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Aims: We aimed to assess trends in glycosylated hemoglobin A1c (HbA1c) and systolic
blood pressure (SBP) thresholds at initiation of glucose- and blood pressure-lowering
medication among patients with type 2 diabetes and assess the influence of age and sex
on these trends.

Materials and Methods: We used the Groningen Initiative to ANalyze Type 2 diabetes
Treatment (GIANTT) primary care database. Patients initiating a first non-insulin glucose-
lowering or any blood pressure-lowering medication between 2015 and 2020 with an
HbA1c or SBP measurement in the 120 days before initiation were included. We used
multilevel regression analyses adjusted for potential confounders to assess the influence of
calendar year, age or sex, and the interaction between calendar year and age or sex on
trends in HbA1c and SBP thresholds at initiation of medication.

Results: We included 2,671 and 2,128 patients in the analyses of HbA1c and SBP
thresholds, respectively. The overall mean HbA1c threshold at initiation of glucose-
lowering medication significantly increased from 7.4% in 2015 to 8.0% in 2020 (p <
0.001), and particularly in the younger age groups. Compared to patients ≥80 years,
patients aged 60–69 years initiated medication at lower levels mainly in the early years.
Patients <60 years and between 70–79 years initiated medication at similar levels as
patients ≥80 years. Females initiated medication at lower levels than males throughout the
study period (p < 0.001). The mean SBP threshold at initiation of blood pressure-lowering
medication varied from 145 to 149mmHg without a clear trend (p = 0.676). There were no
differences in SBP thresholds between patients of different ages or sex.

Conclusion: The rising trend in the HbA1c threshold for initiating glucose-lowering
medication in the lower age groups was unexpected and requires further investigation.
Males appear to receive less timely initiation of glucose-lowering medication than females.
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The lack of higher thresholds for the oldest age group or lower thresholds for the youngest
age group in recent years is not in line with the age-related recommendations for
personalized diabetes care and calls for health systems interventions.

Keywords: type 2 diabetes, glycosylated hemoglobin A1c (HbA1c), systolic blood pressure (SBP), age, sex
differences, medication initiation

INTRODUCTION

Adequate treatment of risk factors, including glycosylated
hemoglobin A1c (HbA1c) and systolic blood pressure (SBP), is
important for people with type 2 diabetes mellitus (T2DM) to
lower the risk of micro- and macrovascular complications
(American Diabetes Association, 2021; Cosentino et al., 2019).
When patients do not achieve recommended HbA1c and SBP
target levels with lifestyle changes, medication treatment should
be initiated. Timely initiation of medication treatment is
important in order to achieve optimal targets and better
outcomes (Martono et al., 2015; Martono et al., 2016; Khunti
et al., 2019). Optimal targets, however, may differ between
patients. In the last decade, treatment guidelines have
incorporated more personalized recommendations based on
patient factors such as age, frailty, cardiovascular risk, and
patient preferences (Warnes et al., 2008; Nederlands
Huisartsen Genootschap, 2011; Verenso, 2011; Mancia et al.,
2013; Rydén et al., 2013; American Diabetes Assocation, 2015;
Whelton et al., 2017; Federatie Medisch Specialisten, 2018;
Nederlandse Internisten Vereniging, 2018; Williams et al.,
2018; Cosentino et al., 2019; Nederlands Huisartsen
Genootschap, 2019; American Diabetes Assocation, 2020;
Barents et al., 2021). Older and more frail patients may
require and prefer less aggressive treatment, given the shift in
benefit-risk balance of tight risk factor control due to ageing (de
Vries et al., 2015; Benetos et al., 2016; Sinclair et al., 2019; Ambrož
et al., 2021a). Females with T2DM, on the other hand, may need
more intensive treatment given their higher relative risks of
cardiovascular and renal disease (Peters et al., 2014a; Peters
et al., 2014b; Shen et al., 2017). Currently, it is unknown to
what extent have these changes in treatment recommendations
been applied in clinical practice. It is known that dissemination of
new recommendations may need additional interventions
targeting clinicians to be effective at changing practice patterns
(Cliff et al., 2021).

To facilitate the effective and safe use of medication treatment,
it is relevant to study drug utilization trends in the whole
population as well as among specific subpopulations. A study
looking at trends among Dutch T2DM patients showed that
mean HbA1c and blood pressure levels decreased between 1998
and 2008 and were similar for different age categories (van
Hateren et al., 2012). Another study showed a slight decrease
in the proportion of patients treated with glucose-lowering
medication between 1998 and 2013, with no significant sex
differences in treatment or achieving targets in the later years
(Hendriks et al., 2016). These studies also showed that treatment
with blood pressure-lowering medication increased particularly
in the early years, with only small differences between the sexes

and age groups. Focusing on the initiation of medication, we
previously observed little change in the mean HbA1c threshold at
initiation of glucose-lowering medication between the years
2008–2014. Despite the changed recommendations towards
more personalized treatment, we did not observe higher
thresholds among older or frail patients over the years
(Ambrož et al., 2021b). Furthermore, we observed that SBP
thresholds at initiation of blood pressure-lowering treatment
among T2DM patients decreased in the period 2009–2014,
regardless of age or frailty (Ambrož et al., 2020).

Little is known about these treatment trends in the recent
years. Our aim was to 1) assess trends in HbA1c and SBP
thresholds at initiation of glucose- and of blood pressure-
lowering treatment between the years 2015 and 2020, and 2)
assess the influence of patients’ age and sex on these trends.

METHODS

Study Design and Population
We conducted a repeated cross-sectional dynamic cohort study of
the years 2015–2020. We used the Groningen Initiative to
ANalyze Type 2 diabetes Treatment (GIANTT; www.giantt.nl)
database, which contains anonymous electronic medical records
data from T2DM patients treated in primary care in the north
part of Netherlands. In Netherlands, the majority of T2DM
patients are managed in primary care, often receiving 3-
monthly check-ups by a nurse practitioner and yearly check-
ups by their general practitioner. The methods used in this study
were similar to those used in previous trend studies using the
same database (Ambrož et al., 2020; Ambrož et al., 2021b).

Patients were included in the calendar year if they initiated
treatment with a glucose- or blood pressure-lowering medication,
had anHbA1c or SBPmeasurement, respectively, within 120 days
before medication initiation and had at least 1 year of medical
history in the GIANTT database. Medication initiation was
defined as a prescription for a non-insulin glucose-lowering
medication [anatomic therapeutic chemical (ATC)
classification codes A10B] or any blood pressure-lowering
medication (ATC codes C03, C04, C07, C08, C09) without a
known prescription for any glucose- or blood pressure-lowering
medication, respectively, in the preceding 365 days. We excluded
patients who were diagnosed with diabetes before the age of
35 years because of the possibility that these were type 1 diabetes
patients (Nielen et al., 2020). Patients who initiated treatment
with three or more different glucose- or blood pressure-lowering
medications, propranolol, or a loop diuretic were also excluded,
since these treatments were more likely intensifying pre-existing
treatment or were prescribed for other indications (Ambrož et al.,
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2020). Finally, all patients who had T2DM for more than 10 years
were excluded from the analysis of HbA1c thresholds since it is
unlikely that those were true initiators. We obtained an
exemption letter from the University Medical Center
Groningen Medical Ethics Review Board (reference number
M19.235285) since in the Netherlands no approval is needed
for studies using anonymous medical records.

Outcomes and Explanatory Variables
Our two outcomes were the patients’ most recent HbA1c or SBP
level in the 120 days before or on the day of glucose- or blood
pressure-lowering medication initiation, respectively.

We included the following explanatory variables: calendar
year of medication initiation, patients’ age or sex and the
interaction between calendar year and age or sex. Age was
calculated on 1 January of the calendar year in which the
patient initiated treatment and was categorized in four groups
(<60 years, 60–69 years, 70–79 years, and ≥80 years old) based on
the different cut-offs observed among guidelines (Warnes et al.,
2008; Nederlands Huisartsen Genootschap, 2011; Verenso, 2011;
Mancia et al., 2013; Rydén et al., 2013; American Diabetes
Association, 2015; Whelton et al., 2017; Federatie Medisch
Specialisten, 2018; Nederlandse Internisten Vereniging, 2018;
Williams et al., 2018; Cosentino et al., 2019; Nederlands
Huisartsen Genootschap, 2019; American Diabetes Assocation,
2020; Barents et al., 2021). Sex was used as entered in the
database.

Confounders
Variables that could be associated with age or sex of the patient,
that might affect the decision to initiate glucose- or blood
pressure-lowering medication, and that were available in the
GIANTT database were included as potential confounders. In
particular, female sex and longer diabetes duration are known to
be associated with higher age and possibly associated with less
aggressive treatment. Also a higher number of chronic
medication and poor renal function, which may prevent the
initiation of additional medication, are known to be associated
with higher age. On the other hand, elevated cardiovascular risk
factors, which differs between age and sex groups, can be
associated with more aggressive treatment. For more
aggressive initiation of antihypertensive treatment, also a
history of cardiovascular disease and smoking are likely to be
confounders. Therefore, the following variables were included:
sex or age in the analysis of the effect of age or sex, respectively,
diabetes duration (0–1 year, 2–3 years, 4–5 years, 6–7 years,
8–9 years, or ≥10 years), presence (yes/no) of dyslipidemia
[defined as low density lipoproteins (LDL) ≥2.5 mmol/L],
estimated glomerular filtration rate (eGFR; ≤60 ml/min/
1.73 m2 or >60 ml/min/1.73 m2), presence of albuminuria
(albumin creatinine ratio ≥30 mg/g or albumin in 24 h urine
≥300 mg), body mass index (BMI; <24.9 kg/m2, 25–29.9 kg/m2,
or ≥30 kg/m2), lipid-lowering treatment (no treatment or ≥1
classes) and number of all other prescribed chronic
medications at initiation (used as a continuous variable).
Additionally, the analyses of HbA1c thresholds were adjusted
for SBP level (<140 mmHg or ≥140 mmHg) and blood pressure-

lowering treatment (no treatment, 1 class, 2 classes, or ≥3 classes)
and the analyses of SBP thresholds for HbA1c level (<7% or
≥7%), history of cardiovascular events (presence yes/no of
myocardial disease, heart failure, or stroke), number and type
of glucose-lowering treatment (none, one oral, two oral, or three
or more orals and/or insulin) and smoking. More details about
definitions and calculations of these variables have been described
previously (Ambrož et al., 2021b; Ambrož et al., 2020).

Missing Data
No data for the explanatory variables were missing. Confounders
which had less than 20% of missing values were imputed using
multiple imputation by chained equation (MICE). Imputing
variables with large amounts of missing data would be
expected to end up with larger error terms. For albuminuria,
where more than 20% of patients had a missing value, we
assumed these patients did not have albuminuria, since
conducting this test is less common in patients without
suspected kidney problems.

TABLE 1 |Characteristics of patients included in the glycosylated hemoglobin A1c
(HbA1c) threshold analyses (N = 2,671).

Females; N (%) 1,205 (45)
Age in years; N (%)
<60 894 (33)
60–69 792 (30)
70–79 669 (25)
≥80 316 (12)

HbA1c at initiation in %; mean ± SD 7.7 ± 1.5
Fasting glucose; mean ± SD + 9.1 ± 3.0
Diabetes duration; N (%)
0–1 year 967 (36)
2–3 years 480 (18)
4–5 years 482 (18)
6–7 years 418 (16)
8–9 years 324 (12)

Systolic blood pressure ≥140 mmHg; N (%) ¶ 1,055 (39)
Body mass index in kg/m2; N (%) §

<25 345 (13)
25–29.9 948 (35)
≥30 1,309 (49)

Dyslipidemia; N (%) ¥ 1,454 (54)
Estimated glomerular filtration rate ≤60 ml/min/1.73 m2; N (%) ɸ 461 (17)
Albuminuria; N (%) || 33 (1)
Number of chronic medications at initiation; mean ± SD 4.1 ± 3.1
Blood pressure-lowering medication at initiation; N (%)
No treatment 1,025 (38)
1 medication class 599 (22)
2 medication classes 559 (21)
3 or more medication classes 488 (18)

Treated with a lipid-lowering medication; N (%) 1,373 (51)
Initiated medication; N (%)
Metformin 2,328 (87)
Sulfonylurea 178 (7)
α-glucosidase inhibitors 1 (0)
Dipeptidyl peptidase 4 (DDP-4) inhibitor 5 (0)
Glucagon-like peptide-1 (GLP-1) agonist 2 (0)
Sodium-glucose transport protein 2 (SGLT2) inhibitor 1 (0)
Metformin + another medication 151 (6)
Sulfonylurea + another medication 5 (0)

Missing values: + 366 (14%); ¶ 303 (11%); § 69 (3%); ¥ 387 (14%); ɸ 248 (9%); || 792 (30%).
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Analyses
The same analyses were used for the HbA1c and SBP
thresholds. Patient characteristics were analyzed
descriptively per calendar year, age, and sex group. We
conducted multilevel regression analyses with a two-level
random intercept model to account for patients being
nested within general practices. First, using the empty
model which includes only the outcome, we calculated the
intraclass correlation coefficient to assess the variance that is
attributed to general practices. Next, we added the potential
confounders to assess the overall trend over the years. This
model was also used to analyze the trends in each age and sex
group separately, where after applying Bonferroni correction
for multiple testing the significance levels were set at p < 0.0125
for age and p < 0.025 for sex. Last, to assess the effect of age and
sex over time, we added age or sex and the interaction between
year and age or sex to the model. All analyses were conducted
in Stata V.14 (Stata Corp., College Station, Texas).

RESULTS

There were 2,671 and 2,128 patients who met our in- and
exclusion criteria included in the analyses of HbA1c and SBP
thresholds, respectively (Supplementary Figures S1, S2). The
number of included general practices ranged from 72 in 2015, 78
in 2016–2018, 76 in 2019 to 59 in 2020. The variance explained by
the general practices was 6.9% and 5.5%, respectively.

Trends in Glycosylated Hemoglobin A1c
Thresholds
The number of patients initiating glucose-lowering medication
per year ranged from 348 to 551 (Supplementary Figure S1).
Thirty-three percent of the included patients were younger than
60 years, 12% were 80 years old or older, 45% were females and
87% initiated treatment with metformin (Table 1). The patient
characteristics over the years and per age and sex groups are
shown in Supplementary Tables S1–S3. Complete data were
available for 76% of the patients.

The overall mean HbA1c thresholds at initiation of glucose-
lowering medication significantly increased over the years from
7.4% in 2015 to 8.0% in 2020 [linear trend, β (year) = 0.093, 95%
CI 0.062, 0.124; p < 0.001; Figure 1A]. In the analysis per age
group (Figure 1B), the mean HbA1c threshold significantly
increased over time in patients younger than 60 years [linear
trend, β (year) = 0.086, 95% CI 0.026, 0.147; p = 0.005] and those
aged 60–69 years [linear trend, β (year) = 0.182, 95% CI 0.125,
0.239; p < 0.001]. No statistically significant linear nor quadratic
trends were seen in the older age groups. In the analyses by sex
(Figure 1C), the mean HbA1c threshold significantly increased
over time in both males [linear trend, β (year) = 0.087, 95% CI
0.044, 0.130; p < 0.001] and females [linear trend, β (year) = 0.101,
95% CI 0.056, 0.146; p < 0.001].

Patients younger than 60 years initiated glucose-lowering
treatment at somewhat higher HbA1c levels than older
patients in most years (Figure 1B), but this age effect was not

statistically significant (Table 2). On the other hand, patients
aged 60–69 years initiated treatment at lower levels in the first
years and at similar levels in the later years compared to patients
aged 80 years or older (Table 2). Females initiated glucose-
lowering treatment at significantly lower HbA1c thresholds
than males, which was seen in all years (Figure 1C; Table 2).

FIGURE 1 | Mean last glycosylated hemoglobin A1c (HbA1c) levels
adjusted for all potential confounders with 95% confidence intervals before/at
initiation of glucose-lowering medication from 2015 to 2020 in (A) the whole
population, (B) different age groups, and (C) by sex.
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Trends in Systolic Blood Pressure
Thresholds
The number of patients initiating blood pressure-lowering
medication included in our analysis ranged from 272 to 419
(Supplementary Figure S2). Twenty-six percent of these patients
were younger than 60 years, 17% were 80 years or older and 48%
were females (Table 3). Patient characteristics over the years and
by age and sex groups are shown in Supplementary Tables
S4–S6. Complete data were available for 72% of the patients.

The mean SBP level at initiation of blood pressure-lowering
medication rose from 145 mmHg in 2015 to 148 mmHg in 2017,
dropped to 145 mmHg in 2019 and went up to 149 mmHg in
2020 (Figure 2A). This was not a significant linear or quadratic
trend. There were also no statistically significant trends in the
separate age and sex groups.

No significant differences in SBP levels at initiation of blood
pressure-lowering medication based on age (Figure 2B) and sex
(Figure 2C) were observed (Table 4). The interactions between
age or sex and year were also not statistically significant (Table 4).

DISCUSSION

This study shows that the HbA1c thresholds at initiation of glucose-
lowering medication increased over the years 2015–2020. This
increase was particularly seen in younger age groups and in both
males and females. Females generally initiated medication at lower
HbA1c thresholds than males. Patients aged 60–69 years initiated
medication at lower levels in the first years and at similar levels in the
later years compared to patients aged 80 years or older. Patients
under 60 years and between 70–79 years initiated medication at
similar levels as patients of 80 years and older. The SBP thresholds at
initiation of blood pressure-lowering medication remained relatively
stable over the study period regardless of age or sex.

We previously observed a rising trend in HbA1c thresholds for
medication initiation between 2011 and 2014 (Ambrož et al.,
2021b). The current study adds to this knowledge that this
upward trend continued up to the year 2020. Furthermore, the
decreasing trend observed in SBP thresholds between 2009 and
2014 (Ambrož et al., 2021b) appears to have stabilized after 2014.
Looking at studies conducted in other countries, a mixed picture
emerges. One study conducted in Denmark showed a decrease in
mean pre-treatment HbA1c level between 2000 (9.2%) and 2011
(7.3%) followed by an increase to 7.9% in 2017 (Knudsen et al.,
2020). These results suggest that prescribers in both Denmark
and Netherlands became less strict regarding the initiation of

TABLE 2 | Influence of age and sex on glycosylated hemoglobin A1c thresholds.

β 95% CI p

Age
Calendar year 0.036 −0.050, 0.122 0.412
Age <60 years −0.092 −0.481, 0.297 0.642
Age 60–69 years −0.692 −1.081, −0.303 <0.001
Age 70–79 years −0.291 −0.688, 0.107 0.152
Age ≥80 years Reference group
Year * Age <60 years 0.056 −0.044, 0.156 0.273
Year * Age 60–69 years 0.141 0.039, 0.243 0.007
Year * Age 70–79 years 0.006 −0.099, 0.110 0.917
Year * Age ≥80 years Reference group

Sex
Calendar year 0.093 0.062, 0.124 <0.001
Female −0.252 −0.360, −0.144 <0.001
Male Reference group
Interaction female*year Not significant

The intraclass correlation coefficient (ICC) calculated from the empty model was 0.069.
Multilevel models were adjusted for diabetes duration, number of chronic medications at
initiation, number of antihypertensive medication classes, systolic blood pressure, lipid-
lowering medication, presence of albuminuria, presence of dyslipidemia, estimated
glomerular filtration rate and body mass index, and sex or age in the age and sex
analyses, respectively. Bold: significance at p < 0.0125 for age and p < 0.025 for sex.

TABLE 3 | Characteristics of included patients in the systolic blood pressure (BP)
analyses (N = 2,128).

Females; N (%) 1,011 (48)
Age in years; N (%)
<60 559 (26)
60–69 650 (31)
70–79 566 (27)
≥80 353 (17)

Systolic BP at initiation in mmHg; mean ± SD 146 ± 21
Diastolic BP at initiation in mmHg; mean ± SD+ 82 ± 13
Diabetes duration; N (%)
0–1 year 273 (13)
2–3 years 316 (15)
4–5 years 276 (13)
6–7 years 307 (14)
8–9 years 250 (12)
≥10 years 706 (33)

Glycated hemoglobin A1c <7%; N (%)¶ 1,072 (50)
Body mass index in kg/m2; N (%)§

<25 392 (18)
25–29.9 823 (39)
≥30 866 (41)

Dyslipidemia; N (%)¥ 954 (45)
Estimated glomerular filtration rate ≤60 ml/min/1.73m2; N (%)ɸ 368 (17)
Albuminuria; N (%)|| 68 (3)
Smoking; N (%)! 371 (17)
History of cardiovascular disease; N (%)
Myocardial diseasea 213 (10)
Heart failureb 84 (4)
Strokec 114 (5)

Number of chronic medications at initiation; mean ± SD 3.8 ± 2.8
Glucose-lowering medication at initiation; N (%)
No medication 760 (36)
1 oral 736 (35)
2 orals 318 (15)
3 orals or more and/or insulin 314 (15)

Treated with lipid-lowering medication; N (%) 1,073 (50)
Initiated medication; N (%)
Renin-angiotensin-aldosterone system inhibitor 870 (41)
Combination of antihypertensives 445 (21)
Beta blocker 345 (16)
Diuretic 260 (12)
Calcium channel blocker 208 (10)

Missing values: + 3 (0%); ¶ 133 (6%); § 47 (2%); ¥ 379 (18%); ɸ 237 (11%); || 552 (26%); !

330 (16%).
aAcute myocardial infarction (International Classification of Primary Care [ICPC] code
K75) in the last year or other/chronic ischemic heart disease (ICPC, code K76) anytime in
history.
bHeart failure (ICPC, code K77) anytime in history.
cTransient cerebral ischemia (ICPC, code K89) in the last year or stroke/cerebrovascular
incident (ICPC, code K90) anytime in history.
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glucose-lowering medication in recent years. In contrast, a study
in the United Kingdom (UK) observed no changes in HbA1c level
at initiation of medication from 2010 to 2017 (Dennis et al.,
2019). The HbA1c threshold in 2017, however, was 8.6% in this

UK study, which is much higher than the levels observed in
Denmark or Netherlands. Differences in diabetes care between
countries have been observed before and could be linked to
organizational differences of healthcare systems (Si et al., 2010;
Stone et al., 2013).

Most guidelines recommend initiating glucose-lowering
medication at HbA1c levels above 6.5% or 7% in younger
patients and above 8% or 8.5% in older patients (Verenso,
2011; Rydén et al., 2013; American Diabetes Association,
2015; Nederlandse Internisten Vereniging, 2018; American
Diabetes Assocation, 2020; Barents et al., 2021). Surprisingly,
we did not observe significant differentiation regarding the
HbA1c levels at initiation of medication based on age. In
particular, we observed similar HbA1c thresholds in patients
under 60 years and those aged 80 years or older. These
findings indicate potential undertreatment of
hyperglycemia in younger patients, who initiated at mean
HbA1c thresholds higher than 7.5% or even 8% in 2020. The
recommended SBP threshold for initiation of blood pressure-
lowering medication is 130 mmHg or 140 mmHg in younger
patients and 150 mmHg or 160 mmHg in older patients
(Mancia et al., 2013; Rydén et al., 2013; Whelton et al.,
2017; Williams et al., 2018; Nederlands Huisartsen
Genootschap, 2019). We observed mean SBP thresholds in
all age groups ranging between 140 and 150 mmHg. These
results indicate potential undertreatment of younger patients
and potential overtreatment of older patients.
Undertreatment of diabetes in younger or male patients has
also been shown in Norway and Spain and could be caused by
barriers at clinician, patient, and/or healthcare system level
(Khunti et al., 2019; Andreozzi et al., 2020). Undertreatment
of both hyperglycemia and hypertension in this population is
of concern since this can lead to more complications (Holman
et al., 2008a; Holman et al., 2008b; Hayward et al., 2015).
Although therapeutic inertia in T2DM has been a well-known

FIGURE 2 | Mean last systolic blood pressure (SBP) levels adjusted for
all potential confounders with 95% confidence intervals before/at initiation of
blood pressure-lowering medication from 2015 to 2020 in (A) the whole
population, (B) different age groups, and (C) by sex.

TABLE 4 | Influence of age and sex on systolic blood pressure thresholds.

β 95% CI p

Age
Calendar year 0.104 −0.426, −0.634 0.723
Age <60 years −2.608 −5.909, 0.693 0.122
Age 60–69 years 0.523 −2.468, 3.513 0.732
Age 70–79 years 1.499 −1.248, 4.404 0.274
Age ≥80 years Reference group
Interactions with year None are significant

Sex
Calendar year 0.113 −0.418, 0.644 0.676
Female 0.170 −1.589, 1.929 0.850
Male Reference group
Interaction female*year Not significant

The intraclass correlation coefficient (ICC) calculated from the empty model was 0.055.
Multilevel models were adjusted for diabetes duration, smoking status, number of
chronic medications at initiation, number and/or type of glucose-lowering medication,
lipid-lowering medication, presence of albuminuria, presence of dyslipidemia,
hemoglobin A1C, history of cardiovascular events, estimated glomerular filtration rate,
body mass index, and sex or age in the age and sex analyses, respectively.
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problem for many years, it seems that this lack of timely
initiation did not change much over the last decade (Khunti
et al., 2018). More emphasis and involvement of other
healthcare professionals, such as pharmacists, might help
reduce clinical inertia (Fazel et al., 2017; Meredith et al.,
2021). On the other hand, overtreatment among older
T2DM patients has received a lot of attention in the past
decade (Oktora et al., 2021) and our study suggests that
potential overtreatment at initiation of glucose-lowering
medication has decreased over time. That was, however,
not the case at initiation of blood pressure-lowering
medication, which is of concern, since older patients are
more vulnerable for hypotension-related adverse events
(Ambrož et al., 2021a).

Throughout the study period, we observed higher HbA1c
thresholds at initiation of glucose-lowering medication in
males compared to females. A post-hoc analysis of sex
differences in the years 2008–2014 showed the same
differences (Supplementary Figure S3A). Differences in
screening rates are an unlikely explanation, since a recent
systematic review observed no clear sex differences in the
assessment of cardiovascular risk factors, such as SBP and
HbA1c levels, in type 2 diabetes patients (de Jong et al., 2021).
However, it could partly be due to later diabetes diagnosis
among males. A previous study showed higher HbA1c levels in
males than females at diagnosis of diabetes (Wright et al.,
2020). Earlier initiation of glucose-lowering medication in
females could also be a consequence of their increased
relative risk for cardiovascular and renal disease (Peters
et al., 2014a; Peters et al., 2014b; Shen et al., 2017).
Additionally, no sex differences in SBP thresholds were
observed between 2015 and 2020, but between 2007 and
2009 females initiated blood pressure-lowering treatment at
higher SBP thresholds than males (Supplementary Figure
S3B). This could indicate that some previously identified
sex- or gender-related issues leading to undertreatment of
cardiovascular diseases among females are diminishing
(Vogel et al., 2021).

An intriguing finding was that both mean HbA1c and mean
SBP thresholds were highest in 2020. For the HbA1c threshold
this could be a continuation of the rising trend over the years,
but this is not the case for the SBP threshold. There are
indications that the COVID-19 pandemic influenced
diabetes care in the year 2020 in Netherlands (InEen, 2020).
Other studies have shown decreases in screening rates,
consultations and patient use of healthcare services due to
fear of COVID-19 infection, as well as worse glycemic and
blood pressure control after the beginning of COVID-19
pandemic (Endo et al., 2022). The impact of this could
differ per age group, driven by differences in fear,
comorbidity, and frailty. More evidence is needed to assess
whether our observations in 2020 were due to the COVID-19
pandemic.

A strength of our study is the use of a large database of real
world data from electronic medical records, representing a
range of Dutch general practices from urban and rural areas.
Data undergo data entry error checks before being imported

in the GIANTT database, increasing the internal validity.
Using medical record data also brings some limitations.
First, this is a dynamic cohort and the variation between
years could in part be due to a variation between the
participating general practices. We conducted additional
analyses of trends in HbA1c and SBP thresholds including
only the 59 general practices that were present in the whole
period up to the year 2020, which showed similar results (data
not shown). Secondly, some patients may not be true initiators
but people who moved to a general practice participating in
GIANTT while already using medication. Although we
included only patients with a medical history of 1 year, this
may not prevent the inclusion of some patients that have been
treated with glucose-lowering or blood pressure-lowering
medication by other healthcare professionals in the past.
We used an arbitrary cutoff of 10 years to exclude patients
that were unlikely to be initiators. A previous study conducted
in Netherlands showed that around 20% of patients have not
yet started medication treatment 3 years after their diagnosis
(Spoelstra et al., 2004). Since it is not known what the
maximum time to initiation is in our study population, we
conducted a post-hoc analysis of the HbA1c thresholds
including only patients with a maximum duration of
diabetes at medication initiation of 5 years, which showed
similar results (data not shown). A post-hoc analysis of SBP
thresholds excluding all patients with a history of
cardiovascular disease also did not change the results (data
not shown). Another limitation of using medical record data is
that we had missing data for some potential confounders, but
we used multiple imputation for confounders with less than
20% missing data to reduce possible bias. Additionally, we
conducted a post-hoc analysis also imputing the albuminuria
values with more than 20% missing data, which did not
change the results (data not shown). Finally, the study
was conducted in Dutch primary care and the results may
be more generalizable to countries with similar diabetes care
systems.

To conclude, the rising trend in the HbA1c threshold for
initiating glucose-lowering medication in the lower age groups
was unexpected and requires further investigation. The lack of
lower thresholds for the youngest age group and higher
thresholds for the oldest age group at initiation of glucose-
and blood pressure-lowering drugs calls for interventions to
support age-related personalized diabetes treatment.
Multicomponent interventions targeting clinicians are seen as
effective type of interventions (Harvey and Kitson, 2015; Cliff
et al., 2021). This could include educational programs,
implementation of decision support tools with specific alerts,
feedback reports and other health system interventions. Our
finding that males received less timely initiation of glucose-
lowering medication than females also need attention. Studies
are needed to explore the reasons for as well as the implications of
this sex difference. The results of our trend study provide valuable
insight into the translation of guideline recommendations into
clinical practice, shows areas with room for improvement and can
help policy makers to tailor future interventions enhancing
appropriate treatment for all patients.
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