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Abstract

:

Background: Lifestyle interventions halt the progression of prediabetes to frank type 2 diabetes (T2D). However, the feasibility of a diabetes prevention program promoting tailored interventions on a national scale and conducted by primary care physicians is unclear. Methods: General practitioners located in ten different regions throughout Italy enrolled random subjects without known metabolic diseases to identify individuals with prediabetes and prescribe them an intervention based on physical activity. Using a simple stepwise approach, people referring to their primary care physician for any reason were screened for their diabetes risk with a web-based app of the Findrisc questionnaire. Those at risk for T2D, i.e., with a Findrisc score >9, were invited to come back after overnight fasting to measure fasting glycaemia (FG). Those with 100 ≤ FG < 126 mg/dL were considered as people with prediabetes and compiled the Physical Activity Readiness Questionnaire (PAR-Q) to then receive a personalised prescription of physical activity. Results: Overall, 5928 people were enrolled and compiled the questionnaire. Of these, 2895 (48.8%) were at risk for T2D. Among these, FG was measured in 2168 subjects (participation rate 75%). The numbers of individuals with undetected prediabetes and T2D according to FG were 755 and 79 (34.8% and 3.6% of those assessing FG), respectively. Of the 755 subjects in the prediabetes range, 739 compiled the PAR-Q and started a personalised program of physical activity (participation rate 97%). Physicians involved in the study reported a mean of 6 min to perform the screening. Conclusions: Overall, these data suggest the feasibility of a national diabetes prevention program developed by general practitioners using a simple stepwise approach starting from a web app to intercept individuals with prediabetes.
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1. Introduction


Type 2 diabetes (T2D) is a key risk factor for the development of cardiovascular diseases and mortality [1,2]. The incidence of T2D has constantly increased during the last decades in most countries, paralleling the trend observed with obesity [3]. Before the appearance of frank disease, subjects at risk of T2D usually develop prediabetes, a condition where blood sugar levels are higher than normal but not high enough to diagnose T2D [4]. Individuals in the prediabetes range have a fasting glucose (FG) between 100 and 126 mg/dL, and/or an HbA1c ranging from 5.7% to 6.4%, and/or a glucose level between 140 and 199 mg/dL after 2 h from a 75 g oral glucose tolerance test (OGTT) [5]. Prediabetes can be targeted to halt the development of T2D or even to fully reverse this pathological status. Indeed, the risk of progression from prediabetes to frank T2D is reduced by lifestyle interventions based on physical activity, as demonstrated by the Diabetes Prevention Program and other large trials [6,7,8]. However, it is unclear if such an approach is feasible when applied on a nationwide scale.



Previous attempts of screening on a large scale provided mixed results in terms of patients’ participation, feasibility, and efficacy in terms of detection of prediabetes or T2D [9,10,11,12,13]. Broadly, active seeking of possible cases of T2D by primary care physicians yielded a much higher participation or screening rate compared with mail-distributed, self-administered risk scores [11,12,13]. On the other hand, procedures in general practice should not be time-consuming to increase the likelihood of success of a prevention program.



To explore the feasibility of a T2D prevention program on a national scale based on a simple stepwise approach, we involved multiple associations of general practitioners located in ten different regions in Italy with the goal of enrolling 6000 random subjects without known metabolic diseases to detect individuals with prediabetes and prescribe them an intervention based on physical activity. Here, we report the results of the screening phase.




2. Methods


2.1. Study Design


This study aims to explore the feasibility of a large diabetes prevention program. Thus, it is a cross-sectional screening study without a prospective collection of outcomes. Using a simple stepwise approach, people referring to their primary care physician for any reason were screened for their diabetes risk with a web-based app of the updated Findrisc questionnaire [7,14]. Briefly, the Findrisc utilises a scoring system that evaluates various risk factors, including age, physical activity, family history of diabetes, body mass index, waist circumference, previous history of hyperglycemia, use of anti-hypertensive drugs, and consumption of fruits and vegetables. This structured assessment assigns a specific score to each item, and the overall score is derived by summing up the scores from all items, resulting in a range from 0 to 26 [7]. Those with a score >9 were invited to come back after overnight fasting to measure fasting glycaemia (FG). The combination of a cut-off of nine plus the measurement of FG was selected based on a previous cost-effectiveness analysis [15]. Capillary FG was measured to minimise the duration of the procedure and allow its execution in the general practitioner’s office. Previous data support a good correlation between capillary and venous blood glucose, suggesting the possibility of using capillary FG for screening purposes [16].



Using the criteria of the American Diabetes Association [17], those with FG < 100 mg/dL were considered not at risk and received general counselling on healthy lifestyles; those with FG ≥ 126 mg/dL were considered as possible cases of T2D and were referred to the Diabetes Center for further examination, and those with 100 ≤ FG < 126 mg/dL were considered as people with prediabetes. This population was invited to compile the Physical Activity Readiness Questionnaire (PAR-Q) [18]. According to results, people were categorised as (i) low risk, i.e., individuals who are asymptomatic and had no more than one risk factor; (ii) moderate risk, i.e., subjects older than 45 years old with two or more risk factors; (iii) high risk, i.e., individuals with known cardiovascular or pulmonary diseases. These individuals then received a personalised prescription for physical activity. An example of tailored prescription, based on existing guidelines or on solid evidence [19,20,21,22,23,24,25], for each category is reported in Supplementary Table S1. The design of the study is summarised in Figure 1A.




2.2. Web-Based Application and Survey


The dedicated web-based application was sequential and started with an Italian-translated version of the Findrisc questionnaire [14], previously validated [15]. The program asked for the measurement of FG only for individuals with a score >9. In the same manner, the app asked to compile the Italian-translated version of the PAR-Q only for subjects with FG in the prediabetes range. Screenshots from the application are reported in Supplementary Figure S1.



A survey was conducted among physicians to ask 1—the mean time spent compiling the questionnaire, 2—if they were satisfied with the initiative, and 3—if they were satisfied with the web app. Only binary responses (yes/no) were allowed for the latter two questions.




2.3. Statistical Analysis


The main goal of the project was to assess the feasibility of a nationwide diabetes prevention program. Thus, there was no pre-specified primary outcome. Endpoints of interest were the participation rate of screened subjects, the time spent by physicians to perform the screening, the satisfaction of the physicians, and the baseline characteristics, i.e., those requested by the Findrisc, of the population enrolled according to their degree of risk. To summarise such descriptive statistics, subjects were categorised as low risk (Findrisc score < 10), moderate risk (10 ≤ score ≤ 15), high-risk (16 ≤ score ≤ 20), and very high risk (score > 20), adapting previously reported strata according to the selected cut-off [7,15]. Among those subjected to FG measurement, the same variables were also compared in individuals with vs without any form of dysglycemia. The distribution of variables was assessed using the Shapiro-Wilk test. Continuous variables were compared among groups with Mann-Whitney U or the Kruskal-Wallis tests. For categorical variables, we used Fisher’s exact or the Chi-squared test. p values are reported in the relative tables. We used GraphPad Prism version 10.1.0. for calculations and Microsoft Excel 2016 for graph preparation. Parts of the figures were drawn by using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative Commons Attribution 3.0 Unported License (https://creativecommons.org/licenses/by/3.0/).





3. Results


Primary care physicians from 12 different associations were involved in the study, covering a total of 10 Italian regions: 5 in the north, 3 in the centre, and 2 in the south of Italy. The location of the associations involved is presented in Figure 1B.



At the end of the study, 5928 people were screened with the Findrisc questionnaire (Figure 2A). Of these, 2895 (48.8%) had a score >9 and were thus at risk for T2D. In detail, 3033 (51.2%) of subjects were at low risk, 2258 (38.1%) at moderate risk, 547 (9.2%) at high risk, and 90 (1.5%) at very high risk (Figure 2B). All the variables of the Findrisc had the expected increasing prevalence among these four groups, with the exception of age (Table 1). Indeed, individuals in the group with the highest risk score, compared with the other three groups, were more often males, had higher mean body mass index (BMI), had more often a previous episode of hyperglycemia, made larger use of antihypertensive drugs, had more often familiarity for T2D, had more often larger waist circumferences, while they were less often daily consumers of fruit and vegetables and practised less often daily physical activity.



Among the 2895 at risk, FG was measured in 2168 subjects (participation rate 75%) (Figure 2C). The numbers of individuals with undetected prediabetes and T2D according to FG were 755 and 79 (34.8% and 3.6% of those assessing FG), respectively (Figure 2D). When comparing the groups of subjects with (n = 834) vs those without (n = 1334) any form of dysglycemia, people in the first group had higher values of weight, waist circumference, and BMI, had more often previously faced an episode of reported hyperglycemia and were more often users of antihypertensive drugs (Table 2).



Of the 755 subjects in the prediabetes range, 735 compiled the PAR-Q (participation rate 97%). When stratifying according to PAR-Q, 291 (39.6%) of the subjects were at low risk, 350 (47.6%) at moderate risk, 96 (12.8%) at high risk (Figure 2E), and all received a tailored prescription of physical activity (examples provided in Supplementary Table S1).



A survey conducted among the physicians involved in the study evidenced a mean time to compile the Findrisc of 5.7 ± 2.1 min, with a high rate of satisfaction with the initiative (68%) but a low rate of satisfaction with the web application (34%).




4. Discussion


Structured interventions on lifestyles and, in particular, physical activity are able to curb the progression of prediabetes to frank T2D [6]. However, the feasibility of developing such an intervention at the population level on a national scale is uncertain. In this pilot study, we involved multiple associations of primary care physicians located on the Italian territory to screen people referring to their general practitioners with a web-based app of the Findrisc questionnaire. The results obtained support the feasibility of this simple stepwise approach based on the compilation of such a questionnaire followed by the measurement of capillary FG in subjects at risk. Indeed, the mean time spent by the physicians involved was reasonable, and the program has been developed as planned, notwithstanding the struggle ascribable to the COVID-19 pandemic, which influenced and still affects the normal medical routine [25].



The physicians involved reported a good degree of satisfaction with the overall initiative but not with the application. This is possible because a dedicated web app was developed ad hoc for the study, but such a program did not interact with the electronic health record commonly used in routine care, an aspect that slightly slowed the procedure. This aspect might be implemented by future similar studies.



Relatively to the approach used for the screening, we might have missed some patients with prediabetes or even with frank T2D. Indeed, it is conceivable that selected individuals do have altered glycemic values when exposed to OGTT despite a normal FG range. However, the primary goal of this study was to explore the feasibility of a prevention program conducted on a national scale and not to establish the best method to detect diabetes or prediabetes. Thus, the approach selected was the one with the best combination of effectiveness and ease of development, according to previous literature [15]. In addition, the observation that a recent screening program developed through gazebos organised during public initiatives and verifying the diagnosis yielded a comparable incidence of prediabetes, i.e., roughly half of those at risk, according to Findrisc [10], reassures about the ability of our program to properly identify such population.



When developing preventive programs on a large scale, a key aspect is the participation rate of the individuals screened. Previous attempts at diabetes screening the population by sending the questionnaire through mail yielded very low participation rates, e.g., 18% [12]. On the contrary, programs actively involving primary care physicians obtained a very high participation rate [11]. Other recent studies also explored different approaches. For instance, one study was conducted with the use of extension agents enrolling random people at the health fairs or at the library and community events, testing a risk score similar to Findrisc coupled with HbA1c measurement through point-of-care [26]. However, participation rates were generally low [26]. Other studies took advantage of general practitioners to identify patients at risk but then proposed an eHealth-based intervention to perform the lifestyle intervention [27]. Even in this case, the participation rate was low even though the intervention was effective in promoting weight loss in those adhering to the program [27]. Another issue linked to eHealth interventions is that racially and ethnically diverse populations with limited levels of educational attainment might not be reached by such programs [27]. Other approaches explored a program of diabetes screening through community pharmacies [28,29]. In this case, the number of cases detected was low, and the relative costs were high, especially because a large number of individuals at risk did not refer the condition to their general practitioner [28]. Another issue associated with such an approach is that a low number of pharmacies might adhere to the initiative, thus not covering a large portion of the target population [30]. Our results substantiate the observation that general practitioners play a key role when developing such programs. More broadly, they support the notion that patients are more willing to undertake screening if they are approached whilst accessing healthcare for a different purpose [28].



Data from a previous clinical trial exploring the effect of large-scale screening for diabetes on the incidence of subsequent cardiovascular or diabetes-related mortality showed no benefit of screening per se on such hard endpoints within the following 10 years [9]. This lack of benefit might be ascribed to a number of reasons, including the inability of programs to detect the disease in all subjects and, eventually, the inadequate response implemented by physicians and patients after the diagnosis. To this respect, another study showed that a subgroup of this population treated intensively for multiple cardiovascular risk factors obtained a small, albeit not significant, benefit in terms of reduced incidence of cardiovascular diseases and mortality [31,32]. Follow-up duration in most of these trials may have been too short to detect an effect on health outcomes [33]. However, a limited benefit on hard endpoints has also been observed in a long-term follow-up of the Diabetes Prevention Program, despite the high efficacy of lifestyle modification in reducing the rate of progression of prediabetes to T2D [34]. These findings are counterintuitive, considering that early intervention targeting glycemic control is associated with a long-term benefit [35,36]. Possible explanations, among others, include a lack of effect of different treatments on the pathogenic mechanisms of the disease and the possibility that an even earlier interception of the disease trajectory might be needed to limit the noxious effect of glucose imbalances. Whatever the case, diabetes prevention should remain a major goal of public health in order to decrease the burden of multiple complications and the relative costs. This postulate has been recently endorsed also by the US Preventive Services Task Force, which recommends screening for prediabetes and type 2 diabetes in adults aged 35 to 70 years, especially those who are overweight or obese. Clinicians should offer or refer patients with prediabetes to effective preventive interventions (B recommendation) [33].



Our study has several limitations. Given its explorative nature assessing the feasibility, and not the efficacy, of a nationwide program, we did not compare the effectiveness of different screening approaches in detecting prediabetes or T2D. For the same reason, we did not include a control group, e.g., with no intervention prescribed, in those with detected prediabetes. Thus, we are not able to establish if such a wide program has the same efficacy in reducing the incidence of T2D of previously published studies enrolling selected patients with prediabetes [6]. In addition, we did not measure the adherence of individuals to the prescribed physical activity programs, nor their satisfaction and their quality of life. Such key aspects, along with the efficacy of the intervention on the subsequent incidence of T2D, warrant further investigation in future prospective studies.



In summary, here we show that a nationwide diabetes prevention program is feasible. A simple stepwise approach developed by primary care physicians using the Findrisc questionnaire followed by the measurement of FG allowed the identification of a large number of individuals with prediabetes, most of whom initiated a program of physical activity. Additional studies are needed to establish the usefulness and efficacy of such an approach in limiting prediabetes progression on a large scale.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm13041127/s1, Figure S1: Screenshots from the web-based app used by the general practitioners showing the used version of the Findrisc and PAR-Q questionnaires; Table S1: Examples of physical activity prescriptions tailored according to category of risk.





Author Contributions


L.P., O.V. and A.C. conceived the idea, designed the study, and revised the manuscript for intellectual content. R.L.G., V.P., F.P. and I.C. contributed to data analysis, prepared figures and tables, and wrote the manuscript. O.A. and A.F. provided guidance for the prescriptions of physical activity. M.V., G.A. and P.C.B. contributed to study protocol preparation, extraction of data, and monitoring of the study. All authors have read and agreed to the published version of the manuscript.




Funding


The Italian Ministry of Health supported this work through Ricerca Corrente to IRCCS MultiMedica and through RF-2016-02364513 to IRCCS MultiMedica, “Federico II” University of Naples, and ASST Gaetano Pini.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The identified dataset can be requested to francesco.prattichizzo@multimedica.it.




Acknowledgments


We thank Alessandra Panvini Rosati for her indispensable help with the organization of the program and all the physicians involved in the study for their effort.




Conflicts of Interest


No potential conflicts of interest relevant to this article were reported.




References


	



Dal Canto, E.; Ceriello, A.; Ryden, L.; Ferrini, M.; Hansen, T.B.; Schnell, O.; Standl, E.; Beulens, J.W. Diabetes as a cardiovascular risk factor: An overview of global trends of macro and micro vascular complications. Eur. J. Prev. Cardiol. 2019, 26, 25–32. [Google Scholar] [CrossRef]

	



Ibrahim, M.; Ba-Essa, E.M.; Baker, J.; Cahn, A.; Ceriello, A.; Cosentino, F.; Davies, M.J.; Eckel, R.H.; Van Gaal, L.; Gaede, P.; et al. Cardio-renal-metabolic disease in primary care setting. Diabetes/Metab. Res. Rev. 2023, e3755. [Google Scholar] [CrossRef] [PubMed]

	



Bhupathiraju, S.N.; Hu, F.B. Epidemiology of Obesity and Diabetes and Their Cardiovascular Complications. Circ. Res. 2016, 118, 1723–1735. [Google Scholar] [CrossRef] [PubMed]

	



Echouffo-Tcheugui, J.B.; Perreault, L.; Ji, L.; Dagogo-Jack, S. Diagnosis and Management of Prediabetes: A Review. JAMA 2023, 329, 1206–1216. [Google Scholar] [CrossRef] [PubMed]

	



ElSayed, N.A.; Aleppo, G.; Aroda, V.R.; Bannuru, R.R.; Brown, F.M.; Bruemmer, D.; Collins, B.S.; Gaglia, J.L.; Hilliard, M.E.; Isaacs, D.; et al. 2. Classification and Diagnosis of Diabetes: Standards of Care in Diabetes—2023. Diabetes Care 2023, 46, S19–S40. [Google Scholar] [CrossRef]

	



Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M.; Diabetes Prevention Program Research Group. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N. Engl. J. Med. 2002, 346, 393–403. [Google Scholar]

	



Lindstrom, J.; Absetz, P.; Hemio, K.; Peltomäki, P.; Peltonen, M. Reducing the risk of type 2 diabetes with nutrition and physical activity—Efficacy and implementation of lifestyle interventions in Finland. Public Health Nutr. 2010, 13, 993–999. [Google Scholar] [CrossRef]

	



Gong, Q.; Zhang, P.; Wang, J.; Ma, J.; An, Y.; Chen, Y.; Zhang, B.; Feng, X.; Li, H.; Chen, X.; et al. Morbidity and mortality after lifestyle intervention for people with impaired glucose tolerance: 30-year results of the Da Qing Diabetes Prevention Outcome Study. Lancet Diabetes Endocrinol. 2019, 7, 452–461. [Google Scholar] [CrossRef]

	



Simmons, R.K.; Echouffo-Tcheugui, J.B.; Sharp, S.J.; Sargeant, L.; Williams, K.; Prevost, A.T.; Kinmonth, A.-L.; Wareham, N.; Griffin, S. Screening for type 2 diabetes and population mortality over 10 years (ADDITION-Cambridge): A cluster-randomised controlled trial. Lancet 2012, 380, 1741–1748. [Google Scholar] [CrossRef]

	



Bonora, E.; Dauriz, M.; Rinaldi, E.; Mantovani, A.; Boscari, F.; Mazzuccato, M.; Vedovato, M.; Gallo, A.; Toffanin, E.; Lapolla, A.; et al. Assessment of simple strategies for identifying undiagnosed diabetes and prediabetes in the general population. J. Endocrinol. Investig. 2021, 44, 75–81. [Google Scholar] [CrossRef]

	



Sargeant, L.A.; Simmons, R.K.; Barling, R.S.; Butler, R.; Williams, K.M.; Prevost, A.T.; Kinmonth, A.L.; Wareham, N.J.; Griffin, S.J. Who attends a UK diabetes screening programme? Findings from the ADDITION—Cambridge study. Diabet. Med. A J. Br. Diabet. Assoc. 2010, 27, 995–1003. [Google Scholar] [CrossRef]

	



Simmons, R.K.; Griffin, S.J.; Lauritzen, T.; Sandbæk, A. Effect of screening for type 2 diabetes on risk of cardiovascular disease and mortality: A controlled trial among 139,075 individuals diagnosed with diabetes in Denmark between 2001 and 2009. Diabetologia 2017, 60, 2192–2199. [Google Scholar] [CrossRef]

	



Christensen, J.O.; Sandbaek, A.; Lauritzen, T.; Borch-Johnsen, K. Population-based stepwise screening for unrecognised Type 2 diabetes is ineffective in general practice despite reliable algorithms. Diabetologia 2004, 47, 1566–1573. [Google Scholar] [CrossRef]

	



Lindstrom, J.; Tuomilehto, J. The diabetes risk score: A practical tool to predict type 2 diabetes risk. Diabetes Care 2003, 26, 725–731. [Google Scholar] [CrossRef]

	



Franciosi, M.; De Berardis, G.; Rossi, M.C.; Sacco, M.; Belfiglio, M.; Pellegrini, F.; Tognoni, G.; Valentini, M.; Nicolucci, A.; IGLOO Study Group. Use of the diabetes risk score for opportunistic screening of undiagnosed diabetes and impaired glucose tolerance: The IGLOO (Impaired Glucose Tolerance and Long-Term Outcomes Observational) study. Diabetes Care 2005, 28, 1187–1194. [Google Scholar] [CrossRef]

	



Priya, M.; Mohan Anjana, R.; Pradeepa, R.; Jayashri, R.; Deepa, M.; Bhansali, A.; Mohan, V. Comparison of capillary whole blood versus venous plasma glucose estimations in screening for diabetes mellitus in epidemiological studies in developing countries. Diabetes Technol. Ther. 2011, 13, 586–591. [Google Scholar] [CrossRef] [PubMed]

	



American Diabetes Association Professional Practice Committee. 2. Diagnosis and Classification of Diabetes: Standards of Care in Diabetes—2024. Diabetes Care 2024, 47 (Suppl. S1), S20–S42. [Google Scholar] [CrossRef]

	



Shephard, R.J. PAR-Q, Canadian Home Fitness Test and exercise screening alternatives. Sports Med. 1988, 5, 185–195. [Google Scholar] [CrossRef]

	



Haskell, W.L.; Lee, I.M.; Pate, R.R.; Powell, K.E.; Blair, S.N.; Franklin, B.A.; Macera, C.A.; Heath, G.W.; Thompson, P.D.; Bauman, A. Physical activity and public health: Updated recommendation for adults from the American College of Sports Medicine and the American Heart Association. Med. Sci. Sports Exerc. 2007, 39, 1423–1434. [Google Scholar] [CrossRef] [PubMed]

	



Garber, C.E.; Blissmer, B.; Deschenes, M.R.; Franklin, B.A.; Lamonte, M.J.; Lee, I.-M.; Nieman, D.C.; Swain, D.P. Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: Guidance for prescribing exercise. Med. Sci. Sports Exerc. 2011, 43, 1334–1359. [Google Scholar] [CrossRef] [PubMed]

	



Weston, K.S.; Wisløff, U.; Coombes, J.S. High-intensity interval training in patients with lifestyle-induced cardiometabolic disease: A systematic review and meta-analysis. Br. J. Sports Med. 2014, 48, 1227–1234. [Google Scholar] [CrossRef]

	



American College of Sports Medicine. American College of Sports Medicine position stand. Progression models in resistance training for healthy adults. Med. Sci. Sports Exercise 2009, 41, 687–708. [Google Scholar] [CrossRef]

	



Taylor, R.S.; Sagar, V.A.; Davies, E.J.; Briscoe, S.; Coats, A.J.; Dalal, H.; Lough, F.; Rees, K.; Singh, S. Exercise-based rehabilitation for heart failure. Cochrane Database Syst. Rev. 2014, 4, CD003331. [Google Scholar] [CrossRef]

	



Fletcher, G.F.; Ades, P.A.; Kligfield, P.; Arena, R.; Balady, G.J.; Bittner, V.A.; Coke, L.A.; Fleg, J.L.; Forman, D.E.; Gerber, T.C.; et al. Exercise standards for testing and training: A scientific statement from the Amer-ican Heart Association. Circulation 2013, 128, 873–934. [Google Scholar] [CrossRef]

	



Schrimpf, A.; Bleckwenn, M.; Braesigk, A. COVID-19 Continues to Burden General Practitioners: Impact on Workload, Provision of Care, and Intention to Leave. Healthcare 2023, 11, 320. [Google Scholar] [CrossRef] [PubMed]

	



Misra, R.; Fitch, C.; Roberts, D.; Wright, D. Community-Based Diabetes Screening and Risk Assessment in Rural West Virginia. J. Diabetes Res. 2016, 2016, 2456518. [Google Scholar] [CrossRef]

	



Joiner, K.L.; Nam, S.; Whittemore, R. Lifestyle interventions based on the diabetes prevention program delivered via eHealth: A systematic review and meta-analysis. Prev. Med. 2017, 100, 194–207. [Google Scholar] [CrossRef] [PubMed]

	



Wright, D.; Little, R.; Turner, D.; Thornley, T. Diabetes Screening Through Community Pharmacies in England: A Cost-Effectiveness Study. Pharmacy 2019, 7, 30. [Google Scholar] [CrossRef] [PubMed]

	



Fikri-Benbrahim, N.; Martínez-Martínez, F.; Saéz-Benito, L.; Luque, B.S.; Corpas, J.P.G.; Moullin, J.C.; Sabater-Hernández, D. Assessment of a screening protocol for type 2 diabetes in community pharmacy. The DiabNow Study. Diabetes Res. Clin. Pract. 2015, 108, e49–e52. [Google Scholar] [CrossRef]

	



Risøy, A.J.; Kjome, R.L.S.; Sandberg, S.; Sølvik, U. Diabetes risk assessments and HbA1c-measurements in community pharmacies. Int. J. Pharm. Pract. 2023, 31, 512–519. [Google Scholar] [CrossRef]

	



Griffin, S.J.; Borch-Johnsen, K.; Davies, M.J.; Khunti, K.; Rutten, G.E.; Sandbæk, A.; Sharp, S.J.; Simmons, R.K.; Donk, M.v.D.; Wareham, N.J.; et al. Effect of early intensive multifactorial therapy on 5-year cardiovascular outcomes in individuals with type 2 diabetes detected by screening (ADDITION-Europe): A cluster-randomised trial. Lancet 2011, 378, 156–167. [Google Scholar] [CrossRef] [PubMed]

	



Griffin, S.J.; Rutten, G.; Khunti, K.; Witte, D.R.; Lauritzen, T.; Sharp, S.; Dalsgaard, E.-M.; Davies, M.J.; Irving, G.J.; Vos, R.C.; et al. Long-term effects of intensive multifactorial therapy in individuals with screen-detected type 2 diabetes in primary care: 10-year follow-up of the ADDITION-Europe cluster-randomised trial. Lancet Diabetes Endocrinol. 2019, 7, 925–937. [Google Scholar] [CrossRef] [PubMed]

	



US Preventive Services Task Force. Screening for Prediabetes and Type 2 Diabetes: US Preventive Services Task Force Recommendation Statement. JAMA 2021, 326, 736–743. [Google Scholar] [CrossRef] [PubMed]

	



Lee, C.G.; Heckman-Stoddard, B.; Dabelea, D.; Gadde, K.M.; Ford, L.; Prorok, P.; Boyko, E.J.; Pi-Sunyer, X.; Wallia, A.; Knowler, W.C.; et al. Effect of Metformin and Lifestyle Interventions on Mortality in the Diabetes Prevention Program and Diabetes Prevention Program Outcomes Study. Diabetes Care 2021, 44, 2775–2782. [Google Scholar] [CrossRef]

	



Prattichizzo, F.; de Candia, P.; De Nigris, V.; Nicolucci, A.; Ceriello, A. Legacy effect of intensive glucose control on major adverse cardiovascular outcome: Systematic review and meta-analyses of trials according to different scenarios. Metab. Clin. Exp. 2020, 110, 154308. [Google Scholar] [CrossRef]

	



Ceriello, A.; Catrinoiu, D.; Chandramouli, C.; Cosentino, F.; Dombrowsky, A.C.; Itzhak, B.; Lalic, N.M.; Prattichizzo, F.; Schnell, O.; Seferović, P.M.; et al. Heart failure in type 2 diabetes: Current perspectives on screening, diagnosis and management. Cardiovasc. Diabetol. 2021, 20, 218. [Google Scholar] [CrossRef]








[image: Jcm 13 01127 g001] 





Figure 1. Design of the study. Flow for the enrolled individuals (A) and locations of the general practitioners’ associations involved throughout Italy (B). 
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Figure 2. Results of the screening. Number of individuals enrolled in study (A), number of patients in each diabetes risk category according to Findrisc (B), number of subjects measuring capillary fasting glucose (FG) with the relative participation rate (C), number and percentage of individuals in each stratum of glycemic status according to capillary FG (D), and participation rate to the program of physical activity, along with number and percentage of individuals in each risk category according to PAR-Q (E). Low risk: individuals with no more than one risk factor; Moderate risk: subjects older than 45 years old with ≥2 risk factors; High risk: individuals with known cardiovascular or pulmonary diseases. 
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Table 1. Summary of the variables included in the Findrisc questionnaire in the four categories of risk.






Table 1. Summary of the variables included in the Findrisc questionnaire in the four categories of risk.





	
Variable

	
Low Risk (Score < 9)

	
Moderate Risk (10 ≤ score ≤ 15)

	
High Risk (16 ≤ Score ≤ 20)

	
Very High Risk (Score > 20)

	
p-Value

	
Overall






	
Age (years)

	
55 (48–61)

	
55 (48–61)

	
55 (49–61)

	
55.5 (49–61)

	
0.885

	
55 (48–61)




	
Male, n (%)

	
1395 (46%)

	
969 (43%)

	
227 (42%)

	
52 (52%)

	
<0.005

	
2643 (45%)




	
BMI (Kg/m2) *

	
23.4

(21.4–25.4)

	
26.37

(24.2–29.0)

	
29.41

(26.6–32.5)

	
31.8

(30.1–33.9)

	
<0.0001

	
24.98

(22.6–27.7)




	
Weight (kg)

	
67 (58–76)

	
75 (65–85)

	
82 (72–94)

	
90 (82–98)

	
<0.0001

	
71 (62–81)




	
Consumption of fruit and vegetables

	
Everyday

	
2516 (83%)

	
1600 (70.9%)

	
367 (67.1%)

	
45 (50%)

	
<0.0001

	
4528 (76.4%)




	
Not everyday

	
517 (17%)

	
658 (29.1%)

	
180 (32.9%)

	
45 (50%)

	
1400 (23.6%)




	
Known hyperglycemia

	
No

	
3004 (99%)

	
2094 (92.7%)

	
330 (60.3%)

	
2 (2.2%)

	
<0.0001

	
5430 (91.6%)




	
Yes

	
29 (1%)

	
164 (7.3%)

	
217 (39.7%)

	
88 (97.8%)

	
498 (8.4%)




	
Exercise for at least 30 min almost every day

	
Yes

	
1882 (62.1%)

	
952 (42.2%)

	
148 (27.1%)

	
15 (16.7%)

	
<0.0001

	
2997 (50.6%)




	
No

	
1151 (37.9%)

	
658 (57.8%)

	
399 (72.9%)

	
75 (83.3%)

	
2931 (49.4%)




	
Antihypertensive drugs

	
No

	
2745 (90.5%)

	
1490 (66%)

	
199 (36.4%)

	
19 (21.1%)

	
<0.0001

	
4453 (75.1%)




	
Yes

	
288 (9.5%)

	
768 (34%)

	
348 (63.6%)

	
71 (78.9%)

	
1475 (24.9%)




	
Cases of diabetes in the family

	
No

	
2053 (67.7%)

	
777 (34.4%)

	
57 (10.4%)

	
1 (1.1%)

	
<0.0001

	
2888 (48.7%)




	
Yes: grandparents, uncles, cousins

	
655 (21.6%)

	
564 (25%)

	
119 (21.8%)

	
17 (18.9%)

	
1355 (22.9%)




	
Yes: parents, brothers, sisters, children

	
325 (10.7%)

	
917 (40.6%)

	
371 (67.8%)

	
72 (80%)

	
1685 (28.4%)




	
Waist circumference

	
<94 for men;

<80 for women

	
1653 (54.5%)

	
219 (9.7%)

	
7 (1.3%)

	
0 (0%)

	
<0.0001

	
1897 (31.7%)




	
94 ≤ men ≤ 102; 81 ≤ women ≤ 88

	
910 (30%)

	
767 (34%)

	
99 (18.1%)

	
3 (3.3%)

	
1779 (30%)




	
>102 for men; >88 for women

	
470 (15.5%)

	
1272 (56.3%)

	
441 (80.6%)

	
87 (96.7%)

	
2270 (38.3%)








* BMI = Body mass index. Data are presented as median (Q1–Q3) for continuous variables and as number (percentage) for categorical variables. +p values derive from Kruskal-Wallis test for continuous variables and from Chi squared test for categorical variables.













 





Table 2. Summary of the variables included in the Findrisc questionnaire in the groups of patients with (n = 834) or without (N = 1334) any form of dysglycemia according to fasting glucose.






Table 2. Summary of the variables included in the Findrisc questionnaire in the groups of patients with (n = 834) or without (N = 1334) any form of dysglycemia according to fasting glucose.





	
Variable

	
Normoglycemic Patients

(FG < 100 mg/dL)

	
Pre-Diabetic and Diabetic Patients

(FG ≥ 100 mg/dL)

	
p-Value






	
Age (years)

	
55 (49–62)

	
55 (48–61)

	
0.289




	
Male, n (%)

	
560 (42%)

	
388 (47%)

	
0.041




	
BMI (Kg/m2) *

	
26.6

(24.5–29.4)

	
27.9

(25.4–31.2)

	
<0.0001




	
Weight (kg)

	
75 (66–85)

	
80 (70–91)

	
<0.0001




	
Consumption of fruit and vegetables

	
Everyday

	
902 (67.6%)

	
571 (68.5%)

	
0.705




	
Not everyday

	
432 (32.4%)

	
263 (31.5%)




	
Known hyperglycemia

	
No

	
1186 (89%)

	
620 (74%)

	
<0.0001




	
Yes

	
148 (11%)

	
214 (26%)




	
Exercise for at least 30 min almost every day

	
Yes

	
487 (36.5%)

	
