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Introduction

In patients with diabetes intending to fast, Ramadan, risk assessment, and stratification are essential for an individualized treatment plan. It seems that the new IDF-DAR risk stratification tool (International Diabetes Federation - Diabetes and Ramadan Alliance) has become the primary tool in this setting. This study aims to validate this tool in the Abu Dhabi population.





Method

The assessment was performed before Ramadan, followed by an evaluation of any significant outcome after Ramadan through tele-interview and an electronic medical records review. Patients were included if the attending physicians used the tool in the risk assessment of the patients within 6 weeks before Ramadan 1,444 (CE 2022) in the AHS healthcare center.





Results

The study included 435 patients. Half (51.7%) were in the low-risk category of the IDF-DAR risk stratification tool, 28.5% were in the moderate-risk category, and 19.8% were in the higher-risk category. Of the total patients, 81.3% fasted during the entire Ramadan period and 18.7% attempted to fast. A total of 14 (3.8%) patients were admitted at least once, and 56 (12.9%) had at least one significant event, including admission to the hospital. Using univariable logistic regression, the occurrence of adverse events was significantly associated with more days not fasted, B = −0.126, p < 0.001, OR = 0.88 (0.839–0.927). Using multivariable logistic regression, and after controlling for all variables studied, other risk factors identified with the occurrence of adverse events in this study were as follows: being in the low-risk category of the DAR risk assessment tool, B = −1.1, OR = 0.34 (0.157–0.744), p = 0.0072; being in the frail category compared to the reference category, the robust category, B = 1.54, OR = 4.6 (1.3–16.6), p = 0.018; and older age B = −0.034, OR = 0.966 (0.938–0.995). There was no significant difference between moderate- and high-risk categories in the occurrence of significant adverse events (SAEs). Similar determinants of fasting were identified during the entire Ramadan period using multivariable logistic regression.





Conclusion

According to the IDF-DAR risk assessment, patients with diabetes in the low-risk category had a better outcome than those in the moderate- or high-risk categories regarding SAEs. Another independent risk factor is if the patient is frail, according to the FRAIL scoring.
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Background

The health effects of changes in the diet and lifestyle of patients with diabetes during Ramadan are of increasing interest in terms of estimating the possible risks and benefits to better inform management guidelines, including recommending exemptions from fasting and optimal medication adjustments. For the whole month of Ramadan, Muslims must abstain from eating and drinking from dawn to sunset, and these fasting hours are accompanied by a change in sleep and primary meal times. Accumulating evidence, including a recent systematic review, confirms that the incidences of complications during Ramadan are minimally higher than at other times of the year in high-risk patients with diabetes (1). However, the ability of patients’ bodies to adjust to these changes is variable, and many factors, such as comorbidities and diabetic complications, may influence it. Therefore, many international societies have issued guidelines to guide physicians and patients to fast Ramadan safely (2).

In patients with diabetes, risk assessment and stratification are essential for an individualized treatment plan. It seems that the new IDF-DAR risk stratification tool (International Diabetes Federation - Diabetes and Ramadan Alliance) has become the primary tool in this setting. It was developed based on the available evidence and the consensus of experts who included factors thought or found to increase the risk of adverse events in patients with diabetes. A score is generated as collective points given to the different factors if these risk factors were present (2). It was found to be valid in predicting both the ability to fast during Ramadan and the likelihood of getting hypoglycemia, hyperglycemia, or significant adverse events (SAEs) (3–9). Validating this calculator in different settings will facilitate more perception and the applicability of the tool.

The Abu Dhabi Emirates context represents a high-resource Muslim country with a high prevalence of diabetes (2). Providing appropriate, effective, quality care for this large population in preparation for Ramadan fasting is a priority for better quality of life and less risk. Globally, fasting was found to be efficient for the management of diabetes (10). Assessment tools that can assist in stratifying patients with diabetes are critical in avoiding stressing high-risk patients.

For a few years, Ambulatory Healthcare Services had an initiative to counsel and adjust the care plan for patients with chronic diseases who intend to fast during Ramadan. The IDF-DAR practical guidelines, including the IDF-DAR risk stratification tool published in 2021, were used to assess risk and assist in decision-making for people with diabetes. The tool was built into the electronic medical records (EMR) system. Physicians were encouraged to use it to help stratify patients with diabetes and guide their counseling on decisions regarding fasting. This study aimed to validate the IDF-DAR risk stratification tool by comparing the patients’ outcomes after Ramadan to the assessed baseline, the IDF-DAR risk stratification score before Ramadan. This outcome-based risk stratification is important for guiding clinical patient care decisions.





Method

Ambulatory Healthcare Services has structured chronic disease clinics. Within these clinics, an annual initiative targeted patients with chronic disease to counsel them and adjust their care plan in preparation for fasting during Ramadan if medically appropriate. Integrating Ramadan fasting-related counseling in chronic disease patient visits is preceded by an educational event targeting physicians on new updates in this area. The IDF-DAR practical guidelines were included in the educational event, including the IDF-DAR risk stratification tool published in 2021. The AHS team requested to use the tool within the EMR system, which was built internally within CERNER EMR. The training was conducted, and physicians were encouraged to use it to help stratify patients with diabetes and guide their counseling on decisions regarding fasting.




Data collection

This is a prospective observational study. Assessments were performed for all participants at two time points: 6 weeks before Ramadan 1,444 (CE 2022) in the AHS healthcare center and again after Ramadan. Patients were included if the attending physicians used the IDF-DAR risk stratification tool as a pre-Ramadan assessment. As per the IDF-DAR practical guidelines, all patients with diabetes who intend to fast during Ramadan should be screened using this tool. An EMR report was extracted before Ramadan. All patients in the EMR report were contacted and asked for consent, and an assessment of frailty using the FRAIL scale was carried out. Besides the IDF-DAR risk assessment and FRAIL score, no other clinical data were collected except those routinely ordered before Ramadan. Therefore, patients from the AHS centers assessed as part of their routine visits were included.

After Ramadan, family medicine residents collected data through tele-interview. They called the patients, and if they consented to participate, data were collected regarding fasting and significant history during Ramadan. As Abu Dhabi has integrated electronic health records, data collected through patient tele-interviews could be validated through the EMR chart review. Patient privacy was maintained during tele-interviews as it was done from the AHS centers, and consent for the interview and EMR review was taken.

Review of EMR was done after Ramadan. Important demographics and medical history not included in the IDF-DAR risk assessment were collected in addition to clinical data such as laboratory results within 3 months before Ramadan and 3 months after Ramadan that were determined as part of the patient’s routine care. These laboratory results included HBA1C, renal function, systolic blood pressure (SBP), diastolic blood pressure (DBP), and body mass index (BMI). Frailty assessment was performed for patients 60 years or older, and the FRAIL tool was used. It is a validated tool with five questions demonstrating strong evidence for predicting clinical outcomes (11–14). The five questions were related to fatigue; resistance or climbing stairs; ambulation, i.e., walking a couple of blocks; number of chronic illnesses; and losing weight by more than 5%.

Outcome assessment after Ramadan included fasting status, significant health events, and time of admission into care collected after Ramadan. Only events occurring during Ramadan were considered in this study and for those who did fast after their fast. Surveillance started on the first day of Ramadan and continued until the end of the holy month. Events included unplanned admissions, a history of hypoglycemia, and significant symptoms that required breaking fasting, such as dizziness, fainting, and fever.





Data analysis

Out of the 610 patients with diabetes who had the IDF-DAR risk assessment score calculated, 435 were included in the analysis (Figure 1). Twenty patients who did not attempt to fast for a single day were excluded. Patients with type 1 diabetes were also excluded due to their small number in primary care (21 patients in total), which can result in a heterogeneous sample. There were 134 patients with no response or who refused to participate.




Figure 1 | Flow diagram for the study sample with excluded and included subjects.



Data analysis was performed using SPSS v27. Frequencies, cross-tabulation, and regression analysis were used. Logistic regression was used to test the dependent variable outcomes studied, significant event occurrence, and hypoglycemia, with all variables collected and included to test possible significant associations. Hosmer and Lemeshow chi-square was used to test for goodness of fit and calibration of logistic regression models.






Results

According to the IDF-DAR Assessment tool, half of the study participants (51.7%) were in the low-risk category, of which 89.8% fasted during Ramadan. Among the study participants, 28.5% were categorized as moderate risk and 84.7% fasted during Ramadan; 19.8% were in the higher-risk category, and those who fasted during Ramadan were 80.2%.

Table 1 shows the patients’ demographics, with almost two-thirds of the patients belonging to the 50 years or above age group and 16.1% belonging to the above 70 age group. Those between 40 and 50 comprised 18.4%. Older patients were in the higher-risk category per the DAR stratification. For example, nearly one-quarter of them were in the higher-risk group in the age groups above 50 years compared to 2.3% and 11.6% in the age groups 31 to 40 years and 41 to 50 years, respectively. Male patients comprised 43.4% of the sample, and UAE nationals comprised the majority (74.5%). Of the included patients, 57% had diabetes for more than 10 years. Diabetes control became progressively worse as the DAR risk category increased, with an average HbA1C of 7.18, 8.2, and 9 for the low-, moderate-, and high-risk categories, respectively. Table 1 shows the distribution of comorbidities and the medications used by patients with diabetes.


Table 1 | Study subjects’ characteristics.



Regarding outcome, from the entire sample, 14 (3.8%) were admitted at least once and 56 (12.9%) had at least one significant event, including hospital admission. This was progressive among the three risk groups as per the DAR tool with 2 (1.1%), 3 (2.7%), and 9 (12%) admissions in the low-, moderate-, and high-risk groups, respectively, and 18 (8%), 21 (16.9%), and 17 (19.8%) among low-, moderate-, and high-risk groups, respectively. Those who did not fast had an event rate of 8 (42.1%) compared to 56 (12.9%) among those who fasted or attempted to fast.

Using univariable logistic regression, the occurrence of adverse events was significantly associated with more days not fasted, B = −0.126, p < 0.001, OR = 0.88 (0.839–0.927). Using multivariable logistic regression, and after controlling for all variables studied, other risk factors identified with the occurrence of adverse events in this study were as follows: being in the low-risk category of the DAR risk assessment tool, B = −1.1, OR = 0.34 (0.157–0.744), p = 0.0072; being in the frail category compared to the reference category, the robust category, B = 1.54, OR = 4.6 (1.3–16.6), p = 0.018; and older age, B = −0.034, OR = 0.966 (0.938–0.995). Interestingly, there was no significant difference between moderate- and high-risk categories in the occurrence of SAE in Table 2A and Figure 2. Hosmer and Lemeshow chi-square = 3.36, p = 0.91.


Table 2 | Predictors of (A) significant adverse events occurring during Ramadan and (B) fasting during Ramadan among the whole cohort of 435 participants.






Figure 2 | The IDF-DAR raw risk score in relation to the occurrence of significant adverse events (reported significant symptom or hospital admission).



Similar determinants of fasting during Ramadan were identified using multivariable logistic regression (Table 2B). Being in the lower-risk category of IDF-DAR doubles the possibility of fasting during Ramadan, B = 0.76, OR = 2.1 (1.01–4.5), compared to the high-risk group, and there is no difference between the moderate- and high-risk groups in completing fasting during Ramadan. Similar to the occurrence of ASE, being frail was a significant risk factor for not fasting during the entire Ramadan period, while older age was marginally significant, p = 0.076. Hosmer and Lemeshow chi-square = 8.597, p = 0.377.

The performance of the developed model from the logistic regression analysis is described in Table 3.


Table 3 | Performance of the IDF-DAR tool and the model developed and from the logistic regression in predicting (A) SAE and (B) fasting during Ramadan.



The c statistics of the performance of the developed logistic regression model was better, 0.676, than the IDF-DAR alone, with 0.61 to predict outcomes studied. In addition, the sensitivity of the IDF-DAR alone was better in predicting SAE than a prediction of not fasting during the entire Ramadan period, 67.3% compared to 27.6%. The developed model, which included the FRAIL score, age, and the IDF-DAR score, performed better in detecting both studied outcomes. Sensitivity and specificity were similar, approximately 60% and 67%, respectively (Figure 3).




Figure 3 | The IDF DAR raw risk score in relation to the occurrence of significant adverse events. (reported significant symptom or hospital admission). (A) IDF-RAK performance to predict Significant Adverse Events during Ramadan. (B) IDF-RAK performance to predict NOT fasting all Ramadan days. (C) IDF-RAK performance to predict NOT fasting all Ramadan days. (D) IDF-RAK performance to predict fasting all Ramadan days. AUC, Area Under the Curve; SAE, Significant Adverse Events.



Another important outcome is the incidence of hypoglycemia, with 46 patients reporting hypoglycemic episodes during the month of Ramadan (11.7%). The high-risk group, as per the DAR stratification tool, had 10 patients experiencing these episodes during Ramadan (12.7% of the high-risk patients); the moderate-risk group had 18 episodes (15.8%), and the low-risk group had 18 episodes (9%) (Table 4). These hypoglycemia episodes were more likely among those who needed to break their fast, which was the only significant determinant of hypoglycemia as per logistic regression, B = −0.11, CI (0.85–0.94), SE = 0.027, p < 0.001 (Figure 4).


Table 4 | Hypoglycemia incidence distributed by the IDF risk assessment score.






Figure 4 | The incidence of hypoglycemia in relation to days fasted during Ramadan.







Discussion

Patients in the low-risk category, as per the DAR risk assessment tool, who fasted during Ramadan or attempted to fast had a significantly better outcome than those in the moderate- or high-risk categories during Ramadan regarding the occurrence of SAEs. They were at 70% less risk of developing an adverse event than those from the moderate- or high-risk categories. Those in the moderate- and high-risk categories were nearly close to each other in predicting patient outcomes during fasting. Although there was a noticeable increase in the risk of adverse events with increasing IDF-DAR risk category scores from low to moderate to high, as seen from the logistic regression controlling for other factors, it is suggested that counseling be provided for patients in the moderate- and high-risk groups equally.

This study reported more adverse events than a similar study in the same period in a diabetes center in Abu Dhabi-AlAin (3). Mohammad et al.’s study reported outcomes related to mainly hypoglycemic and hyperglycemic episodes. Only one patient in their cohort had been admitted. Therefore, this study adds an outcome that matters: fewer hospitalizations and incidence of illness in the lower-risk group. This observation was higher in this study than in Mohammad et al.’s. Surprisingly, their study had more hypoglycemic episodes than this study, 15% compared to 9.6%, respectively. However, other variables, such as diabetes control, insulin use, or diabetes duration, did not differ much between the two cohorts in explaining this difference. Such differences between cohorts warrant an investigation of the possible factors influencing outcomes. For example, this study setting is a primary care center, while the Mohammad et al. study is based in a diabetes-specialized center. There are potential cultural and healthcare system differences between the two settings that could explain such differences. Patients choosing to be followed in a specialized center could represent a different socioeconomic status or disease risk category. Moreover, differences in practice resources and medication use can influence such outcomes.

The risk of hypoglycemia may be related to other factors, such as the healthcare setting, health literacy, and self-management, but it is not associated with the patient’s risk profile. In another similar study to validate the DAR risk assessment tool in Bangladesh, Kamrul-Hasan et al. found that hypoglycemia and hyperglycemia risks were 3.74-fold and 3.86-fold higher in the high-risk group than in the low-risk group (5). Similar to this study, the episodes of hypoglycemia were lower than those of Mohammed et al.

This study supports Mohammad et al.’s and Kamrul-Hasan et al.’s study in that the DAR risk assessment tool helps stratify the risk of patients with diabetes intending to fast during Ramadan. Two additional independent risk factors were identified: previous fasting experience and patients’ frailty. The more days the patients did not fast, the more adverse events there were, which may indicate that they could not complete fasting due to poor health, and those who completed fasting are in a better health status. This highlights the importance of patients’ previous fasting experience, validating the DAR risk assessment tool question.

Frailty was found to be another independent risk factor in this study. No study used the FRAIL score to assess the outcome of fasting during Ramadan; therefore, this is an important addition discussed in another part of this study (15). This highlights the importance of studying new risk factors for adverse events, such as social factors, healthcare literacy, income level, and access to medical care. In the United States, for example, integrating social context into healthcare delivery has become a priority strategy due to accumulating evidence of it being determinantal in the outcome of patients with diabetes (16–18). The main limitation of this study is the possible variation among physicians who performed the clinical judgment and utilized the risk estimation calculator. This was found to be true in a study by Afandi et al., where classifying the risk of patients with diabetes during Ramadan fasting was found to be widely varied (19). They used case scenarios presented in a survey distributed to physicians and asked to evaluate patients’ risk utilizing the same DAR calculator. The variation was particularly higher in moderate-risk cases. Investigators attributed this to factors other than clinical judgment, such as personal, spiritual, and social factors. They recommended that risk categorization be customized to empower physicians to stratify each patient. Nevertheless, these factors, although important, in support of this risk assessment tool is the significant prediction of key outcomes that support the physicians’ judgment.

It is empirically recommended that validating this tool in different cultures and geographical regions will strengthen the prediction of outcomes. Important factors, such as healthcare literacy, self-management, and socioeconomic status, could significantly influence a patient’s ability to fast and manage diabetes. Future studies need to control for these social determinants of health.

Variations in individual physicians’ practice may influence the outcome, and it is also a limitation and possibility for future research. The medication change and review were not addressed during data collection. However, it was one of the aims of the counseling visits before Ramadan as part of routine care in preparation for Ramadan.

Another limitation could be the lack of blinding of patients and healthcare providers of the assessment result and subsequent counseling and change in management effect on outcome. Unfortunately, this limitation in assessing the risk of Ramadan fasting may not be possible to overcome; since the IDF-DAR tool was introduced a year before the study, it became a required assessment during the routine care of patients with diabetes before Ramadan. Depriving patients from knowing the risk and having physicians target it with appropriate interventions is unethical. Nevertheless, in support of the fact that the lack of blinding may not have significantly affected the study, the aim is that the influence of counseling targeted all participants and not selective to a group. In addition, a higher risk could have more intense counseling and possibly reduced the number of SAE. Fasting decisions were not much affected as only 7 out of the 93 high-risk patients did not fast compared to 5 out of 128 in the moderate-risk group. This is explained by the cohort’s firm intention to fast as Muslims and the shame and disappointment they feel by not fulfilling this major pillar of Islam. Therefore, they are counseled, but most of them fast as per this cohort; 96.4% did fast the whole month of Ramadan or attempted to do so. Patients intend to observe fasting during all Ramadan days and will only refrain from doing so in case of an illness to prevent a serious adverse effect.

Another area for improvement is the potential biases introduced through tele-interviews, with the risk of data collection being compromised by less rapport, probing, and interpretation of responses. Yet, tele-interviews contribute to better accessibility to participants, more effortless follow-up, and lower costs. In support of its use, evidence is lacking that they produce lower-quality data (20).

Finally, this study’s practical recommendation for clinicians is to incorporate evidence-based tools in risk assessment, such as the IDF-DAR risk assessment tool and FRAIL, into practice to aid in decision-making when assessing recommendations for added potential stress on patients, such as fasting.





Conclusion

Fasting is not associated with a higher risk of adverse events, but the patient’s higher-risk category is. According to the IDF-DAR risk assessment, patients with diabetes in the low-risk category had a better outcome than those in the moderate- or high-risk categories regarding SAEs during Ramadan. Another independent risk factor is if the patient is frail, according to the FRAIL scoring. Future IDF-DAR risk assessment tool validation studies related to fasting need to control for social determinants of health and medication adjustment during fasting. Additionally, future research should aim at prospective and multi-regional validation to enhance the generalizability of the findings.
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