
Diabetic ketosis (DK) is a risk factor or precursor for diabetic ketoacidosis (DKA), 
a potentially life-threatening condition. In this prospective analysis, we analysed 
risk and protective factors for the incidence of DK in a sample of people with 
type 1 diabetes.

Furthermore, we performed two meta-analyses to evaluate the role of structu-
red diabetes self-management education as a risk mitigation strategy for DK and 
DKA.

Incidence and risk as well as protective factors regarding diabetic ketosis in people with type 1 diabetes:  
A secondary analysis of the PRIMAS and INPUT studies

Bernhard Kulzer, Dominic Ehrmann, Carmen Albrecht, Thomas Haak, Norbert Hermanns
FIDAM -  Research Institute Diabetes Academy, Diabetes Center Mergentheim, Bad Mergentheim, Germany

FIDAM - Diabetes Research Institute
Prof. Dr. Bernhard Kulzer
97980 Bad Mergentheim, Germany
kulzer@fidam.de

Contact Information 

Table 1:	 Sample characteristics

Figure 3: 	 Meta-analysis of number of affected persons and the effect of structured diabetes educa-
tion (Events refers to persons ≥1 event; time refers to number of persons in total; Fixed ef-
fect model: Mantel-Haenszel; Random effects model: DerSimonian-Laird; IRR = Incidence 
Rate Ratio; CI Confidence interval)

Risk and protective factors for diabetic ketosis
•	 Analyses were based on 760 participants with type 1 diabetes (see Table 1).
•	 At baseline, only 8.4% of participants reported at least one DK-event. During 

the follow-up period, the self-reported incidence of DK was 38 events per 100 
patient years; but only 5.5% of the sample reported at least one DKA event, 
which indicated a highly skewed distribution.

•	 In univariate tests, people reporting DK were significantly more frequent on 
insulin pump therapy, did not participate in the education programmes PRI-
MAS or INPUT, had a higher baseline depression score, and reported more 
frequently DK events before baseline (Figure 1).

•	 In a multivariable logistic regression analysis, only participation in diabetes 
education (OR = 0.51; 95% CI 0.26 - 0.99) and previous DK (OR = 6.3 95% CI 
3.08 - 13.09) were independent baseline predictors of DK during the follow-
up period (Figure 2).

R E S U L T S

Experiencing an event of DK was a significant risk factor for a recurrent episode. 
Interestingly, participation in a structured self-management education program-
me was associated with a reduced risk for a DK event. However, assessing DK via 
Case Report Form and interview is clearly a limitation of this study. 

Nevertheless, mean incidence rate and percentage of study participants affected 
by DK clearly indicates the existence of risk groups for DK. A better understan-
ding of risk factors for DK or for DKA is needed to identify persons at risk and to 
employ risk mitigation strategies for these risk groups.

The meta-analyses demonstrated the importance of structured diabetes educa-
tion as a risk mitigation strategy. Not only the number of affected people was re-
duced by diabetes education but also the number of DKA events.

In summary, structured self-management education is a potent protective factor 
for the development of diabetic ketosis and ketoacidosis.

C O N C L U S I O N

B A C K G R O U N D  A N D  A I M S

Risk and protective factors for diabetic ketosis

We combined data from four prospective educational studies examining the ef-
ficacy of an education programme for type 1 diabetes (PRIMAS) and for insulin 
pump users (INPUT), respectively. Two randomised controlled trials tested the 
education programmes against a control condition and two comparative effec-
tiveness research trials tested the education programmes in real world settings. 
We prospectively analysed the incidence of DK 6 months after the end of the 
education phase and determined risk and protective factors for occurrence of DK 
by using univariate tests and a multivariable logistic regression model. DK was 
assessed by Case Report Forms and via interview.

Meta-analyses

To further analyse the impact of structured diabetes education on DK and DKA, 
we performed a literature search and conducted two meta-analyses. First, we 
analysed whether participation in structured education could reduce the num-
ber of persons who experienced at least one event. Second, we analysed whe-
ther participation in structured education could reduce the event rate of DKA.

M A T E R I A L S   A N D   M E T H O D S

Meta-analyses
•	 The literature search yielded 24 studies of which three studies reported the 

number of people experiencing at least on DKA event (1-3), and six studies 
reported the event rate of DKA (1,2,4-7).

•	 We added data from the four studies described above and included the num-
ber of people experiencing at least one DK event before and after participati-
on in the structured intervention (8-11).

•	 	Figure 3 shows that structured self-management education could reduce the 
number of people experiencing at least one DK/DKA event by 56%. This could 
be shown for DKA and DK with slightly higher effects of diabetes education on 
DKA.

•	 Figure 4 shows that also the number of DKA events could be significantly re-
duced by 61% after participation in structured diabetes education.

Figure 4: 	Meta-analysis of incidences of diabetic ketoacidosis and the effect of structured diabetes 
education (time refers to person-months; Fixed effect model: Mantel-Haenszel; Random  
effects model: DerSimonian-Laird; IRR = Incidence Rate Ratio; CI Confidence interval)
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Figure 1: 	 Differences between participants with a diabetic ketosis during follow-up vs. without dia-
betic ketosis at follow-up

Figure 2: 	 Logistic regression analysis on prediction of diabetic ketosis during follow-up


