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Abstract

Objective

The aim of this study was to examine the incidence trends of type 1 diabetes diagnosed with
ketoacidosis in Saxony, Germany from 1999 to 2016.

Methods

The population based Childhood Diabetes Registry of Saxony comprising valid data for all
children aged 0—14 years diagnosed with type 1 diabetes from1999 to 2016 were used for
the analyses. Direct age-standardized incidence rates were calculated and the effects of
age, sex, calendar year, home districts and family history of any types of diabetes on the
incidence were modelled using Poisson regression. Trend analyses for standard rate ratios
of children with moderate and severe diabetic ketoacidosis versus children with type 1 dia-
betes with non-diabetic ketoacidosis were performed using join point regression.

Results

The rate of ketoacidosis at the time of the type 1 diabetes diagnosis was high with 35.2%
during the entire observation period in Saxony. The Poisson regression analysis indicated a
statistically significant increased occurrence of diabetic ketoacidosis for younger age-
groups, but no statistically significant differences between boys and girls. The join point
trend analyses show that the proportion of severe and moderate ketoacidosis is increasing
disproportionally to the increase in incidence of type 1 diabetes over the years.
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Conclusion

Due to the observed increasing incidence of diabetes as well of diabetic ketoacidosis, an
educational prevention campaign is needed in Saxony as soon as possible to aid pediatri-
cians, general physicians as well as general public to identify the early signs of type 1
diabetes.

Introduction

Type 1 diabetes is an autoimmune disease often diagnosed during childhood. The characteris-
tic classical symptoms of type 1 diabetes before the first diagnosis are polyuria, polydipsia, ady-
namia and weight loss. Type 1 diabetes results from the irreversible destruction of the 3-cells
in the pancreas. Typically, most of the $3-cells in the pancreas (i.e. 60-80%) are destroyed and
the insulin production disrupted before the initial type 1 diabetes diagnosis [1]. The etiology of
type 1 diabetes is not yet known, but many factors, such as environmental factors [2, 3], such
as ozone [4] and ultraviolet B irradiance and vitamin D levels in pregnant women [5], as well
as genetic factors [6, 7], the intestinal microbiome [8], parental age, increasing birth weight [9]
and increasing rates of cesarean sections are discussed as possible contributing factors. On the
other hand, breast-feeding appears to reduce the risk of type 1 diabetes [10]. Due to the insulin
deficiency, the glucose transport is interrupted. With the flow of glucose to the cells restricted,
the body’s energy can only be generated by breaking down fat which may be result in diabetic
ketoacidosis.

The incidence rates of type 1 diabetes, as well as the rates of diabetic ketoacidosis at the
time of the diabetes diagnosis vary internationally [11-13]. Grofe et al. 2018 analyzed 34 stud-
ies with diabetic ketoacidosis from five continents, and found the lowest rate of all newly diag-
nosed type 1 diabetes patients with diabetic ketoacidosis in Denmark (14.7%) and the highest
rate in Saudi Arabia (79.8%) [14]. The Danish study enrolled a total of 129 children and ado-
lescents under 17 years of age with newly diagnosed type 1 diabetes visiting one hospital from
2004 to 2006 [15]. The study from the Taif region of Saudi Arabia comprised 99 Saudi children
under 13 years of age with newly diagnosed type 1 diabetes [16]. Countries with higher rates of
incidence and prevalence of type 1diabetes have lower rates of diabetic ketoacidosis [14]. Some
studies have shown decreasing rates of diabetic ketoacidosis in newly diagnosed children with
type 1 diabetes [17-20], but other studies found increasing rates of diabetic ketoacidosis [21,
22]. In Saxony, type 1 diabetes incidence rates increased significantly between 1999 and 2014
(20.1 [95% CI 14.0; 26.1]) compared to the time before the reunification of Germany (7.9 [95%
CI 6.8; 8.9]) [12]. The aim of this paper is to determine the rates of ketoacidosis at diabetes
onset in Saxony are also changing over time.

Materials and methods
Data source

Patient data were available from the Childhood Diabetes Registry of Saxony [12], which pro-
vides valid data for all children aged 0-14 years diagnosed with type 1 diabetes since 1999. In
Saxony, all children with diabetes are referred to a pediatric diabetologist working at one of 31
pediatric hospitals, and all of the pediatric hospitals regularly report new cases of diabetes to
the registry. The registry data are checked each year for plausibility and the data of the hospi-
tals are verified directly with the hospitals for completeness. The children’s date of birth, sex,
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birth weight, residential postcode, family history of (type 1) diabetes, date of manifestation, as
well as clinical and biochemical data (e.g., pH and bicarbonate) at the time of the diabetes diag-
nosis were recorded using standardized forms.

Using the capture-mark-recapture method, the completeness of ascertainment of the Child-
hood Diabetes Registry of Saxony for children with diabetes under the age of 15 years has been
estimated to be approximately 94% and 97%, respectively [11, 23]. Since the 1990s, type 1 dia-
betes is defined according to the EURODIAB criteria [24].

Ketoacidosis at the time of diagnosis was determined from the reported pH and bicarbon-
ate values using the limit values for diabetic ketoacidosis from International Society for Pediat-
ric and Adolescent Diabetes (ISPAD) [25]. We considered the severity of diabetic ketoacidosis
by using the three categories defined by the ISPAD:

 Mild: venous pH<7.3 or bicarbonate<15mmol/l,
« Moderate: venous pH<7.2 or bicarbonate<10mmol/1

« Severe: venous pH<7.1 or bicarbonate<5mmol/l.

Population at risk

Population data were obtained from the Statistical State Office of Saxony for the years 1999 to
2016. In Saxony, the population under the age of 15 years decreased from 578,355 (100%) in
1999 to 436,305 (75%) in 2005. Since 2005, the population under the age of 15 years has been
slowly increasing to 527,543 in 2016.

Statistical methods

Incidence rates were age-standardized according to the direct method [26] using the Standard
New European Population (www.gbe-bund.de) for each calendar year of the observation
period: 1999-2016. Age was grouped into three classes: 0-4, 5-9 and 10-14 years of age. Inci-
dence data were presented as age-standardized incidence rates (SIR) per 100,000 person-years
(PY) with 95% confidence intervals [CI] estimated using the normal approximation. Addition-
ally, the annual incidence of ketoacidosis at diabetes onset was measured as the percentage of
all children newly diagnosed with type 1 diabetes. These calculations were performed with the
spreadsheet program Excel 2010.

The effects of age, sex, calendar year, home districts and family history of any types of dia-
betes were considered using Poisson regression models with the number of patients with type
1 diabetes as the offset. Also, a sensitivity analysis was conducted to determine if the self-
reported duration (median<2 weeks and median>2 weeks) of symptoms (polyuria, polydip-
sia, adynamia and weight loss) prior to the diagnosis was also predictive of ketoacidosis inci-
dence. A dispersion test of inflated zeros was used to determine if the use of the Poisson model
was justified. The zero-inflation test adduced no argument against the using of the Poisson dis-
tribution in the regression model. The Poisson regression analyses were performed using R
3.4.0.

Trend analyses for standard rate ratios of children with moderate and severe diabetic ketoa-
cidosis versus children with type 1 diabetes without diabetic ketoacidosis were performed
using join point regression, which is broadly used in cancer epidemiology. The join point
regression was described by Boyle, P. and D.M. Parkin 1991 [27]. Annual percent change
(APC) and the respective 95%CI were estimated for the complete observations period between
1999 and 2016. The fitted trend function was In(y) = mx+b (x = year; b = intercept). Based on
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the slope parameter m, the annual percent change (APC) is the transformation (exp(m)-1)*
100. Whether the trend changes over time was investigated for the complete time period.
These calculations were performed with the Join Point Regression Program (Version 4.2.0.2,
Statistical Research and Applications Branch, National Cancer Institute, Bethesda, Maryland,
USA).

Ethics statement

The Childhood Diabetes Registry of Saxony was approved by the Ethical Committee of the
Medical Faculty of the University of Leipzig (Reg. Nr. 981) and written informed consent was
obtained from all parents or guardians.

Only anonymous data was available for this analysis.

Results

In Saxony, there were a total of 1,759 incident cases of type 1 diabetes during the observation
time period from 1999 to 2016. The majority of these cases (n = 1,122; 63.8%) had no ketoaci-
dosis, while 292 (16.6%) had mild, 212 (12.1%) moderate, and 71 (4%) severe ketoacidosis at
the time of diagnosis. For 62 (3.5%) of the children, there was insufficient information to
determine the status of diabetic ketoacidosis. The mean symptom duration until the manifes-
tation of type 1 diabetes was 15.5 days for the 0-4 years old children, 17.9 days for 5-9 years
old children and 17.9 days for the 10-14 years old children. The yearly relative frequency of
ketoacidosis at diabetes diagnosis and the rates of moderate and severe ketoacidosis per
100.000 PY are shown in Table 1 and Fig 1 and S1 Table. In Saxony, the rate of ketoacidosis at
the time of a type 1 diabetes diagnosis was high with 35.2% during the entire observation
period (1999-2016).

Table 1. Yearly cases of ketoacidosis at diabetes diagnosis and population at risk.

Year | Incident cases of type 1 Ketoacidosis Ketoacidosis Ketoacidosis Moderate and severe ketoacidosis rates per Population at
diabetes mild moderate severe 100,000 PY [95% CI] risk
1999 100 9 9 7 2.5[1.2;3.8] 578,355
2000 97 8 7 3 1.9 [0.7;3.1] 550,835
2001 63 8 7 3 1.7 [0.6; 2.8] 522,225
2002 72 9 6 4 1.9 [0.7; 3.1] 494,070
2003 85 11 12 5 3.6 [1.9; 5.6] 470,594
2004 83 15 11 2 2.8 [1.3;4.3] 451,952
2005 91 20 4 2.5[1.0;3.9] 436,305
2006 77 20 2 1.4 [0.3; 2.6] 437,421
2007 98 18 10 8 3.9 [2.1;5.8] 444,508
2008 103 18 9 5 3.1[1.5;4.8] 454,198
2009 85 6 13 4 3.5[1.8;5.2] 464,584
2010 99 16 12 2 2.9 [1.4;4.4] 476,168
2011 114 18 12 1 2.8 [1.3;4.3] 480,220
2012 132 38 21 5 5.2 [3.2;7.3] 488,364
2013 119 13 20 5 5.3 [3.2;7.4] 496,028
2014 114 20 19 2 4.2 [2.4;6.0] 504,802
2015 104 13 17 4 4.2 [2.4;6.0] 518,224
2016 123 32 16 5 4.2 [2.4;6.0] 527,543

https://doi.org/10.1371/journal.pone.0218807.t001
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Fig 1. Diabetic ketoacidosis 1999-2016 [according to ISPAD].
https://doi.org/10.1371/journal.pone.0218807.9001

Regression and trend analysis

As shown in Table 2, the Poisson regression estimates indicated lower adjusted standardized
rate ratios (SRR) of diabetic ketoacidosis for children in the 5-9 year old (SRRO0.6; 95%CI 0.5-
0.9) and 10-14 year old age-groups (SRR0.7; 95%CI 0.5-0.9) compared to the youngest chil-
dren (0-4 years old). The children without any family history of diabetes were more likely to
have been diagnosed with a ketoacidosis (SRR1.3; 95%CI 1.0-1.7).

With the exception of the borderline significant SRR estimate for the regional district Sax-
ony Switzerland and Eastern Ore Mountains” (“Sichsische Schweiz-Osterzgebirge”; (SRR1.6;
95%CI 1.0-2.7)), no statistically significant differences between the various regions (reference:
Bautzen) were observed. There was also no statistically significant difference in diabetic ketoa-
cidosis rates between boys and girls.

The additional sensitivity analysis considering duration of the first symptoms until the
manifestation of diabetes indicated that longer durations of symptoms prior to the diagnosis
were not associated with an increased risk of ketoacidosis (SRR1.0; 95% CI 0.8-1.3).

The results of the trend analyses with age-standardized incidence rates using join point
regression are shown in Table 3.

The join point log-linear model of age-standardized rates to determine if the incidence of
type 1 diabetes and the manifestation of severe and moderate ketoacidosis at diagnosis were
changing over time found higher APCs for severe and moderate ketoacidosis (APC5.0; 95%Cl
2.6-7.5) compared to the overall incidence of type 1 diabetes and to incidence of type 1 diabe-
tes without ketoacidosis (APC1.9, 95%CI 0.7-3.2). The log-linear model of the standardized
rate ratios shows that the rate of diagnoses with moderate and severe ketoacidosis is increasing
significantly faster the rate of diagnoses without ketoacidosis. As the permutation test found
no join point for any of the models, there is no evidence to rule out a continuous trend.

Discussion

Although the observed frequency of ketoacidosis at diagnosis observed in Saxony of 35.2% for
the years 1999-2016 falls near the middle of the reported ranges reported by Grofe et al.
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Table 2. Results of the Poisson regression analysis in relation to ketoacidosis.

Standardized rate ratio (SRR) [95%

CI]
Year (continuous) 1.0 [0.9; 1.0]
Male Reference
Female 1.2 [0.9; 1.5]
No family history of diabetes 1.3 [1.0; 1.7]
Age group 0-4 years Reference
Age group 5-9 years 0.6 [0.5; 0.9]
Age group 10-14 years 0.7 [0.5; 0.9]
Regional districts (where child resided)
“Bautzen” Reference
“Chemnitz” 0.5[0.3; 1.0]
“Dresden” 1.0 [0.6; 1.7]
Ore Mountains district “Erzgebirgskreis” 0.6 [0.4; 1.1]
Goerlitz “Gorlitz” 0.7 [0.4; 1.4]
“Leipzig” 1.0 [0.6; 1.8]
Leipzig City “Leipzig Stadt” 0.8 [0.5; 1.4]
Meissen “Meiflen” 0.9 [0.5; 1.5]
Middle Saxony “Mittelsachsen” 0.7 [0.4; 1.2]
North Saxony “Nordsachsen” 0.6 [0.3;1.2]
Saxony Switzerland and Eastern Ore Mountains “Sachsische Schweiz- 1.6 [1.0; 2.7]
Osterzgebirge”
Vogtland district “Vogtlandkreis” 0.9 [0.5; 1.6]
“Zwickau” 0.6[0.3; 1.1]

https://doi.org/10.1371/journal.pone.0218807.t1002

(14.7%-79.8%) [14], we found that frequency of ketoacidosis at diagnosis increased dispropor-
tionately compared to the observed increases of type 1 diabetes incidence rates during the
same period. This suggests that urgent actions are needed for to improve the timely detection
of type 1 diabetes in Saxony. In Europe, although incidence rates for type 1 diabetes tend to be
higher in the North (and West) and lower in the South (and East), rates of ketoacidosis are typ-
ically lower in the North and higher in the South [11, 13, 14]. This suggests that where type 1
diabetes is more prevalent, the sooner type 1 diabetes may be considered as a possible explana-
tion of the manifesting metabolic symptoms. Grofle et al. [14] calculate in a meta-regression
that a higher Human Development Index correlated with lower diabetic ketoacidosis rate.
Although the incidence of type 1 diabetes in Saxony has increased three-fold since the reunifi-
cation of Germany [12], it is still relatively low and classical symptoms probably recognized
later. An earlier diabetes diagnosis might also be expected among families with a family history
of diabetes, due to the family’s possible increased knowledge of diabetes symptoms. Although

Table 3. Results of the trend analyses in relation to ketoacidosis using join point regression.

MODEL

Log-Linear Model of the age-standardized

rates

Log-Linear Model of the Standardized Rate

Ratios

https://doi.org/10.1371/journal.pone.0218807.t003

Slope Estimate | Slope Std. Annual percent changes | (95% CI)
Error (APC)
Moderate+ severe ketoacidosis 0.05 0.0004 5.0 (2.6;7.5)
Without ketoacidosis 0.02 0.0041 1.9 (0.7;3.2)
All cases of type 1 diabetes 0.03 0.0002 2.8 (1.6; 4.1)
Moderate+ severe vs. without 0.03 0.0135

ketoacidosis
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we observed an increased estimated SRR for families without any family history of diabetes,
the results were statistically significant. Therefore, we can confirm that children with a family
history of (type 1) diabetes have lower prevalence of diabetic ketoacidosis at initial diagnosis
[28]. The Poisson regression resulted that younger children (0-4 years old) are significant
more affected of ketoacidosis than older children. Similar results were found in a study of type
1 diabetes among Serbian children Vukovic et al [29].

For the most part, we observed no notable differences between the regional districts. The
one difference observed between the regional district “Saxony Switzerland and Eastern Ore
Mountains” and the other districts might be due to the lower concentration of medical care in
the rural region. On the other hand, this result should be treated with caution and may be an
accidental finding, since findings of a study in Poland confirmed not this observation [30].

Type 1 diabetes is often diagnosed late after symptoms of ketoacidosis are present. There-
fore, the ketoacidosis rates at the time of diagnosis are high [31]. Timely diagnosis of type 1
diabetes is crucial for optimum care and avoid (early as well as late) complications [32]. The
classical, but non-specific symptoms of diabetes (i.e. polyuria, nocturia, polydipsia, adynamia
and weight loss) are often not identified as symptoms of a beginning diabetes by parents,
teachers and educators of the child’s as well as by the first treating physicians/pediatricians.

In September 2016 the on-going newborn screening program-the Freder1k Pilot Study-
started in Saxony [33] as a potential long-term method to improve early (pre-clinical) detec-
tion of type 1 diabetes in the future. Frederlk screens for the genetic risk of type 1 diabetes
among newborn children in 21 of 31 clinics in Saxony. However, any improvement of the
ketoacidosis rates cannot be detected at present, but only in the future. Further research is
needed to determine the effect of the newborn screening program on the incidence rates of
diabetes and ketoacidosis. Therefore, a populations based ketoacidosis preventions campaign
is necessary as soon as possible in Saxony.

Limitations of the study: Although this study is based on the comprehensive registry data
from 1999-2016, the type 1 diabetes remains a relatively rare disease. Therefore, the relatively
small number of cases considered here might not have been enough to detect significant differ-
ences for some of the factors considered. Also, minimal data collected by the registry, so con-
sideration of additional factors that might impact the timing of a diagnosis, such as the
education of the parents, could not be considered. Another limitation is that we have no fur-
ther information about the children, such as body mass index. Therefore, we could not con-
sider further risk factors in the regression and the trend analyses. More variables may be better
for the model fit and can improve the models’ ability to predict ketoacidosis rates.

Conclusion

In conclusion, we observed troubling increases in the rates of ketoacidosis diagnoses in Saxony
since 1999. Freder1k, the on-going newborn screening program in Saxony, has not yet had an
effect on ketoacidosis at onset of diabetes.

In the future, the Frederlk study may reduce the rate of ketoacidosis among children who
take part in the screening, but in the meantime a prevention program is needed.

A prevention program is urgently needed to improve the early detection of type 1 diabetes
and to reduce the rate of ketoacidosis at diabetes onset. For example, an information campaign
could increase the awareness of type 1 diabetes symptoms in the general public, and among
child care workers and school teachers, as well as provide physicians with training to help
them recognize the symptoms of type 1 diabetes early enough to prevent the potentially life-
threatening metabolic disorder.
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With the increasing incidence rates of diabetes in Saxony, the pediatric diabetologists who
are chiefly responsible for the care of diabetes patients may also require additional support in
order to continue to provide effective care.

Supporting information

S1 Table. Ketoacidosis stratified by sex, age group and family history.
(DOCX)

Acknowledgments

We gratefully acknowledge all participating pediatric diabetologists in the children’s hospitals
for the data acquisition and registration, respectively: EKA Erzgebirgsklinikum Annaberg
gGmbH, HELIOS Klinikum Aue, Oberlausitz-Kliniken gGmbH, Krankenhaus Bautzen, Sana
Kliniken Leipziger Land, Borna, Klinikum Chemnitz gGmbH, DRK Gemeinniitzige KH
GmbH Sachsen DRK KH Chemnitz-Rabenstein, Stadtisches Krankenhaus Dresden-Neustadt,
Universitdtsklinikum C. G. Carus der TU Dresden, Kliniken Erlabrunn gGmbH, Kreiskran-
kenhaus Freiberg gGmbH, Helios WeifSeritztal-Kliniken Freital, Stiadtisches Klinikum Goérlitz
gGmbH, ELBLAND Polikliniken GmbH, Elbe-Elster Klinikum GmbH, Krankenhaus Herz-
berg, Lausitzer Seenland Klinikum GmbH, (Medizinisches Versorgungszentrum) am Univer-
sitatsklinikum Leipzig, Stadtisches Klinikum “St. Georg”, HELIOS Klinik Leisnig, DRK
Krankenhaus Lichtenstein gGmbH, Elblandkliniken Stiftung & Co.KG Elblandklinikum
Meiflen, Helios Klinikum Pirna GmbH, Helios Vogtland-Klinikum Plauen, Elblandklinikum
Riesa-Groflenhain gGmbH, Klinikum Obergéltzsch Rodewisch, KKH Torgau “Johann Kent-
mann” gGmbH, Kreiskrankenhaus Weiflwasser gGmbH, Pleiflental-Klinik GmbH Werdau,
Fachkrankenhaus Hubertusburg gGmbH, Muldentalkliniken gGmbH Krankenhaus Wurzen,
Klinikum Oberlausitzer Bergland gGmbH, Heinrich-Braun-Klinikum Zwickau.

Author Contributions

Conceptualization: Ulf Manuwald, Ulrike Rothe.

Data curation: Ulf Manuwald.

Formal analysis: Ulf Manuwald, Olaf Schoffer.

Methodology: Ulf Manuwald, Olaf Schoffer, Janice Hegewald, Johann Grofie.

Project administration: Ulrike Rothe.

Resources: Thomas Michael Kapellen, Wieland Kiess, Ulrike Rothe.

Supervision: Joachim Kugler, Thomas Michael Kapellen, Wieland Kiess, Ulrike Rothe.
Validation: Olaf Schoffer, Wieland Kiess, Ulrike Rothe.

Writing - original draft: Ulf Manuwald, Olaf Schoffer.

Writing - review & editing: Ulf Manuwald, Olaf Schoffer, Janice Hegewald, Johann Grofie,
Joachim Kugler, Thomas Michael Kapellen, Wieland Kiess, Ulrike Rothe.

References

1.  Mortensen HB, Swift PG, Holl RW, Hougaard P, Hansen L, Bjoerndalen H, et al. Multinational study in
children and adolescents with newly diagnosed type 1 diabetes: association of age, ketoacidosis, HLA
status, and autoantibodies on residual beta-cell function and glycemic control 12 months after

PLOS ONE | https://doi.org/10.1371/journal.pone.0218807  June 20, 2019 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218807.s001
https://doi.org/10.1371/journal.pone.0218807

@ PLOS|ONE

Ketoacidosis at onset of type 1 diabetes in children

10.

11.

12

13.

14.

15.

16.

17.

diagnosis. Pediatr Diabetes. 2010; 11(4):218-26. Epub 2009/08/28. https://doi.org/10.1111/.1399-
5448.2009.00566.x PMID: 19708904.

Bodin J, Stene LC, Nygaard UC. Can exposure to environmental chemicals increase the risk of diabetes
type 1 development? BioMed research international. 2015; 2015:208947. Epub 2015/04/18. https://doi.
org/10.1155/2015/208947 PMID: 25883945; PubMed Central PMCID: PMC4391693.

Cohen AK, Richards T, Allen BL, Ferrier Y, Lees J, Smith LH. Health issues in the industrial port zone of
Marseille, France: the Fos EPSEAL community-based cross-sectional survey. Journal of Public Health.
2018; 26(2):235-43. https://doi.org/10.1007/s10389-017-0857-5

Hathout EH, Beeson WL, Ischander M, Rao R, Mace JW. Air pollution and type 1 diabetes in children.
Pediatr Diabetes. 2006; 7(2):81—7. Epub 2006/04/25. https://doi.org/10.1111/j.1399-543X.2006.00150.
x PMID: 166297183.

Mohr SB, Garland CF, Gorham ED, Garland FC. The association between ultraviolet B irradiance, vita-
min D status and incidence rates of type 1 diabetes in 51 regions worldwide. Diabetologia. 2008; 51
(8):1391-8. Epub 2008/06/13. https://doi.org/10.1007/s00125-008-1061-5 PMID: 18548227.

Hermann R, Knip M, Veijola R, Simell O, Laine AP, Akerblom HK, et al. Temporal changes in the fre-
quencies of HLA genotypes in patients with Type 1 diabetes—indication of an increased environmental
pressure? Diabetologia. 2003; 46(3):420-5. Epub 2003/04/11. https://doi.org/10.1007/s00125-003-
1045-4 PMID: 12687342.

Kukko M, Virtanen SM, Toivonen A, Simell S, Korhonen S, llonen J, et al. Geographical variation in risk
HLA-DQB1 genotypes for type 1 diabetes and signs of beta-cell autoimmunity in a high-incidence coun-
try. Diabetes care. 2004; 27(3):676—81. Epub 2004/02/28. https://doi.org/10.2337/diacare.27.3.676
PMID: 14988284.

Gulden E, Wong FS, Wen L. The gut microbiota and type 1 diabetes. Clinical immunology (Orlando,
Fla). 2015; 159(2):143-53. Epub 2015/06/09. https://doi.org/10.1016/j.clim.2015.05.013 PMID:
26051037; PubMed Central PMCID: PMC4761565.

Cardwell CR, Carson DJ, Patterson CC. Parental age at delivery, birth order, birth weight and gesta-
tional age are associated with the risk of childhood Type 1 diabetes: a UK regional retrospective cohort
study. Diabet Med. 2005; 22(2):200-6. Epub 2005/01/22. https://doi.org/10.1111/j.1464-5491.2005.
01369.x PMID: 15660739.

Cardwell CR, Stene LC, Ludvigsson J, Rosenbauer J, Cinek O, Svensson J, et al. Breast-feeding and
childhood-onset type 1 diabetes: a pooled analysis of individual participant data from 43 observational
studies. Diabetes care. 2012; 35(11):2215-25. Epub 2012/07/28. https://doi.org/10.2337/dc12-0438
PMID: 22837371; PubMed Central PMCID: PMC3476923.

Bendas A, Rothe U, Kiess W, Kapellen TM, Stange T, Manuwald U, et al. Trends in incidence rates dur-
ing 1999—2008 and prevalence in 2008 of childhood type 1 diabetes mellitus in Germany- Model-based
national estimates. PLoS One. 2015; 10(7):e0132716. https://doi.org/10.1371/journal.pone.0132716
PMID: 26181330; PubMed Central PMCID: PMC4504467.

Manuwald U, Heinke P, Salzsieder E, Hegewald J, Schoffer O, Kugler J, et al. Incidence trends of type
1 diabetes before and after the reunification in children up to 14 years of age in Saxony, Eastern Ger-
many. PLoS One. 2017; 12(9):e0183665. https://doi.org/10.1371/journal.pone.0183665 PMID:
28880877; PubMed Central PMCID: PMC5589116.

Patterson CC, Dahlquist GG, Gyurus E, Green A, Soltesz G. Incidence trends for childhood type 1 dia-
betes in Europe during 1989-2003 and predicted new cases 2005—-20: a multicentre prospective regis-
tration study. Lancet. 2009; 373(9680):2027—-33. Epub 2009/06/02. https://doi.org/10.1016/S0140-
6736(09)60568-7 PMID: 19481249.

Grosse J, Hornstein H, Manuwald U, Kugler J, Glauche I, Rothe U. Incidence of diabetic ketoacidosis of
new-onset type 1 diabetes in children and adolescents in different countries correlates with human
development index (HDI): An updated systematic review, meta-analysis, and meta-regression. Horm
Metab Res. 2018; 50(3):209-22. https://doi.org/10.1055/s-0044-102090 PMID: 29523007

Andersen ML, Rasmussen MA, Porksen S, Svensson J, Vikre-Jorgensen J, Thomsen J, et al. Complex
multi-block analysis identifies new immunologic and genetic disease progression patterns associated
with the residual beta-cell function 1 year after diagnosis of type 1 diabetes. PLoS One. 2013; 8(6):
€64632. https://doi.org/10.1371/journal.pone.0064632 PMID: 23755131; PubMed Central PMCID:
PMC3674006.

Alanani NMK, Alsulaimaini AA. Epidemiological Pattern of Newly Diagnosed Children with Type 1 Dia-
betes Mellitus, Taif, Saudi Arabia. ScientificWorldJournal. 2016; 2016:6736029. https://doi.org/10.
1155/2016/6736029 PMID: 27631022; PubMed Central PMCID: PMC5007457.

Ucar A, Saka N, Bas F, Sukur M, Poyrazoglu S, Darendeliler F, et al. Frequency and severity of ketoaci-
dosis at onset of autoimmune type 1 diabetes over the past decade in children referred to a tertiary

PLOS ONE | https://doi.org/10.1371/journal.pone.0218807  June 20, 2019 9/10


https://doi.org/10.1111/j.1399-5448.2009.00566.x
https://doi.org/10.1111/j.1399-5448.2009.00566.x
http://www.ncbi.nlm.nih.gov/pubmed/19708904
https://doi.org/10.1155/2015/208947
https://doi.org/10.1155/2015/208947
http://www.ncbi.nlm.nih.gov/pubmed/25883945
https://doi.org/10.1007/s10389-017-0857-5
https://doi.org/10.1111/j.1399-543X.2006.00150.x
https://doi.org/10.1111/j.1399-543X.2006.00150.x
http://www.ncbi.nlm.nih.gov/pubmed/16629713
https://doi.org/10.1007/s00125-008-1061-5
http://www.ncbi.nlm.nih.gov/pubmed/18548227
https://doi.org/10.1007/s00125-003-1045-4
https://doi.org/10.1007/s00125-003-1045-4
http://www.ncbi.nlm.nih.gov/pubmed/12687342
https://doi.org/10.2337/diacare.27.3.676
http://www.ncbi.nlm.nih.gov/pubmed/14988284
https://doi.org/10.1016/j.clim.2015.05.013
http://www.ncbi.nlm.nih.gov/pubmed/26051037
https://doi.org/10.1111/j.1464-5491.2005.01369.x
https://doi.org/10.1111/j.1464-5491.2005.01369.x
http://www.ncbi.nlm.nih.gov/pubmed/15660739
https://doi.org/10.2337/dc12-0438
http://www.ncbi.nlm.nih.gov/pubmed/22837371
https://doi.org/10.1371/journal.pone.0132716
http://www.ncbi.nlm.nih.gov/pubmed/26181330
https://doi.org/10.1371/journal.pone.0183665
http://www.ncbi.nlm.nih.gov/pubmed/28880877
https://doi.org/10.1016/S0140-6736(09)60568-7
https://doi.org/10.1016/S0140-6736(09)60568-7
http://www.ncbi.nlm.nih.gov/pubmed/19481249
https://doi.org/10.1055/s-0044-102090
http://www.ncbi.nlm.nih.gov/pubmed/29523007
https://doi.org/10.1371/journal.pone.0064632
http://www.ncbi.nlm.nih.gov/pubmed/23755131
https://doi.org/10.1155/2016/6736029
https://doi.org/10.1155/2016/6736029
http://www.ncbi.nlm.nih.gov/pubmed/27631022
https://doi.org/10.1371/journal.pone.0218807

@ PLOS|ONE

Ketoacidosis at onset of type 1 diabetes in children

18.

19.

20.

21,

22,

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

paediatric care centre: potential impact of a national programme highlighted. J Pediatr Endocrinol
Metab. 2013; 26(11-12):1059-65. https://doi.org/10.1515/jpem-2013-0060 PMID: 23751386.

Hekkala A, llonen J, Knip M, Veijola R, Finnish Paediatric Diabetes R. Family history of diabetes and
distribution of class Il HLA genotypes in children with newly diagnosed type 1 diabetes: effect on dia-
betic ketoacidosis. Eur J Endocrinol. 2011; 165(5):813-7. https://doi.org/10.1530/EJE-11-0376 PMID:
21890652.

Samuelsson U, Stenhammar L. Clinical characteristics at onset of Type 1 diabetes in children diag-
nosed between 1977 and 2001 in the south-east region of Sweden. Diabetes Res Clin Pract. 2005; 68
(1):49-55. Epub 2005/04/07. https://doi.org/10.1016/j.diabres.2004.08.002 PMID: 15811565.

Hekkala A, Knip M, Veijola R. Ketoacidosis at diagnosis of type 1 diabetes in children in northern Fin-
land: temporal changes over 20 years. Diabetes care. 2007; 30(4):861—6. Epub 2007/03/30. https://doi.
org/10.2337/dc06-2281 PMID: 17392547.

Jefferies C, Cutfield SW, Derraik JG, Bhagvandas J, Albert BB, Hofman PL, et al. 15-year incidence of
diabetic ketoacidosis at onset of type 1 diabetes in children from a regional setting (Auckland, New Zea-
land). Sci Rep. 2015; 5:10358. https://doi.org/10.1038/srep10358 PMID: 25989414; PubMed Central
PMCID: PMC4650806.

Rewers A, Dong F, Slover RH, Klingensmith GJ, Rewers M. Incidence of diabetic ketoacidosis at diag-
nosis of type 1 diabetes in Colorado youth, 1998-2012. JAMA. 2015; 313(15):1570-2. https://doi.org/
10.1001/jama.2015.1414 PMID: 25898057.

Galler A, Stange T, Mueller G, Naeke A, Vogel C, Kapellen T, et al. Incidence of childhood diabetes in
children aged less than 15 years and its clinical and metabolic characteristics at the time of diagnosis:
data from the Childhood Diabetes Registry of Saxony, Germany. Horm Res Paediatr. 2010; 74(4):285—
91. https://doi.org/10.1159/000303141 PMID: 20516654.

Green A, Gale EA, Patterson CC. Incidence of childhood-onset insulin-dependent diabetes mellitus: the
EURODIAB ACE Study. Lancet. 1992; 339(8798):905-9. https://doi.org/10.1016/0140-6736(92)90938-
y PMID: 1348306.

Wolfsdorf JI, Glaser N, Agus M, Fritsch M, Hanas R, Rewers A, et al. ISPAD Clinical Practice Consen-
sus Guidelines 2018: Diabetic ketoacidosis and the hyperglycemic hyperosmolar state. Pediatr Diabe-
tes. 2018; 19 Suppl 27:155-77. hitps://doi.org/10.1111/pedi. 12701 PMID: 29900641.

Breslow NE, Day NE. Statistical methods in cancer research: IARC Sci Publ.; 1987.

Boyle P, Parkin DM. Statistical methods for registries. Cancer registration: principles and methods
(IARC Scientific Publication no 95). Lyon, France: Jensen OM, Parkin DM, MacLennan R, et al.; 1991.
p. 126-58.

Elding Larsson H, Vehik K, Bell R, Dabelea D, Dolan L, Pihoker C, et al. Reduced prevalence of diabetic
ketoacidosis at diagnosis of type 1 diabetes in young children participating in longitudinal follow-up. Dia-
betes care. 2011; 34(11):2347-52. Epub 2011/10/06. https://doi.org/10.2337/dc11-1026 PMID:
21972409; PubMed Central PMCID: PMC3198296.

Vukovic R, Jesic MD, Vorgucin |, Stankovic S, Folic N, Milenkovic T, et al. First report on the nationwide
incidence of type 1 diabetes and ketoacidosis at onset in children in Serbia: a multicenter study. Eur J
Pediatr. 2018; 177(8):1155-62. https://doi.org/10.1007/s00431-018-3172-4 PMID: 29774417.

Wojcik M, Sudacka M, Wasyl B, Ciechanowska M, Nazim J, Stelmach M, et al. Incidence of type 1 dia-
betes mellitus during 26 years of observation and prevalence of diabetic ketoacidosis in the later years.
Eur J Pediatr. 2015; 174(10):1319-24. https://doi.org/10.1007/s00431-015-2537-1 PMID: 25894913.

Usher-Smith JA, Thompson MJ, Sharp SJ, Walter FM. Factors associated with the presence of diabetic
ketoacidosis at diagnosis of diabetes in children and young adults: a systematic review. BMJ (Clinical
research ed). 2011; 343:d4092. Epub 2011/07/09. https://doi.org/10.1136/bmj.d4092 PMID: 21737470;
PubMed Central PMCID: PMC3131115.

Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. Lancet. 2014; 383(9911):69-82. Epub
2013/07/31. https://doi.org/10.1016/S0140-6736(13)60591-7 PMID: 23890997; PubMed Central
PMCID: PMC4380133.

Hommel A, Haupt F, Delivani P, Winkler C, Stopsack M, Wimberger P, et al. Screening for type 1 diabe-
tes risk in newborns: The Freder1k pilot study in Saxony. Horm Metab Res. 2018; 50(1):44-9. Epub
2017/11/10. https://doi.org/10.1055/s-0043-120921 PMID: 29121687.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218807  June 20, 2019 10/10


https://doi.org/10.1515/jpem-2013-0060
http://www.ncbi.nlm.nih.gov/pubmed/23751386
https://doi.org/10.1530/EJE-11-0376
http://www.ncbi.nlm.nih.gov/pubmed/21890652
https://doi.org/10.1016/j.diabres.2004.08.002
http://www.ncbi.nlm.nih.gov/pubmed/15811565
https://doi.org/10.2337/dc06-2281
https://doi.org/10.2337/dc06-2281
http://www.ncbi.nlm.nih.gov/pubmed/17392547
https://doi.org/10.1038/srep10358
http://www.ncbi.nlm.nih.gov/pubmed/25989414
https://doi.org/10.1001/jama.2015.1414
https://doi.org/10.1001/jama.2015.1414
http://www.ncbi.nlm.nih.gov/pubmed/25898057
https://doi.org/10.1159/000303141
http://www.ncbi.nlm.nih.gov/pubmed/20516654
https://doi.org/10.1016/0140-6736(92)90938-y
https://doi.org/10.1016/0140-6736(92)90938-y
http://www.ncbi.nlm.nih.gov/pubmed/1348306
https://doi.org/10.1111/pedi.12701
http://www.ncbi.nlm.nih.gov/pubmed/29900641
https://doi.org/10.2337/dc11-1026
http://www.ncbi.nlm.nih.gov/pubmed/21972409
https://doi.org/10.1007/s00431-018-3172-4
http://www.ncbi.nlm.nih.gov/pubmed/29774417
https://doi.org/10.1007/s00431-015-2537-1
http://www.ncbi.nlm.nih.gov/pubmed/25894913
https://doi.org/10.1136/bmj.d4092
http://www.ncbi.nlm.nih.gov/pubmed/21737470
https://doi.org/10.1016/S0140-6736(13)60591-7
http://www.ncbi.nlm.nih.gov/pubmed/23890997
https://doi.org/10.1055/s-0043-120921
http://www.ncbi.nlm.nih.gov/pubmed/29121687
https://doi.org/10.1371/journal.pone.0218807

