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Ramadan is the 9th month of the lunar calendar during which Muslims abstain from food and drink between dawn and sunset for 30 consecutive days. Ramadan fasting is observed by all healthy Muslim adults, as well many Muslims with type 2 diabetes (T2DM). Hypoglycemic events (HE) are a serious complication associated with diabetes management and are associated with increased cardiovascular disease risk. Conflicting results have been reported concerning the incidence of HE among people with T2DM observing Ramadan fasting. This review summarizes available scientific evidence on the occurrence of HE and the effects of different moderators on the incidence of HE among patients with T2DM during Ramadan. We conducted a systematic review of available observational studies and randomized controlled trials (RCTs) for patients with T2DM who fasted during Ramadan, with HE as the primary outcome. Ten databases were searched for relevant studies from inception until October 31, 2020. In total, 68 studies (35 RCTs and 33 observational studies) met the inclusion criteria. Non-sulfonylureas hypoglycemic medications showed superior effects in lowering the incidence of HE over sulfonylureas hypoglycemic medications. Variable moderators were associated with experiencing HE during Ramadan in both observational studies and RCTs, including sex, geographical location, body anthropometric indicators, season, dietary behaviors, fasting duration, time since diagnosis, and pre-fasting education. This comprehensive systematic review covered the largest number of observational and clinical studies investigating the impact of Ramadan on HE among patients with T2DM. The study highlights the significance of different moderators that influence the effect of Ramadan fasting on HE, including dietary behaviors, fasting time duration, sex, season, country, pre-fasting education, age, and time since diagnosis. The study also highlighted the impact of different hypoglycemic medications on HE and noted the superiority of non-sulfonylureas over sulfonylureas hypoglycemic medications in lowering the risk for hypoglycemia in people with T2DM during Ramadan fasting.
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Introduction

Ramadan is the 9th holy month of the Islamic lunar calendar. Fasting during Ramadan is an obligatory duty for all healthy adult Muslims, as stated in the Holy Quran where ALLAH says, “O you who believe, fasting is prescribed for you as it was prescribed for those before you, that you may develop God-consciousness” (Surat Al-Baqarah 2:183). However, the Holy Quran exempts those who are sick, medically unfit, or traveling from fasting during the holy month: “Yet if one among you is sick or is on a journey, [such a person shall then fast] the same number of other days” (Surat Al-Baqarah, 2:185). A majority of Muslim people with diabetes see this fast as a deeply meaningful, spiritual experience; therefore, most still participate, even against medical advice (1). Fasting during Ramadan dictates complete abstinence from food and drink (including water) from dawn to sunset. This encompasses a period of 10–21 h (2) depending on the geographical location and solar season that crosses with the lunar month and continues for 29–30 consecutive days. This abstinence also extends to medications used by patients who choose to fast during the holy month. This may require changes in the timing and possibly medication dose according to the dawn-to-sunset fasting time.

There are around 1.9 billion Muslims worldwide distributed across more than 200 countries and territories and accounting for 25% of the world’s population (3). The global diabetes prevalence in 2019 was estimated at 9.3% (463 million people) (4). Besides, the population-based Epidemiology of Diabetes and Ramadan 2001 study, which included 12,243 patients with diabetes from 13 Islamic countries, estimated that about 79% of patients with type 2 diabetes (T2DM) and about 43% of patients with type 1 diabetes (T1DM) fast during Ramadan (5). This means that about 70 million (50–90 million) people with diabetes worldwide may practice fasting during Ramadan. A retrospective observational study including 3,394 evaluable diabetes cases from 13 countries, found that 64% of patients reported fasting every day, and 94.2% fasted for at least 15 days (6). Given that many patients with diabetes observe fasting during Ramadan, glycemic control management for those patients is a critically important health challenge worldwide (7).

During the last few decades, medical doctors, endocrinologists, and diabetologists observing Muslim patients with diabetes have accumulated growing knowledge and clinical experience. Available research has considered various aspects of fasting during Ramadan. Research topics include clinical (8–10) and metabolic (11, 12) complications, the impact of patient education and pre-fasting preparation (13–19), medication adjustment and insulin dosing (14, 20, 21), and dietary/lifestyle modifications (21, 22) during Ramadan and how these changes impact the outcomes at the end of the fasting month.

Clinical management of intermittent fasting in patients with diabetes is receiving increased attention, including non-religious intermittent fasting practiced by these patients (23). This is because fasting in this population is associated with various risks, including hypoglycemia events (HE) or episodes, postural hypotension, dehydration, increased viscosity of the blood leading to diabetic ketoacidosis, and thrombosis (particularly in T1DM) (24, 25). HE is among the most serious changes patients with diabetes may face during fasting, and are the most challenging complications experienced in T1DM/T2DM management (26, 27). HE refers to an abnormally low concentration of glucose in the blood caused by excessive exercise, insufficient food intake, or overdosage with oral hypoglycemic agents (OHGAs) or insulin (28, 29). HE may lead to impairment of the counter-regulatory system, increased cardiovascular events (even death), and other detrimental effects. These harmful effects are more pronounced in severe HE. A prospective cohort study including 1,066 adults with T2DM aged 60–75 years reported the odds of suffering a macrovascular event were higher in patients with a history of severe HE (30). Blood glucose monitoring, recognition of HE risk factors, educational programs for healthcare professionals and patients with diabetes, and selection of appropriate regimens are key strategies to optimize glycemic control, prevent long-term complications, and minimize the risk for HE (31).

Compared with the preceding months, observation of Ramadan diurnal intermittent fasting (RDIF) by patients with T2DM has been associated with a 7.5-fold increased risk for severe HE (defined as requiring hospitalization) (5). This was supported by another study (32) that found that switching anti-hyperglycemic treatment from sulfonylureas (SU) agents to sitagliptin for Muslim patients with T2DM who fasted during Ramadan was associated with a 50% reduction in the risk for symptomatic HE. That study also reported that the incidence of symptomatic HE was as high as 20% during Ramadan in those with T2DM receiving SU treatment. In contrast, other studies did not report any adverse metabolic effects (including HE) among patients with diabetes observing RDIF (33, 34). The present systematic review explored current medical evidence on the prevalence of HE among patients with diabetes observing RDIF. This systematic review will guide physicians in their clinical decision-making, delivery of care, and developing policies regarding Ramadan fasting by patients with diabetes (35).



Methods


Search Strategy

Two authors (MF and DA) conducted an electronic search of 10 databases: EBSCOhost, CINAHL, Cochrane, EMBASE, PubMed/MEDLINE, Scopus, Google Scholar, ProQuest Medical, ScienceDirect, and Web of Science from 1950 until October 31, 2020. Key search terms included: “Ramadan fasting” OR “Islamic fasting” OR “Ramadan intermittent fasting” OR “Ramadan diurnal fasting” OR “Ramadan model of intermittent fasting” OR “Intermittent prolonged fasting during Ramadan” OR “Ramadan fast” OR “Recurrent circadian fasting” AND “Hypoglycemia” OR “Hypoglycaemia” OR “Hypoglycemic events” OR “Hypoglycemic episodes” AND “Diabetes mellitus” OR “Type 2 diabetes mellitus” OR “T2DM.” Additional articles were obtained by searching relevant systematic reviews and reviews, as well as hand-searching the reference lists of relevant studies. Corresponding and other authors were contacted via email or Research Gate to obtain missing full-text articles. As necessary, authors were contacted to obtain relevant articles and reviews and ensure that all related publications were included in this review.



Study Selection

The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies was used to identify data sources (36). Papers were first subdivided into observational studies or clinical interventional trials involving patients with T2DM who decided to observe Ramadan fasting. The inclusion criteria for the selected observational and clinical studies were papers that: 1) were published as a primary research paper in a peer-reviewed journal; 2) included cohorts of patients with T2DM that opted to practice intermittent fasting during Ramadan; 3) reported the primary outcome of hypoglycemia or HE before, during (as the primary outcome), or after Ramadan fasting month; and 4) included male or female patients with diabetes. We included studies involving all patients with T2DM that intended to fast during Ramadan and were taking insulin or non-insulin antidiabetic agents. These agents included metformin (MTF), SU agents, meglitinides, thiazolidinediones, glucagon-like peptide (GLP)-1 receptor analogs, alpha-glucosidase inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, and sodium-glucose co-transport 2 inhibitors (SGLT2-I). The frequency of documented or symptomatic HE during Ramadan fasting was reported as the primary endpoint where available. HE or episodes were defined as patients’ subjective symptoms or documented blood glucose <70 mg/dl (3.9 mmol/L). Severe HE was defined as an episode of HE requiring third-party assistance or hospitalization (29).




Results

Of the 3,389 studies initially retrieved, 68 studies that investigated the effects of RDIF on HE among patients with diabetes observing RDIF met the inclusion criteria. Figure 1 presents the stages of evaluation and exclusion of the identified studies. Table 1 summarizes the general characteristics of these studies. The extracted information included the year of publication, country/city, the season of the fasting month, fasting duration (hours), study design, number of participants and percentage of male participants, type of diabetes studied, age of participants, duration since diabetes diagnosis, type of intervention (fasting alone or with other medical/dietary/educational interventions), tested outcome(s), and results. All included studies used a pre-post model to report changes in HE.




Figure 1 | Flow chart for study selection.




Table 1 | Descriptive data for included studies.








Out of the 68 selected papers, there were 35 randomized controlled trials (RCTs) and 33 observational studies. Because of the nature of Ramadan month and its connection with the lunar calendar, Ramadan fell in different solar seasons in the included studies. The majority of the studies were conducted during the summer season, especially those conducted during 2010–2018. There was wide variation in the age of study participants, ranging from 17 to 94 years. Also, there was variation in the duration of fasting (9–17 h/day) associated with different geographical locations and seasons. Participants in the included studies were examined for HE and cardiometabolic risk factor outcomes.

Patients with diabetes in the included studies used different types of medications during the fasting month. This included insulin-treated patients with T2DM that used an insulin pump, multiple daily injections, insulin lispro, insulin glargine, soluble human insulin, insulin detemir (Levemir), and biphasic insulin. Different types of OHGAs were also reported, such as biguanides (MTF), SU (gliclazide, glipizide, glimepiride, glibenclamide, or glyburide), DPP-4 inhibitors (sitagliptin, vildagliptin), thiazolidinediones (pioglitazone), SGLT2-I (dapagliflozin, canagliflozin), incretin mimetics, and GLP-1 receptor agonists (lixisenatide injection, liraglutide).

The included studies were conducted across 33 countries in four continents. This included six African countries: Algeria (n=6), Egypt (n=14), Libya (n=1), Morocco (n=8), South Africa (n=3), and Tunisia (n=5). There were also studies from 19 Asian and Middle Eastern countries: Bangladesh (n=4), India (n=17), Indonesia (n=6), Malaysia (n=13), Pakistan (n=11), Singapore (n=4), Thailand (n=1), China (n=1), Iran (n=3), Iraq (n=1), Jordan (n=7), Kuwait (n=12), Lebanon (n=12), Oman (n=2), Qatar (n=3), Saudi Arabia (n=19), Turkey (n=9), Israel (n=7), and the United Arab Emirates (UAE) (n=20). There were studies from seven countries in Europe: France (n=4), Germany (n=3), Sweden (n=1), the UK (n=8), Spain (n=1), Russia (n=1), and Denmark (n=1). Finally, one study from North America was located (Canada: n=1). Eleven countries that were represented in this review were from the Middle East region (the UAE, Saudi Arabia, Jordan, Lebanon, Kuwait, Qatar, Oman, Turkey, Israel, Iraq, and Iran); these countries include about one-fifth of the global Muslim population.

In total, there were 26,706 participants in the included studies, of which 48.6% were male (n=12,988). Three studies (n=218 participants) did not mention the percentage of males in the study population, which was a major drawback in those studies. Most studies were conducted in places where Ramadan fell in summer (n=50). Nine studies were conducted in autumn, one in winter, and one in spring. Besides, seven studies considered participants in countries across different continents; therefore, they reported varied seasons. The minimum fasting duration (hours) was 8.88 h, and the maximum was 16.5 h, with average fasting hours of 13.22 h. The youngest mean age of participants was 24.5 years, and the oldest mean age was 62.1 years (age range: 17–94 years). Similarly, the shortest mean duration since diabetes diagnosis was 2.97 years, and the longest was 15 years (range: 0.3–32.9 years). Table 2 summarizes the HE outcomes reported in the experimental studies (RCTs) involving patients with T2DM observed during Ramadan fasting month. HE reported in the observational studies involving patients with T2DM observed during Ramadan fasting month are summarized in Table 3.


Table 2 | Description of the experimental studies regarding hypoglycemia and hypoglycemic events during Ramadan fasting among patients with T2DM.





Table 3 | Description of the observational studies regarding hypoglycemia and hypoglycemic events during Ramadan fasting among patients with T2DM.







Discussion

The Ramadan and Diabetes Practical Guidelines (96) classifies people with diabetes that had severe hypoglycemia within the 3 months before Ramadan, a history of recurrent hypoglycemia, or a history of hypoglycemia unawareness as a very high-risk group. The guidelines, therefore, recommend that these people should not observe Ramadan fasting.

The patient’s awareness and understanding of the complication associated with fasting, including the possibility of developing HE, is highly important. Several reports have highlighted the positive effect of Ramadan-focused diabetes counseling and education for patients with diabetes before Ramadan on lowering the incidence and severity of HE during fasting (17, 84–86, 97, 98). A recent systematic review by Tourkmani and colleagues explored the impact of Ramadan-focused diabetes education on HE risk and metabolic control for patients with T2DM and highlighted the crucial impact of education and awareness (99). That review found a significant reduction in HE risk (by 81%) for fasting patients in intervention groups that received Ramadan-focused education compared with patients receiving conventional care. Furthermore, HbA1c was significantly improved among patients who received a Ramadan-focused diabetes education intervention compared with those receiving conventional care (99).


Incidence of HE

The incidence of HE before Ramadan was associated with the incidence of HE during Ramadan among fasting patients with T2DM, as revealed in the CREED study (69). This was supported by another study that reported HE before Ramadan was associated with an increased risk for experiencing HE during Ramadan (51). Among individuals with one or more HE before Ramadan, 34.9% had one or more HE during Ramadan. This relationship between HE before and during Ramadan was consistent across all studies from four regions (Middle East, Europe, North Africa, and Asia). Another factor associated with HE among fasting patients with diabetes was the use of insulin therapy. Insulin therapy is associated with HE among patients with diabetes (100), and a significant correlation was found between the occurrence of HE during Ramadan and the use of insulin therapy before and during Ramadan (69).



Biochemical Variations and HE

A key reason for the variability in reporting HE among patients with diabetes fasting during Ramadan was differences in the biochemical reference ranges used for a blood glucose level. For example, some studies used <3.1 mmol/L to assess hypoglycemia, others (i.e., the majority) used 3.9 mmol/L, and still, others used 4.4 mmol/L. Another reason for this heterogeneity was variation in defining HE. For example, some authors reported any HE, some reported only severe episodes, and others reported: “any hypoglycemia” (mild or severe) reported, documented, or biochemically measured among participants. Other possible reasons for the variability in reporting HE as the primary outcome across different studies included: variations in study design, intervention type (e.g., insulin titration, mixing different types of OHGAs, combining insulin or OHGA therapy with/without patient education about fasting), and type of dietary modifications and whether participants were adhering to healthy balanced diet during the feasting/eating night hours. Differences in the method of detecting hypoglycemia across the studies (e.g., using a diary, office visits, mobile application, or other methods) also contributed to this variation.



Environmental Variations and HE

Variation in geographical locations and subsequent differences in the time and duration of fasting, climatic conditions, socioeconomic status, cultural/socio-cultural backgrounds, and dietary and lifestyle behaviors may all influence diabetic complications related to glycemic control during Ramadan, especially HE. For example, one study found that a lower proportion of Malaysian patients reported symptomatic HE compared with those from India (32). A multicenter study found the highest rate of symptomatic HE was reported among patients from Israel, followed by Malaysia, the UAE, India, and Saudi Arabia (46). Further, the CREED study reported patients with T2DM fasting during Ramadan that were resident in North Africa and Europe had higher odds of HE than those in the Middle East (69). That study also noted the overall incidence was significantly different (P < 0.0001) across regions, ranging from 4.1% in the Middle East to 13% in North Africa. This finding highlighted the effects of geographical location and dietary/cultural background in influencing glycemic control during Ramadan fasting. Further, the degree of strictness in practicing fasting by patients with diabetes varies among countries, which also affects the extent to which diabetic complications (including hypoglycemia) will occur. Salti and colleagues (80) found that the risk for HE during Ramadan was higher in Indonesia, Malaysia, Saudi Arabia than in Egypt, Morocco, and Tunisia.



Dietary Patterns and Anthropometric Variations

It has been repeatedly reported that HE often occurred during the last 4–6 h before the end of fasting (43). SGLT2-I treatment showed a superior effect in lowering both the severity and duration of HE during Ramadan month, which may partly be explained by pre-Ramadan dose adjustment by treating physicians or patients’ self-titration after receiving Ramadan-focused education. The main reason behind these episodes was reported to be missing the pre-fasting pre-dawn meal (i.e., suhoor) while taking the prescribed dose of insulin (18).

Dietary intakes and eating behaviors differ among fasting people during Ramadan, especially in adherence to eating suhoor. This meal is important as it helps people with diabetes prevent anticipated hypoglycemia during fasting hours. This was reported among patients with diabetes in Malaysia, where eating suhoor reduced the risk for HE by more than two-fold compared with missing this meal (101). The length of fasting duration during Ramadan is another variable that impacted the occurrence of hypoglycemia and HE among fasting patients with diabetes during Ramadan. This is supported by repeated reports that most HE occurred in the daytime hours before iftar (sunset “breakfast” meal) among patients with diabetes observing Ramadan fasting (8, 45, 49, 51, 54, 61, 71, 102–104).

Vasan and colleagues (88) indicated that most fasting patients reported that consuming large quantities of food that yielded sufficient energy could help them sustain fasting and prevent hypoglycemia. Increased consumption of dietary fat, especially saturated fats, has been reported among Muslims during fasting periods. Although binge eating of high-calorie food is contrary to prophetic guidance and religious preaching, the main concern among fasting patients with diabetes was an interruption of continuous 30-day fasting due to hypoglycemia (88). Norouzy et al. highlighted the significance of dietary management in mitigating and ameliorating metabolic abnormalities during Ramadan fasting by patients with diabetes (78). That study found that deterioration in glycemic control during Ramadan was less prevalent among diet-controlled patients than those who used OHGAs (78).

The lack of proper education before Ramadan fasting may lead to adverse metabolic complications among fasting patients with diabetes. A qualitative study showed that some fasting patients experienced daily hypoglycemia in the afternoon because they had not adjusted their treatment schedule adequately [102]. That study also reported that other patients continued to inject short-acting insulin analogs at noon during fasting because they had not been told to stop their treatment or had not been made aware of the risk for hypoglycemia associated with not stopping. In addition, one patient erroneously doubled his SU dosage at noon assuming that would improve his glycemic control during night hours (102). Skipping the pre-dawn meal (suhoor) and taking SU medication before sunrise exposed fasting patients to a high risk for hypoglycemia. Furthermore, many patients insisted on not taking anything orally despite daytime hypoglycemia and did not seek any medical care if general malaise occurred as they did not wish to break their fast (102).

Body anthropometrics for fasting people with diabetes may affect the risk of developing HE during Ramadan. For example, Salti et al. (80) found that lower weight and smaller waist circumference were associated with increased risk for HE among fasting people during Ramadan. This could be explained by the fact that thin people have fewer glycogen stores than obese people, as obesity is associated with higher glycogen synthase enzyme expression and glycogen stores in adipose tissue (105).



Sex Variations in HE

Sex was a variable that was expected to affect the occurrence of hypoglycemia and HE among fasting people with diabetes during Ramadan month. One study reported that females had a significantly higher frequency of severe HE and a lower mean number of fasting days than males during Ramadan month (61). This was supported by Masood et al. (97), who found that females with diabetes experienced hypoglycemia at a higher rate than males during their Ramadan fasting. This sex-based variation in hypoglycemia and HE could be attributable to differing habitual daily activities and routine work performed by males and females during Ramadan. For example, females (especially those taking care of their families) may spend more time and effort in housekeeping and working or child care, cooking, and worshipping, whereas males tend to spend more time in relaxation and sleeping during fasting days (106).



Duration Since Diagnosis and HE

The duration since diabetes diagnosis is another factor that contributes to differences in hypoglycemia and subsequent HE among people with diabetes fasting during Ramadan. Early reports by Khalifa et al. (71) indicated that patients with a longer duration of diabetes had significantly higher frequencies of hypoglycemia during Ramadan (107). That study found that diabetes complications, including hypoglycemia, were significantly more represented among patients who had diabetes for more than 10 years compared with those that had diabetes for less than 10 years (32.2% vs. 12.1%) (107). This could be explained by reduced attention to the disease and its complications over time decreased effectiveness of medications used over a long time, or other social or socioeconomic factors affecting glycemic control among patients with diabetes.



Seasonal Variations and HE

It is noteworthy that the majority of the identified studies were conducted during the summer season (studies published from 2010 to 2018). During summer, the duration of fasting is 12–21 h/day; these longer daytime hours mean that fasting during the summer season is expected to be associated with more HE than other seasons. Therefore, the season should be considered by patients when choosing to fast and by doctors in managing the patient’s blood sugar. Further, this seasonal variation in Ramadan fasting could be a subject for meta-regression and subgroup analysis. Such research would complement previous systematic reviews with meta- and subgroup-analyses that explored the impact of fasting duration as a significant moderator for the effect of RDIF on body weight and metabolic syndrome components in healthy people (108, 109).



Effects of Medications

The included studies suggested that SU treatment was an inferior option in terms of the ability to maintain glycemic control and minimize the risk for hypoglycemia and subsequent HE during Ramadan fasting among patients with diabetes. SU agents have previously been associated with a higher risk for HE during Ramadan fasting than other OHGAs in patients with T2DM (32, 42, 50, 56, 65, 73, 83, 110). Further, SU use has been connected with patients breaking their fast because of intolerance to fasting, discomfort, and fear of hypoglycemia, which was not seen in patients using other OHGAs (e.g., vildagliptin) (77). However, one study (44) did not associate SU use (including gliclazide) with higher rates of HE compared with DPP-4 inhibitors as reported in some observational studies (64, 111). This could be attributed to the provision of individualized patient advice and education about dose adjustments used in these studies. Besides, another study supported the safety and effectiveness of SU treatment in lowering the risk for HE among adult males with T2DM. Zargar and colleagues (90) reported male patients under glycemic control with gliclazide MR 60 mg monotherapy could safely maintain the same degree of control by switching to an evening dose schedule during Ramadan, with a low rate of HE reported among these patients.

Conversely, other OHGAs showed superior effects, including MTF, SGLT2-I (that inhibit renal glucose reabsorption and increase renal glucose excretion), and repaglinide (short-acting insulin secretagogue that acts by binding to β-cells in the pancreas to stimulate insulin release). A recent expert panel statement on the use of SGL2-I highlighted the significance of the use of these hypoglycemic agents by patients with diabetes observing Ramadan. The expert panel discussed the efficacy and safety of SGLT2-I based on outcomes of recent clinical trials with SGLT2-I across the Middle East and Africa (MEA) region during Ramadan, with emphasis on hypoglycemia as a serious complication during Ramadan fasting. This statement aided physicians in the MEA region (which includes about one-fifth of the world’s Muslim population) regarding appropriate decision-making for patients during Ramadan (112). Repaglinide was found to effectively reduce the frequency of HE among patients during Ramadan fasting (81).

MTF is the preferred agent for managing patients with T2DM. MTF is associated with a 1%–2% reduction in HbA1c and carries a low risk for HE. Therefore, MTF is an attractive therapy for the majority of patients who decide to undergo fasting (113). If a patient is taking MTF three times daily, the midday dose may be omitted, and a larger dose may be taken in the evening (113–115). Those on a twice-daily regimen do not need to change administration times. However, patients who experience gastrointestinal side effects or HE symptoms should have their dose reduced. Overall, MTF has a low (but not negligible) risk for promoting HE (2).



Combination of Medications

One study noted that the highest incidence of symptomatic HE during Ramadan was observed in T2DM patients treated with glipizide or glibenclamide, followed by those treated with glimepiride or gliclazide, with wide variation in the incidence of HE among those using different SU agents during Ramadan fasting (46). Further, the total number of breaking-the-fast events reported was highest among patients with T2DM treated with glibenclamide, with the highest incidence of severe HE (requiring medical assistance or not) occurring in this group (46). This finding contradicts the previous report by Belkhadir et al. (92), who found that glibenclamide was safe and effective in preventing hypoglycemia for patients with T2DM who fasted during Ramadan. Another study reported that the proportion of patients with at least one symptomatic HE was highest in the glimepiride group, followed by the glibenclamide group, and lastly, the gliclazide group treated with SU during Ramadan fasting (32). Similar findings were also reported for patients with T2DM fasting during Ramadan, where fewer patients on vildagliptin experienced one or more HE compared with commonly used individual SU agents (47). The highest proportion of HE was in the glibenclamide group, followed by gliclazide, glimepiride, and glipizide (47). Another study found that MTF with vildagliptin was efficient in lowering the incidence of hypoglycemia and severe HE among patients with diabetes treated with MTF and SU glinide (62) or MTF and SU gliclazide (59, 63).

The positive effect of vildagliptin in lowering HE is a known characteristic of this medication, with hypoglycemia rarely observed in clinical trials among patients with diabetes (116). The mechanism of sustained glucagon secretion during hypoglycemia by vildagliptin could be attributed to the ability of gastric inhibitory polypeptide triggered by vildagliptin that stimulates glucagon secretion during hypoglycemia (117). Dapagliflozin and liraglutide showed a superior effect in lowering HE, especially when combined with MTF compared with SU and MTF (57, 89). Further, the superiority of DPP-4 inhibitors (sitagliptin and vildagliptin) in lowering the HE was apparent among fasting patients with T2DM compared with those receiving SU treatment (7, 32, 47, 60, 73, 77). Similarly, liraglutide showed superiority in lowering HE among fasting patients with T2DM compared with SU treatment during Ramadan, suggesting liraglutide is a safe, effective, and well-tolerated choice when used as glucose-lowering therapy in patients with T2DM who choose to fast during Ramadan (50).

Vildagliptin is an attractive treatment option for patients with T2DM who are fasting during Ramadan (7). Vildagliptin can improve glycemic control by inducing glucose-dependent insulin secretion through inhibiting the DPP-4 enzyme, thereby enhancing the sensitivity and responsiveness of β- and α-cells to glucose (116, 118). The ability of vildagliptin to lower the risk for HE may be because suppression of both glucagon secretion and meal-dependent insulin secretion is glucose-dependent (119, 120). This favorable outcome observed during fasting is attributable to the suppression of inappropriate glucagon secretion during hyperglycemia and the enhancement of the glucose-dependent insulinotropic polypeptide (GIP)-mediated effect on glucagon, which results in a protection against hypoglycemia. The levels of both GLP-1 and GIP remain high during the inter-meal and overnight periods when hypoglycemia is more likely to occur (73). Sitagliptin, another DPP-4 inhibitor, also showed a superior effect in lowering symptomatic HE during Ramadan compared with SU agents in Muslim patients with T2DM (83).

The protective effect of canagliflozin (an SGL2-I) against HE among fasting patients with diabetes was further elaborated in the Canagliflozin in Ramadan Tolerance Observational Study. That study evaluated the tolerability of canagliflozin combined with MTF with or without DPP-4 inhibitors for the treatment of T2DM in patients fasting during Ramadan. The results showed that during Ramadan, patients on canagliflozin experienced fewer symptomatic HE compared with the SU group. Adjustment for medication was not needed for those on canagliflozin, whereas about 9% of those treated with SU adjusted their medication dose near the beginning of Ramadan (65).

Patients with T2DM treated with insulin showed variable hypoglycemia outcomes during their Ramadan fasting. While hypoglycemia may be predicted by insulin therapy (55), different reports indicated that combining basal insulin with incretin mimetics (which act like GLP-1 receptor agonists) such as lixisenatide injection, showed better glycemic control and lower frequency and severity of hypoglycemia than combining insulin therapy with SU (79, 95). However, combining insulin glargine with the SU glimepiride was helpful in patients with T2DM who wished to fast during Ramadan, provided glimepiride was given at the time of breaking the fast and insulin glargine titrated to provide FBG >6.7 mmol/L (80). However, both rapid and long-acting insulin were significantly associated with hypoglycemic attacks (49), with HE highest in patients treated with insulin, followed by those treated with OHGAs with SU when compared with OHGAs without SU (51). A comparison between intensive insulin and basal insulin showed that the average number of HE was significantly higher in intensive insulin therapy than basal insulin therapy (54).

It is not recommended for patients with poorly controlled T2DM to fast because of the risk for dehydration associated with hyperglycemia. Clinical experience supports that patients with diabetes controlled by diet alone can safely fast. This is because fasting, especially the intermittent pattern followed during Ramadan, has many beneficial effects including metabolic and glucoregulatory mechanisms. Patients treated with OHGAs may fast if allowed by their physician; however, their regimen will need to be adjusted to reflect lifestyle changes. MTF and thiazolidinediones are the preferred hypoglycemic drugs because they are associated with a lower risk for HE compared with insulin secretagogues. Short-acting insulin secretagogues are preferable to SU. Insulin-treated patients may be treated similarly to patients with T1DM using a basal-bolus method or other regimens as recommended by their physician. Close follow-up and frequent monitoring are essential. Attention should be paid to the sunset fast-breaking meal, particularly in excessive intake of traditional sweets and sweetened drinks, as this can lead to uncontrolled postprandial hyperglycemia (28).

The variation in HE outcomes at the end of Ramadan could be attributed to various influencing factors that act simultaneously on shaping the effect of RDIF on HE and the related cardiometabolic risk factors. These factors could be classified into internal (patient-centered) factors and external (Ramadan month-related) factors. Among the internal factors, patients’ age, sex, time since diabetes diagnosis, pre-fasting control of blood sugar, commitment to the prescribed medications before and during Ramadan month, and adherence to prescribed diet and lifestyle modifications before Ramadan month. The external factors include fasting duration, climate conditions, working conditions, social activities, practicing religious rituals of Ramadan month, and the quantity and quality of foods consumed during the night hours (especially the pre-fasting meal or suhoor), with emphasis on the last time this meal was consumed before starting fasting. Other lifestyle changes accompanying Ramadan fasting month are thought to impact the extent to which RDIF affects cardiometabolic risk factors, including changes in sleep pattern/duration, diurnal exercise, changes in work schedule, nocturnal activities, and nocturnal light exposure (121). Further, the discrepancies in reported results concerning the effect of RDIF on HE could also be attributable to differing experimental and study designs. For example, RCTs allow control of confounding factors and minimize the risk of bias, therefore giving more robust and accurate measures for the targeted outcomes. However, observational designs, owing to their inherent limitations do not have such controls, which may result in less accurate outcome estimations (122).



Insulin and Hypoglycemic Medications

During Ramadan, medications used by patients with diabetes may have to be adjusted. Patients who observe Ramadan fasting have to consider potential diabetic complications such as hyperglycemia, HE, dehydration, and ketoacidosis. Risk factors associated with fasting include the presence of co-morbidities and diabetic complications, advanced age, frailty, the risk for HE or a history of impaired HE awareness, living alone, T1DM, and pregnancy (2). Certain classes of glucose-lowering medications are associated with an increased risk for HE, such as SU agents and insulin. Besides, the largest dose of these medications should be taken in the evening, along with the large meal that is usually consumed at that time (iftar).

SU and insulin secretagogues are widely used during Ramadan. However, recent studies have highlighted an increased risk for HE during fasting among patients treated with insulin secretagogues (32, 42, 110). The risk for HE increases exponentially in older patients and patients with renal failure and medical conditions treated with SU (113). Long-acting agents such as glibenclamide (glyburide) should be avoided. The morning dose of shorter-acting preparations such as glipizide or gliclazide can be halved, and the evening dose kept the same. One study tried switching the timing of SU administration from morning to evening and found no effect on the rate of HE. A five-country observational study on SU treatment during Ramadan reported a 20% prevalence of HE. SU agents have a moderate to high risk for HE as they promote insulin secretion that is not glucose-dependent.

The variable effect of RDIF on the occurrence of HE among patients with diabetes could also be attributed to the different types of medications used in the management of diabetic patients fasting during Ramadan. Vildagliptin and gliclazide are among the commonly used medications that were effective in lowering the occurrence of HE among patients with T2DM fasting during Ramadan (64). Vildagliptin is an oral anti-hyperglycemic agent of the DPP-4 inhibitor class of drugs used for adults with T2DM. Vildagliptin enhances pancreatic islet cell responsiveness to glucose (123). Vildagliptin is a combination tablet containing MTF, whereas gliclazide is a SU insulin secretagogue that helps the pancreas make more insulin. The superiority of vildagliptin over other OHGAs was reviewed by Aziz (124), who found that in comparison with the OHGAs and SU agents (which carry a higher and significant risk for HE), DPP-4 inhibitors (e.g., vildagliptin) demonstrated a lower risk for HE during Ramadan fasting, with better patient compliance. This effect is supported by findings from many clinical observational and clinical studies in different locations around the world.

Decreased food intake is a well-known risk factor for HE among patients with diabetes (125). There are no reliable estimates concerning the contribution of HE to mortality in T2DM; however, it is thought that HE is an infrequent cause of death in this population (125). Rates of HE are lower in patients with T2DM when compared with T1DM (5), and are even lower in patients with T2DM treated with oral agents (5). Loke and colleagues investigated the effect of various risk factors on HE in patients with diabetes who fasted during Ramadan, and reported the rate of HE was 1.6 times higher during fasting compared with non-fasting periods (101). They observed that good metabolic control (<8%) and old age (>60 years) increased the risk ratio more than twice, and eating a meal before fasting reduced the risk ratio to less than half. However, the difference in that study was smaller than indicated in the EPIDAR study (5), which showed that fasting during Ramadan increased the risk for severe HE (defined as hospitalization due to HE) by 4.7-fold among patients with T1DM (from 3 to 14 events/100 people/month) and 7.5-fold in patients with T2DM (from 0.4 to 3 events/100 people/month). Severe HE was more frequent in patients in whom the OHGA or insulin dosage was changed and in those who reported significant lifestyle changes (5, 125).

About 1.5 billion Muslims globally are expected to observe Ramadan and refrain from food and drink from dawn to sunset. Even with the relatively large number of studies investigating RDIF and diabetes, the impact of RDIF on these patients is not fully understood. In particular, the effect of fasting during Ramadan on rates of HE in patients with diabetes is not known with certainty. There are a limited number of studies in this area, which warrants further longitudinal, controlled clinical studies. To our knowledge, this is the first systematic review exploring the impacts of RDIF on HE and related cardiometabolic risk factors in patients with diabetes. Although this systematic review could not reach definite conclusions because of conflicting findings and lack of control for confounding factors, we found no evidence suggesting a negative impact of observing RDIF on HE among patients with diabetes or other overt harms. Nonetheless, the authors emphasize the need to conduct further studies using larger datasets and controlled for more confounders, including meta-analyses of obtained data, and adjusted for different covariates using sub-group analyses.

The present review did not conduct a meta-analysis for the outcome of using different OHGA and insulin therapies in preventing HE during Ramadan. Nonetheless, the present findings regarding the positive effect of non-SU hypoglycemic medications during Ramadan (e.g., DPP-4 inhibitors) in lowering the incidence of HE among fasting people with diabetes mirrors the findings of a previous systematic review and network meta-analysis (126). That meta-analysis showed that DPP-4 inhibitors were associated with reducing the development of HE during Ramadan in both observational and experimental (RCT) studies. Further, the findings highlighted the importance of pre-Ramadan education as a beneficial tool in reducing HE during Ramadan.



Limitations

The present systematic review entailed imitations related to the limitations of the sources studied. Differences in definitions and reporting of outcomes also made comparisons across studies difficult. Owing to the nature of Ramadan fasting, the studies were conducted in different geographical locations where daylight hours and climatic conditions differed, and fasting was observed under different conditions. The variable study designs and different demographic characteristics of study participants were further limitations that might have significantly impacted the accuracy of the conclusions from this systematic review. There were few studies with different patient subgroups and many studies used small sample sizes, which limited our ability to draw firm conclusions.




Conclusions

Patients with T2DM may experience safer fasting and have a lower risk for acute complications if they comply with necessary adjustments in the timing and dosage of their medication. Better outcomes may be achieved if medication changes are accompanied by appropriate dietary and lifestyle changes. Hypoglycemia and HE are preventable for patients with diabetes observing Ramadan fasting. Mounting evidence suggests that combining MTF with OHGAs (e.g., a DPP-4 inhibitor and SGLT2-I with less reliance on SU) showed inferior effects in preventing HE among patients with diabetes that decided to fast during Ramadan. Ramadan fasting does not necessarily increase the burden of acute complications and cardiometabolic deteriorations unless the fasting patient does not comply with established medical and dietary guidelines for fasting during Ramadan. Patients with diabetes who decide to fast during Ramadan should be counseled regarding the importance of strict adherence to the adjusted dose and timing of their medication, adhere to healthy diet and lifestyle behaviors during Ramadan fasting, and be closely clinically monitored.
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Hypoglycemia description

‘Only one episods of major HE was reported n 0ne of the patient immediately befor Har. None of the patens
‘deveiopod dabetc ketoacidosis or hyperosmolar hypogycemic stae, and no one needed hospitazation. Only
‘ono episade of mefor Pypogycemia s reported n ono of tho patients immecsatey baford tar (Pro-cusk meal,
T mean number of HE por patet pe 14 days was simiar 1 the two g70ups of spro Mx25 and nsuln. Both
ogimons wero wol-toeated and 6 not icredse the sk o HE..

Anumericaly lower percentage of paticoants with Lisenatde + basal nsuin (8] vs. SUYBI had >1
‘documented symplomatc HE during Ramadan astng; the difeence was statstaly sigicant or the ‘any
ypoghcemia’ catogory. Compared with SU + B, bsonatide + BI provdod lowor ratos of any HE i peoplo with
T20M during Ramacin fasting.

No severe cases of HE were reported. Mean HE per patient aver 14 days was signfcanty lower ininsuln ispro
han soubioinsuin, Most HE oocurte curing T time rom 6 h ater tho beford sunvise el unt breaking the
fast afersunsat.insin Lispro may be more sutbie prandl insuin or patints reated with T20M who fast
uing Ramacan.

18 HE wore racorded, sixovents by rapagind-eated patients and 12 evets by giapiide-reatod patnts,
wihout tatisical dference betweon the two groups during and aftr Ramacan.

B0t tho severty and curaton of HE reducod dring tha month of Ramadan. Tho SGLTZ group had shorter and
Jess severo e350des n compaison 1o he non-SGLT2! Group.

‘Symptomatic HE was reported during Ramadan by paiats who were ower i the stagipti group than the SU
‘oup. The number ofpaients r6p0ring at least w0 Symptomatc HE s thvee i th siagiptn group and nne
in the SU. The proporton ofpatients with symptomatic HE confimed wih  corresponding BG: 70 mg/d was.
2.15 i th stagiptn group and 5.4%n the SU group. One patint (0.2%) i the sagiptin group and two.
(0:5% i tho SU group reported symptomasc HE that had a cortesponding BG <50 md.

Fowe patients experonced HE wih vidagfotin n comparison 1o 1hose who recoived SU. The maory of
pationts who experioncox HE during fastng reported a ower numbor of sngo HE i 1ho vdagioti roup than
in he SU group. A smater proporton o patnts exparienced 1 HE with vidagiptn when compared vith
‘commony used indidual SU, with the ighest propartons of H in the gibendamide group, folowed by
‘gicazde, gimepiice, and gipice.

Fowe roportod symptomatc HE was reported in Iraghide-reatd than SU, with 10 severe HE vas reported by
oithor madcation grow.

e participant reported nether a maor nor a minor HE.

‘Confimod HE was reported i the vast majorty of th study sampl, The HE was signiicanty more requent i
ho SGLT2.1 pls nsuin- e group than in thosa leatad wih SGLT2- pus OHGA roup. Conéimed HE was
more faquent i thos using SGLT2- plus intensive insuln comparec 10 those using SGLT2- pus basalinsuin,
T average number of HE numercaly. not sgnifcanty,reduced belore Ramadan to durng Rasmadan. As we,
ho duraton of HE was reduced numorcaly duting Ramadan.

No severe HE in sther group of MTF + Iraghide and MTF+SL. More parcipans n the SU experionced one or
more HE duing the study compared within the ragiuice Group, ith a median of three events perparticpant i
he SU group compared with two i te ragide Gowp. The incdence rato of HE was. 10,6 pa person-year
the SU group compared with 30 pe person year i the raghice GouD.

NO HE or svers HES wih MTF + vidagipin, whie HE and ono severe HE e reportad. Wil vidagiptn was.
very wel toleaied, wih 0o Adverse Events (AE), severs AES, or deaths reported hal of o patients on SU
eporid at keast ona AE. The min civer for s ciflerenca was the high ncdence of hypoghcema.

“Tho propartion of patients who reparted any HE during tho Ramadan fasing period was numercal, not
‘spiicanty owe n the MTFvidagiiptn compared with tho MTF + giciazde. Fower pationt n the vidagiptin
‘roup devsoped HE than patients i he giciazide oroup. Thera were 1o severe HES roported in e roatment
gow.

The ate of overal HE was lower i tho nsuin degudec/insuin aspirt 1DogASp) rm compared with he bphasic
insuén aspat 30 (BlASp 30) am, wih a 74% reducton e rae of veral HE, The rate of noctunal HE was:
50 lower n the IDegAsp am compared it the BIASD 30 a, ransiled nlo more than 80% reduction 1 the
fato of nocturmal HE in patients recsivng D6gAsp. Th rato of severe HE was 449% lower, i tho DsgAsp am
‘compared with the BIAsp 30 arm. During Ramaden, a lowor 1 of veral HE (ore than 60% recucton) was
‘observed i the DegAsp am compared with the Blsp 30 am. DegAsp arm had a ower rat of noctumal HE.
‘and dayime HE compared wilh those i the BIAsp 30 am achieving 74 and 56% reductons inrates of
noctumal and caytime HE, respecively

‘One patien rom each group presented HE i requiing breaking he fas, o severe HE was repored. The group
hat ecoived dabetes education before Ramadan showod a ower frequency of minor HE bofore and cring
Ramadan than the contrl goup

Alower properton of patients experencad HE n the vidagiptin group than n the SU group duing Ramadin.
No patent i iter group experonced a severs HE during Ramadan. Non of he HES led 10 dscontinuation
from the study
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‘Vidagiptin was associated with a reduction in the mean number of HE during Ramadan compared with
cfore Ramacin (when pants werd on MTF moncihorapy), whreas giciac was associled it an
incroas. Tho amber of patents exporoncing HE was sgrcanty lower i the vidagiotn grodp thann
1o gictazc group. Th total mber of HE was 24 and 2 for th gicazd and vdagiptin ams,
fespectiely. Thero was onasevero HE 1 the icazdo roup and rono  the idagipth o

About 20% oxperncec ona o more symptomatic HE urng Parmadan, i ncidences of bt 26%,
17%, ad 14.0% dbsonved i subects veatod wih gibencamcd, gimepiido, and gickzide,
respeciney.

Ve HE was roporte oo tmes greater tan seere HE, with n0 Sgncant dfenco botween patints
Wil TIOM and T20M rogaing the umber ofdays e, faqency of HE o sner HE, o adimission
st eng Ramadan. Th ncidencof Pypoghcmia curng Ramacin s umeicaly uch hiher than
e nscenco of sers yparghcm. Abcs e forth of o faing Gobes paton. Tho vast
imaorty xperienced ypoghoomi an about 80% exprenced HE g th s 2 wieoks of
Rarmadan, and about 0% of a HE Gooured cuing e caytme. Females had a sfcanty higper
frequency f seve HE than maks. Ay Mypogloeia s the most e, okwed by mid
ypogycema, severe HE. and st ypoghoema recing acmsson.

No sovero HE or hypegyooma o hospaizaon was eparted by the patrts. Honrer, 100 03s0cos
of HE wih gucoso v of 049 9. (a vao owsr than 0.0 gL of gucose were considred as.
ypoghcema) wero e igh blore breaking e st )  th samo aten, bt ther wre 0
acoomganying symptams.

Rates of HE woro numsicaly ower i the MTF + idagiotn group whon compared wih ho MTF -
i secretagogu (5)gine. A las 1episod of ympromatic HE was reported urng Rasmacn n
37.2% of patent n th 15 roup and 34 2% o patents i the ickgiptn g1, Tho proporton of
patonts i whom at st 1 HE was deciaod confimod by st esing was numarcally highe 1o 1S
ran n o ikt group. Sigtcanty more HE was cocumented by physicans s aderso ovents
(A€ 1 1S group compar it te vidagiotn roup. The propartn of ptlens eporig at et 1
soore HE tht noods assistan was ighes 1 S han 108 cgipin 90up. Patiens i tho S
roup woroabout s mos grate o have at ast ano uschoduld modical it curng Ramadan
bocausa of HE than o vidagipin group.

Fones ptents on canagilo repotd 1 symptomat HE compases 0 patents st on SU drg
Rarmadan, Tho s of having HE weo lower i patens eated wih canagiozn.

In tho DA MENA T20M popuiaticn, e nodoncs of HE ncreased sgnfanty fom 4 ook bolore
versus g Ramadan or bt confimed yoghcamsa and severe ypogyoeni. Cofinad
ypoghcema AES was sgnfcanty hgher dring Ramadan compare i 4 ieek b Ramadan,
‘whereas e s ypoghcamia AEs wise comparabl. T change s confmed hypoghooma,
orespondng AE, were dependen o he eatmen egimen.Poogl prescd OADS wihout SU
fostet i no saisicay sigfcan ncrease nconfed ypoghoema nodenoos o AES fom & weeks
bofors Rammacn 0 curing Rammacn whie  sgnfcant creasa ocure i those reooing OADs i
SU Thoo was o

o Moc 50 2 hatan Moz 30 i dady curg Ramacian fatng were tsted on fastng
patonts wih TZDM. Mox 0 was assocated wih asma rodcton o rmber HE curing Ramadan
‘Compare it boforo Ramacn, whereas b 30 was associled wih  nonSgnicant ncease

o ncienoo o documented HE was grate i pricioat on nuin etment hian i psicoan's on
‘O o, both beore and g Ramadan. Drig Rarmadan, abot 19% of TZDMcohor eted it
inuin /o0 hat HE, compare i ny §% et with OFA one. About -1 of ikl
o001 OHA o wero on SU. Th ncdence ofHE during Ramadan vith sl reatment vas
ighest i Norh Aica and lowest 1 Ase. T2OM teamentwihpre-msed nuin ring Ramadan
resutd i igher inddonces of HE whon compared with og-acing s, Tho ncidence of HE g
Rarmadan for paricipans ealod wih acombinaton of OHA and nsl was imas for thosa treated
itk alone. Tho indenca of HE i Norh Afica ith OHA was sigfcany ihar than i other
fegions bt beforoan dying Ramadan. AVE bforo amacn ncreasos anndidal ik of avig
a epsod curing Ramadan. For indiduals wih T2DM who had o re-Rammadn HE, 5% had an HE
Gurng Ramadan.For nciduals who had 21 HE boforo Ramackn, 34 9% had 21 HE during Ramadn.
i rltonsh between HE bokore and g Ramadan as consstnt o vt r6ons.

No, bsenv any requant HE reporte among dabetc patiens eate wih MTF anior gimapiice,
excopt for thoa cass: o patents took 1 medcation wihout atng S e one expended
importnt amout of pysal ey

About 16% ofasing patents developed HE during Ramacn withutreing medial asstance o
admisson.
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HE description

Atleast 00 reported HE was found i 12.2% ofpatents n the fastng roup. HE was observed higher i
he gimepiide group, es i e repaginide group, and least i the insuin 9argine roup. There was o
‘Signicant ifeence between th three-drug Groups egarding te ate o HE.

HE s quto foquent n patiens with T2DM who were on oo or moro antilabetic agonts uring
Ramadan

Patiots with T2DM veated with Glctazide MR during Ramadan have a low risk o HE and maintan
‘gyoemic conirol and weight whis fastg. Paents with T20M treated with Gicazide MR wihout dose
adjustment during Ramadan can fast safly with a low s of HE and 10 sk o savero hypoghooma,
even i a proonged fasting perod, whis! maitaining gycemic contol and weight.

‘One patent had who was on MTF onl shouwed symptomatc HE during the ear-Ramadan. T No.
serious HE was feported by the patients durng Ramacin fating, and nione of he patents bxcke herhis
Ramadan astng. No signfcant dierences were seen i the percentage of HE during eary- and iate-
Ramadan compared 10 pre-and post-Ramadan.

The number of parcioants experiencing 21 evant of severe andor symptomatic documented HE vas
Jow and simiar in the pre-Ramadan and Ramadan periods and was even lowe n the post-Ramadan
eriod. No patients reportod sovero HE during Ramadan and post-Ramadan perods; @ sngle participant
0.2 reported severs HE beforo Ramadan. Duing Ramadan, 11 0ut o he 13 particpants who
eported symptomaic documented hypogyoemia experienced HE during fasting houes. The proporton
of pariipants experencing a daytima vs noctumal sever andlor symptomatic HE before Ramadan was
i imos highr during day hours than Ngh houes. The numenical event ats (per participant month of
follow up [PPM] for severe ancor symptomalic documented HE was higher ding Ramadan than pre
and post-Ramadan.

About one-fthof the patints epcted 0ne o more symptomatic HE during Ramadan, 207 0ut of 271
patients were reported HE reporied a change n ther ani-yperghoami medicaton during Ramadan,
wih headachs, sweatng, remar, and paptalons werd 1ho most commony reported symplorms. By
Hreatment, the gt incidenco of symplomatic HE was obsenved i subjects treated wi gipizc or
‘gibenciamide folowed by those treated with gimepiide or gicazde. The average ime betveen the ast
meal and tha st of the HE was 8.1 2 3.8 h for tho et conort with o marked dferences among SU
‘groups. Tho ncidenco of documonted HE was 3.6% overal and generaly simiar 61055 SU roups. The
ighestincidence of severe types of HE oocusing n the gibenciamide group. No marked diferences
‘e bsenved across SU groups. By study end,only 1.2l a subects experenced serous
‘compicatons roted to HE during Ramadan,

‘Overal, ymplomatic HE was cbsenved n 92 (23.7%) patets; i about 23% of patients wih T2DM.
Hbout 719% of paients with T2DM checked B0od Gucoss leve's when they developed HE during.
Ramadan. On the developmen of HE, 48% of patiets with T2M disconioued the fastg. Ovecal, HE
was flt by 16.90% of patons; i 15.4% o patnts wih T2OM.

“Tis study revesld tha the incidence of hypogloemia among diabetics was high More than haf ofthe
patients reported a east 000 HE duing Ramacan, 29% Out of ther ha mord 1 four HE sacks. More
than one-tir of patents (39%) ctected HE by symploms, whie less than half had symploms and
onfimod HE by glcomete. Los than 000 fourth have hypoghcoma at ight, whio about wo-thics of
atacks (67%) occurred n the moming and evening whie

About 9% of patents reported a oast on HE. Most of the HE requitod sther assistance andior
stopping e fast. Hospitaization cring Ramadan was ra.

T overall rate ofhypaghyosnia was about 25% wih one episods ofmalor HE raquidng mecsal
assistance. HE was signifcanty the Hghst n palints reated with fnsuin folowed by hose trcted wih
ora agents incuding SU as compared 1o oal agents exciuing SU. Those who experionced HE bofore
Ramadan had the highast ato of HE duing Ramacan.

About 163% of patents roportod HE whi herest i ot ecal expeincing any hypoghcama
Hypogiycenia was siniicanty assodated wih a insuln except basa nsun. 1t was lso associted wih
Piogitazone, SU, and MTF.Insuin in combo wih any OAH drg s lso associted wih HE.

The extent and dueaton of HE was ot sigfcanty Giferent betwoen before and during Ramadan. The
overallinidenco of Asymptomate HE was incroased i Ramadan but ot sgrfcanty. Tho patients
reported nether a major nor a minor HE. A signfcantl ncreased number of HE in Ramadan s found
i patients who take ust SU or SU and MTF comoared with those who take only MTF.
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TR OIRCTINA SSOr =%, IS OO0 FYRNIG PENTIONSL T ROV QI KROFITION GOUR: A imer-or-
130,45 anc 20.49% nccnts ofsef repoxted minor HE durng Rasmadan were repored i the ntaventon and
‘contol group, espectely. Oy 22% i theintervention roup and about 10% n the control Group were actual
HE confimed by SMBG.

HE recorded in patients’ caries were Categorzed o those vith HE o < 2.8 mmoll with hypoghoemic
‘symptoms. During Ramadan, 7% on repagnide-eated patients compared with 8% gibenciamide-eaied
patientsreported HE. Fowe repagiico-reated patients hac HE comparod with gibenciamido troated patents.

HE was numericaly higher i the SU group than the vidagiptin group, The number of patients experioncing HE
‘was igher i the SU group compared it the idagptn 0roup. Patients breaking th fast due o intoerance to
fasting, discomon, and fea of HE were al i the SU group, and there were no patients i the vidagiptn goup
who discontioued the fastg.

Less partcipants on bisenaide + basal insuin () experenoed > _1 documented symptomatic HE dung
Ramadan than paricipants on SU + BH1 3% vs. 6.8% respecteye. Incidenco of any HE was numaricaly
Tower ith bisenato + B1vs. SU + Bl curing Ramadan(1 3% v 14.7%, respectiedj.

Mg HE sificanty increased rom pre-Ramadan to durng Ramadan and signiicanty decreasd 10 post-
Ramadan. The ncrease during Ramadan was mainl atibuted to ncreased symptomate HE.

Oy one HE occured on the 6 day of Ramadan n patients on & mg gimepiide.

HE ate was sgrfcany lowe in the nteventon group (nsiin dose) than the ontrol group on standard care.
Tratment with Lovemi and Novo M« 70 vias non-erir to sandard caro i s heterogenadus group of
patients and was assocated i fwer adkerss events.

‘About a 255% rate of mino HE occurred in fastng patints with dabetos. Whio any forn of HE is undosiable
the management o iabetes, s ate s nevertheless ower than or comparable with other studes conducted n
onasting patients with T20M.

e sk of symptomatc HE was sgnifcantly decreasad with Stagiptn reatve to SU. No reported severd HE or
that requirec medical asistance was eported duing Ramadan.

HE during fasing occured i patients n the intevention grous (nhicuaized dibetc education sessions before
Ramadan) than n the contolgroup on standard care. (4,19 vs. 19.5%, respecthely.

e hypogcemic soores before, dung, and ater Ramadan was lower n the ntenenton (ore-Gabetos.
‘education with an antabeic agent) group n COMPATSOn wilh the Contol (sandard care) Group.

e nypogycenia score i the nteventon (Ramadan sructured education) group was reduced fom pre-
Ramadan o dueing Ramadan whie n the contol (tandard care) Group, 10 Sgniicant changes were noted
before and during Rammadan

No signifcant iflecence i the numbe of el reported HE betwesn the two roups (Pogitazons and placebo.
No reduction i the number ofreportd HE when compared wih conventonal ey vithout piogitazone.
Hypoghyoemia assessmen (based on selreport) was ot seen among study parcpants simiar (o previous:
‘observations infasting iabetic paintstreated with antiGabetic rugs or inuin.

ey 6 ot see any hypoglyoamic events because of  suficat energy det pattem.

‘Alower proprton of patients had reportd o documented HE i the Dapagiozin roup than i the SU group.
T et ris of any roportc or documentad HE 1 ho 4th week of Ramaran was signfcanty lowe i he
Dapagitzin groxp.

Tnere was 0 ncconco of severe HE in iher expermental o the control group. The rumber and poton of
patients with HE symptoms in the experimental roup we lower than those in the controsed group

HE wero reported i 60.3% of cases with T2DM and i1 8.3% of cases with TIDM. Among those who ad
Pypoghcema, 2:8% of patients wih TIDM and 17.8% with T2DM broke e fast

Typo i pogycemsevent means: recoded, symptomats o severs.he sty ol ot compare bewoen e and post and compe o ypes of meckcaton, s il e descrbed
e i e by
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HE was observed in about 20% and was more frequent in T20M, The number of rypoghoemia reported
in 135 patints, ranged i an average of 2.87 + 2.33. AbOu! 625 HE was documented with an aveage
059 2 10 m/. About 135 havo severd HE o 1o the immedito break of o asting.

“Tners were more mid and moderate HE reparted by particpants who received indiaized eccation
han those who received usual car, bt fewer reported svere HE during Ramadan

HE was roportod i low foquancios i both tho Vidagiptin and tho SU groups.

HE recced durng and ater Ramadan fatig i comparison with the pr-fastng T2DM male patnts
undirtaking tho Ramadn fast can safely maintain gycemic contol wih ovening adminsiaton of
Giciazide MR 60 mg durig th fast and reverting 1o a moring schedule theceafe. There were about
4% HE before Ramadan, about 2% hring,and 1.5% ater Ramadan.

No signifcant diflecences betwesn the groups i the numberof HE during Ramadan. i partubr, no
increase i HE was repored during fastng compared with beore and afer Ramadan.

Mo overall HE rats wore 1.11% durng Ramadan and 2.41% durig non-Ramadan perods; the
diference was not statistioaly sgniicant. No signcant Gference ias found between fastng and non-
fasting subjects concoming ow bood 9lcose ncices and ho alo o HE.

o extrems flctuations in bood gucos lvels oy 0ne patien reported symptomat and biochemical
ypogiycena severe enough o break tho fastat noon.

Typo o ypoghoemec evont maans: rocod, symptomat o soor.he sty ol compart bewoen o and o nd Compro o ypes of madkcaton, 1wl b doscrbod

s Svaak Paet® Sila





