
tor for the development of tubular toxicity43), and it is 
possible that proximal tubular dysfunction may be related 

Table 4  Results of logistic regression analysis of low bone mineral density at each site : (A) lumbar spine, (B) 
femoral neck.

(A) Lumbar spine

Univariate analysis Multivariate analysis

Characteristic OR (95% CI) P-value OR (95% CI) P-value

Age, per year 1.003 (0.974-1.034) 0.823
Hemophilia 1.045 (0.343-3.186) 0.938
Body mass index 0.935 (0.877-0.995) 0.036 0.951 (0.891-1.016) 0.134
Nadir CD4 cell count (cells/μL) 0.999 (0.997-1.001) 0.291
log HIV-RNA level (copies/mL) 0.961 (0.778-1.187) 0.712
Smoking (+) 1.367 (0.990-1.888) 0.058 1.601 (0.993-2.582) 0.054
Alcohol intake 1.168 (0.555-2.457) 0.682
Hypertension (+) 0.725 (0.441-1.193) 0.206
Diabetes mellitus (+) 0.419 (0.188-0.934) 0.033 0.438 (0.190-1.009) 0.053
Dyslipidemia (+) 1.283 (0.739-2.228) 0.376
CKD (+) 0.983 (0.570-1.696) 0.952
ART exposure, per year 0.969 (0.928-1.013) 0.164
PI/r exposure, per year 1.074 (1.011-1.141) 0.02 1.088 (1.023-1.158) 0.008
TDF exposure, per year 0.999 (0.935-1.068) 0.983

(B) Femoral neck

Univariate analysis Multivariate analysis

Characteristic OR (95% CI) P-value OR (95% CI) P-value

Age, per year 1.042 (1.010-1.076) 0.01 1.035 (0.999-1.072) 0.056
Hemophilia  2.809 (0.758-10.417) 0.122
Body mass index 0.875 (0.818-0.936) <0.001 0.880 (0.819-0.945) <0.001
Nadir CD4 cell count (cells/μL) 0.998 (0.997-1.000) 0.033 1.000 (0.998-1.001) 0.706
log HIV-RNA level (copies/mL) 0.927 (0.751-1.143) 0.476
Smoking (+) 1.328 (0.621-2.843) 0.01 2.078 (1.251-3.452) 0.005
Alcohol intake 1.328 (0.621-2.843) 0.465
Hypertension (+) 1.048 (0.640-1.717) 0.852
Diabetes mellitus (+) 0.644 (0.312-1.331) 0.235
Dyslipidemia (+) 1.344 (0.766-2.358) 0.303
CKD (+) 2.066 (1.162-3.672) 0.013 1.999 (1.078-3.812) 0.035
ART exposure, per year 1.017 (0.974-1.063) 0.443
PI/r exposure, per year 1.094 (1.027-1.166) 0.005 1.089 (1.013-1.171) 0.021
TDF exposure, per year 1.062 (0.992-1.136) 0.085 1.051 (0.972-1.136) 0.209

CKD, chronic kidney disease ; ART, antiretroviral therapy ; PI/r, ritonavir-boosted protease inhibitor ; TDF, 
tenofovir disoproxil fumarate ; OR, odds ratio ; CI, confidence interval Low bone mineral density was defined as 
T score of less than －1.
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to both bone loss and CKD through the same pathogene-
sis mechanism, such as inflammation induced by immune 
reconstitution. The CKD criteria are formulated based 
on a combination of eGFR and proteinuria to precisely 
predict renal prognosis ; therefore, it may be more accu-
rate to evaluate the risk of bone loss among CKD patients 
than using any of the single renal markers that were eval-
uated in this study. 

Several studies have shown that TDF is correlated with 
bone loss among HIV-infected and non-HIV infected 
patients. It is supposed that TDF induces hypophospha-
temia secondary to proximal renal tubular dysfunction, 
resulting in bone reabsorption, in an attempt to liberate 
matrix phosphorus44). However, the present results 
revealed that femoral neck bone loss was not related to 
FEPO4 or TDF duration. Avoidance of TDF use among 
CKD or phosphate-wasting patients might affect this 
result. Increased protease inhibitor use was consistently 
related to bone loss at both the lumbar spine and the fem-
oral neck, as reported previously25)45). 

Early start of antiretroviral therapy has been univer-
sally recommended in recent years46). The direct influ-
ence of HIV on bone loss is manageable only when anti-
retroviral therapy is started early. Furthermore, recent 
guidelines recommend using integrase inhibitors rather 
than protease inhibitors ; the less toxic tenofovir pro-
drug, tenofovir alafenamide, is available in many coun-
tries46), and these ARVs have been shown to be more 
bone-protective than TDF or PI/r47)48). Bone loss 
induced in response to some specific ARVs will also be 
minimized in the near future. In this context, the effec-
tive management of lifestyle risk factors, including 
smoking and long-term comorbidities such as CKD, 
should be emphasized in order to prevent fracture and 
other complications. Future forecast in the Netherlands 
estimates that 84% of HIV-infected patients will have at 
least one non-communicable disease in 203049). A Den-
mark cohort study showed a higher mortality among HIV 

patients with some complications. We should be pre-
pared to control these long-term complications through 
early evaluation and intervention in high-risk populations 
among HIV-infected patients. 

Limitations

Our study has several limitations. The first being that 
the large majority of Japanese patients with HIV infec-
tion are men. In a report on AIDS issued by the Minis-
try of Health, Labour and Welfare in Japan, 2017, the 
number of women with HIV was only 43 (3.6%).　
Therefore, it is difficult to analyse the gender gap in Jap-
anese patients with HIV infection. Second, this retro-
spective study was conducted at a single center, and not 
all the patients were surveyed ; thus, selection bias of the 
study patients cannot be ruled out. Only 57% of the 
population was evaluated because DXA scans are not 
routinely performed in general practice here, especially 
in the younger generation. Third, because of the retro-
spective design of the study, a causal relation is uncer-
tain. The possibility exists that the same pathogenesis, 
such as chronic inflammation induced by HIV infection, 
might have played an important role in both BMD loss 
and renal dysfunction. Further studies are needed to 
confirm the relations defining the bone-renal axis among 
HIV-infected patients and to determine the pathogenesis 
of this phenomenon. Finally, despite having adjusted 
for multiple potential risk factors, we cannot exclude 
possible residual confounding factors, such as hyperpara-
thyroidism, hypogonadism, low vitamin D levels, and 
immobility. However, the present study used blood and 
urine test results obtained on routine visits. The insights 
provided by our study might be widely applicable to 
many clinical settings.

Conclusions

The present analysis revealed a high prevalence of 
bone loss, especially at the femoral neck, in all age 

Table 5 Correlation of baseline and renal parameters with T score at each site.

T score at lumbar spine P-value T score at femoral neck P-value

Age (years) 0.007 0.902 －0.148 0.01
BMI (kg/m2) 0.181 0.001 0.265 <0.001
Nadir CD4 (cells/μL) 0.087 0.128 0.182 0.001
eGFR (mL/min/1.73 m2) －0.107 0.061 －0.078 0.171
FEPO4 (%) －0.039 0.497 －0.082 0.153
urinary α1 microglobulin (mg/gCr) －0.073 0.202 －0.121 0.054
ART duration (years) 0.02 0.733 －0.075 0.191
TDF duration (years) －0.039 0.496 －0.058 0.314
PI/r duration (years) －0.221 <0.001 －0.178 0.002

BMI, body mass index ; eGFRcr, estimated glomerular filtration rate ; FEPO4, fractional excretion of phos-
phate ;  ART, antiretroviral therapy ; PI/r, ritonavir-boosted protease inhibitor ; TDF, tenofovir disoproxil fuma-
rate
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groups, including among patients aged 40 years or more.　
Chronic kidney disease was found to be an independent 
risk factor for a low BMD score at the femoral neck.　
Further screening based on DXA scanning is needed to 
detect osteopenia and osteoporosis among HIV-infected 
patients, especially those with CKD. Prospective stud-
ies to evaluate the causal relations between BMD loss 
and CKD pathogenesis among HIV patients are war-
ranted to aid in the detection of future risk of fracture.
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HIV 感染者において慢性腎臓病は大腿骨頸部の骨密度低下に関連する

村　松　　　崇　　　天　野　景　裕　　　近　澤　悠　志 
備　後　真　登　　　四　本　美保子　　　大　瀧　　　学 

萩　原　　　剛　　　福　武　勝　幸

東京医科大学臨床検査医学分野

【要旨】　【背景】HIV感染者では骨密度減少の頻度が高い。しかし、その有病率や危険因子としての古典的な危険因
子や HIV感染者に特有な薬剤や共感染の影響などに関する日本人患者の情報は乏しい。
【方法】我々は単一施設の後方視的研究として、当院外来を 2013年 1月から 2014年 8月まで受診した HIV感染者
で 40歳以上であった症例において、二重エネルギー X線吸収測定法（dual-energy X-ray absorptiometry, DXA）によ
る椎体と大腿骨頸部の骨密度を評価した症例を解析した。骨密度低下の危険因子を評価するため多重ロジスティッ
ク回帰分析を行った。腎関連検査との骨密度の関係を評価するため線形回帰分析を行った。
【結果】306例が該当し年齢の中央値は 49歳、96.4%が日本人、95.1%が男性で、CD4陽性リンパ球数の中央値は

520/μL、96.1%の症例で抗ウイルス療法（antiretroviral therapy）が行われていた。椎体での評価では 37.9%が骨減少症、
7.2%が骨粗鬆症であり、大腿骨頸部の評価では 48.7%が骨減少症、6.5%が骨粗鬆症であり、40歳代でも両測定部
位で骨粗鬆症が認められた。多重ロジスティック回帰分析では大腿骨頸部の骨密度低下の独立した危険因子として
慢性腎臓病（オッズ比 1.999、95%信頼区間 1.078-3.812）が判明し、従来から海外で指摘されている因子（BMI、喫
煙、リトナビル使用）も認められた。
【結語】40歳以上の HIV感染者において DXAによる評価の必要性が示された。大腿骨頸部においては慢性腎臓病が
従来指摘されていた危険因子とは独立した危険因子であることが示された。
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