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AbstrAct
Vitamin D deficiency is associated with negative 
health outcomes, including infections. Vitamin D 
modulates inflammation and down-regulates the 
expression of calprotectin, a molecule which influ-
ences neutrophil functions and which has been linked 
to oral candidiasis (OC), the most prevalent oral 
lesion in human immunodeficiency virus (HIV). We 
hypothesized a positive association between vitamin 
D deficiency and OC, and that this effect was par-
tially modulated by calprotectinemia. Plasma calpro-
tectin and serum 25 (OH) vitamin D levels were 
measured in stored samples from 84 HIV-seropositive 
Chicago women enrolled in the Oral Substudy of the 
Women’s Interagency HIV Study (WIHS). OC and 
vitamin D deficiency were diagnosed in, respectively, 
14 (16.7%) and 46 (54.8%) of those studied. Vitamin 
D deficiency was positively associated with OC (p = 
0.011) and with higher calprotectinemia (p = 0.019) 
in univariate analysis. After adjustment for CD4, HIV 
viral load, HIV treatment, and tobacco and heroin/
methadone use, vitamin D deficiency remained a 
significant predictor of OC (OR 5.66; 95% confi-
dence interval 1.01-31.71). This association weak-
ened after adjustment for calprotectinemia, supporting 
a role for calprotectinemia as a moderator of this 
effect. These findings support studies to examine the 
effect of vitamin D status on calprotectinemia, neu-
trophil functions, and opportunistic mucosal infec-
tions in HIV.

KEY WOrDs: innate immunity, women’s health, 
mucosal immunity, immune suppression, yeast infec-
tion, metabolic disease.

IntrODuctIOn

Oral lesions associated with HIV infection were identified early in the HIV 
pandemic as clinical signs of immune suppression (Klein et al., 1984). 

Oral candidiasis (OC), hairy leukoplakia (HL), and oral warts, conditions 
associated, respectively, with yeast organisms such as Candida albicans, the 
Epstein-Barr virus (EBV), and the Human Papillomavirus (HPV), are the most 
commonly observed oral mucosal lesions in HIV (Greenspan et al., 1992).

Therapies targeting the HIV life cycle, especially HIV protease inhibitors, 
a component of highly active antiretroviral therapy (HAART), have resulted 
in remarkable beneficial effects, including immune reconstitution, HIV viral 
suppression, reduced incidence of opportunistic infections, and ultimately 
increased survival rates (Powderly et al., 1998). The introduction of HAART 
in industrialized countries and in the developing world also resulted in a sharp 
decline in the prevalence and incidence of most opportunistic oral mucosal 
lesions (Aguirre et al., 1999). OC remains the most commonly observed oral 
lesion associated with HIV even in the HAART era, with cohorts reporting a 
prevalence of OC around the 20% range (Sroussi et al., 2007; Gaitan-Cepeda 
et al., 2010).

A comprehensive understanding of the immune dysregulation resulting in 
oral opportunistic infections such as OC is lacking. Results from the Women’s 
Interagency HIV Study (WIHS) confirmed earlier findings from others that 
OC was correlated with immunosuppression and HIV replication (Greenspan 
et al., 2000). Researchers have reported other risk factors for OC such as 
tobacco smoking (Sroussi et al., 2007), oral sex (Greenspan et al., 2000), a 
direct effect of HIV medication on fungal organisms (De Bernardis et al., 
2004), and abnormal levels of antimicrobial immune regulatory factors in 
saliva, such as calprotectin (Kleinegger et al., 2001). As effective HIV treat-
ment succeeds at increasing or stabilizing CD4 cell counts and improves 
long-term HIV virological control, other risk factors for oral lesions associ-
ated with HIV may therefore emerge.

WIHS recently reported an association between vitamin D deficiency and 
bacterial vaginosis, a common mucosal infection in HIV-infected women 
(French et al., 2011). Vitamin D deficiency is common among women indepen-
dent of their HIV status, especially among African American and Hispanic 
women (Adeyemi et al., 2011). Bacterial vaginosis, similarly to oral candidia-
sis, results from an overgrowth of commensal organisms and may signal the 
presence of an imbalance in normal mucosal flora, possibly linked to defective 
immune surveillance mechanisms. The possible role played by vitamin D defi-
ciency in oral mucosal infections (Sun, 2010), including OC, in the general 
population and in the context of HIV-related immune suppression, is unknown.

Association among Vitamin 
D, Oral candidiasis, and 
calprotectinemia in HIV
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Calprotectin is an antimicrobial and immune regulatory pro-
tein complex (Perera et al., 2010) expressed constitutively by 
oral keratinocytes and neutrophils (Ross and Herzberg, 2001). 
High levels of circulating calprotectin have been documented in 
HIV and correlate with HIV disease exacerbation (Strasser  
et al., 1997). Moreover, a familial syndrome of hypercalprotec-
tinemia which includes recurrent infections has been described 
(Sampson et al., 2002), and an association between high sali-
vary calprotectin and OC was reported (Sweet et al., 2001). The 
relationship between calprotectinemia and a higher risk of OC 
in HIV patients is unknown and was investigated herein.

In previous work, we demonstrated that calprotectin down-
regulated neutrophil recruitment (Sroussi et al., 2006) and inhib-
ited neutrophil oxidative functions (Sroussi et al., 2010). Others 
indicated that vitamin D reduced the expression of calprotectin 
genes in human oral keratinocytes in vitro (Haussler et al., 2010). 
Whether deficiency in vitamin D levels affects calprotectin con-
centration in the circulation is unknown. Vitamin D deficiency 
may result in an exaggerated expression of calprotectin which 
would inhibit neutrophil recruitment and functions, resulting in an 
increased risk for opportunistic infections such as OC.

In the present study, we explored the relationship among  
vitamin D, calprotectinemia, and OC. Our hypothesis was that 

vitamin D deficiency would be associated with a diagnosis of OC 
and higher calprotectinemia, and that calprotectinemia would 
partially modulate the association between vitamin D and OC.

MAtErIAls & MEtHODs

sample

This study conforms to the Strobe guidelines. The WIHS is an 
ongoing prospective cohort study of HIV-infected and unin-
fected at-risk women enrolled at six sites: Chicago, San 
Francisco Bay Area (SF), Brooklyn and Bronx/Manhattan, New 
York, Washington, DC (DC), and Los Angeles (LA). The WIHS 
cohort was designed to reflect the demographics of the HIV 
epidemic among women in the United States. Details of cohort 
recruitment, retention, and demographics have been previously 
described (Barkan et al., 1998). Briefly, participants undergo 
semi-annual visits that include an interviewer-administered 
structured questionnaire, a physical examination, and collection 
of blood and gynecologic specimens. From study inception in 
1995 through 2004, a subset of WIHS participants was enrolled 
in a nested study of oral health. Informed consent was obtained 
from all participants in accordance with the US Department of 

table 1. Characteristics of the Study Sample

Characteristic
Total % (n)  
100% (84)

Oral Candidiasis  
17% (14)

No OC  
83% (70)

p-value (2-sided  
chi-square)

Race 0.128
Black Non-Hispanic 69 (58) 79 (11) 67 (47)  
Hispanic 13 (11) 21 (3) 11 (8)  
White 18 (15) 0 (0) 21 (15)  

HIV Risk Category 0.089
Injection drug 45 (38) 43 (6) 46 (32)  
Heterosexual 42 (35) 29 (4) 44 (31)  
Blood transfusion 4 (3) 14 (2) 1 (1)  
Other/Unknown 10 (8) 14 (2) 9 (6)  

Cigarette smoker 54 (45) 77 (10) 50 (35) 0.074
Marijuana smoker 18 (15) 15 (2) 19 (13) 0.767
Heroin/methadone user 10 (8) 15 (2) 9 (6) 0.456
Oral sex 23 (19) 7 (1) 26 (18) 0.129
CD4 0.034

< 200 35 (29) 64 (9) 29 (20)  
200-499 37 (31) 14 (2) 42 (29)  
>= 500 28 (23) 21 (3) 29 (20)  

Undetectable HIV RNA viral load 12 (10) 7 (1) 13 (9) 0.526
Viral load 0.218

<= 4,000 42 (34) 21 (3) 46 (31)  
> 4,000 - <= 50,000 35 (29) 43 (6) 34 (23)  
> 50,000 23 (19) 36 (5) 21 (14)  

Antiretroviral Use 74 (62) 71 (10) 74 (52) 0.824
HAART 12 (10) 21 (3) 10 (7) 0.228
Season (Fall/Winter) 60 (50) 64 (9) 59 (41) 0.691
Vitamin D–deficient 55 (46) 86 (12) 49 (34) 0.011
 Mean (SD) Mean (SD) Mean (SD) t test p-value
Age, yrs; mean (s.d.) 40 (7) 41 (7) 40 (7) 0.387
HIV yrs since known infection 7 (4) 6 (4) 7 (4) 0.627
Volume unstimulated saliva (mL) 1.5 (1.4) 1.5 (1.9) 1.5 (1.3) 0.895
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Health and Human Services guidelines and the institutional 
review boards of participating institutions.

The current study included 84 HIV-infected Chicago WIHS 
participants. The study sample was selected for the availability 
of vitamin D data from a previous study (French et al., 2011) 
and concurrent data from oral soft-tissue examination. Stored 
plasma was used to measure calprotectin. Data were collected 
from July 1995 through March 2004.

Measures and statistical Analysis

This study is in compliance with the Strobe guidelines for cohort 
studies (http://www.strobe-statement.org). Detailed description 
of the measures and statistical analysis are available in the 
Appendix.

rEsults

The study sample did not differ significantly from the overall 
Chicago HIV-seropositive WIHS cohort on any of the character-
istics shown (data not shown) (Barkan et al., 1998).

Of the total 84 women in the sample, 14 (16.7%) were diag-
nosed with OC. The prevalence of OC by vitamin D status 
indicated that vitamin D–sufficient (n = 15), –insufficient (n = 
23), and –deficient (n = 34) women had, respectively, a 0%, 
8.7%, and 26.1% prevalence rate of OC (Table 1) [chi-square = 
6.99 (d.f. = 2), p < 0.05].

Demographic, behavioral, and clinical characteristics of the 
women in the sample, and their association with OC, are pre-
sented in Table 1. CD4 cell counts by category were signifi-
cantly associated with OC in univariate analysis; 64% (n = 9) of 

women with OC had a CD4 at or below 200, compared with 
29% (n = 20) of women without OC [chi-square = 6.79 (d.f. = 
2), p < 0.05]. A significantly higher proportion of women with 
vitamin D deficiency had OC than those without [86% (n = 12) 
vs. 49% (n = 34), p = 0.011].

No significant association was found between OC status and 
plasma calprotectin when calprotectin was analyzed as a con-
tinuous variable or as a dichotomous variable (data not shown) 
defined as hypercalprotectinemia (> 3500 ng/mL) and normal (< 
3500 ng/mL) (Fig. 1). However, a significantly higher plasma 
concentration of calprotectin was associated with vitamin D 
deficiency [mean 3,705 ng/mL vs. 3,014 ng/mL, t = –2.25 (d.f. 
= 81), p < 0.05].

A multivariate analysis of factors previously described as 
potentially associated with OC, including CD4 cell count, HIV 
viral load, cigarette smoking, heroin/methadone use, vitamin D 
deficiency, and antiretroviral therapy, was conducted with or 
without calprotectin as an independent variable. In model 1, 
without calprotectin, vitamin D deficiency was found to be a 
statistically significant predictor of OC with an adjusted odds 
ratio (AOR) of 5.66 [95% confidence interval (CI) 1.01-31.71] 
(p < 0.05) (Table 2). The only other statistically significant (p < 
0.05) predictor of OC was CD4 under or equal to 200 (AOR = 
4.79; CI 1.04-21.98), with tobacco smoking approaching sig-
nificance (p = 0.073) with an AOR of 4.16 (CI 0.88, 19.77). The 
introduction of calprotectin to the multivariate model (Model 2) 
maintained the significance of CD4 under or equal to 200 (P < 
0.05) as a predictor of OC; CD4 at or below 200 (AOR 4.74; CI 
1.02, 21.11). Calprotectin itself was not a significant predictor 
of OC. Notably, the predicting value of OC by vitamin D defi-
ciency was not statistically significant when calprotectin was 
introduced in the model.

DIscussIOn

Significant progress has been made in therapeutics targeting the 
HIV life cycle. Additional improvement in the management of 
HIV-infected patients may require addressing health concerns in 
addition to viral suppression and the preservation or recovery of 
immune competence. In this report, we found an association 
between vitamin D deficiency and oral candidiasis. Whether 
vitamin D deficiency is contributing etiologically to incidence 
of OC is unknown but should be evaluated in future prospective 
studies aimed at normalizing vitamin D levels.

Although our sample size was modest (n = 84), the study was 
retrospective, and the sample selection was a convenience 
sample based on the existence of concurrent vitamin D and oral 
examination data in the Chicago WIHS cohort, it nevertheless 
offers support for an association between vitamin D deficiency 
and OC. In fact, vitamin D deficiency was a stronger predictor 
of OC than other established factors such as CD4 count, tobacco 
usage, or HIV targeted treatment.

The absence of multicollinearity among predictor variables 
indicates that individual model predictors are not redundant, and 
their estimates relative to each other are reliable. The wide con-
fidence intervals in the multivariate models predicting OC are 
due to the small number of cases in certain cells. While the 

Figure. Univariate relationships among mean calprotectin level, oral 
candidiasis, and vitamin D deficiency. *Vitamin D deficiency 
associated with higher mean calprotectinemia [ANOVA F = 5.08 (d.f. 
= 81), p = 0.027]; oral candidiasis not associated with higher mean 
calprotectinemia [ANOVA F = 1.10 (d.f. = 81), p = 0.240]; 
interaction of vitamin D deficiency and oral candidiasis not significant 
(p > 0.05). Error bars ± 2 mean standard errors (SE)
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multivariate models we present are robust, interpretation of the 
odds ratios and CIs should be done with caution.

Vitamin D deficiency is a prevalent and under-diagnosed 
condition in the general population and in specific risk groups 
(Adeyemi et al., 2011). Prevalence rates of vitamin D deficiency 
among HIV-infected populations may be 60% or more, depend-
ing on levels used to define deficiency (Wasserman and Rubin, 
2010). In our sample, 55% of the HIV-infected women were 
vitamin D–deficient at a cutoff of 20 ng/mL. There is no consen-
sus about what level defines normal physiologic vitamin D 
levels, and this may differ by health outcome. Analysis of our 
data suggests that vitamin D levels below 20 ng/mL may be 
relevant for oral conditions including OC, similar to reports for 
periodontal healing (Bashutski et al., 2011).

Vitamin D deficiency has been linked to a wide range of 
diseases and health outcomes beyond that of calcium homeosta-
sis, including periodontal healing (Bashutski et al., 2011), 
mucosal or systemic infection including sepsis (Ginde et al., 
2011), food allergies (Bozzetto et al., 2011), and asthma (Bener 
et al., 2011). The health benefits of sufficient vitamin D levels, 
specifically as they relate to oral health (Stein and Tipton, 2011), 
have been attributed to the anti-inflammatory effect (Krishnan 
and Feldman, 2011) and the ability of vitamin D to stimulate the 
production of antimicrobial peptides such as cathelicidin (Liu  
et al., 2007). Here we present evidence supporting an inverse 
relationship between vitamin D levels and calprotectinemia, an 
antimicrobial peptide with immune regulatory functions. This 
inverse relationship is in accordance with the down-regulating 
of calprotectin expression by vitamin D in oral keratinocytes 
(Haussler et al., 2010). The source of circulating calprotectin is 
however unknown, and the cells on which vitamin D would 
exercise its calprotectin reducing effect are also unidentified.

This study is limited by its modest size, its cross-sectional 
and retrospective nature, and the fact that it relies on stored 
samples which could have degraded. Moreover, the sample was 
selected by convenience from a previous study. This could have 
introduced a selection bias which could have affected the analy-
sis and for which we have not controlled. Moreover, whereas it 
is tempting to speculate that vitamin D may influence the risk of 

OC, it is also possible that OC and vitamin D deficiency share 
common risk factors but have no direct or indirect connection. 
Additional larger prospective studies aimed at confirming the 
findings presented herein should address directly the possible 
benefits of vitamin D supplementation in vitamin D–deficient 
patients. This approach would be aimed at decreasing the occur-
rence rate of OC and at examining the possible mechanism(s) 
for this health benefit. We suggest that calprotectinemia  
and neutrophil functions should be among the mechanisms 
investigated.

Finally, the effect of vitamin D on OC may be modulated by 
numerous factors, including its previously reported ability to 
modulate the transcription of several inflammatory genes 
(Krishnan and Feldman, 2011). Vitamin D deficiency reduces 
the effectiveness of antiretroviral therapy to improve CD4 levels 
in HIV (Ross et al., 2011). Consequently, vitamin D may indi-
rectly affect OC by hampering therapeutic immune reconstitu-
tion. The multivariate analysis we present indicated that vitamin 
D was associated with OC independently of CD4 counts, sug-
gesting that the effect of vitamin D status on OC was not limited 
to an indirect effect modulated by CD4 counts. The cross- 
sectional nature of our study did not allow us specifically to 
investigate the effect of vitamin D on the reconstitution of CD4 
counts.

In our previous work, we showed that calprotectin inhibits 
the recruitment of neutrophils and their oxidative metabolism 
(Sroussi et al., 2006, 2010). It is tempting to speculate that vita-
min D deficiency may therefore produce an exaggerated calpro-
tectinemia which would then depress neutrophil responsiveness, 
contributing to a higher risk of OC. Future studies testing this 
hypothetical model are warranted, since this model is supported 
by this preliminary analysis, and the clinical significance of the 
question it addresses is potentially of wide-ranging importance 
not limited to HIV, OC, and the oral cavity.

AcKnOWlEDgMEnts

Data in this manuscript were collected by the Women’s 
Interagency HIV Study (WIHS) Collaborative Study Group, 

table 2. Multivariable Logistic Regression Models of the Presence of OC on Vitamin D Deficiency with or without the Adjustment of Calprotectinemia

Model 1 Vitamin D Deficiency  
Predicting OC

Model 2 Vitamin D Deficiency Predicting OC, 
Adjustment for Calprotectinemia 

Characteristic Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

Vitamin D deficiency 5.66 (1.01, 31.71) 0.049 4.87 (0.84, 28.23) 0.077
CD4 <= 200 4.79 (1.04, 21.98) 0.044 4.74 (1.02, 21.11) 0.048
Viral load > 50 k 1.30 (0.27, 6.35) 0.743 1.45 (0.29, 7.19) 0.646
Any ART use 1.83 (0.34, 9.94) 0.485 1.74 (0.31, 9.79) 0.529
Tobacco smoking 4.16 (0.88, 19.77) 0.073 5.93 (0.95, 37.14) 0.057
Heroin/methadone use 1.67 (0.23, 12.23) 0.614 1.69 (0.22, 12.77) 0.614
Calprotectinemia — 1.00 (1.00, 1.00) 0.338
Model fit  
Correct classification 82.3% 84.6%  
Nagelkerke Pseudo R-square 0.313 0.326  
Model chi-square 16.15, p = 0.013 16.81, p = 0.019  
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with centers (Principal Investigators) at New York City/Bronx 
Consortium (Kathryn Anastos); Brooklyn, NY (Howard 
Minkoff); Washington, DC Metropolitan Consortium (Mary 
Young); The Connie Wofsy Study Consortium of Northern 
California (Ruth Greenblatt); Los Angeles County/Southern 
California Consortium (Alexandra Levine); Chicago Consortium 
(Mardge Cohen); and Data Coordinating Center (Stephen 
Gange). The WIHS is funded by the National Institute 
of Allergy and Infectious Diseases (UO1-AI-35004, UO1-AI- 
31834, UO1-AI-34994, UO1-AI-34989, UO1-AI-34993, and 
UO1-AI-42590) and by the Eunice Kennedy Shriver National 
Institute of Child Health and Human Development 
(UO1-HD-32632). The study is co-funded by the National 
Cancer Institute, the National Institute on Drug Abuse, and the 
National Institute on Deafness and Other Communication 
Disorders. Funding is also provided by the National Center for 
Research Resources (UCSF-CTSI Grant Number UL1 
RR024131). Data in this manuscript were collected by the Oral 
Substudy of the Women's Interagency HIV Study (WIHS) 
Collaborative Study Group with centers (Principal Investigators) 
at New York City/Bronx Consortium; The Connie Wofsy Study 
Consortium of Northern California (Deborah Greenspan, John 
S. Greenspan); Los Angeles County/Southern California 
Consortium (Roseann Mulligan, Mahvash Navazesh); Chicago 
Consortium (Mario Alves); Data Coordinating Center (Stephen 
Gange). The WIHS Oral Substudy was funded by the National 
Institute of Dental and Craniofacial Research. The contents of 
this publication are solely the responsibility of the authors and 
do not necessarily represent the official views of the National 
Institutes of Health. The authors declare no potential conflicts of 
interest with respect to the authorship and/or publication of this 
article.
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