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        Abstract

Background

												
												The incidence and clinical presentation of Type 1 diabetes mellitus (T1DM) varies markedly among countries with a worldwide trend of affected children under-5 years of age. The classical triad of polydipsia, polyuria and weight loss is the most common presentation. Similarly, the frequency of Diabetic Ketoacidosis (DKA) at the onset of T1DM is persistently high in Africa affecting more than two thirds of diabetic children.
												

												Objective

												
												To describe the clinical presentation of type 1 diabetes mellitus and factors associated with DKA at presentation among children aged 6 months to 19 years at Muhimbili National Hospital (MNH) in Dar es Salaam, Tanzania.
												

												Methods

												
												A hospital based descriptive cross-sectional study was conducted among 134 children and adolescents with T1DM at MNH diabetes clinic. Descriptive statistics such as proportions, means (SD) and median (range) were calculated. Proportions were compared by Chi-square and Fisher's exact tests. Group means for normally distributed variables were compared by Student's t-test whereas non-normal group medians were compared by non-parametric tests (Mann-Whitney-U and Kruskal-Wallis). Regression analyses were done to identify and quantify true predictors of DKA at presentation.
												

												Results

												
												Nearly half (46%) of the study participants were diagnosed with DM at the age range of 5 to 10 years and almost a quarter (23%) at the age range of 11-14 years. Most of them presented with classical symptoms of Diabetes i.e. polyuria (95%), polydipsia (93%) and weight loss (79%). Almost 4 out of 10 presented with DKA at the onset of T1DM. Age below 5 years and delayed diagnosis were the factors significantly associated with DKA at onset. Family history of DM and high education level of caretakers were found to be protective factors against DKA at diagnosis of T1DM. Mean duration of symptoms before diagnosis was 3 weeks. However, children who were diagnosed at the age between 11 to 14 years were found to have a relatively longer duration of symptoms.
												

												Conclusion

												
												The overall proportion of children diagnosed with DKA at the onset of T1DM was lower compared to previous study in the same hospital. Age below 5 years, delayed diagnosis and low level of education of guardian were found to be significantly associated with DKA in children with newly diagnosed T1DM.
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										Introduction

										
										Type 1 diabetes mellitus (T1DM) is a chronic disease resulting from progressive destruction of the pancreatic beta cells leading to insulin insufficiency. If left untreated, this condition progresses to metabolic derangement, with worsening hyperglycemia, ketoacidosis and death. The age at presentation is highly variable with the youngest patients diagnosed in infancy and the oldest after the fourth decade [1]. According to American diabetes association (ADA) T1DM diagnosis in children and adolescents is diagnosed whenever there are classical symptoms (polyuria, polydipsia and weight loss) of diabetes with a random blood glucose ≥ 11.1 mmol/L or fasting blood glucose ≥ 7.0 mmol/L or HbA1c > 6.5% [2].
										

										
										T1DM reportedly affects 15-30 million individuals worldwide [3] with 3% of children under age of 15 years [4]. Few studies conducted in Africa have shown that the Incidence of T1DM range between 4.4/100,000 in Algeria to 20/100,000 in Morocco [5]. In 1991 the incidence of type 1 diabetes mellitus in Tanzania was estimated at 1.5/100,000 [6].
										

										
										There has been an increasing trend of under-five being affected worldwide with 25% of T1DM patients aged under 5 years reported in Saud Arabia [7]. Most patients have symptomatic onset of T1DM in childhood or adolescence [8] and the least after the age of 20 years [9]. The duration of symptoms prior to diagnosis can vary widely from few days to several months [1] but children and adolescent with T1DM have an abrupt clinical onset over a period of few weeks [10,11].
										

										
										Classical triad of polydipsia, polyuria and weight loss are the most common, but sometimes polyphagia and blurred vision may also be present [12-15]. Secondary enuresis and constipation are important non-classical symptoms at the onset of type 1 diabetes mellitus [10]. Additional symptoms may include feeling tired, growth impairment and increased susceptibility to certain infections.
										

										
										Diabetes ketoacidosis (DKA) is the most serious acute complication of T1DM and frequent cause of diabetes-related death [16]. It is characterized by biochemical triad of hyperglycemia, ketonemia (ketonuria) and academia [17]. It is commonly found at onset but varies considerably among countries [18]. Studies have reported DKA prevalence at presentation to range from 21-88% of patients, with African countries topping the list [7,15,19-23]. Low awareness of diabetes is the biggest contributor to these high rates [5]. Multiple factors affect the risk of developing DKA at the onset of T1DM in children and adolescent. A recent study by Oren, et al. revealed that patients presenting with ketoacidosis were younger and less frequently had a first and/or second-degree relative with type 1 diabetes compared with those without diabetic ketoacidosis at presentation [24]. Furthermore, low socioeconomic status and low parental education have been found to be associated with increased risk of DKA [15].
										

										
										Delayed and difficulties in diagnosing T1DM are significant causes of DKA in children with new onset disease. In a study done by Sundaram, et al. 21% of children had an average of 3 day delay in diagnosis due to missed diagnosis at the local hospital or by the general practitioner [21]. Lack of awareness among the doctors is responsible for wrong preliminary diagnosis while patient's age at the presentation also has a significant influence on diagnostic delays especially in children below 2 years [25]. Our study aimed at describing the clinical presentation of type 1 diabetes mellitus and factors associated with DKA at presentation among children aged 6 months to 19 years.
										

										Methods

										Study design and participants

										
										This was a hospital based cross-sectional and retrospective study among children aged 6 months to 19 years at the onset of T1DM whose parents consented and children over 8 years of age gave assent to participate. The study was conducted from1st October 2018 to July 2019. Children with other chronic illnesses such as SCD and HIV were excluded.
										

										Study setting

										
										The study was conducted at the Muhimbili National Hospital diabetes clinic. The Hospital has bed capacity of 1500 out of which 400 beds belong to pediatric department. It has adult and pediatrics diabetes clinics. Pediatric diabetes clinic is conducted every Monday with an average of 15-30 children per day catering mostly for referred patients.
										

										Sample size and technique

										
										The sample size was estimated from the Kish Leslie formula (1965) using previously known proportion of DKA (15% by Idris, et al.) [23] At 95% level of confidence and 5% margin of error the minimum sample size estimated were 121 children. Recruitment of participants was conducted at diabetes clinic exclusively conducted on Mondays. Children meeting the inclusion criteria were enrolled consecutively until the sample size was achieved.
										

										Data collection

										
										After giving consent and those children over 8 years giving assent a structured questionnaire modified for this study was used for data collection. The main author administered the interview to the parents/guardians and other variables were obtained and/or confirmed from hospital records. Primary outcomes in this study included presenting symptoms diagnosis of T1DM (polydipsia, polyuria and weight loss) and DKA (presence of hyperglycemia, ketonuria, acidotic breathing and altered level of consciousness or coma).
										

										
										Other presenting symptoms included enuresis, lethargy, and polyphagia. Time taken from first symptoms to diagnosis of T1DM was recorded in weeks. Also the biodata of patients were recorded; age of patient in months, sex, and family history of DM and education level of caretaker.
										

										Data management and analysis

										
										Questionnaires were crosschecked after every collection. In case of any errors, correction was done immediately and before entry of data. SPSS (version 25) was used to analyze the data. Frequency tables were generated to check consistency and correction of any errors. Descriptive statistics such as proportions, means (SD) and medians (range) were calculated.
										

										
										Proportions were compared by Chi-square and Fisher's exact tests. Continuous variables were tested for normality by Shapiro-Wilk test. Group means for normally distributed variables were compared by Students' test whereas non-normal group median was compared by non-parametric tests (Mann-Whitney-U). Regression analyses were done to identify and quantify true predictors of outcomes. P-Value of < 0.05 was considered significant.
										

										Ethical consideration

										
										Ethical clearance to conduct the study was obtained from MNH Institutional Review Board (Ref: MNH/IRB/II/2018/012). Written informed consent was obtained from each parent/guardian of the child who met criteria before enrolling a child into the study. An assent was also sought from all children aged 8 to 19 years. Description of the purpose of the study, it's expected outcomes, potential benefits and risks, was explained to the parents and participants. They were told that the data will be anonymous, confidential codes were used instead of names and after analysis the codes were destroyed. They were given the contacts of the principal investigator and the director for research and publication committee from Muhimbili National Hospital institutional review board.
										

										Results

										Socio-demographic characteristics of respondents

										
										A total of 134 children were enrolled and studied from December 2018 to May 2019. The median (IQR) age at the time of this study was 14 years and six months (IQR, 10.0 and 16.7) with the mean age of 10.9 years (SD 5.4 years). Most of them were aged above 14 years with nearly equal sex distribution. Most of them had attained secondary and high level of secondary education. Other details are shown in Table 1.
										

										 
										
											
											
											Table 1: Socio-demographic characteristics of studied children attended at MNH DM clinic from December 2018 to May 2019 (n = 134). View Table 1
											

										

										

										
										At the time of diagnosis (43%) of participants had DKA as the first presentation to the hospital. More than three quarters presented with all classical symptoms of Diabetes i.e. polyuria (95%), polydipsia (93%) and weight loss (79%). Nearly half of the participants presented with Enuresis (47%) and polyphagia (44%). Other symptoms at the time of diagnosis are as presented in Table 2. Most of the symptoms had duration of between three weeks to four weeks by the time of diagnosis with few of them presenting within one week before being attended.
										

										
										 
										
											
											
											Table 2: Common presenting clinical features in patients with T1DM. View Table 2
											

										

										

										
										
										Table 3 presents adjusted and unadjusted odds ratio for children presenting with DKA at the time of diagnosis. Sex was insignificantly associated with DKA at the time of diagnosis. Children diagnosed with T1DM at age above 5 years had nearly (60%) lower odds of presenting with DKA as compared to those diagnosed at the age less than 5 years. Children who presented with DKA had (60%) lower odds of having family history of DM compared to those with no family history. Children with DKA had more than two times odds of presenting at secondary and tertiary level health facilities than dispensary level. Moreover, children who presented with DKA have more than 2.5 times increased odds of having history of visiting other health facility multiple times. Children whose caretakers had tertiary education were (62%) less likely to present with DKA compared with those with no formal or primary education.
										

										 
										
											
											
											Table 3: Bivariate and multivariate analysis of socio-demographic factors with DKA presentation among diabetic children. View Table 3
											

										

										

										
										
										Table 4 shows the duration of classical symptoms presentation in relation to social demographic characteristics. There was no effect of age and sex on the duration of presentation of classical symptoms. Children who were diagnosed at the age of between 11 to 14 years have higher chances of presenting with longer duration. Moreover, children who presented multiple times at the clinic have higher chances of presenting with longer duration compared to those with single presentation. There was no significant relationship between duration and other factors as detailed in Table 4.
										

										 
										
											
											
											Table 4: Distribution of socio-demographic factors with mean duration of classical diabetic symptoms among diabetic children. View Table 4
											

										

										
										Discussion

										
										The main findings of this study shows that more than three quarters of children presented with classical DM symptoms. Nearly half presented with and enuresis and polyphagia and 43% presented with DKA at their time of diagnosis. DKA at the onset of T1DM was frequently associated with age of less than 5 years, no family history of DM, attended at tertiary centers, had visited hospital multiple times and lower level of education of the parents/caretakers. Symptoms duration was mostly between two to three weeks.
										

										
										In this study, there was almost equal distribution of females (51%) and males (49%). Abdullah, et al. found a male preponderance, with a male:female ratio of 1.3:1 [26]. Contrary, some studies reported female preponderance [14,15]. This difference could be due to contextual factors and that, unlike other autoimmune disorders, T1DM do not show a strong female bias [27].
										

										
										A large proportion of children in this study were diagnosed with DM at the age between 5 to 10 years (45.4%) followed by the age 11-14 years (23%). Similar findings were observed in a study by Abdulaziz, et al. [12] whereby the age of onset peak at around 5-7 years and 11-14 years. The second peak in this study was observed to occur in the age similar to that reported by Abdullah (10-13 years) [26]. The occurrences at these age groups may support the hypothesis that the incidence of T1DM increases at puberty due to the influence of sex hormones [28].
										

										
										The findings that more than three quarters presented with classical symptoms of DM at diagnosis are in line with findings in several studies across the world whereby the most common symptoms to be noticed by the family was polyuria and polydipsia [7,10,15,19,29].
										

										
										The finding that 43% of patients newly diagnosed with T1DM had DKA is different from previous studies in the same setting which reported 75% [30]. The reasons for this difference may be due to increased awareness of symptoms of DM in both health care professionals and general population coupled by health education and increased literacy rate. Furthermore, there is inclusion of Non-communicable diseases (NCDs) at the ministry of health strategic plans, which have contributed to improved awareness in general population at large.
										

										
										Previous studies from other developing countries such as S. Africa (70%), Congo (90%), Benin (77%) and Ethiopia (80%) have reported high frequencies of DKA at T1DM diagnosis as compared to this study [14,31-33]. Differences in magnitude in different study population might be due to, the background prevalence of diabetes in the given population, presence or absence of family history of T1DM, socioeconomic status, delayed diagnosis and treatment. Also definition of DKA used and study powers to detect differences in estimate measures [31].
										

										
										On the contrary, low prevalence of DKA at diagnosis of T1DM was observed in Sweden (14%) Canada (19%) and USA (26%) [34,35]. This may be due to high level of awareness among parents and primary physician, in addition to good and affordable health services will have early diagnosis with reduced risk of DKA in high-income countries. This is due to strong evidence for a similar relationship between life expectancy and gross domestic product (GDP) and poorer countries account for the largest share of the global burden of diseases [2].
										

										
										In this study, younger age was associated with an increased risk of DKA at diagnosis. This increased risk was mostly observed in children less than 2-years-old and was still present at 5 years as compared to children above 5 yrs. Moreover, children diagnosed with T1DM at age above 5 years had lower odds of presenting with DKA as compared to those diagnosed at the age less than 5 years. This is due to increased risk for DKA in the youngest. This is in line with a Meta-analysis consisting of 32 studies reporting that children ages less than 2-years-old had 3 times the risk of presenting with DKA as children ages greater than 2-years-old. And this increased risk continued up to age 5 years [36]. Also other studies reported the same findings that younger age at T1DM diagnosis is a risk factor for DKA [21,24,37]. The reasons for the higher rates of DKA in the younger age groups are multifactorial. Firstly, clinicians may have a lower index of suspicion for diabetes among young children. Secondly, classical symptoms of T1DM may be subtle and not easily distinguishable from other acute illness at this age [36,38]. Thirdly, young children have a less developed mechanism of metabolic compensation resulting in quickly development of dehydration and acidosis [21,22].
										

										
										Children with DKA had higher odds of presenting more frequent at secondary and tertiary level health facilities than dispensary level. These frequent visits among children with DKA before diagnosis are perhaps due to more severe symptoms. However, this can be due to missed diagnosis at the first medical encounter for symptoms such as polyuria, polydipsia, enuresis and weight loss. Same findings were observed in Korea; a delayed di-agnosis was found to increase the risk for DKA in newly diagnosed T1DM [39]. Sundaram, et al. noted that, the odds of presenting with DKA in a child with delayed diagnosis were 5.5 times higher compared to a child presenting with DKA with no delay in diagnosis [21]. Thus high index of suspicion of signs and symptoms of diabetes among healthcare providers are crucial in diagnosing T1DM hence reducing risk of DKA and its associated complications.
										

										
										In this study, family history of DM was found as protective factors associated with decreased risk of DKA at disease onset. Similar findings were observed in a systemic review which showed that having a family history of T1DM was associated with decrease risk of DKA [36]. This was probably due to increased awareness and better recognition of signs and symptoms of hyperglycaemia among families with experience of diabetes. It is also possible that family history of DM alerting clinicians to an increased possibility of diabetes mellitus.
										

										
										Furthermore, children whose caretakers had tertiary education were 62% less likely to present with DKA compared with those with no formal or primary education. Similarly, previous studies also shows that children from families in which parents had higher than post-secondary education or had at least one parent with academic degree are at decreased risk of a DKA at diagnosis [36,40,41]. Higher literacy rate is associated with health consciousness and hence likely to seek services at the health facility before the onset of DKA.
										

										
										In this study, the mean duration of the symptoms prior to diagnosis was 21 days. There is no effect of age and sex on the duration of presentation of classical symptoms. Moreover, children who were diagnosed at the age of less than 5 years have higher chances of presenting with shorter duration. This is due to the fact that, Beta cell destruction are more aggressive in younger children because serum levels of C-Peptide are lowest in the young age at diagnosis and continue to lose their endogenous insulin secretory capacity faster than in older children [41].
										

										
										This study had the following limitations. First, the definition used for DKA in this study did not include laboratory tests for blood gases; therefore, the comparison with other studies was challenging. Second, interviews involved history of past events, which subjected parents and children to recall biases. Thirdly, there were very few children under the age of 5 years, which may have led to bias the estimates.
										

										Conclusions and Recommendations

										
										The overall proportion of children diagnosed with DKA at the onset of T1DM was low compared to previous study. Factors associated with DKA at onset included children under-five 5 years, delayed diagnosis and parents or caretakers low level of education. Despite reduction at onset, the rate of DKA is still high hence the need for increase in public awareness on early symptoms of T1DM in order to enhance early diagnosis. Primary and secondary care providers need regular and ongoing education regarding diagnosis of T1DM and the need for immediate referral as delays in diagnosis increase risk of DKA and its associated complications.
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