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Abstract
BACKGROUND
Young people with type 1 diabetes in low-and-middle income countries face many challenges in accessing care, with various essential supplies needed for survival and long-term health.

AIM
To study insulin delivery devices and glycated haemoglobin (HbA1c) testing. 

METHODS
A survey was conducted in 2019 of leading diabetes centres in 41 countries supported by the Life for a Child Program. The survey covered numerous aspects concerning availability and costs at all levels of the health system, local usage patterns and attitudes, obstacles, and other aspects.

RESULTS 
Thirty-seven countries returned the survey (90.2% response rate). Key findings included: Syringe use was most common (83.1%), followed by insulin pens (16.7%) and pumps (0.2%). 48.6% of public health systems did not provide syringes, even with a co-payment. Use of suboptimal syringe/needle combinations was common. Needles were generally reused in almost all countries (94.3%, n = 35). Aside from donated supplies, there was variable access to HbA1c testing within public health facilities, and, when available, patients often had to cover the cost. Provision was further compromised by numerous problems including stock-outs, and challenges with understanding the test, equipment maintenance, and refrigeration.

CONCLUSION
Large gaps exist for adequate access to appropriate insulin delivery devices and HbA1c testing. Public health systems in low-and-middle income countries should increase affordable provision. There are also needs for specific health professional training and diabetes education; elimination of customs duties and taxes; development of inexpensive, robust HbA1c testing methods that do not require refrigeration of testing supplies; differential pricing schemes, and other solutions.
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Core tip: This study reviews access to insulin delivery devices and glycated haemoglobin testing supplies in 37 less-resourced countries. Although these two essential non-insulin supplies are required to effectively manage Type 1 diabetes, the study’s results demonstrate that their access is largely insufficient within the health systems of the countries surveyed. Specific access barriers are summarised and recommendations to overcome these are advocated for by the authors. 

INTRODUCTION
Care for people with type 1 diabetes (T1D) involves a number of essential supplies, including insulin and injection devices, blood glucose monitoring equipment, and glycated haemoglobin (HbA1c) testing. For insulin, many have thoroughly assessed access to care[1–9]. On a smaller scale, this has been done for blood glucose meters and test strips[10–12]. However, this has not yet been comprehensively done for insulin injection devices and HbA1c testing equipment. 
Insulin can be injected via syringe, pen, or insulin pump[13]. In 2015, our group surveyed 71 countries, finding that there was no government provision of syringes in 12 countries and incomplete provision in 24[6], necessitating families buying these out-of-pocket in private retail pharmacies. Only six countries had full government provision of insulin pens[6]. Measurement of HbA1c is an essential component of monitoring glycaemic control, providing crucial information on recent blood glucose control and the risk of developing long-term complications. Testing every three months is recommended in young people with T1D[14,15], with HbA1c either be measured in a laboratory or in clinic by point-of-care testing (POCT). POCT is the most suitable method to inform treatment changes as it provides immediate results which can be discussed with the patient and used to guide any required changes in management[16]. However, access to either method can be poor in l low-and-middle income countries (LMICs). In a study of 15 such countries, HbA1c testing was not available at all in two countries, was free in one country, and required a co-payment in 12 countries, with 90% of families requiring assistance with the cost[17]. Even in major youth diabetes centres, POCT may not be available: we previously reported provision in 37% of low-income countries, and 50% of lower-middle income countries[6]. 
To address these gaps in knowledge about insulin delivery devices and HbA1c testing, the Life for a Child Program (LFAC)[18] undertook a survey of LFAC-supported health centres in 37 countries to assess current global access to these components of T1D care.
 
MATERIALS AND METHODS
Survey
This study was done via means of a survey. Survey questions covered provision, cost, and availability of HbA1c testing and insulin injection devices within. Availability of HbA1c testing and syringes/pens in national health systems was estimated by the centre respondent on a scale of 100% being always available, 75% mostly available, 50% sometimes available, 25% rarely available, and 0% never available. The draft was finalised after peer review to four global T1D experts. Translations into French and Spanish were done by bilingual diabetes experts. The full survey is in Appendix A in the Supplementary materials.

Survey respondents 
The survey was sent to the senior lead in the main diabetes centres supported by the LFAC in 41 countries. Four centres in four different countries did not return the questionnaire. 
Responses were received from 37 countries: Azerbaijan, Bangladesh, Bolivia, Burkina Faso, Burundi, Central African Republic, Democratic Republic of Congo, Dominican Republic, Ecuador, Eritrea, Ethiopia, Ghana, Guatemala, Guyana, Haiti, India, Jamaica, Liberia, Maldives, Mali, Mauritania, Mexico, Nepal, Nigeria, North Korea, Pakistan, Philippines, Republic of Congo, Rwanda, Sri Lanka, St Lucia, Tajikistan, Tanzania, Togo, Uganda, Uzbekistan, and Vietnam. The geographic distribution of respondent countries was Africa (16 countries), Americas (nine), Asia (eight), Caucasus/Central Asia (3) and Western Pacific (1) with 44.4% being low-income countries, 33.3% lower-middle, and 22.2% upper-middle. Four centres in four different countries did not return the questionnaire. 
The types of respondents were as follows: 20 national diabetes association chiefs, five diabetes nongovernmental organisations doing extensive work in diabetes care, seven government hospitals, two senior endocrinologists, two Ministry of Health officials, and one mission hospital. 
Costs were obtained in local currency and then converted to dollar at the time. When prices and frequencies of HbA1c tests and insulin injections were reported as ranges, the mean values were used for analysis. When necessary, follow up questions were clarified by e-mail, or Skype. The open source mobile data collection program KoBo Toolbox (Cambridge, Massachusetts) was used for recording returned surveys. When all surveys were returned, data were inputted into Excel and descriptive statistics were derived. The n for all results is 37 unless otherwise stated.

RESULTS 
Insulin delivery devices 
Within the 37 centres, the average percentage of those injecting insulin via syringes was 83.1% and pens 16.7%. Only three countries had higher pen than syringe use: Vietnam (97%/3% respectively), Maldives (92%/0%) and Guyana (65%/35%), with Dominican Republic and Ecuador having an even split. 
29 of the 37 centres (78.4%) provided syringes to enrolled patients. Of these 29, nine centres (31.0%) had to purchase these and twenty centres (69.0%) received donations. The mean cost to centres who had to purchase syringes was $0.32 per syringe, ranging from $0.04 in Uzbekistan to $0.97 in Guatemala. Six centres charged patients for syringes, with a mean price of $0.23. All of the centres that received donations provided these free-of-charge to patients. Only one centre that purchased syringes provided these free of charge to patients.
Respondents were asked to designate where young people could obtain insulin syringes outside of their centres. 45.9% of respondents (n = 17) stated they were provided only in private retail pharmacies, 21.6% (n = 8) in public health system and private retail pharmacies, 18.9% (n = 7) the public health system and private retail pharmacy and public health insurance, 5.4% (n = 2) only the public health system, 5.4% (n = 2) the public health system and public health insurance program, and 2.7% (n = 1) private retail pharmacies and public health insurance program. Table 1 details the costs of syringes within these settings. 
Eighteen countries (48.6%) stated that they believed young patients receiving private treatment in the respective country mostly used syringes, while sixteen (43.2%) stated pens. One respondent (2.7%) stated both, and two (5.4%) did not answer. In no country was pumps the most common delivery mechanism for private patients.
The commonest syringe volume used in countries was 1 cc/mL [95.5% response rate (n = 35), 42.9% (n = 15) using these]. The commonest needle size used was a needle length of 3/16 inch (5 mm) [89.1% (n = 33) response rate, with 48.5% (n = 16) using these]. The commonest needle gauge was 28 needle gauge [86.4% (n = 32) response rate, with 43.8% (n = 14) using these]. Specific challenges were reported by individual countries: in Ecuador, syringes were free in the public health system but the respondent noted the lengths available were inappropriately long for paediatric cases Table 2 provides further details. 
74.3% (n = 26) of respondents indicated that patients preferred pens, 20.0% (n = 7) syringes, and 5.7% (n = 2) both. The most common injection site was thighs, followed by stomach. Table 3 provides further detail. The most common age that centres educated patients with the tools to begin self-administering insulin injections was 10 years old, followed by eight years old. Table 4 provides further detail. In Ecuador, Jamaica, Pakistan, Tajikistan, and Tanzania, respondents noted that this would vary on an individual patient basis. Respondents from Philippines and St Lucia did not answer. 
In terms of needle reuse, respondents noted that patients mostly tended to use their needle more than once, but less than five times before disposal, with 35 centres responding (see Table 5). 
As a result of needle reuse, 13.9% (n = 5) of respondents stated infection issues were “common”, 33.3% (n = 12) “not uncommon”, 30.6% (n = 11) had seen 1-2 isolated cases, and 22.2% (n = 8) had not seen any infections. The centre in Ethiopia commented that an interrupted syringe supply had led to extensive reuse and more painful injections were reported. The respondent from Rwanda stated that that lipohypertrophy was sometimes seen but this may have been due to inappropriate injection technique. 
For lipohypertrophy, 5.4% (n = 2) stated this was very common, 18.9% (n = 7) common, 43.2% (n = 16) not uncommon, 18.9% (n = 7) had seen 1-2 isolated cases, and 13.5% (n = 5) had never seen it.
62.5% (n = 20) of respondents stated they believed improper disposal of insulin syringes/pens was a problem in their country, whilst 37.5% (n = 12) did not. 52.7% of respondents (n = 19) noted that there was official national guidance on the safe disposal of needles, whilst 47.2% (n = 17) stated there was not.
Most respondents (74.3%, n = 26) noted that young people experience feeling stigmatized when injecting their insulin with syringes in public. Two respondents did not answer. 

HbA1c testing 
Of the 37 countries, 83.8% (n = 31) provided HbA1c testing at the centres and 16.2% (n = 6) did not. Of the 31 centres that did provide testing, 22 (71.0%) provided POCT, eight (36.4%) used laboratory analysis, and one (3.2%) both methods. When provided, the average annual frequency of HbA1c testing for young people with T1D was 3.0 ± 1.58 (mean ± SD), with a range of 1-4 tests. 
Of the 31 centres that provided testing, 20 (65.5%) had to pay for HbA1c test cartridges/laboratory reagents, and 11 (35.5%) received these by donation from LFAC. The mean cost to the centre when purchased was $6.89 (range $2.20 in Sri Lanka -$14.80 in St Lucia). Eighteen (58.1%) provided tests free-of-charge to young people with T1D, and for the 13 centres that did charge, the mean cost was $9.34 per test (range $2.36 in Mexico-$18.50 in St Lucia). 
78.4% of respondents (n = 29) stated that HbA1c testing was provided in some level(s) of their respective national health systems – see Table 6. Eight countries had no provision of HbA1c testing in the public health system.
Respondents were asked whether they thought the education/support provided at their centre was adequate, with patients provided with the knowledge and strategies to help guide improvements in their glycaemic control. Thirty-five centres responded, with 27 (77.1%) stating that it was adequate and eight (22.9%) that it was inadequate. This question was also asked about the public health system, with 23 centres responding. Six respondents (26.1%) stated the education/support was adequate, and 17 (73.9%) inadequate.
The mean ± SD cost of an HbA1c test within a private laboratory was $15.42 ± $12.46, range $4.00 in Vietnam-$28.85 in Mexico (reported for 34 countries). This compared to an average cost of $10.87 ± $1.09 (range $9.74-$11.92) in public health settings, when it was available there. 41.4% of country respondents (n = 37) stated that HbA1c testing was covered in one or more health insurance programs within their respective country. 
Survey respondents were asked to identify the main challenges in providing HbA1c testing at their centres. Thirty-two centres responded. Table 7 shows the number of respondents reporting each pre-defined potential challenge. Further information is in Appendix B of Supplementary Material. 
Thirty-one respondents answered a question about whether they had experienced an interruption in being able to provide testing due to stock-outs of cartridges/reagents. Twenty-eight respondents (90.3%) stated they had and three (9.7%) had not. The length of interruption ranged from one month in Eritrea to 36 mo in St. Lucia, with a mean of 10.5 mo. Respondents reported that various alternate methods of assessing overall blood glucose control were used in the stock-out periods. These included sending patients to public or private external health facilities. Others said they reviewed patients’ glucose measurements (random, fasting, postprandial, or those recorded within logbooks), while a number said they relied on anthropometric measurements and general wellbeing. Some respondents said they had no alternative methods in place. 
Respondents were asked to whether they knew of young people with T1D who had forgone HbA1c testing due to cost or other barriers. Thirty-four responded, 76.5% (n = 26) stated “yes” 23.5% (n = 8) stated “no”. 
Further details on barriers to HbA1c testing for patients are presented in Appendix C in the Supplementary materials.

DISCUSSION 
This study of leading childhood and adolescent diabetes centres in 37 LMICs demonstrates that that there are many challenges to the provision and accessibility of adequate insulin-delivery devices and HbA1c testing.
Insulin syringes were by far the most common delivery mechanism, with pens more commonly used in only three countries, and pump use was uncommon, even for private patients. In 48.6% of countries there was no government provision of syringes at all, with 20 countries (54.0%) fully or partly relying on donations from LFAC or other sources. 
Insulin delivery via a pen or pump is preferred when there are adequate resources to support this[13]. Insulin doses are more precise, with both routes providing convenience and greater patient control[19]. The stigma of using a needle and syringe in public, reported by 74.3% of countries in the current study, can be profound and also reduce treatment compliance. However, both pens and pumps are more expensive options than using syringes. Insulin pens, whether disposable or refillable, use cartridge insulin (which is generally more expensive)[15], and pumps have the substantial added cost of the device itself and the ongoing consumables. 
Even when available, insulin syringes were usually expensive, with prices up to $0.97 per syringe, and mean prices to patients of $0.23. This is consistent with a previous study our group did in 25 countries which found that the median cost of a syringe to the T1D patient/family was $0.20, and aside from being provided for free in St Lucia, costs ranged from $0.10 in Nepal to $0.56 in Central African Republic[17]. Syringe costs can also vary markedly within a country – a study by Beran et al[5] found a range of $0.15-$1.50 in Zambia and $0.04-$0.20 in Mozambique. 
The current study found a range of syringes were available in different countries. Syringes are needed for many purposes in medicine. For people with diabetes, the type of syringe/needle combination is important. The recommended syringes for T1D are plastic fixed needles[13], with short needle lengths[19] (4 mm) to limit risks of intramuscular injections that lead to bleeding, bruising and pain[19,20], and fine gauges (32-gauge) to encourage correct site rotation and thereby reduce the development of lipohypertrophy, which can cause insulin absorption problems and unexpected hypoglycemia[20]. Syringes should also have small unit markers to help accurately deliver doses in younger children.
Smaller volume syringes make dosing more accurate and therefore more effective and safer. This is especially an issue for younger children who may only be receiving a couple of units of insulin per injection – an inadvertently high dose can lead to a life-threatening hypoglycaemic episode. 1 mL/cc syringes, used in 42.9% of the surveyed countries, are often too big - 0.5 mL/cc and 0.3 mL/cc syringes should also both be available[13].
Consistent with international guidelines[13,19,21], injections were most commonly given in the thighs, stomach, back of arm and buttocks. However, the front of the arm was also used in 32.4% of countries. The median age of children starting to give their own injections was 8-9 years with 43.3% of countries delaying this to 10 or older.
Manufacturers and guidelines direct single use of needles[13,19]. We found that, given cost and limited availability, reuse of syringes was practised by necessity in all but two countries. (Even if syringes could be purchased at $0.20 each, three injection per day would be an annual cost of $219). Reuse is however common even in well-resourced countries[13]. Other studies have found that some reuse can generally be done safely[17], occur without risk of infection[13,22] and be cost-effective[22]. The current study found that infections at the injection site were common in almost half the countries surveyed, but 14.3% of countries had reuse of ten times or more, and a further 28.6% at five to nine times. 
Reuse should not be encouraged when needles become blunt (due to increased pain) or if there are patient hygiene concerns, and sharing between patients must not occur[13]. One study noted that reuse of a single syringe more than five times poses risks for the development of lipohypertrophy[23], however this may just be due to associated lack of site rotation, as commented by one of the respondents in the current study. The East African Diabetes Study Group advises that if needles are reused, this should not exceed five times and that they should be discarded if injections become more painful[24]. Provision by the Life for a Child Program is similar at four syringes per week.
Appropriate disposal of syringes was a common problem, as it is globally, posing accidental needlestick risks to the public[20]. Used needles should be disposed in specific sharps containers or opaque plastic containers for garbage collection[13]. The East African Diabetes Study Group notes there are many barriers that make disposal challenging in less-resourced settings, including lack of knowledge, misconceptions that sharps disposal containers are for illicit drug-users, and fear of revealing diabetes status. This results in various inappropriate current disposal practices such as in pit toilets or burning them[24]. Appropriate local recommendations are essential so that injuries to those with T1D, their families, waste handlers, and members of the community are minimized[24], but this was lacking in most countries in the current survey, and where was official guidance, many respondents said that these were designed for use by health professionals in hospital settings, and not for patients. 
This study has demonstrated a legion of challenges for access to HbA1c testing, including availability of test equipment and disposables, cost, and numerous logistic and technical issues. HbA1c is an essential component of providing an “Intermediate Care” level which substantially reduces morbidity and mortality, and is cost-effective[15,25]. Without such testing, health professionals and patients are blind to information about medium-term blood glucose control, and whether the patient is meeting the recommended target or is exceeding this by a variable margin. Understanding of the heath professional and patient is impaired, and diabetes education is severely hampered. Audit of clinical outcomes, and benchmarking efforts are virtually impossible.
Care is further compromised in LMICs by the frequent lack of access to supplies for self-monitoring of blood glucose, which limits blood glucose monitoring to clinic visits[6,11,26]. A study in Guinea concluded that inadequate access to HbA1c was the main precursor for poor glycaemic control[27]. 
HbA1c testing was available in 31 of the 37 centres surveyed, and in 22 of these it was POCT. Eleven centres (all providing POCT) were reliant on donations from LFAC, with the other centres purchasing supplies. HbA1c testing was completely unavailable in Liberia and North Korea. Availability of testing was patchy in most countries at all levels of the health system, and particularly outside major hospitals, as has been noted by others[26], with this resulting in either impaired management or lengthy and costly travel times for patients in rural areas[26]. 
Data from the 2015 Assessing National Capacity for the Prevention and Control of Noncommunicable Disease Global Survey[28] found that HbA1c testing was substantially less available than insulin provision and clinic blood glucose measurement in all country income levels except for High-income countries (see collated data extracted from this study in Figure in Appendix D of the Supplementary Materials). Also demonstrating this lack of availability are a Ugandan study finding testing only available in 43.2% of hospitals (63.6% in private and 23.7% in public hospitals)[29], and a study in Cameroon which found the test available in 50% of urban hospitals and 0% of rural hospitals[30]. 
POCT was only available at any level of the public health system in 37.8% of countries, despite being the preferred method of testing in T1D as the immediate availability of results permits the health professional and the patient to discuss the HbA1c level and decide on management adjustments, and is noted to be even more beneficial in rural settings[31].
The costs reported were a little lower than those reported in previous studies: $4.90–$20.00 with a mean $9.75 in 12 countries[17], and in Ethiopia was reported to be $13.00 per test[32]. Another study found that one HbA1c test cost 12.6 d’ wages in Cameroon[30]. Costs in the current study were higher in private laboratories. 
Further challenges were reported. HbA1c test supplies require refrigeration, and maintaining the cold-chain to the health facility and then refrigerating the (often quite bulky) supplies there is often a problem. Some respondents reported difficulties with using the equipment due to inadequate training. There is often no supplier in the country, increasing the risk of stock-outs and making machine service difficult or impossible. Some centres surveyed felt that healthcare professionals at their centres were inadequately educated in how to interpret and use patient results. Some respondents noted inefficiencies within their respective governmental agencies to procure sufficient stock, and noted a lack of commitment from their governments towards investment in diabetes care.
Several respondents also cited high import taxes and tariffs levied on HbA1c reagents and machines and resultant delays in customs clearance. Such taxes and tariffs have been raised by other researchers as further deterring national procurement officials from procuring machines and reagents as the higher costs would be usually passed on to patients would face further difficulty in affording them[26]. This issue of higher taxes and duties on diagnostic tests as opposed to essential medicines is also seen with self-blood glucose monitoring supplies[10]. 
It should be noted that, due to various limitations of HbA1c as a measure of medium-term glucose control, alternative methods (such as time-in-range and glycaemic variability) have been proposed and are now being used in highly-resourced T1D care settings, using metrics derived from continuous glucose monitoring devices[33,34]. However, currently these devices are prohibitively expensive for less-resourced situations. HbA1c is also critical in the management of the much larger problem of Type 2 diabetes, and also now has a substantial role in diagnosis and screening of Type 2[35]. Therefore, availability of this test will remain a critical issue in diabetes care in LMICs for the foreseeable future. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In conclusion, public health systems in LMICs are frequently unable to provide access to appropriate injection devices and HbA1c testing for people with diabetes. Furthermore, the cost of private purchase is often prohibitive, even if these components of care are available. This compromises the level of care that can be provided. Many countries are currently reliant on international donations. Implementation of HbA1c testing is further compromised by challenges with providing education, refrigeration, and equipment maintenance. 
Based on these findings, we make the following recommendations: (1) National health schemes with limited resources should provide appropriate fine-gauge and short-length insulin syringes for people with T1D, including smaller volume syringes for younger children. (2) Provision of reusable pens and cartridge insulin is preferable where resources permit. Equivalence of prices for vial and cartridge insulin would allow use of reusable pens as the ideal delivery method in LMICs, and also eliminate one of the extra costs associated with insulin pumps. (3) Reuse of syringes by individual patients is not optimal but is generally safe as long as there is appropriate personal hygiene. It should be restricted to five uses of a particular syringe, with patients being warned about early signs of infection. Inspection of injection sites, and site rotation should be checked at each clinic visit. (4) Practical guidelines should be in place for each country re syringe disposal. (5) HbA1c testing, preferably four times per year, is a mandatory part of T1D care in any country, unless supplanted by continuous glucose monitoring devices measuring time-in-range. (6) POCT for HbA1c testing is optimal. (7) The ideal HbA1c testing device for less-resource settings would be an accurate easy-to-use, battery power option, robust, minimal maintenance machine with battery power as an option that uses inexpensive testing supplies that have a long shelf life and do not require refrigeration. (8) Health professional training and patient/family diabetes education is critical for effective use of HbA1c testing. (9) Companies should consider differential pricing arrangements for these components of care for lower-income countries. And (10) Customs duties and taxes increase the price and decrease availability of these components of care. This area warrants further study, and advocacy is needed country-by-country to eliminate these charges – these essential medical devices and diagnostics should be treated the same as essential medicines[10].

ARTICLE HIGHLIGHTS
Research background
People with type 1 diabetes, especially those that are young, require tools beyond insulin to help them improve their glycaemic control and avoid acute and long-term complications. These include insulin delivery devices and glycated haemoglobin (HbA1c) testing. Presently, many low-and-middle income countries (LMICs) have difficulty in providing adequate access to these two supplies. Therefore, this study investigates these barriers and provides recommendations for overcoming them. This is essential to helping health systems in LMICs make progress towards providing appropriate type 1 diabetes care to all in need.

Research motivation
With regards to insulin delivery devices and HbA1c testing, study authors sought to investigate the range of access challenges for patients, health care providers, and health systems. Authors further endeavoured to understand the specific challenges associated with provision, costs, availability, usage details, and perceived hardships.

Research objectives 
As no existing studies have comprehensively looked into access of solely non-insulin supplies, study objectives were to do this for non-insulin essential devices within LMICs. This study was able to fulfil and apply this objective to 37 countries. By accomplishing this, future recommendations can be provided to help countries improve access to these supplies. 

Research methods
A survey was completed by senior leads of diabetes centres supported by the Life for a Child Program. These included 37 LMICs within Africa, the Americas, Asia, Caucasus/Central Asia, and Western Pacific. Respondents ranged from national diabetes association chiefs, diabetes nongovernmental organisations, government hospitals, senior endocrinologists, Ministry of Health officials, and a mission hospital. Survey questions covered provision, cost, and availability of HbA1c testing and insulin injection devices.

Research results
For insulin injection devices, results demonstrated that roughly half of the surveyed health systems provided syringes for insulin use. Further, a number of respondents noted that their patients used syringes with suboptimal practice surrounding reuse, site rotation, and disposal. For HbA1c testing, provision across the surveyed countries was more wide-ranging. Testing was not always available even in the countries where it was provided within public health settings. In these instances, patients could only access tests at private pharmacies, where they received no financial assistance. A number of respondents noted that, as health care providers, they faced many challenges in providing testing to patients including maintaining supply stock, maintenance, and health professional education. 

Research conclusions
This novel study shows that access to appropriate insulin delivery devices and HbA1c testing in LMICs is largely inadequate. For insulin delivery devices, poor access was largely due to lack of provision in health systems, stigma associated with syringes, cost, and inappropriate needle lengths, sizes, and gauges. For HbA1c testing, poor access for patients mainly stemmed from lack of availability and high purchase costs, and the taxes and tariffs levied of testing equipment within health systems. Sustaining maintenance and supply stock were further challenges. Research findings could serve as material to help patients, health care professionals, and civil society organisations advocate for increased provision of non-insulin essential diabetes supplies. 

Research perspectives
When people with diabetes cannot access insulin delivery devices, challenges arise associated with needle reuse, infection, and disposal. Further, inadequate access to HbA1c testing is problematic for people with diabetes, and also challenging for their health care providers, as the information derived can help to promote effective self-management and mitigate the risk of developing complications. Learning from the findings of this study, the authors encourage health systems to focus on provision of affordable and appropriate needle gauges, lengths and sizes, and accurate information on needle reuse and disposal. For HbA1c testing, it is essential that available and affordable testing be available within health systems, whereby health professionals and patients are appropriately education on usage. Preferential pricing arrangements, and reduction or elimination of taxes and tariffs are also ways to help improve access to these two supplies. Increased access means that health care providers can provide the resources necessary to enable patients to effectively lead their Type 1 diabetes self-management and mitigate risks of developing complications.

ACKOWLEDGEMENTS
We thank the survey respondents in all countries for their time and insights. The centres were: The Endocrine Center (Azerbaijan), Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and Metabolic Disorders (BIRDEM) (Bangladesh), Centro Vivir con Diabetes (Bolivia), CHU Yalgado Ouedraogo (Burkina Faso), PNILMCNT – MSPLS (Burundi), Clinique Diabetique de Bangui (Central African Republic), MEMISA Belgique en RDC (Democratic Republic of Congo), Aprendiendo a Vivir (Dominican Republic), FUVIDA (Ecuador), Central Health Laboratory (Eritrea), Ethiopian Diabetes Association (Ethiopia), Komfo Anokye Teaching Hospital (Ghana), Asociacion Creciendo con Diabetes (Guatemala), Guyana Diabetic Association (Guyana), FHADIMAC (Haiti), Diacare, Ahmedabad (India), Diabetes Association of Jamaica (Jamaica), Ganta United Methodist Hospital (Liberia), Diabetes Society of Maldives (Maldives), Santé Diabète (Mali), AMLCD (Mauritania), Federacion Mexicana de Diabetes (Mexico), Patan Hospital (Nepal), Lagos University Teaching Hospital (Nigeria), Choe Kyong Tae Endocrine Research (North Korea), National Institute of Child Health (Pakistan), Cardinal Santos Medical Center (Philippines), Maison Bleue du Diabète (Republic of Congo), Rwandan Diabetes Association (Rwanda), Diabetes Association of Sri Lanka (Sri Lanka), St. Lucia Diabetes and Hypertension Association (St Lucia), National Republican Endocrinology Centre (Tajikistan), Tanzanian Diabetes Association (Tanzania), Centre ATD de Prévention du Diabète (Togo), St Francis Hospital (Uganda), Endocrinological and Diabetes Association of Uzbekistan (Uzbekistan), and Hue Central Hospital (Vietnam). We also thank Jayanthi Maniam for assistance in submitting the manuscript.

REFERENCES
1 Beran D, Ewen M, Laing R. Constraints and challenges in access to insulin: a global perspective. Lancet Diabetes Endocrinol 2016; 4: 275-285 [PMID: 26857998 DOI: 10.1016/S2213-8587(15)00521-5]
2 Cefalu WT, Dawes DE, Gavlak G, Goldman D, Herman WH, Van Nuys K, Powers AC, Taylor SI, Yatvin AL; Insulin Access and Affordability Working Group. Insulin Access and Affordability Working Group: Conclusions and Recommendations. Diabetes Care 2018; 41: 1299-1311 [PMID: 29739814 DOI: 10.2337/dci18-0019]
3 Deeb LC, Tan MH, Alberti KG. Insulin availability among International Diabetes Federation member associations. Report of the Task Force on Insulin Distribution. Diabetes Care 1994; 17: 220-223 [PMID: 8174451 DOI: 10.2337/diacare.17.3.220]
4 Yudkin JS. Insulin for the world's poorest countries. Lancet 2000; 355: 919-921 [PMID: 10752719 DOI: 10.1016/S0140-6736(99)09225-9]
5 Beran D, Yudkin JS, de Courten M. Access to care for patients with insulin-requiring diabetes in developing countries: case studies of Mozambique and Zambia. Diabetes Care 2005; 28: 2136-2140 [PMID: 16123479 DOI: 10.2337/diacare.28.9.2136]
6 Ogle GD, Middlehurst AC, Silink M. The IDF Life for a Child Program Index of diabetes care for children and youth. Pediatr Diabetes 2016; 17: 374-384 [PMID: 26153340 DOI: 10.1111/pedi.12296]
7 Ewen M, Joosse HJ, Beran D, Laing R. Insulin prices, availability and affordability in 13 low-income and middle-income countries. BMJ Glob Health 2019; 4: e001410 [PMID: 31263585 DOI: 10.1136/bmjgh-2019-001410]
8 Gotham D, Barber MJ, Hill A. Production costs and potential prices for biosimilars of human insulin and insulin analogues. BMJ Glob Health 2018; 3: e000850 [PMID: 30271626 DOI: 10.1136/bmjgh-2018-000850]
9 Kaplan W. Insulin Tariffs and Taxes Profile. Heal. Action Int 2016. Available from: http://haiweb.org/wp-content/uploads/2016/04/ACCISS-Tariff-April2016_FINAL.pdf
10 Klatman EL, Jenkins AJ, Ahmedani MY, Ogle GD. Blood glucose meters and test strips: global market and challenges to access in low-resource settings. Lancet Diabetes Endocrinol 2019; 7: 150-160 [PMID: 30072234 DOI: 10.1016/S2213-8587(18)30074-3]
11 Klatman EL, McKee M, Ogle GD. Documenting and visualising progress towards Universal Health Coverage of insulin and blood glucose test strips for people with diabetes. Diabetes Res Clin Pract 2019; 157: 107859 [PMID: 31545980 DOI: 10.1016/j.diabres.2019.107859]
12 PATH. Diabetes Supplies: are they there when needed? 2015. Available from: https://path.azureedge.net/media/documents/NCD_nes_long_rpt.pdf
13 Danne T, Phillip M, Buckingham BA, Jarosz-Chobot P, Saboo B, Urakami T, Battelino T, Hanas R, Codner E. ISPAD Clinical Practice Consensus Guidelines 2018: Insulin treatment in children and adolescents with diabetes. Pediatr Diabetes 2018; 19 Suppl 27: 115-135 [PMID: 29999222 DOI: 10.1111/pedi.12718]
14 DiMeglio LA, Acerini CL, Codner E, Craig ME, Hofer SE, Pillay K, Maahs DM. ISPAD Clinical Practice Consensus Guidelines 2018: Glycemic control targets and glucose monitoring for children, adolescents, and young adults with diabetes. Pediatr Diabetes 2018; 19 Suppl 27: 105-114 [PMID: 30058221 DOI: 10.1111/pedi.12737]
15 Ogle GD, von Oettingen JE, Middlehurst AC, Hanas R, Orchard TJ. Levels of type 1 diabetes care in children and adolescents for countries at varying resource levels. Pediatr Diabetes 2019; 20: 93-98 [PMID: 30471084 DOI: 10.1111/pedi.12801]
16 American Diabetes Association.. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2019. Diabetes Care 2019; 42: S13-S28 [PMID: 30559228 DOI: 10.2337/dc19-S002]
17 Ogle GD, Kim H, Middlehurst AC, Silink M, Jenkins AJ. Financial costs for families of children with Type 1 diabetes in lower-income countries. Diabet Med 2016; 33: 820-826 [PMID: 26482333 DOI: 10.1111/dme.12997]
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]18 Life for a Child [Internet]. Available from: https://lfacinternational.org
19 Frid AH, Kreugel G, Grassi G, Halimi S, Hicks D, Hirsch LJ, Smith MJ, Wellhoener R, Bode BW, Hirsch IB, Kalra S, Ji L, Strauss KW. New Insulin Delivery Recommendations. Mayo Clin Proc 2016; 91: 1231-1255 [PMID: 27594187 DOI: 10.1016/j.mayocp.2016.06.010]
20 Frid AH, Hirsch LJ, Menchior AR, Morel DR, Strauss KW. Worldwide Injection Technique Questionnaire Study: Population Parameters and Injection Practices. Mayo Clin Proc 2016; 91: 1212-1223 [PMID: 27594185 DOI: 10.1016/j.mayocp.2016.06.011]
21 International Society for Pediatric and Adolescent Diabetes, Life for a Child, International Diabetes Federation. Pocketbook for Management of Diabetes in Childhood and Adolescence in Under-Resourced Countries 2017. Available from: https://cdn.ymaws.com/www.ispad.org/resource/resmgr/LFAC-ISPAD-Pocketbook-2nd-ed.pdf
22 Schuler G, Pelz K, Kerp L. Is the reuse of needles for insulin injection systems associated with a higher risk of cutaneous complications? Diabetes Res Clin Pract 1992; 16: 209-212 [PMID: 1425141 DOI: 10.1016/0168-8227(92)90119-c]
23 Kalra S, Hirsch LJ, Frid A, Deeb A, Strauss KW. Pediatric Insulin Injection Technique: A Multi-Country Survey and Clinical Practice Implications. Diabetes Ther 2018; 9: 2291-2302 [PMID: 30242612 DOI: 10.1007/s13300-018-0514-1]
24 Bahendeka S, Kaushik R, Swai AB, Otieno F, Bajaj S, Kalra S, Bavuma CM, Karigire C. EADSG Guidelines: Insulin Storage and Optimisation of Injection Technique in Diabetes Management. Diabetes Ther 2019; 10: 341-366 [PMID: 30815830 DOI: 10.1007/s13300-019-0574-x]
25 Gregory GA, Guo J, Klatman EL, Ahmadov GA, Besançon S, Gomez ED, Fawwad A, Ramaiya K, Wijesuriya MA, Orchard TJ, Ogle GD. Costs and outcomes of "intermediate" vs "minimal" care for youth-onset type 1 diabetes in six countries. Pediatr Diabetes 2020; 21: 628-636 [PMID: 31970828 DOI: 10.1111/pedi.12988]
26 Park PH, Pastakia SD. Access to Hemoglobin A1c in Rural Africa: A Difficult Reality with Severe Consequences. J Diabetes Res 2018; 2018: 6093595 [PMID: 29682580 DOI: 10.1155/2018/6093595]
27 Camara A, Baldé NM, Sobngwi-Tambekou J, Kengne AP, Diallo MM, Tchatchoua AP, Kaké A, Sylvie N, Balkau B, Bonnet F, Sobngwi E. Poor glycemic control in type 2 diabetes in the South of the Sahara: the issue of limited access to an HbA1c test. Diabetes Res Clin Pract 2015; 108: 187-192 [PMID: 25697633 DOI: 10.1016/j.diabres.2014.08.025]
28 World Health Organization. Assessing national capacity for the prevention and control of noncommunicable diseases: report of the 2015 global survey 2016. Available from: https://apps.who.int/iris/bitstream/handle/10665/246223/9789241565363-eng.pdf?sequence=1
29 Kibirige D, Atuhe D, Kampiire L, Kiggundu DS, Donggo P, Nabbaale J, Mwebaze RM, Kalyesubula R, Lumu W. Access to medicines and diagnostic tests integral in the management of diabetes mellitus and cardiovascular diseases in Uganda: insights from the ACCODAD study. Int J Equity Health 2017; 16: 154 [PMID: 28836972 DOI: 10.1186/s12939-017-0651-6]
30 Jingi AM, Noubiap JJ, Ewane Onana A, Nansseu JR, Wang B, Kingue S, Kengne AP. Access to diagnostic tests and essential medicines for cardiovascular diseases and diabetes care: cost, availability and affordability in the West Region of Cameroon. PLoS One 2014; 9: e111812 [PMID: 25369455 DOI: 10.1371/journal.pone.0111812]
31 Balde N, Camara A, Sobngwi-Tambekou J, Balti EV, Tchatchoua A, Fezeu L, Limen S, Ngamani S, Ngapout S, Kengne AP, Sobngwi E. Improving access to HbA1c in sub-Saharan Africa (IA3) cohort: cohort profile. Pan Afr Med J 2017; 27: 275 [PMID: 29187944 DOI: 10.11604/pamj.2017.27.275.10270]
32 Bereket F, Etsegenet G. Prevalence of diabetic ketoacidosis in newly diagnosed diabetes mellitus pediatrics patients in Tikur Anbessa specialized hospital. Child Heal 2008. Available from: http://ejol.aau.edu.et/index.php/EJPC/article/view/748/697
33 Wright LA, Hirsch IB. Metrics Beyond Hemoglobin A1C in Diabetes Management: Time in Range, Hypoglycemia, and Other Parameters. Diabetes Technol Ther 2017; 19: S16-S26 [PMID: 28541136 DOI: 10.1089/dia.2017.0029]
34 Beck RW, Connor CG, Mullen DM, Wesley DM, Bergenstal RM. The Fallacy of Average: How Using HbA1c Alone to Assess Glycemic Control Can Be Misleading. Diabetes Care 2017; 40: 994-999 [PMID: 28733374 DOI: 10.2337/dc17-0636]
35 Introduction: Standards of Medical Care in Diabetes-2019. Diabetes Care 2019; 42: S1-S2 [PMID: 30559224 DOI: 10.2337/dc19-Sint01]

Footnotes
Institutional review board statement: This is not applicable for our manuscript.
 
Informed consent statement: This is not applicable for our manuscript.

Conflict-of-interest statement: There are no conflicts of interest to report.
 
Data sharing statement: No additional data are available.
 
STROBE statement: The authors have read the STROBE Statement-checklist of items, and the manuscript was prepared and revised according to the STROBE Statement-checklist of items.
 
Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
 
Manuscript source: Invited manuscript

Peer-review started: February 3, 2020
First decision: March 5, 2020
Article in press: June 3, 2020
 
Specialty type: Endocrinology and metabolism
Country of origin: Australia
Peer-review report classification
Grade A (Excellent): 0
Grade B (Very good): B, B, B
Grade C (Good): 0
Grade D (Fair): 0
Grade E (Poor): 0
 
P-Reviewer: Gabriel S, Tzamaloukas AHH, Vorobjova T S-Editor: Zhang L L-Editor: A  E-Editor: Ma YJ





 26 / 33

Table 1 Syringe provision and costs
	Setting
	% of settings where syringes are free of charge
	Mean (range), range, costs of a syringe to the patient (for systems not providing for free)

	Public health system
	47.4
	$0.27, $0.04 (Uzbekistan)-$0.97 (Tajikistan)

	Private retail pharmacy
	0.0
	$0.29, $0.07 (Eritrea)-$1.25 (Bolivia)

	Public health insurance program
	50.0
	$0.19, $0.10 (Burundi)-$0.28 (Nigeria)




Table 2 Syringe volume and needle length and gauge
	Syringe volume (n = 37)

	
	1 mL/cc
	0.5 mL/cc
	0.3 mL/cc

	Percentage
	42.9 (n = 15)
	34.3 (n = 12)
	22.9 (n = 8)

	Needle length (n = 33)

	
	5/16” (8 mm) 
	3/16” (5 mm)
	1/8” (4 mm)

	Percentage 
	36.4 (n = 12)
	48.5 (n = 16)
	15.2 (n = 5)

	Needle gauge (n = 32)

	
	28
	29
	30
	31

	Percentage
	43.8 (n = 14)
	15.6 (n = 5)
	15.6 (n = 5)
	25.0 (n = 8)



Table 3 Injection sites encouraged by diabetes centres
	Injection sites
	Number (%) of centres

	Thighs
	36 (97.2)

	Stomach
	35 (94.5)

	Back of arm
	21 (56.7)

	Buttocks
	19 (51.3)

	Front of arm
	12 (32.4)

	Other
	1 (2.7)





Table 4 Ages recommended to begin self-administration of insulin injection 
	Age (yr)
	Number (%) of centres 

	≤ 5
	3 (10.0)

	6
	4 (13.3)

	7 
	2 (6.7)

	8 
	6 (20.0)

	9 
	2 (6.7)

	10 
	9 (30.0)

	11 
	1 (3.3)

	≥ 12 
	3 (10.0)





Table 5 Needle reuse 
	Times needle used before disposal
	Number (n %) of centres 

	Single use
	2 (5.7)

	Two to four 
	18 (51.4)

	Five to nine 
	10 (28.6)

	Ten or more
	5 (14.3)




Table 6 Glycated haemoglobin provision within the 29 countries that had some public health provision
	Provision
	Measurement methods
	Costs per test
	Availability

	Level (s) of health system settings
	Frequency of provision in defined setting
	POCT
	Laboratory analysis
	Both
	Number (percentage) providing at no cost to patient
	Mean cost to patient (when not provided for free)
	Range of cost to patient
	Mean availability (when provided)

	Primary health care facility
	6 (20.7)
	3
	3
	0
	2 (33.3)
	$10.95
	$6.44 (Dominican Republic)-$17.41 (Philippines) 
	62.5%

	District and regional hospitals
	27 (93.1)
	7
	15
	5
	4 (14.8)
	$9.74 
	$4.00 (Ethiopia and Uzbekistan)-$27.75 (St Lucia)
	67.5%

	Tertiary hospital
	26 (89.7)
	4
	18
	4
	9 (34.6)
	$11.92
	$4.00 (Ethiopia)-$29.00 (Central African Republic)
	75.5%


POCT: Point-of-care testing.

Table 7 Main challenges in providing glycated haemoglobin testing
	Challenge 
	Number (%) of centres reporting this challenge

	Cartridge cost
	23 (70.9)

	Stockouts
	22 (68.8)

	Maintenance of testing machine
	21 (65.6)

	Machine cost
	18 (56.3)

	Adequate supplies
	15 (46.9)

	Trained staff
	15 (46.9)

	Refrigeration
	11 (34.4)

	Adequate oversight of supplies
	9 (28.1)

	Other challenges
	[bookmark: _GoBack]8 (25.0)



