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Abstract

Objective. Hypoglycemia management requires a high degree of risk estimation of people with
type 1 diabetes. Wrong perception of diabetes management can hamper accurate assessments of
hypo- and hyperglycemia risks. It is unknown whether men and women differ in their perception
of glycemic control parameters, and how this relates to actual glycemic control. To assess this,
we compared 14-day continuous glucose monitoring (CGM) and self-rated glycemic control

between men and women with type 1 diabetes.

Research Design and Methods. A objective to subjective diabetes management-index was
calculated by formulating a ratio between time spent in target glycemic range (in tenth
percentiles, TIR; 3.9-10.0 mmol/L) and self-rated glycemic control (on a scale of 0-10 in 496
participants (63.5% female, age 41.0+14.0years). Next, we formulated a hypo-estimation-index

with CGM assessed hypoglycemia and self-reported hypoglycemia (both events per week).

Results. Men and women had similar TIR (66.0% [IQR 52.0- 80.0] vs. 66.0% [51.0-80.6],
p=0.78) and HbAlc (54.3+13.2 vs. 56.2+11.5 mmol/mol, p=0.085). However, on average men
rated their diabetes management significantly higher than their objective TIR (31%, p <0.001)
whereas women rated slightly below their TIR (3%, NS). Men and women reported similar
numbers of hypoglycemic events, while CGM revealed men had more time below range, longer
hypoglycemia duration (57.0 [29.0-91.0] vs. 64.0 [34.3-100.0], p=0.078) and experienced more
frequent hypoglycemic events compared to women (3.0 [1.0-6.0] vs. 3.0 [1.0-5.0] events/7 days,
p=0.046). These discrepancies in diabetes regulation indexing remained significant after

adjustment for various confounders.



Conclusion. Women estimate their glycemic control more accurate, where men overestimate
their diabetes management relative to their TIR and underestimate their frequency of

hypoglycemia, which could have significant health implications.

Supplementary Methods

Participant recruitment

This study was conducted within the 'GUTDMI1' cohort in the Netherlands, details of which have
been previously described (1, 2). To be eligible, individuals had to be over 18 years old, already
wearing or willing to wear a CGM and have type 1 diabetes. Ethical approval was obtained from
the local medical ethics committee of the Amsterdam University Medical Centre (Dutch central
commission of human research number: NL73189.018.20) in accordance with the declaration of
Helsinki. Those who had undergone total colectomy prior to the study were excluded because of
a focus on the microbiome. Type 1 diabetes diagnosis was based on the EASD/ADA guidelines

(3) and 496 participants met the eligibility criteria to be included in the main analysis.

Data and sample collection

Prior to the study visit, participants completed questionnaires regarding their overall health,
lifestyle and diabetes-related characteristics. This included information on diabetes duration, and
use of insulin and other medication. To assess the impact of type 1 diabetes on quality of life we
asked participants during the study visit to rank how much diabetes controlled their life on a
scale from 0 to 10, with 0 defined as not at all and 10 defined as type 1 diabetes has taken
complete control of my life. To include social economic status in the analysis, we used a
composite score of wealth, education and employment status of participants based on their 4-

digit postal code (4, 5).



Complications were assessed through validated questionnaires for retinopathy, neuropathy, and
cardiovascular disease (CVD) (6-8). CVD was specifically defined as myocardial infarction,
ischemic stroke, or symptomatic peripheral arterial disease. To assess neuropathy, the Michigan
Neuropathy Screening Instrument was used with a cut-off of >4 for neuropathy. To establish
retinopathy, we used a binary outcome of present /not present and did not report severity. On the
day of the visit, blood pressure, height, and weight were measured. The GOLD score by Clarke
et all. was used to measure impaired hypoglycemia awareness, categorized as a GOLD score <3

indicating intact awareness and >4 indicating impaired awareness (9).

CGM-metrics and insulin administration

To assess glycemic control, participants collected CGM data over the 14 days leading up to the
study visit. Active glucose sensor time had to be over 90%. Using standardized algorithms by the
CGM providers, CGM-metrics were calculated, including time below range, time in range, time
above range, glucose coefficient of variation (CV), and the quantity and duration of
hypoglycemic events. Following the guidelines, CGM-metrics were defined as time in range
representing glucose concentrations between 3.9 mmol/L and 10 mmol/L, time above range
indicating levels above 10 mmol/L, and time below range reflecting glucose levels below 3.9
mmol/L. Clinical targets for good glycemic control are set as more than 70% time in range, less
than 25% time above range and less than 5% time below range (10, 11). Participants used
different methods of insulin administration, including insulin pens, manually adjusted pump
therapy, predictive low-glucose suspend pump therapy, hybrid closed-loop therapy, or an open-

source artificial pancreas system (Supplementary Table 1).



Subjective diabetes management metrics and objective-subjective indexing

Participants rated how well their diabetes was managed on a 0 to 10 scale, where 0 was defined

as worst possible, and 10 as perfect.

To investigate the difference between self-rated glycemic control and CGM metrics, we
calculated a diabetes management index. This index is derived by dividing self-rated glycemic

control by time in range and normalizing it to a scale of 0 to 10 [19]:

: , B Self-reported diabetes management
Diabetes management-index = [CGM measured time in range /10]

When the diabetes management-index was 1 (ergo the subjective glycemic control was the same
as objective time in range), participants estimated their level of glucose control 100% accurate,
i.e., their subjective perception of glycemic control completely reflected their time in range as

measured by CGM (Supplementary Figure 1).

A diabetes management index of 1 indicates that participants' self-assessments of glycemic
control accurately reflect their CGM-measured time in range, meaning their subjective
perception aligns with the objective data (Supplementary Figure 1). Participants overestimated
their glycemic control when they had a diabetes management-index above 1, meaning that they
self-rated their glycemic control as better than that measured by CGM. This state is commonly
referred to in the social literature as “overconfidence” ( Supplementary Figure 1) (12).

Participants underestimated their diabetes management when they had an index below 1,



meaning they self-rated their diabetes management lower than their GCM time in range

(commonly referred to as “under confidence”) (12).

A hypo-estimation-indexwas calculated to assess the difference between measured hypoglycemia

frequency and self-reported hypoglycemia frequency per week. The index was calculated by the

formula:

/ \
Hypo-estimation- I [ Self-reported hypoglycemic events + 1

\ CGM measured hypoglycemic events + 1 |
index: A\ /

To account for scores of zero and achieve a normal distribution in the dataset, we added +1 to all
values, the hypo-estimation-indexwas In-transformed using the natural logarithm +1. Therefore,
a hypo-estimation-index of 0 was the most accurate. Scores below 0 expressed self-reported
underestimation of the number of hypoglycemic events the CGM recorded and scores above 0
expressed a self-reported overestimation of the number of hypoglycemic events the CGM
recorded. By adding +1 to all values, this ratio is a conservative estimate of over- and

underestimation of hypoglycemia frequency.

Laboratory Analysis

Glycated Hemoglobin Alc (HbAlc) was measured in fasted peripheral blood during the study
visit, along with lipid spectrum (including total cholesterol, LDL-cholesterol, HDL-cholesterol

and triglycerides), kidney function and liver biochemistry. Urine samples were collected in boric



acid tubes and kept at room temperature for a maximum of 24 hours and subsequently stored at -
80°C until analysis. To assess diabetic kidney disease the median of the Albumin to Creatinine

ratio in our set (0.37 mg/mmol) was used.
Plasma Urinary C-peptide creatinine ratio and plasma glucagon to glucose ratio

The Urinary C-peptide creatinine ratio (UCPCR) was measured in nmol/mmol, by
electrochemiluminescence immunoassay and analyzed with the Roche P800 platform as a non-
invasive, well-validated marker of residual B-cell function (13, 14). Fasting plasma glucagon was
measured with the Mercodia human glucagon ELISA kit (10-1271-01). The detection limit for
the fasting plasma glucagon was < 1.5 pmol/L. To account for the suppression of glucagon levels

by plasma glucose levels, a plasma glucagon to glucose ratio was calculated (1).

Statistical Analysis

Statistical analysis was performed using Rstudio version 4.3.3 with Tidyverse and ggplot2. To
assess whether clinical characteristics differed between women and men, a * test or Mann
Whitney U test was performed, as appropriate by the distribution and type of outcome data, the
frequency of the expected cell count and exclusivity of the variables. Spearman correlations were
performed to assess the correlation between time in range, self-reported diabetes control, self-
reported number of hypoglycemic events, CGM reported number of hypoglycemic events and
time below range. The rho of the sample estimates was reported and to test for interaction of the
correlation coefficients and sex a multiple regression model was performed between self-rated
glucose control and time in range and hypoglycemia and self-reported hypoglycemia with sex as

an interaction term. To investigate the association between sex and the diabetes management



index or the hypo-estimation-index we used a linear regression model, after confirming that the
residuals of the data followed a normal distribution (assessed using histograms and QQ plots)
and that relationships with quantitative predictors were linear. We calculated a residuals vs. fitted
values plot and found the variance of both the diabetes management index and the hypoglycemia
index were homogenous, when split by sex. We performed Ln transformation on the diabetes
management index to reduce the potential impact of outliers and the hypo-estimation-index to
achieve a normal distribution to incorporate them in a linear model. We calculated adjusted risk
ratios (RR) using modified Poisson regression of a linear model for the association between the
diabetes management index and retinopathy and CVD. We calculated adjusted risk ratios from
spline models when they fitted better than a linear model and reported the adjusted RR with 95%
confidence interval (CI) of the quantitative risk factor at the 50 percentile. Natural splines were
fitted with 4 knots to balance the risk of overfitting with the need for flexibility given our sample
size. The knots were placed at the 5th, 35th, 65th, and 95th percentiles, as suggested by
Helmreich et all (15). If an outcome was logtransformed in the linear model the results reported
the geometric mean ratio (GMR) estimates and the 95% CI by exponentiating the beta coefficient
and the confidence interval. All potential confounders that require conditioning were selected by
directed acyclic graph (Supplementary Figure 2). We corrected the associations between the
diabetes management index, the hypo-estimation-index and sex for age, BMI, duration of type 1
diabetes, islet hormones, type of CGM and insulin delivery method (1, 16). No outliers were
identified as all participants were within the range of biological possibility of hypoglycemic
events and time in range/time below range. P-values were reported with two significant digits or

as <0.0001 if less than 0.0001.



Characteristics of the study population.

The mean age of the study population was 40.0+14.0 years and median age of type 1 diabetes
onset 20.0 years [IQR 13.0, 31.0], with 63.5% being female and the median BMI being 24.6
kg/m? [IQR 22.6, 27.4]. The participants had a median diabetes duration of 15.0 years [IQR 6.0-
29.0] and a mean HbAIc of 55.6+£12.2 mmol/mol. Individuals had an average insulin dose of
0.50 U/kg/day [IQR 0.37, 0.65], and 49.5% used an insulin pump and 75.4% used a Freestyle
Libre 2 CGM. Regarding CGM-metrics, individuals had a median time in range of 66% [IQR 52,
80%], time below range of 2% [IQR 1.0, 4.0], time above range of 29% [IQR 16.0, 45.0] and a
mean CV of 34.0+7.9%. The median diabetes management-index was 0.96 [IQR 0.81-1.16] and

the median hypo-estimation-index was -0.50 [IQR -0.96- 0.00].

Associations between sex, islet function and hypoglycemia and the diabetes management-

index.

To rule out that the gap between self-rated diabetes management and time in range in men,
which was not present in women, could be attributed to biological factors, we corrected the
association of the diabetes management-index and sex for endogenous insulin production, fasting
glucose levels and glucagon production. These corrections made the association between
diabetes management and sex slightly stronger (GMR men relative women 1.52 [CI 1.02, 1. 95]),
whereas the association between the hypo-estimation-index and sex attenuated and was no longer

significant (-0.77, [CI -0.76, 1.15]).

Sex differences in diabetes management index and prevalence of neuropathy, retinopathy,

cardiovascular disease, and albumin to creatinine ratio

10



Next, we aimed to investigate whether a higher diabetes estimation index was associated with a
higher prevalence of diabetic complications. Participants with a higher diabetes management-
index had more retinopathy (RR 1.43, CI 95% [1.05-1.94]) and a higher albumin to creatinine
ratio (Beta per point diabetes management index 0.03 95% CI [0.00-0.18]), regardless of sex and
diabetes duration. This persisted after adjusting for established risk factors including age,
duration of type 1 diabetes, BMI, smoking, systolic blood pressure, and LDL cholesterol. In
multivariable analysis, we found no significant differences in the prevalence of retinopathy (RR
in men 0.94, 95% CI [0.58-1.49]), neuropathy (natural spline RR, quantitive predicter diabetes
management index, 1.27, 95% CI [0.91-1.75]), albumin to creatinine ratio (Beta per unit 0.07,
95% CI [-1.46 to 1.60]) or cardiovascular disease (RR 0.95, 95% CI [0.59 — 1.45]) between men
and women. Since age and diabetes duration are major drivers of diabetic complications, we first
investigated correlations between the diabetes management-index and age and diabetes duration.
We did not find a correlation with the diabetes management index and age, while there was a
significant correlation between longer diabetes duration and a higher diabetes management-index

(1= 0.249, p<0.0001).

The impact of CGM use, age and age of menopause on self-reported versus measured

diabetes management

In a subset analyses of men and women we found that men without real time CGM and without
insulin pump were the most overconfident (GMR without real time CGM 1.18 [CI 1.08 to 1.29]
& GMR without pump 1.19 [CI 1.08 to 1.31]). When adjusting the association between the
diabetes management-index and age for diabetes duration, we found that younger participants
were significantly more prone to overestimate their diabetes management than older participants,

regardless of sex (GMR per year of age 0.99, 95% CI [0.99 to 1.00]). However, when adjusting

11



the association between the diabetes management index and sex and the hypo-estimation-index
and sex for age, both associations remained (Diabetes management-index GMR for men relative
to women 1.43 [95% CI 1.02-1.99] & hypo-estimation-index GMR for men relative to women
0.85[95% CI1 0.73 to 0.99]). To investigate whether prevalence of menopause effected the
difference in diabetes management-index between men and women, we performed a sensitivity
analysis above and below 50 years of age. Both sensitivity analyses showed an overestimation of
the diabetes management index in men relative to women (participants above 50 (GMR for men
relative to women 1.13, 95% CI [1.03 to 1.23]), and below 50 years (GMR for men relative to
women 1.22, 95% CI [1.04 to 1.25]). To account for early and late menopause, additional subset
analyses were performed that displayed similar results, above (GMR for men relative to women
1.13,95% CI [1.03 to 1.24]) and below 40 (GMR for men relative to women 1.20, 95% CI [1.07
to 1.35]) and above (GMR for men relative to women 1.18, 95% CI [0.99 to 1.42]) and below 60

(GMR for men relative to women 1.15, 95% CI [1.07 to 1.26]).
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Supplementary Table 1. Participant characteristics

Women* Men*
N (%) 316 180 p-value
Age - years 38.50 (27.0-52.0) 42.0 (32.0-56.0) 0.020
BMI - kg/m2 24.7 (22.6-27.7) 24.5(22.6-26.7)  0.60
Duration of T1D - years 14.50 (6.0-27.0) 17.0(6.0-29.3)  0.45
Time in range - % 67.0 (52.0-80.0) 66.0(51.0-80.4) 0.66
Time above range - % 29.0 (16.0-45.0)  30.0 (15.25-45.0) 0.95
Time below range -% 2.0 (1.0-4.0) 2.0 (1.0-5.0) 0.028
CV -% 33.6+7.7 34.7+8.3 0.18
HbA1c - mmol/mol 56.2+11.5 54.3+13.2 0.085
Fasting Glucose -mmol/L 8.6 (6.8-11.0) 8.0 (6.3-10.4) 0.045
UCPCR - nmol/mmol 0.01 (0.0-0.48)  0.00(0.00-0.38) 0.37
Fasting C-peptide - nmol/L 0.05 (0.05-0.09)  0.05 (0.05-0.07) 0.37
Fasting Glucagon - pmol/L 3.23 (1.93-5.25) 3.56(2.32-5.45) 0.096
Glucagon/glucose ratio 0.36 (0.22-0.60)  0.43 (0.28-0.72)  0.006
Insulin pump - Yes (%) 81 (56.1) 30 (39.7) 0.001
Insulin pump — Type 0.010
No 141 (43.9) 109 (60.3)
Manual 107 (34.6) 46 (26.7)
Predictive Low-Glucose Suspend 3 (1.0) 2 (1.1)
Hybrid closed loop 53 (16.7) 16 (8.9)
DIY closed loop 12 (3.8) 6 (3.3)
Insulin/24-hours - U 34.6 (24.1-48.0)  43.0(30.0-57.2) <0.0001
Insulin morning - U 4.0 (0.0-8.0) 6.0 (3.0-10.0) <0.0001
Insulin afternoon - U 5.0 (0.0-9.0) 7.0 (4.0-10.50)  <0.0001
Insulin night - U 6.0 (0.0-10.0) 9.0 (4.0-12.0) <0.0001
Self-reported DM burden- 1-10 scale [6.94+2.1 6.1+£2.1 <0.0001

13



DM control - 1-10 scale 6.0 (5.0-7.0) 7.0 (6.0-8.0) 0.0010
CGM reported number of 3.0 (1.0-6.0) 0.046
Hypoglycemic events — per week 2.0 (0.7-5)

Duration of Hypoglycemic events - min [57.0 (29.0-91.0)  64.0 (34.3-100.0) 0.078
Self-reported number of hypoglycemic

events- per week 3.0 (1.0-5.0) 3.0 (1.0-4.0) 0.83
CGM sensor type- % 0.031
Dexcom G6 17 (12.6) 3(9.4)

Freestyle Libre 2 117 (71.2) 61 (81.8)

Medtronic Guardian 3 24 (16.2) 8 (8.8)

GOLD score - 0-7 scale 1.00 (0.0-3.00) 1.50 (0.0-3.00)  0.43
Smoking -Yes (%) 27 (8.7) 23 (12.8) 0.19
Social economic status score 0.11+0.21 0.10+0.21 0.74
Daily alcohol intake - U/day 0.14 (0.0-0.61) 0.57 (0.14-1.14) <0.0001
Albumin-to-creatinine ratio- U 0.34 (0.0-0.83) 0.42 (0.0-0.86)  0.22
Retinopathy - Yes (%) 100 (31.5) 64 (35.2) 0.46
Neuropathy - Yes (%) 49 (15.6) 20 (11.2) 0.049
CVD - Yes (%) 55 (17.3) 34 (17.8) 0.99
Systolic BP - mmHg 126.3+16.8 135.2+15.8 <0.0001
Co-medication (any, %) 128 (40.4) 88 (49.4) 0.063
Total cholesterol - mmol/L 4.78+0.87 4.56+0.94 0.009
LDL - mmol/L 2.57 £0.78 2.60+0.83 0.68
HDL - mmol/L 1.89+0.46 1.61+0.38 <0.0001
Triglyceride - mmol/L 0.58 (0.43-0.82) 0.66 (0.48-0.90) 0.054

The presented values are shown as mean +standard deviation; median and interquartile range
(01, O3), or frequency (percentage), as appropriate.

Missing values, n (%) per variable: Age 0 (0), BMI 0 (0), Duration of T1D 0 (0), Time in range 0
(0), Time above range 0 (0), Time below range 0 (0), CV 38 (7.6), HbAlc 2 (0.4), Fasting
Glucose 1 (0.2), UCPCR 5 (1.0), Fasting C-peptide 2 (0.4), Fasting Glucagon 38 (11.9),
Glucagon/glucose ratio 38 (11.9), Insulin pump 0 (0), Insulin/24-hours 1 (0.1), Insulin morning
1 (0.2), Insulin afternoon 1 (0.2), Insulin night 1 (0.2), Self-reported DM burden 0 (0), DM
control 0 (0), Number of Hypoglycemic events 0 (0), Duration of Hypoglycemic events 0 (0),
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Self-reported number of hypoglycemic events 1 (0.2), CGM sensor type 16 (3.2), GOLD score 5
(1.0), Smoking 0 (0), Social economic status score 9 (1.8), Daily alcohol intake 0 (0), Albumin-
to-creatinine ratio 2 (0.4), Retinopathy 1 (0.2), Neuropathy 7 (1.4), CVD 0 (0), Systolic BP 31
(6.3), Co-medication 0 (0), Total cholesterol 1 (0.2), LDL 1 (0.2), HDL 1 (0.2), Triglyceride 1

0.2)

“Mean + SD values were compared using Student’s t test, median (IQR) values were compared
using Mann—Whitney U test and n (%) values were compared using 2 test

bThe socioeconomic score is a composite of wealth, employment and income per four-digit zip
code and is extracted from Statistics Netherlands (CBS); by definition, the average in the
Netherlands is 0
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Supplementary Table 2. The correlation between self-rated and objective diabetes management,

and self rated and measured

Spearman®® Women Men Interaction
P value

—(0- sk
self-rated management vs. r=0-56 r=0-461%**

[95% CI 050—062] pinteraction:0'037

objective TIR [95% CI 0-39-0-53]
self-reported hypoglycaemic
events vs. CGM-measured r=0-610%* r=0-544%** _ 00001
number of hypoglycaemic | [95% CI 0-55-0-66] [0-48-0-60] Pinteraction
events
self-reported hypoglycaemic r=0-582%** r=0-493%** _ 00001
events vs. TBR [95% CI 0-52-0-64] | [95% CI 0-42-0-56] | Pmerection

“Spearman correlations to assess the correlation between time in range, self-reported diabetes
control, self-reported number of hypoglycemic events, CGM reported number of hypoglycemic
events and time below range.

bThe rho of the sample estimates was reported to test for interaction of the correlation

coefficients. *** = p<(0.0001

Supplementary Table 3. Geometric mean ratio between self-rated and objective diabetes

management
Diabetes management index Hypo estimation index
GMR (95% CI) GMR (95% CI)
Model 1 1-16 [95% CI 1-:08—1-24] 0-84 [95% CI 0-72—-0-99]
Model 2 1-16 [95% CI 1-07-2-25] 0-84 [95% CI1 0-71-0-99]

This table depicts geometric mean ratio (GMR) in diabetes management index between for men
relative to women. Model 1 is the unadjusted analyses, Model 2 is adjustment for diabetes

duration, age, BMI, residual islet function, amount of insulin, insulin mode of delivery, and CGM

type.
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Supplementary Figure 1 The over-/underestimation method used to calculate the diabetes management index. When the Diabetes Management
Index was 1, participants estimated their level of glycaemic control 100% accurately, i.e. their subjective perception of glycaemic control fully
reflected their time in range as measured by CGM. If the index was higher than 1 participants’ estimation of their glycaemic control was higher

than their time in range.

Diabetes management index <1
Underestimation
(Underconfidence)

Self-rated glucose control (0-10)

Time in euglycaemic range(0-100%, per 10%)
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Supplementary Figure 2 Directed acyclic graph of all potential confounders that require conditioning.

. A 3 .
Diabetes duration

Diabetes anagement Index

Residual islet function

BMI

Hypoglycemia Index
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