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Abstract

We aimed to identify the variation in the clinical background of children di-
agnosed with type 1 diabetes mellitus (T1DM) at King Salman Military Hos-
pital (KSMH), Tabuk City, Kingdom of Saudi Arabia, from 2000 to 2010.
Methods: This retrospective observational study was based on the clinical
records of pediatric diabetes outpatients at KSMH. All children aged <12 years
who were diagnosed with T1DM and were followed up at the diabetes clinic
from 2000 to 2010, were enrolled. The local variables associated with the clin-
ical presentation in these patients, including age, sex, body mass index (BMI),
and season of onset, were evaluated. Results: Of 313 patients recruited, female
patients were predominant (p = 0.002). The mean age of onset was 6.46 years
(standard deviation, 3.02). One-third of the newly diagnosed patients were
overweight (35.5%). Diabetic ketoacidosis (DKA) was the presenting feature
in 38.0% of patients, wherein female patients and those aged 0 - 3 years exhi-
bited the highest likelihood of developing DKA (odds ratio, 1.7 and 2.9, re-
spectively). Moreover, underweight children had a greater DKA incidence
than healthy, overweight, or obese children (p = 0.02). Conclusion: This
study provides additional data on TIDM in the population of the Kingdom of
Saudi Arabia. In particular, we found a female predominance at presentation
as well as 2 peaks for age at onset. Moreover, the BMI was lower in younger
age groups overall, but was greater in older boys. Furthermore, the DKA rates
were high in younger children. Thus, our data confirm the presence of varia-
ble clinical patterns in the Kingdom of Saudi Arabia, which requires further
epidemiological analysis using national registry data.
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1. Introduction

Type 1 diabetes mellitus (T1DM) is a lifelong heterogeneous disorder, induced
by an impaired autoimmune process in most cases. This condition reportedly
affects approximately 15 - 30 million individuals worldwide [1]. The incidence
and clinical presentation of TIDM markedly varies among countries [2], and
major efforts are ongoing to extensively characterize the epidemiology of the
disease [3]. Various risk factors play a role in TIDM development, including
age, sex, body mass index (BMI), and season of onset.

The incidence of TIDM continues to rapidly increase in various populations
globally, with a doubling time of <20 years in Europe [4]. In particular, the big
multi-center EURODIAB and DIAMOND studies confirmed an annual increase
in the incidence of TIDM of 3.2% and 2.8%, respectively [5] [6]. In Saudi Ara-
bia, an increasing number of studies on the prevalence, incidence, and clinical
presentations of TIDM have confirmed the increasing rate and various other
clinical patterns [7]-[12]. In a recent study, the average incidence reportedly in-
creased to 36.99 per 100,000 individuals per year, wherein 25% of patients were
aged <5 years and 40% had been presented with diabetic ketoacidosis (DKA) [8].
Despite such increases in the incidence of this condition, to our knowledge, no
national central diabetes registry program has been established in Saudi Arabia
that would facilitate documenting new cases and performing epidemiological
analysis. In fact, an assessment of the clinical demographics related to the disease
would certainly enhance our understanding and could facilitate the development
of effective interventions during the early stage of the disease.

In the present study, we aimed to identify the clinical demographic data of the
northwest region of Saudi Arabia, while focusing on identifying the significant
clinical variables for T1IDM.

2. Research Design and Methods

In this retrospective observational study, we enrolled all patients aged 6 months
to 13 years diagnosed with T1DM at the pediatric diabetes clinic at King Salman
Military Hospital (KSMH) between January 2000 and December 2010. Data were
collected through a medical chart review. The study was approved by the Re-
search Ethics Committee of KSMH.

2.1. Data Collection

The pediatric diabetes clinic is a sub-specialized clinic that cares for all children
diagnosed with T1IDM and type 2 diabetes mellitus (T2DM), as well as those
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with a suspected diagnosis of diabetes mellitus. Any patient who visits the clinic
is required to be registered in a logbook, which served as the only precise patient
record from 2000 to the start of 2004, when the standard computerized patient
database was established. Patients who were overbooked, or those who were not
registered in the computer were added manually if needed. All the clinic log-
books are archived in a storeroom in sequence according to date. The recorded
data included name, medical number, age, diagnosis, and physician name. We
ensured that each file number obtained from the logbook corresponded to the

patient examined, and the non-correlated cases were excluded from the study.

2.2. Patients

All the patients were of Saudi origin and spoke Arabic. The sex and date of birth
were recorded in all cases. Patients aged between 6 months and 12 years were
recruited at the diabetes clinic during follow-up. In total, 313 pediatric patients
diagnosed with T1DM were enrolled, after excluding those with T2DM (2 cases),
neonatal diabetes (3 cases), secondary diabetes, and age <6 months (4 cases).

The following variables were recorded: age, date of birth, sex, weight, height,
BMI, presenting diagnosis, and month and year at diagnosis. The anthropome-
tric measures included weight (kg), height (cm), and BMI (calculated using the
standard equation: weight [kg] divided by the square of height [m*]). The data
were obtained from the CDC (2000) growth chart used at the hospital, and were
plotted. Moreover, the obtained BMI data were categorized according to the
CDC (2000) BMI standards criteria: BMI <5" percentile, underweight; BMI be-
tween 5" and 85™ percentile, normal or healthy weight; BMI >85"but <95™ per-
centile, overweight; and BMI >95™ percentile, obese.

The diagnostic criteria for TIDM were based on the characteristic symptoms
of polyuria, polydipsia, polyphagia, and weight loss in association with hyper-
glycemia >11.1 mmol/L, glycosuria, ketonuria (urine ketone >+1), and the pres-
ence or absence of acidosis. Moreover, high HbAlc (>6.5%) was observed in all
the patients. Autoantibody tests for immune-mediated S-cell destruction were
performed in all cases with atypical presentation, including patients with pres-
entation at age <6 months and overweight or obese status. The insulin and
C-peptide levels were also measured in these patients. Acidosis was defined ac-
cording to the results of blood gas analysis (pH and HCO;). Normal blood gas
indicated the absence of DKA, whereas pH <7.3 and HCO, <15 mmol/L plus

ketonuria were indicative of the presence of DKA.

2.3. Statistical Analysis

Poisson regression was applied to the analysis of the number of diagnosed cases
according to calendar year, sex, and age. Confidence intervals (CIs) were esti-
mated, while assuming a Poisson distribution. A likelihood ratio (3*) was used to
test the significance of the terms in the model. In addition, logistic regression
was used to model the presence of DKA and dichotomous seasonal presentation

according to the demographic variables. Moreover, y* tests were performed to
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assess the differences in proportions between age groups, sex, weight categories,
clinical presentation with DKA, and season of diagnosis. Independent-sample
t-tests were used to compare the mean ages at presentation. All statistical ana-
lyses were conducted using SPSS v.20. An « level of 0.05 was used to indicate

statistical significance.

3. Results

Between 2000 and 2010, a total of 313 children, aged between 6 months and 12
years, were diagnosed with TIDM at KSMH. Poisson regression of the number
of diagnosed cases by year and sex indicated a significant effect of year when the
variable was treated as a factor (p = 0.019) or as a continuous variable (relative
risk, 1.05; 95% CI, 1.0 - 1.1; p = 0.014). Thus, a slight increase in the number of
diagnosed cases was evident over the calendar years 2000-2010 (Figure 1). Thus,
a calculation of the incidence rates according to the population is warranted, as
population growth over this 11-year period would be expected to account for

any increase in the number of diagnosed cases.

3.1. Age and Sex Distribution at Diagnosis

From the whole sample, 184 were girls (58.8%) and 129 were boys (41.2%). The
number of girls diagnosed with TIDM was significantly greater than the number
of boys diagnosed with T1DM, with a female-to-male rate ratio of 1.4 (95% CI,
1.1-1.8; p = 0.002).

The age of onset in the sample ranged from 0.6 to 12 years (mean, 6.46 years;
standard deviation [SD], 3.02 years). The average age at onset in the girls was
6.57 years (SD, 3.02 years), although there was a subsequent characteristic peak
for girls between the ages of 9 and 10 years (accounting for 24% of girls in the
sample; Figure 2). The average age at diagnosis in the boys was 6.32 years (SD,
3.03 years), and the peak age was 7 years; there was no difference in the average

age at diagnosis between the boys and girls (t[311] = 0.72; p = 0.47). Moreover,
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Figure 1. Number of cases Diagnosed by calendar year.
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Figure 2. Number of girls and boys diagnosed by age.

there was no clinical significance of the distribution of either sex according to

age category (p = 0.65).

3.2. BMI Classification at Diagnosis

Children were assigned to weight categories according to their BMI percentile
(Table 1). Of the patients with available BMI data (n = 290), approximately half
(55.5%) were considered to have a healthy weight, one-third were considered to
be underweight (35.5%), and a small percentage were considered to be over-
weight (4.5%) or obese (4.5%). Due to the small number of children in the over-
weight or obese categories, these were subsequently collapsed into a single cate-
gory for statistical analyses to ensure adequate cell sizes.

# analyses indicated that the weight category (with overweight and obese
categories combined) did not differ according to sex (*[2] = 1.28; p = 0.53) or
age category (1[6] = 1.64, p = 0.95). Moreover, the relationships between the
sample age at diagnosis, sex, and weight categories were calculated (Table 1) to
indicate the distribution of weight categories according to age and sex. The age
at diagnosis was divided into 4 categories, with relatively equal frequencies
within the sample, and with the condition that the cutoff points fell between
(and not within) the age integers. The 4 age groups and their proportions in the
sample are as follows: 0 - 3 years (23.6%), 4 - 6 years (28.4%), 7 - 8 years (19.2%),
and 9 - 12 years (28.8%). The distribution of patients into these age categories
did not significantly differ between boys and girls (¥*[3] = 1.65; p = 0.65).

3.3. DKA at Presentation

The clinical presentation of DKA was summarized according to sex, age, and
weight category (Table 2). Overall, 106 of the 279 children (38.0%) with availa-
ble data had presented with DKA. Logistic regression analysis indicated that
presentation with DKA exhibited significant model effects for the age category
(p = 0.04), sex (p = 0.046), and weight category (p = 0.01). Girls had a higher li-
kelihood of developing DKA, with a girl-to-boy OR of 1.7 (95% CI, 1.01 - 2.85; p
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Table 1. Number of children diagnosed by age, sex, and BMI category.

0 - 3 years
4 - 6 years
7 - 8 years
9 - 12 years
Total

0 - 3 years
4 - 6 years
7 - 8 years
9 - 12 years
Total

0 - 3 years
4 - 6 years
7 - 8 years
9 - 12 years
Total

Underweight

(<5th percentile) (5th-84th percentile) (85th-94th percentile) (>95th percentile) ot

10 (35.7%)
12 (38.7%)
8 (29.6%)
9 (28.1%)
39 (33.1%)

13 (32.5%)
16 (33.3%)
14 (45.2%)
21 (39.6%)
64 (37.2%)

23 (33.8%)
28 (35.4%)
22 (37.9%)
30 (35.3%)
103 (35.5%)

Normal weight

Boys
16 (57.1%)
17 (54.8%)
15 (55.6%)
18 (56.2%)
66 (55.9%)
Girls
21 (52.5%)
28 (58.3%)
15 (48.4%)
31 (58.5%)
95 (55.2%)
Boys and girls
37 (54.4%)
45 (57.0%)
30 (51.7%)
49 (57.6%)
161 (55.5%)

Overweight

1 (3.6%)
1(3.2%)
2 (7.4%)
2 (6.2%)
6 (5.1%)

4(10.0%)
2 (4.2%)
0 (0.0%)
1 (1.9%)
7 (4.1%)

5 (7.4%
3(3.8%
2 (3.4%
3(3.5%
13 (4.5%)

)
)
)
)

Obese
tal

1 (3.6%) 28

1(3.2%) 31
2 (7.4%) 27
3 (9.4%) 32

7 (5.9%) 118

2 (5.0%) 40
2 (4.2%) 48
2 (6.5%) 31
0 (0.0%) 53
6 (3.5%) 172
3 (4.4%) 68
3 (3.8%) 79
4(6.9%) 58
3 (3.5%) 85

13 (4.5%) 290

Note: Percentages are calculated within each row. BMI, body mass index.

Table 2. Number and percentage of children presenting with DKA according to sex, age,

and BMI category.

Total N Underweight

n (%) presenting with DKA

Normal weight

Overweight and obese ~ Total

(<5th percentile) (5th-84th percentile) (85th percentile)
Boys
0-3years 27 6 (60.0%) 5(33.3%) 1 (50.0%) 12 (44.4%)
4-6years 30 5 (41.7%) 1(6.2%) 1 (50.0%) 7 (23.3%)
7 - 8 years 25 4 (50.0%) 3 (23.1%) 0 (0.0%) 7 (28.0%)
9 - 12 years 32 4 (44.4%) 5(27.8%) 0 (0.0%) 9 (28.1%)
Total 114 19 (48.7%) 14 (22.6%) 2 (15.4%) 35 (30.7%)
Girls
0-3years 40 10 (76.9%) 10 (47.6%) 1 (16.7%) 21 (52.5%)
4-6years 45 4(26.7%) 7 (26.9%) 2 (50.0%) 13 (28.9%)
7 - 8 years 29 9 (64.3%) 4 (30.8%) 1 (50.0%) 14 (48.3%)
9 - 12 years 51 7 (35.0%) 16 (53.3%) 0 (0.0%) 23 (45.1%)
Total 165 30 (48.4%) 37 (41.1%) 4 (30.8%) 71 (43.0%)
Boys and girls
0 - 3 years 67 16 (69.6%) 15 (41.7%) 2 (25.0%) 33 (49.3%)
4 - 6 years 75 9 (33.3%) 8 (19.0%) 3 (50.0%) 20 (26.7%)
7 - 8 years 54 13 (59.1%) 7 (26.9%) 1(16.7%) 21 (38.9%)
9 - 12 years 83 11 (37.9%) 21 (43.8%) 0 (0.0%) 32 (38.6%)
Total 279 49 (48.5%) 51 (33.6%) 6 (23.1%) 106 (38.0%)

Note: Percentages are calculated within each cell. BMI, body mass index.
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= 0.046). Children in the youngest age category (0 - 3 years) also had higher
rates of DKA presentation, as compared to those in the 4 - 6-year age group
(OR, 2.9; 95% CI, 1.4 - 5.9; p = 0.004). The OR between the other age categories
did not significantly differ. Children classified as underweight had greater odds
of DKA presentation than normal-weight children (OR, 1.9; 95% CI, 1.1 - 3.2; p
= 0.02) or overweight/obese children (OR, 3.3; 95% CI, 1.2 - 9.2; p = 0.02). Al-
though the percentage of DKA in normal-weight children was 33.6%, as com-
pared to that (23.1%) in overweight/obese children (Table 2), the OR between
these 2 groups was not statistically significant (OR, 1.8; 95% CI, 0.6-4.8; p =
0.27). The addition of multiplicative terms between the 3 variables to the equa-

tion did not yield any significant interaction effects.

3.4. Seasonal Variation at Diagnosis

The number of cases diagnosed according to each month of the year is presented
in Figure 3. A U-shaped trend was observed, wherein a greater number of cases
were diagnosed in the autumn and winter months than in the spring or summer.
The peak month for diagnosis was November (13.7% of the cases), whereas the
trough was observed in July (5.0%).

Table 3 demonstrates the number and percentage of cases diagnosed in the 4
seasons according to age and sex. A significantly greater proportion of cases had
presented in winter and autumn than in spring or summer (}’[3] = 12.99; p =
0.005). In fact, 60.3% of patients were diagnosed in autumn/winter (95% CI, 0.55
- 0.66), as compared to 39.7% of patients who were diagnosed in spring/summer
(95% CI, 0.34 - 0.45; p < 0.001). This trend for autumn/winter presentation was
evident in all the age groups (0 - 3 years: 65.2%, 4 - 6 years: 57.6%, 7 - 8 years:
57.6%, and 9 - 12 years: 60.3%; p = 0.77). The autumn/winter pattern of presen-
tation did not vary according to BMI classification (p = 0.52) or DKA presenta-
tion (p = 0.49).

There was a significant difference in the seasonal proportion of cases accord-
ing to sex, with 67.7% of boys (95% CI, 59% - 75%) being diagnosed in autumn/

—e- Al
—&— Girl
—&— Boy

Number of Cases

T T T T T T T T T T T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month of Diagnosis

Figure 3. Number of cases diagnosed by calendar month.
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Table 3. Number of children diagnosed by age, sex, and season.

Winter (Dec-Feb) Spring (Mar-May) Summer (Jun-Aug) Autumn (Sep-Nov) Total

Boys
0 - 3 years 9 (30.0%) 3 (10.0%) 6 (20.0%) 12 (40.0%) 30
4 - 6 years 12 (34.3%) 4 (11.4%) 6 (17.1%) 13 (37.1%) 35
7 - 8 years 9(33.3%) 7 (25.9%) 3 (11.1%) 8 (29.6%) 27
9 - 12 years 14 (43.8%) 4 (12.5%) 7 (21.9%) 7 (21.9%) 32
Total 44 (35.5%) 18 (14.5%) 22 (17.7%) 40 (32.3%) 124
Girls
0 - 3 years 9 (23.1%) 7 (17.9%) 8 (20.5%) 15 (38.5%) 39
4 - 6 years 14 (28.0%) 13 (26.0%) 13 (26.0%) 10 (20.0%) 50
7 - 8 years 6 (18.8%) 10 (31.2%) 5(15.6%) 11 (34.4%) 32
9 - 12 years 17 (30.9%) 14 (25.5%) 9 (16.4%) 15 (27.3%) 55
Total 46 (26.1%) 44 (25.0%) 35 (19.9%) 51 (29.0%) 176
Boys and girls
0 - 3 years 18 (26.1%) 10 (14.5%) 14 (20.3%) 27 (39.1%) 69
4 - 6 years 26 (30.6%) 17 (20.0%) 19 (22.4%) 23 (27.1%) 85
7 - 8 years 15 (25.4%) 17 (28.8%) 8(13.6%) 19 (32.2%) 59
9 - 12 years 31 (35.6%) 18 (20.7%) 16 (18.4%) 22 (25.3%) 87
Total 90 (30.0%) 62 (20.7%) 57 (19.0%) 91 (30.3%) 300

Note: Percentages are calculated within each cell.

winter as compared to 55.1% of girls (95% CI, 48% - 62%). The male-to-female
OR was found to be 1.7 (95% CI, 1.1 - 2.8; p = 0.03).

4. Discussion

In the present study, we found that the T1IDM incidence is higher in females
than in males (p = 0.002), in contrast with other studies that showed an average
equal distribution between girls and boys [13].

Moreover, there was an increasing trend in the number of new cases during
the 11-year study period, with the highest number of new cases added in 2007.
Nevertheless, it is essential to consider the number of individuals in the popula-
tion at risk in order to correctly estimate the incidence. A population-based re-
gistry would be ideal to determine such values. Moreover, a variable pattern of
increase in the same population is also observed, which might reflect ethnic dif-
ferences (including both genetic and lifestyle factors) [14], differences in BMI
[15], and area characteristics related to exposure to infections such as child pop-
ulation density, deprivation, urban-rural status, and remoteness [10]. In the
present study, there were 2 peaks for age at diagnosis, one at 6 - 6.5 years that is
comparable to the peak of onset observed in other studies [16] and another at 9 -

10 years in girls, which supports the hypothesis that the incidence would in-
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crease at puberty due to the associated sex effect [17].

Furthermore, we found that the BMI at diagnosis did not markedly increase in
patients with TIDM, but was instead lower in younger age groups. In contrast,
the BMI was greater (295th percentile) in older male children. This may be ex-
plained by the “accelerator hypothesis”, wherein BMI and changes in weight
have been proven to be inversely related to the age at diagnosis of TIDM [18]
[19] [20] [21] [22]. To our knowledge, this is the first study to explore the rela-
tionship of BMI in the newly diagnosed cases. Similar findings have been ob-
served in a large series of children and adolescents, wherein a steady increase in
BMI was observed in newly diagnosed T1DM cases; these observations support
the accelerator hypothesis and emphasize the contribution of increasing BMI to
the conspicuous increase in the incidence rate of TIDM in children aged <15
years [23].

Moreover, DKA at presentation was found to be associated with the age cate-
gory (p = 0.04), sex (p = 0.046), and weight category (p = 0.01), with a female
predominance, as indicated in previous studies [7] [24]. DKA was observed at
presentation in 38% of cases overall, consistent with the study of Schober et al
on the Australian population and with the study of Abdul-Rasoul on Kuwaiti
children [25] [26]. The patients in the younger age (0 - 3 years) category had
higher DKA presentation rates, which is similar to that noted in a Finnish na-
tionwide study, wherein the frequency of DKA in children aged <2 years was as
high as 53.3% [27]. Hence, it may be important to consider the increased fre-
quency and severity of DKA at presentation in younger age groups. This unique
presentation may be explained by the fact that this category has a higher rate of
respiratory and gastrointestinal infections, which could delay the diagnosis [28]
[29]. Furthermore, underweight patients had a higher rate of DKA, which con-
firms its association with severely low S-cell function, as well as low serum C
peptide concentrations, and indicates the presence of a small absolute S-cell
mass and more aggressive f-cell destruction in infants and young children [30].

The seasonality of diagnosis was found to correspond with a sinusoidal model
[31] [32], with a peak occurring in winter (13.7% of the cases) and a trough in
July (5.0%). This peak was consistently observed in both sexes and in all age
groups [4], with moderate heterogeneity in the seasonal distribution among pa-
tients; in fact, 60.3% and 39.7% of patients were diagnosed in autumn/winter
(95% CI, 0.55 - 0.66) and spring/summer (95% CI, 0.34 - 0.45; p < 0.001), re-
spectively. The seasonal variation of onset was interpreted as an expression of
the precipitating factors of the disease, such as infection and cold climate [33]
[34].

Nevertheless, the present study had certain limitations. First, the study was
conducted on a target population, rather than the entire population. Therefore,
the results obtained cannot be generalized to the entire population. However, the
findings may facilitate further research on children with TIDM in the Tabuk re-

gion. Second, this descriptive study assessed basic demographic census data (age,
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sex, BMI, presenting diagnosis, and seasonal variation at diagnosis) in a defined
population using the chart review method; however, medical charts are likely to
have missing information or unreadable notes by health service providers.
Third, the CDC growth chart may not be ideal for use in Saudi children, as it
could affect the results of the weight category. Finally, the selection of the upper
cutoff age group in the study (ie, 12 years) prevents the detection of many pa-
tients diagnosed during the pubertal period, which would contribute to a higher

peak for the age at diagnosis.

5. Conclusion

In the 11-year study (2000-2010), various clinical variables were explored. There
was an increase in the number of TIDM cases throughout the study period, with
a marked increase in children, as proven in many studies [35] [36] [37]. The
DKA presentation rates were similar to those of other reports from the Gulf re-
gions and other areas in Saudi Arabia [25]-[37]. The presence of a higher body
weight at diagnosis may encourage further preclinical studies to assess whether
the accelerated fS-cell apoptosis is due to insulin resistance in the pathogenesis of
T1DM [38]. The seasonality of TIDM is a real phenomenon, and appears to be
dependent on the geographical location [39]. Finally, we recommend that a sys-
tematic review of the Middle East population to analyze these variables, and
comparison with those of western studies, could help establish the appropriate

epidemiological factors for TIDM in children.
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