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Body mass index plays a crucial role in preventing diseases and promoting health. The study shows that the nutritional status among tea plantation workers significantly changes socio-economic and health promotion, based on creating the modelling of occupational health and nutritional status of tea plantation workers. This study examines the nutritional status of tea plantation workers, focusing on its significant relationship with age wise variation. The Nilgiris district, located in the northwestern corner of Tamil Nadu, Southern India, served as the study area. Data were collected from through stratified random sampling, resulting in a sample size of 300 tea plantation workersacrossallsix taluks. Z-scores, a statistical measure indicating a score's relation to the mean across variables, were utilised to analyze the data.The Z score is a statistical measurement of a score’s relationship to the mean in a group of variables. Given that body mass index (BMI) significantly affects the occupational health and socio-economic status of tea plantation workers, addressing morbidity levels prevalent in this population is imperative. The results reveal significant spatial and age-wise disparities in nutritional status. Taluks such as Gudalur and Pandalur exhibit a higher prevalence of underweight conditions, while Coonoor and Udhagamandalam show relatively optimal BMI levels. The findings indicate that socio-economic conditions, inadequate dietary intake, and occupational factors strongly influence the nutritional health of workers. This study provides valuable insights for policymakers to design targeted health and nutrition interventions for tea plantation communities.This research, employing statistical modelling, offers valuable insights for health policy decision-making regarding future tea plantation workers.
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1.Introduction
Access to workplace health and safety has faced significant challenges on a global scale (Galgamuwa, 2017). Poor diet and ill health adversely impact working conditions (Shawe et al., 2023), leading to increased sickness and decreased productivity. Maintaining a healthy body and proper diet is essential to preventing common occupational health problems (Dwivedi et al., 2023;Mate 2025). Good nutrition and a healthy weight are vital for both mental and physical health (Balaji &Saravanabavan, 2020, 2021; Sudharsan et al 2019). 
Alarmingly, statistics indicate over 2 million work-related deaths and approximately 300 million non-fatal occupational accidents occur each year (Joghataei et al., 2023; Rahamath Nisha &Saravanabavan, 2020). Workplace interventions that enhance nutritional education or incorporate environmental changes can positively influence employees' dietary behaviours (Dutta et al., 2023). Evidence suggests that moderate workplace physical activity and risk behaviour interventions can significantly reduce body weight (Bezzina et al., 2024). Nutritional issues among tea garden adolescents may arise from various growth-limiting factors (Kalita & Choudhury, 2024). The socio-economic and health conditions of workers are heavily influenced by their environment and morbidity rates (Sengnang et al (2026); Saravanabavan et al., 2023, 2021, 2019; Vinothini et al.,2025,2024,2024a,2022; Mallick & Roy, 2022). Many tea garden workers face challenges such as hunger, poverty, unemployment, illiteracy, malnutrition, and serious occupational health issues (Baiano, 2020; Saravanabavan et al., 2021a). This study utilizes BMI-for-age as an essential indicator for assessing thinness or overweight among tea plantation workers (Messner et al., 2024; Ganesan and Saravanabavan, 2018;2025; Madushika, & Senevirathna, 2026). The WHO recommends BMI-for-age as the optimal indicator for assessing under-nutrition (thinness) or overweight among adolescents (Byker Shanks et al.,2025;Shatsang et al 2025; Chiwaka et al.,2026). However, few studies in India have focused on assessing thinness using BMI-for-age.Tea plantation workers face nutritional challenges and diseases that can impair their health (Engjaipi et al 2025). Age-related reductions in appetite, physical activity, and lean body mass can occur even without overt occupational health (Bai et al., 2023; Saravanabavan et al 2025;2025a;2025b). Nutrition is defined as the science of food and its relationship to health (Vlaicu et al., 2023; Malik et al., 2023; Radhakrishnan, & Vaithialingam,2023). Nutritional needs are heightened during various life stages, yet inadequate diets and unfavourable environments in developing countries can adversely affect growth and nutrition, particularly among adolescents(Umasankar and Saravanabavan,2024). Poor nutrition often leads to short stature and low lean body mass, resulting in numerous current and future health issues.
Despite increased food production, studies indicate that poorer sections of the population in India continue to suffer from malnutrition (Saravanabavan,1996;2011;2013). Body Mass Index (BMI) categorizes individuals as underweight, normal weight, overweight, or obese (Byker Shanks et al., 2025). It is a reliable indicator of body fatness and is commonly used to screen for weight categories that could lead to health problems. Consequently, various measurements, including sitting height, weight, and indices based on these metrics, have been extensively used to define malnutrition (Li et al., 2024). Nutritional inadequacies can lead to significant adverse effects on growth and health (Zittermann et al., 2023; Vinothini and Saravanabavan, 2022;2023).These researchers compared tea factory laborers with control subjects, finding that workers had significantly lower BMI, body fat percentage, and energy expenditure, despite exhibiting good physical fitness (Mandal et al.,2023; Vinothini et al 2026;2025a; Eswari et al 2025;2021). The study highlighted poor socioeconomic and health status among the laborers. Understanding the nutritional status of a community is critical to comprehending its overall development process, as under-nutrition remains a significant health challenge in developing countries. This study employs statistical modelling to analyze health and nutritional determinants among tea plantation workers in the Nilgiris, offering essential insights for future policy recommendations. 


Study Objectives
The primary objective of this study is to examine the occupational health characteristics of tea plantation workers in the Nilgiris district and assess their nutritional status across different spatial (taluk-wise) contexts. Specifically, the study aims to evaluate BMI and other nutritional indicators among workers in various taluks, identify spatial disparities in nutritional status, analyze age-wise variations in BMI and related health parameters, and understand the occupational health challenges faced by tea plantation workers.
Hypotheses
It is hypothesized that there are significant spatial disparities in nutritional status among workers across different taluks, BMI varies significantly with age, and occupational health characteristics are associated with spatial and demographic factors.The primary objective is to examine the occupational health characteristics of tea plantation workers and assess their nutritional status across spatial (taluk-wise) contexts in the Nilgiris district.
2. Study Area
The Nilgiris district is located in the northwestern part of Tamil Nadu, India, covering an area of 2,549.38 sq. km. It lies between latitudes 11°8′–11°37′ N and longitudes 76°27′–77°4′ E, with an average elevation of about 6,500 feet above sea level. Tea plantations dominate land use, accounting for approximately 68.56% of cultivated land (Fig 1).
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Fig 1: Location of the study Area
3.Methodology
3.1 Sources of Data
Data was obtained from both primary and secondary sources. Secondary data on health indicators was collected from inpatient and outpatient records of tea plantation hospitals in Coonoor,along with workers details from TANTEA (Tamil Nadu Tea Plantation Corporation). Primary data were gathered through a structured questionnaire survey using stratified random sampling, covering 300 workers. The field survey was conducted in 2025 to assess the health and socio–economicconditions of the respondents 
3.2 Methods and Techniques
The standard score (Z-score) technique was applied to synthesize variable sets, illustrating the relationship between selected Socio-Economic and occupational health variables to tea plantation workers.A Z-score is a statistical measurement of a score's relationship to the mean in a group (Chinawa et al., 2024). It can be positive or negative, indicating whether the score is above or below the mean and by how many standard deviations.

                                                                                     Z=  x-µ
                                                                                            σ
 x- Row Score,
 µ-Mean of the given population sample,
 σ-standard deviation of the given population sample.

A cross-sectional study was conducted among tea garden workers to measure height and weight using standard procedures. BMI was computed from these measurements. To achieve the study's objectives, primary data were collected from tea plantation workers in the Nilgiris district and analysed using Z-score statistical techniques, with Excel tools applied for calculating mean and standard deviation.
BMI is calculated using the following formula:
BMI = W (kg) / H² (m²).
Where BMI is body mass index, W = Weight (in kilograms, kg), H = Height (in meters, m)
The median serves as a crucial measure of location, indicating data distribution. Notably, extreme values do not influence the median.
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Standard deviation summarizes the differences of each observation from the mean. Positive and negative differences balance to yield a sum of zero; the squares of the differences are then totaled. This sum is divided by the number of observations minus one, providing the mean of the squares, followed by taking the square root to return to the original units.
[image: fig-27]

4. Results 
The present study highlights significant spatial variations in the nutritional status of tea plantation workers across different taluks in the Nilgiris district, with a higher prevalence of underweight conditions observed in Gudalur and Pandalur, while comparatively better nutritional indicators are evident in Coonoor and Udhagamandalam. These disparities may be attributed to variations in socio-economic conditions, accessibility to healthcare, dietary diversity, and occupational workload. Similar patterns have been documented in plantation-based communities, where low income levels, limited food security, and physically demanding labor contribute to poor nutritional outcomes (International Labour Organization, 2019; World Health Organization, 2021). Previous studies have emphasized that plantation workers often experience chronic energy deficiency due to inadequate caloric intake and high energy expenditure (Nair et al., 2013). Furthermore, research conducted in South Indian plantation regions indicates that educational status, access to public distribution systems, and healthcare infrastructure significantly influence nutritional status (Joseph et al., 2015). The relatively better nutritional status observed in Coonoor and Udhagamandalam may be associated with improved urban connectivity, diversified income opportunities, and better access to health and nutrition services. Thus, the findings of the present study are consistent with existing literature that underscores the critical role of socio-economic determinants, occupational stress, and food accessibility in shaping nutritional disparities among plantation workers. 
4.1 Body Mass Index Classification
BMI categorises tea plantation workers into various classifications based on age groups, specifically less than 25, 25-50, and over 50 years old. BMI is a function of weight and height, serving to determine if an individual has a healthy weight for their height (Table 1).
Table 1: Body Mass Index Classification and Nutritional Status

	S.No
	BMI Classification
	Nutritional Status

	1
	Very severely underweight
	< 16.0

	2
	Severely underweight
	16.0 – 16.9

	3
	Underweight
	17.0 – 18.4

	4
	Optimal weight
	18.5 – 24.9

	5
	Overweight
	25.0 – 29.9

	6
	Obese class I
	30.0 – 34.4

	7
	Obese class II
	35.0 – 39.9

	8
	Obese class III
	> 40.0


Source: WHO
The above (Table:1) explains the Body Mass Index and nutritional level  (Fig 2) The nutritional status range following is, very severely underweight < 16.0, severely underweight 16.0-16.9, underweight 25.0-29.9, optimal weight 18.24.9, overweight 25.0-29.9, obese class I 30.0-34.4, obese class II 35.0-39.9 and obese class III > 40.0.
BODY MASS INDEX CHART
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Note: The Conversion factor to keep in1 Kg= 2.20461 Ibs
[bookmark: _Hlk195534963]Fig: 2 High and Weight BMI Chart

Table 2: Body Mass Index < 25 Age group
	S. No
	Name of the Taluk
	Workerse
	< 25 Age group
	Height in 
(Cm)
	Weight in (Kg)
	BMI

	1
	Gudalur
	9
	22 ± 1.7
	153.8 ± 6.7
	51.3 ± 5.9
	18.1 ± 2.5

	2
	Pandalur
	8
	23 ±1.5
	153.1 ± 5.4
	50.5 ± 4.7
	16.2 ± 2.2

	3
	Coonoor
	11
	21 ± 2.3
	148.4 ± 5.7
	48.9 ± 3.1
	22.4 ± 1.8

	4
	Udhagamandalam
	9
	21 ± 2.4
	152.2 ±7.6
	47.4 ± 3.8
	20.5 ± 2.0

	5
	Kotagiri
	11
	22 ±1.4
	152.4 ± 5.6
	44.8 ± 3.9
	27.1 ± 2.7

	6
	Kundah
	2
	23 ± 0.7
	153  ± 8.5
	50  ± 2.8
	21.6  ± 3.6

	 
	Total 
	50
	22 ± 1.66
	152.15  ± 6.58
	48.81  ± 4.03
	21.2  ± 2.5


 Methods: M=Mean and SD= standard deviation 
4.2 Nutritional Status of the BMI < 25 Age Group	  
Nutritional status of body mass index of tea plantation workers in the Nilgiris district.(Table 2). The table represents the tea workers< 25 age group from Gudalur and UdhagamandalamThe age group of the tea plantation workers (Table 2) explains the BMI body mass index level of the tea plantation workers in the Nilgiri district. Among the district of the tea plantation workers mean and standard deviation of < 25 age group of value (22 ± 1.66). The tea plantation workers low age group in the Taluk of Coonoor (21 ± 2.3) and Udhagamandalam (21 ± 2.4) mean and SD value. Moderate of in the age group tea plantation workers,twoGudalur taluk (22 ± 1.7) and Kotagiri (22 ±1.4) mean and SD value of age group and high in the age group of workers Kundah Taluk (23 ± 0.7).( Fig 4)The hight in centimetres of the workers mean and standard deviation low in the Taluk of Coonoor (148.4 ± 5.7) and moderate of height of the Taluk of Udhagamandalam (152.2 ±7.6) and KotagirTaluk (152.4 ± 5.6) mean and standard deviation value. The height high among Gudalur taluk (153.8 ± 6.7), Pandalur (153.1 ± 5.4) and Kundah Taluk (153  ± 8.5). Among the height of the tea plantation workers in the Nilgiri district of mean and standard deviation of value (152.15  ± 6.58).  The weight in kilograms of tea plantation workers in six taluk wise is analyzed, the low level-weight of workers are in the Taluk of Kotagiri (44.8 ± 3.9) mean and standard deviation value and moderately indicate the Taluk of Udhagamandalam (47.4 ± 3.8) and Coonoortaluk value of (48.9 ± 3.1). In the age group of < 25, there is a high weight of workers among Gudalur taluk (51.3 ± 5.9), Pandalur (50.5 ± 4.7) and Kundah Taluk (50 ± 2.8). The average weight of the tea plantation workers among the Nilgiri district the mean and [image: ]standard deviation of value (48.81 ± 4.03) (Fig 3).  






Fig 3 Body Mass Index (25-50) Age group
Poor nutrition among tea garden adolescents may be attributed to the availability of various growth-limiting factors. Tea garden adolescents have to take on various household responsibilities since both parents are generally engaged as manual workers in the industry, which probably adversely influences their health and nutrition. Increased requirements of diet due to rapid growth during adolescence, and tribal adolescents in India consume a diet much below the recommended level.
The Fig: 2 represents the nutritional status of tea plantation workers. Show that the < 25 age group of Gudalurtaluk’s (18.1 ± 2.5) tea plantation workers are underweight. In Pandalurtaluk (16.2 ± 2.2), workers are severely underweight. Coonoor (22.4 ± 1.8), Udhagamandalam (20.5 ± 2.0) and Kundah (21.6 ± 3.6) tea workers are found in the optimal weight category. The only taluk which comes under the overweight category in Kotagiri taluk (27.1 ± 2.7). The main reasons behind the variation in nutritional status of tea workers are due to lack of nutritional intakes, food not taken in proper time, below poverty level, poor intake of nutritious food and the socio-economic status of the workers also plays an important role for the above. In the present study, BMI has been used for age as an indicator to describe thin or overweight. Instead, BMI-for-age was recommended by WHO (1995) as the best indicator for use in adolescence to describe under-nutrition (thinness) or overweight. But, there are a few studies in India which have attempted to describe thinness using BMI-for-age as the indicator (Sung et al, 2024).
4.3 Nutritional Status of BMI between 25-50 Age Groups
	The nutritional status of tea plantation workers ranges between the 25 – 50 age group (Table 3) The average age of workers among the district mean and standard deviation value of (38.83±7.17). The mean standard deviation of age group ranges between Gudalur (38 ± 7.2),  Pandalur (39 ± 6.8), Udhagamandalam (39 ± 6.0), Coonoor (42 ± 7.0), Kotagiri (36 ± 8.0) and Kundah Taluk (39 ± 8.0).
Table 3: Body Mass Index 25 - 50 Age group
	S. No
	Name of the Taluk
	Workers
	25-50 Age group
	Height in
(Cm)
	Weight in (Kg)
	BMI

	1
	Gudalur
	26
	38 ± 7.2
	159.5 ± 5.3
	51.3 ± 4.8
	21.5 ± 2.5

	2
	Pandalur
	29
	39 ± 6.8
	159.6 ± 5.3
	51.3 ± 4.8
	17.5 ± 2.1

	3
	Coonoor
	33
	42 ± 7.0
	158.2 ± 6.7
	54.8 ± 4.6
	21.9 ± 3.1

	4
	Udhagamandalam
	30
	39 ± 6.0
	154.5 ± 5.8
	52.3 ± 4.9
	22.1 ± 3.1

	5
	Kotagiri
	32
	36 ± 8.0
	157.9 ± 5.0
	53.8 ± 5.4
	16.5± 2.6

	6
	Kundah
	30
	39 ± 8.0
	156.7 ± 5.9
	53.0 ± 4.6
	25.8 ± 2.8

	
	Total
	180
	38.83±7.17
	157.73 ± 5.66
	52.75 ± 4.85
	21.5  ± 2.7


Methods: M=Mean and SD= standard deviation
The significance of age group indicates the height of the tea workers in six Taluk wise in the Nilgiris district. The average and standard deviation of value (157.73 ± 5.66). In the district, taluk level differs from the height, Gudalur (159.5 ± 5.3) and PandalurTaluk (159.6 ±5.3). The Udhagamandalam Taluk (154.5 ± 5.8), Coonoor (158.2 ± 6.7), Kotagiri (157.9 ± 5.0) and Kundah Taluk (156.7 ± 5.9)(Table 3). The weight in Kg of tea plantation workers differs from taluk to taluk in the Nilgiris district. The mean and SD value in the district were 52.75 ± 4.85. The significant of weight among the six taluk of the Nilgiris district > 50 kg, average and standard deviation value of Gudalur (51.3 ± 4.8), Pandalur (51.3 ± 4.8), Udhagamandalam (52.3 ± 4.9), Coonoor (54.8 ± 4.6), Kotagiri (53.8 ± 5.4) and Kundah Taluk (53.0 ± 4.6). The poor nutritional status of adolescents, especially girls, has important implications in terms of physical work capacity and adverse reproductive outcomes (WHO,1995). The high rate of adverse reproductive outcomes is already an important concern in the tea garden population (Subbaet al., 2024).
Body mass index (BMI), expressed as the ratio of weight to height squared, can be a good parameter to grade chronic energy deficiency (CED) in adults (Titaley et al., 2024). Inadequacies in nutritional intake or under-nutrition can be considered a major sourceof many adverse effects on the growth and health of individuals (Dwivedi et al., 2024).
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	The above (Fig:4) shows the nutritional status of the tea plantation workers in the age group between 25-50. Gudalur (21.5 ± 2.5), Coonoor (21.9 ± 3.1) and Udhagamandalam (22.1 ± 3.1) taluks come under the optimal weight category. The only taluk recorded under the underweight category among the tea workers was Pandalur (17.5 ± 2.1). The severely underweight category is from Kotagiri (16.5± 2.6). In the overweight category comes Kundah taluk (25.8 ± 2.8). The nutritional level variation is due to poverty, unsafe behaviour  andlack of nutritional food intake. 
4.4 NUTRITIONAL STATUS OF BMI > 50 AGE GROUP
	Table 4 explains the body mass index of the tea plantation workers in the Nilgiris district. Among the districts of the tea plantation, the workers mean and standard deviation of the > 50 age group of value was (54.66 ± 2.66). The tea plantation workers age group in the Taluk of Coonoor (52 ± 2.0) and Udhagamandalam (54 ± 3.0) mean and SD value.

Table: 4 Body Mass Index > 50 Age group
	S. No
	Name of the Taluk
	Workers
	> 50 
Age 
group
	Height in  
(Cm)
	Weight in
 (Kg)
	BMI

	1
	Gudalur
	15
	56 ± 3.0
	153.5 ± 7.8
	51.1 ± 3.7
	16.9 ± 4.3

	2
	Pandalur
	13
	55 ± 3.0
	156.5 ± 6.5
	53.0 ± 7.2
	17.6 ± 3.7

	3
	Coonoor
	6
	52 ± 2.0
	156.0 ± 6.0
	54.0 ± 3.9
	22.3 ± 1.6

	4
	Udhagamandalam
	11
	54 ± 3.0
	154.2 ± 5.7
	51.2 ± 4.4
	25.1 ± 3.0

	5
	Kotagiri
	7
	56 ± 2.0
	154.9 ± 6.0
	52.0 ± 3.1
	21.9 ± 2.8

	6
	Kundah
	18
	55± 3.0
	151.1 ± 7.3
	52.5 ± 3.17
	22.3 ± 3.6

	
	Total
	70
	54.66 ± 2.66
	154.36  ± 6.55
	52.3 ± 4.25
	22  ± 3.2


Methods: M=Mean and SD= standard deviation
In this > 50 age group of tea plantation workers, the Talk of Gudalur(56 ± 3.0) and Kotagiri (56 ± 2.0) mean and SD value of age group and high in the age group of workers Kundah Taluk (55± 3.0). The height in centimetres of the workers mean and standard deviation in the taluk of Coonoor (156.0 ± 6.0) and moderate height of the taluk of Udhagamandalam (154.2 ± 5.7) and Kotagiri Taluk (154.9 ± 6.0) is mean and standard deviation value (Table 4). The height in cm among Gudalur taluk (153.5 ± 7.8), Pandalur (156.5 ± 6.5) and Kundah taluk (151.1 ± 7.3). Among the height of the tea plantation worker in the Nilgiris district, the mean and standard deviation of value (52.3 ± 4.25). 
The weight in kilograms of tea plantation workers in six Taluk wise analyses, the low-level weight of workers in Gudalur taluk (51.1 ± 3.7) mean and standard deviation value and moderately indicate in the taluk of Udhagamandalam (51.2 ± 4.4) and Coonoortaluk value of (54.0 ± 3.9). In the age group of < 25, the high weight of the workerswas observed among the taluk of Kotagiri (52.0 ± 3.1), Pandalur (53.0 ± 7.2) and Kundah Taluk (52.5 ± 3.17). The average weight of tea plantation workersin the Nilgiri district of mean and standard deviation of value 48.81 ± 4.03.
In the result of the > 50 age group, Coonoor (17.6 ± 3.7), Kotagiri (21.9 ± 2.8), and Kundah taluk (22.3 ± 3.6) come under the optimal weight category. The tea workers at Gudalur (16.9 ± 4.3) come under the severely underweight section. Pandalurtaluk (17.6 ± 3.7) is in the underweight category. Udhagamandalam (25.1 ± 3.0) is the only taluk that comes under the overweight category. This age group is most affected in the case of nutritional level because of their age and minimal intake of nutritional food (Fig.5)
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The present study analyses the nutritional status of BMI body mass index. The Nilgiri district tea plantation workers are affected by nutritional disorders in the different age groups, is shown in the taluk wise.(table 4) The three-taluk affected by nutritional defects are Pandalur, Gudalur and Kotagiri taluk. These taluk tea workers are affected by underweight. The poor nutritional status of workers, especially male and female workers, has important implications in terms of physical work capacity and adverse reproductive outcomes. The high rate of adverse reproductive outcomes has already been an important concern in the tea garden population. Interpreting indicators during the 25 - 50 age groups are a complicated issue due to nutritional changes. Despite that, the present findings of BMI generated through tea plantation workers based on the survey will be useful health and nutritional needs of tea plantation workers.
5. Discussion
The study highlights significant malnutrition among tea plantation workers in Nilgiris, with regional disparities linked to socioeconomic and occupational factors. Lower socioeconomic areas show poorer nutritional health, affecting overall well-being and productivity. The findings suggest the need for targeted, region-specific health and nutrition programs, improved healthcare infrastructure, and socio-economic support to enhance the health and sustainability of this vulnerable group. A comprehensive approach addressing health, social, and economic aspects is essential for their betterment.

Figure 6 displays the BMI in all age groups of BMI in spatial form. The severely underweight categories in the taluk like Pandalur, Gudalur and Udhagamandala, while in the age group of 25- 50, Kotagirei are more underweight. Similarly, the>50 age group in Gudalur is reported as underweight.  In the overall age group, Gudalur and Pandalur are reported as the most underweight against the taluk of Coonoor, Udhagamandalm.At the same time, Kotagirei also reported being severely underweight following Gudalur and Pandalur. Because the socioeconomic and health variables are strongly determinedat the taluks. In this fact are identified for  non-spatial information.
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                                     Fig 6 Z score variation of (+) and (-) BMI score 
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[bookmark: _Hlk195535885]	Fig 7 Body mass Index in different age groups of Plantation workers
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[bookmark: _Hlk195535932]          Fig. 8 BMI in all age groups in the Nilgiris district of Tea plantation workers
Similarly, the different age groups of BMI in the Nillgirs district can be standardised into Z-score values. Because of easy identification based on the classification. In this method, we can adopt different age projected in the map.  The age group of less than 25 category Pandalurhasare lowest BMI Status against High in Kotagiri taluk. In the age group of 25-50, Taluk Kundah has reported a high value of BMI of more than 50. Udhagamandalam is the maximum (Fig.7). The overall age group of the district Pandalur and Gudalurhas the lowest BMI value, against Kudha, Coonoor has the maximum in the Z value, and the remaining two taluk, like Udhagamandalm and Kotagirei are a medium BMI in the Z score value. The above information indicates that the socio-economic condition of the population and health care availability are reasonable variations of BMI in the district (Fig. 8). One of the main limitations of this study is the cross-sectional design, which restricts the ability to establish causal relationships between occupational factors and nutritional status. Additionally, the data were collected from a specific geographic region, which may limit the generalizability of the findings to other populations or settings. The study also relied on self-reported data for some variables, which may be subject to recall bias or social desirability bias. Furthermore, detailed information on dietary intake and physical activity levels was not collected, which could have provided a more comprehensive understanding of factors influencing nutritional status. Future longitudinal studies with larger, more diverse populations and comprehensive data collection are recommended to validate and expand upon these findings. To build on these findings, longitudinal studies involving larger and more diverse populations are recommended. Incorporating comprehensive dietary assessments, physical activity levels, and occupational exposure data can provide deeper insights into the determinants of nutritional health among tea plantation workers. Moreover, intervention-based research focusing on nutritional supplementation and socio-economic support can evaluate strategies to improve health outcomes in this vulnerable population. Overall, this study emphasizes the pressing need for region-specific nutritional and occupational health initiatives in the Nilgiris district. Recognizing the socio-economic determinants of health and implementing targeted interventions can substantially improve the wellbeing and productivity of tea plantation workers.
6. Conclusion
The variation in the nutritional status of tea plantation workers is primarily influenced by inadequate dietary intake, poor meal timing, poverty, and limited access to nutritious food. Spatial analysis reveals that Gudalur and Pandalur taluks have a high prevalence of underweight individuals, while Coonoor maintains optimal BMI levels across all age groups. The spatial BMI indicators are proof that taluks like GudalurPandalur, Udhagamandalam, and Kotagiri have a low level of BMI status in the majority of the age group of workers. These factors significantly impact BMI and highlight the urgent need for targeted nutritional and healthcare interventions to improve the well-being of tea plantation workers.
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