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Factors affecting medical adherence in the management of Diabetes mellitus and techniques developed to achieve adherence

Abstract
Objective: To analyze the various factors affecting medical adherence in the treatment of Diabetes mellitus and techniques developed to improve adherence of the diabetic patients.
Methods: We have referred research papers and review papers published in ScienceDirect and PubMed databases. Journals such as Journal of social health and Diabetes, Journal of Pharmacy and Bio allied sciences, Journal of Diabetes & Metabolic Disorders, British Journal of Clinical Pharmacology, BMJ Journals and so on. We have analyzed and interpretated the data from these valuable resources. 
Results: Important factors that interfere with adherence were sorted out and strengthened it with evidence from clinical data (Case study and trials). As well as strategies evolved to achieve adherence from patient sides are also discussed with proof.
Conclusion: Medication adherence has an inevitable role in the management of long-term diseases. Improper adherence causes increased mortality and morbidity. It possesses major threat to the healthcare community. Medical adherence is neither in the hands of patients nor physician. It is only managed by whole healthcare system in an integrated way.

Keywords: Diabetes Mellitus, Adherence, HbA1C levels, Glycemic control. 

INTRODUCTION
Diabetes is a metabolic disorder which is chronic in nature. Imbalance of insulin and blood glucose level (hyperglycemic state) leads to diabetes. Both environmental and genetic factors remain as the etiological factors. Morbidity and mortality of diabetes continue to increase even though many developments in the management of diabetes. The untold reason of this, makes us to think about adherence. Adherence has equal importance as diagnosis and management. 
About 422 million people across the world are presented with diabetes and they belong to low to middle income countries1. In India, 7.7 crore people greater than the age of 18 years are suffering from Type 2 diabetes and approximately 2.5 crore people are prediabetics (having a greater chance of becoming diabetes)2. 
Gestational Diabetes Mellitus returns to the normal state after delivery but often occur again with Type 2 Diabetes Mellitus characteristics3. Their descents are also at increased risk of having Type 2 Diabetes Mellitus4. 
[bookmark: _Hlk144878876]Mortality rate as well as medical cost of diabetic patient is high as 50% compared to non-diabetic individuals5. Identifying the factors that are linked with poor adherence to medicine is an important step for framing newer interventions in the clinical sector.

MEDICATION ADHERENCE
As per World Health Organization (WHO) definition, adherence is the extent to which a person’s behavior of taking medication, following a diet/executing lifestyle change, corelates with agreed recommendations from a health care professional. In this review, we are dealing with medication adherence. 
In a multicenter prospective observational study, Partial or complete medical adherence to diabetic medication in pregnant patients led to lower administration of insulin compared to non-adherence patients in 67% cases6. In a cohort study, male patients show poor glycemic control over female patients and there is significant poor glycemic control in male patients who are non-adherent compared to adherent7. These are some examples which insist the value of adherence in the clinical setting.

Stages of medication adherence: Initiation, Implementation and Persistence8. A great care should be given to persistence stage of medical adherence.	Comment by Putu Dewinta Darmada: It will be better if there is some narrative or description of the initiation, implementation and persistance stages

[bookmark: _Hlk144921814]STRENGTH AND WEAKNESS 
Major factors affecting medication adherence around global were discussed.
Recent intervention that has been made to overcome has be emphasized.
The proposed data may not cover for patients pediatric since research data obtained does not include patients who were less than 18 years of age.	Comment by Putu Dewinta Darmada: What about the DMT1 patient, are they included? Please state here to avoid confusion. 
	
FACTORS AFFECTING MEDICATION ADHERENCE 

	CLASSIFICATION OF FACTORS AFFECTING MEDICATION ADHERENCE

	PATIENT ORIENTED
	DISEASE ORIENTED
	SYSTEM ORIENTED

	Direct
	Indirect
	Duration of disease
Number of medications
Comorbidities
Side Effect
	Inaccessibility to medicines
Gender
Education

	Clinical visits 
Age
Marital status
Family support
Self-efficacy
	Financial status
Forgetfulness
Busy schedule
Neuroticism
	
	


Table 1- Classification of factors influencing adherence to medication 
PATIENT ORIENTED (DIRECT)

CLINICAL VISITS
[bookmark: _Hlk144912456]	In a prospective cross-sectional study, As the number of clinical visits increases the adherence also increases. Since, there is better coordination among the health care professionals and the patients withs type 2 diabetes mellitus, taking oral hypoglycemic drugs9. A cross-sectional study consisting of 343 patients showed that maintaining proper attendance in the diabetic counselling helps in improving medication adherence10. 
A longitudinal cohort study of old adult showed that increased complications comorbidity and prior emergency room visits are associated with decreased medication medications, measured by the Medication Possession Ratio (MPR)11. In hospital based cross sectional study, Proximity of hospital shows positive impact on medication adherence12. From a retrospective study conducted in Japan, number of clinical visits greater than or equal to 17 showed higher adherence level13.

AGE
	A cross-sectional survey study showed that young age people belonging to China showed lower medication adherence14. From a retrospective study, the older patients were associated with higher medication adherence13.

MARITAL STATUS
	Humans are highly social creature. In a cohort study, both glycemic control and medical adherence are poor in non-married single patients7. Togetherness of human beings helps in achieving better medication adherence. 	Comment by Putu Dewinta Darmada: Better to add more references about this

FAMILY SUPPORT
[bookmark: _Hlk144891209]	In a randomized clinical trial, family members (Mainly spouses) help the patient to take their medications properly15. Family members of the patients give support to them both mentally and physically. This helps in achieving medication adherence. Social support is a significant direct factor on medical adherence; this is shown in a cross-sectional study based on structural equation model16. 
	Higher loneliness levels corelate positively with poorer glycemic control17.

SELF EFFICACY
	Self-efficacy is the power of individuals to do certain goals on their own without help from others18. According to a study, self-efficacy is an important factor in determining medication adherence16.

PATIENT ORIENTED (INDIRECT)	Comment by Putu Dewinta Darmada: (Indirect Factor)

FINANCIAL STATUS
[bookmark: _Hlk145095331]	Financial status plays an important role in medical adherence. Especially in developing countries like India. In a cross-sectional observation study, low financial status is associated with poor adherence to diabetic medicines19. A cross-sectional study consisting of 704 patients indicates that there is significant relation between income and medication adherence20.

FORGETFULNESS
	Forgetfulness, a nature of human beings. This is the main reason of unintentional lower medical adherence19. This is reflected in an observation study conducted in super specialty hospital, India. Depression is of most common cause.

BUSY SCHEDULE
	People in today’s world are running along with time. They don’t even spare some time to eat healthy foods. In a cross-sectional study, busy schedule of patient makes poor adherence to drugs19. Adherence is low in employed patients compared to unemployed in a prospective cohort study7.

[bookmark: _Hlk144883952][bookmark: _Hlk144892730]NEUROTICISM
	In a cross-sectional study neuroticism does not directly influence the medication adherence. But it is involved in determining social support as well as self-efficacy which in turn reflects in medication adherence16.

DISEASE ORIENTED

DISEASE DURATION
	The duration of disease is directly proportional to the adherence of medicines in patients taking oral hypoglycemic drugs in a prospective cross-sectional study 9. Greater the duration of the disease course, the patient has high opportunity to interact with healthcare workers and better gaining of knowledge. This is contraindicated by a hospital based cross sectional study12.

MEDICATIONS
	In a prospective study, Adherence reduces with increase in number of medicines per day prescribed to the diabetes mellitus patients taking oral hypoglycemic drugs9. Taking multiple oral medications causes increased burden for patients. Hence, it paves the way for poor adherence. Frequency of medication more than twice daily deteriorates the HbA1c level21. In a hospital based cross sectional study, medical adherence is inversely proportional to the medication regimen complexity12. 
This is contraindicated by a retrospective study conducted in Japan which shows increased medication adherence of patients taking three or more medications13. A cross-sectional study conducted in Indonesia also supports this22.

COMORBIDITIES
	Adherence is inversely proportional to the number of comorbidities in type 2 diabetes mellitus patients. Which is shown by cross sectional study. This is usually due to the consequence of polypharmacy9. Absence of comorbidities positively influenced the medication adherence in a hospital based cross sectional study12. 

SIDE EFFECTS 
	The side effects of the patient have its own way of deteriorating medication adherence. This is shown by a cross-sectional review study23.

SYSTEM ORIENTED 

INACCESSIBILITY OF MEDICINES
	There are still some rural areas in India where electricity services have not yet reached. Community pharmacy in that region is of question mark. A cross-sectional observational study shows that inaccessibility of medicines has small effect on medical adherence19. 

GENDER
	A Cross-sectional study conducted in Gaza showed female sex is positively associated with medication adherence24. A study conducted in South-West Germany shows that adherence to medication is slightly higher in women compared to men7. But, in a retrospective study, male patients were found to have higher medication adherence13. A study conducted in Saudi Arabi showed that male has higher medication adherence25.

EDUCATION 
[bookmark: _Hlk144912211][bookmark: _Hlk144913906][bookmark: _Hlk145093147]	In a cohort study, low level of education of patients results in decreased compliance to the medication7. Education level of patients indirectly makes them to be health conscious. A cross-sectional study consisting of 343 patients showed that formal education improves the medication adherence of the patient10. These similar results were presented by the study conducted in India, Canada and Ethiopia26–28. Health literacy refers to knowledge in terms of proper maintaining of health at an individual level.
[bookmark: _Hlk145093961][bookmark: _Hlk145094560][bookmark: _Hlk145095980]	A study involving 104 pregnant women with gestational diabetes mellitus showed relationship between health literacy and diabetes mellitus29. People with inadequate health literacy leads to change of medication dose, forget to take medicines and intentional missing of dose30. Though many authors support the above but Yen-Ming Huang et al rejected the above and believed that there is no correlation31. The ability to read the prescription label influences medical adherence significantly, this is shown by a randomized cross-sectional analysis comprising 77 patients21.  
	Poor heath literacy negatively imparted the medication adherence in a cross-sectional study conducted in Gaza24. Illness perception is positively associated with the medication adherence32. 
	

	With reference from33.	Comment by Putu Dewinta Darmada: Better to state, e.g. : {Figure (Number) Health Lireracy Impact} and then can superscript the number 33



[bookmark: _Hlk144894149][bookmark: _Hlk144912961]Fig 1- Classification of Health Literacy 
OTHER FACTORS
[bookmark: _Hlk145349121][bookmark: _Hlk145348608]	A study presenting 343 patients showed that there is no correlation with age, profession, duration of medication intake or types of diabetic medicines and medication adherence10. In a study conducted in Iran. If a diabetic patient comes from a family, whose members are already diabetic has increased medical adherence due to better knowledge of diabetes disease34. Social and religious events, particularly Ramadan and Eid, influence patients to modify or skip medication routines25.

Warning signs for poor adherence (Adapted from reference35):
	Patient showing lack of confidence from the management of the disease.
	Patient’s fearfulness regarding the adverse effects of medication.
	Patient’s concern about the lifelong treatment.
	Patient’s poor understanding about illness.
	Unexpected increase in blood glucose level.
	Insufficient response to the treatment.
	Multiple comorbidities.
	Poor participation in clinical visits.
	Difficulty in communication.
	Psychiatric disorders.
	Poor family or social care.

	MEDICATION ADHERENCE PROPORTIONALTY TABLE

	Proportional 
	Inversely Proportional 

	· Clinical visits
· Disease duration
· Financial status
· Education
· Social support
· Self-efficacy
	· Number of Medications
· Number of Comorbidities
· Forgetfulness 
· Busy schedule
· Side effects


Table 2- Proportionality table indicating medical adherence

STRATEGIES DEVELOPED TO IMPROVE MEDICAL ADHERENCE 

	CLASSIFICATION OF STRATEGIES

	HEALTHCARE BASED
	TECHNOLOGY BASED
	OTHERS

	Diabetic flow chart
Diabetic updates
Patient categorization
Patient counseling  
Medication regimen
	Electronic health record
Text message
Voice message
Bluetooth Technology
Virtual assistant
	Chemical adherence testing
Fixed dose regimen
Awareness campaign


Table 3- Healthcare, technology and other strategies for the improvement of medical adherence
HEATHCARE BASED

COMPREHENSIVE DIABETIC FLOW CHART
	In an observational study conducted in US portrays HbA1C level of patient trend to decrease after the implementation of comprehensive diabetic flow chart36. Since the use of flow chart describes the demographics of patient best and helps in identifying the interventions that is needed to deliver to the patients.
	
EVIDENCE BASED DIABETIC UPDATES
	Evidence based diabetic updates to healthcare professionals help in lowering HbA1c level in diabetic patients36. This helps the physician to update their knowledge and discover the possible areas for increasing adherence. They are constantly published in Newsletters.

PATIENT CATEGORIZATION
	A study showed that the categorizing patients based on the risks and targeted interactions will improve medication adherence among the diabetic patients11.

PATIENT COUNSELING BY PHARMACIST
	Randomized control trial was performed in Andhra Pradesh, India. In that control groups were given usual care by physician whereas interventional groups are counseled by pharmacists. Both non-pharmacological as well as pharmacological management strategies were counseled to patient by pharmacist. General information of antidiabetic drugs and complications of diabetes mellitus were discussed. This intervention resulted in increased medical adherence. This also resulted in lowering HbA1c, Systolic hypertension and LDL cholesterol levels37.
	Pharmacist oriented patient counseling helps in achieving better medication adherence25. Educational interventions focusing illness perception significantly improve medication adherence32.

MEDICATION REGIMEN
	Simplifying medication regimen will improve medication adherence12. 	

TECHNOLOGY BASED

E - HEALTH RECORD (ELECTRONIC)
	Initiation of E (Electronic) - health record system in hospitals involves in reducing HbA1c level in diabetic patients 36. Their initial cost for establishment is high but their role is inevitable in the management of chronic disease or disorder.

TEXT/VOICE MESSAGE
	Pharmacist oriented patient counseling along with daily mobile text message remainders (Remainder to take drugs) trends to escalate the medical adherence of diabetic patients37. If the text message remainder is forwarded to family members it further increases adherence of the patient. Text message and voice call improve the medication adherence; this is shown in a review article38.

BLUETOOTH TECHNOLOGY	Comment by Putu Dewinta Darmada: Needs to add more references / narrative explaining every factors
	Implementing Bluetooth technology in adherence is promising. In an open pilot study patient adherence to multiple regimens has been increased through the use of Bluetooth enabled technology39.

VIRTUAL ASSISTANT
	Virtual assistant that reflects human-based conversation among with users. This provides real time communication to the users. A pilot study of thirteen patients showed improvement in medication adherence40.	

OTHERS

CHEMICAL ADHERENCE TESTING
	Checking the adherence of the patient using chemical evaluation of sample by measuring plasma concentration, urinary excretion rate and other pharmacokinetic parameters41. Implementation of chemical adherence testing in hospitals is highly difficult but they are the true depiction of adherence picture. 

FIXED DOSE REGIMEN
	They are most convenient form of increasing adherence in diabetic patients. Fixed dose regimen will be helpful in achieving better adherence compared to individual regimen. Since, number of medications involved is reduced in combinational therapy. This effect was observed in a systematic review of cardiovascular patients42. This similar approach can be extrapolated to diabetic patients.

[bookmark: _Hlk144922716]AWARENESS CAMPAIGN 
	Implementation of campaign in the community and hospital setting will be helpful in achieving medication adherence from all age groups of people.

[bookmark: _Hlk145096255]CONCLUSION
	Higher medication adherence markedly decreased the total annual healthcare costs, with a 10% increase in adherence linked to an 8.6% decrease in costs11. Concern has to be given to medication adherence similar to diagnosis and treatment. Awareness campaign has to be made to illustrate the ill effects of poor adherence in each hospital setting. Development of WhatsApp and Telegram bots will be useful to monitor the adherence of the patients through asking closed ended questions and summarizing the reports. This will be cost efficient and easily accessible. They are also available in vernacular languages. Publication of diabetes management and importance of medication adherence as a handbook will appropriately increase the adherence level.
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Classification of Health Literacy


Ability to read


Ability to understand


Ability to follow





