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' ABSTRACT ’ Introduction: Diabetes mellitus (DM) is a chronic condition characterized by hyperglycemia due to impaired insulin
secretion, insulin resistance, or both. Glycemic control is vital to prevent complications such as cardiovascular diseases
and neuropathy. Polypharmacy, defined as the use of five or more medications, is common in type 2 diabetes mellitus (T2DM) due to associated
comorbidities. However, it can lead to nonadherence, drug-drug interactions, and adverse effects, potentially worsening glycemic outcomes.
Materials And Methods: This prospective study included 100 T2DM patients categorized into polypharmacy (=5 medications) and non-
polypharmacy (<5 medications) groups. Glycemic control was assessed using fasting blood glucose (FBG), postprandial blood glucose (PPBG),
and glycated hemoglobin (HbA I¢). Medication adherence was measured using the Medication Adherence Rating Scale (MARS), and drug-drug
interactions and complications were documented. Results: Patients in the polypharmacy group had higher FBG (150 + 20 vs. 140 + 18 mg/dL,
p=0.04), PPBG (200 +30 vs. 180+ 25 mg/dL, p=0.01), and HbAlc levels (8.5 + 1.0 vs. 7.8 £ 0.8%, p=0.02). Medication adherence was lower in
the polypharmacy group (6.5 + 1.2 vs. 8.2 + 0.9, p=0.003), with more frequent drug-drug interactions (60% vs. 20%, p<0.001). Complications,
including hypoglycemia (20% vs. 10%), hyperglycemia (15% vs. 8%), and cardiovascular events (25% vs. 15%), were significantly higher in
this group. Discussion: Polypharmacy negatively impacts glycemic control, adherence, and safety. The complexity of managing multiple
medications contributes to medication mismanagement, highlighting the need for regular reviews and patient education to optimize treatment
regimens. Conclusion: Polypharmacy in T2DM patients is linked to poorer glycemic control, lower adherence, and increased complications.
Optimizing medication regimens, regular reviews, and adherence strategies are essential to improve outcomes and reduce risks.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder characterized
by persistent hyperglycemia resulting from defects in insulin
secretion, insulin resistance, or a combination of both. Effective
glycemic control is crucial in preventing the progression of diabetes-
related complications, including cardiovascular diseases, neuropathy,
nephropathy, and retinopathy.[1] Achieving optimal blood glucose
levels requires a combination of lifestyle modifications and
pharmacological interventions. However, the complexity of diabetes
management often leads to polypharmacy, which refers to the use of
five or more medications concurrently.[2]

Polypharmacy is particularly prevalent among individuals with type 2
diabetes mellitus (T2DM) due to the frequent coexistence of multiple
comorbidities such as hypertension, dyslipidemia, and cardiovascular
disease.[3] While the use of multiple medications may be necessary for
comprehensive disease management, it also presents challenges,
including increased risks of medication nonadherence, drug-drug
interactions, and adverse drug reactions. These factors can contribute
to poor glycemic control and unfavorable clinical outcomes.[4,5]

Despite the widespread occurrence of polypharmacy in T2DM, its
direct impact on glycemic control and patient adherence remains an
area of concern. Understanding the relationship between
polypharmacy and diabetes outcomes can help in optimizing treatment
regimens, minimizing adverse effects, and improving medication
adherence. [6-8] This study aims to assess the impact of polypharmacy
on glycemic control in T2DM patients by evaluating fasting blood
glucose (FBG), postprandial blood glucose (PPBG), and glycated
hemoglobin (HbAlc) levels. Additionally, the study explores
medication adherence and the incidence of drug-related complications
to provide insights into potential strategies for improving diabetes
management.

MATERIALSAND METHODS

Study Design And Setting

This prospective observational study was carried out in the
Department of Pharmacology at Government Medical College,
Jalgaon, Maharashtra, India. The objective was to evaluate the impact
of polypharmacy on glycemic control among patients diagnosed with
type 2 diabetes mellitus (T2DM).

Study Population

Atotal of 100 patients with T2DM attending the outpatient department
were recruited for the study. Participants were divided into two groups
based on the number of medications they were taking. The
polypharmacy group consisted of patients who were prescribed five or
more medications, whereas the non-polypharmacy group included
those taking fewer than five medications.

Inclusion Criteria

Patients aged 18 years or above, with a confirmed diagnosis of T2DM
for at least one year, and currently receiving oral hypoglycemic agents
(OHAs) and/or insulin therapy were included in the study.

Exclusion Criteria

Patients diagnosed with Type 1 diabetes mellitus, pregnant or lactating
women, and those suffering from end-stage renal disease,
malignancies, or severe hepatic dysfunction were excluded.
Additionally, patients who were unwilling to participate or were lost to
follow-up were also not considered for the study.

Data Collection And Outcome Measures

Participants were evaluated for glycemic control, medication
adherence, and drug-related complications. Glycemic control was
assessed using fasting blood glucose (FBG), postprandial blood
glucose (PPBG), and glycated hemoglobin (HbAlc) levels. FBG was
measured after an overnight fast, PPBG was recorded two hours after a
meal, and HbAlc levels provided an estimate of long-term glycemic
control. Medication adherence was evaluated using the Medication
Adherence Rating Scale (MARS), a validated tool for assessing patient
compliance with prescribed treatments. Drug-drug interactions and
complications were identified by reviewing patient prescriptions and
medical records, focusing on adverse effects such as hypoglycemia,
hyperglycemia, and cardiovascular events.

Statistical Analysis

Continuous variables, including FBG, PPBG, HbA l¢, and adherence
scores, were expressed as mean + standard deviation (SD) and
compared between the polypharmacy and non-polypharmacy groups
using the Student's t-test. Categorical variables such as the presence of
drug-drug interactions and adverse events were analyzed using the chi-
square test. A p-value of less than 0.05 was considered statistically
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significant for all comparisons.

RESULTS

The demographic data indicate that the mean age of participants in the
polypharmacy group was significantly higher (62 + 8 years) compared
to the non-polypharmacy group (58 + 7 years), with a p-value of 0.03,
suggesting that polypharmacy is more common among older
individuals. However, there were no significant differences in gender
distribution between the groups. The proportion of males was 55% in
the polypharmacy group versus 52% in the non-polypharmacy group
(p =0.42), while females constituted 45% and 48%, respectively (p =
0.56). These findings suggest that age, but not gender, may play a role
in the prevalence of polypharmacy among patients with type 2 diabetes
mellitus.

Analysis of clinical characteristics revealed that the polypharmacy
group had a significantly longer duration of diabetes (12 + 4 years)
compared to the non-polypharmacy group (10 + 3 years), with a p-
value of 0.04. The body mass index (BMI) was also higher in the
polypharmacy group (27.5 £ 3.2 kg/m?) than in the non-polypharmacy
group (26.0 £ 2.8 kg/m?), with a borderline significant difference (p =
0.05). The prevalence of comorbid conditions was markedly higher in
the polypharmacy group, including hypertension (70% vs. 50%, p =
0.02), dyslipidemia (65% vs. 45%, p = 0.01), and cardiovascular
disease (50% vs. 30%, p = 0.003). These findings underscore the
association between polypharmacy and the presence of multiple
comorbidities, which may contribute to the increased medication
burden in this group.

The glycemic control parameters showed statistically significant
differences between the two groups. The polypharmacy group
exhibited higher fasting blood glucose levels (150 £ 20 mg/dL)
compared to the non-polypharmacy group (140 + 18 mg/dL, p=10.04),
as well as higher postprandial blood glucose levels (200 + 30 mg/dL vs.
180 + 25 mg/dL, p = 0.01). Similarly, mean HbAlc levels were
significantly elevated in the polypharmacy group (8.5 + 1.0%)
compared to the non-polypharmacy group (7.8 +0.8%), with a p-value
of 0.02, indicating poorer long-term glycemic control. Furthermore,
medication adherence scores were significantly lower in the
polypharmacy group (6.5 + 1.2) compared to the non-polypharmacy
group (8.2+0.9), with a highly significant p-value 0f 0.003, suggesting
reduced adherence among patients on multiple medications. The
incidence of drug-drug interactions was also substantially higher in the
polypharmacy group (60% vs. 20%, p <0.001). In terms of glycemic
events, the polypharmacy group showed a higher frequency of
hypoglycemia (20% vs. 10%, p = 0.05) and hyperglycemia (15% vs.
8%, p = 0.08), though the latter did not reach statistical significance.
Cardiovascular events were also more frequent in the polypharmacy
group (25% vs. 15%, p = 0.04). Overall, these results highlight that
polypharmacy is associated with poorer glycemic control, lower
medication adherence, increased drug-related risks, and greater
cardiovascular morbidity.

General Demographic Characteristics

Characteristic| Polypharmacy Non-Polypharmacy |p-value
Group (=5 Group (<5
medications) medications)
(Mean £ SD) (Mean £ SD)
Age (years) |62+ 8 58+7 0.03
Male (%) 55 52 0.42
Female (%)  [45 48 0.56
Clinical Characteristics Of Study Participants
Characteristic Polypharmacy |Non-Polypharmacy |p-value
Group (=5 Group (<5
medications) |medications)
(Mean £ SD) |(Mean = SD)
Duration of 12+4 10+3 0.04
Diabetes (years)
BMI (kg/m?) 27.5+32 26.0+2.8 0.05
Hypertension (%) |70 50 0.02
Dyslipidemia (%) |65 45 0.01
Cardiovascular |50 30 0.003
Disease (%)

Study Results On Polypharmacy And Glycemic Control

Parameter Polypharmacy|Non-Polypharmacy|p-value
Group (=5 Group (<5
medications) |medications)
(Mean = SD) |(Mean £ SD)
Fasting Blood 150 +20 140+ 18 0.04
Glucose (mg/dL)
Postprandial Blood [200 + 30 180 +25 0.01
Glucose (mg/dL)
HbAlc (%) 8.5+1.0 7.8+0.8 0.02
Medication 65+1.2 82+0.9 0.003
Adherence Score
Drug-Drug 60 20 <0.001
Interactions (%)
Hypoglycemia (%) |20 10 0.05
Hyperglycemia (%)[ 15 8 0.08
Cardiovascular 25 15 0.04
Events (%)
DISCUSSION

In our study, the mean age in the polypharmacy group was significantly
higher (62 + 8 years) compared to the non-polypharmacy group (58 +7
years, p = 0.03), indicating that advancing age may be a contributing
factor to polypharmacy in patients with type 2 diabetes mellitus
(T2DM). These findings are in line with the results of Alwhaibi et al.
(2019)[8], who reported that polypharmacy was more prevalent in
older adults, with the majority of polypharmacy cases observed in
patients aged >60 years . Similarly, Wimmer et al. (2017) [9] noted an
increasing trend of medication use with age, especially in elderly
diabetic populations. Gender distribution, however, did not differ
significantly between groups in our study (Male: 55% vs. 52%,
Female: 45% vs. 48%; p > 0.05), which corroborates findings by
Sinnott et al. (2015) [10], who observed no significant sex-based
disparity in the prevalence of polypharmacy.

Our study revealed a significantly longer duration of diabetes in the
polypharmacy group (12 + 4 years) than in the non-polypharmacy
group (10 + 3 years, p = 0.04). This aligns with the study by Guisado-
Clavero et al. (2018), [11] which found that patients with longer
diabetes duration tend to develop more complications, leading to the
use of multiple medications. Furthermore, the mean BMI was higher in
the polypharmacy group (27.5 + 3.2 kg/m?) compared to the non-
polypharmacy group (26.0 = 2.8 kg/m?; p = 0.05). Similarly, the study
by Hovstadius et al. (2010) [12] reported that obesity was significantly
associated with increased medication use in patients with T2DM.Our
study also demonstrated significantly higher rates of comorbidities in
the polypharmacy group: hypertension (70% vs. 50%, p = 0.02),
dyslipidemia (65% vs. 45%, p = 0.01), and cardiovascular disease
(50% vs. 30%, p=0.003). These findings mirror those of Rajendiran et
al. (2020),[13] who observed that patients with multiple chronic
conditions such as hypertension and dyslipidemia had a higher
probability of being on five or more medications .

Our study found that glycemic control was poorer among
polypharmacy patients. Fasting blood glucose was significantly higher
in the polypharmacy group (150 + 20 mg/dL) compared to the non-
polypharmacy group (140 + 18 mg/dL, p = 0.04). Similarly,
postprandial glucose levels were also higher (200 +30 mg/dL vs. 180 +
25 mg/dL, p = 0.01). HbAlc levels were significantly elevated in the
polypharmacy group (8.5 + 1.0%) versus the non-polypharmacy group
(7.8 +0.8%, p =0.02). These findings are consistent with the study by
Kalogianni et al. (2021),[14] which demonstrated that polypharmacy
was associated with suboptimal glycemic control, with mean HbAlc
levels of 8.6% in the polypharmacy group compared to 7.7% in those
taking fewer medications .

Medication adherence was significantly lower in the polypharmacy
group (6.5 + 1.2) than in the non-polypharmacy group (8.2 +0.9,p =
0.003). This supports the findings of Jin et al. (2008),[ 15] who reported
that medication adherence declines with an increasing number of
prescribed drugs due to complex regimens and pill burden .
Additionally, Vimalananda et al. (2015)1 [16] observed lower
adherence scores among diabetic patients on multiple therapies,
further substantiating our results.

Our data also revealed a significantly higher incidence of drug-drug
interactions in the polypharmacy group (60% vs. 20%, p < 0.001).
These findings are consistent with those of Weng etal. (2013),[17] who
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reported a drug-drug interaction rate of 55% in polypharmacy patients
with T2DM . In terms of adverse glycemic events, the polypharmacy
group had higher rates of hypoglycemia (20% vs. 10%, p = 0.05) and
hyperglycemia (15% vs. 8%, p =0.08). These observations are similar
to the findings of Inzucchi et al. (2012), [18]who emphasized the
increased risk of both hyper- and hypoglycemic events with
polypharmacy, especially when multiple antidiabetic agents are used .

A higher proportion of cardiovascular events was seen in the
polypharmacy group (25% vs. 15%, p = 0.04). This concurs with the
study by Mangin et al. (2018),[19] who highlighted that
polypharmacy, particularly involving cardiovascular and antidiabetic
medications, may be associated with increased cardiac morbidity due
to drug interactions and cumulative toxicity .

CONCLUSION

In summary, our findings support the growing evidence that
polypharmacy is more prevalent in older patients with T2DM,
especially those with a longer disease duration and multiple
comorbidities. It is associated with poorer glycemic control, lower
medication adherence, increased risk of drug-drug interactions, and
higher rates of adverse events and cardiovascular complications.
These observations emphasize the need for regular medication
reviews, patient education, and individualized treatment planning to
minimize the risks associated with polypharmacy in diabetic patients.

Limitations Of The Study

This study was limited by its small sample size and single-center
design, which may affect generalizability. The short follow-up period
restricted assessment of long-term outcomes. Medication adherence
was self-reported, introducing possible bias. The study did not account
for specific drug classes or confounding lifestyle factors such as diet
and physical activity. Additionally, patient-reported outcomes like
quality of life were not evaluated.

REFERENCES:

1. Atak Tel BM, Aktas G, Bilgin S, Baltaci SB, Taslamacioglu Duman T. Control Level of
Type 2 Diabetes Mellitus in the Elderly Is Associated with Polypharmacy, Accompanied
Comorbidities, and Various Increased Risks According to the Beers Criteria.
Diagnostics (Basel). 2023 Nov 13;13(22):3433. doi: 10.3390/diagnostics13223433.
PMID: 37998569; PMCID: PMC10670184.

2. Yakaryilmaz Fd, Eraydin A. Evaluation of the Relationship Between Polypharmacy and
Malnutrition in Diabetic Elderly. Namik Kemal Med J. 2022 Jun;10(2):199-205.
doi:10.4274/nkmj.galenos.2022.19483.

3. Grant RW, Devita NG, Singer DE, Meigs JB. Polypharmacy and medication adherence
in patients with type 2 diabetes. Diabetes Care. 2003 May;26(5):1408-12. doi:
10.2337/diacare.26.5.1408. PMID: 12716797.

4. Lipska KJ, Krumholz H, Soones T, Lee SJ. Polypharmacy in the Aging Patient: A
Review of Glycemic Control in Older Adults With Type 2 Diabetes. JAMA. 2016 Mar
8;315(10):1034-45. doi: 10.1001/jama.2016.0299. PMID: 26954412; PMCID:
PMC4823136.

5. Richard W. Grant, Nicole G. Devita, Daniel E. Singer, James B. Meigs; Polypharmacy
and Medication Adherence in Patients With Type 2 Diabetes . Diabetes Care 1 May
2003;26(5): 1408-1412. https://doi.org/10.2337/diacare.26.5.1408

6. Mamo, Y., Bekele, F., Nigussie, T. et al. Determinants of poor glycemic control among
adult patients with type 2 diabetes mellitus in Jimma University Medical Center, Jimma
zone, south west Ethiopia: a case control study. BMC Endocr Disord 19, 91 (2019).
https://doi.org/10.1186/s12902-019-0421-0

7. Karl Sebastian Johansson, Espen Jimenez-Solem, Tonny Studsgaard Petersen, Mikkel
Bring Christensen; Increasing Medication Use and Polypharmacy in Type 2 Diabetes:
The Danish Experience From 2000 to 2020. Diabetes Care 27 November 2024; 47 (12):
2120-2127. https://doi.org/10.2337/dc24-0011

8. Alwhaibi M, Balkhi B, Alhawassi TM, Alkofide H, Alduhaim N, Alabdulali R, Drweesh
H, Sambamoorthi U. Polypharmacy among patients with diabetes: a cross-sectional
retrospective study in a tertiary hospital in Saudi Arabia. BMJ Open.
2018;8(5):€020852. doi:10.1136/bmjopen-2017-020852.

9. Wimmer BC, Cross AJ, Jokanovic N, Wiese MD, George J, Johnell K, et al. Clinical
outcomes associated with medication regimen complexity in older people: a systematic
review.JAm Med Dir Assoc. 2017;18(1):12-17.

10.  Sinnott C, Mc Hugh S, Browne J, Bradley C. GPs' perspectives on the management of
patients with multimorbidity: systematic review and synthesis of qualitative research.
BMJ Open.2015;5(12):¢009610.

11.  Guisado-Clavero M, Roso-Llorach A, Lopez-Jimenez T, Pons-Vigués M, Foguet-Boreu
Q, Muiioz MA, et al. Multimorbidity patterns in the elderly: a prospective cohort study
with cluster analysis. BMC Fam Pract. 2018;19(1):113.

12.  Hovstadius B, Petersson G. Factors leading to excessive polypharmacy. BMC
Pharmacol Toxicol. 2010;10:16.

13.  Rajendiran S, Srinivasan A, Manikandan B, Suresh B, Jain N, Mathaiyan J. Evaluation
of polypharmacy and potentially inappropriate medication use among elderly patients in
a tertiary care teaching hospital in South India. J Clin Diagn Res.
2020;14(3):0C01-0C04.

14.  Kalogianni D, Tsiligianni I, Tsiantou V. Polypharmacy and treatment adherence in
patients with type 2 diabetes. Prim Care Diabetes. 2021;15(1):81-86.

15, JinJ, Sklar GE, Min Sen Oh V, Li SC. Factors affecting therapeutic compliance: a review
from the patient's perspective. Ther Clin Risk Manag. 2008;4(1):269-286.

16.  Vimalananda VG, Gupte G, Seraj SM, Orlander JD, Berlowitz DR, Fincke BG, et al.
Electronic consultations (e-consults) to improve access to specialty care: a systematic
review and narrative synthesis. Diabetes Care. 2015;38(9):1706-1712.

17. WengMC, YuWC, Lee YT, Yang PJ, Wang SC, Fang YW, et al. The impact of number of
drugs prescribed on the risk of potentially inappropriate medication use in elderly
Taiwanese patients: a population-based study. J Clin Pharm Ther. 2013;38(4):289-293.

18.  Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al.
Management of hyperglycemia in type 2 diabetes: a patient-centered approach. Diabetes

19.

Care.2012;35(6):1364-1379.

Mangin D, Parascandalo J, Courtney M, Monteiro J, Heatherington D. Using patient
goals to reduce polypharmacy: a patient-centered deprescribing process. BMI.
2018;362:k2990.

62 | INDIAN JOURNAL OF APPLIED RESEARCH ]




