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Background: Although unhealthy alcohol use and low bone density are prevalent among people liv-
ing with HIV (PLWH), it is not clear whether alcohol use is associated with bone turnover markers
(BTMs), and if so, at what quantity and frequency. The study objective was to examine the association
between alcohol and BTMs in PLWHwith substance use disorder.

Methods: We studied a prospective cohort recruited from 2 HIV clinics who met criteria for DSM-
IV substance dependence or reported ever injection drug use. Outcomes were BTM of (i) bone forma-
tion (serum procollagen type 1 N-terminal propeptide [P1NP]) and (ii) bone resorption (serum C-
telopeptide type 1 collagen [CTx]). Alcohol consumption measures included (i) mean number of drinks/
d (Timeline Follow-Back [TLFB]) (primary predictor), (ii) any alcohol use on ≥20 of the past 30 days,
and phosphatidylethanol (PEth), a biomarker of recent alcohol consumption. Linear regression analy-
sis examined associations between (i) each alcohol measure and each BTM and (ii) change in alcohol
and change in BTM over 12 months.

Results: Among 198 participants, baseline characteristics were as follows: The median age was
50 years; 38% were female; 93% were prescribed antiretroviral medications; 13% had ≥20 drinking
days/month; mean drinks/day was 1.93 (SD 3.89); change in mean drinks/day was �0.42 (SD 4.18);
mean P1NP was 73.1 ng/ml (SD 34.5); and mean CTx was 0.36 ng/ml (SD 0.34). Higher drinks/day
was significantly associated with lower P1NP (slope �1.09 ng/ml; 95% confidence interval [CI] �1.94,
�0.23, per each additional drink). On average, those who drank on ≥ 20 days/month had lower P1NP
(�15.45 ng/ml; 95% CI: �26.23, �4.67) than those who did not. Similarly, PEth level ≥ 8ng/ml was
associated with lower P1NP. An increase in drinks/d was associated with a decrease in P1NP nonsignifi-
cantly (�1.14; 95% CI: �2.40, +0.12; p = 0.08, per each additional drink). No significant associations
were detected between either alcohol measure and CTx.

Conclusions: In this sample of PLWH with substance use disorder, greater alcohol consumption
was associated with lower serum levels of bone formation markers.
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THE IMPACT OF HIV infection (including antiretrovi-
ral medications [ARV]) on bone health is well estab-

lished (Cotter et al., 2014; Escota et al., 2016; Yin et al.,
2012). Low bone density is common among people living
with HIV (PLWH); estimates span 22% to 67% even among
those with virologic suppression (Brown et al., 2009; Carr
et al., 2015; Escota et al., 2016). Fracture risk is increased for

PLWH (Collin et al., 2009; Sharma et al., 2015; Womack
et al., 2011; Yin et al., 2010b), in part, due to lower bone den-
sity and a higher risk of falls (Erlandson et al., 2016). Frac-
ture can lead to impaired mobility and frailty (Wolinsky
et al., 1997). Although not completely understood, the mech-
anism by which HIV impacts bone health involves dysregu-
lated immune activation and chronic inflammation
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(Erlandson et al., 2014; Ofotokun et al., 2012; Titanji et al.,
2014). Independent risk factors for low bone density—sepa-
rate from the impact of the HIV itself—include tobacco use,
low body mass index (BMI), hypogonadism, and liver dis-
ease, all of which are also associated with HIV (Bedimo
et al., 2016; Carr et al., 2015; Ofotokun et al., 2016).
Another potentially significant factor for low bone density

is alcohol use, which is particularly important because of the
high prevalence of alcohol use in PLWH (Galvan et al.,
2002; Williams et al., 2014) and its impact on HIV viral sup-
pression, disease progression, and mortality (Deiss et al.,
2016; Justice et al., 2016; Marshall et al., 2017; Williams
et al., 2018). The metabolic effects of the systemic inflamma-
tory reaction and oxidative stress induced by alcohol are
widespread and include muscle wasting and lipoatrophy
(Bagby et al., 2015; Gaddini et al., 2016; Molina et al., 2018).
Although heavy alcohol consumption is associated with frac-
ture (Kanis et al., 2005; Zhang et al., 2015), the effects of
alcohol on bone mineral density (Gaddini et al., 2016) are
unclear, particularly in PLWH (Brown et al., 2009; Saitz
et al., 2018; Sharma et al., 2010; Ventura et al., 2017).
Bone is metabolically active throughout the life span—con-

tinually undergoing repair and remodeling. Under normal
conditions, bone resorption (by osteoclasts) and bone forma-
tion (by osteoblasts) are synchronized to maintain adequate
bone mass and strength; this process is referred to as bone
remodeling. When bone resorption outpaces bone formation
—as appears to be the case with HIV infection—the result is a
decline in bone mass (Bedimo et al., 2016; Ofotokun et al.,
2016; Titanji et al., 2018). In PLWH, the presence of proin-
flammatory cytokines,which include tumornecrosis factor-al-
pha and IL-6, stimulates bone resorption resulting in bone
loss even in those with HIV viral suppression and high CD4+
cell counts (Bagby et al., 2015; Titanji et al., 2018; Yin et al.,
2010a). Expression of the proresorptive cytokine RANKL
(receptor activator of nuclear factor kappa-B ligand) is also
increased in PLWH (Titanji et al., 2014). The degree to which
alcohol augments these processes is not well understood
(Molina et al., 2014;Williams et al., 2016).
Change in bone mineral density assessed by dual-energy

X-ray bone densitometry (DXA) is typically small and takes
years to detect. Serum bone turnover markers (BTMs), on
the other hand, reflect short-term changes in bone metabo-
lism and are associated with bone density changes in PLWH
(Haskelberg et al., 2012; Yin et al., 2010a). In addition to
heralding bone density changes, BTMs provide information
about mechanisms of bone loss (i.e., bone formation and/or
resorption). Abnormal levels of BTMs, independent of bone
mineral density, are associated with higher fracture risk
(Haskelberg et al., 2011; Vasikaran et al., 2011). Given these
associations, BTMs are increasingly used to compare the
effect of ARVmedications on bone metabolism and to moni-
tor the effectiveness of medications for osteoporosis (Bedimo
et al., 2016; Haskelberg et al., 2012; Yin et al., 2019).
Despite the potential value of examining the impact of risk

factors on BTMs and the association with osteoporosis in

PLWH, what is known about alcohol consumption and
BTMs is limited and has largely been studied in HIV-unin-
fected samples. While improvements in bone formation after
cessation of alcohol consumption have been described in
small studies of HIV-uninfected populations with alcohol
use disorders (Laitinen et al., 1992; Malik et al., 2012;
Nyquist et al., 1996), the effect of “moderate” amounts of
alcohol in those without alcohol use disorders is less clear
(Gaddini et al., 2016). It is not known whether these studies
of alcohol and BTMs apply to PLWH. The amount of alco-
hol consumption associated with mortality for PLWH is
lower than in uninfected adults (Justice et al., 2016). Simi-
larly, the amount of alcohol consumption that impacts bone
metabolism may also differ between HIV-infected and HIV-
uninfected populations.
There are few studies of alcohol consumption and BTMs

in which the quantity of alcohol is sufficiently specified using
well-validated assessments in PLWH. One such study by
Watt et al used several methods to quantify alcohol exposure
including AUDIT score (Babor et al., 2001) and an alcohol
biomarker (phosphatidylethanol or PEth) to examine the
association between alcohol and BTMs in a subsample of
participants with HIV infection (Watt et al., 2019). Many
other studies dichotomize alcohol use comparing no use to
any use. Assessment of BTM data across a range of alcohol
consumption is necessary to adequately evaluate bone
effects. Absence of these data makes it difficult to provide
clinically relevant recommendations about alcohol use and
bone health. Studies are also needed to systematically assess
the use of other substances such as opioids that may affect
bone metabolism given the frequency of polysubstance use in
PLWH (Grey et al., 2011; Kim et al., 2006). If a relationship
between alcohol and BTMs is found, measurement of BTMs
could potentially be used to motivate reductions in alcohol
use to mitigate risks related to abnormal bone metabolism.
The study objective was to determine the association of

alcohol consumption with markers of bone formation and
resorption in a sample of PLWHwith substance use disorder.

MATERIALS ANDMETHODS

Study Design

We used data from the Boston ARCH Cohort study, a longitudi-
nal study of HIV-infected adults with past-year substance depen-
dence (DSM-4 criteria as assessed by the Mini-International
Neuropsychiatric Interview Version 6.0 [MINI]) (Sheehan et al.,
2010) or a lifetime history of any injection drug use. Ascertainment
and recruitment methods have been previously published (Saitz
et al., 2018). Briefly, eligible study participants were aged 18 or
older, able to speak English, and willing to provide contact informa-
tion for at least one other person to assist with follow-up. Exclusion
criteria included pregnancy at time of enrollment, plans to leave the
Boston area in the next year, and cognitive impairment such that
the patient could not provide informed consent. Previous analyses
examined the effect of alcohol on bone density in this cohort. Speci-
fic to the current study, the study sample consisted of Boston
ARCH participants with serum collected at both baseline and 12-
month follow-up study visits. Those with a past-year history of
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fracture were excluded because BTMs remain elevated up to a year
postfracture (Haskelberg et al., 2011).

Trained research associates administered standardized in-person
interviews at study entry and a 12-month follow-up. Review of the
electronic health record (EHR) was conducted to ascertain pre-
scribed medications. Serum was collected at baseline and
12 months. Blood was tested for PEth at baseline visits only.

The Boston University Medical Campus Institutional Review
Board approved the study. Participants provided written informed
consent and received compensation for each study assessment com-
pleted. The National Institute on Alcohol Abuse and Alcoholism
further protected participants with a Certificate of Confidentiality,
and the U.S. Department of Health and Human Services approved
follow-up assessments with participants who were incarcerated.

Measurements

Outcomes. The following 2 BTMs were examined: (i) serum
procollagen type I N-terminal propeptide (P1NP), a marker of bone
formation; and (ii) serum C-telopeptide of type 1 collagen (CTx), a
marker of bone resorption. The International Osteoporosis Foun-
dation, the International Federation of Clinical Chemistry and Lab-
oratory Medicine, and others recommend using P1NP and CTx as
BTMs in clinical studies (Szulc et al., 2017; Vasikaran et al., 2011).
Serum P1NP and CTx were measured using IDS-iSYS CTX-1
(Crosslaps©) and IDS-iSYS Intact P1NP, respectively. Both assays
were run sequentially for each participant using the ImmunoDiag-
nostic Systems IDS-iSYSmultidiscipline platform.

Main Independent Variables and Covariates. We examined 3
self-report measures of alcohol consumption collected at baseline
and 12-month follow-up. All alcohol measures were assessed using
the TLFB method (Sobell and Sobell, 1992) and refer to alcohol use
in the past 30 days: (i) mean number of drinks per day (primary pre-
dictor), (ii) any alcohol use on ≥ 20 or more days, and (iii) number
of heavy drinking days, defined as ≥ 5 drinks in a day for men
and ≥ 4 drinks in a day for women (National Institute on Alcohol
Abuse and Alcoholism [NIAAA]).

We also examined alcohol exposure using PEth, a highly specific
biomarker that correlates with alcohol consumption in the previous
2 to 3 weeks (Wurst et al., 2015). It was modeled as a binary mea-
sure, ≥8 ng/ml vs. <8, which is the limit of quantification for this
specific test.

Covariates included the following: age, biological sex, race/eth-
nicity, BMI (underweight vs ideal/overweight/obese), CD4 cell
count (<200 cells/µl), HIV viral load suppression (<200 copies),
absence of menses for more than a year, serum vitamin D insuffi-
ciency (25-hydroxyvitamin D < 30 ng/ml), current opioid medica-
tion prescription (EHR review), current ARV known to affect bone
(tenofovir [Bedimo et al., 2016] and/or a protease inhibitor [Moran
et al., 2016]) (EHR review), prescribed medication associated with
increased bone density, medication associated with decreased bone
density (Saitz et al., 2018), current tobacco use, any past–30-day illi-
cit opioid use (Addiction Severity Index [ASI]) (McLellan et al.,
1992), any past–30-day cocaine use (ASI), and lifetime years of
heavy drinking assessed by Lifetime Drinking History (NIAAA)
(Skinner and Sheu, 1982).

Statistical Analysis

Given lack of consistent data on the threshold of alcohol con-
sumption that impacts fracture risk, we first visually inspected plots
of the association between drinks/d and each BTM noting the shape
of any apparent relationship and threshold effect; no obvious
threshold effects were identified.

We then used separate unadjusted linear regression models to
examine cross-sectional associations between each alcohol measure

and each BTM.We analyzed CTx as log marker value to account for
the skewedness of the measure. Cross-sectional analyses used ran-
dom-effects linear regression models on the pooled baseline and 12-
month data for to examine associations between each alcohol mea-
sure and eachBTM.To account for potential confounders, a series of
adjusted models estimating BTMwere built by entering core covari-
ates (age, sex, and race/ethnicity) and one other covariate (“partially
adjusted model”). For confirmation, we then examined one “fully
adjusted model” with all covariates. As a general guide, we excluded
covariates that were highly correlated (correlation coefficients
r> 0.40) with other covariates. Lifetime years of heavy drinking and
past-month heavy drinking days were the only highly correlated vari-
ables (r = 0.43). We decided to keep lifetime years of heavy drinking
in all models because of its potential importance as a confounder and
because it exceeded the arbitrary thresholdminimally.

As confirmatory analyses, we performed similar cross-sectional
analyses using PEth level (measured at baseline) to assess the associ-
ation of recent alcohol exposure with each BTM.

We then examined the prospective association between a change
in alcohol consumption and change in BTM over a 12-month period
with separate linear regression models for each alcohol measure and
each BTM. Changes in the continuous alcohol measures, mean
drinks per day and number of heavy drinking days, were calculated
by subtracting the amount of alcohol assessed at baseline from the
amount assessed at the 12-month follow-up. Change in the alcohol
measure “any alcohol use on ≥ 20 days in the past month” was
modeled as a 4-level variable: drinking ≥ 20 days at (i) baseline and
12 months, (ii) baseline only, (iii) 12 months only, and (iv) neither
baseline nor 12 months.

We again examined a series of adjusted models estimating the
change in BTM. Models included the change in alcohol consump-
tion, core covariates (age, sex, and race/ethnicity), and one covariate
of interest (“partially adjusted model”). The same covariates
included in the cross-sectional analyses were also included in the
prospective models except that the following covariates were time-
varying, indicating change from baseline to the 12-month follow-
up: CD4 status, HIV viral load suppression, vitamin D insufficiency,
prescribed opioid medication, prescribed bone-impacting medica-
tion, illicit opioid use, and cocaine use. All were modeled as 4-level
variables. For example, HIV viral load suppression was modeled as
HIV viral load suppressed at (i) baseline and 12 months, (ii) baseline
only, (iii) 12 months only, and (iv) neither baseline nor 12 months.
Similarly, vitamin D insufficiency was modeled as vitamin D insuffi-
ciency at (i) baseline and 12 months, (ii) baseline only, (iii)
12 months only, and (iv) neither baseline nor 12 months. We then
examined one “fully adjusted model” with all covariates. We did
not include a covariate for the baseline alcohol measure in the model
of the corresponding change in alcohol use (e.g., baseline drinks/d
was not included in the analysis of change in drinks/day from base-
line to 12 months) because the correlation between the baseline
alcohol measure and the change in alcohol use was high (correlation
coefficients of 0.38 to 0.82).

We tested for potential interactions between each alcohol mea-
sure, sex, and HIV viral load suppression (separately) in the fully
adjusted models. Finally, we removed vitamin D insufficiency, a
covariate, from the fully adjusted models to determine if it was a
mediator of the association between alcohol and bone marker.

RESULTS

Study Participants

The primary study had 250 participants, 233 of whom had
baseline and 12-month follow-up data. Of the 233, 31 were
excluded due to past-year fracture (14 at baseline and 15 at
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12-month follow-up) and 4 were excluded due to missing
data on bone turnover markers, resulting in a sample of 198
participants for this study.
Among the 198 participants (Table 1), baseline character-

istics were as follows: The median age was 50 years (in-
terquartile range [IQR] 44, 56); about a third (38%) were
female; most were prescribed ARV (93%); and almost 3-
quarters (72%) had HIV viral load suppression. Vitamin D

insufficiency was common (62%). About half met criteria for
both current alcohol and drug dependence (48%). Few
(11%) participants had alcohol dependence alone.
Alcohol consumption is summarized in Table 2. The mean

number of drinks/day at baseline was 1.93 (standard devia-
tion [SD] 3.89). Participants drank, on average, 0.42 fewer
drinks/day (SD 4.18) at the 12-month follow-up compared
to baseline. A minority (13%) of the study participants had
any alcohol on ≥20 days in the past month. The mean P1NP
was 73.1 ng/ml (SD 34.5), and the mean CTx was 0.36 ng/ml
(SD 0.34).

Main Findings

Bone Formation. Table 3 presents the results of the cross-
sectional analyses. Higher average number of drinks/days
was significantly associated with lower bone formation
(P1NP slope �1.09 ng/ml; 95% confidence interval [CI]:
�0.23, �1.94 per each additional drink) (Fig. 1). Those who
drank on ≥ 20 days in the past month had lower bone for-
mation (P1NP �15.45 ng/ml; 95% CI: �26.23, �4.67) than
those who did not. Similarly, more heavy drinking days was
associated with lower bone formation (slope �0.58; 95% CI
�1.05,�0.12 per heavy drinking day). A PEth level ≥ 8 indi-
cating recent alcohol consumption was associated with lower
bone formation (P1NP �10.33 ng/ml; 95% CI: �20.07,
�0.59).
Associations between drinks/d and alcohol use

on ≥ 20 days in a month and P1NP remained significant in
the “partially adjusted” models (in which each model
included core covariates and one other covariate) and fully
adjusted models. The association between the number of
heavy drinking days and P1NP remained significant in all of
the partially adjusted models but was no longer significant in
the fully adjusted model (i.e., all covariates in one model).
The results of prospective analyses are presented in Table 4.

An increase in mean drinks/day over 12 months was associ-
ated with a nonsignificant decrease in bone formation (P1NP
�1.14; 95% CI: �2.40, +0.12; p = 0.08, per each additional
drink) (Fig. 2). Neither change in the number of heavy drink-
ing days nor change in whether a participant had alcohol use
on ≥20 days in a month was significantly associated with
bone formation. The adjusted models yielded similar results.
We tested interactions between each alcohol measure and

sex and HIV viral load suppression (separately) using the

Table 1. Baseline Characteristics of Participants With HIV Infection and
Substance Dependence and/or a Lifetime History of Injection Drug Use

(n = 198)a

Characteristic % (n)

Age, median (IQR) 50 years (44, 56)
Female 38% (75)
Race/ethnicity
Hispanic 25% (49)
Black, non-Hispanic 52% (103)
White, non-Hispanic 19% (37)
Other 4% (9)
CD4 count <200 10% (20)
Body mass index (kg/m2)
<20 (underweight) 10% (19)
20-30 (ideal and overweight) 66% (130)
>30 (obese) 25% (49)
HIV viral load <200 copies 72% (142)
Prescribed antiretroviral medications 93% (184)
Antiretroviral regimen includes tenofovir 77% (152)
Prescribed an opioid medicationb 48% (95)
Hepatitis C infection (ever) 59% (116)
Vitamin D insufficiencyc 62% (122)
Current tobacco 76% (150)
Ever injected drugs 57% (113)
DSM-IV substance dependenced, past year
Both alcohol and drug dependence 48% (96)
Drug dependence only 22% (44)
Alcohol dependence only 11% (21)
No dependencee 19% (37)
Past-month drug use, past 30 days f

Any illicit opioid useg 19% (38)
Any illicit sedative use 8% (15)
Any cocaine use 29% (57)
P1NP, ng/ml, mean (standard deviation)h

Baseline 73.1 (34.5)
Follow-upi 70.5 (37.6)
CTx, ng/ml, mean (standard deviation)j

Baseline 0.36 (0.34)
Follow-upi 0.42 (0.57)

aThe primary study had 233 participants with baseline and 12-month fol-
low-up data. Of these, 31 were excluded due to past-year fracture (14 at
baseline and 15 at follow-up) and 4 were excluded due to missing data on
bone turnover markers.

bIncludes opioid medications prescribed for pain, buprenorphine, and
methadone.

cSerum 25-hydroxyvitaminD < 30 ng/ml.
dMini-International Neuropsychiatric Interview (MINI) 6.0 DSM-IV crite-

ria.
ePatients with no substance dependence in the past year were eligible

for the study if s/he had a lifetime history of injection drug use.
fAddiction Severity Index.
gIncludes use of medications without a prescription or more than pre-

scribed.
hSerum procollagen type I N-terminal propeptide, a biomarker of bone

formation.
iAt 12 months.
jSerum C-terminal telopeptide of type I collagen, a biomarker of bone

resorption.

Table 2. Alcohol Consumption Measures at Baseline and 12Months

Alcohol measure Baseline 12 months

Drinks/day, mean (STD)a 1.93 (3.89) 1.51 (4.52)
Any alcohol use on 20+ days in the past
30 days

26 (13%) 21 (11%)

Number heavy drinking days, mean (STD)a 4.65 (8.13) 3.25 (7.45)

aIn the past 30 days.
bNIAAA criteria for heavy alcohol use, ≥5 drinks in a day for men and ≥4

drinks in a day for women.
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fully adjusted models. None were significant. The results of
the fully adjusted models were no different with and without
vitamin D status.

Bone Resorption. There were no significant cross-sec-
tional associations between any of the alcohol consump-
tion measures (including PEth) nor change in alcohol
consumption and bone resorption (CTx) (Tables 3 and
4). The results of adjusted analyses were similar. None of

the interactions tested in the fully adjusted models were
significant. As with the bone formation analyses, the
results of the fully adjusted models were no different with
and without vitamin D status.

DISCUSSION

We examined whether alcohol consumption was associ-
ated with bone formation and/or bone resorption serum

Table 3. Results of Separate Unadjusted and Adjusted Regression Models Examining the Cross-Sectional Association Between Alcohol Consumption
and Bone Turnover Markersa

Higher alcohol consumption
P1NPd

Beta (95% CI) p-Value
Log CTx

Beta (95% CI) p-value

Average drinks/day (STD)b �1.09 (�1.94,�0.23) 0.01 �0.01 (�0.03, 0.01) 0.22
Fully adjusted �1.01 (�1.94,�0.07) 0.04 �0.01 (�0.04, 0.01) 0.25
Any alcohol use on 20+ days �15.45 (�26.23,�4.67) 0.005 �0.19 (�0.45, 0.06) 0.14
Fully adjusted �11.93 (�27.79,�3.69) 0.04 �0.17 (�0.42, 0.09) 0.20
Number heavy drinking daysc �0.58 (�1.05,�0.12) 0.01 �0.005 (�0.02, 0.01) 0.41
Fully adjusted �0.43 (�0.94, 0.06) 0.11 �0.002 (�0.01, 0.01) 0.68

aResults of separate longitudinal regression models for each alcohol measure and bone formation (P1NP) as well as each alcohol measure and bone
resorption (CTx). Unadjusted results are presented first, followed by the fully adjusted results in the next row. Covariates included age, biological sex,
race/ethnicity, BMI (underweight vs ideal/overweight/obese), CD4 cell count (<200 cells/µL), HIV viral load suppression (<200 copies), absence of
menses for more than a year, serum vitamin D insufficiency (25-hydroxyvitamin D < 30 ng/ml), opioid medication prescription (EHR review), ARV (teno-
fovir and/or a protease inhibitor (EHR review)), prescribed medication associated with increased bone density, medication associated with decreased
bone density, current tobacco use, past–30-day illicit opioid use (Addiction Severity Index (ASI), past–30-day cocaine use (ASI), and lifetime years of
heavy drinking assessed by Lifetime Drinking History).

bPer each additional drink.
cPer each additional day.
dPartially adjusted models yielded similar results for all alcohol measures. The results of fully adjusted models for drinks/day and alcohol use on 20 or

more days of month were no different. The association between number of heavy drink days and P1NP was no longer significant in the fully adjusted
model.

Fig. 1. Average drinks per day in past 30 days and P1NP.
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markers using 3 measures of alcohol quantity and frequency
in a sample of PLWH with substance use disorder or a life-
time history of injection drug use. Overall, we found that
greater alcohol consumption was associated with lower levels
of P1NP—a marker of bone formation. This was the case
despite adjustment for a broad array of clinical and sub-
stance use indicators and regardless of the measure of alco-
hol consumption: drinks/day, any alcohol use on ≥ 20 days
of the past month, number of heavy drinking days, or PEth
level, a biological measure of recent alcohol use. Based upon
plots of the association between drinks/day and each BTM,
we did not find any threshold effects for the quantity of alco-
hol consumption and bone formation. In other words, the
risk was linear starting with no alcohol use. Vitamin D insuf-
ficiency was not a mediator in these associations. There were
no significant associations between alcohol consumption and
bone resorption.
This is one of the few studies that have systematically

assessed alcohol and other substances and BTMs among
PLWH. This study’s findings are consistent with Watt et al

(2019) who found a cross-sectional association between sev-
eral self-report alcohol measures, as well as PEth levels, and
depressed osteocalcin, another biomarker of bone formation
among 40 PLWH. They also did not find a significant associ-
ation between alcohol and bone resorption using the same
serum biomarker, CTx. The current study extends their find-
ings with its relatively large sample size, prospective study
design, and adjustment for exposure to other substances.
The current study results are also are in line with previous

studies using the same cohort on the impact of alcohol on
bone density which found that alcohol consumption was
associated with lower bone density at baseline (Ventura
et al., 2017). However, a change in alcohol consumption was
not prospectively associated with change in bone density
(Saitz et al., 2018). Previous studies in uninfected populations
with alcohol use disorders have also found a negative associ-
ation between any alcohol consumption and bone formation
(Laitinen et al., 1992; Malik et al., 2012; Nyquist et al.,
1996). We did not find a positive effect of “moderate” alco-
hol intake (up to 2 drinks a day) on BTMs which was
demonstrated in a study of uninfected women without alco-
hol use disorders (Marrone et al., 2012). It is possible that
our study findings are due to the fact that most of the sample
consisted of adults with at least one substance use disorder,
many of whom not only used alcohol in varying amounts
but other substances as well. It is also possible that there are
no positive effects of alcohol on bone formation for PLWH
regardless of substance use history.
Contrary to expectations, we did not find an association

between change in alcohol consumption and either BTM.
Relatively narrow changes in alcohol consumption in the
study sample may have limited detection of an association.
Also it is possible that the interval between BTMs
(12 months) was too narrow especially if increases in alcohol
consumption induced an overall low rate of bone turnover.
If this were the case, then bone resorption may end up out-
pacing bone formation but take more than a year to detect,
even with BTMs (Gaddini et al., 2016). We also did not find
significant interactions between any of the alcohol measures
and sex or HIV viral suppression.
The study findings should be interpreted with the follow-

ing limitations. We used measures of alcohol use that refer-
enced the 30 days before each study interview (i.e., baseline
and 12-month follow-up). A measure of alcohol use every
day throughout the interval year may have been a more accu-
rate measure of alcohol exposure. Additionally, alcohol con-
sumption over a longer period of time prior to study entry
may have had an impact on the relationship between recent
alcohol and BTMs, although a previous analysis in this
cohort did not find that lifetime alcohol consumption was
associated with bone density (Ventura et al., 2017). We also
adjusted for lifetime alcohol use in the cross-sectional analy-
ses. Second, we did not have information about nadir CD4
count although the START Bone Mineral Density study did
not find that nadir CD4 count was associated with bone min-
eral density (Carr et al., 2015). We accounted for use of

Table 4. Results of Separate Unadjusted and Adjusted Regression
Models Examining the Prospective Association Between Change in

Alcohol Consumption and Bone Turnover Markersa

Change in alcohol
consumption

Change in P1NPd

Beta (95%CI)
Change log CTxd

Beta (95%CI)

Increased average
drinks/dayb

�1.14 (�2.40, 0.12) �0.01 (�0.03, 0.02)

Fully adjusted �1.24 (�2.65, 0.16) �0.001 (�0.03, 0.03)
Any alcohol use on 20+ days
Yes at baseline, Yes at
follow-up

�0.15 (�23.35, 23.06) �0.47 (�0.97, 0.03)

Fully adjusted 1.80 (�24.78, 28.38) �0.44 (�0.99, 0.11)
Yes at baseline, No at
follow-up

11.48 (�8.62, 31.58) 0.09 (�0.35, 0.52)

Fully adjusted 17.37 (�3.07, 37.80) 0.14 (�0.28, 0.56)
No at baseline, Yes at
follow-up

�3.29 (�27.55, 20.98) 0.12 (�0.40, 0.64)

Fully adjusted �1.13 (�30.55, 28.30) 0.30 (�0.31, 0.91)
No at baseline, No at
follow-up

1 1

Increased number
heavy drinking daysc

�0.47 (�1.16, 0.23) 0.01 (�0.01, 0.02)

Fully adjusted �0.71 (�1.48, 0.07) 0.01 (�0.01, 0.02)

aThe table presents the results of separate longitudinal regression mod-
els for change in each alcohol measure and change in bone formation
(P1NP) and in separate models, change in bone resorption (CTx) over
12 months. All alcohol measures reference the previous 30 days. The
parameter and 95% confidence intervals from the unadjusted model are
presented first, followed by the results from the fully adjusted regression
model in the next row. Covariates included age, biological sex, race/ethnic-
ity, BMI (underweight vs ideal/overweight/obese), absence of menses for
more than a year, ARV (tenofovir and/or a protease inhibitor), current
tobacco use, and lifetime years of heavy drinking assessed by Lifetime
Drinking History. The following covariates were time-varying: CD4 status,
HIV viral load suppression, serum vitamin D insufficiency, prescribed opi-
oid medication, prescribed bone-impacting medication, illicit opioid use,
and cocaine use.

bPer each additional drink.
cPer each additional day.
dResults of fully adjusted models were similar. HIV viral suppression

was the only covariate significantly associated with P1NP in the adjusted
models. Covariates significantly associated with CTx were baseline ARV,
HIV viral load suppression, and serum vitamin D insufficiency.
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bone-impacting ARVs (i.e., tenofovir and protease inhibi-
tors) but did not take into account past use of older ARV
medications known to affect bone, for example, stavudine
and zidovudine, although BTMs reflect recent bone turn-
over. Next, we did not have data on other biomarkers used
to estimate bone formation such as osteocalcin, although
P1NP is used in many HIV studies and has been recom-
mended for use in clinical studies (Szulc et al., 2017; Vasi-
karan et al., 2011). Without a HIV-uninfected comparator
group, we cannot make conclusions about whether these
findings are unique to PLWH. Given that 93% of the sample
was prescribed ARVs, we also could not comment on the
impact of initiation of ARV on the findings. These results
may not generalize to PLWH without a substance use disor-
der or history of injection drug use.

Lastly, the clinical relevance of these findings is unclear.
Although current guidelines do not include measurement of
BTMs to assess need for treatment of osteoporosis (Bauer,
2019), BTMs have been used to inform treatment strategy
and assess conditions that affect bone metabolism (Jain and
Camacho, 2018). The negative association between alcohol
and bone formation would be of interest to PLWH con-
cerned about modifiable risk factors for poor bone health.
The study findings also indicate that studies of bone health
need to account for the quantity of alcohol use beyond the
absence or presence of use.

In this study of PLWH with a substance use disorder
or a lifetime history of injection drug use, greater alcohol
consumption was associated with lower serum levels of
bone formation markers. We did not observe a range of

alcohol consumption (“moderate alcohol use”) associated
with higher levels of bone formation as other studies have
observed. Low vitamin D was not a mediator in these
findings. The effect of alcohol on bone formation is par-
ticularly important in the setting of accelerated bone
resorption that occurs with HIV infection and aging and
higher risk of fracture and functional decline (Dong
et al., 2014; Erlandson et al., 2016). Information about
low BTMs may provide motivation for PLWH to reduce
alcohol use and mitigate risks related to abnormal bone
metabolism.
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