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Abstract

Aims Diabetes mellitus is one of the largest global health concerns of recent times. Women with diabetes mellitus have a
higher excess risk of all-cause mortality and more vascular events than men. Focusing on type 1 diabetes, this could be caused
by gender inequalities in delivered diabetes care. This study aims to assess gender differences in type 1 diabetes outpatient
care, particularly diagnostics and outcomes.

Methods This cross-sectional cohort study included all adult type 1 diabetes patients in the Dutch Pediatric and Adult Reg-
istry of Diabetes (DPARD) visiting diabetes outpatient clinics between 2016—2021. The frequency of process measurements,
including physical examination and laboratory testing, was assessed among both sexes after adjustment for age and body mass
index. Gender differences in eGFR > 60, BMI-, and control in blood pressure and LDL-cholesterol were evaluated. Hospital
variation in achieving HbA lc targets of 53 mmol/mol and median HbAlc were assessed. Cardiovascular risk scores were
calculated in men and women using the Systematic Coronary Risk Evaluation (SCORE) European low-risk chart.

Results Our study showed a 17% higher odds of reaching weight control and a 23% lower odds of achieving blood pressure
targets in men than women. Gender-skewed cardiovascular mortality risk scores were found. Gender disparities in outcomes
appear not to be caused by gender-biased attitudes in healthcare professionals since no gender differences were found in
the performance of process measurements in type 1 diabetes care. In addition, hospitals appear to vary by extent of gender
differences in achieving a target HbAlc of 53 mmol/mol.

Conclusion Gender equality exists in the diagnostic process of diabetes care. However, differences in weight control, blood
pressure control, and cardiovascular mortality risk scores remain between both sexes, most likely due to multifactorial causes.
Indications for interhospital variation in gender disparities in HbA 1c control exist. Further focus on performance of process
measurements between hospitals may identify areas for improvement of gender-skewed outcomes to further enhance Dutch
diabetes care for both sexes.
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Introduction

Diabetes mellitus is one of the largest global health concerns
of recent times, with a staggering financial burden of USD
Managed by Antonio Secchi. 760 billion in 2019 and an expected rise in the decades to
come [1]. The grave cardiovascular consequences of dia-
betes pose a need for more effective options to treat and
prevent cardiovascular complications. There is accumulating
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diabetes have a roughly 40% greater excess risk of all-cause
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vascular events than men [2]. Furthermore, in women, the
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of age resulted in an additional loss of 3,5 years on top of
the 14.2 lost life years in men [3].

Gender differences in diabetes care have been found in
target achievement of diabetes, cardiovascular risk factor
assessment and management, and quality of diabetes care
parameters. Multiple studies have found worse glycemic
control in women with type 1 diabetes than men, yet women
are more likely to use an insulin pump and have higher rates
of intensive insulin therapy [4]. Women show a higher rate
of hypoglycemia [5]. Moreover, overweight and obesity are
more prevalent in patients with female sex. In 1991, the
Yentl syndrome was postulated to describe women with
coronary artery disease being underdiagnosed and under-
treated [6]. Since then, multiple studies have shown a gender
gap along the entire spectrum of cardiovascular medicine,
leading to poorer treatment outcomes and a more adverse
prognosis in women than men [7]. Despite the wide atten-
tion paid to this phenomenon, the Yentl syndrome is still
very much alive three decades later. In women, risk factors
for cardiovascular disease are assessed less frequently com-
pared to their male counterparts [8]. In addition, women
are less likely than men to receive lipid-lowering therapy
and antithrombotic therapy for primary and secondary pre-
vention of cardiovascular disease [9]. Furthermore, dyslipi-
demia control is achieved less in female patients [4]. Not
surprisingly, gender differences are also ubiquitously pre-
sent in patients with diabetes mellitus. In type 2 diabetic
outpatients, women have a lower quality of care [10]. Fur-
thermore, women have higher out-of-pocket and healthcare
expenditures compared to men [11]. While valuable in their
own right, these gender-skewed associations found in diabe-
tes care are scattered across the scientific landscape.

Up until now, studies examining the diabetes care process
concerning gender were focused mainly on type 2 diabetes,
yet a gender gap in outcomes and prognosis unequivocally
exists in type 1 diabetes [2, 4]. This makes gender differ-
ences in the care process of type 1 diabetes patients quite
likely, yet current data on process parameters in type 1 dia-
betes is scarce [4].

Using a nationwide clinical diabetes registry, this study
aims to assess whether gender differences exist in the pro-
cess of type 1 diabetes outpatient care, and to examine if
treatment patterns and clinical outcomes differ between
sexes.

Methods
Study population
The Dutch Pediatric and Adult Registry of Diabetes

(DPARD) is a national quality registry of adult and pediat-
ric patients with diabetes mellitus treated in secondary and
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tertiary outpatient care across the Netherlands [12]. The
registry was launched in 2017 by the BIDON foundation,
a Dutch nationwide consortium of diabetologists, pediat-
ric endocrinologists, and diabetes patients. DPARD is gov-
erned by the Dutch Institute for Clinical Auditing (DICA),
known for facilitating nationwide audits in a uniform format.
Exclusion criteria for DPARD are gestational diabetes and
treatment of diabetes mellitus in primary care. Data are col-
lected directly from electronic health records of participating
hospitals and entered into batch files, which are a series of
data. Batches are uploaded to Medical Research Data Man-
agement (MRDM) [13], a trusted third party responsible
for securely processing and storing data compliant with
all Dutch and European privacy laws. Each year, hospitals
deliver data about the preceding year, thus including data
from 2016 onwards. All data are encrypted directly after
entry to prevent data from being traced back to individual
patients. Unique non-traceable identification numbers are
assigned to every patient to allow for follow-up over time.
According to Dutch and European Privacy Protection laws,
no ethical approval or informed consent was required, as
DPARD is primarily designed to assess and improve the
quality of care. Hospitals must inform diabetes patients on
DPARD participation and the possibility of withdrawing
participation. Up until now, patients have not withdrawn
participation. In this cross-sectional cohort study of obser-
vational nature, we included all adult patients (> 18 years)
with type 1 diabetes who visited Dutch diabetes outpatient
clinics between January 1, 2016, and January 1, 2021, allow-
ing for a maximum of five years of follow-up in individual
patients. Patients with no outpatient visits during these years
and patients without known type 1 diabetes were excluded.
Classification data was missing at random as a relation
between entering diabetes classification into electronic
health records, and diabetes type itself is highly unlikely.

Data collection

The DPARD dataset includes 141 parameters concerning
patient and disease characteristics, process parameters used
in the diagnostic process and follow-up, complications,
comorbidity, and treatment. Age at the last outpatient visit
was used. Diabetes mellitus is diagnosed according to the
American Diabetes Association (ADA) and International
Society for Pediatric and Adolescent Diabetes (ISPAD)
guidelines [14, 15]. Diabetes type is derived from the
clinical classification entered in electronic health records
by medical professionals. We assessed process measures
expressed as percentages of patients who underwent the
reported diagnostic procedure systematically aiming for at
least once during the previous 12 months. Process param-
eters analyzed were lifestyle advice, physical examination,
BMI measurement, blood pressure, foot examination, eye
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examination, laboratory testing, HbAlc-, lipid-, kidney
function-, antibody- and MODY testing. In addition, we
assessed intermediate outcome measures, defined as short-
term endpoints associated with long-term outcomes, includ-
ing BMI <30 (kg/m?), blood pressure < 130/80 mmHg,
HbA1c <53,<64, and <86 mmol/mol (respectively, up
and until 7, 8 and 10%), LDL-cholesterol < 2.6 mmol/l and,
eGFR > 60 ml/min. BMI was calculated as weight in kilo-
grams divided by height square in meters, using a cutoff
value of 25 kg/m? for overweight and 30 kg/m? for obesity.
In patients with multiple outpatient visits during one calen-
dar year, the last outpatient visit in this year was considered.
Furthermore, we evaluated the outcome 10-year risk of a
cardiovascular event in all adult patients with type 1 in our
database using the Systematic COronary Risk Evaluation
(SCORE) European low-risk chart as the closest reflection of
the Dutch setting.[16] The SCORE risk score is considered
an outcome.

The rationale for choosing the SCORE chart is its validity
and close proximity to the Dutch population, its generaliz-
ability since the population on which the chart was validated
included diabetes patients, and its feasibility on our data.
Median SCORE-risk scores of all imputed datasets were
calculated for each patient. Finally, we evaluated the propor-
tion of patients achieving HbA 1¢ targets of up and including
53 mmol/mol by hospital and in median HbA 1c¢ per hospital
in mmol/mol. Missing values were not included in the calcu-
lation of the median HbAlc. Medical centers were numbered
in ascending order of patient volume to prevent disclosing
hospital identity; the centers were subdivided into academic
hospitals (tertiary care) and non-academic treatment centers
(secondary care and private care clinics).

Statistical analysis

Descriptive statistics including median and range were used
to assess patient, disease, and treatment characteristics. Due
to the non-parametrical distribution of our data, medians
and ranges were used for descriptives. Rates of missing data
were shown in tables or described in the results. Missing
data were included in all analyses unless mentioned other-
wise. Both present data and missing data were analyzed on
gender differences as this could also provide insight into
the variation in the diabetes care process among men and
women. Multiple imputation was used for missing body
mass index, smoking status, systolic blood pressure, and
total cholesterol. After adjustment for age and body mass
index, odds ratios at receiving process parameter measure-
ments were calculated among men and women using logistic
regression analysis. Age and BMI were chosen as adjust-
ing factors, since there were significant differences between
men and women in age and patients with a BMI up and
above 30 kg/m?. Odds ratios for physical examination, BMI

measurement, MODY testing, and BMI <30 kg/m2 were
only adjusted for age due to multicollinearity with BMI.
Statistical analyses were performed using SPSS (IBM SPSS
Statistics for Windows, version 26.0) and R (RStudio, ver-
sion 1.4.1106).

Results

Between November 2017 and January 2021, 22,692 patients
were included in DPARD. Patients were treated across eight
medical centers (two tertiary care centers, five secondary
hospitals, and one independent diabetes treatment center),
comprising approximately 11% of all Dutch general hos-
pitals with a level of care distribution representative of all
diabetic outpatients in the Netherlands. Diabetes classifica-
tion was not provided in 37.0% of adult men and 44.1%
of adult women. Among adult men with known diabetes
type, 40.7% was diagnosed with type 1 diabetes, 58.0% with
type 2, and 1.3% with secondary or other causes of diabetes
mellitus. In adult women, 41.3% had type 1 diabetes mel-
litus, 57.7% type 2, and 1.0% was diagnosed with second-
ary diabetes mellitus or other causes. From January 2016 to
January 2021, 4,655 patients with confirmed type 1 diabetes
visited the outpatient clinic at least once. Of these patients,
559 were treated in tertiary care and 4096 in secondary-care
centers.

Table 1 shows the characteristics of type 1 patients
included in DPARD by gender, comprising 2,489 male
and 2,166 female patients. Women were younger than male
subjects (37.0 vs. 42.0 years), while diabetes duration was
similar with 15.0 and 16.0 years, respectively. Percent-
ages of missing data varied from 0% in age and sex up to
66.5% in glucose-lowering treatment among female type 1
patients. Median BMI was comparable in women and men
(25.3 vs. 25.0 kg/m?), (mean BMI 25.3 vs. 25.6 kg/m?).
Blood pressure was measured equally in men and women,
with higher median blood pressure values in men compared
to women (131/77 vs. 126/75 mmHg), (mean blood pres-
sure 132/77 vs. 128/74 mmHg). Women had higher HDL
cholesterol levels of 1.7 mmol/l against 1.4 mmol/l in men.
Males had slightly higher creatinine values than females
with 77.0 and 65.0 umol/l, respectively, and equal levels of
albuminuria. HbA 1c levels were similar between both sexes,
with 60.7 mmol/mol in men and women, (mean HbAlc
63.2 mmol/mol in both sexes). The distribution of insulin
use and oral glucose-lowering treatment were equal between
both groups. Percentages of missing values on glucose-low-
ering treatment varied between male and female patients
(17.3 vs. 30.3% missings). In Table 1 of the supplementary
materials the effect of COVID-19 on the follow-up of adult
type 1 patients is made visible. Patients visiting the outpa-
tient clinic during the COVID pandemic were older (47.0
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Table 1 Study characteristics
of type 1 patients included in
DPARD from 2016 up to 2021
by sex

vs. 36.0 years, p <0.001), had shorter diabetes duration (9.0
vs. 17.0 years, p<0.001). In contrast, BMI was comparable

All Male Female p value
(n=4,655) (n=2,489) (n=2,166)
Age (years) 40.0 (18.0-97.0) 42.0 (18.0-90.0) 37.0 (18.0-97.0) 0.001
Male sex (%) 53.5 <0.001
Diabetes duration (years) 15.0 (0.0-78.0) 16.0 (0.0-78.0) 15.0 (0.0-77.0) 0.320
unknown (%) 1.7 2.9 0.4 <0.001
Smoking status
smoker (%) 10.5 12.7 8 <0.001
non-smoker (%) 514 514 51.3 0.993
unknown (%) 38.1 359 40.7 0.028
BMI (kg/m2) 25.2 (10.0-47.1) 25.3 (10.0-44.5) 25.0 (10.0-47.1) 0.724
<20 (%) 5.7 54 6 0.423
20-24 (%) 26.8 26.5 27.1 0.778
25-29 (%) 253 28.9 21.2 <0.001
>30 (%) 9.6 7.4 12.2 <0.001
unknown (%) 32.6 31.8 335 0.384
Blood pressure
systolic (mmHg) 129 (65-215) 131 (82-211) 126 (65-215) <0.001
diastolic (mmHg) 76 (40-118) 77 (49-114) 75 (40-118) <0.001
unknown (%) 45 44.6 45.5 0.546
Cholesterol
HDL-c (mmol/l) 1.5 (0.4-4.0) 1.4 (0.4-3.9) 1.7 (0.6-4.0) <0.001
unknown (%) 33.8 31.9 36.1 0.003
LDL-c (mmol/l) 2.6 (0.4-6.5) 2.6 (0.4-5.7) 2.6 (0.4-6.5) 0.959
unknown (%) 36.1 342 38.2 0.006
Kidney function
creatinine (umol/l) 72.0 (26.0-789.0) 77.0 (35.0-789.0)  65.0 (26.0-719.0) <0.001
unknown (%) 29.1 27.3 31.3 0.003
albuminuria (mg/1) 6.0 (0.1-5555.0) 7.0 (0.1-5555.0) 6.0 (0.2-3406.0) 0.051
<20 (mg/l) 35.8 36.4 352 <0.001
20-200 (mg/1) 7.7 8.6 6.6 0.022
>200 (mg/l) 1.8 2.0 1.6 0.438
unknown (%) 54.7 53.0 56.6 0.014
HbA1lc (mmol/mol) 60.6 (25.0-149.0)  60.7 (26.0-148.0)  60.7 (25.0-149.0)  0.921
unknown (%) 4.3 4.7 39 0.192
Diabetes treatment
insulin only (%) 324 33 31.7 0.529
oral agents only (%) 0 0 0 NA
insulin + oral agents (%) 2.2 2.5 1.8 0.140
unknown (%) 65.4 64.5 66.5 0.537
Insulin pump therapy (%) 234 17.3 30.3 <0.001
unknown (%) 52 55.7 47.7 0.002

Absolute numbers are presented as median (range) or percentages (%). NA =not applicable

between both years (25.0 vs. 25.3, p=0.137).

Table 2 shows the parameters performed in the diagnostic
process and follow-up of all 4,655 male and female patients
with type 1 diabetes mellitus included in DPARD. Lifestyle
advice, lipid testing, and kidney function were performed
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more often in men, and auto-antibody testing was assessed
more in women before adjustment for age and BMI. Labora-

tory examination was the most frequently performed process

measurement (96.9% in men and 97.4% in women) among
which HbAlc levels were assessed most often (95.3% in
men vs. 96.1% in women). MODY testing was the process
parameter performed the least among all process parameters
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Table 2 Process parameters performed in adult patients with type 1 diabetes mellitus up to 2021 by sex
All Male Female Unadjusted Adjusted *
(n=4,655) (n=2,489) (n=2,166) OR (95% CI) p value OR (95% CI) p value
Process parameters performed
Lifestyle advice given/risk ~ 72.5 74.7 70.0 1.18 (1.08-1.29) <0.001  1.04 (0.91-1.18) 0.593
factors known

Physical examination
BMI measurement 67.4 68.2 66.5 1.06 (0.97-1.15) 0.207  0.99 (0.90-1.09) 0.809
Systolic blood pressure 55.0 55.4 54.6 1.02 (0.94-1.11) 0.569  0.94 (0.85-1.03) 0.177
Diastolic blood pressure 55.0 554 54.5 1.03 (0.95-1.11) 0.527  0.94 (0.86-1.03) 0.200
Foot examination 60.2 60.9 59.4 1.05 (0.96-1.14) 0.286  0.95(0.83-1.02) 0.124
Eye examination 423 419 42.8 0.98 (0.90-1.06) 0.557  0.92 (0.84-1.00) 0.058
Laboratory testing 97.1 96.9 97.4 0.87 (0.68-1.11) 0.265  0.87 (0.68-1.12) 0.280
HbA 1c measurement 95.7 95.3 96.1 0.87 (0.71-1.06) 0.169  0.87 (0.71-1.07) 0.193
Lipid measurement

Total cholesterol 62.0 64.1 59.6 1.14 (1.05-1.24) 0.002  1.04 (0.94-1.15) 0.452

HDL cholesterol 66.2 68.1 63.9 1.14 (1.05-1.25) 0.002  1.02 (0.91-1.14) 0.719

LDL-cholesterol 63.9 65.8 61.8 1.13 (1.04-1.23) 0.005  1.02 (0.91-1.13) 0.734

Triglycerides 66.3 68.2 64.1 1.14 (1.05-1.24) 0.003  1.01 (0.91-1.13) 0.795

Total/HDL-c ratio 61.5 63.4 59.4 1.13 (1.04-1.23) 0.005  1.02 (0.92-1.13) 0.655
Kidney function

Creatinine 70.9 72.7 68.7 1.15 (1.05-1.25) 0.003  0.98 (0.87-1.12) 0.814

Albuminuria 453 47.0 43.4 1.11 (1.02-1.20) 0.013  1.06 (0.97-1.16) 0.185
ICA/GAD/IA?2 antibodies 21.6 19.2 24.3 0.81 (0.73-0.89) <0.001  0.94 (0.79-1.13) 0.508
TPO antibody 21.8 19.2 247 0.80 (0.72-0.88) <0.001  0.91(0.76-1.09) 0.301
Celiac disease antibody 21.4 18.8 24.5 0.79 (0.71-0.87) <0.001  0.89 (0.73-1.09) 0.253
MODY testing 1.5 1.4 1.6 0.92 (0.66-1.29) 0.645  0.98 (0.68-1.42) 0914
Intermediate outcomes
BMI<30 57.8 60.8 54.3 1.21 (1.11-1.31) <0.001  1.17 (1.07-1.28) <0.001
BP<130/80 25.8 229 29.1 0.80 (0.73-0.87) <0.001  0.77 (0.69-0.85) <0.001
HbA1c<53 (7%) 244 252 23.5 1.06 (0.97-1.17) 0.215  1.05(0.96-1.16) 0.278
HbAlc <64 (8%) 59.3 58.5 60.2 0.95 (0.88-1.04) 0262  0.94 (0.86-1.02) 0.141
HbA1c <86 (10%) 88.9 88.5 89.3 1.00 (0.85-1.17) 0.997  1.04 (0.88-1.23) 0.620
LDL-cholesterol <2.6 31.3 32.0 30.6 1.05 (0.96-1.15) 0.285  1.00(0.91-1.10) 0.988
eGFR > 60 39.6 39.8 39.5 1.01 (0.93-1.10) 0.834  0.95(0.87-1.04) 0.260

Absolute numbers are expressed as percentages (%). OR=odds ratio. BMI is stated in kg/mz, BP in mmHg, HbAlc in mmol/mol, LDL-cho-
lesterol in mmol/l, eGFR in ml/min. * Adjusted for age and body mass index, odds ratios for BMI measurement, MODY testing, and BMI <30

were adjusted for age only

on which hospitals have provided data, with 1.4% in men
and 1.6% in women. Before adjusting for age and BMI,
the relative risk difference for assessing total cholesterol,
HDL, LDL, triglycerides, cholesterol ratio, creatinine, and
albumin in urine varied between 6.0 and 7.7% in favor of
males. After adjustment, none of the gender differences
in process measurements reached statistical significance:
discussed lifestyle advice (OR 1.04 (95% CI 0.91-1.18),
p=0.59); BMI measurement (OR 0.99 (95% CI 0.90-1.09),
p=0.81); systolic blood pressure assessment (OR 0.94 (95%
CI10.85-1.03), p=0.18); diastolic blood pressure assessment
(OR 0.94 (95% CI 0.86-1.03), p=0.20); foot examination

(OR 0.95 (95% CI 0.83-1.02), p=0.12); eye examination
(OR 0.92 (95% CI 0.84-1.00), p=0.06); HbAlc measure-
ment (OR 0.87 (95% CI 0.68-1.12), p=0.28); lipid testing
(OR 0.87 (95% CI 0.71-1.07), p=0.19); total cholesterol
(OR 1.04 (95% CI 0.94-1.15), p=0.45); HDL cholesterol
OR 1.02 (95% CI 0.91-1.14), p=0.72); LDL-cholesterol
(OR 1.02 (95% C10.91-1.13), p=0.73), triglycerides (OR
1.01 (95% CI1 0.91-1.13), p=0.80); cholesterol ratio (OR
1.02 (95% CI 0.92-1.13); p=0.66); creatinine (OR 0.98
(95% C10.87-1.12), p=0.81); albuminuria (OR 1.06 (95%
CI 0.97-1.16), p=0.19); ICA/GAD/IA2 antibodies (OR
0.94 (95% CI 0.79-1.13), p=0.51); TPO antibodies (OR
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0.91 (95% CI 0.76-1.09), p=0.30), celiac disease antibod-
ies (OR 0.89 (95% CI 0.73-1.09), p =0.25); MODY test-
ing (OR 0.98 (95% CI 0.68-1.42), p=0.91). In the adjusted
model, men showed a 17% higher odds of having a BMI
below 30 kg/m2 and a 23% lower odds of a blood pressure
controlled < 130/80 mmHg compared to women. No gender
differences were found in HbA1lc control (<53 mmol/mol),
lipid control (LDL-cholesterol < 2.6 mmol/l) or kidney func-
tion (eGFR > 60 ml/min).

Figure 1 shows the cardiovascular risk of adult patients
with type 1 diabetes mellitus according to sex. SCORE-risk
scores ranged from 0 to 15, corresponding with an estimated
10-year risk of fatal cardiovascular disease (CVD) rang-
ing from < 1% to a minimal 15%. Among both sexes, the
median SCORE-risk score was O (estimated 10-year risk
of deadly CVD < 1%). Risk scores were higher in men than
in women, with scores up to 15 in men, comparable with a
total 10-year risk for fatal cardiovascular disease of minimal
15%. In women, the maximum risk score was 9, indicating
a 10-year risk for death by cardiovascular disease of 5-9%.
A total of 5.8% of the male patients had a SCORE >5%
compared to 0.6% of women.

Figure 2 shows the hospital variation in achieving an
HbAlc of 53 mmol/mol or lower by sex. Baseline charac-
teristics by type of hospital (academic and non-academic)
are shown in the supplementary materials Table 2. In men
and women combined, the percentage of patients with an
HbA1lc of 53 mmol/mol or less varied from 21.0 to 30.1%
across the eight medical centers included in DPARD. In six
out of eight hospitals, more men than women reached the
target of 53 mmol/mol. The proportion achieving a target

HbA Ic of 53 mmol/mol ranged among medical centers from
20.9 to 34.0% in men and 21.1 to 26.6% in women. The dif-
ference between men and women in reaching a 53 mmol/
mol target ranged from O to 7% between the healthcare cent-
ers; in the four hospitals with a smaller volume up to 312
persons, this gender difference varied from 4-7%. In hospi-
tals with a larger volume starting from 731 patients, gender
disparities in HbAlc target achievement were lower, with
a maximum difference of 1% between sexes. Among the
4,096 patients treated in secondary care, 24.3% of men and
23.1% of women had an HbAlc of 53 mmol/mol, whereas
HbA1c target achievement was 32.2 and 26.1%, respectively,
in 559 patients treated in academic care. The gender differ-
ence between academic and non-academic care in reach-
ing an HbA1c target of 53 mmol/mol did not reach statisti-
cal significance (unadjusted OR 0.94, 95% CI 0.74-1.19;
adjusted OR 0.88, 95% CI 0.69-1.13). Among all medical
centers in DPARD, median HbAlc in mmol/mol ranged
from 58 to 63 mmol/mol in men and women combined, and
57-63 mmol/mol in men versus 58—62 mmol/mol in women.

Discussion

This population-based cohort study investigated gender
differences in care provided to type 1 outpatients and their
outcomes, in order to determine whether gender-skewed
treatment patterns can explain variation in clinical out-
comes between sexes. Our study showed a higher odds
of reaching weight control and a lower chance of achiev-
ing blood pressure targets in men than women. Among
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Fig.2 Hospital variation in
the achievement of HbAlc

of 53 mmol/mol and lower

in adults with type 1 diabetes
mellitus by sex,* Tertiary care

hospitals l I

Patients with HbA1c s 53 mmol/mol (%

27 2o Sex

Women

1 2

n=247*  n=258

both sexes, the predicted 10-year risk of cardiovascular
mortality using the SCORE equation was below 1%. Male
patients had a higher estimated 10-year risk of cardiovas-
cular death than women (ranging up to a minimum of 15%
in men versus a maximum of 5-9% in women). Gender
disparities in outcomes and cardiovascular risk appear not
to be caused by gender-biased attitudes in healthcare pro-
fessionals, as no gender differences were found in the per-
formance of process measurements in type 1 diabetes care.
Moreover, gender differences in achieving target HbAlc of
53 mmol/mol seem to vary among hospitals.

Our study showed gender disparities in blood pres-
sure and BMI control in type 1 diabetes patients prior to
adjustment. The poorer blood pressure control in men than
women among patients with and without antihypertensive
treatment is consistent with previous literature [17]. Sev-
eral studies have proposed reasons for gender differences
in blood hypertension control; higher treatment rates of
antihypertensive drugs in women, gender-based prescrip-
tion patterns, lower awareness in men biological, behavio-
ral, and physiological factors have been shown to impact
blood pressure control [17, 18]. Nevertheless, information
about antihypertensive treatment is not yet available in
DPARD and therefore gender differences in pharmaco-
logical treatment or patient compliance could not be stud-
ied. Furthermore, disparities in weight control were seen;
BMI targets below 30 mg/kg? were found less frequently in
women (54.3%) than in men (60.8%), which is confirmed
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Hospitals in ascending volume of patients

by existing literature given the higher prevalence of obe-
sity in adult women [4].

We found a median estimated 10-year fatal CVD event
rate based on the SCORE risk chart was below 1% among
our type 1 diabetes patients. These risk scores are most
likely underestimated, given the fact that the SCORE equa-
tion chart is based on the general population, and diabetes
mellitus is not considered in this equation.[16]. At the same
time, mortality due to CVD in type 1 patients is approxi-
mately three times higher than in the general population
[19]. In contrast, for type 2 diabetes patients, the SCORE
risk equation has been shown to overestimate the risk of fatal
CVD by 18% with an absolute risk of 8.7% compared to the
observed 7.4% event rate in the UK Prospective Diabetes
Study (UKPDS). However, the SCORE risk evaluation is
validated also in diabetes patients, and rather than calculat-
ing absolute risks, our goal was to assess risk differences
between men and women. Male patients had a higher esti-
mated 10-year CVD mortality risk, ranging up to a minimum
of 15% versus a maximum of 5-9% in women. A high-risk
score of SCORE > 5% was found in 5.8% of men and 0.6%
of women. Another study in the Netherlands also observed
a 9-10 time difference in high-risk scores between sexes,
with 8.5% of the male and 0.8% of the female patients hav-
ing a SCORE > 5% [20]. Other studies confirmed that more
men than women were categorized in the high CVD risk
category. The higher risk of cardiovascular death in men is
consistent with the literature [21]. However, in the SCORE
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model, male sex is added as a risk factor leading to higher
risk scores in men; therefore, finding a gender difference is a
self-fulfilling prophecy [16]. On the other hand, the SCORE
risk chart is calibrated on existing datasets, which confirms
persistent gender differences in cardiovascular mortality
risk since gender differences are even embedded in these
risk scores. In addition, the SCORE risk chart very likely
underestimated the actual cardiovascular risk in our popula-
tion. However, we believe the gender differences to be a true
reflection of reality since this risk chart has been validated
in a population that included diabetes patients.

Before adjustment for BMI and age, significant differ-
ences in the performance of the process measures for lipid
profile, kidney function and lifestyle advice were found in
favor of men; after adjustment no differences were found.
This could be mainly explained by the significantly higher
age in men included in our study. Since we found it highly
unlikely that data would be entered differently in elec-
tronic health records for men and women, we believe these
numbers to reflect the extent to which these variables are
measured among both sexes. Moreover, we expect gender
differences in type 1 diabetes care not to be affected by
gender-related health-seeking behavior that may play a con-
siderable role in type 2 diabetes. Studies assessing gender
disparities in the diabetes care process are limited. Consist-
ent with our findings, a study from Italy found no gender
differences in the performance of process measures in type
1 diabetes [4]. In contrast to type 1 diabetes, several stud-
ies showed gender disparities in assessing process measures
in type 2 diabetes; however, it was inconsistent in which
of both sexes process parameters were performed more
frequently [22, 23]. Gender differences in weight control,
blood pressure control, and cardiovascular mortality risk
are unlikely to be explained by physician attitudes toward
gender, since no disparities between sexes were found in the
performance of process measures. However, pharmacologi-
cal treatment and doctor-patient interaction were not studied.
As previously mentioned, a male disadvantage in antihyper-
tensive treatment was shown in the literature. In addition,
effective communication between healthcare professionals
and patients increases patient satisfaction, improves adher-
ence to treatment plans, and leads to better health outcomes
[24]. Therefore, gender-skewed communication patterns
in physicians could lead to variation in treatment and out-
comes between sexes. Furthermore, behavioral, biological,
and physiological gender differences not taken into account
in our study may also partially explain the disparities in out-
comes, as shown in previous studies [10]. The absence of
differences in process parameter performance between sexes
makes our study findings just as interesting and insightful
on diabetes care as when we would have found differences.
In the knowledge that gender-skewed associations in dia-
betes and cardiovascular care are scattered throughout the
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scientific landscape, the absence of gender-biased behavior
of healthcare professionals is an important finding, since
our ultimate goal is not to make women equal to men but
to deliver excellent care to every type 1 diabetes patient for
whom each gender is honored and justified.

Although no gender differences were shown in HbAlc
control in the total type 1 diabetes population in DPARD,
there are indications for gender differences among hospi-
tals in the proportion of patients achieving an HbAlc of
53 mmol/mol. In six out of eight hospitals, men were more
likely to reach this HbAIc target than women. This gender
difference in target achievement was more pronounced in
hospitals with a smaller volume compared to hospitals with
a larger treatment volume of type 1 patients. This associa-
tion between hospital volume of patients and gender-skewed
treatment goals may possibly be explained by more proto-
colled care, more multidisciplinary consultation meetings
promoting inter-specialty collaboration, and more proto-
colled care in high-volume centers.[25] However, in low-
volume centers the proportion of patients with an HbAlc
of 53 mmol/mol was higher, which possibly indicates that
volume does not necessarily reflect quality of care. Moreo-
ver, the interhospital variation could also be (partially)
caused by the patient- and disease characteristics differing
between hospitals, as well as biological and behavioral pat-
terns between the sexes. Studies investigating the effect of
treatment volumes in diabetes care focus on primary care,
and the effect of treatment volume on HbA1c control varies
between these studies [26]. In the surgical field in the Neth-
erlands, national clinical quality registries have shown that
providing feedback information to healthcare professionals
about the quality of delivered clinical care improves out-
comes and lowers hospital variation [27]. Furthermore, we
found no significant difference between academic and non-
academic care, indicating that referral patterns for diabetes
are not affected by gender bias. However, for a comprehen-
sive and reliable view of interhospital variation, measure-
ments of intermediate outcomes should be done for a more
extended time period to exclude the probability of varia-
tion by chance, and casemix correction should be applied
to correct for interhospital variation in patient- and disease
characteristics. For this reason, in the near future a casemix
model will be developed for DPARD, and the hospital vari-
ation of intermediate outcomes will be assessed again with
the adjustment for casemix factors.

The evaluation of the performance of a large set of differ-
ent process parameters suggests that major improvements in
the care provided to adults with type 1 diabetes are needed
in both sexes. Of all patients, almost two-thirds had a BMI
below 30 kg/m?, approximately a quarter had blood pressure
control, and less than a quarter had an HbA1lc <53 mmol/
mol. The Diabetes Control and Complications Trial (DCCT),
the UKPDS, and subsequent trials showed that weight loss,
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glycemic control, and blood pressure control are associ-
ated with reduced microvascular complications in diabetes
patients [28]. Therefore, guidelines in diabetes care recom-
mend periodic screening and control of risk factors and
HbAlc. However, blood pressure, BMI, and HbAlc were
recorded annually in only, respectively, 55.0%, 67.4%, and
95.7% of all adult type 1 patients. Intensified performance of
process parameters is essential for target achievement in dia-
betes care since adherence to guideline-recommended test-
ing frequencies has shown to improve outcomes in diabetes
care [29]. Gaining insight into the delivered diabetes care is
crucial to monitor process measurement performance. Data
from our national diabetes registry DPARD can be used to
benchmark process measures and outcomes between hospi-
tals and identify areas in need of improvement to enhance
diabetes care in the Netherlands. While DPARD provides
valuable information about diabetes care process, not all
hospitals in the Netherland are included yet. This number
will increase in the following years due to obligatory partici-
pation. In addition, to shed light on the effect of gender bias
on treatment patterns and outcomes, more information is
needed about treatment and comorbidities, which is expected
to follow over the next years.

We provided a comprehensive overview of the diabetes
care process fully viewed in the light of gender differences.
Some limitations should be noted; study data are derived
from electronic health records, which are not primarily
designed for study purposes, possibly leading to underre-
porting of process parameter measurements [30]. In addi-
tion, DPARD is a relatively young registry, and as data qual-
ity in quality registries improves over time, this is also the
case for DPARD. Moreover, there were missings in diabetes
classification, which are most likely missing at random since
a relation between entering classification data in electronic
health records and diabetes type in highly unlikely. There is
no presumed effect on the distribution and reliability of the
data. In addition, given the high prevalence of clinical out-
comes, the odds ratios may have slightly overestimated asso-
ciations found between sex and outcomes, yet this will not
have influenced its statistical significance. Furthermore, data
on complications and comorbidity will be available in future
times and therefore were currently not considered when cal-
culating cardiovascular risk scores. Finally, DPARD has not
reached national coverage yet, which will be effectuated in
the years to come.

In conclusion, no gender disparities were shown in the
process of diabetes care; a difference between sexes of 17%
in achieving target BMI and 23% in the achievement of tar-
get blood pressure remains most likely due to multifactorial
causes. In addition, there are indications for interhospital
variation in gender differences, especially among hospitals
with smaller treatment volumes. To fully gain a complete
overview of gender differences in quality of care in the light

of interhospital variation, further research is warranted
with correction for casemix. Our ultimate goal is to deliver
excellent care to every type 1 diabetes patient irrespective
of sex. More frequent performance of process parameters
and benchmark process measures may aid the aim for equal
target achievement among both sexes.
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