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					Abstract  

					Context: Recent studies have reported abnormal levels of serum vitamin D in patients with allergic rhinitis. This linkage has not been demonstrated  

					in our environment, northeast Nigeria. This study aimed to determine the levels of serum vitamin D and correlate them with disease severity in  

					patients with allergic rhinitis in a tertiary hospital in northeast Nigeria. Materials and Methods: This was a cross-sectional observational study  

					of patients with allergic rhinitis who attended ear, nose, and throat and the respiratory medicine clinics of Abubakar Tafawa Balewa University  

					Teaching Hospital, Bauchi, Nigeria, from January 2022 to May 2023. Data collected from participants included demographic information,  

					clinical ﬁndings, and disease severity graded as mild–moderate or severe based on the allergic rhinitis and its impact on asthma WHO 2008  

					classiﬁcation. Serum vitamin D levels were measured with an enzyme‑linked immunosorbent assay kit. Results: The study recruited 61  

					participants, of whom 39 (63.9%) were women. The mean age (±SD) was 38.66 ± 14.34 years, while the mean serum vitamin D levels (±SD)  

					was 36.65 ± 15.54 ng/ml. Thirteen (21.3%) participants had insuﬃcient serum vitamin D levels below 24 ng/ml, whereas 48 (78.7%) had  

					suﬃcient serum vitamin D levels of 24–80 ng/ml. There were statistically signiﬁcant diﬀerences between mild and moderate–severe allergic  

					rhinitis with respect to vitamin D level (mean ± SD, 26.73 ± 17.96 vs 38.84 ± 14.24, respectively, 95% CI: −22.06 to −2.16, P = 0.018). There  

					2

					was a signiﬁcantly positive relationship between serum vitamin D and the severity of allergic rhinitis (χ = 8.839, P = 0.003). Conclusion: The  

					majority of patients had suﬃcient levels of serum vitamin D. Higher serum vitamin D was associated with higher severity of allergic rhinitis.  

					Keywords: Allergic rhinitis, northeast Nigeria, observational study, serum vitamin D  

					weeks.[7] In terms of its severity, allergic rhinitis is divided into  

					introduction  

					mild and moderate–severe forms for management purposes.[8]  

					Allergic rhinitis is an inﬂammatory condition that occurs  

					Mild is when patients have no impairment of sleep and are able  

					to perform normal activities (including work or school), while  

					when the immune system overreacts to some allergens.[1] The  

					prevalence of allergic rhinitis varies across diﬀerent regions,  

					moderate–severe is when signiﬁcantly aﬀect sleep or activities  

					which may be due to geographical and allergenic diﬀerences.[2]  

					of daily living, and or if they are considered troublesome.[7]  

					The prevalence of allergic rhinitis is estimated at 17–25% in the  

					United States.[3] A study conducted in Japan reported that the  

					prevalence of allergic disorders has increased by nearly 10%  

					during the past 10 years.[4] The prevalence of allergic rhinitis in  

					Nigeria was 22.8% (22.2–23.4%) as reported by Ozoh et al.[5]  

					Despite the fact that allergic rhinitis is not a life-threatening  

					condition, it may aﬀect individuals’daily functioning.[9,10] The  

					increasing rate of allergic diseases associated with vitamin D  
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					Allergic rhinitis is divided into two types: intermittent (seasonal)  

					or persistent (perennial).[6] Intermittent allergic rhinitis is  

					described as when symptoms are present for less than 4 days  

					per week or less than four consecutive weeks, while persistent  

					allergic rhinitis is described as when symptoms are present  

					more than 4 days per week or more than four consecutive  
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					deﬁciency may be accounted for by the limited exposure of  

					of the tests. The ELISA kit was stored at a temperature of  

					2–8°C. The standard protocol as mentioned in the kits was  

					thus followed for quantiﬁcation of 25 (OH) vitamin D in ng/  

					ml. All the reagents and specimens were allowed to come to  

					room temperature before use and also all reagents were gently  

					mixed without foaming. Once the procedure had started, all  

					steps for quantiﬁcation were completed without interruption.  

					Quality control was conducted three times.  

					people to the sun leading to lower cutaneous production of  

					vitamin D.[11]  

					Vitamin D is a group of lipid-soluble secosteroids. It plays  

					an important role in bone mineralization,[12] which may be  

					explained by its eﬀect on T‑cells. There is an association  

					between the Th1/Th2 ratio, the elevated levels of inﬂammatory  

					mediators, and vitamin D produced in the liver.[13] Vitamin  

					D can impact the immune system through the activation of  

					regulatory T-cells and inhibition of B lymphocytes via reduced  

					immunoglobulin E production.[14] There is a relationship  

					between vitamin D deﬁciency and skin inﬂammation and  

					atopic dermatitis.[15] Considering the role of vitamin D in the  

					prevention of autoimmune and allergic diseases, it can be used  

					in the treatment of allergic reactions.[16,17]  

					The reference range of serum vitamin D levels was categorized  

					as follows: Deﬁcient [<8 ng/ml (20 nmol/l)], Insuﬃcient [8–  

					24 ng/ml (20–60 nmol/l)], Suﬃcient [24–80 ng/ml (60–200  

					nmol/l)], and Intoxication [>80 ng/ml (200 nmol/l)].[18]  

					Furthermore, we categorized serum vitamin D levels into  

					two, viz., Insuﬃcient [8–24 ng/ml (20–60 nmol/l) deﬁcient  

					inclusive] and Suﬃcient [24–80 ng/ml (60–200 nmol/l)] for  

					analytic purposes.  

					Few studies evaluated the relationship between serum vitamin  

					D and the severity of disease in adults with allergic rhinitis.  

					Therefore, the aim of this study was to determine the serum  

					vitamin D level and its relationship with the severity of adult  

					allergic rhinitis in our hospital.  

					The severity of allergic rhinitis is divided into mild and  

					moderate–severe forms using allergic rhinitis and its impact  

					on asthma (ARIA) WHO 2008 guidelines.[7] Mild is when  

					patients have no impairment of sleep and are able to perform  

					normal activities (including work or school), while moderate–  

					severe is when signiﬁcantly aﬀect sleep or activities of daily  

					living, and or if they are considered troublesome.[7]  

					Materials and Methods  

					It was a cross-sectional observational study of patients  

					diagnosed with allergic rhinitis and attending follow-ups at  

					the ear, nose, and throat surgery and respiratory medicine  

					clinics of Abubakar Tafawa Balewa University Teaching  

					Hospital (ATBUTH), Bauchi, Bauchi State, northeastern  

					Nigeria during the study period of January 1, 2022 to May  

					31, 2023.ATBUTH is an 800‑bed capacity tertiary health care  

					facility that provides specialist services to residents of Bauchi  

					state and other neighboring states in the northeast, northwest,  

					and northcentral zones of Nigeria.  

					Socio-demographic data and other variables of the patients  

					were entered into the study database and analyzed using IBM  

					SPSS (Statistical Package and Service Solution version 23.0  

					Chicago, Illinois, USA). Quantitative variables were expressed  

					as mean and standard deviation (SD) with 95% conﬁdence  

					intervals (CIs). Qualitative variables were expressed as  

					frequencies and percentages. Tables and ﬁgures were used for  

					illustration. Student’s t‑test was used to compare diﬀerences  

					2

					in means. Chi‑square (χ ) was also used to determine the  

					relationship in some variables. A P value of <0.05 was  

					Participants recruited in the study were consecutive adult  

					patients with allergic rhinitis who had consented to participate.  

					Patients were excluded from the study if they had a history  

					of liver disease, kidney disease, hyperparathyroidism, or  

					tuberculosis, or were taking thiazide diuretics, estrogens, or  

					vitamin D supplements during the study period.  

					considered signiﬁcant.  

					Ethical approval to conduct the study was granted by the  

					Health Research and Ethical Committee ofATBUTH, Bauchi,  

					Bauchi State, northeast Nigeria (ATBUTH REC 007/2022)  

					dated March 8, 2022. All the patients have given informed  

					consent and only their hospital numbers were captured in the  

					questionnaire. Conﬁdentiality was strictly maintained.  

					A questionnaire was administered to each subject to obtain  

					a detailed history regarding socio-demographic (age, sex,  

					marital, and educational status) variables. Three milliliters  

					of blood were drawn from the antecubital vein within the  

					cubital fossa of each participant with a 5 ml syringe and needle  

					after cleansing the area with methylated spirit. The blood  

					was then placed in a plain bottle without anticoagulant and  

					centrifuged at 3000 rev/min after clot retraction. The serum  

					was separated immediately and stored at −2°C. Twenty‑ﬁve  

					hydroxy [25 (OH)] vitamin D enzyme-linked immunosorbent  

					assay (ELISA) kit with catalog no. VD220B (96 tests)  

					manufactured by Calbiotech Company Inc. was used for  

					the serum estimation of 25 (OH) vitamin D levels at Damop  

					Medical Laboratory, Bauchi using an ELISAanalyzer machine.  

					The authors paid for the purchase of the kits and running  

					results  

					The study comprised 61 patients, 22 (36.1%) males and  

					39 (63.9%) females with a male:female ratio of 1:1.7. The  

					mean ± SD of age of the patients was 38.66 ± 14.34 years (ages  

					range: 18–77 years) and mean ± SD of serum vitamin D level  

					of the patients was 36.65 ± 15.54 ng/ml (range: 8–73 ng/  

					ml). There were no statistically significant differences  

					between males and females with respect to age (mean ± SD,  

					39.41 ± 15.24 vs 38.23 ± 14.03, respectively, 95% CI: −6.54  

					to 8.90, P = 0.761) or serum vitamin D level (mean ± SD,  

					38.81 ± 13.87 vs 35.44 ± 16.45, respectively, 95% CI: −4.94  

					to 11.68, P = 0.421). This is shown in Tables 1 and 2.  
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					Table 3 shows that 13 (21.3%) of the patients had insuﬃcient  

					Among 11 (18.0%) patients with mild allergic rhinitis, 6 had  

					insuﬃcient serum vitamin D levels and 5 had suﬃcient serum  

					vitamin D levels. Out of 50 (82%) patients with moderate–  

					severe allergic rhinitis, 7 had insuﬃcient serum vitamin D  

					levels while 43 had suﬃcient serum vitamin D levels. There  

					were statistically signiﬁcant diﬀerences between mild and  

					moderate–severe allergic rhinitis with respect to vitamin D  

					level (mean ± SD, 26.73 ± 17.96 vs 38.84 ± 14.24, respectively,  

					95% CI: −22.06 to −2.16, P = 0.018). The relationship between  

					the serum vitamin D and the severity of the allergic rhinitis  

					serum vitamin D levels of <24 ng/ml and 48 (78.7%) patients  

					had suﬃcient serum vitamin D levels of 24–80 ng/ml. This  

					shows that the majority of the participants had suﬃcient serum  

					vitamin levels.  

					Among 37 patients with intermittent allergic rhinitis, 10 had  

					insuﬃcient serum vitamin D levels and 27 had suﬃcient  

					serum vitamin D levels. Likewise, out of the 24 patients  

					with perennial allergic rhinitis, 3 had insuﬃcient serum  

					vitamin D levels and 21 had sufficient serum vitamin  

					2

					was determined by Chi‑square (χ = 8.839, P = 0.003) and is  

					statistically signiﬁcant at P < 0.05. This is shown in Table 5.  

					2

					D levels. Chi‑square (χ ) was used to determine their  

					2

					relationship which was χ = 1.832, P = 0.176 and was  

					not statistically signiﬁcant at (P < 0.05). This is shown in  

					discussion  

					Table 4.  

					Depending on the part of the world, the prevalence of or the  

					rate of symptoms attributed to allergic rhinoconjuctivitis ranges  

					from 1.4 to 39.7% of the population.[19] The mean age of the  

					study participants of 38.65 ± 14.34 years is diﬀerent from that  

					reported by Mohammadreza et al.[20] There were more females  

					than males in this study. This is similar to that reported by  

					Mohammadreza et al.[20] The predominance of females over  

					males is probably due to by better health-seeking behavior of  

					females in our environment than men.  

					Table 1: Age and gender distribution of the study  

					patients, n (61)  

					Variable  

					Age (years)  

					15–24  

					n (%)  

					6 (9.8)  

					19 (31.1)  

					20 (32.8)  

					7 (11.5)  

					4 (6.6)  

					25–34  

					35–44  

					45–54  

					The mean serum vitamin D level of the study patients was  

					36.65 ± 15.54 ng/ml (range: 8–73 ng/ml). This is diﬀerent  

					from that reported by Mohammadreza et al.[20] of 11.25 ± 6.53  

					nmol/l (equivalent to 4.5 ± 2.61 ng/ml) and that reported by  

					Kumar et al.[21] of 16.95 ± 3.77 ng/ml in their study of patients  

					with allergic rhinitis. The most probable explanation for this  

					diﬀerence is geographical locations and the limited exposure  

					of people studied by Kumar etꢀ al.,[21] to the sunlight in Panipat  

					district, Haryana North India. Vitamin D3 [cholecalciferol,  

					25(OH) D3] is synthesized from 7‑dehydrocholesterol in the  

					skin with sunlight. The 7‑dehydrocholesterol is ﬁrst converted  

					into pre‑vitamin D3 with ultraviolet B sunlight. Then vitamin  

					D3 is derived from pre‑vitamin D3 through isomerization.[22]  

					Receptors of active form of vitamin D3 have been found in  

					dendritic cells, monocytes, macrophages, lymphocytes, and  

					other parts of the immune system.[23] This active form of  

					vitamin D3 plays a role in allergic pathogenesis through innate  

					and adaptive immunity and promotes Th2 activities and IL-10  

					expression.[24,25]  

					55–64  

					65–74  

					3 (4.9)  

					75–84  

					2 (3.3)  

					Total  

					61 (100)  

					Gender  

					Male  

					22 (36.1)  

					39 (63.9)  

					Female  

					Table 2: Distribution of mean±SD of age and serum  

					vitamin D level of the study patients, n (61)  

					Variable  

					Male  

					Female  

					P

					(mean±SD)  

					(mean±SD)  

					Age  

					39.41±15.24  

					38.81±13.87  

					38.23±14.03  

					35.44±16.45  

					0.761  

					Serum vitamin D in ng/ml  

					0.421  

					Table 3: Distribution of serum vitamin D category in the  

					study patients, n (61)  

					Vitamin D category  

					Insuﬃcient  

					n (%)  

					13 (21.3)  

					48 (78.7)  

					There were no statistically signiﬁcant diﬀerences between  

					males and females with respect to serum vitamin D levels.  

					This is contrary to ﬁndings reported by Saba et al.[26] and  

					Kalpaklioglu et al.[27] that females had lower serum vitamin  

					D compared to males in their studies.  

					Suﬃcient  

					Table 4: Distribution of serum vitamin D category and  

					clinical type of patients with allergic rhinitis  

					Forty‑eight (78.7%) of the patients had suﬃcient serum vitamin  

					D levels and 13 (21.3%) had insuﬃcient serum vitamin D  

					levels. This shows that the majority of the study patients had  

					suﬃcient serum vitamin D levels.  

					Serum Vitamin D  

					category  

					Clinical type of allergic rhinitis  

					Intermittent n (37) Perennial n (24)  

					10  

					27  

					Insuﬃcient  

					Suﬃcient  

					3

					Our study shows that there was no statistically signiﬁcant  

					diﬀerence between the serum vitamin D levels of those with  

					21  

					χ2=1.832, P=0.176 not statistically signiﬁcant at P<0.05  
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					Bauchi State, Nigeria for giving us permission to carry out  

					this study. They would also like to thank our other staﬀ who  

					assisted and contributed to the study.  

					Table 5: Distribution of serum vitamin D category  

					among patients with different type of severity of allergic  

					rhinitis  

					Authors’ contributions  

					Serum Vitamin D  

					category  

					Severity of allergic rhinitis  

					Concept, deﬁnition, intellectual content, literature search, data  

					acquisition, data analysis, statistical analysis: Sabiu Abdu  

					Gwalabe, Auwal Adamu, Abdullahi Musa Kirﬁ, Jacob Amos  

					Dunga, Ibrahim Maigari. Manuscript preparation, manuscript  

					editing: Sabiu Abdu Gwalabe, Jacob Amos Dunga, Ibrahim  

					Maigari. Manuscript review: Auwal Adamu, Abdullahi Musa  

					Kirﬁ, Umar Mustapha Sabo.  

					Mild n (11) Moderate–Severe n (50)  

					Insuﬃcient  

					Suﬃcient  

					6

					5

					7

					43  

					χ2=8.839, P=0.003 statistically signiﬁcant at P<0.05  

					intermittent and perennial allergic rhinitis. Most of the patients  

					had suﬃcient serum vitamin D levels. In terms of the severity  

					of the disease, our study shows that serum vitamin D increases  

					with an increase in severity of the allergic rhinitis which was  

					statistically signiﬁcant. Those patients with mild allergic rhinitis  

					had relatively lower serum vitamin D levels as compared to  

					those with moderate–severe forms of allergic rhinitis. This  

					ﬁnding is surprising considering the documented evidence from  

					some literature that low vitamin D level is associated with the  

					severity of allergic rhinitis. However, a study done by Goksugur  

					et al.[28] has shown that serum vitamin D levels in children were  

					found to be higher in those with allergic rhinoconjunctivitis  

					than in those in the control group. The most probable reason  

					for low vitamin D levels in children is maternal vitamin D  

					status. Camargo et al.[29] reported that high vitamin D levels  

					during maternity decreased childhood wheezing by nearly 50%  

					compared with low maternal vitamin D, which suggests that a  

					lower vitamin D level was associated with an increased risk of  

					recurrence of allergic diseases in young children.Another study  

					reported by Devereux et al.[30] also found that higher vitamin  

					D consumption by the pregnant mother was signiﬁcantly  

					associated with a decreased risk of allergies in children.  

					Financial support and sponsorship  
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