
 
 

ELECTRONIC SUPPLEMENTARY MATERIALS 

ESM methods 

Inclusion criteria - overall 

‐ Ability to provide written informed consent 

‐ Must be able to speak and read Danish (for Hillerød-site) or Dutch (for 

Nijmegen-site) 

‐ Insulin treatment according to basal-bolus insulin regimen (injections or insulin 

pump) (except for healthy participants) 

‐ BMI: 19-40 kg/m2  

‐ Age ≥ 18 years, ≤ 80 years  

‐ Blood pressure < 140/90 mmHg 

‐ Duration of diabetes > 1 year (except for healthy participants) 

‐ HbA1c < 100 mmol/mol (11.3%) 

 

Inclusion criteria – subgroup specific 

‐ T1DM + IAH: IAH as assessed by a score of ≥ 3 on the modified Clarke 

questionnaire, ≥ 4 on the Gold questionnaires and the answers “usually”, 

“sometimes”, or “never” on the Pedersen-Bjergaard questionnaire.  

‐ T1DM + NAH: NAH as assessed by a score of < 3 on the modified Clarke 

questionnaires, < 4 on the Gold questionnaire and an answer “always” on the 

Pedersen-Bjergaard questionnaire 

‐ T2DM: Insulin treatment for at least 1 year and age ≥ 18 years, ≤ 80 years  

‐ Healthy volunteers: HbA1c < 42 mmol/mol (6%) and age ≥ 18 years, ≤ 80 years 

 

Exclusion criteria for participants with diabetes 

- Severe medical or psychological conditions interfering with the perception of 

hypoglycemia other than IAH such as brain injuries, epilepsy, a major 

cardiovascular disease event or anxiety disorders  

- Use of immune-modifying drugs or antibiotics  



 
 

- Treatment with glucose-modifying agents other than insulin, SGLT-2 inhibitors 

and metformin (e.g. prednisolone)  

- Use of anti-depressive drugs 

- Pregnancy or breastfeeding or unwillingness to undertake measures for birth 

control  

- Use of statins (e.g. stop statins > 2 weeks before performing blood sampling. 

This can be safely done in the context of primary prevention)  

- Any event of cardiovascular disease in the 5 years before screening (e.g. 

myocardial infarction, stroke, heart failure, symptomatic peripheral arterial 

disease)  

- Auto-inflammatory or auto-immune diseases (other than diabetes and 

hypothyroidism with stable thyroxin supplementation) 

- Any infection in the three months before screening  

- Previous vaccination in the three months before screening  

- Laser coagulation for proliferative retinopathy in the six months before 

screening 

- Proliferative retinopathy  

- Diabetic nephropathy as reflected by an albumin-creatinine ratio ˃ 30 mg/g or 

an estimated glomerular filtration rate (by MDRD) ˂ 60 ml/min/1.73m2  

- History of pancreatitis (acute or chronic) or pancreatic cancer  

Exclusion criteria for participants without diabetes 

- Presence of any medical condition that might interfere with the study protocol, 

such as brain injuries, epilepsy, a major cardiovascular disease event or 

anxiety disorders  

- Use of any medication, except for oral contraceptives, stable dose of thyroxine  

- Pregnancy or breastfeeding or unwillingness to undertake measures for birth 

control  

- Any infection in the three months before screening 

- Vaccination in the three months before screening  

  



 
 

ESM Table 1 Univariate and multivariate analysis of A. PASAT, B. TAP-Alertness 
task, C. TAP-Working Memory task and D. TAP-Flexibility task. 

A. PASAT Univariate Multivariate 
Whole group 

 
95% Confidence 

Interval 
  

 
95% Confidence 

Interval 
  

Estimate Lower 
Bound 

Upper 
Bound 

p-value Estimate Lower 
Bound 

Upper 
Bound 

p-value 

Age Age -9.24 -23.93 5.45 0.215 -10.06 -25.89 5.77 0.209 
Sex Male -5.53 -10.66 -0.40 0.035 -6.18 -11.87 -0.49 0.034 

Female 0b . . . 0b . . . 
Sleep Good -1.84 -12.12 8.44 0.723 -0.84 -11.66 9.98 0.878 

Fairly good  -1.20 -10.96 8.56 0.808 0.90 -8.74 10.55 0.852 
Fairly bad  -9.69 -22.34 2.96 0.131 -5.58 -17.82 6.66 0.366 

Bad  0b . . . 0b . . . 
EQF 1.00 -5.83 -41.60 29.93 0.746 -8.72 -43.73 26.30 0.621 

2.00 1.04 -27.23 29.32 0.942 -0.10 -27.31 27.10 0.994 
3.00 -14.47 -40.65 11.71 0.275 -13.62 -38.76 11.53 0.283 
4.00 -10.97 -36.79 14.84 0.400 -11.99 -37.06 13.09 0.343 
5.00 -5.22 -31.34 20.90 0.692 -3.05 -28.71 22.61 0.813 
6.00 -8.54 -34.61 17.53 0.516 -9.87 -35.09 15.35 0.437 
7.00 -9.87 -35.82 16.08 0.452 -10.64 -35.65 14.37 0.399 
8.00 0b . . . 0b . . . 

Baseline 
glucose 

level 

Baseline 
glucose level 

0.09 -0.54 0.73 0.767 -0.04 -0.73 0.66 0.920 

Adrenaline 
response 

Adrenaline 
response 

-6.07 -12.74 0.60 0.074 -6.97 -14.11 0.18 0.056 

Participants with diabetes 
 

95% Confidence 
Interval 

  
 

95% Confidence 
Interval 

  

Estimate Lower 
Bound 

Upper 
Bound 

p-value Estimate Lower 
Bound 

Upper 
Bound 

p-value 

Age Age -6.63 -24.38 11.12 0.458 2.00 -18.05 22.05 0.842 
Sex Male  -5.81 -12.27 0.66 0.077 -4.51 -11.13 2.11 0.178 

Female 0b . . . 0b . . . 
Diabetes  Duration -0.18 -0.43 0.08 0.164 -0.17 -0.47 0.12 0.239 

HbA1c -0.12 -0.45 0.20 0.450 -0.04 -0.37 0.30 0.830 
Symptom 
response 

-0.13 -0.29 0.02 0.092 -0.13 -0.29 0.03 0.120 

 

B. TAP – Alertness task Univariate Multivariate 
Whole group 

 
95% Confidence 

Interval 

  
95% Confidence 

Interval 
  

Estimate Lower 
Bound 

Upper 
Bound 

p-value Estimate Lower 
Bound 

Upper 
Bound 

p-value 

Age Age 89.23 14.10 164.36 0.020 55.15 -31.68 141.99 0.209 
Sex Male 12.84 -14.49 40.17 0.353 19.20 -12.00 50.40 0.223 

Female 0b . . . 0b .  .  .  
Sleep Good 14.90 -41.33 71.13 0.599 59.29 -0.05 118.63 0.050 

Fairly good  12.93 -40.47 66.32 0.631 38.59 -14.33 91.51 0.150 
Fairly bad  45.13 -24.08 114.33 0.198 57.05 -10.08 124.18 0.094 

Bad  0b . . . 0b  . .  .  



 
 

EQF 1.00 17.50 -169.45 204.45 0.853 -6.17 -198.22 185.88 0.949 
2.00 46.87 -100.92 194.67 0.530 33.11 -116.08 182.30 0.659 
3.00 43.07 -93.76 179.91 0.533 11.71 -126.21 149.63 0.866 
4.00 10.35 -124.57 145.28 0.879 -16.82 -154.33 120.70 0.808 
5.00 53.97 -82.56 190.50 0.434 46.15 -94.58 186.88 0.515 
6.00 29.91 -106.36 166.17 0.664 9.68 -128.66 148.01 0.889 
7.00 57.53 -78.10 193.16 0.401 46.85 -90.33 184.04 0.498 
8.00 0b . . . 0b .  .  .  

Baseline 
glucose 
level 

Baseline 
glucose level 

1.13 -2.17 4.42 0.499 2.37 -1.46 6.20 0.221 

Adrenaline 
response 

Adrenaline 
response 

53.65 19.51 87.78 0.002 64.47 25.29 103.66 0.002 

Participants with diabetes 
 

95% Confidence 
Interval 

  
95% Confidence 

Interval 
  

Estimate Lower 
Bound 

Upper 
Bound 

p-value Estimate Lower 
Bound 

Upper 
Bound 

p-value 

Age Age 92.83 -6.51 192.17 0.066 77.75 -30.62 186.11 0.156 
Sex Male  10.03 -27.89 47.96 0.599 1.84 -33.94 37.63 0.918 

Female 0b . . . 0b . . . 
Diabetes  Duration 0.29 -1.19 1.77 0.696 -0.14 -1.73 1.45 0.859 

HbA1c 1.43 -0.41 3.28 0.125 0.59 -1.21 2.40 0.514 
Symptom 
response 

1.46 0.62 2.29 0.001 1.31 0.43 2.20 0.004 

 

C. TAP ‐ Working memory 
task 

Univariate Multivariate 

Whole group 
 

95% Confidence 
Interval 

  
 

95% Confidence 
Interval 

  

Estimate Lower 
Bound 

Upper 
Bound 

p-value Estimate Lower 
Bound 

Upper 
Bound 

p-value 

Age Age 2.55 -3.79 8.90 0.427 2.11 -5.52 9.74 0.583 
Sex Male 1.19 -1.06 3.43 0.296 1.09 -1.65 3.83 0.431 

Female 0b . . . 0b . . . 
Sleep Good 4.36 -0.18 8.90 0.059 4.57 -0.64 9.79 0.085 

Fairly good  2.57 -1.74 6.88 0.238 2.74 -1.91 7.39 0.243 
Fairly bad  4.00 -1.59 9.59 0.158 3.59 -2.31 9.49 0.229 

Bad  0b . . . 0b . . . 
EQF 1.00 9.00 -5.95 23.95 0.235 7.68 -9.20 24.55 0.367 

2.00 10.00 -1.82 21.82 0.096 10.95 -2.16 24.05 0.100 
3.00 11.36 0.41 22.30 0.042 11.24 -0.88 23.35 0.069 
4.00 9.79 -1.00 20.58 0.075 9.55 -2.53 21.64 0.119 
5.00 8.87 -2.05 19.79 0.110 9.21 -3.16 21.58 0.142 
6.00 8.00 -2.90 18.90 0.148 8.05 -4.10 20.21 0.190 
7.00 12.84 1.99 23.69 0.021 13.04 0.99 25.10 0.034 
8.00 0b . . . 0b . . . 

Baseline 
glucose 
level 

Baseline 
glucose level 

-0.01 -0.28 0.26 0.959 0.10 -0.24 0.43 0.574 

Adrenaline 
response 

Adrenaline 
response 

0.15 -2.81 3.10 0.922 0.06 -3.38 3.50 0.972 

Participants with diabetes 
 

95% Confidence 
Interval 

  
 

95% Confidence 
Interval 

  

Estimate Lower 
Bound 

Upper 
Bound 

p-value Estimate Lower 
Bound 

Upper 
Bound 

p-value 



 
 

Age Age 1.76 -6.25 9.76 0.662 1.90 -7.46 11.26 0.686 
Sex Male  1.89 -1.05 4.83 0.204 1.85 -1.24 4.94 0.236 

Female 0b . . . 0b . . . 
Diabetes  Duration -0.01 -0.13 0.11 0.877 -0.03 -0.17 0.10 0.631 

HbA1c 0.03 -0.12 0.18 0.663 0.02 -0.14 0.17 0.843 
Symptom 
response 

0.04 -0.03 0.11 0.309 0.03 -0.05 0.10 0.481 

 

C. TAP ‐ Flexibility task Univariate Multivariate 
Whole group 

 
95% Confidence 

Interval 
  

 
95% Confidence 

Interval 
  

Estimate Lower 
Bound 

Upper 
Bound 

p-value Estimate Lower 
Bound 

Upper 
Bound 

p-value 

Age Age 0.16 -0.06 0.37 0.158 0.22 -0.05 0.48 0.107 
Sex Male -0.03 -0.11 0.04 0.419 -0.05 -0.14 0.04 0.290 

Female 0b       0b .  .  .  
Sleep Good -0.02 -0.16 0.12 0.742 0.04 -0.13 0.21 0.646 

Fairly good  -0.04 -0.17 0.10 0.603 0.00 -0.16 0.15 0.963 
Fairly bad  0.06 -0.14 0.27 0.546 0.10 -0.12 0.33 0.375 

Bad  0b . . . 0b .  .  .  
EQF 1.00 -0.03 -0.50 0.45 0.906 -0.13 -0.64 0.37 0.600 

2.00 0.05 -0.34 0.44 0.810 0.04 -0.37 0.45 0.848 
3.00 -0.02 -0.37 0.33 0.911 -0.02 -0.39 0.34 0.910 
4.00 -0.04 -0.38 0.31 0.836 -0.02 -0.38 0.34 0.897 
5.00 -0.05 -0.40 0.31 0.791 -0.04 -0.42 0.34 0.841 
6.00 -0.07 -0.42 0.27 0.676 -0.07 -0.43 0.30 0.710 
7.00 0.02 -0.33 0.37 0.903 0.01 -0.35 0.37 0.943 
8.00 0b . . . 0b .  .  .  

Baseline 
glucose 
level 

Baseline 
glucose level 

-0.07 -0.16 0.03 0.174 0.00 -0.01 0.01 0.733 

Adrenaline 
response 

Adrenaline 
response 

        

Participants with diabetes 

Estimate 95% Confidence 
Interval 

  
95% Confidence 

Interval 

 

Lower 
Bound 

Upper 
Bound 

p-value Estimate Lower 
Bound 

Upper 
Bound 

p-value 

Age Age 0.06 -0.18 0.31 0.607 0.09 -0.20 0.37 0.546 
Sex Male  0.04 -0.04 0.13 0.308 0.04 -0.05 0.13 0.389 

Female 0b . . . 0b . . . 
Diabetes  Duration 0.00 0.00 0.00 0.681 0.00 -0.01 0.00 0.549 

HbA1c 0.00 0.00 0.00 0.921 0.00 0.00 0.00 0.811 
Symptom 
response 

0.00 0.00 0.00 0.145 0.00 0.00 0.00 0.244 

  



ESM Figure 1. Flowchart 

19 Excluded 
3 Hypertension 
4 MDRD < 60ml·min-1·1.73 m·' 
3 Medication not allowed 
4 No date found 
3 HbA,c > 42 mmol/L in 

controls 
1 pro. Retinopathy 
1 pregnancy 

21 TlDM- IAH 

471 approached 

301 didn' t want to 
t--------------.i participate 

130 screened 

111 included 

t------------- -.i 

15 T2DM 

40 were not eligible 

17 Drop-out 
9 Resigned 
3 COVID 
3 lnfusion not possible 
1111 
1 Fertilit y t reatment 



 
 

 
 

ESM Figure 2. Baseline & Hypoglycemia – shows the baseline (left) and 
hypoglycemic (right) results per subgroup for A. Paced auditory serial addition test 
(PASAT), B.TAP Alertness task, C. TAP Working memory task and D. TAP Flexibility 
task. *p < 0.05 and **p < 0.01 versus baseline type 1 controls. 
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ESM Figure 3. Effect of hypoglycemia on cognitive function in participants with type 
1 diabetes for A. Paced auditory serial addition test (PASAT). B. TAP - Alertness 
task. C. TAP - Working memory task. D. TAP - Flexibility task. NAH denotes normal 
awareness of hypoglycemia, IAH impaired awareness of hypoglycemia. Values 
presented as mean (95%CI). * p < 0.05.
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