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Introduction
The prevalence of diabetes is increasing worldwide. The Interna-
tional Diabetes Federation (IDF) estimates there were 415 million 
people living with diabetes in 2015, of which approximately 6.5 
million were in Germany [1]. The key clinical goal in the manage-
ment of diabetes is to maintain normal blood glucose levels, often 
by treating with insulin therapy. Insulin is commonly used in the 

treatment of type 1 diabetes (T1D), and less commonly used in 
type 2 diabetes (T2D).

Hypoglycaemia is a common side effect of insulin therapy and 
remains the main barrier to effective glycaemic control [2]. In par-
ticular, recurrent episodes of hypoglycaemia may result in poor ad-
herence to treatment. Severe hypoglycaemia (irrespective of dia-
betes type) is associated with poor prognosis, and if untreated can 
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Abstra ct

Data concerning true hypoglycaemic incidence in insulin-treated 
patients with diabetes in real-world clinical practice are lacking 
in Germany. The aim of this analysis was to determine the inci-
dence of hypoglycaemia experienced by the German cohort of 
patients enrolled in the global Hypoglycaemia Assessment Tool 
(HAT) study. This was a non-interventional, 6-month retrospec-
tive and 4-week prospective study using self-assessment ques-
tionnaires and patient diaries assessing patients aged  ≥ 18 years 
in Germany, with type 1 diabetes (T1D) (n = 811) or type 2 dia-
betes (T2D) (n = 1 619) treated with insulin for  > 12 months. The 
primary endpoint was the percentage of patients experienc-
ing  ≥ 1 hypoglycaemic event during the prospective observa-
tional period (4 weeks after baseline). Predictive and continuous 
factors (such as age, gender, duration of insulin use and HbA1c) 
contributing to hypoglycaemia risk were explored.
During the prospective period, at least one hypoglycaemic 
event was reported by 81.3 % of patients with T1D and 39.7 % 
of patients with T2D, indicating that hypoglycaemia is a com-
mon acute complication among patients with insulin-treated 
diabetes. Severe hypoglycaemia was reported by 9.1 % of pa-
tients with T1D and 5.4 % of patients with T2D. Higher rates of 
any and severe hypoglycaemia were reported prospectively 
than retrospectively, regardless of diabetes type, indicating 
that patients retrospectively under-report hypoglycaemia. 
Prospective rates (events per patient-year) of any, nocturnal 
and severe hypoglycaemia were 80.3, 9.9 and 3.0 for T1D and 
15.6, 2.4 and 1.1 for T2D, respectively. Given the potential for 
recall bias in retrospective reporting, this prospective assess-
ment of hypoglycaemia appears more reliable than retrospec-
tive assessment.
Trial number:   NCT01696266
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result in coma, seizures, or death [3]. Severe hypoglycaemia may 
also increase the risk of cardiovascular complications and all-cause 
mortality [4, 5]. Hypoglycaemia is associated with reduced well-
being and health-related quality of life, and increased health care 
costs [6]. Furthermore, hypoglycaemia can impact negatively on 
cognitive function [7].

Although data are available for rates of hypoglycaemia from ran-
domised controlled trials (RCTs), evidence from real-world clinical 
practice is limited, meaning the true frequency of hypoglycaemia 
is difficult to determine. International prospective studies have re-
ported incidences ranging from 3.9–7.2 events/month for patients 
with T1D [8–10] and 0.76–3.7 events/month for patients with T2D 
[8–13]. Differences between reporting methods of retrospective 
and prospective data may exist and there may be a lack of consist-
ency in definition of hypoglycaemia. Patients with T1D have been 
shown to be able to recall incidences of severe hypoglycaemia for 
up to a year after their occurrence, but there is no evidence on the 
reliability of recall for the incidence of non-severe hypoglycaemia 
[14]. Hypoglycaemia rates have been shown to be under-reported 
in RCTs compared with observational studies [15]. Thus, real-world 
data are needed to evaluate the true incidence of hypoglycaemia 
in clinical practice.

Data on the real-world rate of hypoglycaemia in Germany are 
limited. Rates of non-severe hypoglycaemia from a small real-world 
study in Germany were reported in 2014 and suggested that the 
burden of hypoglycaemia had previously been underestimated 
[16]. The wide range of reported hypoglycaemic incidences high-
lights the need for additional data to determine factors related to 
hypoglycaemia risk.

The global Hypoglycaemia Assessment Tool (HAT) study was 
designed to determine the incidence of hypoglycaemia in a global 
insulin-treated patient population. The primary aim of this study 
was to determine the percentage of patients experiencing at least 
one hypoglycaemic event during the observational period among 
insulin-treated patients with T1D and T2D. This analysis presents 
data from the German cohort of the global HAT population.

Methods

Study design
The current analysis evaluates data from a German cohort of insu-
lin-treated patients with diabetes enrolled in the HAT study, a non-
interventional, multicentre, 6-month retrospective and 4-week 
prospective study of hypoglycaemic events in patients with T1D 
and T2D. The study design and patient population of the global 
HAT study have been previously described [5].

The study protocol and assessments were conducted in accord-
ance with the Declaration of Helsinki [17] and the International 
Conference on Harmonisation Guidelines for Good Clinical Practice 
[18], and approved by the German Regulatory agency BfArM: No. 
1662. All study materials were translated into local languages, and 
data obtained were translated back into English for analysis. Writ-
ten informed consent was given by all participants.

Study population
Consecutive eligible patients were enrolled during routinely sched-
uled clinical consultations with their healthcare practitioners across 
176 sites in Germany. Patients were eligible for study inclusion if 
they had T1D or T2D, were treated with any insulin for  > 12 months, 
were  ≥ 18 years of age at the time of the survey and had given in-
formed consent to participate in the survey. Patients were exclud-
ed from the study if they were non-ambulatory, illiterate or other-
wise unable to complete the written survey.

Study endpoints
The primary endpoint was the percentage of insulin-treated pa-
tients with T1D or T2D experiencing at least one hypoglycaemic 
event during the observational period. Secondary endpoints in-
cluded hypoglycaemia incidence rates and the relationship be-
tween hypoglycaemia and predictive or continuous factors such as 
age, gender, duration of insulin use, or glycated haemoglobin 
(HbA1c) (including proportion of patients with HbA1c  < 7.0 % 
[53 mmol/mol], 7.0–9.0 % and  > 9.0 % [75 mmol/mol]), fear of hy-
poglycaemia (continuous on scale of 0 to 10, where 0 is not afraid 
at all and 10 is absolutely terrified).

Assessments
Assessment was by a two-part self-assessment questionnaire (SAQ) 
consisting of a retrospective cross-sectional evaluation (Part 1), 
and a prospective observational evaluation (Part 2). Part 1 (base-
line) was used to record baseline demographic and treatment in-
formation, knowledge of hypoglycaemia, hypoglycaemia unaware-
ness, perceptions of hypoglycaemia, as well as the history of severe 
hypoglycaemia over the previous 6 months and symptomatic hy-
poglycaemia over the previous 4 weeks. Part 2 (4 weeks after base-
line) was used to record history of both severe and symptomatic 
hypoglycaemia in the 4 weeks following study entry.

At baseline, patients were issued with a diary to assist recall and 
to record hypoglycaemic events, the effect of hypoglycaemia on 
productivity, and healthcare utilisation and productivity over the 
4 weeks following study entry. Paired responses to the Part 1 and 
Part 2 SAQs were used to estimate the frequency of under-report-
ing of hypoglycaemia.

Data are presented from the full analysis set (FAS; patients com-
pleting Part 1) and completers’ analysis set (CAS; patients complet-
ing both Part 1 and 2).

Patients were able to report hypoglycaemia by using symptoms 
alone, blood glucose measurement ( < 3.1 mmol/L ) alone, or both 
symptoms and blood glucose measurements. Any reported self-
measured glucose values  < 3.1 mmol/L were considered to be ‘true’ 
hypoglycaemia.

Hypoglycaemia classification
Hypoglycaemia was defined and classified as follows: severe hypo-
glycaemia, a hypoglycaemic event requiring third-party assistance 
(consistent with the American Diabetes Association definition [3]); 
non-severe hypoglycaemia, an event managed by the patient 
alone; any hypoglycaemic event, the sum of severe and non-severe 
hypoglycaemia; nocturnal hypoglycaemia; hypoglycaemia occur-
ring between midnight and 06:00 h.
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The combined measure of any hypoglycaemia was derived from 
both the diary and SAQ entries.

Statistical analysis
All statistical tests were two-sided and regarded as exploratory. 
Statistical significance was set at p < 0.05 and no adjustments were 
made for multiple comparisons. The percentage of patients expe-
riencing at least one hypoglycaemic event during the observation 
period was calculated, together with the 95 % confidence interval 
(CI) for this percentage. A binomial distribution was assumed. The 
relationship between incidence of hypoglycaemia and various fac-
tors was explored using negative binomial regression models strat-
ified by country and specifying a log-transformed exposure time 
offset term. The majority of analyses were descriptive in nature, 
hence imputation of missing data was not performed. Data are pre-
sented as mean  ±  standard deviation (SD) unless otherwise speci-
fied.

Results

Patient characteristics
Overall, 2 430 patients completed the part 1 SAQ, 2 056 (84.6 %) 
completed the part 2 SAQ and 2 044 (84.1 %) patients completed 
patient diaries. Of the 2 430 patients who completed part 1 of the 
SAQ, 811 had T1D and 1 619 had T2D. Patient baseline character-
istics are given in ▶Table 1. Overall, 53 % of patients were male, 
and patients with T1D were younger than those with T2D (47.8 
years vs. 66.3 years, respectively). The mean duration of diabetes 
was longer in patients with T1D (19.9 years) than those with T2D 
(15.4 years). HbA1c levels were similar in patients with T1D and T2D 
[7.6 % (59.6 mmol/mol) vs. 7.5 % (58.3 mmol/mol), respectively]. 
The most widely used methods for treating diabetes were short-
acting and long-acting insulin. A greater proportion of patients 
with T1D than T2D reported that they had ever experienced hypo-
glycaemia (97.1 % vs. 76.3 %, respectively).

Hypoglycaemic frequency
A greater proportion of patients with T1D than T2D reported any 
hypoglycaemic event in the prospective period (81.3 % vs. 39.7 %, 
respectively). The prevalence and incidence of any, nocturnal and 
severe hypoglycaemia are shown in ▶Table 2. Rates (estimated 
number of events per patient-year [PPY]) of any and severe hypogly-
caemia were higher in the prospective period than in the retrospec-
tive period. Higher rates were reported for T1D than T2D for the oc-
currence of any hypoglycaemic event during the prospective and 
retrospective periods. The difference in incidence rate ratio between 
the retrospective (4 weeks before baseline) and prospective (4 weeks 
after baseline) periods for T1D and T2D are shown in ▶Fig. 1.

The incidence rate ratio (IRR) for any hypoglycaemic event in 
the prospective versus retrospective periods was 1.62 (95 % CI 1.42; 
1.85; p < 0.001) for T1D and 1.39 (95 % CI 1.23; 1.56; p < 0.001) for 
T2D. Overall, 64.2 % of all patients identified hypoglycaemia by 
symptoms and using blood glucose measurements

Associations between hypoglycaemia and continu-
ous or predictor variables
The proportions of patients with T1D and T2D experiencing hypo-
glycaemia, stratified by HbA1c level, is shown in ▶Fig. 2. HbA1c lev-
els were weakly associated with any hypoglycaemia (IRR 0.99; 95 % 
CI 0.99; 0.99). A weak correlation was also seen with hypoglycae-
mia and age (IRR 0.98; 95 % CI 0.98–0.99). Overall, hypoglycaemia 
was more likely to be reported by females than males (IRR 1.30; 
95 % CI 1.15; 1.46). Hypoglycaemic incidence rates increased with 
each quartile for duration of insulin use during the 4 weeks before 
and the 4 weeks after baseline in patients with T1D and T2D.

Patient perspectives and actions relating to 
hypoglycaemia
Patient perspectives with respect to knowledge, definition of hy-
poglycaemia and fear of hypoglycaemia are shown in ▶Table 3. A 
slightly higher percentage of patients with T1D than T2D knew 
what hypoglycaemia was before reading the definition provided in 
the SAQ (97.3 % vs. 87.3 %, respectively). There were no notable 
differences between patients with T1D and T2D for fear of hypo-
glycaemia with a mean (SD) score of 4.1 (2.75) for patients with 
T1D and 3.2 (2.88) for patients with T2D. Patients with T1D were 
more likely than those with T2D to increase glucose monitoring fol-
lowing a hypoglycaemic event (74.3 % T1D vs. 49.6 % T2D).

The proportion of patients with hypoglycaemic events requir-
ing hospital admission in the prospective period was 2.8 % for T1D 
and 0.7 % for T2D. The estimated annual incidence rate of hypogly-

▶Table 1	  Characteristics of patient population.

Characteristic T1D (n = 811) T2D (n = 1 619)

Number of patients who 
completed part 2 SAQ, n ( %)

641 (79.0) 1 415 (87.4)

Sex male/female,  % 51/49 54/46

Mean age, years (SD) 47.8 (14.7) 66.3 (10.5)

Duration of diabetes, years (SD) 19.9 (12.8) 15.4 (8.8)

HbA1c, mmol/mol (SD) 59.6 (13.8) 58.3 (13.6)

HbA1c,  % *  7.6 7.5

Method of diabetes treatment, n ( %)

Short-acting insulin 671 (82.9) 1 237 (77.0)

Long-acting insulin 517 (63.9) 1 348 (83.9)

Mixed insulin 7 (0.9) 129 (8.0)

Insulin pump 228 (28.2) 15 (0.9)

Oral antidiabetes treatments 17 (2.1) 449 (27.9)

Injectable antidiabetes 
treatments excluding insulin

0 (0.0) 27 (1.7)

Checks blood sugar levels, n ( %)

Yes 806 (99.4) 1 597 (98.8)

No 5 (0.6) 20 (1.2)

Experienced hypoglycaemia, n ( %)

Yes 780 (97.1) 1 224 (76.3)

No 13 (1.6) 322 (20.1)

Not sure 10 (1.2) 58 (3.6)

* Calculated, not measured. Full analysis set; SAQ, self-assessment 
questionnaire; SD, standard deviation; T1D, type 1 diabetes; T2D, 
type 2 diabetes
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caemic events requiring hospitalisation in the prospective period 
was 0.236 [95 % CI 0.118; 0.42] for T1D and 0.097 [95 % CI 0.046; 
0.178] for T2D.

Discussion and Conclusion
This analysis presents data from the German cohort of the HAT 
study. The global HAT study represents one of the largest cohorts 
of insulin-treated patients with diabetes to report data on hypo-
glycaemia, and has provided important information on the inci-
dence of hypoglycaemia in patients with T1D and T2D, showing 
that the rates are higher than many previous estimates [17]. Con-
sistent with the overall findings of the HAT study, rates of hypogly-
caemia were higher in the current analysis than reported in other 
previous studies [8–10, 12, 13]. The overall rates of hypoglycaemic 
incidence (events PPY) in Germany were higher in the prospective 
period in patients with T1D than that reported in the HAT study 
(80.3 vs. 73.3 events PPY, respectively) [17], whilst the overall rates 
for patients with T2D were slightly lower than that reported in the 

HAT study (15.6 vs. 19.3 events PPY, respectively). Patients in the 
German cohort were older, had a longer duration of diabetes and 
lower HbA1c compared with the global HAT cohort.

Importantly for clinical practice, a weak association with HbA1c 
and hypoglycaemia was observed, suggesting that treatment may 
need to be individualised depending on how well patients respond.

Higher rates of any hypoglycaemic event were reported pro-
spectively versus retrospectively, indicating patients may retro-
spectively under-report hypoglycaemic incidences. Prospective 
assessment of hypoglycaemia appears to be more reliable than 
retrospective recall, possibly as a consequence of recall bias.

Cost of diabetes medicines in Germany
In addition to the clinical burden, diabetes also has a significant im-
pact on the economics of diabetes healthcare. Severe hypoglycae-
mic events often result in emergency/ambulance calls and hospi-
tal treatment and incur substantial healthcare costs [19]. Koster et 
al. carried out an evaluation of healthcare expenditure and the di-
rect cost of diabetes on the German healthcare system in 2010 [20]. 

▶Table 2	  Hypoglycaemia incidence and prevalence in retrospective and prospective periods.

Retrospective Prospective†

T1D T2D T1D (n = 648) T2D (n = 1 423)
Hypoglycaemia prevalence, n ( % of patients)

Any (4 weeks) 671 (82.8) 727 (45.3) 527 (81.3) 564 (39.7)

Nocturnal (4 weeks) 342 (43.2) 257 (16.5) 225 (37.3) 159 (12.2)

Severe 188 (23.5) *  158 (9.9) *  59 (9.1) 77 (5.4)

Hypoglycaemia incidence, events per patient-year

Any (4 weeks) 50.0 11.2 80.3 15.6

Nocturnal (4 weeks) 14.4 3.6 9.9 2.5

Severe 2.1 *  0.4 *  3.0 1.1

For ‘Any’ and ‘Nocturnal retrospective’, data are for the 4-week period before baseline; * 6-month period before baseline; †4-week period after 
baseline. Incidence and prevalence calculated from full analysis set; T1D, type 1 diabetes; T2D, type 2 diabetes 

2.0

1.62
†

†
†

† †‡

1.39

0.69 0.690.76

1.29

Any Severe
Hypoglycaemia type

Nocturnal

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

In
ci

de
nc

e 
ra

te
 ra

tio
*

T1D T2D

▶Fig. 1	 Difference in reported incidence of hypoglycaemia between retrospective and prospective groups by diabetes type.   
* 4 weeks before/4 weeks after baseline; † p < 0.001; ‡ p = 0.071. T1D, type 1 diabetes; T2D, type 2 diabetes.
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The results of their evaluation showed that approximately 25 % of 
the healthcare cost of patients with diabetes was a result of man-
aging hypoglycaemia. The authors suggested specific secondary 
complications could be avoided by good primary care and manage-
ment of hyperglycaemia, helping to reduce overall healthcare costs.

In the current analysis of the German cohort of the HAT study, 
the incidence of hypoglycaemic events requiring hospital admis-
sion was higher prospectively. This may be the result of increased 
patient knowledge of hypoglycaemia as a consequence of partici-
pating in the study. Thus patients may have a greater awareness of 
hypoglycaemia and its complications after completion of the first 
part of the study.

Limitations of the current study include its observational nature 
and short prospective period. In addition, as hypoglycaemia is self-
reported, results may be confounded due to the subjective nature 
of the reporting. However, this also represents a strength of the 
study. Self-reporting of hypoglycaemia captures information where 
patients may have missed or neglected their blood glucose test-
ing, or were unaware of the threshold at which blood glucose con-
centration represents a hypoglycaemic event.

In conclusion, the results of this analysis show that the estimat-
ed rates of overall, nocturnal and severe hypoglycaemia are higher 
in this cohort of patients in Germany than those previously report-
ed in other studies, indicating hypoglycaemia may be retrospec-
tively under-reported. Our data highlight the importance of hypo-
glycaemia when considering individual goals in diabetes therapy 
and provide important, real-world rates of hypoglycaemic events 
from Germany.
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▶Table 3	  Patient perspectives and actions relating to hypoglycaemia.

T1D (n = 811) T2D (n = 1 619)

Knew what hypoglycaemia 
was at baseline before  
Part 1 SAQ, n/N total ( %)

782/804 (97.3) 1 402/1 606 (87.3)

Fear of hypoglycaemia (scale 0–10), n ( %)

0 (Not afraid at all) 104 (13.0) 435 (27.4)

1 66 (8.3) 124 (7.8)

2 79 (9.9) 189 (11.9)

3 116 (14.5) 183 (11.5)

4 74 (9.3) 128 (8.1)

5 139 (17.4) 211 (13.3)

6 47 (5.9) 79 (5.0)

7 60 (7.5) 79 (5.0)

8 67 (8.4) 73 (4.6)

9 24 (3.0) 36 (2.3)

10 (Absolutely terrified) 23 (2.9) 53 (3.3)

Increased blood glucose 
monitoring as a result of 
hypoglycaemia, n ( %)

587 (74.3) 780 (49.6)

SAQ, self-assessment questionnaire; T1D, type 1 diabetes; T2D, type 
2 diabetes
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