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Is early short-term intensive insulin treatment an option
to preserve B-cell function in type 2 diabetes?

Type 2 diabetes mellitus is a complex metabolic disorder characterized by a relative deficiency of insulin in
the presence of hepatic, adipose tissue, and skeletal muscle insulin resistance. The pathological process un-
derlying the B-cell dysfunction occurs already prior to the disease onset. While at the initial stage, 3-cell mass
and insulin secretory function are sufficiently well maintained in the majority of individuals with type 2 dia-
betes, the later stages are characterized by aggravating insulin deficiency. The clinical course of the disease
requires escalating therapy with oral drugs over time-and eventually consistent application of insulin at the
late stage for control of glycemia. Oral therapies are quite effective in improving the short-term insulin secre-
tory capacity, but are incapable of preventing the inexorable decline in B-cell function during diabetes pro-
gression. On the other hand, long-term use of antidiabetic'agents is not without various side effects. Since a
series of clinical trials have recently shown that implementation of short-term intensive insulin therapy in in-
dividuals with newly diagnosed type 2.diabetes can drastically improve and preserve B-cell function and in-
duce glycemic remission, this treatment strategy has gained considerable interest. However, whether early in-
tensive treatment with insulin can really provide longer-term protection of the pancreatic B-cells and may be
preferable to other therapy modalities is a question that is not yet clearly established and requires appropriate
clinical studies.
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Diabetes mellitus'is a complex metabolic disorder that is characterized by absolute (type 1 diabetes) or
relative (type 2 diabetes) deficiency of insulin. Autoimmune-mediated processes trigger dysfunction and ear-
ly destruction of pancreatic B-cells in type 1 diabetes, whereas gradual reduction in B-cell mass, defective
insulin secretion and sensitivity are the main factors causing initiation and progression of type 2 diabetes. An
early indication of the failing B-cell is the progressive deterioration of glucoregulation with excessive glu-
cose-excursion after carbohydrate ingestion and the sequential occurrence of sustained chronic hyperglyce-
mia at postprandial times and during fasting periods. By the time the disease is clinically diagnosed, B-cell
mass-and B-cell function have declined by 25-60 % [1]. Early functional alterations of B-cells in individuals
with type 2 diabetes characteristically include reduced or absent first-phase insulin/C-peptide response to
glucose and blunted or delayed insulin/C-peptide release during a mixed-meal test. Chronic sustained hyper-
glycemia has been shown to exert deleterious effects on the B-cells via several pathological pathways, among
which apoptosis induced by glucotoxicity is the most harmful lesion. 3-Cell function, i.e. glycemic control,
declines more rapidly in poorly controlled than in well-controlled diabetes, as has been documented in the
Diabetes Control and Complication Trial (DCCT/EDIC) [2] and the United Kingdom Prospective Diabetes
Study (UKPDS) [3]. On the other hand, these trials demonstrated that intensive therapy creates a metabolic
memory that slows down the development of diabetic complications. The question arises whether strict gly-
cemic control early in the history of dysglycemia is able to normalize or at least preserve the residual B-cell
function over longer times. A wealth of data from numerous experimental and clinical studies has suggested
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that reducing any hyperglycemic stress, either induced by sustained chronic hyperglycemia or excessive glu-
cose variability, leads to amelioration of the B-cell function [4]. These data provide hope that the factors me-
diating B-cell preservation can eventually be identified.

f3-Cell failure in type 2 diabetes

The functional and structural alterations of B-cells in type 2 diabetes are progressive in nature. Mild
postprandial hyperglycemia is the earliest metabolic defect observed in individuals with impaired glucose
tolerance. It is of note that, at this stage, the decline in B-cell function is associated with little increase in pe-
ripheral insulin resistance, as reported by Kahn [5] and Gastadelli et al. [6]. As disturbance of glucose home-
ostasis progresses, postprandial glucose excursions become excessive and prolonged, followed by
hypersecretion of insulin to compensate for peripheral insulin resistance. These prandial abnormalities in
glucose regulation indicate a deficit in first-phase insulin secretion, which gives rise to insufficient suppres-
sion of hepatic glucose production. The resulting hyperglycemia launches a pathological process in which
both B-cell mass and function are greatly lost and insulin substitution becomes unavoidable for patients” sur-
vival. Interestingly, the rapidity of the functional decline depends on a variety of environmental as well as
genetic factors. A summary of the potentially most important factors to be involved in B-cell dysfunction is
shown in Figure 1.
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Figure 1. Synopsis of potentially negative factors contributing to -cell dysfunction in type 2 diabetes
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Figure 2. Relationship between B-cell function measured as disposition index (DI) during withdrawal of ral
antihyperglycemic agents and hemoglobin Alc values in a cohort of non-insulin treated type 2 diabetic patients
(n =54). The regression line was obtained by nonlinear regression analysis as DI = 4526.8exp(—0. HbAlc); r = 0.683,
P <0.0001 (Kohnert et al. unpublished data)
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According to current knowledge, there is no doubt that hyperglycemia and excessive fluctuation in glu-
cose levels are main contributors to B-cell failure [7]. Figure 2 shows that B3-cell function (Disposition index)
declines in an exponential manner with worsening long-term glucose control (HbAlc), and patients with
HbA Ic levels in the range of 5.0-6.5 % maintain better preserved B-cell function than those above this range,
as indicated by higher disposition index values. It should be noted that the disposition index is the most com-
prehensive measure to express B-cell function, because it takes whole-body insulin resistance into account.

The pathway from sustained chronic hyperglycemia, increased glycemic variability, and elevated non-
esterified fatty acids to B-cell damage includes glucolipotoxicity, generation of oxidative stress and
nitrosative stress through excessive production of reactive oxygen (ROS) and reactive nitrogen species
(RNS), respectively [8]. The unbalanced formation of ROS and RNS species promotes lipid peroxidation,
protein oxidation, mitochondrial and genomic DNA damage. Furthermore, the interference with signal.trans-
duction pathways can lead to B-cell damage by a various mechanisms [9]. In contrast to animal experiments,
evidence for the clinical importance of these processes in humans is so far lacking. Nevertheless, type 27dia-
betic islets were shown to contain significantly higher concentrations of stress markers than pancreatic islets
obtained from non-diabetic donors, suggesting a causal link between increased oxidative stress and de-
creased glucose-stimulated insulin secretion. The very low levels of intracellular antioxydant enzymes, such
as catalase, glutathione peroxidase, and superoxide dismutase [10] may explain the'high vulnerability against
ROS and RNS and subsequent changes resulting in a variety of cellular dysfunctions and finally B-cell apop-
tosis. Butler et al. [11] ascribed the mechanism responsible for reduced B-cell volume/to a 3- to 10-fold in-
crease in the rate of apoptosis, they observed in obese patients with type 2-diabetes as compared to lean
nondiabetic subjects.

Genome-wide association studies identified several risk loci for type 2 diabetes [12], and it has been
shown that some genetic risk variants (i.e., TCF7L2, KCNJ11, CDKAL1) act through perturbation of glu-
cose-stimulated insulin secretion. CDKALI, for example, is strongly expressed in the endoplasmic reticulum
and Golgi apparatus in the B-cell and may affect insulin secretion by causing stress and mitochondrial disrup-
tion due to misfolding or defective processing of proteins [13]. BMI-associated variants such as FTO were
found to be implicated in regulation of lipid levels [14]-and can thus modulate insulin resistance.

Insulin resistance is already established in individuals who are prone to develop type 2 diabetes but still
having normal glucose tolerance. High fat diet and its metabolic consequences of increased body mass index
are the critical factors in the development of insulin resistance. In order to compensate for the elevated insen-
sitivity of skeletal muscle and liver, B-cells are forced to hypersecrete insulin owing to chronic sustained hy-
perglycemia. This vicious cycle createsendoplasmic reticulum stress, probably triggering an apoptotic signal
with subsequent destruction of B-cells. It should be noted; however, that insulin resistance can also exist
without 3-cell dysfunction.

Of the several mechanisms, which have been proposed to induce B-cell failure in type 2 diabetes, vari-
ous components of an inflammatory process are likely to be involved [15, 16]. The observation of amyloid
deposits and fibrosis in pancreas section from patients with type 2 diabetes [17] is a strong indication for the
occurrence of inflammatory processes in islets. Furthermore, it could be shown by Boni-Schnetzler et al. [18]
that hyperglycemia increases interleukin-18 production at the protein level, a factor that contributes to
glucotoxicity. In‘the presence of elevated glucose concentrations, lipids have shown to exert deleterious ef-
fects on B-cells, and cytokines (i.e., TNFa, interleukin-6, and leptin) secreted by fat cells may act directly or
via activation of the innate immune system [19].

3-Cell dysfunction can already originate in utero. Even though there are conflicting reports in the litera-
ture, several studies in small-for-gestational-age neonates demonstrated defects in glucose homeostasis [20];
and a‘study conducted by Nicolini et al. [21] in intrauterine growth restricted fetuses at 26—33 weeks of ges-
tation found a complete absence of the first-phase insulin secretion, whereas Wang et al. [22] reported higher
plasma insulin concentrations in small-forestational-age infants at 72 hours post partal. Indeed, the preva-
lence of type 2 diabetes is higher in individuals who had been exposed to intrauterine growth restriction dur-
ing fetal development. Although the underlying mechanism for disturbances in glucose homeostasis occur-
ring in small-for-gestational-age infants postnatal or later in life are not well understood, fetal under nutrition
associated with placental insufficiency appears to be the primary cause.

Antidiabetic therapy and reversibility of f3-cell dysfunction
Although it has been shown that reversal of B-cell failure and insulin resistance can be achieved without

any antidiabetic medication, merely by dietary energy restriction [23], this treatment strategy requires long-
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term adherence and does not work in most individuals with type 2 diabetes. Thus pharmacologic intervention
is inevitable to control hyperglycemia. Despite growing numbers of antidiabetic agents, the ideal drug that
normalizes levels of glycemia throughout day and night is not yet available. In type 2 diabetes, a stepwise
approach is routinely used to manage glycemic control. However, this approach has been questioned as it
does not ensure consistently good glycemic control in the majority of patients. The «A Diabetes Outcome
Progression Trial» (ADOPT) demonstrated, for example, that regardless of the oral drug initially used,
monotherapy failed to a remarkable extent. The incidence of secondary therapy failure at five years was
34 %, 21 % and 15 % for glyburide, metformin, and rosiglitazone, respectively [24]. Two main conclusions
can be derived from these outc- omes: (1) the therapeutic approach did not address the pathological mecha-
nisms, i.e., progressive declining B-cell function and (2) monotherapy with oral drugs will surely fail at'some
time during disease advancement.

Glucagon-like peptide 1 (GLP-1) receptor agonists have shown promising positive effects on -cell
function and even on B-cell mass [25]. In a randomized clinical trial, Bunck et al. [26] investigated metabolic
effects of exenatide in metformin-treated type 2 diabetic patients. Although these authors observed im-
provement of B-cell function and glycemic control during one year of treatment, this effect was not sus-
tained; B-cell function and glycemia returned to pretreatment levels at 4 weeks after drug discontinuation.
Moreover, in a recent, randomized controlled trial, Gudipaty and coauthors [27] evaluated the B-cell secreto-
ry capacity of exenatide with glimepiride as a comparator early in the course of type 2 diabetes and found
that the acute insulin response to arginine remained unchanged after 6.months of ‘treatment with exenatide,
whereas the sulfonylurea increased the B-cell secretory capacity.

Analyzing the burden of treatment failure in type 2 diabetes, Brown et al. [28] came to the conclusion
that treatment needs to be changed earlier and less likely to fail. As-a consequence, antidiabetic therapy both
capable of correcting the patho- genetic B-cell abnormalities, as outlined by Del Prato and colleagues [29],
and timely provided may ensure glycemic stability. The proposal by DeFronzo et al. [30] to initiate triple
therapy with antidiabetic agents at the earliest stage of the disease is further reaching and in line with the
multifactorial nature of type 2 diabetes, as outlined above in Fig 1. A strategy capturing several of the indi-
cated factors at once, e.g., insulin resistance, inflammation, glucotoxicity, and lipotoxicity might be more
efficacious than customary stepwise approaches torachieve long-term glycemic control. However, justifica-
tion for implementation of such an early combination treatment requires large long-term clinical trials.

Initiation of early insulin therapy—potential benefits and negative consequences

The beneficial effect of insulin administration shortly after onset of diabetes has been demonstrated in
experimental as well as clinical studies. For example, in pre-hyperglycemic animals and models for type 2
diabetes, insulin administration to normalize glycemia produced improvement of B-cell secretory function
and islet insulin content [31, 32]. In 1996, Kobayashi and colleagues [33] already reported that small doses
of subcutaneous insulin prevented progressive B-cell failure in patients with Latent Autoimmune Diabetes of
Adults (LADA) over a follow-up of 30 months. Actually, insulin has been shown to be capable of preventing
B-cell defects [34] by /reduction of glucolipotoxicity [35, 36] and inhibition of oxidative stress, as recently
shown by Monnier et al. [37].

In the past ten years,several studies have shown that administration of insulin either shortly after onset
or early in the course of the disease can improve both B-cell secretory function and insulin resistance [38—
44]. Table.summarizes trials that were published from 2003 to 2012 and in which B-cell function has been
assessed, using established methods. It is interesting that in some clinical trials in which initial treatments
with insulin and oral hypoglycemic agents were compared head-to-head, both treatment modalities achieved
comparable glycemic control. However, the drug-free remission with insulin exceeded by far that attained
with oral drugs, for example, 62.5 vs. 0.5 %, at 12 months in the study performed by Chandra et al. [45], and
similar studies also showed that 3-cell function parameters proved to be better preserved in the insulin than
in the oral drug-treated groups [46, 47]. It is also interesting that chronic supplementation of the long-acting
insulin glargin produced improvement in the first- and second-phase insulin secretion in type 2 diabetic pa-
tients with mean disease duration of 4.6 years, whereas acute insulin injections reduced glucose-induced in-
sulin response [48]. Harrison and colleagues [49] evaluated B-cell function in drug-naive patients with newly
diagnosed type 2 diabetes prior to and 42 months after treatment with insulin and metformin or a combina-
tion of metformin, glyburide, and pioglitazone. As the authors did not find any significant change in C-
peptide or C-peptide/glucose ratios during the study, they concluded that B-cell function could be preserved
at least for 42 months by either treatment.
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A recent meta-analysis [50] has confirmed that early short-term intensified insulin treatment can im-
prove B-cell function and decrease insulin resistance. Nonetheless, it must also be recognized that the clinical
outcomes among the patients revealed a heterogeneous response. Given the phenotypic heterogeneity of type
2 diabetes, it is conceivable that not all participants in the studies listed in Table, but a variable percentage —
on the average 58 % after 1 year [34] — did achieve and maintain a drug-free period of euglycemia, i.e. re-
versibility of B-cell function after the short intensified insulin treatment. It is thus most important to figure
out the key determinants and mechanisms of improvement in B-cell function. Kramer and colleagues [51]
performed a study in type 2 diabetic patients with mean 3-year disease duration and well-controlled
glycemia, using intensive insulin treatment consisting of basal and premeal insulin. They found that baseline
HbAlc and change in insulin resistance (HOMA-IR) were independent predictors of reversibility of B-cell
dysfunction. This suggests that elevated glucose concentrations per se (i.e., HbAlc levels) acceleraterdecline
of B-cell capacity, as displayed in Fig. 1, and that lowering of insulin resistance importantly contributes to
the reversibility of insulin secretory function. The pathophysiological basis for early use of insulin has been
presented in reviews by Rolla [52] and Joffe et al. [53].

Considering the study outcomes in favor of early intensive insulin therapy, one might ask whether this
treatment modality does have negative consequences.

Because of the phenotypic heterogeneity of type 2 diabetes, it is conceivable that not-all patients will
benefit from early insulin therapy. As pointed out by Lebovitz [54], patients who_dnitially presenting with
severe hyperglycemia will take most advantage of it. Intensive glycemic control has/been associated with
increased incidence of hypoglycemia [55]. However, patients in the Kramer study [51] had very low rates of
hypoglycemia (< 3.9 mmol/L), which might reflect the moderating contribution of the endogenous insulin
reserve, as the authors emphasized. Initiation of insulin therapy in-a later stage of disease progression, fol-
lowing failure of oral antidiabetic drugs, requires usually higher doses than in an early stage to control
glycemia and thus increases the risk of hypoglycemia and weight gain: Gain in body weight and insulin
treatment go often hand in hand and has been shown to be influenced, for example, by baseline HbAlc, the
therapy regimen applied, treatment duration, and oral drugs used in combination with insulin. Use of lower
insulin doses has the advantage of hampering weight gain [56]. Thus, the dosage used in early short-term
intensive insulin treatment is unlikely to provoke weight gain in patients with type 2 diabetes.

Conclusions

Based on pathophysiological evidence, initiation of insulin therapy is evidently the most effective strat-
egy to control glycemia. Insulin has the unique capability of correcting factors involved in the progressive
decline of B-cell function, such as first-phase insulin secretion, insulin resistance, glucolipotoxicity, and in-
flammation. A number of recent studies have clearly demonstrated that early short-term insulin therapy may
modify the disease progression by protecting and restoring B-cell function. The benefits of insulin therapy
are still offered to late, i.e. when B-cell mass and function are largely lost. It is of utmost importance to pre-
serve B-cell function in order to maintain good glycemic control to prevent late diabetes complications and
improve patients” quality of life."As the response to short-term intensive insulin treatment is variable, pheno-
type-targeted therapy may be required to gain the biggest advantage from this intervention. More studies will
certainly be needed to verify the current findings and clarify the question whether early intensive treatment
with insulin can really alter disease progression by providing long-term protection of B-cell function.
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Kbicka Mep3iMae MHCYJIMHMEH KapKbIHABI eMey JuadeT aypybIHbIH 2-TYpi
JKaFaiibIHAA PkacyliajapAbIH KbI3METIH cAKTay MYMKIHAIT 001611 TA0bLIAABI Ma?

Juabettin (cycambipabiH) 2-Typi Oayblpaa, Mail YINAachlHIA jKOHE KaHKa OYIIIBIK €TTEepiHAe WHCYIMHHIH
CaJIbICTHIPMAJIbl JKETKUTIKCI3IrIMEH CHUIATTaNaThIH 3aT aJMacyAblH Kypaeni Oy3butybl OOJbIN TaObLIabI.
B-xacymanapsiy AMCHYHKIMACHIHBIH HETi31iHIETT MaTOJIOTHSUIBIK MPOLEcC aypylblH OacTaiybl Ke3iHae
Gaiikananpl. Jlereumen B-kacymranap/pIH KoHE WHCYIMH OOyl KbI3MET IHAa0ETTiH 2-TypiMeH aybIpaThlH
KOIITeTeH afamjap/a 0acTamnkbl Ke3eHIe CaKTANBII, ajl COHFBI Ke3eH ep e HHCYJINHHIH JKeTICIIeYIIiiri apTa
tyceni. Ilepopanbabl eMaey WHCYIHH CEKPEIMSICHIHBIH KBICKa Mep3iMJIi MYMKIHIIKTEpiH jKakcapTyaa
HEFYpIBIM THIMAI oxic Oomibim Tabbutangsl, Oipak AuMa0eTTiH KapKBIHIBI eplryiHge, B-xacymamapasiy
(YHKIMSACHIHBIH QJICIpeyiHIH aliblH alyna KaykKapchld Oonangsl. KiMHHMKaNBIK 3epTTeynepiH OipKaTapbl
nuabeTTiH 2-Typi ajFaml aHbIKTAIFaH HayKacTapra KbICKa Mep3iMIi KapKbIHABI HHCYJIMHMEH eMIey
Tepanuscel B-kacyanapziblH (QYHKIMACBHIH CaKTal JKOHE KOPCETKIIUTEpAi jKaKcapTa OTBIPHIN, PEMHUCCHS
TybIHIAybIHa ceOenkep Oonapl. Anaiiia HaykacTapra KbICKa Mep3iMai KapKbIHIbl MHCYJIMHMEH eMIey
TEepaNMsIChl MAHKPEATHTTIK B-xKacymanapablH y3aK Mep3iMJIii KOPFaHBICHIH KAMTaMachl3 €Te alaJibl Ma yKoHe
eMJICY/IiH THIMJI TYpiHE )KaTaMa JITeH MICelie aljaFbl KIIMHUKAIBIK 3ePTTEYJICPIl TaJlal eTe.
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SBasieTcsi 1M KPATKOCPOUHAS MHCYJIMHOTEPANNS CIOCO00M COXpPaHEeHHUs
(Gynkuun B-kieTok npu caxapuom auadere 2 Tuna?

CaxapHslii 1uaber 2 THIIa — CII0KHOE MeTaboIndecKoe 3a00IeBaHIe, XapaKTePH3YIOMEeCs] OTHOCHTETBHBIM
nebULIUTOM MHCYJIMHA, HApYIICHUSMH (QYHKLIUM II€YCHHU, KUPOBOH TKAaHH M PE3UCTEHTHOCTH CKENETHOH
MYCKYJIaTypbl K HHCY/IUHY. [laToioruyeckuii nporecc, Jexauuii B OCHOBE IMCQYHKINH B-KIIeTOK, pa3BUBa-
eTcs elle 10 Hadaia MposBieHui Oose3nu. Ha HauanbHOI craauu Macca B-KIeTOK M MX MHCYJIMHIIPOJYLIHU-
pytomast GyHKIHMS JOCTaTOYHO XOPOUIO MOJAEPKUBAIOT OOJNBHOTO ¢ AuabeToM 2 Tuma, OJHAKo Ha Oonee
TIO3JTHAX CTaJUAX Ne(UIUT UHCYJIMHA YCHIMBAeTCs. B KiIMHMYecKkol cragun TpeOyeTcs yCHICHHE Tepaluu
Ta0JIeTHPOBAaHHBIMHY TIpeNapaTaMy, OJHAKO Ha OoJiee IMO3IHHUX CTaJUsIX HEOOXOAUMO IIPHUMEHEHNE MHCYIIMHA
Jutst KOHTpoutst TinkeMui. [lepopanbHast Tepamnms BecbMa 3G (eKTHBHA ISl KPaTKOCPOUHOTO YIydIICHHS CeK-
pely WHCYJIMHA, HO HECIIOCOOHA MPEeNOTBPAaTUTh HEYMOIIMMOE ociabieHne (QyHKIMM KIETOK B Ipoliecce
nporpeccupoBanus quadera. C apyroi CTOPOHBI, IIUTEIBHOE HCIIOJIB30BAHNE aHTUIMA0ETHYECKUX IIpenapa-
TOB HE MO3BOJAET M30exkaTh UX MoOoyHOro neiictBus. HenaBHUE KIMHMYECKHME MCIIBITAHUS MOKAa3ajd, YTO
KPaTKOCPOYHAasi MHTEHCHBHAS TEPAIMs MHCYJIMHA y JIUL C HEAABHO JMarHOCTUPOBAHHBIM THHOM 2 auabeTa
MOJKET 3HAUUTEIbHO YJIYYIIUTh U COXPAHUTh QYHKIHUIO B-KIETOK 1 criocoOCcTBOBATh peMuccHu. OHAKO MO-
XKET JIM paHHEee WHTCHCUBHOE JEYECHHE MHCYJIMHOM JICHCTBUTENIBPHO 00ECIeUHTh 3anTy B-Ki1eTok Ha Oonee
JUIITENILHBIA TIEPHOJ] ¥ IMEET JIU NIPEUMYIIECTBO Tepex IPYTUMH BUAAMH TepaIlkiy — 3TO BOMPOC, KOTOPHIH
TpeOyeT COOTBETCTBYIOMNX KINHUIECKHUX HCCIICIOBAHUH.
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