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Abstract

Background In 2012, the Kidney Disease: Improving
Global Outcomes (KDIGO) updated the 2002 Kidney
Disease Outcomes Quality Initiative (KDOQI) clinical
practice guideline for chronic kidney disease (CKD). The
2012 KDIGO guideline elaborated the identification and
prognosis of CKD by combining albuminuria with esti-
mated glomerular filtration rate (eGFR). Identification of
CKD with a high risk for a poor prognosis was investigated
in human immunodeficiency virus (HIV)-infected individ-
uals by applying the new guideline.

Methods A total of 1,447 HIV-infected patients (1,351
male, 96 female; mean age 44.4 + 11.5 years) were clas-
sified using a combination of eGFR and dipstick protein-
uria, as a convenient alternative to albuminuria. Proteinuria
was classified into 3 grades—(Al) — and +/— , (A2) 1+
and 2+ , and (A3) 3+ and 4+. eGFR was classified into 6
grades—(G1) <90, (G2) 60-89, (G3a) 45-59, (G3b)
30-44, (G4) 15-29, and (G5) <15 mL/min/1.73 m?.
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Results Mean CD4 cell count was 487 £ 214 /ul, with
80.7 % of patients having an undetectable HIV-RNA level.
The prevalence of CKD stage <2 and stage >3 classified
according to KDOQI staging was 93.4 and 6.6 %, respec-
tively. Using the new KDIGO classification, the prevalence
of CKD with either a low (green) or moderately increased
(yellow) risk was 96.9 %, while the prevalence for a high
(orange) and very high (red) risk was 3.1 %.

Conclusion The use of the new KDIGO classification
may reduce the prevalence of HIV-infected CKD individ-
uals who are at high risk for a poor prognosis by nearly a
half.

Keywords Proteinuria - Chronic kidney disease -
HIV

Introduction

Highly active antiretroviral therapy (HAART) has mark-
edly reduced acquired immune deficiency syndrome
(AIDS)-related deaths and opportunistic infectious dis-
eases. This has resulted in prolonged survival of individ-
uals infected with the human immunodeficiency virus
(HIV) [1, 2]. However, this improvement in survival has
been accompanied by an increase in the incidence of
chronic kidney disease (CKD) and end-stage renal disease
(ESRD) [3-6]. CKD is now epidemic among HIV-infected
populations in both Western and Eastern countries.
According to the staging classification of CKD proposed by
the National Kidney Foundation Kidney Disease Outcomes
Quality Initiative (KDOQI) in 2002 [11], the prevalence of
CKD in HIV-infected patients was reported to range
between 15.5 and 23.7 % in the USA [7, 8]. Other studies
showed that the prevalence was 16.8 % in China and
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15.4 % in Japan [9, 10]. In addition to longevity induced by
HAART, the increasing frequency of comorbidities such as
hypertension and diabetes mellitus (DM) has contributed to
a higher prevalence of CKD in the contemporary HIV-
infected population receiving HAART [12, 13]. It is pos-
sible that the common use of the nephrotoxic antiretroviral
agent, tenofovir disoproxil fumarate (TDF), may also have
contributed to this increased prevalence [14]. It is therefore
highly likely that clinicians will encounter further problems
related to kidney illness when caring for HIV-infected
patients.

CKD is not only a risk factor for ESRD, but also for
cardiovascular disease (CVD), anemia, bone disorders, and
cancers [15-18]. All these diseases are associated closely
with a poor prognosis in HIV-infected patients. Therefore,
healthcare providers have to correctly identify patients with
CKD who are at risk for such adverse outcomes and refer
them to a nephrologist for special care. It has been pro-
posed to use the KDOQI CKD staging system to identify
these patients [11]. This system stratifies CKD into 5 stages
largely on the basis of estimated glomerular filtration rate
(eGFR). Although this classification has contributed con-
siderably to the general treatment of CKD, it may have
insufficient accuracy to predict adverse outcomes, due to a
lack of focus on proteinuria and albuminuria. There is
considerable evidence that the presence of proteinuria or
albuminuria is associated with a poor prognosis, indepen-
dent of the impact of a decrease in eGFR [19-21]. In 2012,
the Kidney Disease: Improving Global Outcomes (KDI-
GO) updated the 2002 KDOQI Clinical Practice Guideline
for CKD to overcome this inadequacy. The new KDIGO
guideline elaborates on the identification and prognosis of
CKD by combining albuminuria with eGFR [22, 23].

Numerous reports have demonstrated that albuminuria is
an independent risk factor for a poor prognosis in HIV-
infected individuals [24, 25]. It is therefore reasonable to
assume that the KDIGO classification would be more
practical for identification of CKD and estimating prog-
nosis in HIV-infected individuals than the KDOQI staging.
To our knowledge, classification of CKD according to the
new KDIGQ guideline has not been carried out in an HIV-
infected population. However, the measurement of albu-
minuria is expensive, with public health care insurance
systems in most countries limiting the application of
albuminuria to identification and follow-up for diabetic
nephropathy.

The aims of our study were (1) to classify HIV-infected
individuals according to the classification included in the
2012 KDIGO guideline, with the exception of using dip-
stick proteinuria as a convenient alternative of albuminuria,
and (2) to compare the prevalence of CKD with a high
likelihood of a poor prognosis with that assessed by
KDOQI staging.
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Materials and methods
Study design and population

The study was a cross-sectional, point prevalence design
and was carried out at Tokyo Metropolitan Komagome
Hospital and Tokyo Medical University Hospital. HIV-
infected patients were recruited at the time of a routine
outpatient HIV care appointment and were enrolled con-
secutively between February and June 2011. A total of
1,447 HIV-infected individuals (1351 male, 96 female;
mean age 44.4 £ 11.5 years) who regularly visited either
of the two hospitals were enrolled in the study. The study
was performed in accordance with the Declaration of
Helsinki and was approved by the institutional review
board of both hospitals [approval certificate no. 1014
(Tokyo Metropolitan Komagome Hospital), and 1684
(Tokyo Medical University Hospital)]. Informed consent
was obtained from all participants.

Classification of HIV-infected individuals, combining
dipstick proteinuria with eGFR levels

eGFR was calculated on the basis of serum creatinine and
then classified into 6 grades—(G1) >90, (G2) 60-89,
(G3a) 45-59, (G3b) 3044, (G4) 15-29, and (GS) <15 mL/
min/1.73 m?. Proteinuria was measured using a dipstick
test and its level classified into 3 grades—(Al) —and +/—,
(A2) 1+ and 2+, and (A3) 3+ and 4+4. The 6 eGFR and 3
proteinuria grades were classified into 4 colored risk zones
for prognosis—Ilow risk, green (G1A1, G2A1); moderately
increased risk, yellow (G3aAl, G1A2, and G2A2); high
risk, orange (G3bAl, G3aA2, G1A3, and G2A3); and very
high risk, red (G4A1, G5A1, G3bA2, G4A2, G5A2,
G3aA3, G3bA3, G4A3, and G5A3) [22, 23].

Measurements

Non-fasting blood and random urine samples were col-
lected for analysis as part of routine clinical visits. Pro-
teinuria was defined as >1+on urine dipstick
examination. The same urine test paper was used in both
hospitals (Uropaper oIll EIKEN, Eiken Chemical Co.,
Japan). eGFR was calculated using the 3-variable Japanese
equation constructed by the Japanese Society of Nephrol-
ogy—eGFR (mL/min/1.73 mz) = 194 x serum Cr %% x
age %27 x 0.739. This equation was used because the
worldwide Modification of Diet in Renal Disease (MDRD)
study equation has been shown to be less accurate in Asian
patients including Japanese [26]. eGFR and proteinuria
were measured in at least two consecutive analyses con-
ducted 3 months apart. CKD stage was classified according
to the guideline of the KDOQI [11]. CKD stages 1 and 2
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were defined on the basis of the presence of dipstick pro-
teinuria and eGFR values. CD4 cell counts in HIV-infected
patients were determined using a specific monoclonal
antibody and fluorescence-activated cell-sorter analysis.
The HIV-RNA level was measured using the Cobas Tag-
Man HIV-1 real-time polymerase chain reaction version
1.0 assay (Roche Diagnostics, Branchburg, NJ, USA; lower
detection limit, 40 copies/mL).

The electronic medical charts of all the subjects were
reviewed to determine the presence of comorbidities such
as hypertension, DM, and hepatic viral infections. Hyper-
tension was defined as a systolic blood pressure of >140
mmHg and/or diastolic blood pressure of >90 mmHg, or
the use of antihypertensive agents at baseline. DM was
defined as a diagnosis of DM prior to baseline, or the use
of oral antidiabetic agents or insulin at baseline. Hepatitis
C virus (HCV) infection was defined as a positive reactive
HCV antibody test, while hepatitis B virus (HBV)
infection was defined as a positive HBV surface antigen
test.

Statistical analysis

All data are expressed as the mean =+ standard deviation
unless otherwise stated. Difference between data on clini-
cal characteristics of individuals within each colored risk
zones were analyzed using the Cochrane—Armitage test
and Jonckheere—Terpstra test for trend for continuous and
categorical variables, as appropriate. All statistical analyses
were performed with EZR (Saitama Medical Center, Jichi
Medical University, accessed 13 June 2013, at http://www.
jichi.ac.jp/saitama-sct/SaitamaHP files/statmedEN.html),
which is a graphical user interface for R (The R Foundation
for Statistical Computing, version 2.13.0). More precisely,
it is a modified version of R commander (version 1.6-3)
that includes statistical functions that are frequently used in
biostatistics. Values of P < 0.05 were considered statisti-
cally significant.

Results
Baseline demographic and clinical characteristics

Table 1 summarizes the baseline demographic and clinical
characteristics of individuals enrolled in the study. Mean
CD4 cell count was 487 & 214 /uL, with 80.7 % of the
study participants having an undetectable HIV-RNA level
(<40 copies/mL). A total of 1,305 subjects (90.2 %) were
receiving HAART, with 804 (61.6 %) administered TDF
and 372 (28.5 %) administered abacavir. Efavirenz, a ri-
tonavir-boosted protease inhibitor and raltegravir were
used in 764 (58.5 %), 356 (27.3 %) and 199 (15.2 %) of

Table 1 Baseline demographic and clinical characteristics of the
study cohort

Patients, n 1,447

Age, years 444 + 115
Men, n (%) 1,351 (93.4)
Hypertension (+), n (%) 358 (24.7)
DM (+), n (%) 70 (4.8)
Current smoking (4), n (%) 536 (37.0)
HBYV (+). n (%) 89 (6.2)
HCV (+), n (%) 64 (4.4)
CD4 cell count, cells/pL 487 + 214
HIV-RNA level <40 copies/mL, n (%) 1,168 (80.7)
Patients receiving HAART, n (%) 1,305 (90.2)
Serum creatinine, mg/dL 0.81 £0.18
eGFR, mL/min/1.73 m? 854 £ 185
Proteinuria, n (%) 142 (8.8)
1+ 106 (74.6)
2+ 27 (19.0)
>3+ 9 (6.4)
Hemoglobin, g/dL. 14.6 &+ 1.41
Serum albumin, g/dL 4.53 +1.18
Total cholesterol, mg/dL 189 + 40
Triglycerides, mg/dL 196 + 156
C-reactive protein, mg/dl 0.30 &= 0.53

Data are expressed as mean =+ standard deviation. Proteinuria was
defined as >14 on urine dipstick

HAART highly active antiretroviral therapy, DM diabetes mellitus,
HBYV hepatitis B virus, HCV hepatitis C virus, eGFR estimated glo-
merular filtration rate

the subjects, respectively. Comorbidities such as hyper-
tension, DM, HBV and HCV infection were observed in
24.7, 4.8, 6.2 and 4.4 % of the subjects, respectively. The
mean serum creatinine was 0.81 & 0.18 mg/dL and eGFR
85.4 + 18.5 mL/min/1.73 m”. Proteinuria determined by
dipstick analysis was observed in 142 subjects (9.8 %). The
prevalence of proteinuria assessed by dipstick analysis was
14, 74.6 %; 2+, 19.0 %; and >3+, 6.4 %.

Distribution of HIV-infected individuals according
to KDOQI staging and the new KDIGO classification

The distribution of HIV-infected individuals classified by
the KDOQI staging is shown in Table 2. The prevalence of
CKD stage <2, CKD stage 3, CKD stage 4, and CKD stage
5 was 93.4, 6.2, 0.4 and 0.0 %, respectively. The results of
the KDIGO classification are shown in Fig. 1. The preva-
lence of individuals in the green, yellow, orange, and red
risk zones was 85.9, 11.0, 2.1, and 1.0 %, respectively. The
prevalence of individuals at high (orange) and very high
(red) risk for a poor prognosis in the KDIGO classification
was nearly halved, compared to the risk for CKD stage >3
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Table 2 Distribution of HIV-infected individuals in each stage
determined by the 2002 KDOQI classification

Stage eGFR (mL/min/1.73 m? n (%)

0 - 1,243 (85.9)
1 >90 25 (1.7)
2 60-89 83 (5.8)
3 30-59 90 (6.2)
4 15-29 6 (0.4)
5 <i5 0 (0.0)
<2 - 1,351 (93.4)
>3 = 96 (6.6)

KDOQI Kidney Disease Outcomes Quality Initiative, eGFR estimated
glomerular filtration rate, CKD chronic kidney disease

eGFR !
GFR grade ] . At A2 A3
(mL/min/1.73 m®)
G1A2 G1A3
G1 290
25 (1.7%) 0(0.0%)
G2A2 G2A3
G2 60 - 89
79 (5.5%) 4 (0.3%)
G3aAt G3aA2
G3a 45 -59
55 {3.8%) 21 (1.5%)
G3bA1
G3b 30-44
5 (0.3%)
G4 16-29
G5 <15

Fig. 1 Distribution of HIV-infected individuals determined by the
2012 KDIGO classification. The percentage of HIV-infected individ-
uals in each category is expressed in each color box. The prevalence
of individuals in the green, yellow, orange, and red zone was 85.9,
11.0, 2.1, and 1.0 %, respectively. KDIGO kidney disease: outcomes
quality initiative, CKD chronic kidney disease, eGFR estimated
glomerular filtration rate. (Al) no proteinuria (dipstick —or -+/—),
(A2) mild proteinuria (dipstick 1+ or 24), (A3) heavy proteinuria
(dipstick >3+) (color figure online)

in the KDOQI system (3.1 vs 6.6 %, respectively). Table 3
shows clinical characteristics of the HIV subjects included
in each KDIGO category. Age, total cholesterol level and
the prevalence of hypertension and DM are increased with
increasing CKD categories (P < 0.0001 for trend); whereas
current use of TDF are decreased (P < 0.0001 for trend).

Discussion

This study attempted to classify HIV-infected individuals
according to the 2012 KDIGO guideline. The classification
used, combining dipstick proteinuria with eGFR, may
facilitate targeting of individuals in the HIV-infected
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population who have the likelihood of a poor prognosis,
compared to those identified by KDOQI staging.

The use of the classification based on the new KDIGO
guideline reduced the prevalence of HIV-infected CKD
individuals who were high risk of a poor prognosis by
nearly a half. Tonelli et al. [27] reported a comparison of
the two CKD classifications in the general population,
based on the 2002 KDOQI guideline and 2009 KDIGO
conference proposal. In their report, fewer adults were
classified with more advanced CKD using the classification
system combining albuminuria and eGFR. Although our
study included a much smaller sample size, we were able to
confirm a similar result after reclassification in the HIV
cohort. Furthermore, frequency of some known risk factors
for CKD such as high age, high total cholesterol level, and
presence of hypertension and DM increased with increas-
ing CKD categories. This may indicate that the KDIGO
classification serves as a risk category system in clinical
practice for HIV individuals. However, both CKD classi-
fication systems were devised for the general population,
where DM and hypertension are the leading causes of
CKD. In contrast, chronic inflammation due to HIV and the
use of TDF are relevant factors in the development of CKD
in the HIV population. The KDIGO classification may
facilitate targeting of patients who have a substantially high
risk for a poor prognosis. Further prospective studies are
therefore warranted to validate the clinical utility of this
KDIGO classification in HIV-infected individuals.

The high prevalence rate of dipstick proteinuria (9.8 %)
in the HIV cohort was noteworthy. Iseki et al. [28] reported
the prevalence of proteinuria assessed by dipstick analysis
was 5.4 % in a mass cohort of 332,174 Japanese partici-
pants. The mean age of their cohort was 63.6 £ 8.3 years,
which provided strong evidence for a higher prevalence
of kidney damage (CKD stage >3, 14.5 %, eGFR,
75.0 + 16.2 mL/min/1.73 m*) in elderly subjects com-
pared with our much younger cohort (mean age
44.4 years). HIV infection itself is a risk factor for the
development of albuminuria [29], which may be one reason
for the high prevalence of proteinuria that we observed.
Guaraldi et al. [12] also reported that the prevalence of
hypertension and DM, both of which are closely interre-
lated to kidney damage, was similar in HIV-infected
individuals and subjects in the general population who
were 10 years older. Health-care professionals should
therefore screen for proteinuria periodically, and not assess
kidney damage using only serum creatinine level, espe-
cially in individuals with HIV.

The presence of proteinuria/albuminuria as well as a
decrease in eGFR is a harbinger of CVD and mortality in
HIV-infected populations. Wyatt et al. [24] showed that
albuminuria was associated significantly with all-cause and
AIDS mortality in a cohort of 1,547 HIV-infected women.
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Table 3 Prevalence of risk factors in each colored risk zones determined by the 2012 KDIGO classification

Risk factors Colored risk zones P for trend
Green (n = 1,243) Yellow (n = 159) Orange (n = 30) Red (n = 15)
Age, years 43.0 £ 109 510+ 115 565 £ 11.4 58.1 +9.6 <0.0001
Hypertension (+), n (%) 260 (20.9) 70 (44.0) 18 (60.0) 10 (66.7) <0.0001
DM (+), n (%) 46 (3.7) 13 (8.2) 6 (20.0) 5(33.3) <0.0001
HCV (+), n (%) 51 4.1) 10 (6.3) 2 6.7) 1(6.7) 0.1758
Total cholesterol, mg/dL 187 + 39 203 + 44 208 + 34 27 = 73 <0.0001
CD4 cell count, cells/pL 491 + 213 474 £ 227 438 + 186 394 + 200 0.0632
HIV-RNA level <40 copies/mL, n (%) 998 (80.3) 130 (81.8) 26 (86.7) 14 (93.3) 0.1485
Current use of TDF 723 (58.2) 69 (43.4) 10 (33.3) 2.(13.3) <0.0001

Data are expressed as mean + standard deviation. Risk factors such as age, hypertension, DM, and total cholesterol tended to increase
(P < 0.0001), whereas current use of TDF decrease (P < 0.0001) as CKD stage progressed

DM diabetes mellitus, HCV hepatitis C virus, TDF tenofovir disoproxil fumarate

In addition, Choi et al. [30] demonstrated that patients with
albuminuria and an increased serum cystatin C level had a
high risk of mortality. They also demonstrated that levels
of eGFR and albuminuria were associated strongly with the
risk of CVD and heart failure in a mass cohort study [25].
While the prevalence of albuminuria differs across studies
and ranges from 8.7—17.8 % [10, 29, 31], microalbumin-
uria predicts the development of proteinuria [32], which
likely represents poorer outcomes [33, 34]. As the mea-
surement of proteinuria/albuminuria is a standard of care
for HIV-infected patients, the KDIGO guideline for CKD
would meet the demands of clinicians who are treating
HIV-infected patients.

There were several limitations in this study. First, due to
the cross-sectional design of the study, we were unable to
validate whether the KDIGO classification was more
appropriate for predicting future adverse outcomes in an
HIV-infected population than KDOQI staging. A valida-
tion study is now under way at our institute using an
external data set. Second, this study population comprised
mainly well-controlled HIV-infected Japanese men, with
the proportion of women being relatively low at 6.6 %.
Therefore, the results may not be generalizable to women
or other ethnic groups. Third, our study was undertaken on
the basis that dipstick proteinuria was used as a convenient
alternative to albuminuria, and therefore our method dif-
fered from the original KDIGO classification. Although
albuminuria would be expected to be more accurate for
evaluating kidney glomerular damage and prognosis than
dipstick proteinuria, it is more expensive and not readily
applicable for use in general clinical settings. This is the
reason that we insist on using proteinuria instead of albu-
minuria. The difference in distribution of CKD and impact
on prognosis between data based on albuminuria and dip-
stick proteinuria is now under investigation using data
collected from multiple tertiary HIV centers in Japan.

In conclusion, the use of the CKD classification
according to the new KDIGO guideline may reduce the
prevalence of HIV-infected CKD individuals who have a
high likelihood of a poor prognosis by nearly a half. We
therefore recommend the use of this classification in HIV-
infected individuals, as the presence of proteinuria is of
special interest to experts on HIV care.
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Human Immunodeficiency Virus (HIV) BEfE 13 Antiretro-
viral therapy (ART) O#EHRIZ LY, BEBEOEHGTFHEIE
Blicg L7z, —-FT RUHEMHEIREEZYOOH
o REIAHENOLDE LTEHZIE LD L T2 E/AH
PERBOEEE 25T oY HIVEEEO BB RS
Wik, RIS SRS MO SIS N Tw A2, B
HEOEHLCHREOEMMUIZ L ) BHFES L OV HE

FEHEFOEESEESN TS, —FKIZ, FHEREES
WEZOBROELRLEFINI X7 QO LAREGTFHRNDEY

WHAMLNTEN?, BRI BLTREZMETH D,
FAE, BHBRED AEEERICEE LA UCER
Ehoods, AREFHBERZEICL S [HEEEEREN

ME, X%FYvr>ryFu—a, BESEE BHEEE
WEER VBRI A7 LAPERYBELEL) 25
BELTEY) ETORTWE, 205 04&FEEBIE HIV
BRZECBILEMEL LTLHEEDH B L DPE V, &
B, HIVEBEZORHEAHEL LTEHREDEELS
BHEQD D2 LTEETLLERD S,

1. BHBENESR

BHBEIEENICEROY A7 PSBRLIKETH S,
World Health Organizaiton (WHO) DT, ["EHERAEIZ,
REEEFHBROMEEDRE 2L L, Folknk
DAL, BROBBEIEAT 2ER]EShaY, HE
ZWE L TZEI AT — XRBINE (dual-energy X-ray
absorptiometry : DXA) ZSEH &N Tw5, ThiZZOoNE
BAHAIANF—E—IEFTHXHE AMRICEEL, 28
HEORERPSEMEAB Y- ) OBEHELNET 5 HE
Thb, B e LTRERF T3, KBEEME,
TEMWHSE AR B (T160-0023 HEHMHHEREHE 6-7-1

RRERAFRRERRREESR)
20131 AR AZE

BE BERECRFOMUBITETS S,

JEHED X ORBRE SRR DXA R T — 7 %R &
Ny, EElEOBENRE: ShTnd, BEILE
H20~30RTHAMLE LD, FoBEmEs &b ET
LTw< o ZDDHEERAL LR L EIC L D EROF
MzETHIe BEBRALBFEL R L EEREY TA D
T LS. WHO OB EETIIARHBEL S0 L
BT BRI DXA L 2 HEBENET TR a7
-23SDUTOREEEZRSND (R, KMEEHES
BHORBIETITI S 255 TEEICHRS  BHRE
LB ENG, BHEEETOEHIL, BEEICHEGERL,
VMPLOBE LD bPHHECREEFITE Eha,

T-ATTH-1.0~~-2.5 DAL E WAE (osteopenia) &
R, BRI ME sO U ToBEM T Z-A a7 (H5 -
N % —F &/ HEROERFH S O OBIERE) 248
AL, —20UT28%LT5, EFEOBHAITEHEBIED
NoEREEEEREOTREDLE L, DXA DA THE
FTEZEEET L v, BHBREDO TR EBHT A4 K5
4 VY CEBWFEIEITEN TN S (B 1), DXA O
ELTREEFERAOFHME (Young Adult Mean : YAM)
KR L%FERL%YAM ZEHL T3, BERERHER
FEIL YAM 70% Riff L ®EIN, TTAITICBIT S -25
RWICHL T B, 70 ~80% B BEWA & +5, EHE K
P RMBOmEZ2ERLBEE, wihMEuwHOE
ZHEICHW S,

2. HIVEREICHUDEBEBE - BFOESE

HIV BREFEIIBITA2BEEICOWTIIEREDNS L, w4
L ZEROER - Rl - AR LX) EL2Z05BRD
FEIL 22~T1%, BHEEIR 3~B% BEL ShTWwETY,
2006 EED A F 7 ) T AT, HIVEEZOEHEED
EFREL I5% CERLY R SELEREELEADITE
LENY, HIVBREETEERIS WL b EERET
HEINTWL, HIVEEZOBH OB RBILIEREZ LD
30~70% %\ ERE SN TVEETY, £ EBREPE LD
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£1 WHODBEBEIZXAZH AT IY —

EE BEEVPEERANOFHED -1SD (BERFE) Db TRa7=2-1
BEEERE (BRD) BEENTAITT-1L0AEL-25L)REV(-1>TAI7T>-25)
BAERE BEENTAITT-25UT (TA27=<-25)

EEEFHERE BEENEHBEL VT, | B EORBEEFZETS

| BEHL ENEEZ RPTOEMRE. 200 |

| Exmz sH2E ERBF, naREE ——
3

| Bt - BRRATS S UEHXER |
]

e s S 5 g —

(RERMIVAMOBO%EPD ) [ RERMFYAMOBIGKR
XIRRTRERLELL | FARXRRTREREORVSY

A ¥
+
§X W
: SR
= we | | MEMEEERT | | ERREzrY
|mﬁﬂﬁﬁ?ﬁ§®#¢| phyltsiy
BEHHRTE L BEERFHY
f BEEMAYAMO70%L L8026 | | BEAME P YAMD70%58
\ELRXBRTRER(EOEVSY) | | 22 RBTRERESY
v v

B 1 BHBEOTHLBESA N7 4 ¥ 2011 FRRICBG 2 REEEFHBEOSM FIR (ST 2)

WHETH LA, FEREREE LI L CHIV ReE CEME
FERPBRPEEIIZ VI L —H L TWwa,

HARCBT 28R F 2 REPD IR TH 228, B
HEMKEFRRICBITAHIREHRET 5, 2024F 12 BH
EDOEFIZBIT B 50 % Lo HIV EEE 156 B0 ) &,
DXA L& 2 BEE O M % 96 Bl (G ILfE 57 %, B
93.7%, ART ki 98.9%) TEM L Tv:7z. WHO ZE#IZEB
T AEMERER 17680 (17.9%), BHEAER 47 61 (49.5%)
TdH o720 YAM 70% Rim DIERNZ 23 61 (24.2%) TH D,
YAM 70% LL 1 80% Kiiii 1% 25 Bl (26.3%) T - 7z, B H
124 Bl (25.3%), BB 136 (13.7%), HRFEIX
TR (74%) BHENTZ. SOBRULEEBEL TWAER
HHRREECk L FIEABELHE SN, BRETFELT
EEEBEREOBEDRIEE NG, L) REELZRAEIC
I BBRESLEL BN,

3. HIVEZREOESZEETOERER

FOEFEZRFRIBLIZEFHREBEMED 2012
IoTiTbhTwah, BFMRITEEEZ/FHL, ®EM
Jaidh 2 T5, BREBRICIVERZZT2700,

EHICEEMBIC L 28RS BFMIRIC X 2 BKIC
INEBEOYVEFY VT %2IToTWAh, TODINT VAN
BRI BE AL 2 B & TRINASTLAE L B R T A5 &
Bo HIVBEHZDOBEEERTIIEROER»ES L THE
CHEEZEZLNTBY, L LBHEINTEERETF
WIMZ T, HIVICE 2 RER ART IC L 2B el
TWwh,

1. EETEPEMHEICLIHE

R LERMENTVBERRF L U CHRBREET -
B - 7V a— ) - RRIE - IEEEET - BEE - ¥y 3 v
DRZZENFHITHNS (F2), HIVREREEIIBITLE
FERTEOMERT L LT, & - BMIRE Mgk
BEART - BB - BRI - R 7O NER"TY & S AR
HCHEZERIN TV, BRELAELOBELZHN
72AFTFU YR T HIV BEBIIFEREE & A
EIF 5.1kg B, HIVREZOEFEERTIZAECH
B3 EEBEELERALREIRD R Do 72 HIV BREE
DEFERTIIRAEEITE FHEL TSI iR g =
N5, MSM (men who have sex with men) %812 L7258
ETIEHVEREOFEICEFRLZL, —BAOXDLER
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¥ —F—EERE- 774 7V —EERH

oD IR R KGREAE - BIRTE - 7 v ¥ V7 EER - BRE - BERER FRIRRRETTEE - FIRRhEE

HILERE EEFR - U Ty 2 BUR - BEEBER - BIRE - EREEETEE

M EE MAER - AIE - U > E - SEEEHE - RFNEE - v5£37

iR FSE- 4 vad F—3 2

G - SRR B YT - 2EHIY) T -T2

EEBIE 7IJva—IJb (>3 drinks/day) - Ca ERRE - FEER - BETE - QE

Z DA BEREET Y M= 2 - 9 o e A e - BHEE  EHERR - 5 oR - BRESEEEE -
W - LEMEEUE - HEBE - E23CDRE

FEH PURER - PUEEE - FTFIVUD R - FUBHRE - MU POYAIRE - 2 0ARY Vv - ¥

7Ty A2 - EEEEH - 2504 K - GdRH 7 T=2 b

FOak R THEH

CUFTA AP LEF—

KE ©HIV BREE TRICBEDRWERE - 35,

BETHEZVWETIHELH DY, HIV BEEO MSM I
BWTHMEELSEH SN TV A EEEERAIHEI KR
HFELTEETHD I EARBEND, BRELEEYE
Fi, HCV LS/ &0 HIV BEF CTHUFFID LIRS <
HONBEFLBEL TV LAEEIE V.

3-2. HIV LK 2EENEZE

HIV BB o & &2 4 v A4k, nadir CD4 KA I
RENLETLFEHAL LD HIVEREZOEERERTO
BERETE LTERBENTH Y, 204, HIVOE
R EBILILTBERETHEE SN TS, Invitro
DOWFEIZXBEHIV D7 A VAEBHTSH D Vpr % gpl20
IR S 2 IS AL S B, pS5-gag I3 B MO IEE
RURIL 7R -V AREMEEE I EBMENTWEY,
F/z, HIVOEHIC L 2BEHENZEEZ T TR, BER
SRS B ENL L IC X BN REEIREESNT
V5, TNF-a % IL-6 3B ML % 1R L BRI % B9
LEND, FFMBRIER LETMREREZEEST 2
RANKL (receptor activator of NF-xB ligand) & HIV-RNA &
ELAEET Y, £ANICHV OBBIZL ) BRED/ T
VA ERNABRORREE 2 ), BEERTICORYS
CENTRBEEND, FEHREIIBVTD, HIV BREEDN
BEHREERTOMILEREFTHLIEPREINTS
D, HRENAZEBRREATFZT TR HVICE ZBENGHE
FEETICEEL TS EEZ BNE,

3-3. ART (CLBEE

ART TEA SN2 EAHOEEICEBRR {, ART BHiE#E
48~96 BRI BBEIZ 2~6% KT T2 2 LB EEOH

FTRENTWE™Y, ZoBLIMBoATEHATE
¥, FREROTED 2 EMICB T AEICHY T 58
COHEEEOREITLEL, BRINEMIR 50D
5 LHER & LTV B, The Strategies for Management of Anti-
retroviral Therapy (SMART) Study {238V T, ART % f#kfic
LZBICBWT, ARTHEBLLMERLAEZEHREOR
LEBRDTVBEY, ART RIRDSEM & 72 o 7212 B
WTEBERLRYZEL TWwb7-9, ARTHBERIEE
BICERESRT 5%, BHEEAEL L DITRAICREL
TV ZEHRENTVEY,

% DEHFE LTiZ, YO 7o7r7—EHEEAFERE
DEEPL LEHINTWEY D, BEEORETIIEN
FEETHLOLH DY, FEHEIHEEN TR, Y07
7 — ¥ HEHI D 72 5> Tl Lopinavir/ritonavir (LPV/r) A%
FFOMY L faERF L5503 H 5%, Tenofovir dis-
oproxil fumarate (TDF) FERHIIEEEEKT &L OMEENERE
ENTWB™ Ky v CiThbNiz TDF 2 HH L -1
BRI FHOBRARTIE, TDFHEAETRECEId -2
PEBLRBEFERYZRD7, /- TDF FHEHMASE
A BEFHRIAZHBLEATLEVIRELHTWSE,
EEEWICB VT TDF 3BT 2 Y HREFAHEE S
NEARKIEDPBEINSE Z EPEA SN TWSDS, TDF
LB BEERSOFMLEFIFHTHLY, 20X
7 87 & International Antiviral Society-USA panel @ 2012
FEOHFETIHBRBELE~D ART ERIZBWT, TDED
HHZEILZLE2EETLLEERENTVLEY,
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4. B - BE

FHIBEIZIZE ALHPEERTH Y, BHERITIT
WWERP LB T2 LA TH 2, TO2DHDXAK
IO BBERNETAILIZIVBN TS . BRELE
BEDIZIZ 0% 2 HUIT 52, BYD30%TEE (ol
B BRANEE MHEROER BEROBRILORE
FERE) REETRE NG, BEOFMIEETHY,
RERE, £EHEERZEO ST 2ERETFRHRSEE
FIOBAAER EARANCHE T2 0ERD 5, BEER
TR LABCIREBHBEOSENIEETHY, &
By AEBRICH L TREREBREET I

[EHEEITE, BRESHOBKRRTTH Y, BELSD
DHETER - BRICHRE (REDOHEIS L E 2 5. E
BEHRGEBHRLED 5NL0, FEMET LI-EMNR,
HAROERZBD - ETTEER FRAXOMRIZES
PNTIEEFPZEE T L& TH D, McComsey 53 HIV
BB OBEE S0 U Lo B ks LU REE LA DXA
REMTARETHDEWELTB"Y,

FLT 2 EWERE T SBEAOEIHEN U X 7 % 57
3% — )T 5 Fracture Risk Assessment Tool (FRAX) A%
WHO 12 & D BE ST w53 (hitp : /www.shef.ac.uk/FRAX/) o
EH6, R, BE ARESCHET S EREATF & RKME Y
BHEEOMERANTAILICLY 1CEMOBREE (%)
EEHTAEILNTES, KIBEHEHEEEL AT L &L
THREEETRTH Y, HIRMHETHEBHIICHE TS
o WHTE LTRTRNCOBEREFEEEIN TRV
&, 40 VT OERN HIV BEE IR LT v v/
WY AT EARNHET 2SR DL, ZORREEHL
12 DXA OBEEEHNTAI L AEHEEbN S,

5. & =

BEOBZREFEOKRT, 208RELLTREZAEH
EFMT AL THD, INVTIARY Y I VD OHE
BHLEEYEOWNE, EYRERZEFH TN, G
B A TETWAY, HIVEEHZOEREEESE~D®
I DWTIERENL 2 & 2 AP E Vv, SBROMAICI VA
FEHHICHET 28 L uigst s T 2 RN D 2%, B
BaTHONAFERCIOVWTENS,

5. EZ3I>D

Yy I VDREZIBHEBECERE LTERSN TV S,
Yy IV DIEBBECBTAAL Y Y ARINERESES,
Yy I YDARDKEICL D ANy 7 ARED OmFEER
FURBBRELEE L 2 0, BRINARE S NERSISRES
5, EF I VDEARPLENMENGY, EBIKBVWTE
MREEIC XL > THEEREN D, AR AT NLY

73 v DRFBICBWT 25 ikBbY ¥ 2 » D[25(0H) D]
WKEHESN, 35ICBROEMREEICIBNTIe, 2514
KLY I v DTH B 1,25(0H),D ICEH S, jHHE
LB, FRAOESY I Y DFEES BT 50T 25
(OH)DETH Y, [ 1,25(0H),D BENOY Y I VD
BEEZREBLZVE ENTWSY, BEHKTIEMLE 23
(OH)D REIWEBEL I % . FHIEETH 5,

HIV BESEEIIBITAEY 4 3 VDB L TRBEIE <
AENBED, ZOFMIZ—EL TRV, ¥¥3D
RZWZBIT S ART ORBEHER SN TV 5A% Efavirenz
(BFV) 7885 ST 1P BFV IZFFIE IS B 1T B CYP2ad
FHEL, 25(0MD # EHER 0 24,25(0H),D WK EHR
F5. M 25(0H)D A, FEEIMET LW BER
KBOWTHET 2REE ST,

HEHEEHICI VY I VDEEBIIBTEESN
BH7=%, BIEHE BT Do 2WIRETIH
154, BRBTHILORESNTYS, LrLAES
EERICEVANRBIIIAY I VD EEABRERLI L
RENBIC L BRBFEDO VA7 ZHET AL, RIOITER
THIEPRELELOND, FEHEY & 3 ¥ DK
EHECTHALAZSWIIEI VY Y AENRE SIS
RAEBOCIIVDPBEHABTOEMERT & LI W
o, ¥7Y A PELTERTSZENHENTH S,
AROEMHBEN A NS4 Tid 1 B 400~800 HALnE
WAL TB DY, McComsey i 1 H 800~1,000 Hifir
OEWEHIZL TWB",

52, ERXRARZ—pEE

YARASR— MEEIHEFMEO BRI EIH L TEE
Bz b7:63HATH 5. —BADICBY B HERZE )
SEMTFHRHEIRENT VS, PAKAFRI— FEIZM
FREMET LRI BFCHELENEELET 2, 8
ERE LT, RERBE~ORMEICI2WTHE &%
K-BEEREYFDY, INTRDIPHBELORED
Hb, TNIEBDIEBEE I LEARA R A— EE
AL THENTESRN %S CEALERN TS
, BORBTORERITNTD S, WIREEITICHER
ZEZTTBLIEFRLET L, BRINOEBEOIHFNIC X
DIEERFHOEMAHRESLTEY, EHEMIELT
BHERPLETH B, HIVEREZIBVWTLEAKRAS
A= PREACL2BEEOUEIRE SN TR EHY,
BIRFHHREIIOWTRVELETHTH Y, SBROBERR
BNt RETHL. BHRATHREZRLBEY TR, ¥R
RARR— MEOHIV BEF BT 2E2H1L, Rk
HLEbLENWEITHB, CARAFF— P EFNFT
ZEEALITLAREIIVDAERINT VLI LR
iR E %5,
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EZFRAF A PEUINI S REFH - L BFOERE
BENTwA7, HIVERZFICBT2MET L WIRET
BV ESBOBESFND, —BICEAFAFRF— MEDL
NOGHBREREEEL LCL, FRETECT L TER
WIA MO T Vv EEFREY 29 —-ThHb50F T 72
VIRMEBENT WS, BEETTEZEA & KBEEHE
IUBHOBEELENS T, SBOFNLBERBE L%
25NB, $72, L MPTHY IV EF Y MK TH ST
YGF FIZEBRETIR LB - ARETtofes - 3¢
BN ETHT 5. BRORBEIEVENLE X R A
F R PRI BWEEICR U AER R SIBIR E 2 AT
Bl D B,

6. TFRHEHE

EHFCBNTHEREEINANEL LT, Ay oL - ¥
YIUDOWHE, BMLEE ZHNLEZRLITLN
5o McComsey S V7 AERICEHLTRERE LT
1,000~1,200 mg FRFE QBRI ZHEIE LT w s e LT
RISV LOWEES (VaXvsy . ¥yra- k1) %
YA b=y EBEIERLETY S EERHERLTCY
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B b

BHEBIE L F NI BT HIV BEE B 5 EE
TREGFEDVEDTH B, HEBIIEEORT IS
L, BEBEPEIE HVBREOREBRLEREENE
B CRSEIHITT 2 LEYRD B NS WRHE PR
AR EHE L, BT BLCEREIT> T RE
Thbo, COBBRIXMALRENEL L, §HBLERLIE
BIOBRPWMFEPLELEZ bNS,

B

AETHEBMA LTI RED—E0E, TR 24 FEEES
BR2WRBERY S (oA EMREE) 25 CER
L7=bDTHb,

X (73

1) Borderi M, Gibellini D, Vescini F, De Crignis E, Cimatti L,
Biagetti C, Tampellini L, Re MC : Metabolic bone disease
in HIV infection. AIDS 23 : 1297-310, 2009.

2) BHBEDO TR LIBHETA P4 VERZEAZ - BM
REDQOTHEWRETA NT 4 22011 L. 74 74
AL AHRR, RE, 2011

3) EFEBERICBY BNV A HMEES - £FEE
REWIRZ CET2HHBAAF. 94 7F4A 2V R

4)

6)

7)

$)

9)

10)

11)

14)

HibR, BH, 2011,
Assessment of fracture risk and its application to screening
for postmenopausal osteoporosis. Report of a WHO Study
Group. World Health Organ Tech Rep Ser 843 : 1-129,
1994,

Mondy K, Yarasheski K, Powderly WG, Whyte M, Claxton
3, DeMarco D, Hoffmann M. Tebas P :

evolution of bone mineral density and bone markers in

Longitudinal

human immunodeficiency virus-infected individuals. Clin
Infect Dis 36 : 482-490, 2003.

Amiel C, Ostertag A, Slama L, Baudoin C, N'Guyen T,
Lajeunie E, Neit-Ngeilh L, Rozenbaum W, De Vernejoul
MC : BMD is reduced in HIV-infected men irrespective of
treatment. J Bone Miner Res 19 : 402-409, 2004.

Carr A, Miller J, Eisman JA, Cooper DA. Osteopenia in
HIV-infected men : Association with asymptomatic lactic
acidemia and lower weight pre-antiretroviral therapy. AIDS
15:703-709, 2001.

Jones S, Restrepo D, Kasowitz A, Korenstein D, Wallenstein
S, Schneider A, Keller MJ : Risk factors for decreased bone
density and effects of HIV on bone in the elderly. Osteoporos
Int 19: 913-918, 2008.

Yin M, Dobkin J, Brudney K, Becker C, Zadel JL, Manandhar
M, Addesso V, Shane E : Bone mass and mineral metabo-
lism in HIV" postmenopausal women. Osteoporos Int 16 :
1345-1352, 2005.

Arnsten JH, Freeman R, Howard AA, Floris-Moore M, Lo
Y, Klein RS : Decreased bone mineral density and increased
fracture risk in aging men with or at risk for HIV infection.
AIDS 21 : 617-623, 2007.

Cazanave C, Dupon M, Lavignolle-Aurillac V, Barthe N,
Lawson-Ayayi S, Mehsen N, Mercié P, Morlat P, Thiébaut
R, Dabis F : Reduced bone mineral density in HIV-infected
patients : Prevalence and associated factors. AIDS 22 : 395~
402, 2008.

Brown TT, Qagish RB : Antiretroviral therapy and the
prevalence of osteopenia and osteoporosis : A meta-analytic
review. AIDS 20 : 2165-2174, 2006.

McComsey GA, Tebas P, Shane E, Yin MT, Overton ET,
Huang JS, Aldrovandi GM, Cardoso SW, Santana JL, Brown
TT : Bone disease in HIV infection : A practical review and
recommendations for HIV care providers. Clin Infect Dis
51:937-946, 2010.

Womack JA, Goulet JL, Gibert C, Brandt C. Chang CC,
Gulanski B, Fraenkel L, Mattocks K, Rimland D, Rodriguez-
Barradas MC, Tate J, Yin MT, Justice AC : Increased risk of

75 (13)



T Muramatsu and Y Yamamoto @ HIV Infection and Osteoporosis

fragility fractures among HIV infected compared to
uninfected male veterans. PLoS One 6 : 17217, 2011.

15) Triant VA, Brown TT, Lee H, Grinspoon SK : Fracture
prevalence among human immunodeficiency virus (HIV)-
infected versus non-HIV-infected patients in a large U.S.
healthcare system. J Clin Endocrinol Metab 93 : 3499-3504,
2008.

16) Collin F, Duval X, Le Moing V, Piroth L, Al Kaied F,
Massip P, Villes V, Chéne G, Raffi F : Ten-year incidence
and risk factors of bone fractures in a cohort of treated HIV-
1-infected adults. AIDS 23 : 1021-1024, 2009.

)} Bolland MJ, Grey AB, Gamble GD, Reid IR : Low body
weight mediates the relationship between HIV infection

—
=3
R

and low bone mineral density : A meta-analysis. J Clin
Endocrinol Metab 92 : 4522-4528, 2007.

18) Grijsen ML, Vrouenraets SM, Wit FW, Stolte 1G, Prins M,
Lips P, Reiss P, Prins JM : Low bone mineral density,
regardless of HIV status, in men who have sex with men. J
Infect Dis 207 : 386-391, 2013. 2012 Dec 11. [Epub ahead
of print]

19) Bruera D, Luna N, David DO, Bergoglio LM, Zamudio J :
Decreased bone mineral density in HIV-infected patients is
independent of antiretroviral therapy. AIDS 17 : 1917-1923,
2003.

20) Fausto A, Bongiovanni M, Cicconi P, Menicagli L, Ligabd
EV, Melzi S, Bini T, Sardanelli F, Cornalba G, Monforte Ad :
Potential predictive factors of osteoporosis in HIV-positive
subjects. Bone 38 : 893-897, 2006.

21) Fakruddin JM, Laurence J : HIV-1 Vpr enhances production
of receptor of activated NF-kappa B ligand (RANKL)} via
potentiation of glucocorticoid receptor activity. Arch Virol
150 : 67-78, 2005.

22) Fakruddin JM, Laurence J : HIV envelope gp120-mediated
regulation of osteoclastogenesis via receptor activator of
nuclear factor kappa B ligand (RANKL) secretion and its
modulation by certain HIV protease inhibitors through
interferon-gamma/RANKL cross-talk. I Biol Chem 278 :
48251-48258, 2003.

23) Cotter EJ, Malizia AP, Chew N, Powderly WG, Doran PP :
HIV proteins regulate bone marker secretion and transcrip-
tion factor activity in cultured human osteoblasts with
consequent potential implications for osteoblast function
and development. AIDS Res Hum Retroviruses 23 : 1521—
1530, 2007.

24) Lam J, Takeshita S, Barker JE, Kanagawa O, Ross FP,
Teitelbaum SL : TNF-alpha induces osteoclastogenesis by

o
4]
~—

28)

29)

30)

31)

32)

33)

34)

direct stimulation of macrophages exposed to permissive
levels of RANK ligand. J Clin Invest 106 : 1481-1488,
2000.

Hashizume M, Hayakawa N, Mihara M : IL-6 trans-signalling
directly induces RANKL on fibroblast-like synovial cells
and is involved in RANKL induction by TNF-alpha and IL-
17. Rheumatology (Oxford) 47 : 1635-1640, 2008.
Gibellini D, Borderi M, De Crignis E, Cicola R, Vescini F,
Caudarella R, Chiodo F, Re MC : RANKL/OPG/TRAIL
plasma levels and bone mass loss evaluation in antiretro-
viral naive HIV-1-positive men. J Med Virol 79 : 1446-
1454, 2007.

Brown TT, McComsey GA, King MS, Qagish RB, Bernstein
BM, da Silva BA : Loss of bone mineral density after anti-
retroviral therapy initiation, independent of antiretroviral
regimen. J Acquir Immun Defic Syndr 51 : 554-561, 2009.
Walker Harris V, Brown TT : Bone loss in the HIV-infected
patient : Evidence, clinical implications, and treatment
strategies. J Infect Dis 205 (Suppl 3) : S391-398, 2012.
Grund B, Peng G, Gibert CL, Hoy JF, Isaksson RL, Shlay
JC, Martinez E, Reiss P, Visnegarwala F, Carr AD : Conti-
nuous antiretroviral therapy decreases bone mineral density.
AIDS 23 : 1519-1529, 2009.

Bolland MJ, Wang TK, Grey A, Gamble GD, Reid IR : Stable
bone density in HAART-treated individuals with HIV : A
meta-analysis. ] Clin Endocrinol Metab 96 : 2721-2731,
2011.

Duvivier C, Kolta S, Assoumou L, Ghosn J, Rozenberg S,
Murphy RL, Katlama C, Costagliola D : Greater decrease
in bone mineral density with protease inhibitor regimens
compared with nonnucleoside reverse transcriptase in-
hibitor regimens in HIV-1 infected naive patients. AIDS 23 :
817-824, 2009.

Amiel C, Ostertag A, Slama L, Baudoin C, N'Guyen T,
Lajeunie E, Neit-Ngeilh L, Rozenbaum W, De Vernejoul
MC : BMD is reduced in HIV-infected men irrespective of
treatment. J Bone Miner Res 19 : 402-409, 2004.

Bedimo R, Maalouf NM, Zhang S, Drechsler H, Tebas P :
Osteoporotic fracture risk associated with cumulative ex-
posure to tenofovir and other antiretroviral agents. AIDS 26 :
825-831, 2012.

McComsey GA, Kitch D, Daar ES, Tierney C, Jahed NC,
Tebas P, Myers L, Melbourne K, Ha B, Sax PE : Bone
mineral density and fractures in antiretroviral-naive persons
randomized to receive abacavir-lamivudine or tenofovir

disoproxil fumarate-emtricitabine along with efavirenz or

76 (14)



The Journal of AIDS Research Vol. 15 No.2 2013

(%]
e
~—

36)

38)

39)

atazanavir-ritonavir : Aids Clinical Trials Group A5224s, a
substudy of ACTG A5202. ] Infect Dis 203 : 1791-1801,
2011.

Stellbrink HJ, Orkin C, Arribas JR, Compston J, Gerstoft J,
Van Wijngaerden E, Lazzarin A, Rizzardini G, Sprenger
HG, Lambert J, Sture G, Leather D, Hughes S, Zucchi P,
Pearce H : Comparison of changes in bone density and turn-
over with abacavir-lamivudine versus tenofovir-emtricitabine
in HIV-infected adults : 48-week results from the ASSERT
study. Clin Infect Dis 31 : 963-972, 2010.

Thigpen MC, Kebaabetswe PM, Paxton LA, Smith DK,
Rose CE, Segolodi TM, Henderson FL, Pathak SR, Soud
FA, Chillag KL. Mutanhaurwa R, Chirwa LI, Kasonde M,
Abebe D, Buliva E, Gvetadze RJ, Johnson S, Sukalac T,
Thomas VT, Hart C, Johnson JA, Malotte CK, Hendrix
CW, Brooks JT : Antiretroviral preexposure prophylaxis for
heterosexual HIV transmission in Botswana. N Engl J Med
367 : 423-434, 2012.

Bedimo R, Maalouf NM, Zhang S, Drechsler H, Tebas P :
Osteoporotic fracture risk associated with cumulative ex-
posure to tenofovir and other antiretroviral gents. AIDS 26 :
825-831, 2012.

Thompson MA, Aberg JA, Hoy JF. Telenti A, Benson C,
Cahn P, Eron 1], Giinthard HF, Hammer SM, Reiss P,
Richman DD, Rizzardini G, Thomas DL, Jacobsen DM,
Volberding PA : Antiretroviral treatment of adult HIV
infection : 2012 recommendations of the International
Antiviral Society-USA panel. JAMA 308 : 387-402, 2012.
Rosen CJ : Clinical practice. Vitamin D insufficiency. N

40)

41)

42)

43)

44)

45)

Engl J Med 364 : 248-254, 2011.

Dao CN, Patel P, Overton ET, Rhame F, Pals SL, Johnson
C, Bush T, Brooks JT : Low vitamin D among HIV-infected
adults : Prevalence of and risk factors for low vitamin D
levels in a cohort of HIV-infected adults and comparison to
prevalence among adults in the US general population. Clin
Infect Dis 52 : 396-405, 2011.

Childs K, Welz T, Samarawickrama A, Post FA : Effects of
vitamin D deficiency and combination antiretroviral therapy
on bone in HIV-positive patients. AIDS 26 : 253-262, 2012.
Brown TT, McComsey GA : Association between initiation
of antiretroviral therapy with efavirenz and decreases in
25-hydroxyvitamin D. Antivir Ther 15 : 425-429, 2010.
Welz T, Childs K, Ibrahim F, Poulton M, Taylor CB, Moniz
CF, Post FA : Efavirenz is associated with severe vitamin D
deficiency and increased alkaline phosphatase. AIDS 24 -
1923-1928, 2010.

Bolland MJ, Grey AB, Horne AM, Briggs SE, Thomas MG,
Ellis-Pegler RB, Woodhouse AF, Gamble GD, Reid IR :
Annual zoledronate increases bone density in highly active
antiretroviral therapy-treated human immunodeficiency
virus-infected men : A randomized controlled trial. J Clin
Endocrinol Metab 92 : 1283-1288, 2007.

McComsey GA, Kendall MA, Tebas P, Swindells S, Hogg
E, Alston-Smith B, Suckow C, Gopalakrishnan G, Benson
C, Wohl DA : Alendronate with calcium and vitamin D
supplementation is safe and effective for the treatment of
decreased bone mineral density in HIV. AIDS 21 : 2473~
2482, 2007.

77 (15)



J-H10 A4-S
R-PP




