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Abstract

Purpose: To assess sex differences in treatment patterns after metformin initiation
among type 2 diabetes mellitus (T2D) patients.

Methods: A cohort study was conducted using the Groningen Initiative to ANalyze
Type 2 diabetes Treatment (GIANTT) primary care database. Patients aged >18 years
initiating metformin were followed 2-5 years. Markov modeling was conducted to
estimate treatment transition rates and calculate adjusted hazard ratios (aHR) with
95% confidence intervals (Cl) comparing men with women adjusted for age, HbAlc
level at initiation, and cardiovascular disease history. Kaplan-Meier analyses and Cox
proportional-hazards models were used to determine the time to and likelihood of
getting treatment intensification. HbA1c levels at initiation and intensification were
compared using Mann-Whitney U tests.

Results: In total, 11 508 metformin initiators were included (50.1% women). The most
common transition after initiation was a dose increase (probability women 0.52, men
0.59, no significant difference). Women were more likely than men to switch to any
other non-insulin hypoglycemic agent after initiation (aHR 1.66; 95% Cl 1.31-2.12),
after dose increase (aHR 1.48; 95% Cl 1.10-1.98) and after dose decrease (aHR 2.64;
95% Cl 1.28-5.46). Time to intensification was longer, time to switching was shorter,
and HbA1c levels at initiation and intensification were lower for women than men.
Conclusions: Sex disparities were observed in treatment transitions after metformin
initiation. Women more often switched treatment than men, which suggest that pre-
scribers acknowledge more tolerance or other problems for metformin in women.
Men intensified treatment earlier and at higher HbA1c levels, indicative of a higher

need for treatment intensification.

KEYWORDS

longitudinal cohort study, sex disparities, treatment pattern, treatment prescribing, type
2 diabetes mellitus

Key Points
e After initiating metformin, more than half of the type 2 diabetes mellitus (T2D) patients had

a metformin dose increase.
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for men.

intensification.

1 | INTRODUCTION

The treatment of type 2 diabetes mellitus (T2D) includes monitoring
and managing of glycated hemoglobin (HbA1c) levels. Guidelines rec-
ommend a stepwise approach starting with lifestyle advice, initiating a
non-insulin hypoglycemic agent, intensifying non-insulin hypoglyce-
mic agent treatment, and eventually initiating insulin.! Metformin is
considered the guideline-recommended first choice of treatment for
most T2D patients, with possibilities to change doses, add, or switch to
other medications. The guidelines recommend a personalized treatment
approach based on a patient's clinical characteristics, such as age and
HbA1c level, but do not differentiate between men and women.®

Given these recommendations, various treatment paths among
patients with T2D can be expected. A previous study showed that
patients initiating with metformin remained on average on this mono-
therapy for more than 2 years, with the most common next step being
an addition (19%) or a switch to a sulfonylurea derivative (8%).2 Although
no clinically significant differences in paths between men and women
were shown in that study,? there are indications of sex disparities in
treatment patterns and dose modification after metformin initiation. De
Vries et al. observed that women were generally prescribed lower doses
of metformin than men over time, and this dose difference was signifi-
cant at 9-month assessment.® In other studies it was observed that men
were prescribed more intensive treatment at initiation as well as during
follow-up (e.g., higher doses), and received more often treatment intensi-
fication after failure of metformin monotherapy than women.*>

Timely and well-controlled HbA1c levels are important in both
men and women to reduce the risk of diabetes-related complications.
However, cross-sectional studies among patients being prescribed
hypoglycemic agents have shown that women in general had higher
HbA1c levels when treated or were less likely to attain HbAlc targets

o Sex disparities were seen in treatment patterns among T2D patients.

¢ Women more often switched medication after metformin initiation, after dose increase and
dose decrease, while men were more likely to receive addition of any other non-insulin
hypoglycemic agent with the same or a higher metformin dose.

e Time to switching was shorter for women, whereas time to intensification was shorter

e Women had slightly lower HbAlc levels than men at metformin initiation and treatment

Plain Language Summary

The current guidelines of type 2 diabetes mellitus treatment do not differentiate between men and
women. However, previous studies have shown that men and women may receive different medi-
cation treatment and dosages. This study looked at whether there are differences in how men and
women with type 2 diabetes mellitus are treated after starting metformin by using a database of pri-
mary care patients. The results showed that women were more likely than men to switch to a differ-
ent type of diabetes medication after starting metformin, which suggests that more tolerance or
other problems for metformin occurred in women. Men were more likely to receive treatment
intensification than women. The study highlights potential disparities in diabetes treatment between
men and women, for which the reasons and consequences should be examined.

than men.®” Women had a higher probability of having elevated
HbA1c levels despite being on insulin treatment, although it was also
observed that men had a higher probability of not being treated with
insulin while having elevated HbA1c levels.®

To gain better insight in sex disparities in treatment patterns
among patients with T2D, longitudinal studies are needed focusing on
treatment changes and related HbAlc levels. Therefore, this study
aimed to assess sex differences among patients with T2D in (1) treat-
ment patterns after metformin initiation, (2) the time between metfor-
min initiation and treatment intensification, and (3) the HbA1c level at

treatment initiation and intensification.

2 | METHODS

21 | Study design and population

A longitudinal cohort study was conducted using the Groningen Initia-
tive to Analyze Type 2 diabetes Treatment (GIANTT) database.”*°
The GIANTT database contains anonymized information from primary
care electronic medical records about a dynamic cohort of patients
with T2D in the northern part of the Netherlands. This includes infor-
mation about prescriptions with the date, the substance, the daily
quantity, and the estimated duration of the medication.

Included in this study were patients aged 18 years or older, who
initiated metformin in the period January 1, 2004, and December
31, 2012. Patients should have at least 1 year of medical history and
2 years of follow-up data to enable the application of various defini-
tions of treatment transition states (see 2.2 and Table S1). Metformin
initiation was defined as a first prescription of metformin monotherapy

without a prescription of any hypoglycemic agent in the preceding
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365 days, and no prescription of any other hypoglycemic agent on the
same day or within 7 days of the first metformin prescription. Index
date was the date of this first prescription, and the patients were fol-
lowed for 2 to 5 years, or follow-up was stopped if the patient reached
one of the end-states of intensification (see 2.2). Patients were
excluded when (1) initiating on a combination of hypoglycemic agents,
(2) starting a second hypoglycemic agent within 7 days after the index
date, (3) the initial metformin dose was more than 1000 mg/day or the
first metformin prescription duration was more than 90 days, indicative
of patients who are likely to have received metformin before,** (4) the
dose or the duration of their first metformin prescription was missing,
or (5) the first metformin prescription was for less than 5 days, indica-
tive of an error in the collected prescription.

2.2 | Outcomes

The first outcome was the treatment pattern after the index date
expressed by transition rates between treatment states. We distin-
guished the following states (A) beginning state: initiation of metformin,
(B) intermediate states: dose increase, dose decrease, metformin dis-
continuation, metformin re-initiation after discontinuation, no change
of metformin treatment in 730 days, and (C) end-states: addition of any
other non-insulin hypoglycemic agent (OHA) to metformin with the
same or a higher metformin dose (“addition+") or with a lower metfor-
min dose (“addition—"), switching from metformin to any OHA, OHA
initiation after metformin discontinuation, and insulin initiation
(Table S1). Gaps of at least 270 days were used in these definitions to
distinguish between the states, allowing for gaps that are introduced by
delayed or long-duration prescriptions. The end-states “addition+” and
“insulin initiation” were considered as true intensification states. Treat-
ment switches to any OHA, OHA initiation, and “addition—" states
were considered as potential intensification states. For the “potential
intensification” it is uncertain whether the start of any OHA was
intended to increase the effect or because of metformin-related prob-
lems requiring the start of any OHA while discontinuing or decreasing
the dose of metformin. The second outcome was the time between
metformin initiation and true as well as potential intensification. The
third outcome was the HbA1c level at the time of initiation and treat-
ment intensification. We included the most recent HbAlc measure-
ment in the period 365 days before or up to 7 days after the index
date, and 120 days before or up to 7 days after the treatment intensifi-
cation date, respectively. The time window of 120 days before this date
was chosen to allow for actions taken at a next regular diabetes visit,
whereas a grace period of 7 days after this date was chosen to allow

for delays in entering the results of these tests in the medical records.

2.3 | Determinant
The determinant in all analyses was the sex of the patients as docu-
mented in the database. This was a binary variable (men and women),

and men were used as the reference.

24 | Statistical analyses

Baseline characteristics of included patients are reported descriptively as
mean with standard deviation (SD), or median with interquartile range
(IQR) for continuous variables. For categorical variables, the number and
percentage of patients are reported. Sex differences in characteristics
were tested using independent-samples t-tests, Mann-Whitney U tests,
and Chi-Squared tests depending on the type of the data and data distri-
bution (Table S2 for definitions and time windows details).

We fitted continuous-time Markov models to estimate transition
rates from metformin initiation to intermediate subsequent treatment
states, and from those intermediate states to the end-states. A
Markov model stratified by sex was fitted to obtain the probabilities
of going from state A to state B, given that someone is leaving state
A. Missing doses of metformin prescriptions were imputed using
last-observation-carried-forward when the dose before and after the
missing were available. Medication treatment decisions can be influ-
enced by various patient factors, and based on guideline recommen-
dations HbA1c level, age, and cardiovascular disease (CVD) history
can be justifiable factors guiding these decisions. Therefore, a com-
plete case Markov model was used to estimate adjusted hazard ratios
(aHR) for the transitions, which are displayed in a forest plot. This
model included sex as determinant, and HbA1lc level, age, and CVD
history all at baseline as covariates. The time-to-event between
metformin initiation and intensification end-states were analyzed
using Kaplan-Meier analyses, with the log-rank test to test for differ-
ences between sexes. Cox proportional hazards regression models
were used to estimate the aHRs for reaching the true intensification
and potential intensification, adjusted for age, HbA1c level, and CVD
history all at baseline. Complete case analysis was first conducted for
the Cox models, and multiple imputation was applied to overcome
missing data in baseline HbAlc as additional analysis. Finally, HbAlc
levels at the time of treatment initiation and intensification were
compared between sexes using Mann-Whitney U tests.

A p-value <0.05 was considered statistically significant for the aHR
Markov model and Cox regression. The Markov modeling and Cox
regression analyses were conducted using R (version 4.0.3; R Foundation

for Statistical Computing Platform).?

The other analyses and Kaplan-
Meier figures were conducted using SPSS (version 23.0; IBM, Armonk,
NY). Network plots were generated using CorelDRAW Graphic-Suite

2019. The forest plot was generated using Microsoft Excel 2010.

3 | RESULTS

3.1 | Patient selection and baseline characteristics

Of the 19 212 T2D patients identified as metformin initiators, 11 508
met the inclusion criteria (Figure 1). The mean age of the patients
was 62.5 years (SD: 11.6), most had their diabetes diagnosed less
than 2 years ago, the median HbA1c level at the time of metformin ini-
tiation was 7.2% (IQR: 6.7%-8.2%), and about half were women
(50.1%) (Table 1). Women were older, had higher cholesterol levels,
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Patients identified as potential metformin
initiators{
N=19,212

M =9,793 (51.0%), W = 9,419 (49.0%)

Patients who started a second
hypoglycemic agent at the same date as

Patients identified as potential metformin
monotherapy initiators
N= 17,909
M = 9,140 (51.0%), W = 8,769 (49.0%)

the index date: 1,303
M =653 (3.4%),W = 650 (3.4%)

N=2,128

Patients who:

e Started a second hypoglycemic agent
within 7 days after the index date: 241

e had a first prescription of metformin

Patients selected as true initiators on
metformin monotherapy
N= 15,781
M =7,975 (50.5%), W = 7,806 (49.5%)

duration < 5 days (96) or > 90 days (74), or
missing duration data (91): total 261

e initiated metformin at dose of > 1000
mg/day (1,625); or missing dose data: (1):
total 1,626

M =1,165 (6.1%), W =963 (5.0%)

Patients < 18 years old: 1

Adult patients initiating on metformin
monotherapy
N= 15,780
M =17,975 (50.1%), W = 7,805 (49.5%)

W =1 (0.005%)

N=4,272

Patients having:

e less than a year (< 365) of medical
history before the index date, or

Adult patients initiating on metformin
monotherapy with 1 year history and at least 2
years of follow-up
N= 11,508
M = 5,737 (49.9%), W = 5,771 (50.1%)

missing data to assess: 1,745

e less than 2 years (< 730 days) follow
up or missing data to assess: 1,363

e follow-up less than 5 years (<1825
days): 1164

(M =2,238 (11.6%), W = 2,034 (10.6%)

FIGURE 1 Flow chart of included patients. TPatients with a metformin prescription without any hypoglycemic agent prescription in the
preceding 365 days. GIANTT: Groningen Initiative to ANalyze Type 2 diabetes Treatment; M: Men, W: Women. Denominator for all exclusion
percentages is total number in initial cohort of potential metformin initiators.

systolic blood pressure levels, and body mass index. Women were pre-
scribed a higher number of chronic medication and antihypertensive
medication than men at metformin initiation. Men had higher glycemic
levels, higher diastolic blood pressure levels, and more often a history
of a CVD, were prescribed more lipid-lowering medication, and started

on a higher dose of metformin at initiation than women (Table 1).

3.2 | Treatment patterns

The patients were followed for a median duration of 1147 days
(Table 1). The most common end-states reached were addition+ in
26.1% of women and 31.1% of men, and switch to any OHA in 9.5%
of women and 6.5% of men (Figure 2A,B). The adjusted Markov model
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TABLE 1 Baseline characteristics of patients with type 2 diabetes mellitus initiating metformin monotherapy in 2004-2012.

Age in years, mean (+ SD)
Diabetes duration group, n (%)
0-1 year
2-5 years
6-10 years
> 11 years
Missing
Fasting glucose, median (IQR)
Missing, n (%)
HbA1c (%), median (IQR)
Missing, n (%)
SBP, median (IQR)
Missing, n (%)
DBP, median (IQR)
Missing, n (%)
Total cholesterol, median (IQR)
Missing, n (%)
LDL, median (IQR)
Missing, n (%)
Smoking status, n (%)
Yes
No
Missing
BMI, median (IQR)
N Missing (%)
History of CVD, N (%)
Yes
Chronic co-medication, n (%)
0
1-5
6-10
11-18
Antihypertensive medication, n (%)
0
1
2
23
Lipid lowering medication, n (%)
0
21

Metformin dose at initiation, mean (SD)

Number days follow-up, median (IQR)

Overall
n= 11508

62.5(11.6)

9257 (80.4)
1607 (14.0)
465 (4.0)
168 (1.5)
11(0.1)
8.2(7.2-9.9)
2891 (25.1)
7.2 (6.7-8.2)
2847 (24.7)
142 (132-159)
2306 (20.0)
82 (78-90)
2309 (20.1)
5.1(4.4-6.0)
4152 (36.1)
3.1(2.4-3.8)
4399 (38.2)

709 (6.2)
2053 (17.8)
8746 (76.5)

30.0 (27.0-34.0)
4454 (38.7)

2317 (20.1)

3296 (28.6)
7385 (64.2)
773(6.7)

54 (0.5)

4022 (34.9)
2829 (24.6)
2591 (22.5)
2066 (18.0)

5473 (47.6)

6035 (52.4)
643.8 (226.1)
1147 (458-1737)

Men

n (%) = 5737 (49.9)

61.6(11.1)

4630 (80.7)
807 (14.1)
229 (4.0)

67 (1.2)
4(0.1)
8.4(7.3-10.4)

1445 (25.2)

7.3 (6.8-8.5)

1448 (25.2)

142 (130-157)

1253 (21.8)

84 (79-90)

1256 (21.9)

5.0(4.3-5.8)

2025 (35.3)

3.0(2.3-3.7)

2174 (37.9)

388 (6.8)
1037 (18.1)
4312 (75.2)
29.0(27.0-33.0)
2159 (37.6)

1344 (23.4)

1883 (32.8)
3582 (62.4)
257 (4.5)

15 (0.3)

2173 (37.9)
1374 (23.9)
1213 (21.1)
977 (17.0)
2542 (44.3)
3195 (55.7)
658.8 (231.6)
1174 (494-1737)

Women p-value®

n (%) = 5771 (50.1)
63.4(12.0) <0.001

4627 (80.2) 0.102
800 (13.9)
236 (4.1)
101 (1.8)
7(0.1)
8.0(7.1-9.4) <0.001
1446 (25.1)
7.2(6.7-7.9) < 0.001
1399 (24.2)
144 (133-160) <0.001
1053 (18.2)
82 (78-90) 0.006
1053 (18.2)
5.3(4.6-6.1) <0.001
2127 (36.9)
3.2(2.5-3.9) <0.001
2225 (38.6)
0.055
321 (5.6)
1016 (17.6)
4434 (76.8)
31.0(27.0-35.0) <0.001
2295 (39.8)
<0.001
973 (16.9)

1413 (24.5) < 0.001
3803 (65.9)
516 (8.9)
39(0.7)

1849 (32.0
1455 (25.2
1378 (23.9
1089 (18.9

<0.001

)
)
)
)

2931 (50.8) <0.001
2840 (49.2)

628.0 (220.0) <0.001
1125 (420-1736) 0.082

Abbreviations: BMI, body mass index; CVD, cardiovascular disease, n, number; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin Alc; IQR,

interquartile range; LDL, low density lipoprotein; SBP, systolic blood pressure; SD, standard deviation.

2p-values were obtained by independent t-tests (age), Mann-Whitney U test (diabetes duration, fasting glucose, HbA1c, SBP, DBP, total cholesterol, LDL,

BMI, and metformin dose), Chi-square (diabetes duration group, smoking status, CVD history, and medications).
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change
(for at least
2 years)

Switch  |6.5%
(374)
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initiation | 1.8%
(101)
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Initiation .
metformin Addition+

31.1%
(5.737) (1,782) o

i Dose
increase Addition- | , 5o,
metformin L\ ——pgp ————  (128) -
\
/ 0.01
0.09 0.24 0.52 Vi

I e G ~— Insulin
Dose | initiation 3.3%

187,

decrease (187)

metformin

No

change
(for at least
2 years)

Switch 9.5%
(547) '

OHA
initiation | 2.3%
(131)

Discontinue | |
metformin | |

Initiation
metformin
(5,771)

(1,508) 26.1%

;; Addition-+

Dose
increase

0.02 ”
\ 4 Addition-| 5 o,

metformin \ 003 (156)
| .‘\
/ \
“ i
0.09 \
o Insulin
Dose ey initiation 2.7%
decrease )

metformin /"

(B)

FIGURE 2 A, Transition rates for men. B, Transition rates for women. Only transition probabilities of 20.02 were shown in the
figure. C, Adjusted hazard ratios comparing transition rates between sexes (reference class: men), adjusted for age, Hbalc level, and CVD history
all at baseline. aHR, adjusted Hazard ratio; Cl, confidence interval; CVD, cardiovascular disease; OHA, other non-insulin hypoglycemic agent.

included 8661 patients (missing data for HbA1c at baseline 34.7%). Figure 2A,B) with no significant difference (aHR 0.94, 95% CI
The most common treatment transition after metformin initiation was 0.88-1.00, Figure 2C). No change in the metformin treatment for at

a dose increase for both sexes (probability women 0.52 and men 0.59, least 2 years was also common for both sexes, with no significant
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HR (95%: CI)

Initiation-No change HH 1.02 (0.92-1.11)
Initiation-Discontinue = 1.11 (0.98-1.26)
Initiation-Dose increase H 0.34 (0.88-1.00)
Initiation-Dose decrease - 1.04 (0.75-1.45)
|nitiation-Addition= b 1.30 (0.87-1.73)
Initiation-Addition- k = i 3.26 (0.96-11.09)
Initiation-Switch —a— 166 (1.31-2.12)
Initiation-Insulin start —a— 0.96 (0.58-1.57)
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FIGURE 2 (Continued)

difference (probability women 0.25 and men 0.22; aHR 1.02, 95% CI
0.92-1.11). After a re-initiation of metformin, however, women had a
lower probability than men to get an addition+ (probability women
0.19 and men 0.23; aHR 0.68, 95% Cl 0.50-0.94).

Furthermore, women were more likely to switch to any OHA
than men after metformin initiation (probability women 0.05 and
men 0.03; aHR 1.66, 95% Cl 1.31-2.12), after a metformin dose
decrease (probability women 0.03 and men 0.01; aHR 2.64, 95% ClI
1.28-5.46), and after a metformin dose increase (probability women
0.03 and men 0.02; aHR 1.48, 95% CI 1.10-1.98, Figure 2A-C). On
the other hand, compared to men, women were less likely to have a
dose increase after a dose decrease (probability women 0.46 and
men 0.52; aHR 0.87,95% CI 0.76-0.99).

3.3 | Time between initiation and treatment
intensification

A total of 1661 women (28.8%) and 1969 men (34.4%) experi-
enced a true intensification, whereas 834 women (14.5%)

and 600 men (10.5%) experienced a potential intensification

during follow-up. In the age, HbA1lc, and CVD history adjusted
Cox analysis there was no significant sex difference in reaching a
true intensification end-state (aHR: 1.02, 95% Cl 0.94-1.10) but
women had a higher likelihood to reach a potential intensification
end-state (aHR: 1.42, 95% CI 1.25-1.60). Similar results were seen
in the multiple imputation analyses (Table S3). The time to true
intensification was significantly longer for women than men,
(Figure 3A) with a mean time to event of 1386 versus 1345 days
(Log-Rank 17.7, p-value <0.001). On the other hand, women had a
significantly shorter time to a potential intensification than men
(Figure 3B), with a mean time to event of 1546 versus 1626 days
(Log-Rank 28.4, p-value <0.001).

3.4 | HbA1c level at the time of the treatment
intensification

Of the 5064 patients who had any treatment intensification dur-
ing follow-up, an HbAl1c measurement at the time of intensifica-
tion was available for 4184 (82.6%) patients. The median HbA1c
level at the time of any intensification was 7.5% (IQR: 7.1%-8.4%)
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(Table 2), with slightly lower HbA1c levels for women than men 4 |
(7.5% vs 7.6%, p-value <0.001). In addition+ and addition— states,
women also had slightly lower HbA1c levels at this time of OHA 41

addition than men (7.6% vs. 7.7%, p-value <0.001, 7.5% vs. 7.7%,
p-value 0.01, respectively, Table 2). When patients switched to
any OHA, the HbA1c level was 7.2% with no statistically signifi-
cant sex differences (Table 2).

FIGURE 3 A, Kaplan-Meier analysis for time to true
intensification (end-states). Men: Estimated mean time to
event: 1345.3 days; Standard error: 9.3, 95% Cl: 1327.0-
1363.6. Women: Estimated mean time to event:

1386.3 days; Standard error: 9.5; 95% Cl: 1367.8-1404.9.
Overall: Estimated mean survival time: 1365.3 days;
Standard error: 6.7; 95% Cl: 1352.2-1378.3. Log rank:
17.7 (p-value <0.001). B, Kaplan-Meier analysis for time to
potential intensification (end-states). Men: Estimated mean
survival time: 1626.0 days; Standard error: 8.2; 95% Cl:
1610.0-1642.1. Women: Estimated mean survival time:
1546.3 days; Standard error: 9.2, 95% Cl: 1528.3-1564.4.
Overall: Estimated mean survival time: 1584.5 days;
Standard error: 6.2; 95% Cl: 1572.4-1596.7. Log rank:
28.4 (p-value <0.001).

DISCUSSION

Principal findings and their relationship with

the literature

After initiating metformin, more than half of the T2D patients (both

sexes) had a metformin dose increase, whereas one-fifth remained on
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TABLE 2 HbA1c levels® at the time
of treatment intensification.

Any intensification, n (%)

%, median (IQR)
Switch to OHA, n (%)
%, median (IQR)
OHA initiation, n (%)
%, median (IQR)
Addition+, n (%)

%, median (IQR)
Addition-, n (%)

%, median (IQR)
Insulin initiation, n (%)

%, median (IQR)

Overall Men Women p-value®
4184 (82.6) 2155 (51.5) 2029 (48.5)
7.5(7.1-8.4) 6(7.2-8.6) 7.5(7.0-8.2) < 0.001
760 (18.2) 308 (14.3) 452 (22.3)
7.2 (6.7-7.8) 3(6.7-7.9) 7.2 (6.7-7.8) 0.127
165 (3.9) 71(3.3 94 (4.6)
6.8 (6.4-7.5) 8(6.4-7.4) 6.9 (6.4-7.5) 0.485
2783 (66.5) 1527 (70.9) 1256 (61.9)
7.7 (7.2-8.6) .7 (7.2-8.8) 7.6 (7.2-8.4) < 0.001
249 (6.0) 113(5.2) 136 (6.7)
7.6 (7.1-8.4) 7(7.2-8.8) 7.5(7.0-8.0) 0.011
227 (5.4) 136 (6.3) 91 (4.5)
7.9 (6.9-9.7) 0(7.0-10.3) 7.9 (6.8-9.5) 0.324

Abbreviations: HbAlc: glycated hemoglobin Alc; n = number; IQR: interquartile range; OHA: other
non-insulin hypoglycemic agent.

?Last value of HbA1c 120 days before up to 7 days after date of intensification, n = 414 (19.2%) missing
for men and n = 466 (23.0%) missing for women.

bp-values were obtained by Mann-Whitney U tests.

metformin monotherapy for at least 2 years without any changes. Sex
disparities were observed in the treatment patterns after metformin
initiation. Women were more likely to switch to any OHA, while men
were more likely to receive addition of any OHA with the same or a
higher metformin dose. Time to switching was shorter for women,
whereas time to intensification was shorter for men. Women had
slightly lower HbA1lc levels than men at metformin initiation and
treatment intensification.

Our study confirms findings from previous studies showing T2D
men receive more treatment intensification, such as dose increase or
treatment addition, than T2D women within a similar time frame.>**
It could be that men have a higher need to intensify treatment given
their higher glucose and HbA1c levels at the time of metformin initia-
tion. Higher index HbA1c levels are expected to be associated with
higher rates of intensification.X* At the time of metformin initiation,
men also more often had a history of CVD and received more often
lipid-lowering medication. Although these factors, according to the
prevailing guideline recommendations, should not be considered
for the decision to intensify glucose lowering treatment, they may
actually influence the general practitioner's decisions for treatment
intensification.

Women were more likely to switch to any OHA than men at rela-
tively low HbA1lc levels. Although no direct information from the
medical record about the switching intention, the possibility of incur-
ring adverse drug events (ADEs) in women may occur. Previous stud-
ies have shown that women more often experience ADEs from

1516 including metformin.>'” Women generally

hypoglycemic agents,
report ADEs more often than men after metformin initiation.®
Experiencing ADEs when treated with metformin are likely to result
into switching to another drug or decreasing the metformin dose
while adding another OHA. This is in line with a previous study show-
ing that women received less treatment with metformin as the second

step in combination with an sulfonylurea derivative than men.*® Men

received treatment intensification around 40 days earlier than
women, whereas women received potential intensification around
80 days earlier than men. A previous study found that men had earlier
treatment additions than women in a period of 12-24 months after
they progressed to uncontrolled HbA1c levels.® Although this might
suggest that there is more clinical inertia among women, our study
illustrates that this may not be the case. Women receive different
treatment changes than men, particularly switching to another drug,
which is often not considered as action in studies looking at clinical
inertia.? Actually, we observed that men had slightly higher levels of
HbA1c than women both at treatment initiation and intensification,
indicating that—if anything—men may have experienced a bit more
clinical inertia. This may seem surprising given the higher HbAlc
levels seen among women treated with hypoglycemic agents and
the lower likelihood to attain HbA1c targets than men seen in cross-
sectional studies.®” Assessing HbA1c levels at one moment in time,
however, cannot reveal possible differences in HbAlc levels when

decisions about treatment changes are made.

42 | Strengths and limitations

A strength of this study is the inclusion of a large, real-world cohort of
patients with T2D with medication prescriptions and clinical data. The
GIANTT cohort is representative and comparable with populations of
T2D in the Netherlands.2® Given the detailed information on dates
and doses of prescriptions, we were able to model treatment transi-
tions, including dose increases and decreases as well as addition with
any OHA while decreasing the dose of metformin. In this way, the
distinction between true and potential intensifications of treatment
can be seen. In addition, the dates and levels of HbAlc measurements
enabled us to compare these levels between the sexes at the time of

treatment intensification.
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Issues with incomplete data or data errors are common in any
research using medical record data. Data checking and cleaning was
conducted to delete duplicate prescriptions and out of range
measurements (e.g., unlikely metformin initiators or error in the col-
lected prescription). In the models, we adjusted for factors that are
relevant for the initiation and intensification of medication treatment
as based on the Dutch guideline recommendations. Given the guide-
line changes over time regarding target values in relation to age and
diabetes duration, we adjusted for age. We did not adjust for diabetes
duration because its collinearity with age. Furthermore, we only
adjusted for baseline characteristics to prevent loss of patients due to
missing data during follow-up. Particularly, HbAlc changes over time
and the occurrence of ADEs or cardiovascular events can be expected
to influence treatment decisions. The cross-sectional comparison illus-
trated that men had slightly higher HbA1c levels before treatment ini-
tiation and intensification but given the small differences of 0.1%
observed this is expected to be a minor limitation. Unfortunately, data
on ADEs and validated data about cardiovascular events during
follow-up were not available. Additionally, since the GIANTT database
includes a dynamic cohort, there is a possibility that some of the met-
formin initiations were not the first initiation, despite our inclusion/
exclusion criteria. People may have used metformin in earlier periods
or have moved into the GIANTT cohort being on low dose metformin
treatment that was started at an earlier time. There is also a possibility
of misclassification of the “discontinuation state,” which may include
patients who had left the database before the official end period as
provided by their general practitioner. Patients with less than 2 years
of follow-up data were excluded to enable application of our transi-
tion state definitions, which led to the exclusion of 1363 patients
(Figure 1) of whom 649 women and 714 men. Usually, this happens
when patients leave the practice because they moved. A final limita-
tion is that we had no information about reasons for treatment

changes, such as ADEs or medication taking problems.

4.3 | Future perspectives
It is relevant to assess the clinical impact of the observed sex
differences in treatment patterns. Previously, it was found
that patients intensifying monotherapy early (within 12 months)
had a higher likelihood to attain glycemic control than patients
intensifying later.'® Furthermore, it was found that a one-year
delay in initiating additional hypoglycemic medication among those
with consistently elevated HbAlc levels was associated with an
increased risk of cardiovascular events.?! The sex differences in
HbA1c levels at initiation and intensification were, however, small
and thus not that clinically relevant. So far, it is not clear what the
consequences are of the earlier switching of women to any OHA,
as observed in our study.

Further research is needed to assess the underlying reasons for
the sex differences in treatment patterns. Gaining more insight in
potential sex differences of metformin dose and experiencing ADEs,

with information on changes in HbAlc level over time would be

helpful to better understand differences in treatment changes and
their implications. Investigating the next treatment steps after the
intensification states as defined in our study is important to gain a com-
prehensive overview of treatment patterns in T2D patients. Finally,
new guideline recommendations were published in 2021 recommend-
ing to initiate treatment with sodium glucose co-transporter-2
inhibitors in non-frail patients with very high cardiovascular or renal
risks.2?2 It is of interest whether initiation with this new drug class and
subsequent treatment patterns differ between the sexes. On the other
hand, initiation with metformin treatment remains the mainstay for the

majority of T2D patients in primary care.

5 | CONCLUSION

Sex disparities were observed in the treatment patterns among T2D
patients after metformin initiation. Particularly, women more often
switched medication treatment than men, which suggests that pre-
scribers acknowledge more tolerance or other problems for metformin
in women. Furthermore, men appeared to intensify treatment earlier
and at slightly higher HbA1c levels than women, indicative of a higher
need for treatment intensification.
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