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ABSTRACT: The key to successful wound care lies in the provider’s ability to accurately identify 
etiology of the wounds and recognize factors that may contribute to their chronicity. Some 
of the most commonly encountered and clinically significant barriers include macro- or 
micro-angiopathic diseases, infection, protein-energy malnutrition, smoking, and metabolic 
disorders. In this article, we evaluate a case of chronic non-healing wounds in a patient with 
hypothyroidism, Factor V Leiden mutation, and obstructive sleep apnea. Attention is drawn  
to the impact of these comorbid conditions on integrity and regeneration of soft tissues,  
both from pathophysiological and histological aspects.
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INTRODUCTION

Long-standing wounds are crippling physically, psychologically, 
and emotionally. Understanding biochemistry of healing and 
factors that facilitate or impede this process is essential. Chronic 
wounds often regain their positive healing trajectory when etiology 
and contributing factors are correctly identified and adequately 
managed.1

CASE PRESENTATION

44-year-old male with history of morbid obesity, peripheral 
vascular disease, lymphedema, and multiple episodes of bilateral 
lower extremity (b/l LE) cellulitis came to our clinic for a second 
opinion. His chief complaint was chronic non-healing b/l LE wounds 
that started twelve years prior after a trip-related DVT. Patient 
reported having profuse drainage, malodor, swelling and pain in 
both legs. His independence, lifestyle, and ability to work were 
greatly affected. Review of systems revealed weight gain, lack of 
energy, and tiredness.

Surgeries included bilateral hip arthroplasties due to congenital 
hips dysplasia, right foot trans-metatarsal amputation due to 
invasive infection, and has right lower extremity vein stripping 
in 1994. He is married and has one daughter; denied tobacco, 
alcohol, or illicit drugs use. His family history revealed an unknown 
hypercoagulable disorder in this mother.
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WOUND CARE TREATMENT

Due to lymphedema and chronic venous insufficiency, the main 
stem of his treatment was compression therapy with multi-layer 
compression wraps and pneumatic compression devise. Adding 
energy-based modalities, such as ultraviolet C light, electrical 
stimulation, and high-frequency megahertz ultrasound did 
not show robust changes. Due to his chronic lymphorrhea and 
high propensity to soft tissue infection, we used antimicrobial 
absorptive dressings. Sharp debridements were employed on as 
needed basis. Bioengineered skin substitute, such as Apligraf, was 
utilized twice. Although complete wound closure was not achieved, 
we were able to control his pain, profuse drainage, and malodor.  

PATIENT EVALUATION

Detailed history, thorough physical exam, differential diagnoses, 
and appropriate work up are critical components of the initial 
evaluation. Our patient had mentioned significant weight gain, 
lack of energy, and tiredness, which prompted further testing and 
laboratory work up and revealed an elevated thyroid stimulating 
hormone (TSH) level, Factor V Leiden deficiency and obstructive 
sleep apnea.

WOUNDS AND HYPOTHYROIDISM

Prevalence of hypothyroidism, both overt and subclinical, is up 
to 9.5% of the general population as reported in the prevalence 
studies.2,3 Hypothyroidism is associated with hyperlipidemia,4 
cardiovascular disease,5 and depression;6 however, it has also 
been shown by numerous studies to have direct7-24 and indirect 
effect on wound healing.25-28 The impairment of cutaneous wound 
healing has been demonstrated in hypothyroid states, induced by 
anti-thyroid drugs,16,17 thyroid radiation,12 or surgical ablation.11
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Hypo-functional thyroid gland directly interferes with fibroblast 
utility10,11 prolongs the proliferative phase of healing and alters 
the quality of collagen, forming thinner and smaller collagen 
fibers.12,13,15 Since collagen is the only protein in the body 
containing hydroxyproline in significant amounts, hydroxyproline 
became the focus of many studies since the 1960s. It is released 
with collagen degradation and is excreted in urine.29 Excretion of 
hydroxyproline is greatly reduced in hypothyroidism and may be 
corrected by hormone replacement therapy, thereby normalizing 
collagen metabolism.30

In order to analyze the relationship between hypothyroidism 
and wound healing, Natori et al. induced a state of severe 
hypothyroidism in rats and then assayed the levels of 
hydroxyproline and pro-collagen peptide.11 He was able to 
demonstrate significantly decreased levels of type IV collagen and 
hydroxyproline throughout the inflammatory phase extending 
to the proliferative phase of healing. These findings suggest that 
low levels of thyroid hormone cause disturbance in the tissues’ 
metabolic activity and lead to down regulation of collagen 
production through multiple phases of healing.

At the molecular level, thyroid hormone can act directly on 
cutaneous tissues by binding to the thyroid hormone receptor.9, 24  
Immunohistochemical localization and quantitative polymerase 
chain reaction have shown all three thyroid hormone binding 
receptor isoforms to be expressed in the skin.31,32 As Safer et al. 
described it, thyroid hormone receptors have been detected in 
a variety of cells: epidermal keratinocytes, skin fibroblasts, hair 
outer root sheath, dermal papilla, fibrous sheath of the hair follicle, 
arrector pili muscle cells, sebaceous glands, vascular endothelial 
cells, smooth muscle cells, and Schwann cells.9

Saner et al. described a decreased serum zinc level in patients 
with hypothyroidism.33 Another study demonstrated positive 
effect of thyroid hormone replacement therapy with addition 
of supplemental zinc on wound healing in hypothyroid rats.17 
However, Ekmektzoglou et al., pointed out that zinc, most likely, 
does not have a direct effect on the amount of collagen synthesis, 
but rather affects more directly the cross-linking of formed collagen 
and therefore influences the tensile strength of the wound.8

Hypothyroidism is treated systemically by oral administration 
of levothyroxine. There are multiple works describing topical 
application of the thyroid hormone analog TRIAC (triiodothyroacetic 
acid) to the wounds in vivo. Findings show accelerated epidermal 
proliferation, dermal thickening, hair growth, and even reversal 
of the dermal atrophy associated with corticosteroids.20,24,34,35 
Topical triiodothyronine has been shown to stimulate growth of 
both epidermal keratinocytes and dermal fibroblasts; however is 
dependent on the presence of systemic triiodothyronine.20

Indirectly, thyroid dysfunction is associated with recalcitrance of 
wounds by markedly altering cardiovascular and renal function, 
leading to fluid retention. Villabona et al. were able to show 
not only decreased myocardial contractility, cardiac output, and 
oxygen consumption, but also an increased peripheral resistance 
as direct effects of hypothyroidism.25 It was also pointed out that 
transcapillary escape of albumin into the extravascular space may 
add to the development of edema.25,28 Effects of hypothyroidism 
extend to decrease renal blood flow, glomerular filtration, and 
solute-free water excretion.27 Patients with advanced primary 

hypothyroidism may be hyponatremic and fail to suppress plasma 
arginine vasopressin with an acute water load.26 Luckily, the adverse 
effects of hypothyroidism might be reversed, and the symptoms 
relieved with the substitutive therapy. 

WOUNDS AND HYPERCOAGULABLE STATE

While initially having positive healing trajectory, our patient had 
a setback when he developed an acute deep vein thrombosis 
(DVT) in the right lower extremity. Anticoagulation therapy was 
started, and further work up revealed Factor V Leiden mutation. 
This hypercoagulable state shed light onto his high recurrence 
rate despite adequate compression and aggressive wound care. 

Hypercoagulable disorders may cause ulcerations, either indirectly 
because of deep venous thrombosis, or directly by thrombus 
formation in small arteries, arterioles, capillaries, or venules.36-38 
In fact, Factor V Leiden mutation is associated with increased 
prevalence of venous leg ulcers.39,40

Gaber et al., within a 2-year period examined 100 consecutive 
patients with leg ulcers for Factor V Leiden mutation. His 
investigation showed 36% prevalence rate of Factor V Leiden 
mutation in patients with post-thrombotic leg ulcers.41 Later, Hafner 
et al. confirmed these findings in his study of 73 consecutive patients 
with venous ulcers. He concluded that in post-thrombotic ulcers, 
the prevalence of the Factor V mutation was 38%. Even patients 
with non-post-thrombotic venous ulcers showed a moderately 
elevated prevalence (16%) of Factor V Leiden mutation.42

Factor V is a protein of the coagulation system, sometimes referred 
to as proaccelerin or prothrombin accelerator. In contrast to most 
other coagulation factors, it is not enzymatically active but functions 
as a cofactor. Deficiency leads to predisposition for hemorrhage, 
while some mutations (most notably Factor V Leiden) predisposes 
for thrombosis.43

Factor V Leiden is named after the city Leiden in Netherlands, 
where it was first identified in 1994 by Bertina et al.44 Factor V 
Leiden thrombophilia is characterized by a poor anticoagulant 
response to activated protein C (APC) and an increased risk for 
venous thromboembolism (VTE).45,46 DVT is the most common 
VTE, with the legs being the most common site.45

During healthy coagulation cascade, prothrombin is converted to 
thrombin, which in turn activates factors V and VII that further 
accelerate the cascade to form a blood clot. The coagulation 
process is normally controlled by circulating antithrombin III, 
and locally by thrombomodulin, an endothelial receptor that 
binds thrombin. The thrombin-thrombomodulin complex activates 
protein C, which subsequently inactivates factor V, thereby inhibiting 
blood clod formation. However, the mutant form of Factor V, Factor 
V Leiden, is resistant to inactivation by protein C (APC-resistant) 
and further induces the coagulation cascade. Consequently, the 
local protection mechanism against thrombosis is not functioning 
adequately46,47 (See Figure 1). 

After initiation of anticoagulation therapy with Warfarin we 
noticed marked improvement in the healing rate of our patient. 
Nevertheless, we observed inverse relationship between the 
sizes of his ulcers and INR. Occasional sub-therapeutic INR levels 
(<1.5) have led to further setbacks in his management. Most 
likely due to microvascular thrombi formation during inadequate 



35

anticoagulation causing local hypoxemia and subsequent 
volumetric wounds enlargement. Despite the fact that there are 
no published reports on the relationship of sub-therapeutic INR 
level and the size of the venous ulcers, convincing clinical data 
demonstrates the benefit of anticoagulation in prevention of VTE 
due to Factor V Leiden mutation.48

WOUNDS AND OBSTRUCTIVE SLEEP APNEA

The state of wound oxygenation is a key determinant of healing 
outcomes. Intermittent hypoxia (IH) or periodic exposure to 
hypoxia interrupted by return to normoxia or less hypoxic 
conditions occurs in many different diseases, including sleep-
disordered breathing manifested as recurrent apneas.1 Based on 
the experimental studies conducted by Prabhakar el al., chronic 
intermittent hypoxia (CIH) leads to accumulation of reactive oxygen 
species (ROS) and activation of ROS dependent responses, such as 
altered carotid body function; elevated blood pressure; enhanced 
release of transmitters and neurotrophic factors; altered sleep and 
cognitive behavior; and activation of second-messenger pathways 
and transcriptional factors.49

Moreover, obstructive sleep apnea (OSA) directly affects vascular 
endothelium by promoting inflammatory and oxidative stress 
while decreasing nitric oxide availability and repair capacity.50-52 
Vasoconstriction is another cause of local tissue hypoxia that 
leads to the chronicity of wounds in people with OSA. This is due to 
endothelin, a potent vasoconstrictor that increases within several 
hours of untreated OSA,53,54 likely due to hypoxia.55

Another interesting fact is the correlation of bilateral lower  
extremities edema with OSA. Hudgel et al. conducted a three-
year investigative research with fifteen patients. All subjects were 
obese with bilateral pitting leg edema, whose echocardiogram 
demonstrated pulmonary hypertension only. Despite the small 
sample size, they were able to trace a correlation between OSA, 
pulmonary hypertension, and edema. Several possible mechanisms 
that might lead to edema have been proposed: 

•	 Nocturnal hypoxia activates neuroendocrine system (renin-
angiotensin-aldosterone system) and leads to salt and water 
retention52,56-58

•	 Increased venous and lymphatic hydrostatic pressure due to 
obesity contributes to swelling 

•	 Secondary pulmonary hypertension caused by intermittent 
apneic episodes transmits to peripheral venous and lymphatic 
systems and contributes to edema

•	 ntermittent right ventricular failure as a result of acute 
elevations in pulmonary artery pressure during episodes of 
sleep-associated hypoxia56

One of the main treatment criteria of OSA with continuous positive 
airway pressure (CPAP) is respiratory disturbance index of 5 to 
30 events per hour. This should be accompanied by symptoms 
of excessive daytime sleepiness, impaired cognition, mood 
disorders, insomnia, or documented cardiovascular diseases: 
hypertension, ischemic heart disease, or stroke.59 However, if 
OSA causes fluid retention and vasoconstriction, then it may be 
appropriate to expand the indications for treating OSA in patients 
with accompanying symptoms such as bilateral lower extremity 
edema, venous stasis ulcers, lymphedema, stasis dermatitis, and 
cellulitis.57
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Chandan Sen conducted sleep screening of 105 patients with 
chronic wounds and found 51% of them to either have or be at 
high risk for OSA.1 Patt et al. carried-out home sleep studies on 
50 consecutive patients with unselected chronic lower extremity 
wounds using an apnea-hypopnea index of 15 events per hour. 
The results of this study showed the prevalence of OSA to be 57% 
in patients with wounds.60

Much to our surprise, after the initiation of CPAP therapy, pitting 
edema in our patient had gone down and improvement in ulcer 
healing was noticed thereafter. Undoubtedly, OSA contributed 
to the bilateral leg edema and the chronicity of his ulcers. Upon 
review of the literature, one possible explanation of CPAP benefit 
in lowering edema in patients with OSA is its effect on aldosterone 
level. Saarelainen et al. was able to demonstrate that aldosterone 
and 24-hour mean heart rates decreased during CPAP treatment. 
Their data also suggested that OSA causes disturbances in blood 
volume homeostasis which can be corrected by CPAP.61

DISCUSSION

Our patient is one of many with chronic, recalcitrant, non-healing 
wounds. Even though the majority of ulcers are venous, arterial, 
diabetic, or of mixed etiology, less common conditions should not 
be missed. This patient is unique and difficult, as the chronicity of 
his ulcers was perpetuated by multiple problems: morbid obesity, 
chronic venous insufficiency, lymphedema, hypothyroidism, Factor 
V Leiden mutation, and OSA.

Despite the prevalence of OSA, by one estimate 1 to 5%62, the 
majority of patients with OSA remain undiagnosed. In fact, up to 5% 
of adults in Western countries are likely to have undiagnosed OSA 
syndrome, and hence be candidates for treatment.63 Moreover, 
approximately one-third of patients with OSA have leg edema at 
the time of the diagnosis confirmation by polysomnography.64 
Appropriate index of suspicion may aid clinicians to diagnose OSA. 
Even without traditional signs and symptoms, physical examination 
findings, such as unexplained pedal edema, recurrent “cellulitis”, 
and chronic non-healing skin ulcers may facilitate the diagnosis and 
improve rates of detection of OSA.

VIEW TABLE OF CONTENTS >>



36 Osteopathic Family Physician  |  Volume 11,  No. 1  |  January/February, 2019

Clinical signs of hypercoagulable state, such as repeated 
thrombophlebitis or unexplained thrombosis, in view of a positive 
family history of blood clots, are an indication for screening for 
clotting disorders. Initial laboratory screening tests usually include 
coagulation profile (PT/PTT/INR), Factor V Leiden mutation, Factor II 
(prothrombin) mutation, antithrombin III, proteins C and S, lupus 
anticoagulant, and anticardiolipin.47

Finally, consider hypothyroidism as a contributing factor to 
uncontrolled edema. If this complex metabolic disease treated 
properly and in a timely fashion, one could reverse the tissue 
damage, facilitate healing, and improve patient's functional capacity.

AUTHOR DISCLOSURES:
No relevant financial affiliations 

REFERENCES:

1.	 Sen, C.K., Wound Healing essentials: Let There Be Oxygen. 

Wound Reapair Regeneration, 2009. 17(1): p. 1-18.

2.	 Canaris GJ, M.N., Mayor G, Ridgway EC, The Colorado hyroid disease 

prevalence study. Arhives of Internal Medicine, 2000. 160(4): p. 526-534.

3.	 Hollowell JG, S.N., Flanders WD, Hannon WN, Gunter EW, Spencer CA, 

Serum TSH, T(4), and thyroid antibodies in the United States population 

(1988 to 1994): National Health and Nutrition Examination Survey 

(NHANES III). ournal of Clinical Endocrinology and Metabolism, 2002.  

87(2): p. 489-499.

4.	 LH, D., Thyroid disease and lipids. Thyroid, 2002. 12(4): p. 287-293.

5.	 Cappola AR, L.P., Hypothyroidism and atherosclerosis. Journal of Clinical 

Endocrinology and Metabolism, 2003. 88(6): p. 2438-2444.

6.	 Esposito S, P.A., Golden RN, The thyroid axis and mood disorders: 

overview and future prospects. Psychopharmacology Bulletin, 1997. 

33(2): p. 205-217.

7.	 Nassif AC, G.F., Graf H, Repka JCD, Nassif LS, Wound Healing in Colonic 

Anastomosis in Hypothyroidism. European Surgical Research, 2009. 42: 

p. 209-215.

8.	 Ekmektzoglou KA, Z.G., A concominant review of the effects of diabetes 

mellitus and hypothyroidism in wound healing. World Journal of 

Gastroenterology, 2006. 12(17): p. 2721-2729.

9.	 Safer JD, H.M., Potential therapeutic uses of thyroid hormone, in Thyroid 

Disorders with Cutaneous Manifestations, H. WR, Editor. 2008, Springer-

Verlag: London, UK. p. 181-186.

10.	 Smith TJ, B.R., Gorman LA, Connective tissue, glycoaminoglycans, and the 

diseases of the thyroid. Endocrinology Review, 1989. 10: p. 366-391.

11.	 Natori J, S.K., Nagahama M, Tanaka J, The influence of hypothyroidism on 

wound healing: an experimental study. Journal of Nippon Medical School, 

1999. 66: p. 20-24.

12.	 CR, C., Hypothyroidism in head and neck cancer patients: experimental 

and clinical observations. Laryngoscope, 1994. 104: p. 1-21.

13.	 Kivirikko KI, R.J., Biosynthesis of collagen and its alteration in pathological 

states: review article. Medical Biology, 1976. 54: p. 159-186.

14.	 Burgi U, K.M., Clinical pathophysiology and metabolic effects of 

hypothyroidism Baillière's Clinical Endocrinology and Metabolism, 1988. 

2: p. 567-589.

15.	 K, S., Thyroid hormone actionsat the cell level. Part 1. The New England 

Journal of Medicine, 1979. 300: p. 117-123.

16.	 Shimizu K, K.Y., Nagahama M, Chin K, Natori J, Watanabe H, et al., An 

experimental study on wound healing in hypothyroidism. Journal of 

Nippon Medical School, 1993. 60: p. 84-85.

17.	 Erdogan M, I.Y., Caboglu SA, Ozercan I, Ilhan N, et al., Effects of L-thyroxine 

and zink on wound healing in hypothyroid rats. Acta Chirurgica Belgica, 

1999. 99: p. 72-77.

18.	 Alexander M, Z.J., Henderson R, Hypothyroidism and wound healing: 

occurence after head and neck radiation and surgery Arhives of 

Otolaryngology, 1982. 108: p. 289-291.

19.	 Fink CW, F.J., Smiley JD, Effect of hyperthyroidism and hypothyroidism on 

collagen metabolism. Journal of Laboratory and Clinical Medicine, 1967. 

69: p. 950-959.

20.	 Safer JD, C.T., Fraser LM, et al., Thormone Hormone action on skin: 

diverging effects of topical versus intraperitoneal administration. Thyroid, 

2003. 3: p. 159-165.

21.	 Safer JD, C.T., Holick MF, A role for thyroid hormone in wound healing 

through keratin gene expression. Endocrinology 2004. 145: p. 2357-2361.

22.	 Safer JD, C.T., Holick MF, Topical thyroid hormone accelerates wound 

healing in mice. Endocrinology, 2005. 146: p. 4425-4430.

23.	 Lennox J, J.I., The effect of thyroid status on nitrogen balance and th 

rate of wound healing after injury in rats. British Journal of Surgery, 1973. 

60: p. 309.

24.	 Safer, J.D., Thyroid hormone and wound healing. J Thyroid Res, 2013: 

p. 124538.

25.	 Villabona, C.M., Sahum, Manuel MD, Roca, Manuel PhD, Mora, Jaume 

MD, Gomez, Nuria MD, Gomez, Jose MD, Puchal, Rafael PhD, Soler, Joan 

MD, Blood Volume and Reanal Function in Overt and Sublinical Primary 

Hypothyroidism. American Journal of the Medical Sciences, 1999. 318(4).

26.	 Schrier, R.W., Vasopressin and Aquaporin 2 (AQP2) in Clinical Disorders 

of Water Homeostasis. Seminars in Nephrology Journal, 2008. 28(3): p. 

289-296.

27.	 Schrier, R.W., Body Water Homeostasis: Clinical Disorders of Urinary 

Dilution and Concentration. Journal of the American Society of 

Nephrology, 2006. 17: p. 1820-1832.

28.	 Wheatley T, E.O., Mild hypothyroidism and oedema: evidence for 

increased capillary permeability to protein. Clinical Endocrinology, 1983. 

18(6): p. 627-635.

29.	 Prockop DJ, S.A., Significance of urinary hydroxyproline in man. Journal of 

Clinical Investigation, 1961. 40(843-849).

30.	 Benoit FL, T.G., Watten RH, Hydroxyproline excretion in endocrine 

disease. Metabolism, 1963. 12: p. 1072-1082.

31.	 Ahsan MK, U.Y., Kato S, Oura H, Arase S, Immunohistochemical 

localization of thyroid hormone nuclear receptors in human hair follicles 

and in vivo effect of L-triiodothyronine on cultured cells of hair follicles 

and skin. Journal of Medical Investigation, 1998. 44: p. 179-184.

32.	 Torma H, R.O., Vahlquist A, Detection of mRNA transcripts for retinoic 

acid, vitamin D3, and thyroid hormone (c-erb-A) nuclear receptors in 

human skin using reverse transcription and polymerase chain reaction. 

Acta Dermato-Venereologica, 1993. 73: p. 102-107.

33.	 Saner G, S.S., Saka N, Zinc metabolism in hypothyroidism. Lancet, 1992. 

340: p. 432-433.

34.	 Safer JD, F.L., Ray S, Holick MF, Topical triiodothyronine stimulates 

epidermal proliferation, dermal thickening, and hair growth in mice and 

rats. Thyroid, 2001. 11: p. 717-724.

35.	 Faergemann J, S.T., Hedner E, et al., Dose-response effects of 

triiodothyroacetic acid (TRIAC) and other thyroid hormone analogues 

on glucocorticoid-induced skin atrophy in the haired mouse. 

Acta Dermato-Venereologica, 2002. 82: p. 179-183.



37

36.	 Marechal V, D.M.E., Barbaud A et al., Activated protein C resistance and 

cardiolipin antibodies in leg ulcers. Ann Dermatol Venereol, 2000. 127: p. 

585-589.

37.	 Hackenjos K, B.M., Schopf E, Vanscheidt W, Reccurent ulcerations on both 

legs since early childhood due to a factor V gene mutation. Dermatology, 

1997. 194: p. 297-298.

38.	 Shanmugam, V.K., et al.., Late failure of a split-thickness skin graft in 

the setting of homozygous factor V Leiden mutation: a case report and 

correlative animal model from the Wound Etiology and Healing (WE-

HEAL) study. Int Wound J, 2015. 12(5): p. 537-44.

39.	 Maessen-Visch MB, H.K., Tazelaar DJ, Crombag NH, Neumann HAM, The 

prevalence of Factor V Leiden mutation in patients with leg ulcers and 

venous insufficiency. Archives of Dermatology, 1999. 135: p. 41-44.

40.	 Dabiri, G., et al.., Coagulation disorders and their cutaneous presentations: 

Diagnostic work-up and treatment. J Am Acad Dermatol, 2016. 74(5): p. 

795-804; quiz 805-6.

41.	 Gaber Y, S.H., Schmeller W, Resistance to activated protein C due to factor 

V Leiden mutation: high prevalence in patients with post-thrombotic leg 

ulcers. British Journal of Dermatology, 2001. 144: p. 546-548.

42.	 Hafner J, K.A., Schar B, Bombeli T, Hauser M, Luthi R, Hanseler E, Factor 

V Leiden Mutation in Postthrombotic and Non-postthrombotic Venous 

Ulcers. Archives of Dermatology, 2001. 137: p. 599-603.

43.	 Stormorken, H.P., The discovery of Factor V: a tricky clotting factor. 

Journal of Thrombosis and Haemostasis, 2003. 1: p. 206-213.

44.	 Bertina RM, K.B., Koster T, Rosendaal FR, et al., Mutation in blood 

coagulation factor V associated with resistence to activated protein C. 

Nature, 1994. 369: p. 64-67.

45.	 Kujovich, J.L., Factor V Leiden thrombophilia. Genetics in Medicine, 2011. 

13(1): p. 1-16.

46.	 Stefano VD, L.G., Resistance to activated protein C due to mutated Factor 

V as a novel cause of inherited thrombophilia. Haematologica, 1995. 80: 

p. 344-356.

47.	 Mekkes JR, L.M., Van Der Wal AC, & Bos JD, Causes, investigation and 

treatment of leg ulceration. British Journal of Dermatology, 2003. 148: 

p. 388-401.

48.	 Ridker PM, G.S., Danielson E, Rosenberg Y, Eby CS, et al., Long-term, 

Low-intensity warfarin therapy for the prevention of recurrent venous 

thromboembolism. The New England Journal of Medicine, 2003. 348(15): 

p. 1425-1434.

49.	 Prabhakar N, K.G., Nanduri J, Semenza G, ROS Signaling in Systemic and 

Cellular Responses to Chronic Intermittent Hypoxia. Antioxidants & 

Redox Signaling, 2007. 9: p. 1397-1403.

50.	 Jelic S, P.M., Kawut S, Higgins C, Canfield S, Onad D, Colombo P, Basner R, 

Factor F, LeJemtel T, Inflammation, Oxidative stress, and Repair Capacity 

of the Vascular Endothilium in Obstructive Sleep Apnea. Circulation, 

2008. 117(17): p. 270-2278.

51.	 Teramoto S, K.H., Matsuse T, Oxygen administration improves the serum 

level of nitric oxide metabolites in patients with obstructive sleep apnea. 

Sleep Medicine, 2003. 4: p. 403-407.

52.	 Lavie, L., Oxidative stress in obstructive sleep apnea and intermittent 

hypoxia--revisited--the bad ugly and good: implications to the heart and 

brain. Sleep Med Rev, 2015. 20: p. 27-45.

53.	 Philips BG, N.K., Pesek CA, Effects of obstructive sleep apnea on 

endothelin-1 and blood pressure. Hypertension, 1999. 17: p. 61-66.

54.	 Durgan, D.J., et al.., Increased cerebrovascular sensitivity to endothelin-1 

in a rat model of obstructive sleep apnea: a role for endothelin receptor B. 

J Cereb Blood Flow Metab, 2015. 35(3): p. 402-11.

55.	 Allahdadi KJ, W.B., Kanagy NL, Augmented endothelinvasoconstriction in 

intermittent hypoxia-induced hypertension. Hypertension, 2005. 45: 

p. 705-709.

56.	 Hudgel D, B.R., Tapolyai A, Zyzanski S, Bilateral Leg Edema, Obesity, 

Pulmonary Hypertension, and Obstructive Sleep Apnea. Arhives of 

Internal Medicine, 2000. 160: p. 2357-2362.

57.	 Blankfield R, A.M., Zyzanski S, Idiopathic edema is associated with 

obstructive sleep apnea in women. Sleep Medicine, 2004. 5: p. 583-587.

58.	 Blankfield R, A.M., Zyzanski S, Effect of nasal continuous positive airway 

pressure on edema in patients with obstructive sleep apnea. Sleep 

Medicine, 2004. 5: p. 589-592.

59.	 Loube D, G.P., Strohl K, Pack A, White D, Collop N, Indications for Positive 

Airway Pressure Treatment of Adult Obstructive Sleep Apnea Patients. 

CHEST, 1999. 115: p. 863-866.

60.	 Patt BT, J.D., Lambert L, Roy S, Gordillo G, Schlanger R, Sen CK, Khayat 

RN, Prevelance of obstructive sleep apnea in patients with chronic 

wounds. Journal of Clinical Sleep Medicine, 2010. 6(6): p. 541-544.

61.	 Saarelainen S, H.J., Siitonen S, Seppala E, Effect of nasal CPAP treatment 

on plasma volume, aldosterone and 24-h blood pressure in obstructive 

sleep apnoea. Journal of Sleep Research, 1996. 5: p. 181-185.

62.	 Davies RJO, S.J., The epidemiology of sleep apnoea. Thorax, 1996. 

51: p. 65-70.

63.	 Young T, P.E.P., and Gottlie D, Epidemiology of Obstructive Sleep Apnea: 

A Population Health Perspective. American Journal of Respiratory and 

Critical Care, 2002. 165(9): p. 1217-1239.

64.	 Iftikhar I, A.M., Tarr S, Zyzanski S, Blankfield R, Comparison of obstructive 

sleep apnea patients with and without leg edema. Sleep Medicine, 2008. 

9: p. 890-893.

VIEW TABLE OF CONTENTS >>


