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What is already known on this topic?
Rates and predictors of diabetic ketoacidosis (DKA) at onset of type one diabetes (T1D) vary worldwide. Data from developing countries 
are scarce.

What this study adds?
The frequency of DKA at diagnosis of T1D in Jordan is relatively high at 31.7%. In this study, being aged less than two years and lower 
paternal education and employment levels were associated with DKA at diagnosis of T1D. A family history of T1D was protective against 
presenting with DKA at onset of T1D.

Abstract
Objective: Data regarding diabetic ketoacidosis (DKA) at diagnosis of type one diabetes (T1D) in developing countries are scarce. The 
aim of this study was to describe the frequency of DKA at the onset of T1D in children and adolescents in Jordan and to compare the 
clinical and biochemical characteristics between the group that presented with DKA and the group that did not.
Methods: The records of 341 children and adolescents, less than sixteen years of age, who were diagnosed with T1D between 2015 and 
2019 were evaluated retrospectively. 
Results: Of all the children diagnosed with T1D, 108 (31.7%) presented with DKA. The majority had mild or moderate DKA (38% and 
33.3% respectively). Higher paternal education levels were associated with a lower probability of presenting with DKA (p=0.043). A 
family history of T1D had a protective effect on the occurrence of DKA (Odds ratio=2.138; 95% confidence interval=1.167-3.917, 
p=0.014). Patients with celiac disease and higher HbA1c levels were more likely to experience recurrent episodes of DKA, (p=0.004 
and 0.011, respectively).
Conclusion: In Jordan, the rate of DKA at presentation of T1D remains high. Prevention campaigns are needed to increase diabetes 
awareness among the public and healthcare providers.
Keywords: Type one diabetes, diabetic ketoacidosis, Jordan
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Introduction

Type one diabetes (T1D) is one of the most common chronic 
endocrine disorders which affects children and adolescents 
worldwide (1,2). Diabetic ketoacidosis (DKA) is a known 
acute complication of T1D which can be present at time of 
diagnosis or occur afterwards. It results from a deficiency 
of circulating insulin and increased levels of the counter 
regulatory hormones: catecholamines, glucagon, cortisol, 
and growth hormone (3). Despite the recent reported 
decrease in all-cause mortality in some populations with T1D, 
DKA remains the most common cause of death in children 
and adolescents with T1D (4,5). Moreover, DKA results in 
significant morbidity and is considered as a predictor of 
poor glycemic control (6,7). Overall mortality for children 
with DKA varies from 0.15 to 0.35% in developed countries 
(8,9) and from 3.4 to 13.4% in developing countries (10,11). 
In addition, there are parts of the world, such as some 
countries in Africa, where mortality rates at onset of T1D 
are under-reported and might be much higher. This could 
be due to the inability of families to promptly reach medical 
care for reasons related to unavailability or remote access. 
Globally, reported DKA rates at the time of T1D diagnosis 
vary from 14.7% to 79.8% (12). Data from the middle 
eastern region are scarce and a systematic review by Zayed 
(13) showed DKA rates between 17% and 100% at the time 
of T1D diagnosis in various middle eastern countries. In 
Jordan, we previously reported a DKA rate of 40.7% at the 
time of T1D diagnosis (14).

The aim of our study was to describe the frequency of DKA 
at the onset of T1D in children in Jordan in comparison 
with earlier data, to compare the clinical and biochemical 
characteristics of children and adolescents who presented 
with DKA at diagnosis of T1D and those who did not, to 
compare children who had recurrent episodes of DKA after 
diagnosis with the rest of the cohort, and to identify the risk 
factors associated with DKA development. 

Methods

Subjects and Study Design

This was a retrospective cohort study of all children and 
adolescents who were less than 16 years of age at diagnosis 
of T1D at Jordan University Hospital from January, 2015 
to December, 2019. The electronic medical records of 341 
children who presented to our service were reviewed and 
their data were retrieved after obtaining approval from 
Institutional Ethics Committee of Jordan University Hospital, 
Amman, Jordan (approval no.: 99/2021, dated: 14/03/2021). 

Any type of diabetes other than T1D was excluded from this 
study. 

Socio-demographic data included: birth date, sex, date of 
T1D diagnosis, presenting symptoms, family history of 
T1D and type 2 diabetes (T2D) in first and second-degree 
relatives and the levels of education and the occupations 
of both parents. Families with missing data were contacted 
by phone. Laboratory investigations at diagnosis were 
collected including: venous blood gas results, electrolytes, 
creatinine, blood glucose levels, glycosylated hemoglobin 
(HbA1c), glutamic acid decarboxylase antibodies (GAD Ab), 
islet cell antibodies, thyroid peroxidase antibodies (TPO), 
thyroglobulin antibodies, tissue transglutaminase IgA 
antibodies, thyroid stimulating hormone and free thyroxine. 

DKA with its various levels of severity were defined according 
to the International Society for Pediatric and Adolescent 
Diabetes guidelines 2018 as follows: hyperglycemia [blood 
glucose >11 mmol/L (200 mg/dL)], venous pH <7.3 
or serum bicarbonate <15 mmol/L with ketonemia or 
ketonuria. Mild DKA was defined as venous pH <7.3 or 
serum bicarbonate <15 mmol/L, moderate DKA as pH 
<7.2 or serum bicarbonate <10 mmol/L and severe DKA 
as pH <7.1 or serum bicarbonate <5 mmol/L (15).

The cohort was divided into two groups: the DKA at onset 
of T1D group and the no DKA at onset of T1D group. Both 
groups were compared with each other in terms of age at 
diagnosis, sex, season of presentation, presenting signs 
and symptoms, family history of T1D and/or T2D, the 
education levels and the occupations of both parents and 
their laboratory investigations. The group of patients who 
developed two or more DKA episodes excluding the one 
at presentation were termed the recurrent DKA group and 
they were also compared with the rest of the cohort. 

Statistical Analysis 

Statistical analysis was performed using IBM Statistical 
Package for the Social Sciences statistics for Windows, 
version 23 (IBM Corp., Armonk, N.Y., USA). Continuous 
data were presented as mean±standard deviation, and 
categorical data as frequency (%). Associations between 
categorical variables were evaluated using chi-squared 
analysis. Associations between continuous variables were 
evaluated using the independent samples t-test. Univariate 
and multivariate logistic regression was used to assess 
possible predictors of dichotomous dependent variables. 
Statistical significance was assumed for p values less than 
0.05. 
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Results

A total of 341 children were enrolled in this study, 161 
(47.2%) were males. The average age of the children was 
11.03±3.88 years and the average duration of T1D was 
2.75±1.47 years. Almost one third of the children had DKA 
at time of diagnosis, 108 (31.7%). Several characteristics 
and symptoms were compared between the group which 
presented with DKA at T1D diagnosis and the group 
that did not; age at diagnosis, sex, polyurea, polydipsia, 
enuresis, and weight loss were not significantly different in 
the participants of both groups. However, abdominal pain, 

vomiting, and rapid breathing were significantly higher in 
the DKA at onset group, p=0.015, 0.017, 0.008 respectively. 

The frequency of DKA in different age groups, different 
years of diagnosis, and different seasons of the year were 
all statistically non-significant, p=0.563, 0.578, and 0.654, 
respectively, Figure 1.

Further analysis of the years of diagnosis showed that the 
age at diagnosis, presences of celiac disease, recurrent DKA 
and HbA1c at diagnosis were all statistically non-significant, 
p=0.424, 0.325, 0.372, 0.955, respectively.

When the children were categorized into two groups 
according to age, as two years or younger and older than 
two years, the difference in the frequency of DKA neared 
significance with a p value of 0.056. Results of the analysis 
showed that 50.0% of the children who were two years or 
younger presented with DKA compared to 30.4% in those 
children older than two years.

Different laboratory tests were evaluated, and values among 
children who had DKA at time of diagnosis and those who 
did not were compared. Creatinine levels, glucose levels, 
and HbA1c at diagnosis were significantly higher in those 
children who had DKA at time of diagnosis, Table 1.

The socioeconomic status of both groups (with/without DKA) 
was compared. Variables included paternal and maternal 
occupations and education levels, Table 2.

Among the 108 children who had DKA at the time of T1D 
diagnosis; 41 (38.0%) had mild DKA, 36 (33.3%) had 
moderate DKA and 31 (28.7%) had severe DKA. Further 
analysis revealed that the severity of DKA was not associated 
with sex or age. Degrees of severity of DKA in males and 
females and in the different age groups were compared, 
and there were no statistically significant differences, p 
values=0.857 and 0.998, respectively. 

Possible predictors of DKA at diagnosis were analyzed, and 
family history of T1D was the only statistically significant 
predictor of DKA. Children with no family history of T1D 
were two times more likely to present with DKA than 
those with a family history of T1D (OR=2.138, p=0.014),  
Table 3.

Thirty-eight children (11.1%) had recurrent episodes of 
DKA. Those with celiac disease had a significantly higher 
percentage of recurrent DKA, 23.7%, p=0.004. In addition, 
those children with recurrent DKA had a significantly higher 
HbA1c than those without recurrent DKA, 8.85% and 
7.97%, respectively p=0.011, Table 4.

Figure 1. Frequency of DKA according to age at diagnosis 
(A), year of diagnosis (B), and different seasons (C). All were 
statistically non-significant

DKA: diabetic ketoacidosis
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Discussion

The results from this study identified an association between 
presentation with DKA at T1D onset and lower paternal 
education and employment levels. In addition, having a 
positive family history of T1D was protective against the 
development of DKA at T1D diagnosis. Furthermore, higher 
levels of HbA1c and having celiac disease as a comorbidity 
were associated with recurrent episodes of DKA.

Rate of DKA at Diagnosis of T1D with Regional and International 
Comparison

In our analysis, the DKA rate at manifestation of T1D in 
children and adolescents under 16 years of age was 31.7%. 
This rate is almost 10% less than our previously reported 
rate of 40.7% (14). This could be due to the fact that we 
are reporting from a tertiary hospital with an established 
pediatric diabetes practice which resulted in good awareness 
and the prompt recognition of diabetes symptoms. This is 
supported by a study from Kuwait which showed that DKA 
at onset of T1D was significantly more common in hospitals 
lacking a structured diabetes team (p<0.002) (16). Studies 

from the Middle East region showed almost similar rates of 
DKA at onset of T1D ranging between 33.6% in Kuwait, 31% 
in Oman and 37.7% in Saudi Arabia (17,18,19). In Sudan, 
however, a recent study reported a DKA rate of 17.6% at 
diagnosis of T1D (20). This variation in the rates of DKA 
at diagnosis of T1D was also seen in developed countries 
ranging from 19.5% and 19.8% in Sweden and Germany 
to 41.2% and 43.8% in Italy and Luxembourg respectively 
(21,22). In the USA and the UK, these rates were 36.9% 
and 25% respectively (22). Countries with higher incidence 
of T1D and hence more awareness of this disease were 
reported to have lower rates of DKA at T1D diagnosis due 
to prompt diagnosis and early treatment initiation (23,24). 
Unfortunately, many Middle Eastern countries, including 
Jordan, lack T1D registries and both the incidence and 
prevalence rates are unknown. Many other factors were 
studied as contributors to presentation with DKA at the 
time of T1D diagnosis, such as age, sex, family history of 
T1D, ethnic background and the socioeconomic status of 
the families (25).

Table 1. Laboratory characteristics of children in both groups

DKA at presentation
n=108
n (%)

No DKA at presentation
n=233
n (%)

p valueΩΩ

TTG IgA, n=245 0.393

Positive 17/88 (19.3) 33/157 (21.0)

Negative 71/88 (80.7) 124/157 (79.0)

TPO Ab, n=224 0.979

Positive 12/81 (14.8) 21/143 (14.7)

Negative 69/81 (85.2) 122/143 (85.3)

TG Ab, n=197 0.308

Positive 17/72 (23.6) 22/125 (17.6)

Negative 55/72 (76.4) 103/125 (82.4)

GAD Ab, n=222 0.598

Positive 51/78 (65.4) 89/144 (61.8)

Negative 27/78 (34.6) 55/144 (38.2)

Islet cells Ab, n=218 0.08

Positive 15/78 (19.2) 15/140 (10.7)

Negative 63/78 (80.8) 125/140 (89.3)

DKA at presentation (mean±SD) No DKA at presentation 
(mean±SD)

p valueαα

Creatinine mg/dL 0.64±0.315 0.51±0.23 0.005

HbA1c % 11.43±1.915 10.78±2.01 0.019

Glucose mg/dL 506.5±172.3 440.3±207.9 0.032

Na at diagnosis mmol/L 132.44±5.85 133.07±5.22 0.466

K at diagnosis mmol/L 4.89±4.06 5.69±12.59 0.631
Ω: chi-squared; α: independent sample t-test.
TTG IgA: anti-tissue transglutaminase IgA antibodies, TPO Ab: thyroid peroxidase antibodies, TG Ab: thyroglobulin antibodies, GAD Ab: glutamic acid decarboxylase 
antibodies, SD: stardard deviation, DKA: diabetic ketoacidosis
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Factors Associated with the Development of DKA at Diagnosis of 
T1D

Several studies investigated the effect of the level of education 
and parental employment on the possibility of having DKA 
at T1D diagnosis with variable findings. In our study, we 
found that having a father with a higher educational level 
and/or working in a professional job was associated with 
a lower probability of presenting with DKA at onset of 
T1D. This is in support of other studies which linked higher 
educational and employment levels of at least one of the 
parents to a decreased likelihood of presenting with DKA at 
diagnosis of T1D (25). A study which was conducted in Italy 
showed significantly higher DKA frequencies (both overall 
and severe) in children of 0.5-4 years of age, with both a 
low level of mother’s education and parents’ occupation 
(26). An explanation to this could be that having a higher 
educational level might prompt the family to seek medical 

advice earlier upon recognition of symptoms suggestive of 
diabetes. In addition, having a professional job is usually 
linked to being medically insured.

As for the age at T1D diagnosis, we found an association 
between young age (below two years) and presentation with 
DKA with a near statistically significant p value of 0.056. 
This association has been reported by many other studies 
from different parts of the world (25,27). This could be 
due to many factors such as a lower index of suspicion of 
diabetes in this age group where the classical symptoms 
are not very clear to clinicians. In addition, this may be due 
to these children having a stronger humoral autoimmunity 
and aggressive destruction of beta cells compared to older 
age groups (28). This highlights the importance of raising 
awareness among healthcare professionals on the different 
patterns of presentation of diabetes in different age groups.

Table 2. Socio-economic characteristics of children in both groups

DKA at presentation
n=108

No DKA at presentation
n=233

p valueΩΩ

Paternal occupation, n=326 0.010

Professional 46/106 (43.4) 133/220 (60.5)

Manual 46/106 (43.4) 75/220 (34.1)

Unemployed 9/106 (8.5) 9/220 (4.1)

Deceased 5/106 (4.7) 3/220 (1.4)

Paternal education level, n=326 0.043

No school/elementary/high school 69/106 (65.1) 125/220 (56.8)

Higher than high school 33/106 (31.1) 93/220 (42.3)

Death 4/106 (3.8) 2/220 (0.9)

Maternal occupation, n=328 0.944

Professional 25/106 (23.6) 54/222 (24.3)

Manual 3/106 (2.8) 5/222 (2.3)

Unemployed 78/106 (73.6) 163/222 (73.4)

Maternal education level, n=328 0.199

No school/elementary/high school 79/106 (74.5) 150/222 (67.6)

Higher than high school 27/106 (25.5) 72/222 (32.4)

Deceased 0/106 (0) 0/222 (0)

Parent marital status, n=341 0.130

Married 99/108 (91.7) 223/233 (95.7)

Single parent 9/108 (8.3) 10/233 (4.3)

Family history of T1D, n=341 0.022

Yes 17/108 (15.7) 63/233 (27.0)

No 91/108 (84.3) 170/233 (73.0)

Family history of T2D, n=341 0.424

Yes 49/108 (45.4) 95/233 (40.8)

No 59/108 (54.6) 138/233 (59.2)
Ω: chi-squared.
DKA: diabetic ketoacidosis, T1D: type one diabetes, T2D: type 2 diabetes
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In our cohort, having a family history of T1D was the only 
protective factor against presenting with DKA at diagnosis 
of T1D. This is probably due to increased awareness 
among families with prior experience of diabetes or 
having a family history of diabetes alerting clinicians to an 
increased possibility of T1D (16,25). This fact emphasizes 
the importance of awareness among parents and clinicians 
about the early symptoms of diabetes in preventing delays in 
diagnosis and hence the development of DKA. Studies have 
demonstrated that awareness campaigns were successful in 
reducing the percentage of children presenting with DKA 
at diagnosis of T1D. In Parma, Italy, during the 8 years of 
their campaign, the cumulative frequency of DKA dropped 
from 78% to 12.5% (29). This was replicated with a more 
modest impact in Saudi Arabia where, after launching a 
diabetes awareness campaign, DKA rates at diagnosis of 
T1D dropped from 48% in 2010 to 39% in 2014 (30). 

Factors Associated with the Development of Recurrent DKA

Recurrent episodes of DKA were associated with an 
increase in mortality rates up to 23.3% in people who have 
had more than five episodes of DKA compared to 5.2% 
in people with one episode (31). Many modifiable and 
non-modifiable risk factors for recurrent DKA have been 
identified and it is of high importance to recognize patients 
at risk and work on preventing further episodes of DKA 
(32). During the follow-up of our cohort, recurrent episodes 
of DKA were seen in those patients with higher HbA1c 

concentrations. There is strong evidence in the literature 
that elevated HbA1c level is a risk factor for recurrent 
DKA in children and adolescents with T1D (33,34). It is a 
marker of poor metabolic control which might be due to 
general problems with diabetes management, such as non-
adherence or lack of knowledge. Hence, addressing these 
issues might contribute to a reduction in further episodes 
of DKA in this group of patients. The second association 
with recurrent DKA in our cohort was the diagnosis of celiac 
disease as a comorbidity with T1D. In a study from the DPV 
registry, 608 patients with biopsy proven celiac disease 
and T1D were followed for three years, and their celiac 
disease specific antibody status was observed. The group 
which reached antibody negative status had better HbA1c 
and lesser rates of DKA in comparison to the group which 
continued to have positive antibodies and in comparison to 
the general T1D group which did not have celiac disease. 
The authors suggested that the gluten free diet-adherent, 
antibody-negative patients were more compliant to therapy, 
in general, and hence, had better metabolic control (35). 
This might indicate worse adherence to management in our 
patients who have celiac disease in addition to T1D.

Study Limitations

Limitations to our study are its retrospective design and the 
fact that it might not represent the whole country as it is 
reporting from a single tertiary center. 

Table 3. Predictors of diabetic ketoacidosis at diagnosis of type one diabetes

Univariate analysis Multivariate analysis

Sex OR 95% CI p value OR 95% CI p value

Male (reference)

Female 1.467 0.924-2.328 0.104 1.444 0.893-2.336 0.134

Age 0.990 0.931-1.053 0.748 0.983 0.921-1.049 0.596

Parents marital status

Married (reference)

Single parent 2.027 0.799-5.144 0.137 1.448 0.483-4.342 0.509

Paternal education level

No school/elementary/high school (reference)

Higher than high school 0.643 0.392-1.054 0.080 0.704 0.388-1.279 0.249

Deceased 3.623 0.647-20.287 0.143 2.932 0.416-20.663 0.280

Maternal education level

No school/elementary/high school (reference)

Higher than high school 0.712 0.424-1.197 0.200 0.832 0.442-1.567 0.569

Deceased

Family history of T1D

Yes (reference)

No 1.984 1.096-3.590 0.024 2.138 1.167-3.917 0.014

OR: odds ratio, CI: confidence interval, T1D: type one diabetes
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Table 4. Characteristics of children with and without recurrent DKA 

Recurrent DKA
n=38
n (%)

No recurrent DKA
n=303
n (%)

p valueΩΩ

Sex 0.478

Male 20/38 (52.6) 141/303 (46.5)

Female 18/38 (47.4) 162/303 (53.5)

DKA at onset 0.003

Yes 20/38 (52.6%) 88/303 (29.0%)

No 18/38 (47.4%) 215/308 (71.0%)

Thyroid disease, n=341 0.163

Yes 3/38 (7.9) 10/303 (3.3)

No 35/38 (92.1) 293/303 (96.7)

Celiac disease, n=341 0.004

Yes 9/38 (23.7) 26/303 (8.6)

No 29/38 (76.3) 277/303 (91.4)

Paternal occupation, n=326 0.805

Professional 20/38 (52.6) 159/288 (55.2)

Manual 16/38 (42.1) 105/288 (36.5)

Unemployed 1/38 (2.6) 17/288 (5.9)

Deceased 1/38 (2.6) 7/288 (2.4)

Paternal education level, n=326 0.382

No school/elementary/high school 26/38 (68.4) 168/288 (58.3)

Higher than high school 12/38 (31.6) 114/288 (39.6)

Deceased 0/38 (0) 6/288 (2.1)

Maternal occupation, n=328 0.066

Professional 8/38 (21.1) 71/290 (24.5)

Manual 3 (7.9) 5 (1.7)

Unemployed 27 (71.1) 214 (73.8)

Maternal education level, n=328 0.860

No school/elementary/high school 27/38 (71.1) 202/290 (69.7)

Higher than high school 11/38 (28.9) 88/290 (30.3)

Deceased 0/38 (0) 0/290 (0)

Parents marital status, n=341 0.158

Married 34/38 (89.5) 288/303 (95.0)

Single parent 4/38 (10.5) 15/303 (5.0)

Recurrent DKA (mean±SD) No recurrent DKA 
(mean±SD)

p valueαα

Current age 10.59±3.37 11.08±3.94 0.464

Age at diagnosis 7.48±3.53 8.30±3.71 0.197

HbA1c % (last year of follow up) 8.85±1.99 7.97±1.78 0.011
Ω: chi-squared; α: independent sample t-test.
DKA: diabetic ketoacidosis, SD: stardard deviation
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Conclusion

Despite the reduction in our reported rate of DKA at T1D 
diagnosis, it is still considered high. Awareness campaigns 
for the public and the health care professionals should be 
implemented and continued in an effort to reduce the rates 
of DKA whether at T1D diagnosis or thereafter. 
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