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Abstract

Objective: To investigate the relationship between HBV DNA load and bone mineral density (BMD)
at different sites in middle-aged and elderly patients with chronic hepatitis B (CHB) who have not
received antiviral therapy, and to analyze the site-specific and sex-specific differences of this impact,
thereby providing a basis for early screening and risk stratification of osteoporosis. Methods: This
cross-sectional study retrospectively enrolled 362 treatment-naive CHB patients (postmenopausal
women and men aged = 50 years) who concurrently underwent HBV DNA testing and dual-energy
X-ray absorptiometry (DXA) at The Affiliated Hospital of Qingdao University between January 2014
and January 2024. Patients were divided into a high viral load group (n = 141) and a low viral load
group (n =221) based on an HBV DNA cutoff of 2000 IU/mL. General clinical data, serological mark-
ers, and BMD T-scores of the lumbar spine, femoral neck, and total hip were collected and analyzed.
Statistical analyses included t-tests, stratified analysis, linear regression, and Spearman correlation
for intergroup comparisons and association assessments. Results: BMD T-scores at the lumbar
spine, femoral neck, and total hip were significantly lower in the high viral load group compared to
the low viral load group. Age-stratified analysis revealed that the negative effect of high viral load on
BMD was present across all age groups and sites in male patients, whereas in female patients, it was
primarily confined to the lumbar spine. Multivariate linear regression analysis, after adjusting for
confounders, confirmed that high viral load remained an independent risk factor for BMD reduction
at all sites. Sex-stratified analysis indicated that in male patients, high viral load was significantly
associated with lower BMD at all sites, with the strongest effect observed at the femoral neck. In
contrast, in female patients, viral load was independently associated only with lumbar spine BMD.
Correlation analysis further confirmed that viral load showed the strongest negative correlation
with femoral neck BMD (r = -0.401), and this association was particularly pronounced in males.
Conclusion: In treatment-naive middle-aged and elderly CHB patients, high HBV DNA load is an in-
dependent risk factor for decreased BMD. Its impact demonstrates a distinct sex-specific pattern: a
widespread, multi-site effect across all age groups in men, most notably at the femoral neck, while
primarily affecting the lumbar spine in women.
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1. 51§

&Pt 2B %% (chronic hepatitis B, CHB) iR #E /B Y& A BR B K AL PA 2 —, S [EJE T CHB H1%%
WATIX[1]. 2020 E¥dE Eon, RELA 7500 77 CHB i3, 1BAVA 17.33%M NFE52 7697, Ede R
B ARSI EORBSZVEIR ST I B, 1K N R i3k e SR QI RORE K A T AE AR U [2] . CHB
5E SN HBsAg FHYERREEEIE 6 N H, AT A FIZKF ) HBV DNA [3], @ S I 2 PPt 2 = IR
A HEIRIT 7 R I TG B HE [4] [5]. BRIFIEA & A2 4h, CHB & nl 5l &2 PRI, &
JRGAA J& Fo £ 52 VR I —Fh (6] FLAAENLEIE K Z R RILRIVER 35 v] B3R & B 1) 70 5 40 i
[71, 4 BB A DR R B A IS Ak s[RI, R GEME JORE SR (B IL-6+ TNF-a 7K T )ik — 25 Tl &
W5 25 R I FR 8]

BB A 5 B PR R 7 XU 384 0 >y 32 BERFAE[9], 7™ B 5 M) 6 3 A 1% O3 F i SRV B AL 2 6 4H
WEFT 7 CHB SR (1B b Aa A 3 XU 73 0 i B N B T v 1.76 50 2.43 £i%, HAFAEME 7 22 57 [10].
BN, AR BT £ %5 2 (bone mineral density, BMD)ii R FEE IRA—5. HRkiEiE L, CHB Bk
HET (AP RACT M T, SRl i &b o= E 1], — DR E CHB &3 1) 2547
BMD i 5E i — 0 R, FEEAR R I R T, i R ME D S, e SR TR A R T
o B R ) s [12]

RECH I RIS S & R %V, (BAEREPURTERIT 24 CHB B3, Wi
B HAEFAL BMD (U EHE . B 30 5 A0 (1 0C 2 M R B A . At F0 R R T 820, B 7EERTT HBV
DNA /KF 5 24F CHB &3 A [EFAL BMD Z IRl DCHE, 1R S 25 2 0 BMD 500 i 2 2 10
AL, RS TE AR = Sl AR5 2 PR AR, T B B o R B SR 10 AR AU

2. #RERE
2.1. ARTR

AR TN —BUREWTTHT 7T, LRGN 2014 4F 1 A % 2024 45 1 A AIETEF 5 K 22 B = B Rl 3 52
HBV DNA fi5e K& A HE X e USA I (DXA) FIARFUR BRI IT I CHB 3%, QFE44 )5 Lotk ) Fie > 50
STV, FERAREL R (1) FRE > 80 %(16 #); (2) HBV DNA 5 DXA f [l k@it it 6 J& (12 4);
(3) M= E e H AN 25, AR HUE BB 25 (N XUBE IR & o B0 31 55) A B0 o i 2570 (an i e Joi
B T4y PITERR R RE s TR AE) (8L B); (4) & IF™ HEEME AR P, an FRAR AR T e ot
FORSZ BRI RETURE . FETRSEAAE . RFEAL Child BIC 2. ZARIAE M MK RGEMEMR . XIS e Mk
I3 B BRI 5 (70 B); (B) HABMERT I EEEk HIV AP B); (6) A EBME LG B); (7) EIrids
ANTEHE(24 B) . A ILGN 362 B, HHE HBV DNA 7K°F(LL 2000 1U/mL, B logio 3.3 IU/mL A %)
[3]53 AR B E 4L (n = 220) M & B a2 (n = 141) . ARE IR 55 KM 8 EE B Ae 32 0 2t v,
Ji [ B P 25 3 T EL AN A RS BUE I, Wk o A R, B A Rl Rk R 285 5 ) AR Bk

2.2. WAFGZE
(1) AT 45 E Y (HBeAg, HBCAD) i I FfER5 Architect i2000SR 4= H Bk 24 & 6 2 43 B AR
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Horf HBeAg K XA & 0032, HBCAD SR 7e 4+ - HBV DNA 52 Sl i fE 5% m2000 s2i 5% ) 2 & PCR
RAHEAT, W HBV 2 REHER SR IX, nERS A-H BEHRE L E WEHAR . A7 HBV DNA
(IU/mL)EAT LA 10 NI Bk, 45 LA logio 1U/ML o, AT Ge T 79 b7 2SR el 1 i 8 5400
(2) BMD K63l i ] 5[] OSTEOSYS 24 &) 427 ¥ PRIMUS LA X £ %5 FEAX, I 5E B A7 40 55 B ME (L1~L4) |
JEE 2 R A o A H DR RT3 AT AR A i DR UE B e o A8 H BT SR, BMD {E AR T
B, ZENZAHE BMD SFEME. PR @R ARETY) BMD 32 bndE 2240

23. G FERE

AHF TR SPSS 27.0 #HAT ST . ESAR B IEA S Kolmogorov-Smirnov A5G 1Ak . 745 & IE 4
AR E TR AR £ AR RN, I EEBCR MO REA t k50 R RS040 Bk A A 2 (1Y 437
lalPE)#oR, AE SR A Mann-Whitney U #6556, 732845 & DLBIEL(F 2 L) ffid, AL ELECR A 2
Bo NTESRER SYERIREEIR S, PRI P2 2 IR AL 50 A BB a2 2 R 2L 1) 11
BMD %% . RSB ER S 2 H &R/ Hrp 5530 E X BMD T B SZR 0, 752 KR % B H R
W T ER . M. BMI S E, R B H X 95% Cl . KA Spearman #H2< R E0(r) AT 55 5K
=5 BMD MIAEOCHE, g7 Bt [l A B R TSR 26 (Slope) 5 U8 REU(RY). A R e 35 0, P
<0.05 HZERA G E L.

3. &R
3.1 BiRFSHEAESEERNXE

AHFFILANN 362 Bl K22 HUwFFIAIT I 2 4E CHB ¥, #4lE HBV DNA /K7 (DL logo 3.3 1U/mL
NIV APEA: R R EA(h = 220D MmEidE s E A (n = 141). Bkt 177 51(48.9%), Hik:
185 1711(51.1%), B AR A A A 0] o A 22 5 B Gt 27 (P = 0.017). S s 4 B (111
TENE N 64.071+8.205 ¥, BEE TR S EALN 62.041£8.322 £ (P=0.023). Ut4h, mEiRdEEAR
N e HLE K (61.342 + 254.470 1U/mL) &35 & TR 4 & 24H(5.731 £ 22.757 IU/mL, P = 0.011), ZJjt
W A 7K S IR 51 (8.707 + 3.206 vs 7.976 + 2.574, P = 0.017). PiZHIfEMAEIEE. mIE. FERMG. &
O B EAE A R D ARG O WO G L LB T B DL A S AR AR AR (BLAR LR L B R
BN TEREEREE . VUEF. R (B ) T ) 2 S e g R (3 P > 0.05, & 1).

Table 1. Comparison of baseline characteristics between high and low viral load groups in CHB patients

* 1 BEFSHEAEZASE—RARLER

55 LN (SR ¢l R R A P
(n=362) (n=221) (n=141)
PR, %) 0.017
pegiis 177 (48.895) 97 (43.891) 80 (56.738)
St 185 (51.105) 124 (56.109) 61 (43.262)
TR (D) 62.831 + 8.325 62.041 + 8.322 64.071 + 8.205 0.023
1A FE 4B (kg/m?) 24.429 + 3.240 24.692 + 3.303 24.017 + 3.104 0.053
5 L (B, %) 174 (48.066) 103 (46.606) 71 (50.355) 0.486
BE LRI (11, %) 209 (57.735) 134 (60.633) 75 (53.191) 0.162
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I (B, %)
ARSI, %)
fEH4EE R D, %)
WAHAE, %)
YA, %)
T e PR
ZHF LA
HEH(L)
BHEEE (VL)
BHFEAMUIL)
TRl s R Tl (U/L)
JUUEF(umol/L)
1% (mmol/L)
1% (mmol/L)
145 (mmol/L)
/R EE(x109/L)

99 (27.348)
2 (0.552)
2 (0.552)

65 (17.956)

65 (17.956)
27.392 + 161.758
8.261 + 2.855
46.181 +9.222
28.954 + 32.589
36.735 + 69.293
73.898 + 31.134
71.000 (55.000, 79.975)
5.980 (5.050, 6.867)
1.154 +0.231
2.280 +0.141
202.605 + 58.016

55 (24.887)
1(0.452)
1(0.452)

36 (16.290)
40 (18.100)
5.731 % 22.757
7.976 +2.574
46.814 + 9.564
27.708 + 28.308
35.696 + 56.830
71.895 + 32.840
71.200 (54.000, 81.200)
5.980 (5.030, 6.820)
1.166 + 0.243
2.281+0.143
205.548 + 55.577

44 (31.206)
1(0.709)
1(0.709)

29 (20.567)

25 (17.730)
61.342 + 254.470
8.707 + 3.206
45.190 + 8.599
30.907 + 38.381
38.363 + 85.448
77.038 + 28.079
69.500 (56.000, 78.000)
6.010 (5.130, 7.110)
1.134 +0.209
2.280 +0.139
197.993 + 61.565

0.188
1.000
1.000
0.301
0.929
0.011
0.017
0.102
0.363
0.722
0.126
0.943
0.757
0.196
0.970
0.227

32. BRFEHEABTFRBMUSTEELER

HidE— R FE HBV DNA 7K P15 BMD Z[HIFOCFR, FRATELER 7. I 5 a4 8 AN (R 1)
BMD T . 453 E/R, P4LA&HA BMD Z R AA BE G5 (K 2). @i se s 4 B3 1 IEHE
T N-1.191 + 1.761, HF (L THE TR ELHAI-0.195 + 1.860 (P < 0.001). W& T (A EIH R EN
N-1.712 £ 1.039, O] BAKF{RK B B 411-0.961 + 1.317 (P < 0.001). 4 #i#l T HfEE R FHREH AN

-1.666 + 1.193, [FIFEEEK TR ELN-1.061 + 1.678 (P < 0.001). LA ELEREH, mymdiskaEdl
A BMD 1E 2 7 35 . 3 FEAIC
Table 2. Comparison of bone mineral density at different sites between high and low viral load groups
2. BRRSHEETEBAEEELLR
5 =Y fiG AL R A R AL .
= (n = 362) (n = 221) (n = 141)
JEHE T {8 -0.583 £ 1.884 -0.195 £ 1.860 -1.191+1.761 <0.001
MeE 3 T E -1.254 + 1.269 -0.961 +1.317 -1.712 £ 1.039 <0.001
2 T -1.296 + 1.535 -1.061 + 1.678 -1.666 + 1.193 <0.001

33 FREUNTETHEHESERENXEK

NE G R HBV DNA #EA S5 BMD Z (AL OCHR,  HERRAE G 5 P50 KR T E 1,
AW FCRE— W RHEAT T 0B 0. GPREIR(E 3), EEHERMIER KRG, &SR ES BMD K[
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SCMTEARIERS B ) B R p s A7 e, H R PSR B — 80 m7E Lt R OGO R L
WS A A e . 78 B R, EUR A EEN BMD A SR 2 AEE T AR E K A AL B
RS, TEREAE SR ESRAHAL, <60 2. 60~70 % &>70 % = AMERAY, SREHE4M BMD T
HEFEM TSR EA. Hh, BEsEma fam 22 TN R W, EFTE FE BIE 2w E g2
B X (P <0.01), EWIALIRE 60~70 % 5>70 B4 RS B d i m ALK BMD T {E BB, X
1E<60 % 2 22 Rk 7K (P = 0.135). #HELZ R, fELMEEF T, SR EN BMD 182006
B FLs e R AR PR IEAE AT, <60 5 5 60~70 & A Hh i dE 2 ) T (A 3 B E UK P = 0.018),
HAE>T0 B HEFaterp, AMERAFHEG SR (P = 0.173). AL, FERCE IS 28w A AL,
BTG SR B 2H 1R BMD T B 22 R ¥R BoRn it 3, $on Ve 38 AR IEHESR 2 BMD 24 SR 3= 5
i PR

Table 3. Comparison of BMD T-Scores at different sites between high and low viral load groups, stratified by age and sex

3. TRIFR. HARZHEES. RFESHEHBSHUSTEE T EER
H1k Ly

i s A s A
s " wem omea P "0 mew ommam F

A

<60 84(4541) 0.50+1.81 -059+152 0010 68(38.42) -0.41+1.74 —145+166 0.018
JEME T  60~70 69 (37.30) 0.47+155 -048%152 0.020 69(38.98) -1.11+1.61 —1.97+1.31 0.018
>70 32(17.30) 058+1.76 -1.03+2.16 0.026 40(22.60) -1.90+1.14 —2.38+1.01 0.173

<60 84(45.41) —0.43+1.28 -1.90+1.04 <0.001 68(38.42) -1.10+1.39 -1.41+0.95 0.325

i T{H 60~70 69 (37.30) —0.85+1.14 —-1.72+1.20 0.005 69 (38.98) —1.69+0.93 —1.59+0.98 0.668
>70 32(17.30) —0.28+1.34 -1.74+129 0.004 40(22.60) -1.82+1.17 -2.10+0.78 0.393

<60 84(45.41) —-0.78+1.71 -1.35+1.20 0.135 68(38.42) —-1.40+1.64 —-1.93+0.89 0.134

AW T{E 60~70 69(37.30) -0.84+158 —1.71+1.45 0.032 69(38.98) —-1.24+1.79 —-1.69+1.26 0.228

>70 32(17.30) —059+1.66 —1.99+1.03 0.009 40(22.60) —-1.55+1.28 —-1.92+0.90 0.310

34. BRHHESTRBMUEEEEYISNHT

R R FE R E T CHB SR AN AR AL BMD BN 520, FRATR FH B IR 35 2 22 R e 4 Pk [ VA AR 7Y
AT, FHEERMHAT R . BEERESPIIRGE 4), RO B RS, s seE S . R
i A=K BMD T E ) 2 535 5 G e Ve B b mi iR 8 S I AN i T 2 Sk 24 MO,
S5EH TELGRE R, ZRERESITERE TORBES. . BMILERNE 1 Frs L sopAs
HEREFNERG TR, SRR SR B S50 BMD R BT SR R 2, Hoh S5 8 HE (8 = -0.640,
P <0.001). J&&#(8=-0.591, P <0.001) & 4= T {E(8 = —0.488, P = 0.003)3) B E K. A )EE, 1&
Ftkrh, ER ARG S S A BMD 3 DG, U HOR BB SR f oK (B = —1.139, P < 0.001). TMI7E
LT, ER RS EN S EME T ER ML A (8=-0.572,P=0.013), SEILEERE, H4
B TR LG 52 (P =0.071). VAR REERMAREEM (K 1), S EmEaEs B
SR NFESIBAL BMD — S S a1 2408, JGICAE 55 V1 390X S8y fe oy S 3, T P R s i Rl 2
TR BONA R .
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Table 4. Association between high viral load and bone mineral density at different sites
4. SREHESTRENUEZEERXEK

HBRE EZ7ES
AL B 95% Cl P B 95% ClI P

JEAE T 18 -0.997 -1.382~-0.612 <0.001  -0.640 -0.976~-0.303 <0.001
JUEEN M BT 1 -0.752 -1.009~-0.495 <0.001  -0.591 -0.832~-0.350 <0.001

AT HE -0.605 -0.924~-0.287 <0.001  -0.488 -0.802~-0.173 0.003

JEEAE T (A -0.931 -1.468~-0.394 <0.001 -0.831 -1.321~-0.342 0.001
Bk B30 T A5 -1.233 -1.605~-0.860 <0.001  -1.139 -1.497~-0.781 <0.001

BT E -0.654 -1.140~-0.169 0.009 -0.666 -1.136~-0.195 0.006

JEAE T 18 -0.706 -1.183~-0.230 0.004 -0.572 -1.018~-0.126 0.013
peq i M T AE -0.181 —-0.511~0.149 0.284

AW TE -0.440 -0.852~-0.029 0.038 -0.382 —0.794~0.030 0.071

—e— — BK-FEMTE
—e— o RE-REFTE

—e— = B-2HTE
——a—— = B-EETE
e— - BlE-IREHTE

—a— - BM-2WTE

—a——— = - FEHTE

-2.0 -1.5 -1.0 -0.5 0.0

Figure 1. Association of high viral load with bone mineral density across different sites and subgroups

1. FRIABETESHREHENTREMIEEENTIWIZE

35 HmEHESTRBLEREEXES

ANEMER CHB BE OB EES &AL BMD A kR B L spmiass, |ATHITT
Spearman FRAH G/ M FE 40 7GR a3 . [FI, SR ERZRE RS — P B AR R E S &AL
BMD T {5 [A] AR R o RS- BT SR B (72 5), W s #8825 EAE(r = -0.388, P < 0.001) i 30i(r =—0.401,
P < 0.001) &% 4:#i ) BMD T {H(r = —0.297, P<0.001)¥3) 2 5. M ARG R BT B & (K 28 2L
BARNTER, BENRABEEHRFHENTE, S0 BMDTHEEI FieE&s. H, Ram THS
T BB I U DG MR R, LR R AR Y e RA(R? = 0.123) A 1, $7n i #E 8 E 0 i 1531 BMD
{1 S I AF X LR

Y EER AT IR, XA S IATE B R M R ) R AR, (RS E . BB
MEEY, WEHESREI T EN AR NIRZ(r = -0.467, P < 0.001), . [H[J9#575 )443 (Slope
= —0.343) 5 € ZHU(R? = 0.227) ¥ N A A H e, RIS EE B, REREENE 5 BMD )
MO E, BRI . R, fE L b, B 5 M T R 47 AH DG P 5 (r = —0.388,
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P <0.001), M5 WE 3 T G RAHEME(r = —0.247, P = 0.001) % [5] A5 B fif %% 22 (R2 = 0.034) 2414555 o

Table 5. Correlation between viral load and BMD T-Scores at different sites

5 REHESTRMUBTEE T ERHEXMEDI T

HRAL r P Slope R?
JEEHE T 1 —0.388 <0.001 -0.321 0.129
EYLN MeE 3 T 18 —0.401 <0.001 —-0.211 0.123
A TE —0.297 <0.001 —0.203 0.078
JEEME T 8 —0.323 <0.001 —0.306 0.100
5 M3 T H —0.467 <0.001 —0.343 0.227
AT —0.295 <0.001 —0.251 0.085
JEEHE T 1 —0.388 <0.001 —0.244 0.116
Ltk B3 T E —0.247 0.001 —0.090 0.034
LT —0.218 0.004 —0.142 0.054
A PR’ B B4k C Bk
109 (-0388 49 =040 4 (0207
P <0.001 P <0.00‘1. P <0.00]1
a w
= [
e ]
8 & -
o 2 4 & & 1 o 2 4 & & 1 o 2 4 6 8 10
HBV DNA (log10 1U/mL) HBV DNA (log10 IU/mL) HBV DNA (log10 1U/mL)
10 (0323 47 (o467 47 =025
P <0.001 P <0.001 P <0.001
. 2. =2
f m )
= =
x &
[ -
"0 2 4 s & 1 o 2 4 6 & 1w 0o 2 4 & & 10
HBV DNA (log10 1U/mL) HBV DNA (log10 1U/mL) HBV DNA (log10 IU/mL)
. &= - &% I a3

47 =028
P =0.004

'G 1 T 1 1 1 -4 I 1 I l T 1 c T T 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
HBV DNA (log10 IU/mL) HBV DNA (log10 IU/mL) HBV DNA (log10 IU/mL)

E: BURERREAR; RO, BEONI 95%E XA,

Figure 2. Scatter plots with trend lines for viral load and BMD T-Scores at different sites

E 2 mEHESTEBLERE T ENHSESERE%
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4. 7ig

A IS R 24T T 362 FIRPUNERAIT A CHB B35 HBV DNA /KPS A AL
BMD Z [AIffI % R, WFFLAREIR, @ikl B r . B SR A3 BMD T {H3 B3 K T
WEEEN, SR EIREEES 250 BMD BREE MG, S PR SR E e, SiiEE
XS BMD (147 2 /e 5 M AR ok A7 7R R ISR BB, Wi ot R R N R R R T
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