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Summary

As a first step, the authors emphasise lifestyle changes 
(increased physical activity, stopping smoking), blood 
pressure control, and lowering cholesterol). The initial 
medical treatment should always be a combination treat-
ment with metformin and a sodium-glucose transporter 2 
(SGLT-2) inhibitor or a glucagon-like 1 peptide (GLP-1) re-
ceptor agonist. Metformin is given first and up-titrated, fol-
lowed by SGLT-2 inhibitors or GLP-1 receptor agonists. In 
persons with type 2 diabetes, if the initial double combina-
tion is not sufficient, a triple combination (SGLT-2 inhibitor, 
GLP-1 receptor agonist, and metformin) is recommend-
ed. This triple combination has not been officially tested 
in cardiovascular outcome trials, but there is more and 
more real-world experience in Europe and in the USA that 
proves that the triple combination with metformin, SGLT-2 
inhibitor, and GLP-1 receptor agonist is the best treat-
ment to reduce 3-point MACE, total mortality, and heart 
failure as compared to other combinations. The treatment 
with sulfonylurea is no longer recommended because of 
its side effects and higher mortality compared to the mod-
ern treatment with SGLT-2 inhibitors and GLP-1 receptor 
agonists. If the triple combination is not sufficient to reduce 
the HbA1c to the desired target, insulin treatment is neces-
sary. A quarter of all patients with type 2 diabetes (some-
times misdiagnosed) require insulin treatment. If insulin 
deficiency is the predominant factor at the outset of type 
2 diabetes, the order of medications has to be reversed: 
insulin first and then cardio-renal protective medications 
(SGLT-2 inhibitors, GLP-1 receptor agonists).

Introduction

With the announcement in the year 2008 by the Federal 
Drug Administration (FDA) in the USA that each new an-
tidiabetic drug has to prove its cardiovascular safety in a

cardiovascular outcome trial, a revolution in diabetes treat-
ment took place. The initial trials with DPP-4 inhibitors
proved their cardiovascular safety, but no additional short-
term benefits were seen in these trials [1–4].

In 2015, the EMPA-REG trial demonstrated that em-
pagliflozin, an SGLT-2 inhibitor, was able to reduce
3-point major adverse cardiovascular effects (MACE), car-
diovascular death, hospitalisation for heart failure, com-
bined kidney outcome, and even mortality. The LEADER
trial with liraglutide, a GLP-1 receptor agonist, was able
to achieve significant results in 3-point MACE, cardiovas-
cular death, combined kidney outcomes, and mortality as
well. These two trials were the beginning of a success sto-
ry of all SGLT-2 inhibitors and GLP-1 receptor agonists.
What was newly discovered by these trials was the benefit
of all SGLT-2 inhibitors for a reduction in hospitalisation
due to heart failure (both reduced and preserved ejection
fraction) [5] and the reduction of stroke in all GLP-1 re-
ceptor agonist trials [6]. Taking all these trials into account,
we call this a diabetes revolution [7–15], which resulted
in the updated Swiss Society for Endocrinology and Dia-
betes (SGED/SSED) recommendations illustrated in figure
1. A summary of all these trials with the major outcomes is
shown in figure 2.

The new European Association for the Study of Diabetes
(EASD) / American Diabetes Association (ADA) guide-
lines of diabetes [16] have carefully incorporated these
previously mentioned trial outcomes, and they put empha-
sis on cardiorenal protection, prevention, or treatment of
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heart failure on one side and achieving weight reduction
and reducing glycaemia on the other side. However, the fo-
cus of the Swiss recommendations lies on the general prac-
titioners that take care of most people with type 2 diabetes
and, therefore, the EASD/ADA guidelines are still too de-
tailed. Because basically all patients with type 2 diabetes
belong to the high or very high cardiovascular risk group,
as defined by the European Cardiology Society (table 1)
[17], the recommendations for cardiorenal protection or

prevention or treatment of heart failure apply to all patients
with type 2 diabetes, which simplifies treatment recom-
mendations considerably.

Step-by-step algorithm

Figure 1 summarizes the new Swiss recommendations for
the treatment of type 2 diabetes mellitus. As a first step,
we emphasize lifestyle changes (increased physical activ-

Figure 1: Flow chart of the updated 2023 recommendations at a glance. Co-formulated insulin: Ultra-long-acting insulin Degludec (70%) and
short-acting insulin Aspart (30%).

Figure 2: Summary of cardiovascular outcome trials with SGLT-2 inhibitors and GLP-1 receptor agonists in type 2 diabetes mellitus [62].
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ity and healthy nutrition) and a multifactorial treatment
(blood pressure control and lowering of lipids), as detailed
in the next chapter. The initial medical treatment should al-
ways be a combination treatment with metformin and an
SGLT-2 inhibitor or metformin and a GLP-1 receptor ago-
nist. Metformin is maintained as a first-line treatment be-
cause all cardiovascular outcome trials were performed on
the basis of metformin treatment and because no other an-
tidiabetic drug has an explicit effect of reducing hepatic
glucose production. In persons with type 2 diabetes, if the
initial double combination is not sufficient, a triple com-
bination (SGLT-2 inhibitor, GLP-1 receptor agonist, and
metformin) is recommended. This triple combination has
not been officially tested in the above-mentioned cardio-
vascular outcome trials, but there is more and more real-
world experience in Europe and in the USA [18, 19] that
proves that the triple combination with metformin, SGLT-2
inhibitor, and GLP-1 receptor agonist is the best treatment
to reduce 3-point major adverse cardiovascular effects, to-
tal mortality, and heart failure as compared to other com-
binations. The combination of metformin and sulfonylurea
that was practised for more than 60 years shows more than
10 times higher mortality and more than 7 times higher
3-point MACE occurrence than the modern triple combi-
nation [18].

If the triple combination is not sufficient to reduce the
HbA1c to the desired target, insulin treatment is necessary.
It is important to keep in mind that a quarter of all patients
with type 2 diabetes (sometimes misdiagnosed) require in-
sulin treatment. If insulin deficiency is the predominant
factor at the outset of type 2 diabetes, the order of medica-
tions has to be reversed (figure 1: arrows in blue). Insulin
first and then cardio-renal protective medications (SGLT-2
inhibitors and/or GLP-1 receptor agonists) (figure 1).

Lifestyle changes, prevention of diabetes, and
multifactorial treatment in T2D

Lifestyle intervention is recommended as the first-line
treatment of pre-diabetes and diabetes at all ages. Healthy
nutrition, weight control, and physical activity are essen-

tial. Ideally, they should be carried out concomitantly (fig-
ure 3).

The main targets are to improve the following:

– glucose control, blood pressure, and cholesterol levels
based on individual targets;

– achieve and maintain body weight goals;

– delay or prevent diabetes complications (micro- and
macrovascular disease).

With a weight loss of >15% in the DIRECT trial, a diabetes
prevention rate of 86% could be achieved [20]. When com-
paring all diets with each other, the adherence rate to a par-
ticular diet is the most important predictor for weight loss
[21]. In persons with pre-diabetes and obesity, trials with
high-dose GLP-1 receptor agonists or GLP-1/GIP receptor
agonists could achieve normalization of glucose levels in
83 to 95% of the cases [22, 23]. A meta-analysis demon-
strated the reduction of new-onset type 2 diabetes mellitus
in people with prediabetes with SGLT-2 inhibitors [24].

Multifactorial treatment

The Steno-2 trial [25] has well demonstrated the role of a
multifactorial treatment in the care of type 2 diabetes mel-
litus, including hyperglycaemia management, blood pres-
sure control, lowering LDL-cholesterol, and stop smoking.
It is the task of the treating physician to make a reasonable
choice of interventions and the order in which these inter-
ventions are introduced in the individual patient. It is cru-
cial to take patients’ preferences into consideration and to
prioritize with the patient the impact of body weight, glu-
cose control, and cardio-renal protection in his/her individ-
ual condition.

Lipid and blood pressure management

For the control of high LDL cholesterol, a high-potency
statin (rosuvastatin, atorvastatin) is the first choice. If the
targets cannot be achieved, ezetimibe is added, and if still
not at target, pro-protein-C subtilisin kexin type 9 (PC-
SK-9) inhibitors might be given [17], depending on the re-
spective limitations in a specific country.

Table 1:
Cardiovascular risks in diabetes (ESC 2021) [17].

Patient category Subgroups Risk cate-
gories

CVD risk and therapy benefits estimation

Patients with type 2 dia-
betes mellitus; patients with
type 1 diabetes >40 years of
age may be classified accord-
ing to these criteria

Patients with well conrolled short-standing diabetes 
mellitus (<10 years), no evidence of target organ 
damage and no additional atherosclerotic 
cardiovascular disease risk factors

Moderate
risk

N/A

Patients with diabetes mellitus without atherosclerotic
cardiovascular disease and/or severe target organ
damage, and not fulfilling the moderate risk criteria

High risk Residual 10-year cardiovascular disease risk estimation after general
prevention goals (e.g., with the ADVANCE risk score or DIAL model).
Consider lifetime cardiovascular disease risk and benefit estimation of
risk factor treatment (e.g., DIAL model)

Patients with diabetes melli-
tus with established athero-
sclerotic cardiovascular dis-
easeand/or severe target
organ damage

eGFR <45 ml/min irre-
spective of albuminuria

Very high
risk

Residual 10-year cardiovascular disease risk estimation after general
prevention goals (e.g., with the SMART risk score for established cardio-
vascular disease or ADVANCE risk score or DIAL model). Consider life-
time cardiovascular disease risk and benefit estimation of risk factor
treatment (e.g., DIAL model)

eGFR 45–60 ml/min and 
microalbuminuria (albu-
min-creatinine ratio 
3–30 mg/mmol)

Proteinuria (albumin-crea-
tinine ratio >30 mg/mmol)

Presence of microvascu-
lar disease in at least 3
different sites (retinopathy
plus microalbluminuria
plus neuropathy)
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The target for blood pressure is also individualised [17]
and should be 130/70–79 mm Hg. In a younger patient, the
systolic blood pressure can be lowered below 130 mm Hg
but should not be below 120 mm Hg, whereas in a person
above the age of 65 years, the recommended systolic blood
pressure is between 130–139 mm Hg. The choice of drugs
is usually an early combination of ACE-inhibitor and a cal-
cium antagonist. If the ACE-inhibitor is not tolerated, an
ARB (angiotensin II receptor blocker or sartan) can be giv-
en [17]. People with diabetes have a higher platelet reactiv-
ity and turnover, resulting in a pro-thrombotic status [17].
Platelet aggregation inhibition by aspirin or by other drugs
is accepted in patients with established cardiovascular dis-
ease, but it is generally not recommended in primary pre-
vention.

Adherence and SGED/SSED Score

Considering that non-adherence to diabetes medical stan-
dards (<2 × HbA1c, Lipid profile at target, nephropathy
status and ophthalmologist visit per year) in diabetes care

is associated with an increased probability of future hospi-
talization among patients with diabetes [26, 27] (table 2).
The suggested target in practice is ≥70 out of 100 points
among all patients with type 2 diabetes mellitus [27].

Chronic kidney disease and decreasing
glomerular filtration rate

In patients with chronic kidney disease (impaired GFR
and/or albuminuria), antidiabetic treatment should include
SGLT-2 inhibitors independent of glucose control because
SGLT-2 inhibitors have shown particularly beneficial car-
diorenal effects in patients with and even without diabetes
[28]. SGLT-2 inhibitors reduce not only renal and car-
diovascular endpoints but also mortality in patients with
chronic kidney disease [28]. Although the glucose-lower-
ing efficacy of SGLT-2 inhibitors is reduced or even absent
when GFR is markedly decreased, the nephroprotective
effects remain preserved, and, therefore, we recommend
continuing SGLT-2 inhibitors, even if the GFR falls below
30 ml/min. However, due to limited experience with

Figure 3: Important factors in diabetes treatment.

Table 2:
SGED Score [26, 27]: suggested target: ≥70/100 points.

Criteria Intervention Aim (on a yearly basis) Points

Regular visits General diabetes control <80% of patients with ≥3 visits 10

Lifestyle measures BMI >25, physical exercise, and nutrition counselling <80% of patients have BMI ≤25 or if BMI >25 received
counselling ≥1/year

5

Nicotin abuse: smoking cessation counselling >80% patients non-smokers or if active smokers received
counselling ≥1/year

5

Glycaemic control HbA1c measurement (DCCT traceable) Annual mean at least 2 measurements:

≥85% of patients <9.0% 12

≥60% of patients <8.0% +8

≥40% of patients <7.0% +5

Blood pressure Blood pressure measurement (mm Hg) Annual mean at least 2 measurements: ≥65% of patients
<140/90 mmHg

15

LDL-C if <75 years of age LDL-Cholesterol measurement Annual mean: ≥63% of patients <2.6 mmol/l 10

Nephropathy screening Measurement of serum creatinine + microalbuminuria ≥80% of patients screened 10

Retinopathy screening Ophthalmological consultation ≥80% of patients screened at least every second year 10

Foot examination Pulses (Arteria dorsalis pedis, Arteria tibialis posterior),
monofilament and vibration sense

≥80% of patients screened 10

BMI: Body Mass Index; DCCT: Diabetes Control and Complications Trial; HbA1c: haemoglobin A1c; LDL: low-density lipoprotein cholesterol; SGED/SSED: Swiss Society for
Endocrinology and Diabetes
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SGLT-2 inhibitors in patients with severely decreased
GFR, we do not recommend starting SGLT-2 inhibitors
in patients with GFR <30 ml/min. Usually, SGLT-2 in-
hibitors are used in combination with metformin. Due to
the risk of lactic acidosis, metformin must be discontinued
when GFR drops <30 ml/min. With a GFR 30–45 ml/
min, the maximum daily dose of metformin is 2 × 500
mg or 1000 mg in retarded form. Also, GLP-1 receptor
agonists do have nephroprotective effects, although not to
the same extent as SGLT-2 inhibitors. GLP-1 receptor ag-
onists (in patients with BMI >28 kg/m2) can be used with-
out dose adjustment, even in patients with severely de-
creased GFR or dialysis. DPP-4 inhibitors do not have
short-term nephroprotective effects [1–4], but they can be
used as an alternative to GLP-1 receptor agonists (e.g., in
patients with BMI <28 kg/m2 or intolerance of GLP-1 re-
ceptor agonists). DPP-4 inhibitors are safe to use in pa-
tients with decreased GFR, but the dose needs adjustment
to kidney function (except linagliptin). Sulfonylureas, in-
cluding gliclazide, should not be used in patients with
eGFR <30 ml/min because of the increased risk of hy-
poglycaemia. In patients treated with insulin, insulin re-
quirement is reduced, and the risk of hypoglycaemia is in-
creased when kidney function declines. Therefore, insulin
regimens and insulin preparations with the lowest risk for
hypoglycaemia are preferred in patients with a decreased
GFR. A non-steroidal mineralocorticoid receptor antago-
nist, finerenone, has been shown to decrease the decline
in chronic kidney disease in patients with type 2 diabetes
mellitus by 22% and reduce the combined cardiovascular
outcome by 14% [29–31].

Heart failure and diabetes (HFrEF and HF-
pEF)

Heart failure is a common complication of diabetes, with a
prevalence of up to 30% in individuals with diabetes above
the age of 65 years, even in patients without other cardio-
vascular risk factors [32, 33]. Typical symptoms of heart
failure are breathlessness, orthopnea, reduced exercise tol-
erance, fatigue, tiredness, and ankle swelling. A normal
ECG makes the diagnosis of heart failure unlikely. The
ECG may reveal abnormalities such as atrial fibrillation, Q
waves, LV hypertrophy (LVH), and a widened QRS com-
plex that increase the likelihood of a diagnosis of heart
failure and also may guide therapy [34]. If clinical suspi-
cion exists and ECG abnormalities are present, measure-
ment of the following markers is recommended: natriuretic
peptides (B-type natriuretic peptide [BNP] or N-terminal
pro-BNP [NT-proBNP]) on at least a yearly basis [35]. If
NT-proBNP is >125 pg/ml or BNP >35 pg/ml, transtho-
racic echocardiography will result in the diagnosis of heart
failure. It is, however, not recommended as routine screen-
ing for all patients with diabetes [34].

SGLT-2 inhibitors are beneficial for the prevention or treat-
ment of all forms of heart failure (HFpEF, HFmEF, HFrEF)
with and without diabetes mellitus [36–39].

Regarding metformin treatment, no randomised controlled
trials relative to heart failure risk have been performed, but
a meta-analysis of nine cohort studies of nearly 34,000 in-
dividuals suggests that metformin was associated with a
20% reduced mortality risk and a smaller but significant

reduction in all-cause hospitalization in individuals with
heart failure compared with control subjects [40].

A meta-analysis with GLP-1 receptor agonists suggests
that this group does not only decrease stroke, 3-point major
adverse cardiovascular effects, and mortality but also sig-
nificantly improves the heart failure outcome [41].

Several observational studies that compared sulfonylurea
therapy with metformin or with other agents suggested that
sulfonylurea may be associated with an increased risk of
heart failure events [42]. In meta-analyses and randomised
trials, thiazolidinediones showed an increased risk of heart
failure, heart failure hospitalization or death, weight gain,
lower extremity oedema, and increased cardiovascular risk
[43]. Therefore, thiazolidinediones are not recommended
in patients with heart failure. DPP-4 inhibitors (especially
saxagliptin and alogliptin) are not recommended for pa-
tients with diabetes with heart failure, but linagliptin or
sitagliptin can be used to lower glucose levels if a GLP-1
receptor agonist is not indicated (BMI <28) or not tolerated
[1–4].

Taking all cardiovascular outcome trials together, SGLT2
inhibitors have been clinically proven to be an effective
treatment for heart failure, independent of the HbA1c value
whether diabetes is present or not. Therefore, they should
be introduced as soon as possible for the treatment or pre-
vention of heart failure. If additional glycaemic control is
needed, the use of a GLP-1 receptor agonist and metformin
is recommended. Insulin should be added if a triple treat-
ment of SGLT-2 inhibitors, GLP-1 receptor agonist, and
metformin is not sufficient to reach individual glycaemic
targets. Insulin can negatively affect heart failure due to
known side effects like fluid retention, weight gain, and
hypoglycaemia.

Weight management in type 2 diabetes and
obesity

Sixty to 90 percent of all people with type 2 diabetes mel-
litus are obese [44]. Besides the prevention of micro- and
macrovascular complications, the main target of diabetes
treatment is, therefore, to reduce weight [16]. Obesity, in
combination with a sedentary lifestyle, is the main risk fac-
tor associated with type 2 diabetes mellitus and increased
insulin resistance. Therefore, losing weight and keeping an
active lifestyle with physical activity and resistance train-
ing are of utmost importance. With a BMI of >28 kg/m²
the use of GLP-1 receptor agonists, in combination with
metformin or as monotherapy in the case of metformin in-
tolerance, in the therapy of type 2 diabetes mellitus is re-
imbursed by health insurance. It has to be mentioned, how-
ever, that this group of medications reduces glucose even
if the BMI is below 28, but in Switzerland, it will not be
reimbursed by health insurance.

Potency of GLP-1 receptor agonists and GLP-1/GIP
receptor agonists

The potency of GLP-1 receptor agonists and GLP-1/GIP
receptor agonists varies between different GLP-1 receptor
agonists and dosages with regard to weight loss. GLP-1
receptor agonists with a high potency are semaglutide or,
in higher dosages, liraglutide and dulaglutide. So far, the
best results with weight loss have been achieved with 2.4
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mg semaglutide and the new GLP-1/GIP receptor agonist
tirzepatide. However, the cardiovascular outcome trials of
these treatments are still ongoing [16, 22, 23, 45]. GLP-1
receptor agonists in lower dosages with proven evidence
for reducing cardiovascular outcomes (semaglutide, li-
raglutide, or dulaglutide) are, therefore, at present, the pre-
ferred treatment option in the vast majority of type 2 dia-
betes mellitus cases.

In contrast to SGLT-2 inhibitors, GLP-1 receptor agonists
lead to a more substantial weight loss and should therefore
be given priority over SGLT-2 inhibitors in obese patients
with type 2 diabetes [7–15]. The extent of weight loss
increases with dose escalation. Currently, high-dose
semaglutide administration (2.4 mg semaglutide) has been
shown to be the most effective GLP-1 receptor agonist in
terms of weight loss, and it is the second GLP-1 receptor
agonist with approval for weight loss treatment together
with high dose liraglutide (3.0 mg). Close to market ap-
proval is tirzepatide, a dual GLP-1 and glucose-dependent
insulinotropic polypeptide (GIP) receptor agonist with
high efficacy in glycaemic control and weight-loss effect
when compared to semaglutide administration. The main
limitations of GLP-1 receptor agonists are their side ef-
fects, such as nausea and vomiting. These side effects oc-
cur mainly in the first days to weeks of therapy. A cor-
relation between the occurrence of nausea as a side effect
and the effect on weight loss could not be proven. Con-
scious nutrition and the avoidance of large portions can
sometimes positively influence the symptoms of nausea.
Although GLP-1 receptor agonists can also be used in
higher-grade renal failure, increased nausea is sometimes
a limitation of use, particularly in end-stage renal failure.
SGLT-2 inhibitors also have a weight-reducing effect but
to a lesser extent. The extended indication of SGLT-2 in-
hibitors in heart failure and nephroprotection also allows
the combination of these drugs in different indications in
patients with and without type 2 diabetes [28, 38, 39].
GLP-1 receptor agonists have the greatest effect on weight
reduction, and they are given to reduce cardiovascular

complications (including stroke), renal complications, and
mortality.

In addition to drug therapy, bariatric surgery should be
evaluated, and it is considered to be therapeutically ef-
fective in difficult-to-control type 2 diabetes with HbA1c
>8% and a BMI of >30 kg/m². However, the gap with re-
gard to weight loss between bariatric surgery and high-
dose semaglutide or tirzepatide is shrinking [16, 22, 23,
45].

Non-alcoholic fatty liver disease and steatohepatitis
(NAFLD, NASH)

The management of type 2 diabetes in people with
NAFLD/NASH should include lifestyle modification with
a goal of weight loss, including strong consideration of
medical and/or surgical approaches to weight loss in those
at higher risk of hepatic fibrosis. GLP-1 receptor agonists
have evidence of a benefit. SGLT2 inhibitors have been
shown to reduce elevated levels of liver enzymes and he-
patic fat content in people with NAFLD, but currently,
there is less evidence for SGLT-2 inhibitors as treatment
for NASH. NAFLD and, in particular, NASH are also as-
sociated with an increased risk of cardiovascular complica-
tions (figure 4) [16].

Differential diagnosis of different diabetes sub-
types and insulin deficiency

In specific circumstances, insulin may be the preferred
agent for lowering glucose, specifically in the setting of
severe hyperglycaemia (HbA1c >10%), particularly when
associated with the typical signs of insulin deficiency like
weight loss or ketonuria/ketosis and with acute glycaemic
dysregulation (e.g., during hospitalization, surgery, or
acute illness), in normal or underweight people or when
the diagnosis of type 1 diabetes is suspected [16]. In these
circumstances, giving insulin is never wrong, and after eu-
glycaemia is restored, it might be possible to stop insulin
treatment for certain people with type 2 diabetes. Type 2

Figure 4: Comorbidities in type 2 diabetes mellitus.
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diabetes is not a uniform disease. The general rule is that
two pathogenetic factors are prominent such as insulin re-
sistance and relative insulin deficiency. Either of the two
can be dominant and appear before the other. Insulin resis-
tance is generally linked to visceral obesity and physical
inactivity. In the face of extreme insulin resistance, even if
insulin and C-peptide are in the normal range, the insulin
produced may not be sufficient to achieve normal glucose
homeostasis.

Attempts to describe subtypes of type 2 diabetes have
clearly demonstrated five subtypes of diabetes. In about
6% of the cases, type 1 diabetes was not diagnosed, and
an additional 18% of patients show a clear insulin defi-
ciency in the absence of typical antibodies for type 1 dia-
betes mellitus (anti-GAD, anti-IA2 or anti-ZnT8). A third
form in about 15% of patients is characterised by very high
insulin resistance and high insulin levels. These patients
have more NAFLD/NASH and more renal complications.
The remaining two forms are well known: diabetes asso-
ciated with obesity (20%) and diabetes associated with in-
creasing age (40%) [46].

Whenever treating a patient with type 2 diabetes, the physi-
cian should be aware that 25% of patients have an insulin
deficiency and sometimes are wrongly diagnosed as type
2 diabetes (type 1 diabetes, monogenic form of diabetes
and mitochondrial diabetes, or pancreatic diabetes [chronic
pancreatitis]). The contribution of type 1 diabetes and spe-
cific forms of diabetes is about 5% each. The pathogenetic
mechanism of most specific diabetes forms (except Matu-
rity Onset Diabetes of the Young [MODY] 2, glucokinase
mutations) is an insulin deficiency, which is treated in most
instances with insulin first (except MODY 1 and 3, which
are treated with sulfonylureas), and subsequently consid-
ering cardiorenal protective effects with SGLT-2 inhibitors
and or GLP-1 receptor agonists (figure 1).

The ADA/EASD developed an algorithm based on age,
specific antibodies, family history of diabetes and deter-
mination of C-peptide levels to diagnose the correct dia-
betes type and insulin deficiency [47]. If C-peptide is >200
and <600 pmol/l, specific antibodies are negative, and a
strong family history of diabetes is missing, insulin defi-
ciency can be diagnosed. Type 1 diabetes is still possible
in the early stages [48], and C-peptide measurement has
to be repeated three years later. In this situation, treatment
with co-formulated insulin at the main meal or at the two
main meals might be preferable to ultra-long-acting insulin
alone because postprandial glucose levels are also lowered,
and it is an easier treatment than a basal-bolus system with
the same HbA1c levels but less hypoglycaemia [49] (fig-
ure 1).

Glucose target range, HbA1c goal and how to
reduce the risk of hypoglycaemia

The main goal of diabetes control is to maintain the HbA1c
as close to normal as possible with avoidance of hypogly-
caemia. In most patients, this level will be an HbA1c of
7.0%. In younger people with a short history of diabetes
and/or patients with microvascular complications, this goal
should be reduced to 6.5 % if this can be reached without
significant and repetitive hypoglycaemia. An HbA1c level
<6.5% is not dangerous regarding hypoglycaemia or car-

diovascular complications if no insulin or no sulfonylurea
are used.

For older patients, patients with a history of severe hy-
poglycaemia, patients with co-morbidities (vision trouble,
osteoporosis, neurologic disease such as autonomic neu-
ropathy) or patients with restricted life expectancy, a high-
er HbA1c target of 7–8% is reasonable. In all instances,
an HbA1c level >8.0% should be avoided because the as-
sociated complications outweigh the possible benefits of
a higher HbA1c. In some cases, avoiding hypoglycaemia
and hyperglycaemia may be the only goal and a reduction
in the number of medications may be necessary. The physi-
cian and the patient will decide together on an individual
Hb1Ac target, which could change over time. For an
HbA1c target of 7.0 %, most of the patients will need
a blood sugar pre-prandial <7 mmol/l and post prandial
<10 mmol/l. In most cases, a satisfactory HbA1c will be
reached when the patient achieves a time in a range of 3.9
to 10 mmol/l in ≥70%.

It has been shown that hypoglycaemia is associated with
worse outcomes and higher mortality. As GLP-1 receptor
agonists and SGLT-2 inhibitors are not associated with a
risk of hypoglycaemia and are efficient in reducing blood
glucose, they represent the first choice of medication with
concomitant metformin use. Intensive insulin treatment
(basal-bolus insulin), with or without the other medica-
tions, has the highest rate of hypoglycaemia. The use of
an ultra-long-acting basal insulin, however, has quite a low
rate of hypoglycaemia, even lower than the use of sulfony-
lurea [18]. The highest hypoglycaemia rates are produced
with the combined use of insulin and sulfonylurea. There-
fore, this combination should always be avoided.

While the use of sulfonylureas – which are associated with
hypoglycaemia – has dropped dramatically in the last years
in favour the newer medications, they are still used in se-
lected cases (e.g., maturity-onset diabetes of the young
[MODY] 1 and 3). The highest risk exists in long-act-
ing sulfonylureas with active metabolites (glibenclamide,
glimepiride). At the present time, we recommend only gli-
clazide as the risk of hypoglycaemia with this specific mol-
ecule is very low due to the shorter half-life and no active
metabolites.

We prefer a basal insulin over a sulfonylurea when the
HbA1 target is not reached after GLP-1 receptor agonists,
SGLT-2 inhibitors and metformin. A basal Insulin is simple
to use, efficient in lowering blood glucose, and is cardio-
vascular safe, as shown in the ORIGIN study for glargine
and in the DEVOTE Study for insulin degludec. The in-
creased risk of hypoglycaemia with the newer ultra-long-
acting insulins (degludec and glargine 300) is low if used
in monotherapy. The risk of hypoglycaemia will increase
if an intensive therapy (basal -bolus regimen) is used. Un-
der these circumstances, the prescription of the nasal spray
of glucagon (Baqsimi®) is recommended and might help
to apply glucagon much easier to a patient with severe
hypoglycaemia. It has been shown that the use of twice-
daily co-formulated insulin for the main meals achieves
the same HbA1c as a basal-bolus regimen but with much
lower hypoglycaemia rates (daytime and during the night)
[49]. If insulin is started, the concomitant use of SGLT-2,
GLP-1 receptor agonists, and metformin should be contin-
ued (figure 1).
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Special considerations in the elderly

The ADA cut-off to define older adults with diabetes has
been set at 65 years [50]. Older adults with diabetes rep-
resent nearly half of all individuals with diabetes mellitus
worldwide, and the prevalence of diabetes above 65 years
in western countries varies between 16 to 30% [50, 51].
Longer life expectancy and lifelong exposure to car-
diometabolic risk factors are the main factors explaining
this increase in diabetes prevalence among the elderly [52].
Older patients with diabetes have a higher risk of common
geriatric syndromes, including frailty, cognitive impair-
ment and dementia, urinary incontinence, traumatic falls
and fractures, disability, and side effects of polypharmacy,
which have an important impact on the quality of life and
may interfere with anti-diabetic treatment. Malnutrition is
a common symptom, even if the patient is obese. Because
of all these factors, clinical management of type 2 diabetes
in elderly patients currently represents a real challenge for
the physician [53].

If elderly people have no appetite, medications with mini-
mal side effects (avoid loss of appetite and hypoglycaemia)
and maximal benefit are preferred. SGLT-2 inhibitors for
cardio-renal protection are undisputed. Particularly, the
prevention or treatment of all forms of heart failure, which
is becoming more frequent with advancing age and co-
morbidities (>25% in the age group above 65 years) [32]
and carries a high mortality rate, is extremely important.
In some elderly men with hypertrophy of the prostrate,
SGLT-2 inhibitors cause some more nycturia and are,
therefore, not appreciated by the patients. If there is insulin
deficiency, an ultra-long-acting basal insulin or a co-for-
mulated insulin is required before the use of SGLT-2 in-
hibitors. In malnourished patients, GLP-1 receptor ago-
nists are not the preferred group because one would like to
prevent loss of appetite. The alternative would be DPP-4
inhibitors since they lower HbA1c in each category of
chronic kidney disease and have no side effects. The pre-
ferred drug is linagliptin because it does not have to adapt
to eGFR (in contrast to sitagliptin).

Metformin should be used as well if the eGFR is >30 ml/
min. In case of nausea, the dose should be reduced to 1000
mg per day, even if the eGFR is >45 ml/min. In this case,
a retarded formulation of metformin once a day might be
used.

Insulin secretagogue agents have to be used with caution
because of their significant hypoglycaemic risk in this age
group with reduced kidney function; short-acting sulfony-
lureas, such as gliclazide or the glinide, repaglinide, are
preferred [53]. The glycaemic target depends on the use
of medications that might cause hypoglycaemia (insulin
and sulfonylurea). If none of these agents is used, the
HbA1c should be 6.5–7.0% for patients in the age range
of 65–80 years. In the age group >80 years, an HbA1c tar-
get of <7.5–8.0% is sufficient. If insulin or sulfonylurea are
used, the HbA1c target should always be <8.0% in all age
groups.

Limitations for the use of anti-diabetic medica-
tion and forbidden combinations

The use of different preparations from the same class of
drugs (e.g., two different SGLT inhibitors or two different

DPP-4 inhibitors) is not reasonable and is, therefore, a for-
bidden combination. GLP-1 receptor agonists do not need
cost approval before treatment is started, but GLP-1 recep-
tor agonists are reimbursed only in patients with BMI >28
kg/m2 at the start of the therapy. If the BMI falls below
28 kg/m2 during therapy with GLP-1 receptor agonists,
GLP-1 receptor agonists can be continued. The combina-
tion of GLP-1 receptor agonist and DPP-4 inhibitor is not
indicated, due to overlapping mechanisms of action, and is
not cost-effective. If a GLP-1 receptor agonist is used, it
is necessary to stop the DPP-4 inhibitor beforehand. Un-
fortunately, the combination of GLP-1 receptor agonist and
SGLT-2 inhibitor is still not always reimbursed by general
health insurance. For the favourable combination of GLP-1
receptor agonist and SGLT-2 inhibitor, a cost approval is
still required. Because of the increased risk for hypogly-
caemia, insulin and sulfonylureas should not be combined
whenever possible.

In situations resulting in dehydration (diarrhoea, fever,
vomiting) or if food intake is not guaranteed (nausea, vom-
iting, perioperatively), some antidiabetic medications must
be temporarily stopped. It is important to inform patients
which medications need to be stopped in these situations
(table 3). Metformin needs to be temporarily stopped in all
situations leading to relevant dehydration, acute kidney in-
jury or hypoxemia because of the risk of lactic acidosis.
SGLT-2 inhibitors should be temporarily stopped in situa-
tions when intake of carbohydrates is not possible (vom-
iting, prolonged fasting, perioperatively, before gastric or
colon endoscopy) due to the risk of ketoacidosis. Medica-
tions with a risk for hypoglycaemia (insulin and sulfony-
lureas) need to be temporarily stopped or adjusted in dose
in all situations in which intake of carbohydrates is not
guaranteed. Insulin therapy needs dose adjustment during
acute illness but should never be stopped completely.

Cost of antidiabetic medications and cost-ef-
fectiveness-analysis

Antidiabetic medication costs vary over a broad range. The
older antidiabetic drugs (e.g., metformin, gliclazide) are
cheap, whereas DPP-4i, SGLT-2 inhibitors, and insulin are
costlier, and GLP1-receptor agonists are the most expen-
sive drugs. Clinical outcomes studies have demonstrated
the effectiveness and benefits of the new drugs, especial-
ly of SGLT2i and GLP1-receptor agonists, in populations
with cardiovascular disease or with high risk for cardio-
vascular disease, heart failure, and chronic kidney disease.

Table 3:
When to discontinue or change antidiabetic drugs.

Medication When to temporarily stop medication

Metformin Dehydration

Acute kidney injury

Hypoxemia

SGLT-2 inhibitor Dehydration

Prolonged fasting

Perioperatively (2 days before)

Before endoscopy (2 days before)

Sulfonylurea (Gliclazide) Stop when fasting

Acute kidney injury

Insulin Reduce dose when fasting

SGLT-2: Sodium-Glucose Transporter 2
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However, it is important to assess whether these additional
clinical benefits offset the relatively high cost of these
drugs.

As first-line agents, SGLT-2 inhibitors and GLP-1 receptor
agonists would improve type 2 diabetes outcomes, but they
are probably not cost-effective compared to metformin due
to their high medication costs [54]. However, several stud-
ies showed that SGLT-2 inhibitors and GLP-1 receptor ag-
onists as an add-on therapy to metformin are cost-effec-
tive and maybe cost-saving compared to other antidiabetic
drugs [55]. In particular, in combination with metformin,
SGLT-2 inhibitor treatment is cost-effective or even cost-
saving compared to DPP-4i, sulfonylurea, or glitazone
medication [55]. Using diabetes model-based simulations,
SGLT2i is a cost-saving treatment in patients with chronic
kidney disease and a cost-effective treatment in patients
with HFrEF compared to the standard of care [56, 57].
Similarly, add-on therapy of GLP1 receptor agonists to
metformin was found to be cost-effective compared to in-
sulin or DPP-4i therapy [55, 58]. In addition, diabetes
model-based simulations showed that GLP1 receptor ag-
onists might be cost-effective in patients with or at high
cardiovascular risk compared to the standard care [59, 60].
It is important to mention that current cost-effectiveness
analyses for these drugs for Switzerland are not available.
However, the above-stated study results originating from
other European countries (e.g., Netherlands, Sweden, Eng-
land) are probably also applicable to the Swiss setting.

Concluding remarks and summary of Swiss
recommendations

The view on how to treat type 2 diabetes has completely
changed over the last few years. Cardiovascular outcome
trials, however, proved that GLP-1 receptor agonists and
SGLT-2 inhibitors have some direct effects on cardio-renal
protection independent of glucose control [7–15]. This led
to a change in paradigm that in persons with type 2 dia-
betes and a high to very high cardiovascular risk (basically

all patients with type 2 diabetes) [17], the primary choice
of treatment is either an SGLT-2 inhibitor or a GLP-1 re-
ceptor agonist. In order to facilitate the use of antidiabet-
ic treatment and combinations, we summarised in tables 4
and 5 the current available medications with generic and
trade names. The cumulative glycaemic exposure is tight-
ly linked to the development of microvascular complica-
tions. Metformin is used in early combination treatment
with GLP-1 receptor agonists or an SGLT-2 inhibitor to re-
duce hepatic glucose production because it was the basic
treatment to which SGLT-2 inhibitors and GLP-1 recep-
tor agonists were added [7–15]. If this initial dual treat-
ment regimen does not lower HbA1c to the individual
desired level, then the third medication is added, either
GLP-1 receptor agonists or SGLT-2 inhibitors (figure 1).
As seen in figure 3, the multifactorial approach is essen-
tial to reduce all cardiovascular risk factors, and perma-
nent lifestyle changes contribute markedly to reducing all
complications of diabetes mellitus. However, It is obvious
that the adherence level of general practitioners to monitor
these risk factors and complications is very low and has to
be improved in order to reduce hospitalizations for com-
plications [53]. When applying these new, updated recom-
mendations, some caution must be applied when applying
the sick day rules and treating elderly people with many
comorbidities (figure 5).

If physicians have a focus on weight management, particu-
larly in younger patients, to reduce obesity early, many dis-
eases associated with obesity, including diabetes, could be
prevented [22, 23, 28]. For weight management, treatments
with high potency are recommended, such as GLP-1 re-
ceptor agonists in higher dosages and the new dual GLP-1/
GIP agonists. The costs of new medications are the topic
of many deliberations in modern health care. Therefore, a
cost-effectiveness analysis of these updated recommenda-
tions was added because, nowadays, it is very important
to know if a treatment is cost-saving or cost-effective. In
most of these analyses, only the direct costs are evaluated

Figure 5: Sick day rules [63-65].
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Table 4:
Oral antidiabetic medications with/without cardiovascular outcome trials.

Class and substance Cardiovascular outcome trials Trade name Combinations with metformin and others

Biguanide Metformin + Gluophage ® or Generics

SGLT-2 inhibitors Canagliflozin + Invokana® Vokanamet®

Dapagliflozin + Forxiga® Xigduo® XR, Qtern® (+ saxagliptin)

Empagliflozin + Jardiance® Jardiance Met®, Glixambi® (+ linagliptin)

Ertugliflozin + Steglatro® Segluuromet®, Steglujan® (+ sitagliptin)

GLP-1 receptor agonists Semaglutide + Rybelsus®

DPP-4 inhibitors Alogliptin + Vipidia® (heart failure possible) Vipdamet®

Linagliptin + Trajenta® Jentadueto®

Saxagliptin + Onglyza® (not in heart failure) Kombiglyze XR®

Sitagliptin + Januvia® Janumet®, Janumet XR®

Vildagliptin – Galvus® Galvumet®

Sulfonylurea Gliclazide + Diamicron® or Generics

Glibenclamid – Daonil®/Semi-Daonil® Glucovance®/Glucovance mite®

Glimpepirid + Amaryl® or Generics

GLP-1 RA: glucagon-like 1 peptide receptor agonists; DPP-4 i: dipeptidyl-peptidase 4 inhibitors; SGLT-2 i: sodium-glucose transporter 2 inhibitors

Table 5:
Injectable antidiabetic medications with/without cardiovascular outcome trials.

Class and substance Cardiovascular out-
come trials

Trade name Combinations

GLP-1 receptor agonists and GLP-1/GIP
receptor agonists

Exenatide long-acting + Bydureon® (once weekly)

Liraglutide (1.8/3.0 mg) + Victoza® daily, Saxenda® daily

Lixisenatide + Lyxumia® Suliqua® 100/50; 100/33
(+ glargine)

Semaglutide (1.0/2.4 mg) + Ozempic®, Wegovy® once weekly

Dulaglutide (1.5, 3.0, 4.5 mg) + Trulicity® once weekly

Tirzepatide* (GLP-1/GIP receptor ago-
nist; 5, 10, 15 mg)

– Mounjaro® once weekly

Insulin analogues, long-acting Degludec + Tresiba®

Detemir – Levemir®

Glargin 100 Lantus®

Glargin 300 – Toujeo®

Glargin 100 biosimilar – Abasaglar®

Human insulin intermediate action Neutral Protamin Hagedorn (NPH) – Insulatard®, Huminsulin®

Insulin analogues, fast-acting Aspart – NovoRapid®, Fiasp® (ultra-fast)

Glulisin – Apidra®

Lispro – Humalog®, Lyumjev® (ultra-fast)

Premixed or co-formulated insulins Aspart/NPH – NovoMix® (not available in Switzer-
land any more)

Lispro/NPH – HumalogMix® 25/75, 50/50

Aspart/degludec (co-formulated) + Ryzodeg® 30/70

GIP: glucose-dependent insulinotropic polypeptide; GLP-1: glucagon-like 1 peptide

and not the sum of direct and indirect costs, which would
make almost all our current treatment recommendations
cost-saving. The newest trials with SGLT-2 inhibitors, that
also included patients without diabetes [36–39, 61], led to
new indications to treat chronic kidney disease and heart
failure without concomitant diabetes mellitus.

The fact that SGLT-2 inhibitors are indicated for people
with chronic kidney disease and heart failure, with and
without diabetes, and that GLP-1 receptor agonists and
GLP-1/GIP receptor agonists are given in obesity repre-
sents, in our opinion, the second revolution in medical
treatment.
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