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    Abstract
Introduction: Continuing advancements in quality of health care has led to increased life expectancy over time. This in turn has resulted in increased prevalence of noncommunicable diseases (NCDs), especially among the elderly. An appropriate portrayal of its epidemiology is essential to adequately understand the health-care needs of the population. The evidence generated from the study will give us an incentive to address the rising burden of polymorbidities. We did the study to assess the prevalence and pattern of NCDs in the elderly above 60 years of age and to determine age- and sex-wise distribution of single and multiple NCDs. Materials and Methods: A community-based cross-sectional study was conducted among 350 elderly participants over 60 years of age in Mehrauli area of Delhi. Data were collected using a semi-structured questionnaire. Detailed general and systemic examination was also done. Results: A total of 87.4% of the study population were suffering from at least one NCD. The number of NCDs per person is 2.41. Overall, 80 out of the total 350 study participants (22.9%) had a single NCD, whereas 226 (64.6%) had two or more NCDs. Hypertension was the most prevalent NCD, followed by cataract, osteoarthritis, diabetes mellitus, and obesity. Conclusion: The prevalence of NCDs was quite high among the elderly. Multimorbidity was more common among the oldest-old age group and elderly women. This calls for increased focus on timely and comprehensive screening for NCDs in adults and asserts the need to approach the screening and management of NCDs in a more holistic way and not as isolated health events.
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    Introduction


    Aging is a natural process, associated with physical, physiological, and cognitive decline. Globally, the population of older persons is growing at a rate of 2.6%/year, considerably faster than the population as a whole which is increasing at 1.1% annually.[bookmark: ft1][1]


    The proportion of elderly in India and their rise in subsequent years is likely to follow a similar trend. India is in a phase of demographic transition wherein the elderly population, currently constituting 138 million (10.1% of the total population), has shown a sustained rise from 103 million (8.6% of the total population) in 2011 and a 35.8% increase in proportion of elderly as compared to 12.4% in general population and is projected to reach 194 million (13.1%) by 2031.[bookmark: ft2][2]


    The increasing elderly population is posing its own challenges, of which one of the major challenges is having multiple chronic diseases. Polymorbidity or multimorbidity can be defined as “existence of multiple medical conditions in a single individual.”[bookmark: ft3][3] Some have tried to define it as an accumulation of two or more chronic diseases, whereas others have considered it to be the accumulation of three or more diseases.[bookmark: ft4][4],[bookmark: ft5][5]


    The problem of multiple noncommunicable diseases (NCDs) among Indian older adults is relatively underexplored primarily owing to the lack of nationally representative data on chronic diseases and associated factors. Furthermore, studies in the past have focused on multimorbidity as counts of conditions rather than specific combination of conditions.


    This study aims to assess the prevalence and pattern of selected NCDs in the geriatric age group, determine the age- and sex-wise distribution of single and multiple morbidities, and identify the common combination of NCDs.


    Material and Methods


    A community-based observational cross-sectional study was conducted among study participants in Mehrauli area of Delhi which is one of the field practice areas of a government medical college of Delhi.


    The study was done among the elderly population over 60 years of age who had been residing in the study area for at least a year and were willing to participate. The study area has a mixed population with families belonging to all socioeconomic strata with people of local ancestry as well as migrant population coexisting homogenously. Those who were seriously moribund or bedridden or were unable to respond to the interview due to physically limiting disabilities were excluded.


    The sample size was calculated using N = Z2 P q/l2. Taking 64%[bookmark: ft6][6],[bookmark: ft7][7] as prevalence of NCDs, the sample size calculated for 95% level of significance, 10% allowable error, and design effect = 1.5 was found to be 337 participants that was rounded off to 350. Three out of eight wards of Mehrauli area were selected randomly and subsequently systematic random sampling was done. The collective approximate population of the selected wards was found to be around 34,000. Sampling frame that included the elderly >60 years was assessed using national population percentage of elderly (8.6% of total population). It was found that every eighth house needed to be visited in order to fulfill the sample size. The first house was decided by selecting a random number between 1 and 10 using lottery method. In case there were two or more elderly in a household, only one was randomly selected for the study. In case there was no elderly person in a household, the next house was selected. In case a house was found locked even after three consecutive visits, the next house was selected. Whenever a crossroad came up, the road to the left was taken. The interview and examination was conducted by the first author and the average time taken for it was around 30 min. The data collection was done from January to December 2019. Permission for conducting the study was taken from the Ethics Committee for Human Research, LHMC, New Delhi. Written informed consent was taken from the study subjects in the language they understood, and confidentiality of the subjects was maintained.


    A self-designed, pretested, semi-structured interview schedule and screening questionnaire was used for data collection regarding sociodemographic particulars and selected NCDs (diabetes mellitus, hypertension, osteoarthritis, senile cataract, and obesity) on the latest documented investigation reports. Apart from this, information regarding other known NCDs that were diagnosed previously on the basis of medical records by a health practitioner was also taken. It was followed with detailed general and systemic examination. Laboratory investigation included measurement of blood sugar using glucometer. Operational definitions used for diagnosing new cases were as follows:


    Diabetes mellitus


    According to WHO, Type 2 Diabetes mellitus is diagnosed in asymptomatic patients if the fasting plasma glucose value is ≥126 mg/dl or if the casual plasma glucose value is ≥200 mg/dl. Symptomatic patients were those having increased frequency of urination, thirst, and/or hunger. First random blood glucose of the participants was measured. In case random blood sugar (RBS) ≤200 mg/dl, the individual was classified as normoglycemic. If RBS ≥200 mg/dl and symptoms were present, diagnosis of diabetes mellitus was confirmed. If RBS ≥200 mg/dl and symptoms were not present, fasting blood glucose was measured the next day to confirm the diagnosis. If FBS ≥126 mg/dl, diagnosis of diabetes mellitus was confirmed.[bookmark: ft8][8]


    Hypertension


    According to JNC 8 Blood Pressure Guideline,[bookmark: ft9][9] in people above 60 years, pharmacological therapy should be started at a BP of ≥150/90 mmHg. In diabetic population aged 18 years or older, the target blood pressure is <140/90 mmHg. Average blood pressure higher than the aforementioned cutoffs was considered to diagnose hypertension. Blood pressure was recorded in the left arm with the subject in a sitting position. A digital sphygmomanometer was used to take two readings at an interval of 5 min. In case the difference in values was 10 mmHg or more, a third reading was taken and the average of the three was considered the final value.


    Obesity


    By measuring body mass index (BMI), participants were categorized as underweight (<18.5 kg/m2), normal or lean (18.5–22.9 kg/m2), overweight (23.0–24.9 kg/m2), and obese (≥25 kg/m2) based on the revised consensus guidelines for India.[bookmark: ft10][10]


    Osteoarthritis


    History of any significant pain and restriction in movement of large joints was used to diagnose osteoarthritis. Severity was assessed using WOMAC[bookmark: ft11][11] and KATZ[bookmark: ft12][12] tool.


    Senile cataract


    Torch Light examination was used to assess the presence of senile cataract. Grayish-to-white discoloration of lens with or without iris shadow was considered positive for senile cataract.


    Data collected from pro forma were coded and entered in IBM. SPSS statistics for Windows. Version 25.0. Armonk, NY: IBM; 2017. All quantitative variables were analyzed in terms of mean and standard deviation, whereas qualitative variables were analyzed through proportions. Student's t-test was used to determine a significant difference in average number of NCDs across gender and various age groups.


    Results


    A total of 350 elderly above 60 years were enrolled in the study, of whom 191 (54.6%) were women and 159 (45.4%) were men [Table - 1]. The mean age of the study participants was 68.26 ± 6.45 years (range: 60–86 years). Almost two-thirds (66%) of the study group belonged to youngest-old (60–69 years) age group. More than two-thirds (69%) were currently married; the remaining were widowed. More than one-third (33%) of the participants had no formal education, whereas 115 (32.9%) had completed at least high school. More than half (53%) of the study participants belonged to upper middle (52.9%) or upper (0.9%) class as per the Modified Kuppuswamy Scale with Consumer Price Index for Industrial Workers 2019. Majority of the study participants (71%) were living in joint families, whereas 2.9% were living by themselves.
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        	Table 1: Gender-wise distribution of sociodemographic variables among study participants (N=350)
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    A total of 306 (87.4%) of the study population, were suffering from at least one NCD [Table - 2]. More than two-thirds (68%) of the study participants were having an already known NCD (s), whereas almost one-fifth (19.4%), though having an NCD, were not aware of it. The proportion of study participants having hypertension was 58% (n = 203), whereas 173 (49.4%) suffered from senile cataract; 115 (32.9%) had osteoarthritis, 106 (30.3%) had diabetes mellitus, and 96 (26.9%) had obesity [Table - 3]. It was seen that 238 study participants with known NCDs had a total of 428 NCDs, i.e., 1.79 NCDs per patient. At the end of the study, it was found that the 306 participants had a total of 736 NCDs, that is, 2.41 NCDs per patient. Of these, the 238 participants with previously known NCDs were found to have 634 NCDs. Among them, 136 male participants had 263 NCDs (1.93 NCDs per patient), whereas 170 female participants had 473 NCDs (2.78 NCDs per patient). The ratio of NCDs to patients was highest in the oldest-old age group (3.32), whereas it was 2.68 in the oldest-old age group and 2.14 in the youngest-old age group.
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        	Table 2: Prevalence of common noncommunicable diseases among study participants (N=350)
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        	Table 3: Overall single and multiple noncommunicable diseases among study participants (N=350)
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    The average number of NCDs in the total study group was significantly higher at the end of the study [Table - 4] across all age and sex groupings.
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        	Table 4: Age- and sex-wise noncommunicable diseases among total study participants (N=350)
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    Overall, 226 (64%) study participants had two or more NCDs [Figure - 1], whereas less than a quarter of the total study participants had a single morbidity (n = 80 [22.8%]). Hypertension was the most common NCD in those having a single NCD (n = 38 [47%]) while being followed by cataract (n = 14 [18%]), diabetes mellitus (n = 10 [12%]), osteoarthritis (n = 7 [9%]), obesity (n = 4 [5%]), and asthma (n = 3 [4%]). Hypertension and diabetes mellitus together were present in 64 (18.3%) of the study population, whereas the combination of hypertension, diabetes mellitus, and obesity was seen in 33 (9.4%) of them.
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        	Figure 1: Pie charts showing the prevalence of single and multiple noncommunicable diseases
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    Discussion


    The study was conducted to determine the prevalence of various common NCDs in the elderly population and analyze the existence of multiple NCDs among them.


    Seven out of eight individuals, i.e., 87% of participants in our study, were having an NCD. The prevalence of common NCDs varied from 14.1% (Hegde et al.[bookmark: ft13][13]) to 98.2% (Warbhe[bookmark: ft14][14]) among studies conducted by other researchers in the past. However, studies from metro cities showed a similar prevalence of NCDs among the elderly – 87% in Chandigarh by Kaur et al.[bookmark: ft15][15] and 84% in Shimla by Sharma et al.[bookmark: ft16][16] This would be reflective of urbanization and its subsequent lifestyle changes, increasing the risk factor for NCDs.


    The total proportion of women having at least one NCD (89.0%) was slightly higher than men (85.5%). Longer life expectancy resulting in increased probability of getting a chronic disease could be a reason for the higher proportion among women.


    Multiple NCDs were found in 64.6% of the study participants. This was higher than what was found by Mini and Thankappan[bookmark: ft17][17] in a study that evaluated multimorbidity among the elderly from seven states of India (Kerala, Tamil Nadu, Punjab, Himachal Pradesh, Maharashtra, Orissa, and West Bengal) and reported a prevalence rate of 30.7% among 9852 elderly. A review by de Melo et al.[bookmark: ft4][4] reported that the prevalence of multimorbidity among the elderly from seven studies varied from 30.7% to 57%.


    It was observed that the average number of illness per patient was 2.41. This was comparable to the findings by Niranjan and Vasundhra[bookmark: ft18][18] (2.42) among the elderly population of Bangalore, India. Purty et al.[bookmark: ft19][19] found that the average morbidity per person was 2.77, whereas Joshi et al.[bookmark: ft20][20] found it to be 6.9 per person. A possible reason for these higher figures could be a relatively more comprehensive NCD assessment resulting in identification of a high number of previously undiagnosed NCDs.


    The number of NCDs per patient increased as age progressed, and for each age group, it was higher among women. The age and gender differences of NCDs were statistically significant. Similar results were observed by Talukdar[bookmark: ft21][21] and Joshi et al.[bookmark: ft20][20]


    Among the elderly with polymorbidity, the most common clusters of conditions were hypertension with diabetes, hypertension with osteoarthritis, and osteoarthritis with cataract. Similar findings were found by Mini and Thankappan.[bookmark: ft17][17] Hypertension was the most common monomorbidity as well followed by cataract, diabetes, and osteoarthritis. Close to one in five people in our study (n = 64 [18.3%]) had both diabetes mellitus and hypertension, whereas every tenth individual (n = 33 [9.4%]) had a triad of diabetes mellitus, hypertension, and obesity. This exponentially increases the risk of getting cardiovascular diseases and stroke in future. The findings in our study were higher as compared to Kapil et al.[bookmark: ft22][22] who conducted the study in Nainital where 8.6% of the study participants had both diabetes mellitus and hypertension.


    Conclusion and Recommendations


    The study found that the prevalence of NCD among the elderly was notably high and the majority among them had multiple NCD.


    This emphasizes the importance of taking a holistic approach toward screening and management of NCDs. Patients suffering from a particular NCD should be routinely screened for other NCDs as well. Usually, multiple guidelines exist for the management of different chronic ailments and most of these guidelines focus on single morbidity. For the elderly who are frail and have cognitive impairment, independent management of NCDs can result in polypharmacy that in turn can lead to high chances of drug–drug interactions in the form of reduction in efficacy or accumulation of side effects.


    There is a clear need for greater examination and understanding of the causal mechanisms that underlie multimorbidity toward supporting the development of cost-effective interventions. In addition, these results reiterate the need for preventive health care to move beyond targeting single diseases in favor of directing efforts toward reducing overall morbidity among this population.


    Multimorbidity among the elderly often results in increased number of hospital visits, polypharmacy of medications, increased treatment costs, and aggravated burden on the families. It is thus important to identify types of NCDs that have similar environmental and host determinants to better understand the causal mechanisms and onus should be to focus on cost-effective preventive health interventions that have an umbrella effect on such diseases.


    Limitations


    The exact prevalence of some relatively common NCDs such as hypothyroidism, asthma, and chronic obstructive pulmonary disease could not be assessed due to diagnostic constraints.
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  Figure 1: Pie charts showing the prevalence of single and multiple noncommunicable diseases
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  Table 1: Gender-wise distribution of sociodemographic variables among study participants (N=350)
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  Table 2: Prevalence of common noncommunicable diseases among study participants (N=350)
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  Table 3: Overall single and multiple noncommunicable diseases among study participants (N=350)
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  Table 4: Age- and sex-wise noncommunicable diseases among total study participants (N=350)
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