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Abstract
Background
To evaluate the protective effect of oral antidiabetic drugs in a large cohort of elderly patients with type 2 diabetes differing for age, clinical status, and life expectancy, including patients with multiple comorbidities and short survival.

Methods
A nested case–control study was carried out by including the cohort of 188,983 patients from Lombardy (Italy), aged ≥ 65 years, who received ≥ 3 consecutive prescriptions of antidiabetic agents (mostly metformin and other older conventional agents) during 2012. Cases were the 49,201 patients who died for any cause during follow-up (up to 2018). A control was randomly selected for each case. Adherence to drug therapy was measured by considering the proportion of days of the follow-up covered by the drug prescriptions. Conditional logistic regression was used to model the risk of outcome associated with adherence to antidiabetic drugs. The analysis was stratified according to four categories of the clinical status (good, intermediate, poor, and very poor) differing for life expectancy.

Results
There was a steep increase in comorbidities and a marked reduction of the 6-year survival from the very good to the very poor (or frail) clinical category. Progressive increase in adherence to treatment was associated with a progressive decrease in the risk of all-cause mortality in all clinical categories and at all ages (65–74, 75–84 and ≥ 85 years) except for the frail patient subgroup aged ≥ 85 years. The mortality reduction from lowest to highest adherence level showed a tendency to be lower in frail patients compared to the other categories. Similar although less consistent results were obtained for cardiovascular mortality.

Conclusions
In elderly diabetic patients, increased adherence to antidiabetic drugs is associated with a reduction in the risk of mortality regardless of the patients’ clinical status and age, with the exception of very old patients (age ≥ 85 years) in the very poor or frail clinical category. However, in the frail patient category the benefit of treatment appears to be less than in patients in good clinical conditions.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12933-023-01786-8.
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Background
Randomized controlled trials have shown that, in patients with type 2 diabetes, old conventional antidiabetic drug therapy is associated with a reduction in the risk of microvascular complications [1] while meta-analyses of old conventional drug-based trials have shown that when data from several trials are pooled [2–6], the benefit of glucose-lowering treatment extends to macrovascular outcomes [7, 8]. Protection against macrovascular outcomes has been found to be even greater with use of newer antidiabetic agents such as sodium-glucose cotransporter 2 (SGLT2) inhibitors and glucagon-like peptide-1 receptor agonists (GLP1-RA), particularly for heart failure [9–12]. However, although randomized trial evidence on the protective effect of antidiabetic treatment has been extended to patients aged 65 years and beyond [13], knowledge is scanty for people aged 80 years or more [14] and especially limited for old patients with several comorbidities and a short life expectancy, i.e. those often referred to as “frail” patients [15], in part because frail patients tend to be excluded from recruitment in trials with a several year duration.
The objective of this observational study was to evaluate the protective effect of oral antidiabetic drugs in frail older adults (≥ 65 years) with type 2 diabetes. Frail individuals were identified via a multisource comorbidity score that accurately predicts the risk of mortality [16]. Analysis was extended to older adults in better clinical conditions.

Methods
Setting
The data used for the present study were retrieved from the healthcare utilization databases of Lombardy, a region of Italy that accounts for about 16% (almost 10 million people) of its population. All Italian citizens have equal access to healthcare services (e.g., hospitalizations, outpatient visits, instrumental examinations, laboratory tests, bioimaging, and drugs for chronic diseases) as part of the National Health Service (NHS). In Lombardy, these data are included in an automated system of databases that provides information on individual demographics, drug prescriptions (according to the Anatomical Therapeutic Chemical—ATC—system), medical or surgical interventions, and hospitalizations, according to diagnoses and procedures coded as in the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) system. Because a unique identification code was used for all databases, their linkage provided information on the complete care pathway supplied to NHS beneficiaries for several years. To preserve privacy, in the analyses of the Lombardy databases each individual identification code is automatically deidentified, the inverse process being allowed only to the Regional Health Authority upon request from judicial authorities. A detailed description of the healthcare utilization databases of the Lombardy region in the field of cardiovascular and metabolic diseases is available in previous studies [17, 18]. The ICD-9-CM and ATC codes used for the current study are reported in Additional file 1: Table S1.

Cohort selection
The target population consisted of the Lombardy residents aged ≥ 65 years who were NHS beneficiaries. Of these, those who received ≥ 3 consecutive prescriptions of oral antidiabetic agents during 2012 were identified and the date of the third prescription was defined as the index date. We considered that three consecutive prescriptions within a year are indicative of regular prescription and use. Because insulin might require frequent changes in dose requirements over time, patients prescribed only insulin were not included in the study. Two additional categories of patients were excluded from the analysis, i.e., those who had not been NHS beneficiaries for at least 5 years before the index date and those who did not reach at least 6 months of follow-up. The remaining patients were included into the final cohort whose members accumulated person-years of follow-up from the index date until the earliest date among death, emigration or June 30th, 2018.

Selection of cases and controls
When the effect of time-dependent exposure needs to be investigated in the context of large databases, the nested case–control design is a valid alternative to the cohort design [19]. The case–control study consists of four steps: (i) cohort selection, (ii) case definition and selection, (iii) for each case, identification of all possible controls, and (iv) random selection of m controls for each case [20]. In the present study, the cohort involved the oral antidiabetic drug users as described above. Death from any cause was the primary outcome of interest, and cases were thus the cohort members who died during follow-up. For each case patient, all cohort members who survived when the matched case died were identified (i.e. the incidence density sampling method was adopted). For each case patient, one control was randomly selected from the cohort members to be matched for sex, age at index date, clinical status (see below) and date of index prescription.
A secondary outcome was cardiovascular mortality, i.e., death for ischemic heart disease, cerebrovascular disease, or heart failure, which was addressed by another nested case–control study in which patients who died for cardiovascular causes were the cases, and patients matched for age, sex and clinical status and index date were the controls, as described above.

Assessing the clinical category
For each cohort member, the clinical status was assessed by the Multisource Comorbidity Score (MCS), i.e., a prognostic score based on 34 morbidities identified by the ICD-9-CM and ATC codes, which has been shown to predict mortality better than the Charlson, Elixahauser and Chronic Disease Scores in the Italian population [16, 21]. We assigned to each morbidity a weight proportional to its strength in predicting mortality, and calculated the sum of the morbidity' weights suffered by a patient. Because all cohort members suffered from diabetes, the contribution of diabetes to the MCS was not considered. Further details on the calculation of MCS are available in the original manuscript [16]. The score was used to separate patients according to 4 categories of clinical status: good (MCS = 0), intermediate (1 ≤ MCS ≤ 4), poor (5 ≤ MCS ≤ 14), and very poor (MCS ≥ 15).

Adherence to oral antidiabetic drug treatment
For each patient, all antidiabetic drugs prescribed during the follow-up were identified. The period covered by an individual prescription was calculated by dividing the total amount of the drug prescribed for the defined daily dose. For overlapping prescriptions, the patient was assumed to have taken all drugs contained in the first prescription before starting the second one. Adherence was measured by the cumulative number of days in which the drug was available divided by the days of the follow-up, i.e. by the proportion of days covered (PDC) by treatment [22]. We classified patients prescribed more than one antidiabetic drug class as “adherent” if they were covered by at least one drug prescription. Because information on drug therapies dispensed during hospitalization was not available, the exposure to antidiabetic treatment before hospital admission was assumed to be continued for the entire span of the-hospital stay [23]. Four categories of adherence with antidiabetic drug therapy were considered, i.e. very low (≤ 25%), low (26%-50%), intermediate (51%-75%) and high (> 75%) PDC values. These cut-off values were used because in previous studies on the Lombardy database these adherence levels showed a clear association with mortality among elderly patients in treatment with antihypertensive and lipid-lowering drugs [24, 25].

Covariates
Additional information included (i) the class of antidiabetic drugs, (ii) the use of insulin, (iii) comedications, e.g., use of antihypertensive, lipid-lowering, antiarrhythmic and other cardiovascular agents, and (iv) comorbidities, i.e., cardiovascular, kidney, respiratory disease, mental disorder, and cancer. Comedications and comorbidities were identified from out-of-hospital prescriptions and in-hospital diagnoses within the 5 years prior to the index date.

Data analysis
Survival curves were built by means of the Kaplan–Meier method according with categories of clinical status, and compared through the log-rank test. Linear regression and chi square for the trend were used to test trend in covariates along the categories of clinical status. In addition, standardized mean differences were used to test differences between cases and controls. Standardized mean differences < 0.10 were considered negligible [26].
Conditional logistic regression models were fitted to estimate the odds ratio, and its 95% confidence interval (CI), of all-cause and cardiovascular mortality in relation to the PDC categories, using the lowest category (≤ 25%) as reference. Adjustments were made for the above-reported covariates. Odds ratio trends were tested according to the statistical significance of the regression coefficient of the recoded variable obtained by scoring the corresponding categories. All estimates were obtained by stratifying the cohort members according to the categories of clinical status. The impact of adherence on the outcomes according to categories of both clinical status and age (65–74 years, 75–84 years, and ≥ 85 years) was also measured.

Sensitivity analysis
To verify the robustness of the main findings, five sensitivity analyses were performed. First, a different categorization of adherence was adopted: low (< 80%) and high (≥ 80%), as commonly used in the medical literature. Second, because the prescribed daily doses (not included in our database) might not be closely correspond to the defined daily doses [27], analyses were repeated by calculating the period covered by prescriptions from the number of tablets in the dispensed canisters, assuming a treatment schedule of one tablet per day. Third, the potential bias associated with unmeasured confounders was investigated by the rule-out approach described by Schneeweiss [28], which detects the extent of the unmeasured confounding required to fully account for the observed exposure–outcome association. We set the unmeasured confounder to exert a potentially marked effect on the results: (i) to have a 30% prevalence in the study population; (ii) to increase the risk of death up to tenfold in patients exposed to the unmeasured confounder than in those unexposed; and (iii) to be up to tenfold less common in high than in low adherent patients. Fourth, we investigated the possible presence of “healthy user bias”, i.e. the possibility that more adherent patients were more likely to follow healthy lifestyle advices or seek other preventive services than less adherent patients. The number of outpatient services (e.g. outpatient visits, laboratory examinations, instrument-based examinations) provided by the NHS in the previous 2 years was considered as a proxy for the patient’s behaviour to search for preventive non-pharmacological services. We proceeded with the following two-stage procedure: (i) ordinal logistic regression was fitted to estimate the odds ratio of adherence to antidiabetic treatment in relation to the number of outpatient services, and (ii) the association between adherence to antidiabetic treatment and survival was further investigated by stratifying for the number of outpatient services. Fifth, because the study cohort included prevalent users, i.e. patients already taking antidiabetic drug therapy before cohort entry, results might be affected by selection bias [29]. The analyses were then repeated by restricting the cohort to new users, i.e. patients who did not receive a prescription of antidiabetic drugs in the 5 years before the index date [30].
The Statistical Analysis System Software (version 9.4; SAS Institute, Cary, NC, USA) was used for the analyses. For all hypotheses tested, p-values less than 0.05 were considered to be significant.

Data and resource availability
The data that support the findings of this study are available from Lombardy Region, but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Data are however available from the Lombardy Region upon reasonable request.


Results
Patients
The distribution of exclusion criteria is reported in Additional file 1: Fig S1. Among the 276,336 patients on treatment with antidiabetic agents during 2012, 188,983 met the inclusion criteria. The cohort members accumulated 1,072,151 person-years of observation (on average, 5.7 years) and generated 49,219 deaths, with a mortality rate of 45.9 per 1000 person-years. As shown in Fig. 1 (upper panel), in the group as a whole the 6-year survival decreased from 85 to 52% from the group of patients with good to the group of patients with a very poor clinical status. Death incidence increased progressively as age increased and in each age group it was progressively greater as the clinical category changed from good to very poor or frail. More than 80% of patients aged ≥ 85 years with a very poor clinical status died during the study follow-up (Fig. 1, lower panel).[image: ]
Fig. 1Kaplan–Meier survival curves for all-cause death according to the clinical category as determined by Multisource Comorbidity Score and 6-year mortality probabilities according to the clinical category and age strata


The baseline characteristics of cohort members are reported in Additional file 1: Table S2, according to the clinical category. Age and men prevalence increased as the clinical category deteriorated, this being the case also for use of cardiovascular drugs, non-cardiovascular drugs and previous hospitalization for a variety of diseases. The increase was particularly large for patients in the very poor clinical category. Among antidiabetic drugs, use of metformin and sulfonylurea were by far the most widely used drugs. Use of metformin, sulfonylurea, and pioglitazone decreased from the good to the very poor clinical category. The opposite trend was observed for the other antidiabetic drugs, including insulin and the much less frequently used newer oral antidiabetic agents.
Overall, 49,219 patients of the selected cohort died during follow-up (cases), of whom 49,201 were matched with alive patients from the cohort (controls). As expected, cases and controls had superimposable age, sex representation and clinical status (Table 1). This was the case also for the index date (see Methods). There were only small differences in virtually all clinical and therapeutic characteristics between the two groups. Compared to controls, cases showed an overall lower adherence to antidiabetic drug therapy.Table 1Comparison of demographic, clinical and therapeutic characteristics of the cohort members who died (cases) or survived (controls)


	 	Cases (n = 49,201)
	Controls (n = 49,201)
	SMD

	Baseline

	 Men
	26,035 (52.9%)
	26,035 (52.9%)
	MV

	 Age (years): mean (SD)
	79.7 (7.2)
	79.6 (7.2)
	MV

	 Clinical categorya
	 	 	MV

	    Good
	6285 (12.8%)
	6285 (12.8%)
	 
	    Intermediate
	11,378 (23.1%)
	11,378 (23.1%)
	 
	    Poor
	22,717 (46.2%)
	22,717 (46.2%)
	 
	    Very poor
	8821 (17.9%)
	8821 (17.9%)
	 
	Antidiabetic agents at cohort entry

	 Metformin
	33,078 (67.2%)
	34,031 (69.2%)
	0.042

	 DPP-4 inhibitor
	1869 (3.8%)
	2348 (4.8%)
	0.048

	 Sulfonylurea
	25,767 (52.4)
	25,127 (51.1%)
	0.026

	 Pioglitazone
	1991 (4.0%)
	2316 (4.7%)
	0.032

	 GLP-1 RA
	293 (0.6%)
	331 (0.7%)
	0.010

	 Meglitinide
	6917 (14.1%)
	6064 (12.3%)
	0.051

	 Alpha glucosidase inhibitors
	1664 (3.4%)
	1534 (3.1%)
	0.015

	 Insulin
	3675 (7.5%)
	2919 (5.9%)
	0.061

	Other drugs

	 Antihypertensive agents
	45,601 (92.7%)
	45,320 (92.1%)
	0.022

	 Lipid-lowering agents
	28,169 (57.3%)
	30,063 (61.1%)
	0.078

	 Antiarrhythmic agents
	4835 (9.8%)
	4312 (8.8%)
	0.037

	 Antiplatelet drugs
	33,169 (67.4%)
	32,637 (66.3%)
	0.023

	 Oral anticoagulant agents
	7638 (15.5%)
	6153 (12.5%)
	0.087

	 Digitalis
	4486 (9.1%)
	3312 (6.7%)
	0.088

	 Nitrates
	11,453 (23.3%)
	10,988 (22.3%)
	0.023

	 Anti-gout drugs
	10,466 (21.3%)
	9674 (19.7%)
	0.040

	 Antidepressant agents
	12,294 (25.0%)
	10,732 (21.8%)
	0.075

	 Drugs for respiratory disease
	17,010 (34.6%)
	17,297 (35.2%)
	0.012

	Previous hospitalizations

	 Cardiovascular disease
	21,955 (44.6%)
	20,014 (40.7%)
	0.080

	 Kidney disease
	2928 (6.0%)
	2143 (4.4%)
	0.072

	 Metal disorders
	2159 (4.4%)
	1658 (3.4%)
	0.053

	 Respiratory disease
	7347 (14.9%)
	5240 (10.7%)
	0.128

	 Cancer
	7359 (15.0%)
	7342 (14.9%)
	0.001

	During follow-up

	 Adherence with antidiabetic drugs b
	 	 	0.213

	  Very low
	4201 (8.5%)
	3149 (6.4%)
	 
	  Low
	10,272 (20.9%)
	8400 (17.1%)
	 
	  Intermediate
	13,437 (27.3%)
	12,054 (24.5%)
	 
	  High
	21,291 (43.3%)
	25,598 (52.0%)
	 

MV matching variable, SD standard deviation, SMD standardized mean differences, DDP-4 Dipeptidyl peptidase-4, GLP-1 RA glucagon-like peptide 1 receptor agonists
a Clinical frailty was assessed by the Multisource Comorbidity Score (MCS) and four categories were considered: good (MCS = 0), intermediate (1 ≤ MCS ≤ 4), poor (5 ≥ MCS ≤ 14) and very poor (MCS ≥ 15)
b Adherence was measured by the ratio between the days with available antidiabetic drug prescriptions and all days of follow up. Adherence categories are: very low: ≤ 25%; low: 26 to 50%; intermediate: 51 to 75%; and high: > 75%




Antidiabetic drug therapy and mortality
The association between adherence to drug treatment and all-cause mortality is shown in Fig. 2, top panel. A progressive increase of adherence to treatment was associated with a progressive decrease in the risk of all-cause mortality in all clinical categories. The reduction of all-cause mortality from the lowest to the highest adherence level was lowest in the very poor clinical category compared to the other clinical categories, i.e. 26% (95% CI 17–34%) vs 36% (25–46%), 50% (44–56%) and 38% (33–42%) for the good, intermediate and poor clinical category, respectively. Similar trends were observed for cardiovascular mortality, i.e. the reduction from the lowest to the highest adherence level were 26% (-15–52%), 48% (28–62%), 44% (33–53%), and 37% (16–52%) for the good, intermediate and poor clinical category, respectively (Fig. 2, lower panels).[image: ]
Fig. 2Effect of adherence with antidiabetic drugs on the odds ratio of all-cause and cardiovascular death according to the clinical category as measured by Multisource Comorbidity Score


The results of the stratified analysis for clinical category and age are reported in Fig. 3. In all age strata, there was an association between adherence to treatment and all-cause mortality, i.e. a decrease in the risk of fatal events from any cause as adherence increased. An exception was the group of patients aged ≥ 85 years with a very poor clinical status (or frailty) in whom changes in adherence did not modify the total mortality risk (p-trend = 0.722). The results for adherence and cardiovascular mortality were similar but less consistent (Additional file 1: Table S3). In the group of frail patients aged ≥ 85 years, an increase of adherence was associated with a 27% reduction of cardiovascular mortality, which did not achieve statistical significance (p-trend = 0.069). Furthermore, in the groups in good clinical conditions aged 65–74 years and aged ≥ 85 years, an increase of adherence had a paradoxical effect, i.e. an increase of cardiovascular mortality, albeit not significant (p-trend = 0.308 and 0.286, respectively). In these groups, however, the number of lethal cardiovascular events was extremely small (Additional file 1: Table S4).[image: ]
Fig. 3Effect of adherence with oral antidiabetics on the risk of all-cause mortality according to clinical category and age



Sensitivity analyses
The results on all-cause mortality did not change either by varying the criteria for categorization of adherence with drug treatment (Additional file 1: Table S5) or by using a different way to estimate the duration of each prescription (Additional file 1: Table S6). As shown by the rule-out approach analysis reported in Additional file 1: Fig S2, assuming that highly adherent patients had a three-fold lower odds of exposure to an unmeasured confounder than patients with a very low adherence, the confounder should have increased the outcome risk of all-cause mortality by three-fold for nullifying the observed protective effect of drug adherence in patients with a very poor clinical category. The required nullifying confounder–outcome associations had to be even greater in the other clinical categories.
Additional file 1: Table S7 shows that the number of outpatient services used by the patients in the 2 years before the beginning of the study observations was associated with adherence to antidiabetic treatment. However, the results did not substantially change after accounting for this variable (Additional file 1: Table S8).
Finally, 61,722 cohort members were new users, i.e. they did not receive a prescription of antidiabetic drugs in the previous 5 years. Among these, 16,915 patients died during follow-up, of whom 16,897 were matched with alive new-user patients. The results did not change by restricting the cohort to new users (Additional file 1: Table S9).


Discussion
Our study provides the following main findings. First, adherence to antidiabetic drug therapy reduced all-cause mortality in patients aged ≥ 65 years with type 2 diabetes. Second, this was the case regardless of the patients’ clinical status, i.e. antidiabetic treatment showed a protective effect not only in patients exhibiting relatively good clinical conditions but also in those with a progressive increase in the number of comorbidities, co-treatments, previous hospitalizations for a variety of diseases and a progressively marked reduction in the chance of survival, justifying their definition as “frail” individuals. Third, the reduction of all-cause mortality associated with better adherence to treatment was less pronounced in frail patients than in the other clinical categories. Furthermore, in frail patients there was no effect of antidiabetic treatment on survival from 85 years of age and beyond. These findings extend to the real-life setting the results of randomized clinical trials on the protective effect of antidiabetic drug treatment in patients aged ≥ 65 years [13]. They further suggest that protection extends to a very advanced age and that includes patients with a wide range of background clinical conditions and life expectancy, including those characterized by a high number of comorbidities, hospitalizations and risk of lethal events, which justifies their definition as frail patients. They also suggest, however, not only that in frail patients the protective effect of treatment on survival may be less than that seen in patients with better clinical conditions but fail to extend at or beyond 85 years of age.
Several other aspects of our study deserve to be mentioned. One, it is important to mention that “frail” patients aged 85 years or more were only 2644 out of 188,983 patients, i.e., about 1% of our cohort. Thus, only a very small fraction of old patients with diabetes may eventually fail to benefit from antidiabetic treatment and be candidates to a deprescribing decision [31]. Two, the results of our study that an increase of adherence to antidiabetic drug treatment was associated with a reduction of all-cause mortality in octogenarians patients expands available information which is scarce in people with diabetes in this age range. Three, the results obtained by the analysis of adherence to treatment and cardiovascular mortality exhibited trends that were in general similar to the trends exhibited by all-cause mortality, with, however, a lower level of consistency and some between clinical and adherence group differences that were not seen for all-cause mortality. We can speculate that a factor involved was the low number of cardiovascular lethal events, and thus the insufficient statistical power, in some groups, e.g. 4 and 22 lethal events in patients with very low adherence and an age of 65–74 and ≥ 85 years, respectively. Assuming that the proportion of highly adherent patients among controls is 89% (i.e. what was observed) and accepting a type 1 error of 0.05 with a statistical power of 80%, our study needed 1770 outcomes to detect a 25% significant reduction of mortality risk in people with high adherence to drug therapy. This number was not available in all subgroups and more frequently lower for cardiovascular than for all-cause mortality, making the latter a safer basis for conclusions. Four, the reduction of outcomes associated with higher levels of adherence to treatment may be originated by factors different from the increase of adherence to treatment, for example from the fact that patients adherent to drug treatment may also be also more prone to follow healthier lifestyles and control their health conditions via more frequent medical visits and laboratory or instrumental examinations. However, although the number of outpatient medical services utilized by more adherent patients was greater than that utilized by non-adherent ones, our findings provide evidence that the difference in the risk of mortality between low and high adherence to antidiabetic drugs did not disappear after accounting for this proxy measure of health seeking behaviour. This supports the conclusion that an increased adherence to antidiabetic drugs was responsible for the associated protective effect. Finally, albeit restricting cohort members to new users is considered one of the best approaches to reduce confounding in observational studies assessing the effectiveness of drug therapies [30], this reduces the generalizability of study results, especially among elderly frail patients. Indeed, only 33% of our cohort members did not have any prescription of antidiabetic drugs in the preceding years. Because the main results did not change by applying the new-user study design [30], this reinforces the robustness of the results.
Our study has several elements of strength as well as limitations. The strengths are that the study was based on a large and unselected population, which was made possible by the extension of the Italian healthcare system to virtually all citizens [32]. Furthermore, the drug prescription database we used provides accurate data because pharmacists are required to report prescriptions in detail in order to obtain reimbursement, and incorrect reports have legal consequences [33]. Finally, adoption of the “user-only” design (i.e. comparison between patients with the same indication at baseline, but with a different level of exposure to the drug of interest) reduces the potential for confounding [34]. Also, the choice of all-cause mortality as the primary outcome avoided any uncertainty about diagnostic accuracy in hospital records or causes of death reported in our database [35]. The limitations are that adherence to treatment was derived from drug prescriptions, a widely employed method to assess drug use in large populations which requires the assumption that the days covered by a prescription correspond to the days of drug use [32]. Because this is obviously not the case in all patients, our data on adherence to treatment are overestimated true adherence. Second, in absence of recorded daily doses of antidiabetic agents (not provided by our database [32]), we adopted the defined daily doses based on the reports of the World Health Organization (https://​www.​whocc.​no/​atc_​ddd_​index/​) to estimate the time coverage of each prescription. However, the defined daily doses may overestimate the prescribed daily doses [27], making our adherence values lower than real adherence. However, it is unlikely that this had a substantial impact on the results because the main findings of the study were confirmed by a sensitivity analysis in which the drug coverage was estimated by the number of tablets in the dispensed canisters. Third, the inclusion and follow-up periods (from 2012 to 2018) did not allow us to suitably investigate the impact of the newer antidiabetic agents on mortality in different clinical categories and ages [9–12]. Between 2012 and 2018 treatment was still largely based on conventional antidiabetic drugs and only 3157 and 6771 cohort members started treatment with SGLT inhibitors and GLP1-RA, respectively.
Finally, and most importantly, because several clinical data (e.g. blood glucose glycated haemoglobin, lipid profile, blood pressure, body mass index, smoking, diet, duration of diabetes) are not included in the Lombardy database, we cannot exclude that a clinical imbalance between the adherence groups affected the results. However, our data were adjusted for several potential confounders. In addition, the “rule-out” sensitivity analysis showed that only a highly prevalent confounder closely associated with survival and extremely unbalanced between adherence groups could nullify the observed protection provided by greater adherence to antidiabetic drug therapy.

Conclusions
In conclusion, adherence to antidiabetic drug therapy reduced the risk of death in elderly patients with diabetes, regardless of their background clinical conditions. The protective effect of treatment included patients definable as frail because of their high level of comorbidities, previous hospitalizations and short survival in whom in these patients the protective effect of antidiabetic treatment was less than that of patients in better clinical conditions but appreciable at least up to 85 years of age.

Author contributions
GC and GM conceived the idea for this manuscript. FR, GC and GM designed the study. FR and GM drafted the manuscript. LS and VV performed the data analysis. All authors assisted the results interpretation and manuscript revision. All authors read and approved the final manuscript. FR is the guarantor of this work and, as such, had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.

Funding
This study was supported by two grants from the Italian Ministry of the Education, University and Research: (i)’Fondo d’Ateneo per la Ricerca’ (year 2021), and (ii) “Modelling effectiveness, cost-effectiveness and promoting health care value in the real world. The Motive project” (Grant Number H45J17000500006). The funding source had no role in the design of the study, the collection, analysis and interpretation of the data, or the decision to approve publication of the finished manuscript.

Availability of data and materials
The data that support the findings of this study are available from Lombardy Region, but restrictions apply to the availability of these data, which were used under licence for the current study, and so are not publicly available. Data are however available from the Lombardy Region upon reasonable request.

Declarations
Ethics approval and consent to participate
According to Italian law, studies based entirely on registry data do not require approval from an ethics review board.

Consent for publication
Not applicable.

Competing interests
Giovanni Corrao received research support from the European Community (EC), the Italian Medicines Agency (AIFA), Italian Ministry of Health, and the Italian Ministry of Education, University and Research (MIUR). He took part to a variety of projects that were funded by pharmaceutical companies (i.e., Novartis, GSK, Roche, AMGEN, BMS and Servier). He also received honoraria as member of Advisory. Giuseppe Mancia received honoraria for participation as speaker/chairman in national/international meetings from Bayer, Boehringer Ingelheim, CVRx, Daiichi Sankyo, Ferrer, Medtronic, Menarini Int., Merck, Novartis, Recordati and Servier. Other authors have no disclosures.


Change History
19 October 2023The CRUI-CARE TA funding note has been removed


References
	1.
Zoungas S, Arima H, Gerstein HC, Holman RR, Woodward M, Reaven P, Hayward RA, Craven T, Coleman RL, Chalmers J. Effects of intensive glucose control on microvascular outcomes in patients with type 2 diabetes: a meta-analysis of individual participant data from randomised controlled trials. Lancet Diabetes Endocrinol. 2017;5:431–7.CrossrefPubMed

	2.
Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, Buse JB, Cushman WC, Genuth S, Ismail-Beigi F, Grimm RH Jr, Probstfield JL, Simons-Morton DG, Friedewald WT. Effects of intensive glucose lowering in type 2 diabetes. N Engl J Med. 2008;358:2545–59.Crossref

	3.
ADVANCE Collaborative Group, Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M, Marre M, Cooper M, Glasziou P, Grobbee D, Hamet P, Harrap S, Heller S, Liu L, Mancia G, Mogensen CE, Pan C, Poulter N, Rodgers A, Williams B, Bompoint S, de Galan BE, Joshi R, Travert F. Intensive blood glucose control and vascular outcomes in patients with type 2 diabetes. N Engl J Med. 2008;358:2560–72.Crossref

	4.
Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven PD, Zieve FJ, Marks J, Davis SN, Hayward R, Warren SR, Goldman S, McCarren M, Vitek ME, Henderson WG, Huang GD. Glucose control and vascular complications in veterans with type 2 diabetes. N Engl J Med. 2009;360:129–39.CrossrefPubMed

	5.
Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-Benedetti M, Moules IK, Skene AM, Tan MH, Lefèbvre PJ, Murray GD, Standl E, Wilcox RG, Wilhelmsen L, Betteridge J, Birkeland K, Golay A, Heine RJ, Korányi L, Laakso M, Mokán M, Norkus A, Pirags V, Podar T, Scheen A, Scherbaum W, Schernthaner G, Schmitz O, Skrha J, Smith U, Taton J. Secondary prevention of macrovascular events in patients with type 2 diabetes in the PROactive Study (PROspective pioglitAzone Clinical Trial In macroVascular Events): a randomised controlled trial. Lancet. 2005;366:1279–89.CrossrefPubMed

	6.
UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). Lancet. 1998;352:837–53.Crossref

	7.
Ray KK, Seshasai SR, Wijesuriya S, Sivakumaran R, Nethercott S, Preiss D, Erqou S, Sattar N. Effect of intensive control of glucose on cardiovascular outcomes and death in patients with diabetes mellitus: a meta-analysis of randomised controlled trials. Lancet. 2009;373:1765–72.CrossrefPubMed

	8.
Control Group, Turnbull FM, Abraira C, Anderson RJ, Byington RP, Chalmers JP, Duckworth WC, Evans GW, Gerstein HC, Holman RR, Moritz TE, Neal BC, Ninomiya T, Patel AA, Paul SK, Travert F, Woodward M. Intensive glucose control and macrovascular outcomes in type 2 diabetes. Diabetologia. 2009;52:2288–98.Crossref

	9.
Ristic S, Byiers S, Foley J, Holmes D. Improved glycaemic control with dipeptidyl peptidase-4 inhibition in patients with type 2 diabetes: vildagliptin (LAF237) dose response. Diabetes Obes Metab. 2005;7:692–8.CrossrefPubMed

	10.
Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, Mattheus M, Devins T, Johansen OE, Woerle HJ, Broedl UC, Inzucchi SE. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J Med. 2015;373:2117–28.CrossrefPubMed

	11.
Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, Lingvay I, Rosenstock J, Seufert J, Warren ML, Woo V, Hansen O, Holst AG, Pettersson J, Vilsbøll T. Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N Engl J Med. 2016;375:1834–44.CrossrefPubMed

	12.
Lin DS, Lee JK, Hung CS, Chen WJ. The efficacy and safety of novel classes of glucose-lowering drugs for cardiovascular outcomes: a network meta-analysis of randomised clinical trials. Diabetologia. 2021;64:2676–86.CrossrefPubMed

	13.
Karagiannis T, Tsapas A, Athanasiadou E, Avgerinos I, Liakos A, Matthews DR, Bekiari E. GLP-1 receptor agonists and SGLT2 inhibitors for older people with type 2 diabetes: A systematic review and meta-analysis. Diabetes Res Clin Pract. 2021;174: 108737.CrossrefPubMed

	14.
Bollig C, Torbahn G, Bauer J, Brefka S, Dallmeier D, Denkinger M, Eidam A, Klöppel S, Zeyfang A, Voigt-Radloff S. Evidence gap on antihyperglycemic pharmacotherapy in frail older adults: a systematic review. Z Gerontol Geriatr. 2021;54:278–84.CrossrefPubMed

	15.
Tufan F, Soyluk O, Bahat G, Karan MA. Under-representation of frail older people in meta-analysis of dipeptidyl peptidase-4 inhibitors and hypoglycaemia. BMJ. 2016;353: i3183.CrossrefPubMed

	16.
Corrao G, Rea F, Di Martino M, De Palma R, Scondotto S, Fusco D, Lallo A, Belotti LMB, Ferrante M, Pollina Addario S, Merlino L, Mancia G, Carle F. Developing and validating a novel multisource comorbidity score from administrative data: a large population-based cohort study from Italy. BMJ Open. 2017;7: e019503.CrossrefPubMedPubMedCentral

	17.
Corrao G, Monzio Compagnoni M, Rea F, Merlino L, Catapano AL, Mancia G. Clinical significance of diabetes likely induced by statins: evidence from a large population-based cohort. Diabetes Res Clin Pract. 2017;133:60–8.CrossrefPubMed

	18.
Rea F, Ciardullo S, Savaré L, Perseghin G, Corrao G. Comparing medication persistence among patients with type 2 diabetes using sodium-glucose cotransporter 2 inhibitors or glucagon-like peptide-1 receptor agonists in real-world setting. Diabetes Res Clin Pract. 2021;180: 109035.CrossrefPubMed

	19.
Essebag V, Platt RW, Abrahamowicz M, Pilote L. Comparison of nested case-control and survival analysis methodologies for analysis of time-dependent exposure. BMC Med Res Methodol. 2005;5:5.CrossrefPubMedPubMedCentral

	20.
Essebag V, Genest J Jr, Suissa S, Pilote L. The nested case-control study in cardiology. Am Heart J. 2003;146:581–90.CrossrefPubMed

	21.
Corrao G, Rea F, Carle F, Di Martino M, De Palma R, Francesconi P, Lepore V, Merlino L, Scondotto S, Garau D, Spazzafumo L, Montagano G, Clagnan E, Martini N. “Monitoring and assessing care pathways (MAP)” of the italian ministry of health measuring multimorbidity inequality across Italy through the multisource comorbidity score: a nationwide study. Eur J Public Health. 2020;30:916–21.CrossrefPubMed

	22.
Andrade SE, Kahler KH, Frech F, Chan KA. Methods for evaluation of medication adherence and persistence using automated databases. Pharmacoepidemiol Drug Saf. 2006;15:565–74.CrossrefPubMed

	23.
Suissa S. Immeasurable time bias in observational studies of drug effects on mortality. Am J Epidemiol. 2008;168:329–35.CrossrefPubMed

	24.
Rea F, Cantarutti A, Merlino L, Ungar A, Corrao G, Mancia G. Antihypertensive treatment in elderly frail patients: evidence from a large italian database. Hypertension. 2020;76:442–9.CrossrefPubMed

	25.
Rea F, Mancia G, Corrao G. Statin treatment reduces the risk of death among elderly frail patients: evidence from a large population-based cohort. Eur J Prev Cardiol. 2022;28:1885–94.CrossrefPubMed

	26.
Austin PC. Balance diagnostics for comparing the distribution of baseline covariates between treatment groups in propensity-score matched samples. Stat Med. 2009;28:3083–107.CrossrefPubMedPubMedCentral

	27.
Arfè A, Nicotra F, Ghirardi A, Simonetti M, Lapi F, Sturkenboom M, Corrao G. A probabilistic bias analysis for misclassified categorical exposures, with application to oral anti-hyperglycaemic drugs. Pharmacoepidemiol Drug Saf. 2016;25:1443–50.CrossrefPubMed

	28.
Schneeweiss S. Sensitivity analysis and external adjustment for unmeasured confounders in epidemiologic database studies of therapeutics. Pharmacoepidemiol Drug Saf. 2006;15:291–303.CrossrefPubMed

	29.
Danaei G, Tavakkoli M, Hernán MA. Bias in observational studies of prevalent users: lessons for comparative effectiveness research from a meta-analysis of statins. Am J Epidemiol. 2012;175:250–62.CrossrefPubMedPubMedCentral

	30.
Ray WA. Evaluating medication effects outside of clinical trials: new-user designs. Am J Epidemiol. 2003;158:915–20.CrossrefPubMed

	31.
Farrell B, Black C, Thompson W, McCarthy L, Rojas-Fernandez C, Lochnan H, Shamji S, Upshur R, Bouchard M, Welch V. Deprescribing antihyperglycemic agents in older persons: Evidence-based clinical practice guideline. Can Fam Physician. 2017;63:832–43.PubMedPubMedCentral

	32.
Corrao G, Mancia G. Generating evidence from computerized healthcare utilization databases. Hypertension. 2015;65:490–8.CrossrefPubMed

	33.
Strom BL. Overview of automated databases in pharmacoepidemiology. In: Strom BL, editor. Pharmacoepidemiology. 3rd ed. Chichester, UK: Wiley; 2000. p. 219–22.Crossref

	34.
Corrao G, Ghirardi A, Segafredo G, Zambon A, Della Vedova G, Lapi F, Cipriani F, Caputi A, Vaccheri A, Gregori D, Gesuita R, Vestri A, Staniscia T, Mazzaglia G, Di Bari M. User-only design to assess drug effectiveness in clinical practice: application to bisphosphonates and secondary prevention of fractures. Pharmacoepidemiol Drug Saf. 2014;23:859–67.CrossrefPubMed

	35.
Hyeraci G, Spini A, Roberto G, Gini R, Bartolini C, Lucenteforte E, Corrao G, Rea F. A systematic review of case-identification algorithms based on Italian healthcare administrative databases for three relevant diseases of the cardiovascular system: acute myocardial infarction, ischemic heart disease, and stroke. Epidemiol Prev. 2019;43:37–50.PubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12933_2023_1786_Fig3_HTML.png
65-74 years

Good clinical status

050
025 025
PDC  0-25% 26-50%  51-75% 76-100% p-trend

0.98 1.02 0.73 OR
(0.67-1.42) (0.71-1.46) (0.51-1.03) <0001 (95% CI)

OR
(95% CI)

PDC  0-25%

Intermediate clinical status

050

025

26-50%  51-75% 76-100% p-trend

0.65 0.44 OR

0.83 <0.001

(0.60-1.15) (0.48-0.88) (0.33-0.60)

PDC  0-25%

(95% CI)

Poor clinical status

26-50%  51-75% 76-100% p-trend

0.90 0.79

0.55
(0.73-1.11) (0.65-0.97) (0.45-0.66) <0001

Ref.

Very poor clinical status

0.50

025

PDC  0-25% 26-50% 51-75% 76-100% p-trend
18 1.13

OR 1 0.67
(0.91-1.53) (0.87-1.45)(0.52-0.85)

(95% CI)

Ref. <0.001

75-84 years
Good clinical status Intermediate clinical status Poor clinical status Very poor clinical status

125 125 125 125
1.00 1.00 1.00 1.00
0.75 075 0.75 0.75
0.50 0.50 0.50 0.50
0.25 0.25 025 0.25

PDC  0-25% 26-50%  51-75% 76-100% p-trend PDC  0-25% 26-50%  51-75% 76-100% p-trend PDC  0-25% 26-50%  51-75% 76-100% p-trend PDC  0-25% 26-50%  51-75% 76-100% p-trend

OR 088 0.78 056 OR 0.67 063 046 OR 099 0.89 0.62 OR 098 092 0.69

(95% CI) (0.68-1.14) (0.61-1.00) (0.44-0.71) 00! (95% CI) 0550.82) (052:0.77) 0380.56) %! os%cn R 0881.12) 0.79-1.00) 0.550.70) 0! (95% CI) 083-1.17) (077-1.08) 058081 %!
4 >85 years
Good clinical status Intermediate clinical status Poor clinical status Very poor clinical status

1.40 120 1.20 1.40

120 1.00 1.00 120

1.00 1.00

0.80 0.80

0.80 0.80

0.60 0.60 L 0.60

0.40 0.40 040 0.40

PDC  0-25% 26-50%  51-75% 76-100% p-trend PDC  0-25% 26-50%  51-75% 76-100% p-trend PDC  0-25% 26-50%  51-75% 76-100% p-trend PDC  0-25% 26-50%  51-75% 76-100% p-trend

OR 095 0.89 0.70 OR 085 074 OR 097 090 OR 104 1.03
2

©5% C R (0.69-131) (0.65-1.20)(0.52-0.94) 00! ©s%cn R (069-1.05) (0.60-0.91) (0. 47 o 70) <0001 ©s%cn R (086-1.11) (0.79-1.02) (0. 60 o 77) <0001 ©s%cn R (083-129) 0.83-127) 0 80 1 2) 072






OEBPS/navigation.xhtml

    
      Contents


      
        		Adherence to antidiabetic drug therapy and reduction of fatal events in elderly frail patients


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12933_2023_1786_Fig2_HTML.png
All-cause death

Good clinical status
120

1.00
0.80
0.60

0.40
PDC  0-25% 26-50% 51-75% 76-100% p-trend

OR v 0.92 0.87 0.

- 6
©s%cn R (077-1.10) 0.73-1.03)0.540.75) 000

Intermediate clinical status

120

1.00
0.80
0.60

040
PDC  0-25% 26-50%  51-75% 76-100% p-trend
OR N 0.76 0.68 0.:

50
©s%cn R (0.67:0.87) 0.60-078)0.44056) 0!

Poor clinical status

120

1.00
0.80
0.60

0.40
PDC  0-25% 26-50% 51-75% 76-100% p-trend
OR N 0.97 0.87 0.62

(95% CI) Ref. (0.89-1.05) (0.81-0.94)(0.58-0.67)

<0.001

‘ery poor clinical status
120
1.00
0.80
0.60

0.40
PDC  0-25% 26-50% 51-75% 76-100% p-trend
OR N 1.04

Ref K .9 0.74
(95% CI) e (0.92-1.17) (0.88-1.11)(0.66-0.83)

<0.001

Cardiovascular death

Good clinical status

1.50
100 /'\N
0.50

0.00
PDC 0-25% 26-50% 51-75% 76-100% p-trend

133 15

£ 0.74
(0.82-2.14) (0.73-1.80)(0.48-1.15) 0,001

Ref.

OR
(95% CI)

Intermediate clinical status

1.50

1.00

0.50 M{

0.00

PDC  0-25% 26-50% 51-75% 76-100% p-trend
osten R (053109 031099036072 00

1.50
1.00 \l.\%\’
0.50
0.00

PDC  0-25% 26-50%  51-75% 76-100% p-trend

OR 0.89 0.83 0.56

©swcn R (074-1.08) (0.69-1.00)0.47-067) 00!

Very poor clinical status

150
1.00
0.50

0.00
PDC  0-25% 26-50% 51-75% 76-100% p-trend

1.02 0.76 0.63

(0.76-1.37) (0.57-1.00)(0.48-0.84) <0001

OR
©s%cny Rt






OEBPS/images/12933_2023_1786_Fig1_HTML.png
0.8

0.6

Survival Probability
=1
=

0.0

100%

80%

60%

40%

6-year mortality probability

20%

—Good
—Intermediate
—Poor

=V ery poor

P-value < 0.001

1 2 3 4 5
Years of follow-up

Good Intermediate Poor Very poor

65-74 years m75-84 years M>85 years





OEBPS/css/sidebar.gif





