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Abstract
Diabetic foot is one of the most serious and painful chronic complications of diabetic patients, especially
elderly diabetic patients. It has a high rate of death, disability and amputation. Obstructive sleep apnea
(OSA) is a treatable chronic sleep disorder. Existing evidence suggests that OSA may promote the
development and delay the healing of diabetic foot, and continuous positive airway pressure therapy may
promote the healing of ulcers. Therefore, in the multidisciplinary diagnosis and treatment of diabetes,
cooperation with sleep medicine should be strengthened, and the basic and clinical research on diabetic
foot combined with OSA should be strengthened, so as to reduce the amputation rate, improve the cure
rate and reduce the incidence of cardiovascular events.

Introduction
Diabetic foot(DF) is one of the most serious and painful chronic complications of patients with diabetes,
especially elderly patients with diabetes. It has a high rate of death, disability and amputation, which
seriously affects the quality of life of patients and brings great burden to patients, families and society [1–

2]. The annual incidence of diabetic foot ulcer in China is about 8.1%, and the 1-year recurrence rate of
foot ulcer after healing is about 31.1%[1]. Obstructive sleep apnea (OSA) is the most common chronic
sleep disorder with a prevalence of 4%-24% in the population [3], and its prevalence is increasing with
obesity and age.The pathophysiological mechanism of OSA is the repeated occurrence of complete or
incomplete upper airway obstruction during sleep, accompanied by intermittent hypoxemia, hypercapnia
and sleep architecture disorders.It is an important risk factor for type 2 diabetes, hypertension,
cerebrovascular disease, cardiovascular diseases and other disorders [4–5]. In addition, limited data
shows that the prevalence of OSA in patients with chronic trauma is as high as 57%, which exceeds the
prevalence of OSA in the general middle-aged population [6], suggesting that OSA may contribute to the
development of skin ulcers and even delay the healing of ulcers, leading to the development of chronic
ulcers. Since OSA can lead to the development of diabetes and the incidence of OSA is signi�cantly
higher in diabetic patients [7], what is the prevalence of OSA in diabetic foot patients? Does it lead to the
development of foot ulcers? Does it aggravate the severity of foot ulcers and delay their healing? Given
the complexity of OSA, the relationship between OSA and DF is far than the above and deserves deeper
consideration.

1. Obstructive Sleep Apnea And Diabetes
1.1 Bidirectional Relationship between Obstructive sleep apnea and Diabetes

Cross-sectional studies have shown that the prevalence of type 2 diabetes in patients with OSA ranges
from 15–30%, and the prevalence of elevated glucose and insulin resistance is signi�cantly higher in OSA
patients than in the healthy population[8], with a dose-dependent risk. The co-prevalence of OSA in
patients with type 2 diabetes was found to be about 71%.Intermittent hypoxia and sleep fragmentation in
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patients with OSA have been found to be associated with dysglycemia, insulin resistance, and abnormal
islet β-cell function.To date, there have been prospective studies looking at the prevalence of type 2
diabetes in OSA patients with a follow-up period of 3 to 16 years, with inconsistent results across studies
after correction for confounders. Another cross-sectional study found that diabetic patients with OSA had
worse glycemic control than those without OSA[9]. Currently, about More than half of all diabetic patients
worldwide may be affected by both diabetes and OSA. The possible consequence of this is that patients
with combined OSA may not have effective glycemic control. The possible consequence is that patients
with combined OSA may not have effective glycemic control. Based on the current clinical �ndings, we
have observed a signi�cant increase in the number of patients with OSA. Based on current clinical
�ndings, we have observed a higher prevalence of diabetes in patients with OSA[10]. However, it is not yet
possible to conclude whether OSA will lead to the development of type 2 diabetes over time. However, it is
not possible to conclude conclusively whether OSA leads to the development of type 2 diabetes over time.
Future studies should focus on the development of type 2 diabetes using strict criteria and follow-up in
larger populations. Future studies should focus on the relationship between OSA and diabetes using strict
criteria and longer follow-up in larger populations. The relationship between OSA and diabetes should
also be addressed.

A follow-up study [11] with an average follow-up of 67 months showed that the initial severity of OSA and
its physiological consequences could predict the risk of subsequent diabetes in OSA patients, controlling
for multiple confounding factors. The current study demonstrates a strong association between OSA and
insulin resistance, glucose intolerance and the risk of type 2 diabetes. And OSA is independently
associated with poor glycemic control. A study of the association between OSA and diabetes showed
that OSA patients have a higher BMI than patients with other conditions, and OSA is associated with
endocrine diseases, especially diabetes[12–13] ..

1.2 Two-way mechanism between Obstructive sleep apnea and Diabetes

Results of prospective cross-sectional studies in indicating an independent association between OSA
severity and insulin resistance in patients without type 2 diabetes, and short-term lab-based studies in
healthy human subjects have demonstrated that sleep restriction, sleep fragmentation and intermittent
hypoxemia can lead to glucose metabolism disorders[14].

In OSA, increased energy expenditure due to the increase of resting metabolic rate may induce
compensatory neuroendocrine adaptation to increase hunger and food intake beyond energy balance
requirements, leading to excess energy and a higher risk of obesity, leading to dyslipidemia, in�ammatory
status, and lower insulin sensitivity[15]. The speci�c pathophysiological mechanisms are shown below:

(1) Increased sympathetic activity: Patients with OSA have increased sympathetic nerve activity, and
intermittent hypoxemia and sleep structural disorders during sleep further stimulate sympathetic nerves
leading to greater blood glucose �uctuations and insulin resistance [16], while hyperinsulinemia causes
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excessive stimulation of the carotid body, leading to increased sympathetic adrenal activity and blood
�ow, forming a vicious circle and exacerbating abnormal glucose metabolism [17]. 

(2) Intermittent hypoxia: Intermittent hypoxemia affects insulin sensitivity and impairs β-cell function,
causing increased hepatic glycogen output and pancreatic oxygenation stress, which can increase
fasting glucose levels by 67% and decrease glucose tolerance by 27%; even after correction of hypoxia,
impaired glucose tolerance, insulin resistance and pancreatic β-cell function persist[18] .

(3) Hypothalamic-pituitary-adrenal (HPA) axis dysfunction: Increased sympathetic nerve activity in OSA
patients can activate the hypothalamic-pituitary-adrenal axis, resulting in increased glucocorticoid
secretion. Glucocorticoid can promote glucose synthesis and glycogen decomposition, leading to insulin
resistance.

(4) Systemic in�ammatory response syndrome: This includes the release of pro-in�ammatory mediators
such as TNF -αand interleukin-6. The researchers also found elevated circulating levels of C-reactive
protein, reactive oxygen species and advanced glycation end products in OSA patients[19].

(5) Changes in adipocytokines, such as increased leptin levels and decreased adiponectin levels.

(6) Fatigue and lethargy caused by OSA can lead to decreased body activity and increase the risk of
diabetes, which is another mechanism of OSA causing diabetes. Sleep deprivation can lead to insulin
resistance.

Diabetic autonomic dysfunction is a risk factor for OSA[20]. Diabetic patients with peripheral neuropathy,
especially autonomic nerve dysfunction, have an increased risk of sleep and respiratory disorders [21].

Chronic hyperglycemia leads to structural damage and functional impairment of the divine meridian
through oxidative stress, which leads to functional impairment of the divine meridian through impaired
control function of the central axis of respiration, leading to sleep and sleep respiratory disorders [22].

On the other hand, diabetic autonomic neuropathy may aggravate the collapse of the upper respiratory
tract, reduce the diameter of the upper respiratory tract, affect the reaction of the upper respiratory tract
due to the destruction of the laryngeal dilator muscle, and increase the susceptibility to obstructing
respiratory suspension sleep disorders induced by OSA[23] or painful peripheral neuropathy [22].

2. Osa And Diabetic Foot
The two pathophysiological mechanisms of diabetic foot are diabetic peripheral neuropathy (DPN)and
lower extremity arterial diseases(LEAD). Diabetic polyneuropathy (DPN) is a common chronic
complication of diabetes. It is characterized by loss of sensation in the distal lower extremities, while
severe neuropathic pain may also be present. DPN is the cardinal risk factor of diabetic foot ulceration
mediated by unrecognized acute or chronic trauma-mediated diabetic foot ulcers[24]. OSA and nocturnal
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hypoxia were signi�cantly associated with peripheral neuropathy in nondiabetic patients, independent of
age and obesity. A study examining the relationship between OSA and DPN found that type 2 diabetes
patients with OSA were four times more likely to develop DPN than patients without OSA. The severity of
DPN was independently correlated with the degree of nocturnal hypoxia in OSA, and the lower the
minimum oxygen saturation, the higher the prevalence of DPN [25]. The recurrent hypoxic process
resembles ischemia-reperfusion injury. It can produce large amounts of reactive oxygen species (ROS) in
a variety of ways. The ROS produced by intimal oxidative stress can directly damage the protein nucleic
acid and lipid of nerve tissue and interfere with the respiratory chain of mitochondria, resulting in the
damage of nerve structure and function [26].A small study also found that OSA was associated with
axonal degeneration. Six months of continuous positive airway pressure(CAPA)can improved neural
action potential amplitude [27]. In type 2 diabetes, Patients with severe OSA were 3 times more likely than
those without or with mild OSA to develop a chronic complication associated with diabetes [28]. Results of
a meta-analysis showed that compared with diabetic patients without DPN, The OR value of OSA in
diabetic patients with DPN was 1.95 [29]. Later, Gu and others [30]found that OSA was signi�cantly
correlated with DPN. Further studies have shown that diabetic patients with OSA may increase oxidative
stress and damage microcirculation [25] to promote the activation of PARP and reduce the density of
nerve �bers in the epidermis [31], thus leading to the occurrence of neuropathy.

Intermittent hypoxemia will not only increase reactive oxygen species and oxygen free radicals, activate
different cascades, positively regulate in�ammatory reactions, cause endothelial cell secretion
dysfunction, promote cell apoptosis, destroy vascular endothelial integrity, lead to endothelial
dysfunction, and then lead to extensive vascular damage [32], but also promote the excessive proliferation
of vascular smooth muscle cells, This leads to the occurrence and development of atherosclerosis [33].
OSA promotes the occurrence and severity of diabetic LEAD. A study shows that the prevalence of LEAD
in OSA patients diagnosed by polysomnography (polysomnography is currently the gold standard for
diagnosing OSA) is about 98%, and LEAD grading increases with the severity of OSA. Age and apnea
hypopnea index (AHI) are important risk factors for arterial plaque [34]. In addition, in patients with
moderate and severe OSA, the atherosclerotic plaque was larger than that in the control group [35]; In OSA
patients treated with continuous positive airway pressure (CPAP), arterial stiffness can be improved [36–

37].

In patients with poor sleep quality, the number of immune cells in the skin is lower than those with good
sleep quality [38], and the wound healing is also delayed [39]. In patients with diabetes mellitus
complicated with OSA, because of intermittent hypoxemia and sleep disorder, is it possible that the
number of skin immune cells is low, resulting in the occurrence of wound and refractory wounds? Studies
have shown that in patients with diabetes mellitus complicated with OSA, due to prolonged in�ammation,
oxidative stress, sympathetic activation, physiological adaptation to hypoxia, reactive oxygen species in
reactive oxygen species, reactive oxygen species act as the second messenger in the cell, play a role in
regulating the biochemical functions of vascular smooth muscle cells and the chemical pathway of
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�broblast proliferation, and so on. Reactive oxygen species can cause different degrees of endothelial cell
damage, and then affect its normal physiological function [32]. And decreased mobilization of endothelial
progenitor cells (ERC) and EPC apoptosis, resulting in the reduction of circulating EPCs, resulting in the
reduction of endothelial cell repair ability, which leads to the delay of wound healing [36].

OSA is closely related to the onset of diabetic foot [31].OSA may lead to the occurrence of diabetic foot
through the following mechanisms:

(1) OSA promotes the occurrence and development of diabetic foot by inducing DPN.

(2) OSA promotes diabetic foot by inducing or aggravating LEAD damage. (3) OSA leads to a decrease in
circulating EPCs, which leads to a decrease in endothelial cell repair and promotes the occurrence of
diabetic foot.

(4) OSA patients are often accompanied by obesity, which increases plantar pressure and increases the
risk of foot ulcer [40].

3. Osa And Prognosis Of Diabetic Foot
In diabetic patients, the prevalence of diabetic foot was much lower in patients without OSA than in
patients with varying degrees of OSA. This suggests that patients with both diabetes and OSA should be
aware of the risk of diabetic foot. Although early studies[41] did not �nd that OSA impaired the healing of
amputation wounds in some feet, the reliability of the �ndings is uncertain. Subsequently in an analysis
based on case reports, it was observed that undiagnosed severe OSA may impede the rate of healing of
diabetic foot ulcers. Therefore, in the absence of obvious peripheral vascular disease and infection, foot
clinicians may refer to uncorrected microvascular ischemic effects as hard-to-heal ulcers, and we
recommend that severe OSA be considered[42]. Continuous positive airway pressure (CPAP) is one of the
treatments for OSA, Continuous positive airway pressure (CPAP) improves glycemic variability in
postprandial glucose and hBA1c levels in patients with type 2 diabetes[43]. But it suggests that in the
absence of peripheral arterial disease or infection, severe OSA may delayed healing of the foot ulcers
while CPAP treatment may promote healing of the ulcers. Recently, Maltese used S T O P-B A N G score[27]

to judge O S A, score ≥ 4 to diagnose O S A. Follow-up 12 months showed that the healing rate of
diabetic foot ulcer patients with score ≥ 4 was lower than that of diabetic foot ulcer patients with score < 
4. This suggests that in diabetic foot patients ,the OSA delayed ulcer healing. in an observational study,
Botros found the prevalence of diabetes was signi�cantly lower in OSA patients who received CPAP
regularly. The investigators followed 544 non-diabetic subjects for six years. The severity of OSA was
independently associated with the incidence of diabetes, and the incidence of diabetes was reduced in
the more severe OSA patients treated with regular CPAP (p = 0.04)[44] .

In conclusion, OSAS is closely linked to the patient's endocrine disease, which can lead to the
development of diabetes and diabetic foot, and the presence of diabetes can aggravate the symptoms of
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sleep apnea, OSA is correlated with diabetic foot. The available evidence suggests that OSA can promote
diabetic foot development and delay wound healing, while CPAP treatment may promote ulcer healing.
Therefore, for patients with refractory diabetic foot ulcer, it is signi�cant for clinicians to diagnose
whether patients have OSA. Positive continuous positive airway pressure (CPAP) should be a promising
adjunct to the treatment of diabetic foot with OSA. Therefore, we should not ignore the sleep science in
the diagnosis and treatment of diabetic foot. We should strengthen the cooperation with the sleep
medicine specialty and strengthen the basic and clinical research of diabetic foot combined with OSA,
which will help to reduce the amputation rate and improve the cure rate, reduce the incidence of
cardiovascular events.

Declarations
Ethics approval and consent to participate

This research was approved by the Medical Research Ethics Committee of Second A�liated Hospital of
Fujian Medical University, Quanzhou, P. R. China. 

Consent for publication

All authors have reviewed the �nal version of the manuscript and agree with the publication of the
information presented here.

Availability of data and materials

Not applicable.

Competing interests

No potential con�icts of interest relevant to this article were reported.

Funding

This study was supported by the startup fund for scienti�c research, Fujian Medical University
(2020QH1122) .

Authors' contributions

Jiayu Lin conceived this project. Hailing Song, Meihong Liang, Zeqiang Cai, Tan Chen, Zhenyu Lin
analyzed the data and wrote the paper.

Acknowledgements

This study was supported from the Second A�liated Hospital of Fujian Medical University.



Page 8/10

References
1. Jiang Y, Wang X, Xia L, et al. A cohort study of diabetic patients and diabetic foot ulceration patients

in China [J]. Wound Repair Regen. 2015;23(2):222–30.

2. Xu Z, Ran X. Diabetic foot care in China: challenges and strategy[J]. Lancet Diabetes Endocrinol.
2016;4(4):297–8.

3. Reutrakul S. Mokhlesi B. Obstructive sleep apnea and diabetes: a state of the art review[J].
Chest,2017,152(5):1070–1086.

4. Chinese Physicians Association Professional Committee of Sleep Medicine. Multidisciplinary
diagnosis and treatment guidelines for adults with obstructive sleep apnea [J]. Chin Med J.
2018;98(24):1902–14.

5. Heinzer R, Vat S, Marques-Vidal P, et al. Prevalence of sleep-disordered breathing in the general
population:the HypnoLaus study[J]. Lancet Respir Med. 2015;3(4):310–8.

�. Patt BT, Jarjoura D, Lambert L,et al. Prevalence of obstructive sleep apnea in patients with chronic
wounds[J]. JClin Sleep Med. 2010;6(6):541–4.

7. Zhang P, Zhang R, Zhao F,et al. The prevalence and characteristics of obstructive sleep apnea in
hospitalized patients with type 2 diabetes in China[J]. J Sleep Res. 2016;25(1):39–46.

�. PAMIDI S, TASALI E. Obstructive sleep apnea and type 2 diabetes: is there a link?[J]. Front Neurol.
2012;3:126.

9. Kendzerska T, Gershon AS, Hawker G, Tomlinson G, Leung RS. Obstructive sleep apnea and incident
diabetes. A historical cohort study. Am J Respir Crit Care Med. 2014 Jul;15(2):218–25. 190(.

10. Huang YY. Study on the correlation between sleep apnea syndrome and diabetes mellitus[J]. World
Journal of Sleep Medicine,2021,8(04):724–725.

11. Huang T, Lin BM, Stampfer MJ, et al. A population-based study of the bidirectional association
between obstructive sleep apnea and type 2 diabetes in three prospective U.S. cohorts[J].Diabetes
Care,2018,41(10):2111–2119.

12. Aurora RN, Punjabi NM. Obstructive sleep apnoea and type 2 diabetes mellitus: a bidirectional
association [. J] Lancet ResMed. 2013;1(4):329–38.

13. Greco C, Spallone V. Obstructive sleep apnoea syndrome and diabetes. fortuitous association or
interaction?[J]. Curr Diabetes Rev,2015,12(2):129–155.

14. Reutrakul S, Mokhlesi B. Obstructive Sleep Apnea and Diabetes: A State of the Art Review. Chest.
2017 Nov;152(5):1070–86.

15. Song SO, He K, Narla RR, Kang HG, Ryu HU, Boyko EJ. Metabolic Consequences of Obstructive Sleep
Apnea Especially Pertaining to Diabetes Mellitus and Insulin Sensitivity. Diabetes Metab J. 2019
Apr;43(2):144–55.

1�. Somers VK, Dyken ME, Clary MP, et al. Sympathetic neural mechanisms in obstructive sleep apnea[J].
J Clin Invest,1995,96(4):1897–1904.



Page 9/10

17. Riberio MJ, Sacramento JF, Gonzalez C, et al. Carotid body denervation prevents the development of
insulin resistance and hypertension induced by hypercaloric diets[J]. Diabetes,2013,62(8):2905–
2916.

1�. Polak J, Shimoda LA, Drager LF, et al. Intermittent hypoxia impairs glucose homeostasis in
C57BL6/J mice: partial improvement with cessation of the exposure[J]. Sleep,2013,36(10):1483–
1490;1490a-1490b.

19. Zizi F, Jean-Louis G, Brown CD, Ogedegbe G, Boutin-Foster C, McFarlane SI. Sleep duration and the
risk of diabetes mellitus: epidemiologic evidence and pathophysiologic insights. Curr Diab Rep. 2010
Feb;10(1):43–7.

20. Pamidi S, Aronsohn RS, Tasali E. Obstructive sleep apnea: role in the risk and severity of diabetes.
Best Pract Res Clin Endocrinol Metab. 2010 Oct;24(5):703–15.

21. Bahnasy WS, El-Heneedy YAE, El-Seidy EAS, et al. Sleep disturbances in diabetic peripheral
neuropathy patients: a clinical and polysomnographic study[J]. Egypt J Neurol Psychiatr Neurosurg.
2018;54(1):23.

22. Shen H, Zhao J, Liu Y, et al. Interactions between and shared molecular mechanisms of diabetic
peripheral neuropathy and obstructive sleep apnea in Type 2 diabetes patients[J].J Diabetes
Res,2018,2018:3458615.

23. Martinez Ceron E, Casitas Mateos R, et al. Sleep apnea-hypopnea syndrome and type 2 diabetes. A
reciprocal relationship?[J]. Arch Bronconeumol. 2015;51(3):128–39.

24. Papanas N, Steiropoulos P. Obstructive Sleep Apnea and Diabetic Foot: New Responsibilities?
Angiology. 2016 Aug;67(7):605-6.

25. Tahrani AA, Ali A, Raymond NT, et al. Obstructive sleep apnea and diabetic neuropathy:a novel
association in patients with type 2 diabetes[J]. Am J Respir Crit Care Med. 2012;186(5):434–41.

2�. Zhao JL, Guo XS, Wang LD,et al. Clinical analysis of obstructive sleep apnea hypoventilation
syndrome and type 2 diabetic peripheral neuropathy[J]. Chinese Journal of Physician
Advancement,2014,37(1):42–44. DOI:10.3760/cma.j.issn.1673-4904.2014.01.015.

27. Maltese G, Fountoulakis N, Drakatos P,et al. Elevated obstructive sleep apnoea risk score is
associated with pooor healing of diabetic foot ulcers: a prospetive cohort study[J]. Diabet Med.
2018;35(11):1494–8.

2�. Siwasaranond N, Nimitphong H, Manodpitipong A, et al. The relationship between diabetes-related
complications and obstructive sleep apnea in type 2 diabetes[J]. J Diabetes Res, 2018, 2018:
9269170.

29. Fujihara K, Kodama S, Horikawa C, et al. The relationship between diabetic neuropathy and sleep
apnea syndrome: a meta-analysis[J]. Sleep Disord, 2013, 2013:150371.

30. Gu X, Luo X, Wang X, et al. The correlation between obstructive sleep apnea and diabetic neuropathy:
A meta-analysis[J]. Prim Care Diabetes. 2018;12(5):460–6.

31. Altaf QA, Ali A, Piya MK, et al. The relationship between obstructive sleep aapnea and intra-epidermal
nerve �ber density, PARP activation and foot ulceration in patients with type2 diabetes[J]. J Diabetes



Page 10/10

Complications, 20116,30(7):1315–1320.

32. Kang YJ, Zhang M. Study on the correlation between obstructive sleep apnea hypoventilation
syndrome and diabetic nephropathy[J]. Journal of Clinical Military Medicine,2021,49(02):229–231.

33. Kyotani Y, Takasawa S, Yoshizumi M. Proliferative pathways of vasular smooth muscle cells in
response to intermittent hypoxia[J]. Int J Mol Sci. 2019;20(11):pii: E2706.

34. Schaefer CA, Adam L, Weisser-Thomas J, et al. High prevalence of peripheral arterial disease in
patients with obstructive sleep apnoea[J]. Clin Res Cardiol. 2015;104(9):719–26.

35. Tan A, Hau W, Ho HH, et al. OSA and coronary plaque characteristics[J]. Chest. 2014;145(2):322–30.

3�. Domingues CC, Dore FJ, Cho A, et al. Reassessing the effects of continuous potive airway
pressure(CPAP) on arterial stiffness and peripheral blood derived CD34 + progenitor cells in subjects
with sleep apnea[J]. Stem Cell RRes Ther. 2019;10(1):147.

37. Mibeiro MA, Silva PMD, Alves M, et al. The role of sleepiness on arterial stiffness improvement after
CPAP therapy in males with obstructive sleep apnea: aa prospective cohort study[J]. BMC Pulm Med.
2017;17(1):182.

3�. Broadbent E, Vurnek M, Weinman J, et al. Sleep and skin composition[J]. Brain Behav Immum.
2015;49:339–40.

39. Koschwanez H, Vurnek M, Weinman J, et al. Stress-related changes to immune cells in the skin prior
to wounding may impaire subsequent healing[J]. Brain Behav Immun. 2015;50:47–51.

40. Papanas N, Steiropoulos P. Obstructive sleep apnea and diabetic foot: new responsibities?[J].
Angiology,2016, 67(7): 605–606.

41. Andrews KL, Dib M, Shives TC, et al. The effect of obstructive sleep apnea on amputation site
healing[J]. J Vas cNurs. 2012;30(2):61–3.

42. Vas PR, Ahluwalia R, Manas AB, et al. Undiagnosed severe.sleep apnoea and dia betic foot ulceration
- a case series based hypothesis: a hitherto under emphasized factor in failure to heal[J ]. Diabet
Med. 2016;33(2):el–4.

43. Du RH, Xiao MS, Li CY, et al. Association of obstructive sleep apnea with metabolic control and
chronic complications of diabetes mellitus[J]. Journal of Clinical Otolaryngology-Head and Neck
Surgery,2021,35(07):662–666.

44. China, Medicine. Apil 2014. Vol. 9, No. 4.


