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Diabetes mellitus Type 2 – the new face of an old
lady
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Summary
Already 600 years before Christ, type 2 diabetes was
known as a disease of elevated blood sugar levels associated with obesity. Since then, it appears, our understanding of the disease has not changed much, aside from the replacement of tasting the patients’ urine [1] by the measurement of plasma glucose and glycated haemoglobin levels
(HbA1c) [2] for its diagnosis and the discovery of some
new drugs. Already, in those old days a physician from India named Sushrut described diabetes mellitus as a disease
characterised by the passage of large amounts of urine and
its “honey-like” taste and, noteworthy, as a disease that is
mainly associated with obesity and a sedentary lifestyle, recommending physical activity as the primary treatment option [3]. Although these milestone observations remain valid, major progress in the underlying pathogenesis of type 2
diabetes has been achieved showing a new face of this old
disease and opening doors for novel treatment options.
This review will highlight recent pathophysiological aspects of type 2 diabetes, actual diagnostic and treatment
guidelines and discuss some possible upcoming new therapeutic strategies.
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Pathophysiological aspects
The first event in the pathophysiology of type 2 diabetes
is insulin resistance, due to over-nutrition and inactivity in
genetically predisposed individuals. To cope with the increased demand of insulin, the pancreatic islet is forced to
enhance its secretory activity. At early stages this adaption
is successful in most individuals. Over time, in some individuals this adaption cannot be preserved due to a failure
of β cell secretory capacity [4]. Importantly, the dynamic
of the disease is largely directed by the changes in β cell
functional mass while insulin resistance remains largely
unchanged as long as body weight is stable. Therefore, the
onset of diabetes and the progressive increase in the requirement of anti-diabetic medication is largely dictated by
the decline in insulin secretion [5].
Understanding the importance of islet dysfunction in type
2 diabetes has motivated research aiming at understanding
the underlying mechanisms of insulin failure and develSwiss Medical Weekly · PDF of the online version · www.smw.ch

opment of treatments targeting the pancreatic islet. The
leading hypothesised mechanisms to explain this islet dysfunction and also insulin resistance have been oxidative
stress, endoplasmic reticulum stress, amyloid deposition in
the pancreas, ectopic lipid deposition in the muscle, liver
and pancreas, and lipotoxicity and glucotoxicity. All can
be caused by overnutrition [6–10]. Interestingly each of
these cellular stresses are thought to either induce an inflammatory response or to be exacerbated by inflammation [11–15]. Inter-individual variability in the response to
metabolic stress can be explained by genetic predisposition, and by adverse foetal events which may e.g., lead to
limited beta cell mass at birth and increased risk for type 2
diabetes and obesity [16].

Diagnosis
What defines diabetes? – Criteria for the diagnosis of
diabetes
Diabetes is classically diagnosed by the measurement of
plasma glucose, either in the fasting state, at 2 h of the
75 g-oral glucose tolerance test (OGTT) or randomly in
the presence of symptoms consistent with hyperglycaemia
[17]. Therefore glucose should be measured in plasma from
venous blood and measurements should be confirmed on
a subsequent day if values are not unequivocal and come
along with classical symptoms of hyperglycaemia [2].
Since 2009 HbA1c has been included as an additional diagnostic tool for the diagnosis of diabetes [18] (see table
1 and [19] for technical pitfalls). The advantage of using
HbA1c over plasma glucose is that it can be assessed at any
time during the day without the need for a fasting period
and that it is less influenced by short-term events like infection or stress. Furthermore, since treatment targets HbA1c
levels, it allows immediately assessing the level of intervention required. However, in some cases HbA1c measurement may not be reliable such as in cases of changes in
red blood cell life span due to blood loss, transfusion, haemolysis, iron- and vitamin b12 deficiency [20]. In addition,
haemoglobinopathies, uraemia, pregnancy, intake of great
amounts of alcohol or high dosages of vitamin C and E, can
influence HbA1c values, depending on the clinical constellation and the analytical method used to detect HbA1c values [20].
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When does diabetes start? – Criteria for the diagnosis
of prediabetes and recommendations when to screen
asymptomatic adults for diabetes
As discussed above type 2 diabetes is a chronic and progressive disease developing over a prolonged period of
time (month to years) until onset. Prediabetes is subsuming
conditions like impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) and is diagnosed by measurement of fasting plasma glucose, 75 g OGTT and now
as well by detection of HbA1c (the international diagnostic
criteria for detecting prediabetes are depicted in table 2).
Although individuals at this stage do not suffer from specific symptoms they are at high risk of developing diabetes
[22, 23]. However, the term “prediabetes” is somehow misleading since prediabetes is already a risk for developing
diabetes complications like retinopathy [24] and cardiovascular diseases [25–28]. Accordingly the international diabetes associations now also recommend screening for diabetes in asymptomatic patients, while detection of plasma
glucose values in the fasting state, at 2 h at OGTT or
HbA1c is appropriate (see table 3 for American Diabetes
Association criteria when to test for diabetes in asymptomatic adults). It has been recommended to re-test individuals at risk with a negative test result after 3 years, although
there is no data available concerning the optimal intervals
for testing, while individuals identified as having prediabetes should be tested annually for diabetes [29].
Overall, identifying individuals at risk for the development
of diabetes as early as possible is crucial in preventing diabetes and to initiate treatment of risk factors for cardiovascular events.
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Treatment recommendations
Theoretically, treatment of type 2 diabetes is very simple.
Patients need to decrease their body weight, exercise, adhere to a healthy diet and, in some cases, need specific
drugs. The challenge is to implement these life-style
changes in the patients’ day-to-day behaviour. In doing so,
motivation is probably the key. We believe that the basis
for both successful prevention and treatment of diabetes
is to educate the patient about the pathophysiology of the
disease, to inform about possible treatment strategies and
to highlight the patient’s active role in this process. To
ensure compliance, the goals should be set in a realistic
frame to allow positive, encouraging feedback to the patient. We also recommend following the patients up on a
regular basis, similarly to other chronic diseases. While
in larger studies, and in individual experiences, life style
changes are often seen as disappointing or even not achievable, there is now good evidence that a patient-centred, individual therapeutic approach is effective and successful
[30, 31].
Prediabetes
Patients diagnosed with prediabetes (for criteria see table
2) should be counseled on lifestyle changes as discussed
above. Metformin will probably be beneficial [32] especially for patients with a BMI >35 kg/m2, aged <60 years,
and for women with prior gestational diabetes mellitus [21]
although some prefer not to give medication too early fearing loss of motivation to change the life style.

Table 1: Criteria for the diagnosis of diabetes (adapted from American Diabetes A. Standards of medical care in diabetes – 2012. Diabetes Care. 2012;35(Suppl
1):S11–63).
The diagnosis of diabetes mellitus can be made based on one of the following criteria (repeated measurement is recommended to confirm diagnosis):
– HbA1c ≥6.5% or
– Fasting plasma glucose ≥7.0 mmol/L (fasting = no caloric intake for ≥8h) or
– 2-h Plasma glucose ≥11.1 mmol/L during an 75g-OGTT or
– Symptoms of hyperglycaemia and random plasma glucose ≥11.1 mmol/L
Table 2: Criteria for the diagnosis of prediabetes (adapted from American Diabetes A. Standards of medical care in diabetes – 2012. Diabetes Care. 2012;35(Suppl
1):S11–63).
The diagnosis of prediabetes mellitus can be made based on one of the following criteria (repeated measurement is recommended to confirm diagnosis):
– Fasting plasma glucose 5.6–6.9 mmol/L (impaired fasting glucose) or
– 2-h Plasma glucose 7.8–11.0 mmol/L during an 75 g-OGTT (impaired glucose tolerance) or
– HbA1c 5.7–6.4%
Table 3: Criteria for testing asymptomatic individuals for diabetes (adapted from American Diabetes A. Standards of medical care in diabetes – 2012. Diabetes Care.
2012;35(Suppl 1):S11–63).
Asymptomatic adult individuals should be tested for diabetes if:
1. They are overweight (BMI ≥25 kg/m2) and have additional risk factors:
• Physical inactivity;
• First-degree relative with diabetes;
• High-risk race/ethnicity (e.g., African American, Latino, Native American, Asian American, Pacific Islander);
• Women who delivered a baby weighing >3360 g or were diagnosed with gestational diabetes mellitus;
• Hypertension (≥140/90 mm Hg or on therapy for hypertension);
• HDL cholesterol level <0.90 mmol/l and/or a triglyceride level >2.8 mmol/l;
• Women with polycystic ovary syndrome (PCOS);
• HbA1c ≥5.7%, IGT, or IFG on previous testing;
• Other clinical conditions associated with insulin resistance (e.g., severe obesity, acanthosis nigricans);
• History of cardiovascular disease.
2. They reach the age of 45 in the absence of risk factors as depicted above
3. The last testing is 3-years ago and results were normal that time, with consideration of more frequent testing depending on initial results and individual risk status.
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Diabetes
Therapeutic strategies are guided by HbA1c, since it reflects blood glucose values over a longer period of time and
since the appearance of diabetes micro- and macrovascular complications are known to be linked to certain HbA1c
threshold values [33]. HbA1c should therefore be measured
initially before starting treatment and then every 6 months
in patients meeting treatment goals and every 3 months in
patients not reaching treatment goals or with a change in
therapy.
For most patients the goal is to achieve and maintain
HbA1c levels <7% in the absence of hypoglycaemic
events. Although for most patients a HbA1c level ≤7%
is the therapeutic goal, glucose lowering therapy should
be strongly guided by patients resources. Accordingly the
ADA and EASD now recommend individualised treatment
targets. Thus, in younger and healthier patients tighter targets (6.0–6.5%) should be aimed for, while less stringent
therapeutic aims with a HbA1c of 7.5–8% or even slightly
higher should be addressed in patients with a history of
severe hypoglycaemia, shortened life expectancy, important co-morbidities, severe vascular complications, longstanding disease duration, limited resources and support
systems and in less-motivated, non-adherent patients with
poor self-care capacities [21, 34]. Initial therapy should be
lifestyle intervention, including dietary counseling with reduced intake of saturated fat and increased intake of food
rich in fibre e.g. the Mediterranean diet [35] as well as encouragement to reduce body weight [36, 37]. A particular focus should be given to increase physical activity. It
is well known that exercise improves glucose disposal via
calorie consumption and enhances insulin sensitivity. Recent data point also to a myokine release leading to improved beta cell function [38]. Finally, metformin therapy
should be initiated in the absence of specific contraindications as first line medical treatment. Its acceptance
may be enhanced by informing the patient about potential
gastrointestinal side effects and by a slow increase of the
dose by 500 mg until a maintenance dose of 2x1,000 mg a
day is reached. Regarding the effect of metformin on cardiovascular mortality beyond its glucose-lowering effects
the clinical trial data available is still controversial and lager trials are strongly needed to specifically address this
endpoint [39, 40]. If lifestyle modifications and maximal
daily metformin doses are not sufficient to control blood
sugar levels within 3–6 months, therapy should be extended with either a “basal” (long acting) insulin or an oral antidiabetic drug such as a sulfonylurea or a dipeptidyl
peptidase (DPP)-IV inhibitor taking into account advantages and disadvantages of the drugs for each patient: sulfonylurea being of lower costs but associated with body
weight increase and risk of hypoglycaemia [34]. In obese
individuals glucagon-like peptide (GLP)-1 analogues
should be considered. If this regimen is still not effective
to achieve blood glucose control different treatments may
be combined [34]. Finally, basal insulin therapy may be intensified with the addition of prandial insulins [41].
Beyond controlling glucose levels aggressive management
of cardiovascular risk factors like antihypertensive and lipid lowering therapy as well as antiplatelet treatment and
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smoking cessation are highly important features of an integrated therapy for patients with type 2 diabetes [34].

Outlook – new therapeutic strategies
SGLT-2 inhibitors
Polyuria and “honey-like” tasting urine have been the two
features first known to characterise diabetes by ancient
physicians of Egypt and India [42]. These well-known features, used as tools for the diagnosis of diabetes for a long
time, are now appearing in an altogether different light,
providing possible new options for the treatment of type 2
diabetes.
The kidneys are contributing to whole body glucose metabolism by glucose expenditure and gluconeogenesis as well
as reabsorption of glucose from the glomerular filtrate [43].
At average glucose levels of 5.5 mmol/l almost all filtered
glucose is reabsorbed by the kidney through tubular
sodium-dependent glucose co-transporters (SGLTs) [44]. If
the glucose concentration in the glomerular filtrate is exceeding a certain threshold, normally around 11 mM, the
capacity of the renal tubular glucose transporters is exhausted and glucose levels rise in the filtrate, leading to osmotic polyuria and glycosuria.
Inhibition of SGLT2 transporters decreases the renal glucose threshold, promoting excretion of glucose by the urine
and thereby reducing hyperglycaemia. Additionally, this
forced glycosuria promote reduction in bodyweight and decrease blood pressure due to loss and the osmotic effect of
glucose water.
Among the SGLT2 inhibitors in development, dapagliflozin is the most advanced one and has been shown to be effective either when given alone [45] or as add-on therapy
with metformin [46, 47] and insulin [48]. Dapagliflozin has
effectively lowered fasting and postprandial plasma glucose levels, leading to reduced Hba1c levels as well as decreasing in body weight. While the risk of hypoglycaemic events seems to be low, treatment with dapagliflozin is
associated with an increased number of genital infections,
mostly of mild or moderate intensity [45–48]. In addition,
numerical imbalances were noted in occurrences of breast
and bladder cancer in patients who received dapagliflozin
[49]. Long-term observational studies are required to elucidate possible carcinogenic effects.
Bariatric/metabolic surgery
Entering the field in 1995 [50], bariatric or metabolic surgery has put all the other diabetic treatment approaches in
the shadow and has brought up one big question: might surgeons be the better diabetologists? Well, from the raw data
presented so far it seems like they are: remission of type
2 diabetes after bariatric surgery has been demonstrated
to occur in 78% with sustained remission rates in studies with follow up of more than two years [51], however,
data on long-term effects are still missing. Interestingly, the
improvement in glucose homoeostasis is occurring shortly
after surgery and in most cases before a substantial weight
loss has taken place [50, 52, 53]. A study comparing conventional weight loss with weight loss due to bariatric
surgery procedures showed that despite the same amount
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of weight loss was achieved, the improvement in glucose
metabolism was much greater in operated than non-operated individuals [54]. Therefore, it has been proposed that
mechanisms other than weight loss, most probably of multifactorial nature including changes in incretin secretion
and microbiota, may be responsible for the tremendous efficacy in diabetes resolution after bariatric surgery.
However, individuals that underwent such a surgical treatment need lifelong medical monitoring and optimal supplementation of minerals and vitamins as well as life style
counseling. Therefore, these procedures should only be undertaken if optimal pre- and post-surgical support can be
provided by a specialised team of health care providers,
consisting of dieticians, psychologists, endocrinologists
and surgeons. Furthermore, although the risk has been diminished over the recent years, there is still some direct
surgery-related morbidity and mortality left [55] that need
to be discussed with the patient. If the same morbidity and
mortality rates were caused by drugs, there is little doubt
that they would be considered as unacceptable by the responsible agencies.
Anti-inflammatory treatment
Increasing evidence points to a pathological activation of
the immune system in obesity, type 2 diabetes and cardiovascular disease [56]. This can be observed in adipose tissue [57, 58], liver [59], pancreatic islets [14] and the vasculature [60] and suggests that inflammation participates in
the pathogenesis of type 2 diabetes and its complications.
Preliminary results from clinical trials with interleukin-1
antagonists and salicylates support this notion and have
opened the door for immunomodulatory strategies that simultaneously lower blood glucose and potentially reduce the
severity and prevalence of its complications [61–63]. Ongoing clinical trials are in phase 3.

Funding / potential competing interests: No financial support
and no other potential conflict of interest relevant to this article
was reported.
Correspondence: Katharina Timper, MD, Clinic of
Endocrinology, Diabetes & Metabolism, University Hospital
Basel, CH-4031 Basel, Switzerland, ktimper[at]uhbs.ch

References
1 Dobson M. Nature of the urine in diabetes. Med Obs Inqu.
1776;5:298–310.
2 Sacks DB, Arnold M, Bakris GL, Bruns DE, Horvath AR, et al.
Guidelines and recommendations for laboratory analysis in the diagnosis and management of diabetes mellitus. Diabetes Care.
2011;34:e61–99.
3 Major RH. A history of Medicine (Blackwell Scientific, Oxford, UK)
1954;1:74–91.
4 Kahn BB. Type 2 diabetes: when insulin secretion fails to compensate
for insulin resistance. Cell. 1998;92:593–6.
5 Rhodes CJ. Type 2 diabetes-a matter of beta-cell life and death?
Science. 2005;307:380–4.
6 Robertson RP. Consequences on beta-cell function and reserve after
long-term pancreas transplantation. Diabetes. 2004;53:633–44.
7 Weir GC, Bonner-Weir S. Five stages of evolving beta-cell dysfunction
during progression to diabetes. Diabetes. 2004;53(Suppl 3):S16–21.

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Swiss Med Wkly. 2012;142:w13635

8 Prentki M, Nolan CJ. Islet beta cell failure in type 2 diabetes. J Clin Invest. 2006;116:1802–12.
9 Hull RL, Westermark GT, Westermark P, Kahn SE. Islet amyloid: a
critical entity in the pathogenesis of type 2 diabetes. J Clin Endocrinol
Meta. 2004;89:3629–43.
10 Harding HP, Ron D. Endoplasmic reticulum stress and the development
of diabetes: a review. Diabetes. 2002;51(Suppl 3):S455–61.
11 Hotamisligil GS, Erbay E. Nutrient sensing and inflammation in metabolic diseases. Nat Rev Immunol. 2008;8:923–34.
12 Donath MY, Storling J, Maedler K, Mandrup-Poulsen T. Inflammatory
mediators and islet beta-cell failure: a link between type 1 and type 2
diabetes. J Mol Med. (Berl) 2003;81:455–70.
13 Ehses JA, Ellingsgaard H, Boni-Schnetzler M, Donath MY. Pancreatic
islet inflammation in type 2 diabetes: from alpha and beta cell compensation to dysfunction. Arch Physiol Biochem. 2009;115:240–7.
14 Donath MY, Schumann DM, Faulenbach M, Ellingsgaard H, Perren A,
et al. Islet inflammation in type 2 diabetes: from metabolic stress to
therapy. Diabetes Care. 2008;31(Suppl 2):S161–4.
15 Masters SL, Dunne A, Subramanian SL, Hull RL, Tannahill GM, et al.
Activation of the NLRP3 inflammasome by islet amyloid polypeptide
provides a mechanism for enhanced IL-1beta in type 2 diabetes. Nat
Immunol. 2010;11:897–904.
16 Clausen TD, Mathiesen ER, Hansen T, Pedersen O, Jensen DM, et al.
High prevalence of type 2 diabetes and pre-diabetes in adult offspring
of women with gestational diabetes mellitus or type 1 diabetes: the role
of intrauterine hyperglycemia. Diabetes Care. 2008;31:340–6.
17 Diagnosis and classification of diabetes mellitus. Diabetes Care.
2010;33(Suppl 1):S62–9.
18 International Expert Committee report on the role of the A1C assay in
the diagnosis of diabetes. Diabetes Care. 2009;32:1327–34.
19 Timper K, Holber A, Beyrau R, Meienberg F. Fallstricke bei der Bestimmung von HbA1c. Swiss Medical Forum. 2012(23);12:466–9.
20 Stettler C, Mueller B, Diem P. What you always wanted to know about
HbA1c. Schweiz Med Wochenschr. 2000;130:993–1005.
21 American Diabetes A. Standards of medical care in diabetes – 2012.
Diabetes Care. 2012;35(Suppl 1):S11–63.
22 Zhang X, Gregg EW, Williamson DF, Barker LE, Thomas W, et al. A1C
level and future risk of diabetes: a systematic review. Diabetes Care.
2010;33:1665–73.
23 Ferrannini E, Nannipieri M, Williams K, Gonzales C, Haffner SM, et
al. Mode of onset of type 2 diabetes from normal or impaired glucose
tolerance. Diabetes. 2004;53:160–5.
24 The prevalence of retinopathy in impaired glucose tolerance and recentonset diabetes in the Diabetes Prevention Program. Diabet Med.
2007;24:137–44.
25 Coutinho M, Gerstein HC, Wang Y, Yusuf S. The relationship between
glucose and incident cardiovascular events. A metaregression analysis
of published data from 20 studies of 95,783 individuals followed for
12.4 years. Diabetes Care. 1999;22:233–40.
26 Ning F, Tuomilehto J, Pyorala K, Onat A, Soderberg S, et al. Cardiovascular disease mortality in Europeans in relation to fasting and 2-h
plasma glucose levels within a normoglycemic range. Diabetes Care.
2010;33:2211–6.
27 Glucose tolerance and mortality: comparison of WHO and American
Diabetes Association diagnostic criteria. The DECODE study group.
European Diabetes Epidemiology Group. Diabetes Epidemiology: Collaborative analysis Of Diagnostic criteria in Europe. Lancet.
1999;354:617–21.
28 Selvin E, Steffes MW, Zhu H, Matsushita K, Wagenknecht L, et al.
Glycated hemoglobin, diabetes, and cardiovascular risk in nondiabetic
adults. N Engl J Med. 2010;362:800–11.
29 Standards of medical care in diabetes – 2011. Diabetes Care.
2011;34(Suppl 1):S11–61.
30 Tsapas A, Matthews DR. N of 1 trials in diabetes: making individual
therapeutic decisions. Diabetologia. 2008;51:921–5.
31 Shah ND, Mullan RJ, Breslin M, Yawn BP, Ting HH, et al. Translating
comparative effectiveness into practice: the case of diabetes medications. Med Care. 2010;48:S153–8.

Page 4 of 5

Review article: Current opinion

32 Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR, et al.
Impaired fasting glucose and impaired glucose tolerance: implications
for care. Diabetes Care. 2007;30:753–9.
33 (Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in patients
with type 2 diabetes (UKPDS 33). UK Prospective Diabetes Study
(UKPDS) Group. Lancet. 1998;352:837–53.
34 Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E,
et al. Management of hyperglycemia in type 2 diabetes: a patientcentered approach: position statement of the American Diabetes Association (ADA) and the European Association for the Study of Diabetes
(EASD). Diabetes Care. 2012;35:1364–79.
35 Elmer PJ, Obarzanek E, Vollmer WM, Simons-Morton D, Stevens VJ,
et al. Effects of comprehensive lifestyle modification on diet, weight,
physical fitness, and blood pressure control: 18-month results of a randomized trial. Ann Intern Med. 2006;144:485–95.
36 Anderson JW, Kendall CW, Jenkins DJ. Importance of weight management in type 2 diabetes: review with meta-analysis of clinical studies. J
Am Coll Nutr. 2003;22:331–9.
37 Klein S, Sheard NF, Pi-Sunyer X, Daly A, Wylie-Rosett J, et al. Weight
management through lifestyle modification for the prevention and management of type 2 diabetes: rationale and strategies: a statement of the
American Diabetes Association, the North American Association for
the Study of Obesity, and the American Society for Clinical Nutrition.
Diabetes Care. 2004;27:2067–73.

Swiss Med Wkly. 2012;142:w13635

47 Nauck MA, Del Prato S, Meier JJ, Duran-Garcia S, Rohwedder K, et al.
Dapagliflozin versus glipizide as add-on therapy in patients with type 2
diabetes who have inadequate glycemic control with metformin: a randomized, 52-week, double-blind, active-controlled noninferiority trial.
Diabetes Care. 2011;34:2015–22.
48 Wilding JP, Norwood P, T’Joen C, Bastien A, List JF, et al. A study of
dapagliflozin in patients with type 2 diabetes receiving high doses of insulin plus insulin sensitizers: applicability of a novel insulin-independent treatment. Diabetes Care. 2009;32:1656–62.
49 Bristol-Myers Squibb A. (2011) U.S. Food and Drug Administration
Endocrinologic & Metabolic Advisory Committee Background Document: Dapagliflozin, BMS-512148, NDA 202293. Princeton, NJ:
Bristol-Myers Squibb. pp. 1–224.
50 Pories WJ, Swanson MS, MacDonald KG, Long SB, Morris PG, et
al. Who would have thought it? An operation proves to be the most
effective therapy for adult-onset diabetes mellitus. Ann Surg
1995;222:339–50; discussion 350–32.
51 Buchwald H, Estok R, Fahrbach K, Banel D, Jensen MD, et al. Weight
and type 2 diabetes after bariatric surgery: systematic review and metaanalysis. Am J Med. 2009;122:248–56 e245.
52 Schauer PR, Burguera B, Ikramuddin S, Cottam D, Gourash W, et al.
Effect of laparoscopic Roux-en Y gastric bypass on type 2 diabetes
mellitus. Ann Surg. 2003;238:467–84; discussion 484–465.
53 Pournaras DJ, le Roux CW. Obesity, gut hormones, and bariatric surgery. World J Surg. 2009;33:1983–8.

38 Ellingsgaard H, Hauselmann I, Schuler B, Habib AM, Baggio LL,
et al. Interleukin-6 enhances insulin secretion by increasing glucagonlike peptide-1 secretion from L cells and alpha cells. Nat Med.
2011;17:1481–9.

54 Laferrere B, Teixeira J, McGinty J, Tran H, Egger JR, et al. Effect of
weight loss by gastric bypass surgery versus hypocaloric diet on glucose and incretin levels in patients with type 2 diabetes. J Clin Endocrinol Metab. 2008;93:2479–85.

39 Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year
follow-up of intensive glucose control in type 2 diabetes. N Engl J Med.
2008;359:1577–89.

55 Buchwald H, Estok R, Fahrbach K, Banel D, Sledge I. Trends in mortality in bariatric surgery: a systematic review and meta-analysis. Surgery.
2007;142:621–32; discussion 632–625.

40 Boussageon R, Supper I, Bejan-Angoulvant T, Kellou N, Cucherat M,
et al. Reappraisal of metformin efficacy in the treatment of type 2
diabetes: a meta-analysis of randomised controlled trials. PLoS Med
2012;9: e1001204.

56 Donath MY, Shoelson SE. Type 2 diabetes as an inflammatory disease.
Nat Rev Immunol. 2011;11:98–107.

41 Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, et al.
Medical management of hyperglycemia in type 2 diabetes: a consensus
algorithm for the initiation and adjustment of therapy: a consensus
statement of the American Diabetes Association and the European Association for the Study of Diabetes. Diabetes Care. 2009;32:193–203.
42 Sanders LJ. From Thebes to Toronto and the 21st Century: An Incredible Journey. Diabetes Spectrum. 2002;15:56–60.
43 Gerich JE. Role of the kidney in normal glucose homeostasis and in the
hyperglycaemia of diabetes mellitus: therapeutic implications. Diabet
Med. 2010;27:136–42.
44 Wright EM, Hirayama BA, Loo DF. Active sugar transport in health and
disease. J Intern Med. 2007;261:32–43.
45 Ferrannini E, Ramos SJ, Salsali A, Tang W, List JF. Dapagliflozin
monotherapy in type 2 diabetic patients with inadequate glycemic control by diet and exercise: a randomized, double-blind, placebo-controlled, phase 3 trial. Diabetes Care. 2010;33:2217–24.
46 Bailey CJ, Gross JL, Pieters A, Bastien A, List JF. Effect of dapagliflozin in patients with type 2 diabetes who have inadequate glycaemic control with metformin: a randomised, double-blind, placebo-controlled
trial. Lancet. 2010;375:2223–33.

Swiss Medical Weekly · PDF of the online version · www.smw.ch

57 Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of
tumor necrosis factor-alpha: direct role in obesity-linked insulin resistance. Science. 1993;259:87–91.
58 Xu H, Barnes GT, Yang Q, Tan G, Yang D, et al. Chronic inflammation
in fat plays a crucial role in the development of obesity-related insulin
resistance. J Clin Invest. 2003;112:1821–30.
59 Cai D, Yuan M, Frantz DF, Melendez PA, Hansen L, et al. Local and
systemic insulin resistance resulting from hepatic activation of IKKbeta and NF-kappaB. Nat Med. 2005;11:183–90.
60 Dominguez H, Storgaard H, Rask-Madsen C, Steffen Hermann T, Ihlemann N, et al. Metabolic and vascular effects of tumor necrosis factoralpha blockade with etanercept in obese patients with type 2 diabetes. J
Vasc Res. 2005;42:517–25.
61 Larsen CM, Faulenbach M, Vaag A, Volund A, Ehses JA, et al. Interleukin-1-receptor antagonist in type 2 diabetes mellitus. N Engl J Med.
2007;356:1517–26.
62 Fleischman A, Shoelson SE, Bernier R, Goldfine AB. Salsalate improves glycemia and inflammatory parameters in obese young adults.
Diabetes Care. 2008;31:289–94.
63 Cavelti-Weder C, Babians-Brunner A, Keller C, Stahel MA, Kurz-Levin M, et al. (2012) Effects of gevokizumab on glycemia and inflammatory markers in type 2 diabetes. Diabetes Care. In press for July 2012.

Page 5 of 5

