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Vitamin D has important roles in physiological processes and is
primarily involved in calcium and phosphorus homeostasis

and musculoskeletal system metabolism (1, 2). Moreover, vitamin
D acts on the cardiovascular system and in systemic inflamma-
tion, oxidative stress, and immune regulation (1, 2). Vitamin D
deficiency has been proposed as a risk factor for many diseases that
are not traditionally associated with vitamin D and mineral me-
tabolism, such as cancer, cardiovascular disease, hypertension,
and diabetes (1, 2). In addition, studies have shown an inverse
association between vitamin D and visceral adiposity (3).

Q fever is a worldwide zoonosis caused by Coxiella burnetii (4).
Endocarditis is the most-serious complication of Q fever, and the
optimal duration of treatment using doxycycline and hydroxy-
chloroquine is 18 months for native valves and 24 months for
prosthetic valves (5, 6). However, patients treated with doxycy-
cline and hydroxychloroquine are not exposed to sunlight because
they commonly present photosensitivity, including sunburn,
photosensitive eruptions, blistering, rash, pruritus, and photo-
onycholysis (7, 8). Our study was based on the experience of a
medical doctor who was treated for 1 year with doxycycline and
hydroxychloroquine and who notified one of us (D.R.) that he had
found that he had a low level of vitamin D. The aim of this study
was to investigate the levels of vitamin D in patients with treated Q
fever endocarditis. We retrospectively compared the vitamin D
levels of patients who were receiving doxycycline and hydroxy-
chloroquine and a control group without antibiotic therapy.

This study was performed after ethical approval by the local
ethics committee (accession number 10-002, 2010). Sera were ob-
tained from the outpatients of an infectious disease unit (Hopital
La Timone, Marseille, France) who were suffering from Q fever
and treated with doxycycline (100 mg twice per day) and hydroxy-
chloroquine (200 mg three times per day). Doses were adjusted
monthly based on drug monitoring (0.8 to 1.2 mg/ml for hydroxy-
chloroquine and �4.8 mg/ml for doxycycline) (5). Healthy indi-
viduals without antibiotic treatment for at least 6 months (Hopital
La Timone, Marseille, France) were used as controls. The exclu-
sion criteria were an age under 18 years, a history of cancer, in-
flammatory bowel disease or acute or chronic diarrhea in the pre-
vious 4 weeks, vitamin D administration, and the administration
of another antibiotic �6 months before sampling. Total vitamin
D (25-OH vitamin D2 and 25-OH vitamin D3) concentrations
were determined for each patient using the Liaison (DiaSorin,
Stillwater, MN) automated competitive immunoassay. Three
groups were identified, as follows: group I, doxycycline-hydroxy-
chloroquine treatment for more than 3 months; group II, doxy-
cycline-hydroxychloroquine treatment for less than 3 months;
and group III, control (no antibiotic treatment). Vitamin D levels
were calculated for all of the patients. For data comparison, we
used EpiInfo version 6.0 (Centers for Disease Control and Preven-

tion, Atlanta, GA, USA). A P value of �0.05 was considered sig-
nificant.

Overall, we tested 106 patients, including 56 with Q fever en-
docarditis and 50 controls (Table 1). The median age � interquar-
tile range (IR) was 54 � 15 years, and 57 (63%) were males. All
patients with Q fever endocarditis were treated with doxycycline
and hydroxychloroquine. Forty patients had been receiving treat-
ment for less than 3 months at the time of sampling, and 16 pa-
tients had been receiving treatment for more than 3 months at the
time of sampling. The vitamin D levels were significantly higher in
the control group than in Q fever patients treated with doxycy-
cline and hydroxychloroquine (P � 0.0001) (Fig. 1a). The dura-
tion of treatment was also associated with the level of vitamin D
(P � 0.0001), and control patients presented significantly higher
vitamin D levels than patients receiving doxycycline-hydroxychlo-
roquine, whether for less than or for more than 3 months (P�0.0001
and P � 0.0001, respectively) (Fig. 1b). Lastly, patients receiving
treatment for more than 3 months presented significantly lower
vitamin D levels than patients treated for less than 3 months (P �
0.01).

Our study demonstrates that doxycycline-hydroxychloroquine
administration was associated with a significant reduction in vita-
min D levels and that the duration of treatment also affected vita-
min D levels. Low vitamin D levels have been associated with
increased activation of the renin-angiotensin system, leading to
elevated blood pressure and associated with increased cardiovas-
cular disease (9). Meta-analysis results showed that higher levels of
vitamin D among middle-aged and elderly populations were as-
sociated with a decrease in cardiovascular disease, type 2 diabetes,
and metabolic syndrome (10). Recently, vitamin D deficiency was
found to be a potential risk factor for obesity and the development
of insulin resistance, leading to type 2 diabetes (11). Low vitamin
D levels may contribute to obesity or inhibit weight loss (12),

Published ahead of print 7 October 2013

Address correspondence to Didier Raoult, didier.raoult@gmail.com.

Copyright © 2013, American Society for Microbiology. All Rights Reserved.

doi:10.1128/AAC.01969-13

TABLE 1 Population characteristics

Characteristic
Treated patients
(n � 56)

Controls
(n � 50)

No. with Q fever endocarditis 56 0
Doxycycline-hydroxychloroquine Yes No
Median age (yr) � IQ range 52 � 17 57 � 14
No. (%) male 34 (60) 28 (61)
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although randomized controlled trials testing the effect of vitamin
D supplementation on weight have provided inconsistent findings
(9, 13). However, it was proposed that the vitamin D pathway
genes are unlikely to play a major role in obesity-related traits in
the general population (14).

In conclusion, we found in patients an association of vitamin
D deficiency with long-term doxycycline-hydroxychloroquine
treatment. The causation of this deficiency cannot be concluded
from this work. Vitamin D is primarily produced in the skin by the
action of sunlight (2), and possibly patients receiving doxycycline-
hydroxychloroquine treatment are not exposed to sunlight be-
cause of photosensitization and thus present vitamin D deficiency.
We propose that patients with long-term doxycycline-and-hy-
droxychloroquine treatment should be regularly tested, and in
cases of vitamin D deficiency, treatment with a vitamin D supple-
ment should be added.

REFERENCES
1. Duplancic D, Cesarik M, Poljak NK, Radman M, Kovacic V, Radic J,

Rogosic V. 2013. The influence of selective vitamin D receptor activator
paricalcitol on cardiovascular system and cardiorenal protection. Clin.
Interv. Aging 8:149 –156.

2. Norman AW. 2008. From vitamin D to hormone D: fundamentals of the
vitamin D endocrine system essential for good health. Am. J. Clin. Nutr.
88:491S– 499S.

3. Freedman BI, Wagenknecht LE, Hairston KG, Bowden DW, Carr JJ,
Hightower RC, Gordon EJ, Xu J, Langefeld CD, Divers J. 2010. Vitamin
D, adiposity, and calcified atherosclerotic plaque in african-americans. J.
Clin. Endocrinol. Metab. 95:1076 –1083.

4. Angelakis E, Raoult D. 2010. Q fever. Vet. Microbiol. 140:297–309.
5. Million M, Thuny F, Richet H, Raoult D. 2010. Long-term outcome of

Q fever endocarditis: a 26-year personal survey. Lancet Infect. Dis. 10:
527–535.

6. Raoult D. 2012. Chronic Q fever: expert opinion versus literature analysis
and consensus. J. Infect. 65:102–108.

7. Habif TP. 2006. Images in clinical medicine. Doxycycline-induced pho-
totoxicity. N. Engl. J. Med. 355:182. doi:10.1056/NEJMicm050829.

8. Smith K, Leyden JJ. 2005. Safety of doxycycline and minocycline: a sys-
tematic review. Clin. Ther. 27:1329 –1342.

9. Zittermann A, Frisch S, Berthold HK, Gotting C, Kuhn J, Kleesiek K,
Stehle P, Koertke H, Koerfer R. 2009. Vitamin D supplementation
enhances the beneficial effects of weight loss on cardiovascular disease risk
markers. Am. J. Clin. Nutr. 89:1321–1327.

10. Parker J, Hashmi O, Dutton D, Mavrodaris A, Stranges S, Kandala NB,
Clarke A, Franco OH. 2010. Levels of vitamin D and cardiometabolic
disorders: systematic review and meta-analysis. Maturitas 65:225–236.

11. Grineva EN, Karonova T, Micheeva E, Belyaeva O, Nikitina IL. 2013.
Vitamin D deficiency is a risk factor for obesity and diabetes type 2 in
women at late reproductive age. Aging (Albany NY) 5:575–581.

12. Earthman CP, Beckman LM, Masodkar K, Sibley SD. 2012. The link
between obesity and low circulating 25-hydroxyvitamin D concentra-
tions: considerations and implications. Int. J. Obes. (Lond.) 36:387–396.

13. Salehpour A, Shidfar F, Hosseinpanah F, Vafa M, Razaghi M, Hoshi-
arrad A, Gohari M. 2012. Vitamin D3 and the risk of CVD in overweight
and obese women: a randomised controlled trial. Br. J. Nutr. 108:1866 –
1873.

14. Vimaleswaran KS, Cavadino A, Berry DJ, The Genetic Investigation of
Anthropometric Traits (GIANT) Consortium, Whittaker JC, Power C,
Jarvelin MR, Hypponen E. 5 February 2013. Genetic association analysis
of vitamin D pathway with obesity traits. Int. J. Obes. (Lond.) doi:10.1038
/ijo.2013.6.

FIG 1 Vitamin D levels and (a) patients treated with doxycycline and hydroxychloroquine versus control group patients; (b) duration of treatment of patients
treated with doxycycline and hydroxychloroquine versus control group patients.
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