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KEYWORDS Abstract Background/purpose: HIV-infected patients have a high prevalence of low bone
Low bone mineral mineral density (BMD), but BMD changes remain unclear. This cross-sectional retrospective
density; observational study aimed to characterize the prevalence and associated factors of low BMD
Fibroblast growth in HIV patients.
factor 23; Methods: Between 1 January 2015 and 31 December 2016, all patients aged 20 years or greater
HIV; who sought for HIV care were included. BMD was measured by dual-energy X-ray absorptiom-
Hyperparathyroidism; etry. Multivariable analyses of the association with HIV disease status, treatment and anthro-
Osteopenia pometric parameters were performed. Circulating fibroblast growth factor 23 and intact

parathyroid hormone were measured.

Results: A total of 137 patients was included; their median age was 39 years old; 97.8% were
treated with combination antiretroviral therapy (cART); Body mass index (BMI) was 21.97 kg/
mZ. Sixty-one patients (44.5%) showed low BMD (osteopenia and osteoporosis) based on the
WHO criteria. The median BMD was —0.80 g/cm? (IQR, —1.5 to —0.2). The prevalence rate
of low BMD was 37% in those who were aged 20—29 years, 45.2% in those who were aged 30
—39 years, 45.2% in those who were aged 40—49 years, 45.8% in those who were aged 50
—59 years, and 53.8% in those who were aged =60 years. More than half of patients (50.4%,
69/137) were younger than 40 years. Compared with normal BMD group, the low BMD group
has a higher proportion of secondary hyperparathyroidism (18.0% vs 5.3%, p: 0.026) and a lower
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median C-terminal FGF23 level (48.92 vs 62.61 pg/ml, p: 0.008). Univariate and multivariate
analyses of the factors associated with low BMD. We found that only serum intact-
parathyroid hormone (iPTH) > 69 pg/ml (OR, 3.86; 95% Cl, 1.14—13.09) was statistically signif-
icant associated with low BMD in multivariate analysis.

Conclusions: This cohort-based survey showed a high prevalence of low BMD among HIV-
infected adults which included young-age patient in an university hospital. Secondary hyper-
parathyroidism was significantly associated with low BMD. There was no association between

FGF23 and low BMD.

Copyright © 2018, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Advances in combination antiretroviral therapy (cART)
have led to an increased survival of human immunode-
ficiency virus (HIV) infected patients.”? Prolonged life
expectancy and cART exposure has been associated with
potential comorbidities affecting the bone, liver, kid-
ney, cardiovascular, and central nervous system.>™> Low
bone mineral density (BMD) has been reported in many
studies involving HIV-infected individuals, ® and an
increased susceptibility to fracture has been
documented.’

A meta-analysis review HIV-infected patients had 3
times higher prevalence of osteoporosis.'® Traditional risk
factors of low BMD include low body mass index (BMI), age,
menopause, vitamin D deficiency, tobacco, and alcohol use,
and hormone effect.'""'? The causes of low BMD among HIV-
infected patients have not been fully established and
appear to be multifactorial. It identify a complex patho-
genetic interaction involving viral infection, common risk
factors and cART."?

Fibroblast growth factor-23 (FGF23) is a 32-kDa bone-
derived hormone that plays an important role in the
regulation of phosphate by decreasing the reabsorption of
phosphate in the kidney proximal tubule,’* and in the
control of vitamin D and parathyroid hormone (PTH)
metabolism."® The FGF23 levels have also been associated,
not only in chronic kidney disease (CKD) patients but also
in HIV-infected patients with normal renal function, with
metabolic disturbances, fat distribution, and risk of car-
diovascular and kidney diseases.'®'” Some observational
studies that analyzed the correlations between FGF23 and
BMD in the general population vyielded conflicting
results.'® 2% One study revealed higher FGF23 levels were
associated with greater lumbar spine and total hip BMD.'®
Two studies showed no significant correlation between
FGF23 and BMD after adjusting for confounding vari-
ables.’%° To the best of our knowledge, there are very
few studies identify the correlation in HIV-infected
patients.

Epidemiologic studies of low BMD among HIV-infected
patients are still lacking among Asian populations. The aim
of our study was to determine the prevalence of and
associated factors with low BMD among HIV-infected pa-
tients from an university hospital in Taiwan.

Materials and methods

Study population and setting

HIV-infected patients >20 years old, who sought for HIV
care were invited to participate in a cross-sectional survey
of BMD between 1 January 2015 and 31 December 2016 at
Tri-Service General Hospital. Exclusion criteria were preg-
nancy, previous bone abnormality or having other diseases
that affect bone health, recent opportunistic infection, and
current treatment with immunosuppressants, chemo-
therapy and hormonal agents including testosterone,
megestrol, or thyroid replacement therapy. The study was
approved by the Research Ethics Committee of the hospital
and all participants signed written informed consent. (IRB:
2-103-05-135).

Laboratory investigations

A case record form was used to collect information on the
demographic and clinical characteristics of the patients at
diagnosis including age, gender, weight and height, and the
history of HIV infection and cART were collected. These
data included transmission route of HIV acquisition, time of
HIV infection (from the first positive western blot test or
polymerase chain reaction for HIV RNA), and the composi-
tion and duration of current cART. Blood samples were
collected for the determination of HIV-related parameters
(nadir CD4+, CD4+, CD8+ lymphocyte count and HIV RNA
load). Glomerular filtration rate (GFR) was estimated by
using the chronic kidney disease (CKD)-epidemiology
collaboration equation. Also, patients were screened for
hepatitis B and C virus coinfection, serum total calcium,
magnesium, inorganic phosphorus, parathyroid function
(serum intact-parathyroid hormone, iPTH).

The BMD of the lumbar spine and total hip were evalu-
ated by dual energy X-ray absorptiometry (DEXA) tech-
nique. The BMD T scores comparing the absolute BMD
results of participants to the young normal reference value.

Measurement of FGF23

Intact FGF23 is biologically active with direct effects on
phosphate, vitamin D, and PTH metabolism."” It is secreted
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and cleaved to inactive c-terminal fragments within oste-
ocytes.?’ We measured serum intact and C-terminal FGF23
by using commercial enzyme-linked immunosorbent assays
(Immutopics, San Clemente, CA, USA).

Definitions

BMI was calculated as weight in kilograms divided by height
squared in meters. Base on the WHO standards for Asian
populations, the cut-off value of underweight was
<18.5 kg/m?2.%2 HBV infection was diagnosed in presence of
hepatitis B surface antigen or HBV DNA test. HCV infection
was diagnosed in presence of a positive serology against
HCV. Secondary hyperparathyroidism was defined as an
elevated serum iPTH above 69 pg/ml, and the possibility of
primary hyperparathyroidism was excluded in presence of
elevated serum calcium (>11 mg/dl). Length of time after
HIV diagnosis was defined as the interval between the date
of the first documented HIV-confirmed test result and the
date of enrollment into this study. Combination ART was
divided into 3 classes, including backbone nucleoside
reverse transcriptase inhibitors (NRTI) plus non-nucleoside
reverse transcriptase inhibitors (NNRTI), protease in-
hibitors (Pl), or integrase inhibitors (ll). Use of tenofovir
disoproxil fumarate (TDF) was defined as taking cART that
contain TDF. Duration on cART was calculated by the
number of months of cART used. Participants with a BMD T-
score between —1 and —2.5 were categorized as having
osteopenia, and participants with a BMD T-score less than
or equal to —2.5 were categorized as having osteoporosis

according to the World Health Organization (WHO)
criteria.”? The prevalence and associated factors of low
BMD was determined based on the first DEXA scan available.
For the purposes of our study, we divided the participants
into 2 groups. Participants with osteopenia or osteoporosis
were considered to have low BMD. Normal group was
defined as with normal BMD values. This classification has
been applied by other authors extensively.

Statistical analysis

Categorical variables were analyzed using X* tests and
continuous variables were compared using the Student’s t
test. A P-value of <0.05 was considered statistically sig-
nificant. Factors associated with low BMD were identified
using the univariate logistic regression model. Candidate
variables with a P-value <0.2 in univariate analyses and
variables that were considered clinically relevant were
selected for subsequent multivariable analyses. Ninety-five
percent confidence intervals (Cls) of odds ratios (ORs) were
computed to estimate the effects of each variable. All
statistical analyses were performed with the SPSS software
version (SPSS Inc., Chicago, IL, USA).

Results

The baseline demographics and clinical characteristics be-
tween patients with low and normal BMD are shown in Table
1. Overall, 137 patients were included in the analysis; 127

Table 1 Demographic and clinical characteristics of patients with HIV infection stratified by bone mineral density.
All (n = 137) Normal (n = 76) Osteopenia + Osteoporosis p value
(n = 61)

n (% or interquartile range)

Male 127 (92.7) 70 (92.1) 57 (93.4) 1.000
Age, years 39 (30—-50) 38.5 (29.0—49.0) 41.0 (30.5—50.0) 0.328
>65 years 8 (5.8) 2 (2.6) 6 (9.8) 0.139
MSM 119 (86.9) 65 (85.5) 54 (88.5) 0.624
Length of time after HIV diagnosis, years 5.53 (2.46—10.49) 6.34 (2.28—11.68) 4.40 (2.77-9.92) 0.470
BMI, kg/m? 21.97 (20.74—24.61) 22.00 (20.39—24.89) 21.97 (20.78—24.42) 0.697
BMI <18.5 kg/m? 9 (6.6) 6 (7.9) 3 (4.9) 0.518
HBsAg positivity 17 (12.4) 7 (9.2) 10 (16.4) 0.297
Anti-HCV positivity 12 (8.8) 8 (10.5) 4 (6.6) 0.548
Nadir CD4-+ count 212 (55—336) 219 (49-351) 209 (58—320) 0.823
Current CD4+ count 539 (387—700) 520 (420—652) 556 (373—732) 0.703
Current CD8+ count 795 (587—1036) 810 (598—1137) 775 (572—991) 0.176
CD4/CD8 0.68 (0.45—0.87) 0.68 (0.44—0.82) 0.74 (0.50—0.97) 0.144
Plasma HIV RNA load <400 copies/ml 126 (92) 69 (90.8) 57 (93.4) 0.754
Plasma HIV RNA load, log10 copies/ml <1.30 (1.30—1.30) <1.30 (1.30—1.30) <1.30 (1.30—1.30) 0.569
On cART 134 (97.8) 75 (98.7) 59 (96.7) 0.585
Duration on cART, mo 45.50 (24.27—90.60) 46.82 (23.44—91.33) 44.20 (27.28—85.18) 0.891
Use of Tenofovir 42 (30.7) 21 (27.6) 21 (34.4) 0.457
NRTI + NNRTI 54 (39.4) 29 (38.2) 25 (41.0) 0.860
NRTI + PI 68 (49.6) 39 (51.3) 29 (47.5) 0.732
NRTI + Il 12 (8.8) 7 (9.2) 5(8.2) 1.000

Data are median value (interquartile range) for continuous variables and number of cases (%) for categorical variables.

BMI = body mass index; cART = combination antiretroviral therapy; HBsAg = hepatitis B virus surface antigen; HCV = hepatitis C virus;
Il = integrase inhibitor; IQR = interquartile range; MSM = men who have sex with men; NRTI = nucleoside reverse transcriptase in-
hibitor; nNRTI = non-nucleoside reverse transcriptase inhibitor; Pl = protease inhibitor.
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Figure 1. Prevalence of low bone mineral density in each age group.

(92.7%) were male. The median age was 39.0 years (IQR,
30.0-50.0), median time since HIV diagnosis was 6 years
(IQR, 2.5—10.5), mode of HIV transmission was predomi-
nantly men who has sex with men (MSM) (86.9%). Most pa-
tients were on cART (97.8%), in 54 cases (39.4%) based in
NRTI + NNRTI, 68 (49.6%) based in NRTI + PI, 12 (8.8%)
based in NRTI + I, and 42 (30.7%) were receiving TDF in
their antiretroviral regimens. The median cumulative
duration on treatment was 44.3 months. The median BMI
was 21.97 kg/m? (IQR, 20.74—24.61). BMI was <18.5 kg/m?
in 9 of these patients (6.6%).

Risk factors and prevalence of low BMD

In this study, 61 patients (44.5%) showed low BMD (osteo-
penia and osteoporosis) based on the WHO criteria. The
median BMD was —0.80 g/cm? (IQR, —1.5 to —0.2). The
prevalence of low BMD in each age group is shown in Fig. 1:
37.0% in those who were aged 20—29 years, 45.2% in those

Table 2

who were aged 30—39 years, 45.2% in those who were aged
40—49 years, 45.8% in those who were aged 50—59 years,
and 53.8% in those who were aged =60 years. More than
half of patients (50.4%, 69/137) were younger than 40
years.

Laboratory values of low BMD patients are shown in
Table 2. Compared with the normal BMD group, the low BMD
group was more likely to have secondary hyperparathy-
roidism (18.0% vs 5.3%, p: 0.026) and a lower median FGF-
23 level (48.92 vs 62.61 pg/mL, p = 0.008). Univariate
and multivariate analyses of the factors associated with low
BMD are shown in Table 3. We found that only iPTH>69 pg/
ml (OR, 3.86; 95% CI, 1.14—13.09) was statistically signifi-
cant associated with low BMD in multivariate analysis.

Discussion

In this cross-sectional study, we found that the overall
prevalence of low BMD was 44.5% in our cohort. Patients

Laboratory values of patients with HIV infection stratified by bone mineral density.

All patients (n = 137)

Normal (n = 76)

n (% or interquartile range)

eGFR (ml/min/1.73 m?) 98.4 (85.90—111.60)

97.40 (87.13—111.48)

Total Ca (mg/dL)
Mg (mg/dL)

IP (mg/dL)
iPTH>69 pg/ml

Intact FGF23 (umol/L)
C-terminal FGF23 (umol/L)

9.50 (9.30—9.80)
2.10 (2.00—2.20)
3.20 (3.00—3.65)
15 (10.9)

43.6 (33.4-55.7)
54.6 (42.5—79.8)

9.50 (9.30—9.70)
2.10 (2.00—2.20)
3.25 (2.90—3.60)
4 (5.3)

40.4 (32.7-56.4)
62.6 (48.1—83.8)

Osteopenia + Osteoporosis (n = 61) p value
102.70 (83.45—112.75) 0.737
9.50 (9.25—9.85) 0.835
2.10 (2.00—2.20) 0.722
3.20 (3.00-3.75) 0.601
11 (18.0) 0.026
43.6 (34.0—-52.5) 0.842
48.9 (36.6—62.4) 0.008

Data are median value (interquartile range) for continuous variables and number of cases (%) for categorical variables.
Ca = calcium; eGFR = estimated glomerular filtration rate; FGF23 = fibroblast growth factor 23; IP = inorganic phosphorus;
iPTH = intact parathyroid hormone; IQR = interquartile range.
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Table 3 Logistic analysis to identify factors associated with low bone mineral density.
Variables Univariate analysis Multivariable analysis
OR (95% Cl) p OR (95% Cl) p
Male 1.22 (0.33—4.54) 0.765
>65 years 4.04 (0.79—20.77) 0.095 1.017 (0.99—1.05) 0.241
MSM 1.31 (0.47—3.60) 0.606
Length of time after HIV diagnosis 0.96 (0.90—1.02) 0.155
BMI <18.5 kg/m? 0.60 (0.15—2.52) 0.488 0.69 (0.16—3.01) 0.619
HBsAg positivity 0.52 (0.18—1.45) 0.211
Anti-HCV positivity 1.68 (0.48—5.86) 0.418
Nadir CD4-+ count 1.00 (1.00—1.00) 0.495
Current CD4+ count 1.00 (1.00—1.00) 0.516
Current CD8+ count 1.00 (1.00—1.00) 0.902
CD4/CD8 2.39 (0.89—6.48) 0.085 2.80 (0.97-8.07) 0.056
Plasma HIV RNA load 0.93 (0.69—1.25) 0.632
On cART 0.39 (0.04—4.44) 0.451
Duration on cART 1.00 (0.99—1.01) 0.688
Use of tenofovir 1.38 (0.66—2.85) 0.392 1.42 (0.66—3.06) 0.369
NRTI + NNRTI 1.13 (0.57—2.24) 0.737
NRTI + PI 0.86 (0.44—1.69) 0.661
NRTI + Il 0.88 (0.27—2.92) 0.835
eGFR 1.00 (0.99—1.02) 0.710
Total Ca 0.97 (0.42—2.28) 0.950
Mg 0.56 (0.07—4.76) 0.592
IP 1.36 (0.79—2.34) 0.268
iPTH>69 pg/ml 3.96 (1.19—13.15) 0.025 3.86 (1.14—13.09) 0.030
Intact FGF23 1.00 (0.98—1.02) 0.802
C-terminal FGF23 0.99 (0.99—1.00) 0.541

BMI = body mass index; Ca = calcium; cART = combination antiretroviral therapy; eGFR = estimated glomerular filtration rate;
FGF23 = fibroblast growth factor 23; HBsAg = hepatitis B virus surface antigen; HCV = hepatitis C virus; Il = integrase inhibitor;
IP = inorganic phosphorus; iPTH = intact parathyroid hormone; IQR = interquartile range; MSM = men who have sex with men;
NRTI = nucleoside reverse transcriptase inhibitor; nNRTI = non-nucleoside reverse transcriptase inhibitor; PI| = protease inhibitor.

with secondary hyperparathyroidism were independently
associated with low BMD.

The range of the prevalence rate of low BMD is wide
among different populations.®'>**"2° This discrepancy
could be related to different methodologies used in these
studies, thus leading to these discordant results. There
were limited studies stratified patients according to age.
Casado et al. reported 44% HIV-infected patients had
osteopenia and osteoporosis, and 22% patients were less
than 40 years old in that cohort.'” Our patients were rela-
tively younger and were earlier to had low BMD (<40 years,
50.4%) in their life time. It may mask the effect of tradi-
tional risk factors: age on BMD and result in no association
between them.

In a meta-analysis study by Bolland et al., short-term
BMD loss of 2—4% over 1—2 years when cART was started,
followed by longer periods of BMD increase or stability. It
reported BMD loss were associated with TDF regimens.*° A
cross-sectional study revealed HIV-infected patients
receiving cART that contained PlIs had lower BMD than those
not receiving Pls or uninfected controls.® In this study, use
of cART that included TDF or Pls was not associated low
BMD. Bolland et al. also found that HIV infection per se did
not cause low BMD.>° Similar to the meta-analysis study, we
found that nadir CD4+ T lymphocyte, CD4+ T lymphocyte,
CD8+ T lymphocyte, CD4+/CD8+ ratio and serum HIV RNA

load were not associated with low BMD. Tsai et al. found
that the prevalence of osteopenia and osteoporosis in
Taiwan patients with HIV infection was 39.4%.%* The pa-
tients didn’t contact TDF in that cohort. In our study, we
included patients with all available cART regimen in this
cohort. It may result in the higher prevalence of low BMD.

In our cohort of HIV-infected patients with low BMD,
18.0% of patients demonstrated secondary hyperparathy-
roidism with normal renal function. The multivariate anal-
ysis show that secondary hyperparathyroidism was
independently associated with low BMD. Higher PTH levels
have been related with greater reductions in BMD in general
population,®” even in HIV-infected patients.'>*? The
particular risk factor of secondary hyperparathyroidism in
these special population is the use of cART. TDF has been
associated to high PTH levels and bone metabolism.*33°
Use of PIs may decrease transformation of 1,25(0OH),-
vitamin D from 25(0H)-vitamin D, leading to hyperpara-
thyroidism, and increase rates of low BMD.3¢*” Besides, use
of efavirenz may increase metabolism of 1,25(0OH),-vitamin
D, that inhibit PTH secretion, to inactive metabolites and
lead to hyperparathyroidism.>”:38

Initial laboratory values of patients with low BMD
revealed that C-terminal FGF-23 level was lower in patients
with low BMD than in patients with normal BMD. Havens
et al. found that FGF23 decreased with low BMD in the high
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drug exposure group of patients underwent pre-exposure
prophylaxis (PrEP).>® FGF23 directly suppresses PTH pro-
duction in an animal model.*® The decrease of FGF23 may
result in elevation of PTH level. We didn’t see the similar
pattern in intact FGF23, and the results didn’t remain
statistically significance after adjusted.

There are several limitations in our study. First, as cross-
sectional studies evaluate exposure and disease status, this
study design is limited in its ability to determine causality.
Second, the sample size was relatively small and the results
may not represent general HIV-infected patients in Taiwan.
Third, we did not have complete data of bone turnover
markers, e.g., serum vitamin D, daily calcium intake and
calcium loss. Thus, we were unable to fully explore po-
tential mechanisms of low BMD. Fourth, we only measured
BMD once in each participant and lacked the actual dura-
tion of each ART, because regimens had been changed
during the treatment in the past. It may mask the true
effect of TDF and Pls on BMD.

In conclusion, our study showed that a high prevalence
of osteopenia and osteoporosis in HIV-infected patients and
it was associated with secondary hyperparathyroidism even
in age less than 40 years old patients. More data on the
significance of elevated PTH levels on the development of
low BMD are needed. Potential of using PTH to identify
patients at risk for bone related complications should be
investigated in further studies.
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