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Abstract

Introduction:Vitamin D deficiency is highly prevalent and is associated with bone disease, cardiovascular disease, metabolic
syndrome and malignancy. Injection drug users (IDUs), with or without HIV infection, are at risk for these conditions;
however, limited data on vitamin D deficiency exist in this population. We determined the prevalence and correlates of
vitamin D deficiency among urban IDUs in the AIDS Linked to the IntraVenous Experience (ALIVE) Study cohort.

Methods: For this cross-sectional sub-study, vitamin D deficiency was defined as a serum 25(OH)-vitamin D level <20 ng/
mL. Multivariable logistic regression was used to identify factors independently associated with vitamin D deficiency.

Results: Of 950 individuals analyzed, 29% were HIV-infected. The median age was 49 years; 65% were male, and 91% were
black. The median vitamin D level was 13.5 ng/mL (IQR, 9.0-20.3); 74% were deficient (68% in HIV-infected vs. 76% in HIV-
uninfected, p=0.01). Non-black race, fall/winter season, multivitamin intake, higher serum albumin, HCV seropositivity and
HIV-infection were associated with significantly lower odds of vitamin D deficiency.

Conclusions: Vitamin D deficiency is prevalent among IDUs. Notably, HIV-infected IDUs were less likely to be vitamin D
deficient. Higher vitamin D levels were associated with multivitamin intake and with higher albumin levels, suggesting that
nutritional status contributes substantially to deficiency. The association between HCV serostatus and vitamin D level
remains unclear. Further investigation is needed to define the clinical implications of the heavy burden of vitamin D
deficiency in this high-risk, aging population with significant co-morbidities.
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Introduction drug-related morbidity and mental health conditions which render
the study of chronic conditions associated with vitamin D
deficiency difficult [14]. Injection drug use increases the risk for
a host of acute and chronic infectious and cardiopulmonary
conditions that are associated with vitamin D deficiency [15].
‘ - L ! Consequently, IDUs living in an urban environment represent a
musculoskeletal disorders [3,4], risk of falls [5], incident cardio- poorly studied population at high risk for vitamin D deficiency as
vascular disease [6], cancer risk [7], and respiratory infections [8— well as its associated adverse effects.

10]. Despite hc.ightcncld awareness rcgz‘lrFIing the adverse hc.alth The AIDS Linked to the IntraVenous Experience (ALIVE)
outcomes as.socu.ited Wlth vitamin b df?flClCIle, some pop.ulaFlons study is comprised of current and former IDUs living in Baltimore,
remain at high risk for vitamin D deficiency and its complications. Maryland [16], providing the opportunity to determine the

Injection drug users (IDUs), in particular, often have poor prevalence of vitamin D deficiency and identify potential risk
nutritional status and limited, delayed access to healthcare [11]. As

a result, this patient population suffers a disproportionate burden
of vitamin D deficiency compared to other urban dwelling adults
[12,13]. Moreover, IDUs have increased risks for drug overdose,

Vitamin D deficiency is common in the United States, affecting
approximately 40% of American adults [1]. A sharp rise in the
prevalence over the past 20 years has drawn significant attention
to the health impacts of this widespread condition [2], including

factors in a large group of urban IDUs. Understanding these risk
factors in this unique population is needed to improve targeted
screening and intervention to prevent sequelae of this modifiable
condition.
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Methods

Ethics Statement

This study was approved by the Johns Hopkins School of Public
Health Institutional Review Board and all patients provided
written informed consent.

Study Population

Since 1988, the ALIVE Study has prospectively followed a
cohort of current and former IDUs living in Baltimore, Maryland
[16]. As part of the ALIVE protocol, clinical, laboratory and
behavioural data are collected semi-annually at study wisits.
Injection drug users followed between October 1, 2007 and May
30, 2008 for whom stored serum was available for vitamin D
measurement were eligible for inclusion in our analysis. Of 1004
ALIVE participants evaluated during this time period, 951 had
vitamin D levels measured cross-sectionally and comprised the
population for this substudy.

Data Collection

25(0OH)-vitamin D levels were measured at the Tufts Medical
Center Core Laboratory using radioimmunoassay (DiaSorin,
Stillwater, Minnesota, USA). We excluded 1 participant whose
value exceeded the maximum limit of detection. Vitamin D levels
were analysed both continuously and categorically as deficient
versus sufficient. Vitamin D deficiency was defined as a level less
than 20 ng/mL [17].

T-cell subsets and HIV-1 RNA levels were measured at each
study wvisit for HIV-infected participants (Roche Molecular
Systems, Amplicor HIV-1 Monitor test version 1.5; Pleasanton,
CA). Serum Hepatitis C Virus (HCV) antibody was measured at
the first available visit after 2006, using an enzyme immunoassay
(Ortho Diagnostics; Rochester, NY), while HCV RNA level was
measured from plasma taken at or within 2 years of the vitamin D
sample visit using Abbott real-time PCR (Abbott Molecular, Des
Plaines, Illinois). Clinical and demographic data were obtained
through study visit questionnaires; comorbidities were obtained
through self-report and standardized medical record review. Race,
income, insurance, healthcare resource utilization, drug use, and
multivitamin intake were self-reported. Fall/winter season includ-
ed September through February; spring included March through
June. No levels were measured during summer months.

Statistical Analyses

Descriptive characteristics of the study population are presented
as frequencies, mean (standard deviation), or median (interquartile
range [IQR]). Variables with skewed distributions such as HIV
and HCV RNA were log)¢-transformed. Clinical and demograph-
ic characteristics were compared between deficient and sufficient
adults using the ¢ test, Wilcoxon rank-sum test or Pearson XQ, as
appropriate. A two-sided p-value = 0.05 was used to define
statistical significance.

In our univariable and multivariable logistic regression models,
we considered relevant demographic and clinical characteristics
with a known association with vitamin D deficiency (age, race,
body mass index [BMI] and season of measurement) [18-22]. The
final multivariable model included covariates with p-values =
0.05. Identical analyses were performed among HIV-infected
participants only. Sensitivity analyses were performed in which
associations were explored: 1) among black participants only; 2)
with severe vitamin D deficiency (defined as <10 ng/mlL); and 3)
with HCV serostatus defined by both the antibody and RNA. All
analyses were performed using Stata version 12.0 [23] and SAS
version 9.0 [24].
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Results

Participant Characteristics

The mean age of the 950 ALIVE participants was 49 years; 620
(65%) were male, 864 (91%) black and 278 (29%) HIV-infected
(Table 1). Two-hundred and fifty-three (27%) participants self-
reported multivitamin intake. Among HIV-infected participants,
the median CD4+ cell count was 278 cells/mm” (IQR: 166-174);
95 (34%) had a CD4 cell count <200 cells/mm? and 105 (39%)
had undetectable HIV viral load (<40 copies/mL). Among
participants with detectable viral levels, the median HIV RNA
level was 15,200 copies/mL (IQR: 1,560-59,450).

Vitamin D Deficiency among IDUs

The median vitamin D level was 13.5 ng/mL (IQR: 9.0-20.3)
with 74% (n=1699) of the cohort having deficient levels. Vitamin
D associations were explored with both a continuous (data not
shown) and categorical vitamin D deficient variable (defined as
25(0OH)-vitamin D <20 ng/mL). Vitamin D deficiency status did
not vary by age, gender, or BMI (Table 1). Median vitamin D
levels were similar among HIV-infected and HIV-uninfected
subjects (13.8 vs. 13.4 pg/mL, p=0.40). The prevalence of
vitamin D deficiency, however, was lower among HIV-infected
versus uninfected individuals (68% vs. 76%, respectively;
p=0.012). Among participants with HCV infection (n=582),
72% were vitamin D deficient compared to 84% of HCV-
uninfected participants (n=117; p =0.004).

In univariable analysis, black race was associated with a 2.55
increased odds of vitamin D deficiency (95%CI: 1.62, 4.01)
(Table 2). In contrast, HCV antibody seropositivity (OR = 0.50;
95% CI: 0.31, 0.81) and HIV seropositivity (OR 0.67; 95% CI:
0.49, 0.92) were associated with lower odds of vitamin D
deficiency as were season of blood draw, multivitamin intake
and higher serum albumin. Participants seen in an outpatient
clinic in the past 6 months also had lower odds of vitamin D
deficiency (OR 0.71, 95% CI; 0.52, 0.96). However, active
injection drug use, indicators of socioeconomic status (e.g., annual
income, homelessness, and insurance status),history of incarcera-
tion and comorbid conditions were not significantly associated
with vitamin D status.

In the multivariable model, black race remained strongly
associated with higher odds of vitamin D deficiency (OR 3.26,
95% CI: 1.89, 5.63) (Table 2). In addition, hypoalbuminemia was
associated with a nearly 2-fold greater odds of vitamin D
deficiency (OR 1.82; 95% CI: 1.05, 3.17). HCV antibody
seropositivity (OR 0.53; 95%CI: 0.31, 0.89) remained associated
with reduced odds of vitamin D deficiency as did fall or winter
timing of vitamin D measurements (OR 0.23; 95% CI: 0.14, 0.37)
and multivitamin intake (OR 0.43; 95% CI: 0.31, 0.60). The
association between HIV-infection and reduced odds of vitamin D
deficiency was not substantially altered (OR 0.70; 95% CI: 0.49,
1.00).

Factors Associated with Vitamin D Deficiency among
HIV-infected IDUs

Univariable analyses among HIV-infected participants showed
similar results as in the overall cohort analysis (Table 3). Among
HIV-infected IDUs, hypoalbuminemia remained strongly associ-
ated with vitamin D deficiency (OR 2.63; 95% CI: 1.33, 5.22).
Conversely, risk of vitamin D deficiency was reduced during fall or
winter measurement (as compared to spring; OR 0.22, 95% CI:
0.10, 0.52), among those reporting multivitamin intake (OR 0.50;
95% CI: 0.29, 0.83) and among those with undetectable HIV
RNA (OR 0.43, 95% CI: 0.26, 0.73).
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Table 1. Sociodemographic and Clinical Characteristics of Study Participants.

VitD Sufficient =20 ng/mL VitD Deficient <20 ng/mL p-value

Number of participants 251 699
Season <0.001

Spring 22 9 195 (28)

Summer 0 (0) 0 (0)

Fall/Winter 229 91) 504 (72)
Mean age, years, mean(SD) 48.6 (8.9) 49.1 (7.6) 0.38
Black 212 (84) 652 (93) <0.001
Non-Black 39 (15) 47 (7)
Female 85 (34) 245 (35) 0.74
Homeless 31 (12) 83 (12) 0.82
Median annual income 0.99

No legal income 52 (21) 147 (22)

<$s5000 130 (52) 363 (53)

=$5000 62 (25) 170 (25)
Medical insurance* 186 (75) 518 (74) 0.83
Outpatient medical visit* 171 (68) 420 (60) 0.03
Inpatient medical visit* 37 (15) 86 (12) 0.35
ER visit* 66 (26) 190 (27) 0.79
Injection drug use* 91 (36) 247 (35) 0.79
Multivitamin intake* 98 (39) 155 (22) <0.001
Systolic BP, mmHg, mean(SD) 129 (25) 130 (22) 0.50
Diastolic BP, mmHg, mean(SD) 84 (15) 86 (14) 0.16
BMI, kg/mz, mean(SD) 264 (5.9 26.7 (6.1) 0.51
Serum albumin =3.5 g/dL 20 8) 85 (12) 0.07
History of diabetes 29 (12) 75 (11) 0.73
History of hypertension 118 (47) 370 (53) 0.10
HCV Antibody Seropositive 227 (91) 582 (83) 0.004
HCV RNA level, log;o copies/mL, mean (SD)" 6.4 (1.0) 6.4 (0.9) 0.48
HIV-infected 89 (35) 189 (27) 0.01

Prior AIDS* 15 17) 32 17) 0.99

CD4+ cell count, cells/mm? * 343 (198-584) 263 (148-449) 0.03

HIV RNA <40 copies/mLi 46 (52) 64 (33) 0.003

HIV RNA level, log,, copies/mL, mean (SD) ¥ 2.8 (1.4) 3.1 (1.4) 0.06

HAART receipt* 55 (63) 96 (52) 0.07

Values presented as n(%) or median (IQR) unless indicated otherwise.
* In the previous 6 months.

"n=383

*Among participants with HIV.

blood cell.
doi:10.1371/journal.pone.0095802.t001

In multivariable analyses of HIV-infected participants, fall or
winter season of measurement and multivitamin intake remained
assoclated with reduced odds of vitamin D deficiency (OR 0.20;
95% CI: 0.08, 0.48 and OR 0.59; 95% CI: 0.27, 0.87,
respectively); however, hypoalbuminemia and HIV viral suppres-
sion no longer reached statistical significance.

Sensitivity Analyses

Restriction of the analyses to black participants yielded similar
results (data not shown). When examining severe vitamin D

PLOS ONE | www.plosone.org

Abbreviations: BMI, body mass index; BP, blood pressure; ER, emergency room; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; IQR, interquartile range; kPA, kilopascal; RNA, ribonucleic acid; SD, standard deviation; UD, undetectable; VitD, 25(0H)-vitamin D; WBC, white

deficiency (defined as <10 ng/mL), race, season of blood draw,
multivitamin intake, hypoalbuminemia and HCV antibody
serostatus remained independently associated with vitamin D
levels in additional to systolic blood pressure (OR 1.08 per 10 mm
Hg higher; 95% CI: 1.01, 1.16); however, HIV serostatus no
longer reached statistical significance (Table S1). The associations
among HIV-infected participants were unchanged with the more
stringent cut-off (data not shown).

To better understand the association between HCV and
vitamin D status, we categorized participants into three categories:
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Table 2. Association between Entire Cohort Characteristics and Vitamin D Deficiency (n=950).

Predictor Unadjusted OR (95% Cl) p-value Adjusted OR (95% ClI) p-value
Age, per 10 years 1.08 (0.90, 1.30) 0.38 1.01 (0.82, 1.26) 0.89
Black Race 255 (1.62, 4.01) <0.001 3.26 (1.89, 5.63) <0.001
BMI, per 1 kg/m2 1.01 (0.98, 1.03) 0.51 1.00 (0.98, 1.03) 0.81
Fall/Winter Season* 0.25 (0.15, 0.40) <0.001 0.23 (0.4, 0.37) <0.001
Current Multivitamin Intake® 0.44 (0.32, 0.60) <0.001 0.43 (0.31, 0.60) <0.001
Serum albumin =3.5 g/dL 1.60 (0.95, 2.66) 0.07 1.82 (1.05, 3.17) 0.03
HCV Antibody Seropositive 0.50 (0.31, 0.81) 0.004 0.53 (0.31, 0.89) 0.02
HIV-infected 0.67 (0.49, 0.92) 0.01 0.70 (0.49, 1.00) 0.05
Any Outpatient Visit" 0.71 (0.52, 0.96) 0.03 0.83 (0.59, 1.17) 0.29

Models adjusted for other variables in table.
* As compared to spring season of measurement.
fIn the previous 6 months.

odds ratio.
doi:10.1371/journal.pone.0095802.t002

1) HCV antibody negative; 2) HCV antibody positive with
undetectable RNA; and 3) HCV antibody positive with detectable
RNA. Compared with HCV antibody negative individuals, those
who were HCV antibody positive and had either undetectable
(OR 0.45; 95% CI: 0.23, 0.90) or detectable RNA (OR 0.50; 95%
CI: 0.28, 0.90) remained at lower odds of vitamin D deficiency in
adjusted models. Individuals who were HCV antibody positive,
however, were more likely to have had an outpatient clinic visit
within the preceding 6 months compared to those who were HCV
antibody negative (64% vs. 48%, p=0.001).

Discussion

In our study, we found that three out of every four current or
former IDUs were vitamin D deficient, similar to the high
prevalence noted among blacks and HIV-infected adults in the
United States [25,26]. Significantly higher odds of vitamin D
deficiency were observed with black race, lack of multivitamin use
and hypoalbuminemia. Notably, HIV and HCV infected IDUs

Abbreviations: BMI, body mass index; Cl, confidence interval; HCV, hepatitis C virus; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; OR,

were less likely to be vitamin D deficient. To our knowledge, no
prior studies have reported the prevalence or identified the
correlates of vitamin D deficiency in an urban cohort of IDUs.

Vitamin D deficiency has become increasingly prevalent in the
United States [2] and is associated with an array of poor health
outcomes [6,7,27-35]. Repletion of vitamin D levels has been
shown to attenuate some of these risks, specifically bone loss [36—
39], falls risk [40-43], hypertension [44—46], insulin resistance
[47], and mortality [27]. With increased risk for infectious and
cardiopulmonary comorbidities [15] and delayed, limited access to
healthcare [11], IDUs represent a population at high-risk for
vitamin D deficiency and its sequelae. In addition, the safety and
efficacy of vitamin D supplementation, along with bisphosphonate
therapy, has recently been demonstrated among HIV-infected
patients [48]. Establishing the prevalence and correlates of vitamin
D deficiency among IDUs therefore would allow targeted
screening and repletion.

Our cohort was predominantly black, which at least partially
explains the elevated prevalence of vitamin D deficiency observed,

Table 3. Association between Patient Characteristics and Vitamin D Deficiency among HIV-Infected Participants (n=278).

Predictor Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value
Age, per 10 years 0.70 (0.48, 1.03) 0.07 0.98 (0.93, 1.02) 0.35
Black Race 1.93 (0.68, 5.50) 0.22 3.26 (0.88, 12.00) 0.08
BMI, per 1 kg/m? 1.00 (0.96, 1.04) 0.90 1.00 (0.96, 1.05) 0.84
Fall/Winter Season* 0.22 (0.10, 0.52) <0.001 0.20 (0.08, 0.48) <0.001
Current Multivitamin Intake” 0.50 (0.29, 0.83) 0.01 0.59 (0.28, 0.87) 0.01
Serum albumin =3.5 g/dL 263 (1.33,5.22) 0.01 2.04 (0.94, 4.45) 0.07
HCV Antibody Seropositive 0.29 (0.06, 1.29) 0.10 0.24 (0.05, 1.20) 0.08
Any Outpatient Visit" 0.77 (0.39, 1.50) 0.44 0.89 (0.42, 1.90) 0.77
HIV RNA level <40 copies/mL 0.43 (0.26, 0.73) 0.002 0.61 (0.30, 1.23) 0.17
Current HAART Use' 0.62 (0.37, 1.05) 0.07 1.00 (0.50, 1.96) 0.99

Models adjusted for other variables in table.
*As compared to spring season of measurement.
fIn the previous 6 months.

odds ratio.
doi:10.1371/journal.pone.0095802.t003
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Abbreviations: BMI, body mass index; Cl, confidence interval; HCV, hepatitis C virus; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; OR,
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as blacks are known to have lower levels of vitamin D compared to
whites [25]. This racial difference may be explained by the
reduction in cutaneous vitamin D photoproduction among blacks
[49,50], as well as decreased intake of dairy and dietary
supplements [51].

Our findings support the seasonal variation often observed with
vitamin D measurement [52,53]. High levels of vitamin D in the
late summer and early fall are typically contrasted with lower levels
in the late winter and early spring [54-56] which correlates with
our observed higher levels observed in the fall/winter season as
compared to the spring. These findings highlight the importance
of considering season when interpreting vitamin D results.

In addition to black race and season, we observed significantly
greater odds of vitamin D deficiency associated with lack of
multivitamin intake and with lower serum albumin; the latter,
suggests that poor nutritional status may have contributed. Lower
serum albumin is associated with inadequate protein and caloric
intake, as well as inflammation, all of which may be present in a
population of IDUs and contributing to vitamin D deficiency
[57,58]. Reduced vitamin D deficiency, as expected [39], was
associated with multivitamin intake. Though multivitamins
typically only contain supplemental doses of vitamin D, multivi-
tamin use may indicate individuals who also take in a more
balanced diet sufficient to prevent vitamin D deficiency.

Several prior studies have examined the association of HIV
infection and vitamin D deficiency with conflicting results. While
HIV infection has typically been associated with increased vitamin
D deficiency [60], a few studies also found reduced odds of vitamin
D deficiency similar to our findings [26,61,62]. HIV-infected
patients with vitamin D deficiency had lower CD4+ cell counts
and higher HIV RNA levels compared to sufficient participants
suggesting that treatment for HIV also reduced risk of vitamin D
deficiency, which has been noted previously [63]. However,
multivariable analysis showed that recent outpatient clinic visits,
HAART use and markers typically associated with inadequate
HIV treatment including HIV RNA levels did not predict vitamin
D deficiency. Measurement of free vitamin D, rather than total
vitamin D, may have also played a role in these findings. Vitamin
D circulates bound to plasma proteins including albumin and
vitamin D binding protein; free vitamin D is the biologically
active, and possibly more clinically relevant, measure of vitamin
D.

We observed a similar “protective” association between HCV
infection and vitamin D deficiency, in contrast to prior studies
[64,65]. HCV and HIV infection have been associated with
discordant sex hormone levels due to elevated sex hormone
binding proteins [66,67]. A similar mechanism of increased
vitamin D binding protein resulting in discordant total and free
vitamin D levels may be contributing to our findings among these
patients. HCV cirrhosis has been reported to be associated with
reduced vitamin D binding protein levels [68]. Further investiga-
tion into free vitamin D levels is warranted in these populations,

References

1. Forrest KY, Stuhldreher WL (2011) Prevalence and correlates of vitamin D
deficiency in US adults. Nutr Res 31: 48-54.

2. Ginde AA, Liu MC, Camargo CA Jr (2009) Demographic differences and trends
of vitamin D insufficiency in the US population, 1988-2004. Arch Intern Med
169: 626-632.

3. Holick MF (2006) Resurrection of vitamin D deficiency and rickets. J Clin Invest
116: 2062-2072.

4. Visser M, Deeg DJ, Lips P, Longitudinal Aging Study A (2003) Low vitamin D
and high parathyroid hormone levels as determinants of loss of muscle strength
and muscle mass (sarcopenia): the Longitudinal Aging Study Amsterdam. J Clin
Endocrinol Metab 88: 5766-5772.

PLOS ONE | www.plosone.org

Vitamin D Deficiency in Injection Drug Users

particularly in light of a recent study reporting that free vitamin D
more strongly correlated with clinical outcomes than total vitamin
D [69].

This study has limitations. Vitamin D measurements were
performed only at a single time point, within a 9 month calendar
period. We did not measure parathyroid hormone or vitamin D
binding protein which would have enhanced our inferences. In
this cross-sectional analysis, we are unable to infer causal
assoclations with vitamin D deficiency. Our cohort largely consists
of African American IDUs residing in an urban setting at relatively
northern latitude which limits generalizability to other popula-
tions. Although nearly 30% of our participants were HIV-infected,
40% had undetectable HIV RNA at the time of investigation;
therefore, our HIV findings may be applicable only to persons
with a similar HIV treatment and response profile. Multivitamin
intake is self-reported, is not characterized with regards to dose or
duration of therapy, and may not reflect nutritional status, thereby
limiting our inferences regarding its protective association with
vitamin D deficiency. Despite this, ALIVE participants are similar
to many other urban IDU populations in the United States.
Further, our conclusions are strengthened by the large size and
well-characterized nature of the cohort.

Conclusions

We report a substantial prevalence of vitamin D deficiency
among IDUs. In addition to expected associations of vitamin D
deficiency with black race and season, we provide evidence that
nutritional factors are important in this population. The reduced
risk for vitamin D deficiency among participants with HIV or
HCYV infection evokes questions regarding the role of free vitamin
D measurement in these unique populations. Future studies are
needed to examine the adverse clinical outcomes associated with
pronounced vitamin D deficiency and to evaluate whether routine
screening for vitamin D deficiency followed by supplementation
can ameliorate the potential health consequences among IDUs.

Supporting Information

Table S1 Association between Entire Cohort Charac-
teristics and Vitamin D Deficiency defined as <10 ng/
mL (n=950).

DOC)

Acknowledgments

We would like to thank the participants and staff of the ALIVE study.

Author Contributions

Conceived and designed the experiments: MBD GDK SHM MME.
Analyzed the data: AAL MBD TTB GML GDK SMH MME. Wrote the
paper: AAL MBD TTB GML GDK SHM MME.

5. Bischoff HA, Stahelin HB, Dick W, Akos R, Knecht M, et al. (2003) Effects of
vitamin D and calcium supplementation on falls: a randomized controlled trial.
J Bone Miner Res 18: 343-351.

6. Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E, et al. (2008) Vitamin
D deficiency and risk of cardiovascular disease. Circulation 117: 503-511.

7. Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP (2007)
Vitamin D and calcium supplementation reduces cancer risk: results of a
randomized trial. Am J Clin Nutr 85: 1586-1591.

8. Laaksi I, Ruohola JP, Tuohimaa P, Auvinen A, Haataja R, et al. (2007) An
association of serum vitamin D concentrations <40 nmol/L with acute
respiratory tract infection in young Finnish men. Am J Clin Nutr 86: 714-717.

April 2014 | Volume 9 | Issue 4 | 95802



12.

22.

27.

28.

30.

31.

32.

34.

36.

37.

. Gibney KB, MacGregor L, Leder K, Torresi J, Marshall C, et al. (2008) Vitamin

D deficiency is associated with tuberculosis and latent tuberculosis infection in
immigrants from sub-Saharan Africa. Clin Infect Dis 46: 443-446.

. Ginde AA, Mansbach JM, Camargo CA, Jr. (2009) Association between serum

25-hydroxyvitamin D level and upper respiratory tract infection in the Third
National Health and Nutrition Examination Survey. Arch Intern Med 169: 384—
390.

. Celentano DD, Galai N, Sethi AK, Shah NG, Strathdee SA, et al. (2001) Time

to initiating highly active antiretroviral therapy among HIV-infected injection
drug users. AIDS 15: 1707-1715.

Kahn LS, Satchidanand N, Kopparapu A, Goh W, Yale S, et al. (2011) High
prevalence of undetected vitamin D deficiency in an urban minority primary
care practice. ] Natl Med Assoc 103: 407-411.

. Bailey BA, Manning T, Peiris AN (2012) The impact of living in rural and urban

areas: vitamin D and medical costs in veterans. J Rural Health 28: 356-363.

. Compton WM, Thomas YF, Stinson F'S, Grant BF (2007) Prevalence, correlates,

disability, and comorbidity of DSM-IV drug abuse and dependence in the
United States: results from the national epidemiologic survey on alcohol and
related conditions. Arch Gen Psychiatry 64: 566-576.

. Cherubin CE, Sapira JD (1993) The medical complications of drug addiction

and the medical assessment of the intravenous drug user: 25 years later. Ann

Intern Med 119: 1017-1028.

. Vlahov D, Anthony JC, Munoz A, Margolick J, Nelson KE, et al. (1991) The

ALIVE study, a longitudinal study of HIV-1 infection in intravenous drug users:
description of methods and characteristics of participants. NIDA Res Monogr

109: 75-100.

. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, et al.

(2011) Evaluation, treatment, and prevention of vitamin D deficiency: an
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab 96:
1911-1930.

. Yetley EA (2008) Assessing the vitamin D status of the US population. Am J Clin

Nutr 88: 5585-564S.

. Looker AC, Pfeiffer CM, Lacher DA, Schleicher RL, Picciano MF, et al. (2008)

Serum 25-hydroxyvitamin D status of the US population: 1988-1994 compared
with 2000-2004. Am J Clin Nutr 88: 1519-1527.

. Compher CW, Badellino KO, Boullata JI (2008) Vitamin D and the bariatric

surgical patient: a review. Obes Surg 18: 220-224.

. Gallagher JC, Peacock M, Yalamanchili V, Smith LM (2013) Effects of vitamin

D supplementation in older African American women. J Clin Endocrinol Metab
98: 1137-1146.

Webb AR, Kline L, Holick MF (1988) Influence of season and latitude on the
cutaneous synthesis of vitamin D3: exposure to winter sunlight in Boston and
Edmonton will not promote vitamin D3 synthesis in human skin. J Clin
Endocrinol Metab 67: 373-378.

StataCorp (2012) Stata Statistical Software: Release 12. College Station TSL.
SAS/STAT VotSsfPCSII, Cary, NC, USA.

. Zadshir A, Tareen N, Pan D, Norris K, Martins D (2005) The prevalence of

hypovitaminosis D among US adults: data from the NHANES III. Ethn Dis 15:
S5-97-101.

. Dao CN, Patel P, Overton ET, Rhame F, Pals SL, et al. (2011) 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.

Autier P, Gandini S (2007) Vitamin D supplementation and total mortality: a
meta-analysis of randomized controlled trials. Arch Intern Med 167: 1730-1737.
Anderson JL, May HT, Horne BD, Bair TL, Hall NL, et al. (2010) Relation of
vitamin D deficiency to cardiovascular risk factors, disease status, and incident
events in a general healthcare population. Am J Cardiol 106: 963-968.

. Giovannucci E, Liu Y, Hollis BW, Rimm EB (2008) 25-hydroxyvitamin D and

risk of myocardial infarction in men: a prospective study. Arch Intern Med 168:
1174-1180.

Hind CR (1990) Pulmonary complications of intravenous drug misuse. 2.
Infective and HIV related complications. Thorax 45: 957-961.

Deiss RG, Rodwell TC, Garfein RS (2009) Tuberculosis and illicit drug use:
review and update. Clin Infect Dis 48: 72-82.

Reichman LB, Felton CP, Edsall JR (1979) Drug dependence, a possible new
risk factor for tuberculosis disease. Arch Intern Med 139: 337-339.

. Graham NM, Nelson KE, Solomon L, Bonds M, Rizzo RT, et al. (1992)

Prevalence of tuberculin positivity and skin test anergy in HIV-1-seropositive
and -seronegative intravenous drug users. JAMA 267: 369-373.

Binswanger IA, Kral AH, Bluthenthal RN, Rybold DJ, Edlin BR (2000) High
prevalence of abscesses and cellulitis among community-recruited injection drug
users in San Francisco. Clin Infect Dis 30: 579-581.

. Ebright JR, Pieper B (2002) Skin and soft tissue infections in injection drug users.

Infect Dis Clin North Am 16: 697-712.

Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, et al. (2006)

Calcium plus vitamin D supplementation and the risk of fractures. N Engl ] Med
354: 669-683.

Daly RM, Brown M, Bass S, Kukuljan S, Nowson C (2006) Calcium- and
vitamin D3-fortified milk reduces bone loss at clinically relevant skeletal sites in
older men: a 2-year randomized controlled trial. ] Bone Miner Res 21: 397-405.

. Meier C, Woitge HW, Witte K, Lemmer B, Seibel MJ (2004) Supplementation

with oral vitamin D3 and calcium during winter prevents seasonal bone loss: a

PLOS ONE | www.plosone.org

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

51.

52.

54.

57.

58.

59.

60.

61.

62.

63.

64.

66.

Vitamin D Deficiency in Injection Drug Users

randomized controlled open-label prospective trial. ] Bone Miner Res 19: 1221~
1230.

Dawson-Hughes B, Dallal GE, Krall EA, Sadowski L, Sahyoun N, et al. (1990)
A controlled trial of the effect of calcium supplementation on bone density in
postmenopausal women. N Engl J Med 323: 878-883.

Annweiler C, Schott AM, Berrut G, Fantino B, Beauchet O (2009) Vitamin D-
related changes in physical performance: a systematic review. J Nutr Health
Aging 13: 893-898.

Zhu K, Austin N, Devine A, Bruce D, Prince RL (2010) A randomized
controlled trial of the effects of vitamin D on muscle strength and mobility in
older women with vitamin D insufficiency. J] Am Geriatr Soc 58: 2063-2068.
Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC, Stachelin HB, Bazemore
MG, et al. (2004) Effect of Vitamin D on falls: a meta-analysis. JAMA 291:
1999-2006.

Bischoff-Ferrari HA, Dawson-Hughes B, Stachelin HB, Orav JE, Stuck AE, et
al. (2009) Fall prevention with supplemental and active forms of vitamin D: a
meta-analysis of randomised controlled trials. BMJ 339: b3692.

Witham MD, Nadir MA, Struthers AD (2009) Effect of vitamin D on blood

pressure: a systematic review and meta-analysis. ] Hypertens 27: 1948-1954.

. Pittas AG, Chung M, Trikalinos T, Mitri J, Brendel M, et al. (2010) Systematic

review: Vitamin D and cardiometabolic outcomes. Ann Intern Med 152: 307—
314.

Forman JP, Scott JB, Ng K, Drake BF, Suarez EG, et al. (2013) Effect of vitamin
D supplementation on blood pressure in blacks. Hypertension 61: 779-785.
von Hurst PR, Stonechouse W, Coad J (2010) Vitamin D supplementation
reduces insulin resistance in South Asian women living in New Zealand who are
insulin resistant and vitamin D deficient - a randomised, placebo-controlled trial.
Br J Nutr 103: 549-555.

McComsey GA, Kendall MA, Tebas P, Swindells S, Hogg E, et al. (2007)
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.

Chen TC, Chimeh F, Lu Z, Mathieu J, Person KS, et al. (2007) Factors that
influence the cutaneous synthesis and dietary sources of vitamin D. Arch
Biochem Biophys 460: 213-217.

Clemens TL, Adams JS, Henderson SL, Holick MF (1982) Increased skin
pigment reduces the capacity of skin to synthesise vitamin D3. Lancet 1: 74-76.
Moore CE, Murphy MM, Holick MF (2005) Vitamin D intakes by children and
adults in the United States differ among ethnic groups. J Nutr 135: 2478-2485.
Vanderschueren D, Gevers G, Dequeker J, Geusens P, Nijs J, et al. (1991)
Seasonal variation in bone metabolism in young healthy subjects. Calcif Tissue
Int 49: 84-89.

. Meller Y, Kestenbaum RS, Galinsky D, Shany S (1986) Seasonal variation in

serum levels of vitamin D metabolites and parathormone in geriatric patients
with fractures in Southern Israel. Isr ] Med Sci 22: 8-11.

McLaughlin M, Raggatt PR, Fairney A, Brown DJ, Lester E, et al. (1974)
Seasonal variations in serum 25-hydroxycholecalciferol in healthy people.
Lancet 1: 536-538.

Stamp TC, Round JM (1974) Seasonal changes in human plasma levels of 25-
hydroxyvitamin D. Nature 247: 563-565.

. Bolland MJ, Grey AB, Ames RW, Mason BH, Horne AM, et al. (2007) The

effects of seasonal variation of 25-hydroxyvitamin D and fat mass on a diagnosis
of vitamin D sufficiency. Am J Clin Nutr 86: 959-964.

Don BR, Kaysen G (2004) Serum albumin: relationship to inflammation and
nutrition. Semin Dial 17: 432-437.

Kaysen GA, Chertow GM, Adhikarla R, Young B, Ronco C, et al. (2001)
Inflammation and dietary protein intake exert competing effects on serum
albumin and creatinine in hemodialysis patients. Kidney Int 60: 333-340.
Tangpricha V, Pearce EN, Chen TC, Holick MF (2002) Vitamin D insufficiency
among free-living healthy young adults. Am J Med 112: 659-662.

Rodriguez M, Daniels B, Gunawardene S, Robbins GK (2009) High frequency
of vitamin D deficiency in ambulatory HIV-Positive patients. AIDS Res Hum
Retroviruses 25: 9-14.

Adeyemi OM, Agniel D, French AL, Tien PC, Weber K, et al. (2011) Vitamin
D deficiency in HIV-infected and HIV-uninfected women in the United States.

J Acquir Immune Defic Syndr 57: 197-204.

Ormesher B, Dhaliwal S, Nylen E, Gibert C, Go C, et al. (2011) Vitamin D
deficiency is less common among HIV-infected African-American men than in a
matched cohort. AIDS 25: 1237-1239.

Wasserman P, Rubin DS (2010) Highly prevalent vitamin D deficiency and
insufficiency in an urban cohort of HIV-infected men under care. AIDS Patient
Care STDS 24: 223-227.

Lange CM, Bojunga J, Ramos-Lopez E, von Wagner M, Hassler A, et al. (2011)
Vitamin D deficiency and a CYP27B1-1260 promoter polymorphism are
associated with chronic hepatitis C and poor response to interferon-alfa based
therapy. J Hepatol 54: 887-893.

. Petta S, Camma C, Scazzone C, Tripodo C, Di Marco V, et al. (2010) Low

vitamin D serum level is related to severe fibrosis and low responsiveness to
interferon-based therapy in genotype 1 chronic hepatitis C. Hepatology 51:
1158-1167.

Klein RS, Lo Y, Santoro N, Dobs AS (2005) Androgen levels in older men who
have or who are at risk of acquiring HIV infection. Clin Infect Dis 41: 1794
1803.

April 2014 | Volume 9 | Issue 4 | 95802



Vitamin D Deficiency in Injection Drug Users

67. Rao J, Danoff A, Bini EJ (2009) Elevated sex hormone binding globulin levels 69. Powe CE, Ricciardi C, Berg AH, Erdenesanaa D, Collerone G, et al. (2011)
may contribute to sexual dysfunction in men with chronic hepatitis C virus Vitamin D-binding protein modifies the vitamin D-bone mineral density
infection. J Clin Gastroenterol 43: 94-95. relationship. ] Bone Miner Res 26: 1609-1616.

68. Bouillon R, Auwerx J, Dekeyser L, Fevery J, Lissens W, et al. (1984) Serum
vitamin D metabolites and their binding protein in patients with liver cirrhosis.

J Clin Endocrinol Metab 59: 86-89.

PLOS ONE | www.plosone.org 7 April 2014 | Volume 9 | Issue 4 | 95802



