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Abstract

The aim: The study aimed to determine the prevalence of several non-communicable diseases (NCD) and analyze risk factors
among adult patients seeking nutritional guidance in Dhaka, Bangladesh.

Participants: 146 hospitalized adults of both genders aged 18-93 participated in this cross-sectional research.

Methods: We collected the demographic and vital information from 146 hospitalized patients in Dhaka, Bangladesh.
We checked the physical and vital parameters, including blood sugar, serum creatinine, blood pressure, and the presence or absence
of major non-communicable diseases. Then we used descriptive statistical approaches to explore the NCDs prevalence based on
gender and age group. Afterwards, the relationship between different NCD pairs with their combined effects was analyzed using
different hypothesis testing at a 95 % confidence level. Finally, the random forest and XGBoost machine learning algorithms are used
to predict the comorbidity among the patients with the underlying responsible factors.

Result: Our study observed the relationships between gender, age groups, obesity, and NCDs (DM, CKD, IBS, CVD, CRD,
thyroid). The most frequently reported NCD was cardiovascular issues (CVD), which was present in 83.56 % of all participants.
CVD was more common in male participants. Consequently, male participants had a higher blood pressure distribution than females.
Diabetes mellitus (DM), on the other hand, did not have a gender-based inclination. Both CVD and DM had an age-based progression.
Our study showed that chronic respiratory illness was more frequent in middle-aged participants than in younger or elderly individuals.
Based on the data, every one in five hospitalized patients was obese. We analyzed the comorbidities and found that 31.5 % of the
population has only one NCD, 30.1 % has two NCDs, and 38.3 % has more than two NCDs. Besides, 86.25 % of all diabetic patients
had cardiovascular issues. All thyroid patients in our study had CVD. Using a t-test, we found a relationship between CKD and
thyroid (p-value 0.061). Males under 35 years have a statistically significant relationship between thyroid and chronic respiratory
diseases (p-value 0.018). We also found an association between DM and CKD among patients over 65 (p-value 0.038). Moreover,
there has been a statistically significant relationship between CKD and Thyroid (P <0.05) for those below 35 and 35-65. We used
a two-way ANOVA test to find the statistically significant interaction of heart issues and chronic respiratory illness in combination
with diabetes. The combination of DM and RTI also affected CKD in male patients over 65 years old. Among machine learning
algorithms, XGBoost produced the highest accuracy, 69.7 %, in comorbidity detection. Random forest feature importance detected
age, weight and waist-hip ratio as the major risk factors behind the comorbidity.

Conclusion: The prevalence study helps to identify the future risks and most vulnerable groups. By initiating and imple-
menting control plans based on the prevalence study, it is possible to reduce the burden of NCDs on the elderly and middle-aged
population of Bangladesh.
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1. Introduction

Non-communicable diseases are the ones that do not have a clear aetiology, are not conta-
gious, and are chronic. Once they occur, there is almost no panacea for an absolute cure. Often called
lifestyle diseases, non-communicable diseases are generally associated with heredity, diet, stress,
environmental exposure, and socioeconomic factors. Even 50 years ago, the average life expectancy
of a human being was 30 years. However, the discovery, implementation, and proper administration
of immunization and antimicrobial drugs effectively reduced infectious diseases by successfully
eliminating and preventing major outbreaks and epidemics. All these will likely increase the average
human lifespan to 73 years in 2022 [1]. Nevertheless, this triumph over infectious diseases cannot
prevent humans from becoming sick. Instead, we see a gradual increase in non-communicable di-
seases (NCDs) worldwide. This alarming paradigm shift from communicable to non-communicable
disease is affecting millions from different parts of the world. Today, NCDs are the leading cause
of global morbidity, disability, and disease burden. Heart disease, diabetes, stroke, chronic lung
diseases, and cancer are responsible for 74 % of mortality worldwide (41 million deaths yearly) [2].
77 % of this NCD-related morbidity occurs in low and middle-income countries [3]. In 2019, NCDs
killed 1.62 billion people, whereas infectious diseases killed only 13.7 million [4, 5]. Increased age,
physical inactivity, unhealthy diet associated with high fat and high salt intake, low fruit and vege-
table consumption, obesity, occupational stress, and tobacco or alcohol consumption are some of the
risk factors for these diseases [6]. Elevated blood sugar (hyperglycemia), high blood pressure (hy-
pertension), high cholesterol (hyperlipidemia), and obesity are some of the physiological parameters
of NCDs. As the average lifespan increases globally, the number of elderly individuals with multiple
chronic NCDs is expected to rise, too. However, NCDs not only cause elderly morbidities but also
affect people under 70, causing the premature death of 17 million people worldwide [2].

South Asia is one of the most densely populated areas of the world. People from South Asia
suffer from poverty, limited healthcare access, illiteracy, overnutrition, and malnutrition issues. Ac-
cording to [7], about 50 % of all South Asian adult diseases are NCDs. Like other low-income coun-
tries, Bangladesh faces all these issues while undergoing an epidemiological transition from infec-
tion-related morbidity to non-infectious morbidity. Thirty years ago, the percentages of death caused
by communicable and non-communicable were 8 % and 52 %, respectively [7]. These percentages
were 11 % communicable and 68 % non-communicable diseases in 2006. In 2019, NCDs accounted
for 70 % of Bangladesh’s total deaths [8]. A national-level study performed on 18—69 years old in-
dividuals living in rural and urban areas in 2019 showed that 70.9 % of participants had at least one
or two NCD risk factors [4]. NCDs were frequently observed in rural settings, which is an alarming
concern [9]. The urban slum residents, too, were found to have certain risk factors for NCDs, such
as frequent tobacco use, diabetes, higher lipid profiles, overweight, underweight, low fruit and vege-
table uptake, sedentary lifestyle, and hypertension [10, 11]. Moreover, the post-covid era worsened
healthcare accession, treatment, and follow-ups, affecting overall NCD conditions. In another study
conducted with older adults aged between 60-69 years living in rural areas, 58.9 % had at least one
NCD, and 22.9 % had comorbidities [12]. Not only the elderly adults are affected, but the younger
generations are also prone to develop NCDs too. According to another study, almost all Bangla-
deshi teenagers aged from 12 to 17 years had at least one risk factor for NCDs [13], and university
postgraduate students with a mean age of 26 had a high proportion of risk factors for NCDs [14].

Diabetes mellitus (DM), cardiovascular diseases (CVD), chronic kidney diseases (CKD),
chronic respiratory diseases (chronic obstructive pulmonary disease and asthma), and cancers are
the leading NCDs. Previous reports suggested that diabetes and cardiovascular disease are the
leading NCDs in Bangladesh [15-17]. In 2021, more than 13 million people had diabetes, with
an estimated 75,617 deaths related to it [15]. Every 1 in 5 Bangladeshi people has hypertension,
suggesting a high number of cardiovascular cases over the decades [16]. In 2018, the overall pre-
valence of CVD in Bangladesh was 21 % [17]. The CKD prevalence in 2019 was 22.48 %, higher
than the global CKD prevalence (34). According to Bank et al., in Dhaka, the prevalence of chronic
obstructive pulmonary disease (COPD) was 11.4 % in 2013 [18]. Irritable bowel syndrome (IBS)
and thyroid dysfunction are two less frequent non-communicable diseases. Research shows that the
prevalence of IBS was 7.2 % among the Bangladeshi population in 2017 [19]. A limited study was
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performed on thyroid dysfunction data. In one study conducted in 2010, the prevalence of thyroid
dysfunction was 10.03 % [20].

Gender is a key factor in terms of health. Men’s health varies substantially from women’s
due to the difference in body structure and behaviours. Though men are bigger and more muscular
than women, it shows a different history in medical terms. According to National Center for Health
Statistics, the gender gap in life expectancy increases for females in America from 2 to 5 years over
the 1900 to 2017 timeline [21]. More than 39 % of men have heart issues after age 65 compared
to about 27 % of women of the same age group [22]. Men don’t have the protection of estrogen,
which keeps women’s cholesterol level in check and reduce heart disease risk factor. Even in their
twenties, women are far less likely to have hypertension (12 %) compared to men (27 %) [23].
Moreover, type-2 diabetics are higher in men, especially at the ages of 35—54, but the complications
are severe for women after being affected. Men are more prone to develop diabetes due to their
uncontrolled lifestyle and inactivity, insulin resistance, weight gain, smoking habits, and alcohol
consumption [24]. In the case of chronic kidney disease (CKD), though the prevalence of CKD is
higher in women, the progression of CKD to end-stage kidney disease (ESRD) is 50 % higher in
adult men [25]. Moreover, Diarrhea predominant IBS (IBS-D) is more common in men (44.8 %),
whereas IBS with constipation and IBS with alternating bowel habits are more (39.3 %, 42.6 %
respectively) found in women [26], and the severity of IBS symptoms, increased inflammatory
cytokines impaired female quality of life more than male. The incidence of respiratory symptoms
is also higher (230/1000 patients per year) in female patients, which is 180/1000 in male patients
per year [27]. 84 studies from the PubMed database provided information that females are more
commonly affected with infections of the upper respiratory tract (RTI) and males in the lower re-
spiratory tract. Most RTTs, especially community-acquired pneumonia, are severe in males leading
to a higher mortality rate [28]. However, the prevalence of thyroid disease was found to be much
higher in females than males; approximately 1 in 8 women will be affected by thyroid conditions at
some point in their lives [29]. According to Bauer et al., 20 % of postmenopausal women are found
to have subclinical hypothyroidism, and this disturbance in thyroid system function complicates
the diagnosis and treatment of mood and cognition disorder [30].

This paper is based on cross-sectional demographic data from 146 patients of both genders,
aged from 18 to 95 years old, seeking one-on-one nutritional counselling. The patients had been
admitted to a renowned hospital in Dhaka, Bangladesh, for a specific period. The demographic infor-
mation about their age, sex, height, weight, waist and hip measurement, and vital statistics, including
blood sugar, serum creatinine, blood pressure, and the presence or absence of NCDs, were recorded.
Based on this information, this study provided insight into the prevalence of four leading NCDs, dia-
betes mellitus, chronic kidney disease, cardiovascular disease, chronic respiratory illness, and two
less-studied NCDs, irritable bowel syndrome and thyroid dysfunction. After determining their over-
all prevalence percentage, we calculated any possible correlation between NCDs and other factors,
such as age, gender, hypertension, and obesity. The correlation of different NCDs is discussed based
on statistical analysis. We used a machine learning algorithm to predict comorbidity based on pa-
tients” demographic and physical information along with their feature importance. We also discussed
the effects of urbanization, socioeconomic factors, environmental pollution, and climate change that
might affect this NCD prevalence and suggested preventive approaches for managing NCDs.

The aim of the research is to find the prevalence of NCDs in diet-seeking hospitalized patients
and comorbidities analysis. We also wanted to find the most vulnerable groups based on age and gen-
der combination, which helps healthcare professionals to take effective decisions on NCD screening.

2. Ethics and study population

In this section, we discussed ethical considerations and the study population of the preva-
lence analysis, along with underlying dependent and independent variables.

Ethics:

This study follows all the ethical considerations as per the guidelines of the Bangladesh
Medical Research Council (BMRC) and the World Health Organization (WHO). Data collection
permission was taken from the administrative office of the Al Helal Specialized Hospital, Dhaka
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in September 2022. Each participating patient of the hospital gave their oral consent before the data
collection phase. We describe the objectives and procedures of the research to the participants and
also their right to refuse and withdraw at any stage of the study.

Data and study population:

A hospital-based cross-sectional study was performed to estimate the prevalence of NCDs.
Data was collected from a 150-bed hospital (located in the north part of Dhaka city, Bangladesh.
The hospital is selected for its low to high-socio-economic status patients. It also provides primary
to tertiary health care, which makes the study population diversify. The cross-sectional study was
carried out over a period of 3 months from October 2022 to December 2022 on the continuously
monitored hospitalized patients who opted for diet plans from nutritionists during their stay. The
study participants were previously informed, and upon their consent with the help of their nutri-
tionist, NCD-related data were collected from the individual patient file. The patient file includes
important past information about the patients, such as surgeries, accidents, hospitalizations, and
their recent diagnostics test results.

A total of 172 patients’ data were gathered during the study period. However, due to some
missing information in patients’ files, 146 patients were selected at the end. Among them, 86 were
male and 60 were female. We tried to gather information on patients of various ages, from 18 to 95,
and in mild to severe conditions. Among different NCDs, Diabetes, heart disease, chronic kidney
disease, choric respiratory disease, irritable bowel syndrome, and thyroid problems are considered
for the prevalence study because of their frequency in a substantial amount of the Bangladeshi po-
pulation. Bangladesh is ranked 8" by IDF due to the highest number of adults (2079 years) with
diabetes [31]. Additionally, in the last 10 years, cardiac arrest-related death has increased 35 times
for men and 48 times for women in Bangladesh [32]. High levels of pollution in the air and unhealthy
lifestyles increased the choric respiratory disease rate in the last few years. The CKD prevalence in
Bangladesh is 22.48 % which is more than the global CKD prevalence [18]. Moreover, IBS is a major
health issue in both urban and rural populations in Bangladesh [19], and it is common to have thyroid
dysfunction with diabetes mellitus [33]. That’s why, based on the prevalence and their life-threaten-
ing consequences on the overall population, we selected these NCDs in our study.

However, we also collected patients’ demographic information and performed physical mea-
surements to get their physical attributes: height, weight, and waist-hip ratio. Digital weighing scales
were used to determine the weight of a patient due to their accuracy. A stadiometer was placed
against a straight wall with no baseboard or unevenness to ensure accurate height readings. The pa-
tients to be measured stood below the height meter, barefoot, with relaxed shoulders and the scapula,
buttocks, and heels touching the wall. Waist circumference was measured by wrapping the mea-
surement tape around the narrowest part of the stomach, near or just above the belly button. While
the tape rested gently on the skin, the measurement was taken on the exhalation. Hip measurement
was taken around the widest part of the hips and buttocks. After that, we got the waist-hip ratio by
dividing the waist size by the hip size. Collected data are made available in [34] for further research.

Study Variables:

The variables considered for this study are patients’ demographic and physical information
with their underlying diseases. We collected each patient’s gender, age, height, weight, and waist-hip
ratio as physical and demographic information shown in Table 1. Height was measured in cm, and
weight was measured in kilograms. For calculating the waist-hip ratio variable, the waist and hip are
both measured in inches. Regarding DM, participants fasted overnight before the test and had their
blood drawn, which is called the fasting blood glucose test. Its values below 5.7 mmol/L and above
3.9 mmol/L were considered normal and coded as «No». The test value above 5.7 mmol/L was con-
sidered hyperglycemia and coded as ‘High’. In contrast, the values below 3.9 mmol/L were called
hypoglycemia and input as ‘low’. The Creatinine blood test was used to detect the serum creatinine
value. This test is used to check the kidney’s functioning. A creatinine level greater than 1.2 mg/dL
for women and greater than 1.4 mg/dL for adult men was considered CKD [35]. Laboratory-based
chemical analysis methods called blood glucose assay and creatinine assay were performed to mea-
sure glucose from patients’ blood and creatinine from serum, respectively. We checked the patient
history to find any heart-related diseases and marked «Yes» for heart problems and «No» otherwise.
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Table 1
Study Variables
Variables n Data Type Mean Minimum Maximum  Standard Deviation 50" Percentile
Gender
Male 86 Categorical - - - - -
Female 60 Categorical - - - - -
Age Group
<=35 15 Categorical - - - - -
35<>65 67 Categorical - - - - -
>=65 64 Categorical - - - - -
Age - Numeric 59 18 95 16.43 60
Weight - Numeric 62.2 90 33 12.73 60
Height - Numeric 162.26 124.46 175.26 9.49 165.1
Waist Hip Ratio - Numeric 0.76 0.47 0.99 0.12 0.76
DM 80 Numeric 10.56 34 25.5 4.39 9.90
CKD 42 Numeric 2.54 1.20 5.40 1.01 2.35
Heart Issue 122 Categorical - - - - -
IBS 2 Categorical - - - - -
RTI 51 Categorical - - - - -
Thyroid 12 Categorical - - - - -

Patient blood pressure was measured using a sphygmomanometer because of its better accu-
racy than a digital device [36]. Blood pressure was measured in millimetres of mercury (mmHg).
Diastolic blood pressure less than 60 mmHg and systolic blood pressure less than 90 mmHg [37]
were considered hypotension and marked as ‘low’. Diastolic pressure 70—80 mmHg and systolic
pressure 90—-120 mmHg were marked as ‘normal’, and more than these values were considered
hypertension, marked by ‘high’. Based on patients’ experience, previous history, and continuous
monitoring, IBS, respiratory illness, and thyroid issues were marked down. If any of these diseases
were found in a patient, «Yes» was used under the corresponding disease and «No» otherwise.

3. Methods

In the methodology section, we described different statistical methods that are used to ex-
plore the relationship across experimented variables. We also explained the parameter selection and
required tools for analysis.

Statistical Analysis:

The data were analyzed and visualized using different packages of Python. With standard
packages of NumPy, pandas, and matplotlib, we used the statistical function SciPy.Stats for dif-
ferent hypothesis testing. However, there always exists some level of uncertainty in hypothetical
testing as tests are based on probability. There are mainly 2 types of errors of: type I and type II.
Type 1 means the wrongful assumption that hypothesis testing has worked even though it hasn’t,
which is called false positive. Type II error occurred when the null hypothesis is false, but the test
subsequently fails to reject it. This error is also referred to as a false negative error, which is the
opposite of a Type I error. These errors are very crucial in our case because rejecting a disease
prevalence test despite being true and accepting a null hypothesis which is false will not reflect
the proper scenario of NCDs prevalence in patients. Therefore, for balancing these two errors, we
selected the threshold of statistical significance, as low as 0.05, so that the confidence interval be-
comes 95 % and there is only a 5 % chance of making errors.

Firstly, we described the dataset using descriptive statistics: minimum, maximum, aver-
age, 25 percentile, 50 percentile, 75 percentile, standard deviation, and frequency distribution.
A one-sample proportion test was conducted to ensure the sample proportion of gender includes the
population proportion. Then each disease prevalence, based on gender, along with their percentage
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of the total affected population, was calculated. We also calculated the percentage of disease pre-
valence in different age groups to find out the age group-based disease frequency. We also analyzed
the disease prevalence rate based on the combination of gender, age group, and waist-hip ratio.

The Chi-Square test was applied to determine the association between gender and diseases.
We also explored the relationship between age groups and diseases. T-test was used to compare the
sample mean of systolic and diastolic blood pressure with their respective hypothesized value (ac-
cording to CDC) and to find any significant difference. Moreover, a one-tailed T-test was performed
to detect the direction of differences. We also determined whether there is any statistically signi-
ficant relation between the numerical attributes (age, waist-hip ratio) and NCDs using T-test. The
combination effect of diseases on another disease was also analyzed using a two-way ANOVA test.
Moreover, we used the random forest machine learning algorithm to predict the number of diseases
in a patient. We also leveraged random forest feature importance to find the relevant features in
the classification task.

4. Results

Demographic study: age, sex, height, and weight:

In our study, we collected demographic information from 146 diet-seeking patients ranging
from 18 years to 95 years of age. Of them, only 15 (10 %) were below 35, 67 (46 %) were between
35 to 65, and 64 (44 %) were 65 and above. The mean age was 59 (95 % CI=24.14, 91.86), with
a standard deviation of 16.43. The 25, 50t and 75" percentile fell within the 48.5, 60, and 72 years
of age range. Of the 146 participants, 86 were male, and 60 were female, which gave us appro-
ximately a 60:40 male: female ratio (Fig. 1).

The overall height ranges from 124.46 cm to 175.26 cm, irrespective of gender (Male:
152.4-175.26 cm, Female: 124.46—170.18 cm). The mean height value was 162.26 cm (95 % Cl =
=143.28, 181.24), with a standard deviation of 9.49 and a 75" percentile value of 170.18 cm.
The weight ranges from a minimum of 33 kg (72 1lbs.) to a maximum of 90 kg (198 Ibs.) (Male:
40 kg (88.18 Ibs.) — 90 kg (198.46 1bs.), Female: 33 kg (72.75 1bs.) — 86 kg (189.59 1bs.)) with a waist-
hip ratio from 0.47 to 0.99 (Male: 0.49—-0.99, Female: 0.47-0.97).

Analysis of blood pressure:

We observed the blood pressure of all individuals and found out that hypertension is not
only affecting elderly individuals but also among people between 35—65 years of range. Of our
146 participants, 53.4 % had hypertension, and a few had low blood pressure. Both genders have
hypertension, but the frequency is more significant among males. Of them, 60.2 % were men, and
39.7 % were women.

Age Group based on Gender

Age group / Gender Gender
<=35 35<>65 >=65 . Female
Male
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Fig. 1. Gender-based Age Group Distribution of Participants

33

Medicine and Dentistry



Original Research Article: (2023), kEUREKA: Health Sciences»
full paper Number 3

Diabetes mellitus (DM):

In our study, out of our 146 participants, 54.79 % were diabetic. The blood sugar value of
our patients ranged from 61 mg/dL (3.4 mmol/L) to 459.45 mg/dL (25.5 mmol/L), indicating that
the diet-seeking patients have developed either hypoglycemia or hyperglycemia, depending on
the overall health condition (Fig. 2). Of the total diabetic patients, 52.5 % were men, and 47.5 %
were women. In our data, diabetes is frequently observed in both genders.

Diabetic (mmaol/L) Distribution Among Male Patients Serum Creatinine (mg/dL) Distribution Among Patients
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Fig. 2. DM Distribution (left) and Serum Creatinine Distribution (right) among patients

Chronic kidney diseases (CKD):

Our study reported that the CKD patients had serum creatinine levels ranging from
1.2 mg/dL to 5.4 mg/dL. Of 146 individuals, 28.77 % were associated with CKD (Fig. 2). Of the
total CKD patients, 54.76 % were male, and 45.24 % were female.

Irritable Bowel Syndrome (IBS):

In this study, only 1.37 % of clients had irritable bowel syndrome. All of them were female.
1.25 % of female IBS patients were under 35 years old, and the rest, 1.25 %, were greater than 65.
50 % of IBS patients had Diabetes mellitus, CKD, chronic respiratory illness, and cardiovascular
disease. We could not retrieve much information on this disease with this limited data.

Cardiovascular disease (CVD):

The most frequently observed NCD in this study was cardiovascular illness. 122 of 146 pa-
tients had cardiovascular illnesses. This percentage (83.56 %) is the highest of all NCDs. 62.3 % of
them were males, and 37.7 % were females. 12.5 % were under 35, 67.5 % fell between 35 and 65,
and 72.5 % were above 65. In this case, CVD had both gender and age-based predisposing factors.

Chronic respiratory diseases (CRD):

Our study shows that 34.93 % of total patients had chronic respiratory diseases. 52.94 %
of the chronic respiratory patients were male, and 47.06 % were female. This disease is almost
equal in both genders. However, 3.75 %, 32.5 %, and 27.5 % of individuals with respiratory illness
fell into the <35, 35-65, and >65 years age groups, respectively.

Thyroid issue:

In our study, 8.22 % of individuals in the total population had thyroid issues. Of them,
58.33 % were male, and 41.67 % were female. Among people who are affected by thyroid, only
1.25 % were under 35 years old. 7.5 % were middle-aged (35-55 years old), and 6.25 % were
65 and above.

NCD distribution over age and gender:

Age and gender are the two most common risk factors for progressive NCDs. Among
146 total hospitalized individuals who sought nutritional counselling, only 10.27 % were under
35 years old. 45.89 % fell into the 35—65 age group, and 43.84 % of clients were 65 and above. Here
we can see that almost 90 % of diabetic individuals are middle-aged, aged 35 and above. 3.75 %
of the total diabetic females were less than 35 years old. 21.25 % of them fell into the 35—65 years
age group. The rest (22.5 %) were 65 and above. Only 1 male (1.25 %) under 35 had diabetes.
25 % of the total diabetic male were between 35 to 65 years. The rest (26.25 %) were greater than
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65 years old. Here, we can see that gender does not play any predisposing role in diabetes pre-
diction. Instead, this disease is associated with age. 95 % of diabetic individuals are over 35, irre-
spective of sex (Fig. 3).

Diabetic Patients by Gender and Age Group
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Fig. 3. Age and Gender-based DM Distribution

In terms of CKD, no female under 35 was diagnosed with CKD. On the other hand,
2 males under 35 years (2.5 % of the total CKD population) developed CKD. 14.29 % male and
14.29 % female CKD patients aged between 35—65 years. 65 and above individuals were the
worst sufferer of CKD, with 35.71 % being male and 30.95 % being female. Like DM, CKD
also has an age-based progression (Fig. 4).

CKD Patients by Gender and Age Group
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Fig. 4. Age and Gender-based CKD Distribution
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CVD was associated with senescence and gender, affecting more older individuals than
younger ones and more men than women. 1.64 % of CVD patients were female under 35, 17.21 %
were female of 35—-65, and 18.85 % were female of 65 and above. 6.56 % of CVD males under
35, 27.05 % of males aged 35—-65, and 28.69 % of males aged 65 and above were diagnosed with
heart-related issues (Fig. 5).

Heart Isuue Patients by Gender and Age Group

Age group / Gender Gender
<=35 35<>65 >=65 [ Female
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Fig. 5. Age and Gender-based CVD Distribution

Number of Heart Isuue Patients

Of all patients who visited for nutritional counselling, 20 %, 38.81 %, and 34.38 % of in-
dividuals with respiratory illness (CRD) fell into the <35, 35-65, and >65 years age categories,
respectively. 3.92 % of the total chronic respiratory patients were females under 35, 19.61 % were
35-65 years old females, and 23.53 % were females older than 65. 1.96 % of the total chronic re-
spiratory patients were males under 35, 31.37 % were 35—65 years old females, and 19.61 % were
males older than 65. Here we can see that chronic respiratory illness is more prominent in the
middle-aged population than in younger or older ones.

6.67 % of all under 35 patients, 8.96 % of 35—65 patients, and 7.81 % of total 65 and above
individuals had thyroid-related issues. No female under 35 had thyroid illness. 33.33 % of females
in the 35-65 age range and 8.33 % of females of >65 years had thyroid. 8.33 % of males under 35,
16.67 % of males in 35—65 age range, and 33.33 % of males of >65 years had thyroid.

NCD distribution over waist-hip ratio (WHR):

Based on the waist-hip ratio of all participants, we have found 28 (19.17 %) obese indi-
viduals. Of them, 12 (8.2 %) were male with a WHR >0.9, and 16 (10.9 %) were female with
a WHR >0.85. Diabetic individuals have a waist-hip-ratio range of 0.55-0.96 and 0.48-0.96 for
men and women, respectively. People having CKD had a waist-hip ratio ranging from 0.49 to 0.96
for males and 0.55 to 0.96 for females. The waist-hip ratio of female IBS patients fell between
0.65 and 0.8. The waist-hip ratio for CVD patients fell between 0.49—0.99 for males and 0.48—0.97
for females. The male and female waist-hip ratios for the CRD participants were 0.49—0.99 and
0.48-0.96, respectively. For patients having thyroid issues, the waist-hip ratio range fell between
0.49-0.96 for males and 0.68-0.84 for females.

An interaction-based study between different NCDs:

Interactions were observed with different NCDs. For example, 36.25 % of all diabetic
patients developed chronic kidney diseases. 17.5 % and 18.75 % of them are male and female,
respectively. Only 1 diabetic person had IBS. Interestingly, our findings showed more correlation
between DM and CVD. 69 out of 80 diabetic individuals, or 86.25 % of all diabetic patients, in-
cluding 37.5 % females and 48.75 % males, had heart-related conditions to some extent. 36.25 % of
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the total diabetic patients had chronic respiratory illnesses. Of them, 15 % were males, and 21.25 %
were females. Only 8.75 % of diabetic individuals have thyroid issues, with the female and male
percentages being 5 and 3.75, respectively.

69.05 % of CKD patients (33.33 % men and 35.71 % women) also had diabetes mellitus.
2.38 % of CKD patients had IBS. 90.48 % of CKD patients had developed cardiovascular illness.
Of them, 42.86 % were females, and 47.62 % were males. 35.71 % (16.67 % of males and 19.05 %
of females) of CKD patients had chronic respiratory illnesses. 16.67 % (7.14 % of males and 9.52 %
of females) of CKD individuals had thyroid issues, too.

56.56 % of cardiovascular patients (31.97 % males and 24.59 % females) had DM. Only
0.82 % of them had IBS. 31.15 % of the patients (16.39 % males and 14.75 % females) had CKD.
36.89 % of CVD patients had chronic respiratory disease. Of them, 19.67 % were males, and
17.21 % were females. 9.84 % of CVD individuals (5.74 % males and 4.1 % females) had thyroid
disease. We have a more significant association between CVD and DM among the patients.

56.56 % of all CRD patients (23.53 % males and 33.33 % females) had DM. Only 1.96 % of
female CRD patients had IBS. 29.41 % of all CRD patients (13.73 % males and 15.69 % females) had
CKD. 88.24 % of all chronic respiratory tract individuals (47.06 % males and 41.18 % females) had
cardiovascular issues. 9.8 % of respiratory patients (5.88 % males and 3.92 % females) had thyroid.
58.33 % of thyroid individuals had diabetes. 25 % of thyroid diabetic patients were males, and
33.33 % were females. 58.33 % of thyroid patients (25 % males and 33.33 % females) had chronic
kidney diseases. 41.67 % of thyroid patients (25 % males and 16.67 % females) had CRD.

Comorbidity prediction analysis using Machine Learning:

Nowadays, machine learning is used severely to analyze medical reports in the health sector.
Machine learning approaches are being applied from disease forecasting [38] to disease preva-
lence study. In this study, we used the Random Forest algorithm to predict the number of disease
prevalence by a patient using patients’ demographic and physical information. Our task was to
classify the patients into 3 classes based on the number of diseases: one, two, or more than two.
We divided the dataset into 80—20 train-test-split and achieved 68.3 % accuracy using random
forest and 69.7 % accuracy using XGBoost algorithm. According to random forest feature impor-
tance, patients’ age, weight, and waist-hip ratio have the highest effect on patients’ numbers of
diseases. On the other hand, gender has the lowest effect, which is shown in Fig. 6.
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Fig. 6. Random Forest Feature Importance in Number of Disease Prediction
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5. Discussion

NCDs have now become a number one threat to modern civilization. These diseases, also
known as chronic diseases, are characterized by their long duration and gradual progression.
The incidence of cardiovascular diseases, diabetes, cancer, and chronic respiratory diseases is in-
creasing at an alarming rate. Based on the statistical analysis of the participant’s demographic in-
formation, vital parameters, and disease distribution, this study describes the prevalence of NCDs
and the correlation of different NCDs over various age groups of male and female patients in
a densely populated region of Dhaka, Bangladesh. Male participants are more affected than females
of all diseases studied in this research. 90 % of all patients are equal to or above 35 years old, 46 %
are 35-65 years, and 44 % are above 65 (Table 2). This means NCDs in Bangladesh are not only
affecting elderly individuals but also are affecting middle-aged people. This is very alarming as
68.36 % of the total population of Bangladesh is between 15—-64 years old [39]. Bangladesh has
the most working-age population, and the country will suffer tremendously if they are affected.
Lifestyle factors, such as poor diets, consumption of unhealthy foods, lack of physical labour,
occupational stress, and tobacco use, can be some of the risk factors for NCDs among middle-aged
individuals. All of these might increase the prevalence of NCDs, mainly CVD and DM. Eventually,
younger individuals of 35—45 affected by any NCDs will undergo costly treatment, and if the indi-
vidual is the sole bread runner in the family, that can lead to a lifelong economic impact. This can
have a significant impact on the health and well-being of the patients, thereby leading to reduced
quality of life, disability, and premature death. For the elderly population over 65 years, NCDs are
a major health concern. 5.33 % of Bangladeshi people are 65 and above [39]. In our study, 44 %
of patients were 65 and above. Often associated with ageing-related degenerative consequences,
such as limited movement, fluctuation of metabolic profiles, loss of cardiovascular functions, bone
fragility, loss of cognitive response, and weakened immune system, older people are more prone to
NCDs such as CVD, DM, cancer and CRDs. The healthcare cost could lead to a large financial bur-
den. Prevention and management of NCDs in the elderly population is essential to improve health
outcomes and reduce healthcare costs. This includes promoting healthy lifestyles, such as physical
activity and healthy eating habits, as well as regular health screenings and management of existing
NCDs through medication and lifestyle changes.

Table 2
NCDs between Various Age Groups

0, 0, 0, 0, 0, 1 0,
AgeGroup  Gender DM (%)  CKD (%) Heart Issue (%) RTI (%) IBS (%)  Thyroid (%)

n=_380 n=42 n=122 n=>51 n=2 n=12
35 Male 1.25 4.76 6.56 1.96 0 8.33
Female 3.75 0 1.64 3.92 50 0
Male 25 14.29 27.05 31.37 0 16.67
35<>65
Female 21.25 14.29 17.21 19.61 0 33.33
——5 Male 26.25 35.71 28.69 19.61 0 33.33
Female 22.50 30.95 18.85 23.53 50 8.33

The waist-hip ratio has been considered a better predictor of overall body fitness than body
mass index. Greater weight and fat around the waist can be a risk factor for NCDs, such as cardiovas-
cular disease (CVD) and DM. According to the WHO, 0.9 or less in men and 0.85 or less in women
can be considered a moderate WHR. In our study, based on the WHR data, every one in five patients
was obese (19.17 %). This data suggests that Bangladesh is within the non-obese category compared
to the US, where the obesity percentage for 2022 was 41.9 % [40]. We have observed that there is
a significant relation between the waist-to-hip ratio and CKD (p-value 0.042). A relationship was
found between waist-to-hip ratio and CRD for male patients above 65 (p-value 0.04).

We have performed a statistical analysis of blood pressure to observe the frequency of high
blood pressure. Elevated blood pressure often does not contain any symptoms and goes unnoticed
unless it is monitored regularly. This silent hypertension leads to sudden cardiac arrest or stroke.
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We have found that the mean systolic blood pressure lies within the normal range. In the two-tailed
t-test for sample systolic pressure, there was no difference between the sample mean, and population
mean (120 mmHg) (p-value 0.229). However, the two-tailed t-test shows a significant difference
between the sample mean and population mean (80 mmHg) in diastolic BP measurement. We used
aone-tailed T-test and found the diastolic BP range lies within 75—-78 mmHg. Therefore, the diastolic
blood pressure of the sample is slightly lower than the average population mean (80 mmHg) (Fig. 7).
Diabetes is now called the ‘other pandemic’ and one of the main growing public health con-
cerns in Bangladesh. The frequency of non-insulin-dependent diabetes mellitus (NIDDM) has been
increasing for the last few decades. According to the International Diabetes Federation (IDF), the
prevalence of diabetes in Bangladesh is estimated to be around 12.5 % of the adult population in
2022, which equates to approximately 13 million people [41]. The rising trend of diabetes in Bangla-
desh is due to several factors, including an ageing population, urbanization, and changes in lifestyle,
such as an increase in sedentary behavior and unhealthy diets. Additionally, there is limited access to
diabetes screening, treatment, and management in Bangladesh, which contributes to the increasing
disease prevalence e burden of diabetes in Bangladesh is significant, as it can lead to various health
complications, including cardiovascular disease, blindness, kidney failure and amputations.

Blood Pressure

I L

a0 [}

Diastolic Blood Pressure Syatalic Blood Pressure

Fig. 7. Blood Pressure Sample Mean vs Population Mean

Additionally, diabetes can have a significant impact on the quality of life and economic
productivity of individuals and the country. In our study, almost half of all hospitalized individuals
were diabetic. This disease often co-occurs with one or more diseases, leading to multiple comor-
bidities. We have seen an age-based progression of this disease. We applied the two-way ANOVA
to explore the relationship between multiple variables. The result shows that there is a significant
relationship between CVD and CRD in diabetic individuals (p-value less than 0.001).

Chronic kidney failure is one of the leading NCDs, which progressively damages kidney
functions. CKD affects both males and females, and the risk factors for CKD include age, hyper-
tension, diabetes, and a family history of kidney disease. 28.77 % were CKD patients in our study.
Of the total CKD patients, 35 % were over 65 years old. This establishes an age-based relationship
with CKD. The CKD patients had other coexisting medical conditions. 90 % of them had CVDs,
which indicates that CKD is a strong predisposing factor to develop cardiovascular disease. More
than two-thirds of CKD patients had diabetes mellitus, too.

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder with unknown aetiology.
The prevalence of IBS in rural Bangladesh is found to be 24.4 % [42]. Often triggered by specific
foods, stress, and emotional trauma, IBS can lead to symptoms ranging from bloating, stomach dis-
comfort to frequent bowel movements and unusual abdominal cramps. The burden of IBS in Ban-
gladesh is significant, as it can impact the quality of life, work productivity, and overall well-being
of affected individuals. We found only 2 female cases of IBS in our study. One of them had other
comorbidities such as DM, CVD and CRD. Data limitation was a barrier for further study in IBS
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patients. However, the leading NCD among the patients was cardiovascular disease (83.56 % of
all patients). It is mainly caused by an unhealthy sedentary lifestyle habit, high blood pressure,
high blood cholesterol, obesity, and diabetes. CVD was found to affect more males (62.3 %) than
females (37.7 %). The possible explanation could be that men are the sole income source for most
Bangladeshi families. Therefore, they are more vulnerable to occupational stress compared to their
female counterparts. CVDs are more prone to when associated with other diseases [43]. Moreover,
men are more likely to engage in unhealthy lifestyle behaviours such as tobacco use, heavy alco-
hol consumption, and physical inactivity, which are major risk factors for CVD. Early detection
and management of risk factors, such as high blood pressure and cholesterol, can help prevent or
delay the onset of CVD. We also saw the onset of | thyroid dysfunction among our participants.
Thyroid dysfunction can be both hypo and hyperthyroidism, which affects the performance of the
thyroid gland. Primarily affecting women, thyroid issues can affect men, too. We found 8.22 %
of patients with thyroid disorders. Of them, 58.33 % had CKD, and all had heart-related issues.
We can say that thyroid disorder increases the probability of developing CVDs.

Table 3
P-values Between All Pair of NCDs based on Gender and Age-Group
Disease Variables DM CKD Heart Issue RTI Thyroid
1 2 3 4 5 6 7

DM All All - 0.089 0.627 0.934 0.967
Male - 0.402 0.447 0.859 0.946

Female - 0.232 0.860 0.616 0.721
<=35 All - 0.657 0.118 0.958 0.822

Male - 0.826 1.0 0.921 0.921

Female - 1.0 0.349 0.971 1.0
35<>65 All - 0.971 0.7646 0.238 0.348
Male - 1.0 0.917 0.434 0.349
Female - 0.977 0.757 0.564 0.864
>=65 All - 0.038 0.346 0.152 0.606
Male - 0.194 0.133 0.940 0.436

Female - 0.235 0.994 0.071 0.793

CKD All All 0.089 - 0.358 0.992 0.061
Male 0.402 - 0.969 0.993 0.603
Female 0.232 - 0.079 0.974 0.052

<=35 All 0.657 - 0.561 0.522 0.03

Male 0.826 - 1.0 0.18 0.18

Female 1.0 - 1.0 1.0 1.0
35<>65 All 0.971 - 0.965 0.975 0.004
Male 1.0 - 0.541 0.863 0.363
Female 0.977 - 0.332 0.977 0.022
>=65 All 0.038 - 0.864 0.946 0.984
Male 0.194 - 0.974 0.774 0.822
Female 0.235 - 0.828 1.0 0.594
Heart Issue All All 0.627 0.358 - 0.536 0.276
Male 0.447 0.969 - 0.994 0.605
Female 0.86 0.079 - 0.269 0.436

<=35 All 0.118 0.561 - 1.0 0.765

Male 1.0 1.0 - 1.0 1.0

Female 0.349 1.0 - 0.729 1.0
35<>65 All 0.764 0.965 - 0.803 0.452
Male 0.917 0.541 - 0.793 0.799

Female 0.757 0.332 - 0.977 0.511

>=65 All 0.346 0.864 - 0.631 0.755
Male 0.133 0.974 - 0.959 0.825
Female 0.994 0.828 - 0.233 0.934
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Continuation of Table 3

1 2 3 4 5 6 7
RTI All All 0.934 0.992 0.536 - 0.877
Male 0.859 0.993 0.994 - 0.792
Female 0.616 0.974 0.269 - 1.0
<=35 All 0.958 0.522 1.0 - 0.117
Male 0.921 0.18 1.0 - 0.018
Female 0.971 1.0 0.729 - 1.0
35<>65 All 0.238 0.975 0.803 - 0.506
Male 0.434 0.863 0.793 - 0.495
Female 0.564 0.977 0.977 - 0.864
>=65 All 0.152 0.946 0.631 - 0.454
Male 0.94 0.774 0.959 - 0.523
Female 0.071 1.0 0.233 - 0.545
Thyroid All All 0.967 0.061 0.276 0.877 -
Male 0.946 0.603 0.605 0.792 -
Female 0.721 0.052 0.436 1.0 -
<=35 All 0.822 0.03 0.765 0.117 -
Male 0.921 0.18 1.0 0.018 -
Female 1.0 1.0 1.0 1.0 -
35<>65 All 0.348 0.004 0.452 0.506 -
Male 0.349 0.363 0.799 0.495 -
Female 0.864 0.022 0.511 0.864 -
>=65 All 0.606 0.984 0.755 0.454 -
Male 0.436 0.822 0.825 0.523 -
Female 0.793 0.594 0.934 0.545 -

Chronic lung diseases, including chronic obstructive pulmonary disease (COPD) and asth-
ma, are one of the top 10 NCDs responsible for 3.9 million deaths each year [43, 44]. Air pollution
is a significant contributor to the high rates of chronic respiratory disease in Bangladesh. Bangla-
desh is one of the most polluted countries in the world, with air pollution levels that are among the
highest in the region [45]. This air pollution is largely due to emissions from industrial activities,
vehicular traffic, and the burning of solid fuels for cooking and heating. Exposure to high levels of
air pollution, mainly particulate matter, can increase the risk of chronic respiratory diseases, lung
cancer, heart disease, and other health problems. Our study showed that 34.93 % of total patients
had chronic respiratory diseases. Of them, 32.5 % were in the 35-65 years age range. Almost half
of them had diabetes, and one-third had CKDs.

Bangladesh is the eighth most populated country in the world. Dhaka has the highest po-
pulation density of 30.093 residents per square kilometre. This overpopulation is creating social,
economic, and environmental issues that are triggering NCD incidences gradually. The effect of
urbanization on NCDs is very evident. The urbanization process amplified the lifestyle risk fac-
tors for NCDs: unhealthy diets, tobacco use, harmful alcohol intake, and physical inactivity [46].
As a result, it increases the average BMI such that the least urbanized countries’ BMI aver-
age is 2.3 kg/m? lower than most urbanized ones, and the cholesterol difference was found to
be 0.40 mmol/L. According to a study from 1980-2008, the least urbanized countries are expec-
ted to have up to 3.2 % lower prevalence of diabetics among women [47]. Socioeconomic status
also has a vital role in NCDs. Individuals in higher socio-economic groups living in urban settings
have a higher prevalence of diabetes, hypertension, and obesity than non-manual workers [48].
In Bangladesh, according to Bangladesh Demographic and Health Survey (BDHS 2017-18),
wealth status contributed approximately 25.71 % and 43.41 % of total inequality in hypertension
and diabetics, respectively [49, 50].

In our study, we observed the association of NCDs (DM, CKD, IBS, CVD, CRD, Thyroid)
between gender, age groups, and abdominal adiposity. We have observed that most of these chro-
nic diseases co-exist with other NCDs. For instance, 31.5 % of the population has only one NCD,
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30.1 % has two NCDs, and 38.3 % has more than two NCDs. Here we can see an interdependency
of chronic diseases. We also performed t-tests for different risk factor variables. We found a re-
lationship between CKD and thyroid under all age groups (p-value 0.061). We also observed age
and gender-based statistical analysis of different NCDs. Males under 35 years have a statistically
significant relationship between thyroid and chronic respiratory diseases (p-value 0.018). More-
over, we found a relationship between DM and CKD among patients over 65. There has been
a significant relation between CKD and Thyroid (P < 0.05) for both below 35 years and 35—65 years
age group. The overall association between each pair of NCDs in each category is listed in Table 3
with their respective P-values. We also did a two-way ANOVA test and found that two indepen-
dent diseases, heart issues and chronic respiratory illness, in combination, affect diabetes. More-
over, the combination of DM and RTTI also affected the CKD in male patients over 65 years old.
We were able to detect comorbidity using tree-based machine learning algorithms. XGBoost gave
the highest accuracy, 69.7 %, with a low recall and precision score. Using the random forest feature
importance, we learned that comorbidity depends on several physical conditions like age, weight,
and waist-hip ratio. Among them, age is the most important factor and most of the age > 65 patients
affected by more than two NCDs.

Limitations. Dhaka and the rural areas have different socio-economic conditions, envi-
ronmental pollution, and air index profiling. Although we included patients of both areas and so-
cio-economic conditions in this study, more data would have been more significant in determining
the NCDs prevalence in Bangladesh. A longitudinal population-based study, therefore, can infer
more interpretation about the year-wise pattern of NCDs in Bangladesh. However, some NCDs
like IBS and thyroid had very little data, so we could not interpret the analysis and comorbidity
associated with this information. Moreover, due to patient confidentiality, we could not collect
more information about patient demographic and habits which restricts us from drilling down more
specific causes related to individual NCDs.

Future Research:

— In future, we want to collect more data to reflect the population in Dhaka city in preva-
lence and major risk factors study.

— Effective diet planning is based on the patient’s physical and disease information with the
help of a nutritionist.

— Applying ML algorithms to create a diet recommender system.

— Explaining the recommender system to patients to gain trust using explainable AI (EXAI).

6. Conclusion

1. Due to the substantial impact of NCDs on global health, efforts to prevent and control
these diseases play a crucial role in disease management and population longevity.

2. According to our prevalence study, there is a significant relationship between heart di-
sease and chronic kidney disease with diabetes.

3. It is also evident that patients with kidney diseases are more vulnerable to heart diseases.

4. Almost all thyroid patients are suffering from heart diseases which need immediate ac-
tion plans.

5. In comorbidity, the patient’s age, weight, and waist-hip ratio are the major risk factors.

6. Without an appropriate diagnosis of major risk factors, the risk of developing NCDs is
increasing among younger individuals.

7. This study can be vital in policymaking as it represents the prevalence of NCDs based
on the population’s demographic and physical information and finds the most vulnerable groups.
At the same time, it can help healthcare practitioners understand comorbidities, NCD screening,
and palliative care.
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