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Abstract
Background
Type 2 Diabetes (T2DM) prevalence is increasing in low- and middle-income countries along with high levels of obesity which vary according to socioeconomic and contextual characteristics. We aim to estimate the prevalence of T2DM and obesity in men and women in a hard-to-reach rural area in northern Ecuador considering socio-demographic characteristics.

Methods
Cross-sectional descriptive study based on a population-based survey in the Eloy Alfaro health district of Esmeraldas between October 2020 and January 2022. We collected sociodemographic information and risk factors for non-communicable diseases with an adapted version of the STEPS survey, performed oral glucose tolerance tests, biochemistry and took physical measurements. We estimated the prevalence of T2DM, obesity, and calculated Odds Ratios (OR) with confidence intervals by logistic regression in Stata v.15.

Results
The overall prevalence of T2DM was 6.8% (CI95%: 4.9–8.7), markedly higher among women compared to men (10.4%, CI95% 7.3–13.4%, compared 2.0%, CI95% 0.4–3.7% respectively). The risk of having T2DM in women was 5 times higher than in men adjusting for age, ethnicity, employment, household earnings and obesity (OR: 5.03; 95%CI: 1.68–15.01). Regarding age, the risk of T2DM increased by 6% per year (adjusted OR: 1.06; 95%CI: 1.03–1.08). Obesity prevalence was 30.8% (CI95%: 27.3–34.3), in women was nearly three times higher than in men (43.2% CI95%: 38.2–48.2, compared to 14.7% prevalence, CI95%: 10.6–18.8). Indigenous women had a lower prevalence of obesity compared with the Afro-Ecuadorian women (OR: 0.05; 95%CI: 0.02–0.18) after adjusting for age, employment status, household earnings and setting.

Conclusion
We found alarming differences between the prevalence of T2DM and obesity in women and men that may be explained by gender roles, exacerbated in the rural context. Health promotion measures with a gender perspective should be adapted according to the characteristics of isolated rural contexts.
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Background
Type 2 Diabetes mellitus (T2DM) is a major public health problem due to its increasing prevalence, high morbidity and mortality, and high healthcare costs. Although the disease now affects more than 500 million people, low- and middle-income countries are the most affected and already have four-fifths of the population with diabetes [1]. Moreover, prevalence is expected to continue to increase rapidly (21% in middle-income countries) until 2045 due to population ageing [2]. Another driver of non-communicable diseases (NCDs), including diabetes, is rapid urbanisation and facilitated access to tobacco, alcohol and unhealthy foods, which create an obesogenic environment. Exposure to these environmental risk factors is leading to worrying levels of obesity in regions of Latin America and the Caribbean (LAC), where the prevalence is already 24% [3].
According to the CARMELA study, individuals with obesity are two to three times more likely to have non-communicable diseases (NCDs) such as type 2 diabetes (T2DM), hypertension, and dyslipidaemia [3]. With 63% of the Ecuadorian population being overweight or obese, this indicates a significant increase in T2DM cases in the future [4]. The International Diabetes Federation (IDF) 2021 report estimates that 4.7% (4.0–7.3) of the Ecuadorian population aged 20–79 years already has T2DM [2]. In 2021, diabetes was the second leading cause of death in Ecuador, excluding COVID deaths [5]. In a country with a 40% poverty rate, fragmented health systems and high out-of-pocket health costs, diabetes-related expenditures per person are estimated at approximately 2,280 (USD) per year and can place a significant financial burden on individuals for effective disease management [2, 6].
Although diabetes and obesity affect all age groups, there are socioeconomic and contextual differences that influence disease risk, such as ethnicity, gender, region or income [7, 8]. Several studies report differences in the prevalence of diabetes between men and women [1, 4, 8–10], which, as with other diseases, are determined by both sex, biological differences, and gender, predominant psychosocial influences [9]. Both factors interrelate and interact throughout people's lives, so when we talk about gender inequalities, we are referring to how gender (understood as culture-bound conventions, roles, and behaviours for, as well as relationships between and among, women and men) influences existing differences in the development of the disease [11]. The aim of the study is to estimate the prevalence of T2DM and obesity in men and women in a hard-to-reach rural area in northern Ecuador, taking into account sociodemographic characteristics.

Methods
Study design
Population-based cross-sectional study conducted in the Eloy Alfaro health district of Esmeraldas Province, Ecuador.

Setting
The survey was conducted between October 2020 and January 2022 in the health district 08D02 (Eloy Alfaro) in Esmeraldas Province, a densely forested rural area in the northwest coastal region of the country with a population of 45,629 (est. 2020) [12]. Different ethnic groups coexist in this region, where approximately 85% of the population self-identify as afro-Ecuadorian, 10% as indigenous Chachi and 5% as mestizo (person of mixed ethnic heritage, e.g. European and Indigenous American; European and Afro-Ecuadorian; Indigenous American and Afro-Ecuadorian). The main economic activities in the area are dedicated to livestock, agriculture, fishing and/or tourism. The majority of the population (84%) live in small communities (some of which are only accessible by water) lining the Santiago, Cayapas and Onzole rivers, and 16% live in two semi-urban nuclei, Limones and Borbón. Esmeraldas is one of the provinces most affected by poverty and inequality in Ecuador [13]. In 2022, the unemployment rate was 9.1%, and the rate of poverty due to unsatisfied basic needs was 52.3% [14].

Participants
As described in the study protocol, we proposed a sample size of 720 individuals [15] assuming the prevalence of T2DM is no higher than 10%, a design effect of 1.5 and a possible 20% loss of participants. All Eloy Alfaro residents aged over 18 years who provided informed consent were eligible for inclusion in the survey. Individuals were considered residents if they had slept in the district at least 20 days of the previous month and had no plan to move in the near future. The sampling procedures depended on the context with geospatial sampling being used for the urban centres and multistage stratified cluster sampling for rural communities. We aimed to recruit 240 individuals in the urban centres by selecting 328 randomly generated GPS points with QGIS Geographic Information System (QGIS Association. http://​www.​qgis.​org) from the residential portions of the census sections in the urban centres (207 in Borbón and 121 in Limones). Community health promotors engaged by the Centre of Community Epidemiology and Tropical Medicine (CECOMET) visited the closest house to each GPS point and listed all individuals that resided within the house. We randomly selected one individual from the list and if they were not present when the survey team visited, the survey team tried to reschedule their visit up to 3 times, after which the GPS point was replaced. At times there was a significant time lag from listing the residents of the house to inviting the selected individual to participate in the study. The survey team visited new GPS points until the proposed sample size was achieved. We intended to recruit 480 individuals from the 150 rural communities by multistage stratified cluster sampling. Firstly, each community was classified according to the majority ethnicity (afro-Ecuadorian, indigenous, mestizo or mixed) and isolation (three categories according to the distance and time from the main urban area following the riverbeds) to define a total of 12 strata. We then selected 60 community clusters, whereby a number of communities were selected in each stratum with disproportionate allocation (i.e., number of communities proportionate to the population estimate in that stratum). Finally, from each cluster, we selected 8 participants using simple random sampling which was possible thanks to an existing census developed and updated between November 2018 and January 2020 by community health promotors in collaboration with CECOMET.

Data collection
The survey team was made up of 4 women and 4 men aged between 24 and 57 from different cultural and ethnic groups, all with healthcare training (nurses, auxiliary nurses, midwifery). At least one member of the team was able to translate questions verbally to Cha’palaa (the language spoken by the indigenous population in the area) when required. We collected information on sociodemographic characteristics and health-related behaviours through face-to-face questionnaires in the participants’ homes. We used the WHO STEPS NCD risk factor survey forms [16], composed of core questions that obtain general information about risk factors and extended questions, to complement the first ones with more detailed information, with cultural adaptations to the questions as required. We included core and extended questions on education, ethnicity, marital status, employment status, household income, tobacco use and physical activity. Only the core questions were used to collect information about alcohol consumption and diet. After the interview, the survey team then arranged an appointment for physical and biological measurements together with the participant, considering geographical convenience and availability. At this second appointment, we measured weight, height, waist circumference and blood pressure according to the technical specifications recommended in the STEPS guideline [17]. Participants were instructed to fast for at least 8 h prior to the appointment. In order to determine eligibility for an Oral Glucose Tolerance Test (OGTT), we obtained a first blood sample from the study participants in a well-lit and hygienic environment. This initial blood sample was analysed using a capillary blood glucose test. Individuals with normal capillary glucose levels (< 144 mg/dl) were selected to undertake the OGTT, which involved a second blood draw 2 h after the ingestion of 75 g glucose (GLUTEST 75 g—DQGLT-075–001 – Quimical EC, Quito, Ecuador). Participants with diabetes or pregnant women were eligible for the study but did not undergo the OGTT. We offered a pregnancy test to women who were unsure of their pregnancy status. Samples were centrifuged using a mobile lab after being stored at -20ºC until analysis (average time 2 days) by a laboratory with international certification ISO 9001 (LABORATORIO CENTRO MÉDICO “MADRE ANASTASIA”). In the rural communities where the cold chain was not assured, samples were stored at -195ºC using liquid nitrogen (66 individuals, 132 samples). Information was recorded on digital tablets (Samsung Galaxy Tab AT290) with the programme KoboCollect (version 2.4).

Variables
The main outcome variables of this study are type 2 diabetes and obesity. The diagnosis of T2DM was primarily made using the OGTT (2-h blood glucose values ≥ 200 mg/dl) as it is considered the gold standard for diagnosing T2DM due to its higher sensitivity according to the IDF guidelines [18]. For individuals who did not undergo an OGTT, we based the diagnosis of T2DM on their fasting plasma glucose levels (≥ 126 mg/dl). We calculated the body mass index (BMI) of the individuals and obesity was classified when BMI was equal to or higher than 30.
We categorised the following sociodemographic and behavioural variables to facilitate the analysis and interpretation. Age was considered as a continuous variable and when required categorised into 3 groups (18–39 years, 40–64 years, and ≥ 65 years). Self-reported ethnicity was simplified to Afro-Ecuadorian, Mestizo and Indigenous. We classified education into three levels (no formal schooling, primary school completed and secondary school completed or higher). Marital status was classified into two categories: partnered (married or free union) or unpartnered (single, separated or widow). Employment status was dichotomised into formal employment (including self-employed, private sector employee or government employee) or not in formal employment (homemakers, students, unemployed or retired) due to the low frequencies in some categories. The item for estimated household earnings was divided according to the median ($0 to $100 and over $100). Tobacco consumption was classified into three categories (never smoker, ex-smoker, smoker). Alcohol consumption was calculated based on the reported frequency and quantity of alcohol intake and classified as low-risk consumption when individuals consumed less than 60 g/day for men and 40 g/day for women. Physical activity included both recreational activities and work and is reported according to the WHO recommendation of at least 150 min of moderate to high-intensity activity per week. We considered diets to be unhealthy considering consumption of fruit and vegetables (< 2 portions/day), salt (always adding salt to food and eating processed food 5 or more times per week) and sugar (always adding sugar to beverages or consuming sweets or sweetened drinks 5 or more times per week). Although the recommended fruit and vegetable consumption is 5 pieces per day, we used 2 pieces as a reference due to the low fruit and vegetable consumption in this population.

Data analysis
We conducted all statistical analyses using Stata version 15.0 (StataCorp, College Station, TX, USA). We described the prevalence of our main outcome variables with 95% confidence intervals, disaggregated by sex. We compared the sociodemographic and behavioural characteristics using proportions and Fisher’s exact test for categorical variables, and the mean and Student’s t-test for continuous variables. We used logistic regression to estimate Odds Ratios (ORs) with 95% confidence intervals and created a multivariable model to assess the role of sex in diabetes and obesity (separately) using backward elimination considering all variables that are known risk factors for diabetes or obesity, were associated with the outcome variable (diabetes or obesity) in the univariate analysis with at least a p-value ≤ 0.1 or showed potentially meaningful differences between men and women. Missing data were excluded from the logistic regression analysis. We considered confounding to be present when the OR for sex varied by at least 10% after removing the variable from the model. The factors associated with obesity in men and women are reported separately due to the differences observed (effect modification). We considered the pertinence of performing the analysis segregated by ethnicity due to marked cultural differences relating to living and working conditions among the indigenous population. We performed a sensitivity analysis excluding the indigenous population and found no impact in the findings presented here. Thus, a global analysis is presented where ethnicity is included as a potential explanatory variable. All analyses considered the sampling strategy used in the survey and were performed by sex to facilitate the gender analysis in the interpretation of the results. Missing data were excluded from the models.


Results
We randomly selected 791 individuals from the total of 13,687 residents living in 150 rural communities in Eloy Alfaro from which 490 completed the survey (78% of those who met the inclusion criteria) and 469 also completed physical and biological measurements. In the urban communities of Borbón and Limones, 241 (81%) completed the survey and 210 (71%) provided physical and biological measurements (Fig. 1).[image: ]
Fig. 1Participant flow diagram


Table 1 presents the baseline characteristics of the study population. In total, 731 people completed the population survey, of whom 407 were women (55.5%), and 680 also completed the physical and biochemical measurements (386 women, 56.8%). The mean age for men was 44 years (range 19–88 years) and 42 years for women (range 18–93). Regarding ethnicity, the majority of the participants were Afro-Ecuadorian. Except for education level, which was similar between men and women with approximately one-fourth of the population without formal schooling, significant differences in sociodemographic items (employment status, household earnings and setting) were found between men and women: a higher percentage of women had no formal employment and reported household earnings of less than $100, compared to men. Residing in a rural setting was more frequent among men than women.Table 1Baseline characteristics of the study population (n = 731)


	 	Men
	Women
	Total
	p-value

	N
	(%)
	N
	(%)
	N
	(%)
	 
	Sociodemographic factors
	 	 	 	 	 	 	 
	    Age in years, mean (SD)
	44
	(± 0.9)
	42
	(± 0.8)
	43
	(± 0.6)
	0.069

	        Ethnicity
	 	 	 	 	 	 	0.096

	        Afro
	191
	(58.8)
	231
	(56.9)
	422
	(57.7)
	 
	        Mestizo
	77
	(23.7)
	121
	(29.8)
	198
	(27.1)
	 
	        Indigenous
	57
	(17.5)
	54
	(13.3)
	111
	(15.2)
	 
	    Education levela
	 	 	 	 	 	 	0.883

	        No formal schooling
	73
	(22.5)
	90
	(22.2)
	163
	(22.3)
	 
	        Primary school
	122
	(37.5)
	159
	(39.3)
	281
	(38.5)
	 
	        Secondary school or higher
	130
	(40.0)
	156
	(38.5)
	286
	(39.2)
	 
	    Marital status
	 	 	 	 	 	 	0.288

	        In a relationship
	237
	(72.9)
	281
	(69.2)
	518
	(70.9)
	 
	        Unpartnered
	88
	(27.1)
	125
	(30.8)
	213
	(29.1)
	 
	    Employment status
	 	 	 	 	 	 	 < 0.001

	        Unemployed
	30
	(9.2)
	298
	(73.4)
	328
	(44.9)
	 
	        Employed
	295
	(90.8)
	108
	(26.6)
	403
	(55.1)
	 
	    Household earningsb
	 	 	 	 	 	 	0.003

	        ≤ 100$
	149
	(49.7)
	226
	(61.2)
	375
	(56.1)
	 
	        > 100$
	151
	(50.3)
	143
	(38.8)
	294
	(43.9)
	 
	    Setting
	 	 	 	 	 	 	0.027

	        Rural
	232
	(71.4)
	258
	(63.5)
	490
	(67.0)
	 
	        Urban
	93
	(28.6)
	148
	(36.5)
	241
	(33.0)
	 
	Behavioural factors
	 	 	 	 	 	 	 
	    Tobacco consumption
	 	 	 	 	 	 	 < 0.001

	        Never smoker
	225
	(69.2)
	357
	(87.9)
	582
	(79.6)
	 
	        Ex-smoker
	41
	(12.6)
	23
	(5.7)
	64
	(8.8)
	 
	        Smoker
	59
	(18.2)
	26
	(6.4)
	85
	(11.6)
	 
	    Alcohol consumption
	 	 	 	 	 	 	 < 0.001

	        Low risk
	245
	(75.4)
	355
	(87.4)
	600
	(82.1)
	 
	        High risk
	80
	(24.6)
	51
	(12.6)
	131
	(17.9)
	 
	    Physical activity
	 	 	 	 	 	 	 < 0.001

	        ≥ 150 min/week
	298
	(91.7)
	318
	(78.3)
	616
	(84.3)
	 
	        < 150 min/week
	27
	(8.3)
	88
	(21.7)
	115
	(15.7)
	 
	    Diet
	 	 	 	 	 	 	1.000

	        Healthy
	56
	(17.2)
	70
	(17.2)
	126
	(17.2)
	 
	        Unhealthy
	269
	(82.8)
	336
	(82.8)
	605
	(82.8)
	 

a1 missing education
b39 do not know, 23 do not answer income



There were also important differences regarding certain behavioural items. Men had a higher frequency of tobacco and alcohol consumption, while women wore frequently failed to meet the physical activity recommendations. Regarding diet, 605 individuals (82.8%) reported unhealthy diets, where low consumption of fruit and vegetables stands out, with more than three in four individuals having less than two portions (532 individuals, 73%, showing no differences by sex (data not shown in table)). Two out of five people reported consumption of sweets or sweetened drinks 5 or more days per week (40.5%), contrasting with the low consumption of processed foods high in salt (3%). Men answered always adding salt to foods (19.7%) more frequently than women (12.8%), while there was no difference in the addition of sugar to beverages (37%) (data not shown in table).
Diabetes prevalence and associated factors
Forty-six participants had T2DM (47.8% were unaware of their condition at study recruitment), giving an overall prevalence of 6.8% (CI95%: 4.9–8.7). The prevalence was markedly higher among women compared to men (40 women, 10.4% prevalence, CI95% 7.3–13.4%, compared to 6 men, 2.0% prevalence, CI95% 0.4–3.7%). The risk of having T2DM in women was 5 times higher than in men adjusting for age, ethnicity, employment, household earnings and BMI (OR: 5.03; 95%CI: 1.68–15.01, Table 2). Age was also associated with an increased risk of T2DM by 6% per year (adjusted OR: 1.06; 95%CI: 1.03–1.08), and the risk of developing T2DM was 3.46 times higher in people with obesity (BMI ≥ 30) (adjusted OR: 2.63; 95%CI: 1.03–6.73). Compared with the Afro-Ecuadorian, the Indigenous ethnicity was a protective factor against T2DM (OR: 0.1; 95%CI: 0.01–0.74). Also, individuals in formal employment showed a reduction in the risk of T2DM by 57% (OR: 0.43; 95CI%: 0.23–0.80). However, both ethnicity and employment status lost significance once adjusted in the model with the rest of factors. Education, marital status, household income and setting were not associated with T2DM.Table 2Diabetes prevalence and associated factors in the study population of Esmeraldas


	 	N (%)
	Total
	p value*
	OR
	95% CI
	p-value
	ORaa
	95% CI
	p-value

	Sex
	 	 	 	 < 0.001
	 	 	 	 	 	 
	    Men
	6
	(2.0)
	293
	 	1
	 	 	1
	 	 
	    Women
	40
	(10.4)
	386
	 	5.53
	[2.31- 13.23]
	 < 0.001
	5.03
	[1.68- 15.02]
	0.004

	Age in years, mean (SD)
	55 ± 2
	43 ± 1
	 < 0.001
	1.04
	[1.02- 1.06]
	 < 0.001
	1.06
	[1.03- 1.08]
	 < 0.001

	Ethnicity
	 	 	 	0.008
	 	 	 	 	 	 
	    Afro
	34
	(8.7)
	393
	 	1
	 	 	1
	 	 
	    Mestizo
	11
	(6.2)
	179
	 	0.69
	[0.34- 1.40]
	0.304
	0.69
	[0.32- 1.48]
	0.341

	    Indigenous
	1
	(0.9)
	107
	 	0.10
	[0.01- 0.74]
	0.024
	0.24
	[0.03- 1.87]
	0.172

	Education levelb
	 	 	 	0.273
	 	 	 	 	 	 
	    No formal schooling
	14
	(8.9)
	157
	 	1
	 	 	 	 	 
	    Primary school
	19
	(7.3)
	262
	 	0.80
	[0.39- 1.64]
	0.541
	 	 	 
	    Secondary school or higher
	13
	(5.0)
	259
	 	0.54
	[0.25- 1.18]
	0.123
	 	 	 
	Marital status
	 	 	 	1.000
	 	 	 	 	 	 
	    In a relationship
	33
	(6.9)
	479
	 	1
	 	 	 	 	 
	    Unpartnered
	13
	(6.5)
	200
	 	0.94
	[0.48- 1.83]
	0.854
	 	 	 
	Employment status
	 	 	 	0.009
	 	 	 	 	 	 
	    Unemployed
	30
	(9.6)
	312
	 	1
	 	 	1
	 	 
	    Employed
	16
	(4.3)
	369
	 	0.43
	[0.23- 0.80]
	0.008
	0.70
	[0.32- 1.57]
	0.391

	Household earningsc
	 	 	 	0.750
	 	 	 	 	 	 
	     ≤ 100$
	26
	(7.3)
	356
	 	1
	 	 	1
	 	 
	     > 100$
	17
	(6.4)
	265
	 	0.87
	[0.46- 1.64]
	0.665
	1.24
	[0.59- 2.61]
	0.579

	Setting
	 	 	 	0.408
	 	 	 	 	 	 
	    Rural
	29
	(6.2)
	469
	 	1
	 	 	 	 	 
	    Urban
	17
	(8.1)
	210
	 	1.34
	[0.72- 2.49]
	0.367
	 	 	 
	BMId
	 	 	 	0.001
	 	 	 	 	 	 
	    18.5–24.9
	9
	(4.0)
	227
	 	1
	 	 	1
	 	 
	    25.0–29.9
	11
	(5.0)
	221
	 	1.27
	[0.52- 3.12]
	0.605
	1.13
	[0.41- 3.10]
	0.814

	     ≥ 30.0
	26
	(12.5)
	208
	 	3.46
	[1.58- 7.57]
	0.002
	2.63
	[1.03- 6.73]
	0.044

	Totale
	46
	(6.8)
	679
	 	 	 	 	 	 	 

*p-value < 0.05 (t-student for age and Fisher’s exact test for the rest)
aAdjusted by sex, age, ethnicity, employment, household earnings and BMI
bOne not reported education
c38 do not know, 20 do not answer income
d18 cases were excluded with a BMI under 18.5 and five cases had no BMI due to pregnancy
eN = 679 completed biological measurements




Obesity prevalence and associated factors
Two hundred and eight individuals were classified as obese, giving a global prevalence of 30.8% (CI95%: 27.3–34.3). The prevalence of obesity in women was three times higher than in men (165 women, 43.2% prevalence, CI95%: 38.2–48.2, compared to 43 men, 14.7% prevalence, CI95%: 10.6–18.8). The prevalence of obesity among women under the age of 65 was particularly high, with over half of the women aged between 40 and 64 years old being obese and 42.4% of younger women aged 18–39 (Table 3). This contrasted with men, where there were no marked differences in obesity in the different age groups (Table 4). Furthermore, among men, none of the socioeconomic or cultural factors studied appeared to be associated with obesity. Among women, there were differences in the prevalence of obesity according to age, ethnicity, employment status and setting. However, after conducting multivariable logistic regression analyses, only age and ethnicity remained significant, showing that indigenous women had a significantly lower prevalence of obesity compared with the Afro-Ecuadorian women (OR: 0.05; 95%CI: 0.02–0.18) after adjusting for age, employment status, household earnings and setting. Although not significant, data show that men with formal jobs, higher incomes and from urban areas may have higher levels of obesity.Table 3Obesity prevalence and associated factors in women in the study population of Esmeraldas


	 	N (%)
	Total
	p value*
	OR
	95% CI
	p-value
	ORaa
	95% CI
	p-value

	Age in years
	 	 	0.003
	 	 	 	 	 	 
	    18–39
	84
	(42.4)
	198
	 	1
	 	 	1
	 	 
	    40–64
	73
	(50.3)
	145
	 	1.4
	[0.89- 2.12]
	0.15
	1.25
	[0.76- 2.06]
	0.376

	    ≥ 65
	8
	(20.5)
	39
	 	0.35
	[0.15- 0.80]
	0.013
	0.22
	[0.09- 0.55]
	0.001

	Ethnicity
	 	 	 	 < 0.001
	 	 	 	 	 	 
	    Afro
	114
	(50.9)
	224
	 	1
	 	 	1
	 	 
	    Mestizo
	48
	(44.4)
	108
	 	0.77
	[0.49- 1.22]
	0.271
	0.92
	[0.55- 1.53]
	0.752

	    Indigenous
	3
	(6.0)
	50
	 	0.06
	[0.02- 0.20]
	 < 0.001
	0.05
	[0.02- 0.18]
	 < 0.001

	Education levelb
	 	 	 	0.432
	 	 	 	 	 	 
	    No formal schooling
	33
	(37.5)
	88
	 	1
	 	 	 	 	 
	    Primary school
	69
	(46.6)
	148
	 	1.46
	[0.83- 2.45]
	0.172
	 	 	 
	    Secondary school or higher
	62
	(42.8)
	145
	 	1.25
	[0.72- 2.14]
	0.429
	 	 	 
	Marital status
	 	 	 	0.434
	 	 	 	 	 	 
	    In a relationship
	118
	(44.7)
	264
	 	1
	 	 	 	 	 
	    Unpartnered
	47
	(39.8)
	118
	 	0.82
	[0.53- 1.27]
	0.375
	 	 	 
	Employment status
	 	 	 	0.080
	 	 	 	 	 	 
	    Unemployed
	113
	(40.4)
	280
	 	1
	 	 	 	 	 
	    Employed
	52
	(51.0)
	102
	 	1.54
	[0.97- 2.42]
	0.065
	1.27
	[0.74- 2.21]
	0.388

	Household earningsc
	 	 	 	0.435
	 	 	 	 	 	 
	    ≤ 100$
	89
	(41.8)
	213
	 	1
	 	 	 	 	 
	    > 100$
	62
	(46.6)
	133
	 	1.22
	[0.79- 1.89]
	0.378
	0.71
	[0.43- 1.18]
	0.186

	Setting
	 	 	 	0.040
	 	 	 	 	 	 
	    Rural
	97
	(39.3)
	247
	 	1
	 	 	 	 	 
	    Urban
	68
	(50.4)
	135
	 	1.57
	[1.03- 2.40]
	0.037
	1
	[0.62- 1.62]
	0.993

	Totald
	165
	(43.2)
	382
	 	 	 	 	 	 	 

*p-value < 0.05 (t-student for age and Fisher’s exact test for the rest)
aAdjusted by age, ethnicity, employment status, household earnings and setting
bOne not reported education
c22 do not know, 14 do not answer income
d5 women were not included


Table 4Obesity prevalence and associated factors in men in the study population of Esmeraldas


	 	N (%)
	Total
	p value*
	OR
	95% CI
	p-value

	Age in years
	 	 	0.898
	 	 	 
	    18–39
	18
	(14.2)
	127
	 	1
	 	 
	    40–64
	20
	(15.9)
	126
	 	1.14
	[0.57- 2.28]
	0.705

	    ≥ 65
	5
	(12.5)
	40
	 	0.87
	[0.30- 2.50]
	0.789

	Ethnicity
	 	 	 	0.166
	 	 	 
	    Afro
	26
	(15.4)
	169
	 	1
	 	 
	    Mestizo
	13
	(18.8)
	69
	 	1.28
	[0.61- 2.66]
	0.514

	    Indigenous
	4
	(7.3)
	55
	 	0.43
	[0.14- 1.30]
	0.134

	Education level
	 	 	 	0.955
	 	 	 
	    No formal schooling
	11
	(15.9)
	69
	 	1
	 	 
	    Primary school
	16
	(14.3)
	112
	 	0.88
	[0.38- 2.02]
	0.761

	    Secondary school or higher
	16
	(14.3)
	112
	 	0.88
	[0.38- 2.02]
	0.761

	    Marital status
	 	 	 	0.358
	 	 	 
	    In a relationship
	34
	(16.1)
	211
	 	1
	 	 
	    Unpartnered
	9
	(11.0)
	82
	 	0.64
	[0.29- 1.41]
	0.267

	Employment status
	 	 	 	0.393
	 	 	 
	    Unemployed
	2
	(7.4)
	27
	 	1
	 	 
	    Employed
	41
	(15.4)
	266
	 	2.27
	[0.52- 9.94]
	0.278

	Household earningsa
	 	 	 	0.211
	 	 	 
	    ≤ 100$
	15
	(10.6)
	141
	 	1
	 	 
	    > 100$
	21
	(16.2)
	130
	 	1.62
	[0.80- 3.29]
	0.184

	Setting
	 	 	 	0.129
	 	 	 
	    Rural
	28
	(12.8)
	219
	 	1
	 	 
	    Urban
	15
	(20.3)
	74
	 	1.73
	[0.87- 3.47]
	0.119

	Total
	43
	(14.6)
	293
	 	 	 	 

*p-value < 0.05 (t-student for age and Fisher’s exact test for the rest)
a16 do not know, 6 do not answer income





Discussion
Our study shows important differences in the prevalence of diabetes and obesity between men and women in this rural area of Ecuador. Perhaps the most striking finding is that women in the Eloy Alfaro district are five times more likely to have diabetes than men, reaching a prevalence of 10.4%. A national survey from 2012 in Ecuador showed an overall prevalence in the country of 2.7% (CI95% 2.2–3.3%) with barely any difference between men (2.6%) and women (2.8%) [4]. Additionally, while the indigenous ethnic group has a similar low prevalence of diabetes in both studies, the percentage in the Afro-Ecuadorian community of Esmeraldas is nearly three times higher than nationally [4]. Our study population may have a much lower socioeconomic status than the national one since Esmeraldas is one of the most economically deprived regions in the country and our study is conducted in isolated populations, which may strengthen the association between low socioeconomic status and a higher prevalence of diabetes and obesity [19–22]. Another reason for this higher prevalence could be the use of OGTT to diagnose T2DM, as the fasting plasma glucose test alone cannot detect almost 30% of cases [18]. These findings suggest that increased rates of NCDs as expected may occur in hard-to-reach rural areas, especially for women due to the high burden of overweight and obesity and improved access to unhealthy commodities such as sugary drinks and ultra-processed foods thanks to improved supply and aggressive marketing from big food and the lack of protective public health measures against commercial determinants of health [23]. In fact, our study shows a high prevalence of obesity among rural women; not only one out of two women between 40 and 64 years old have a BMI over 30, but also two out of five aged between 18 and 39. This finding is alarming as a young population with obesity and other risk factors will likely progress to develop diabetes and other chronic diseases associated with obesity as they age living in an obesogenic environment. The problem is even more concerning if we consider that these rural areas, with limited primary healthcare services focused on disease prevention, have also hindered access to secondary and tertiary/higher levels of healthcare services, only available in urban areas. The coming years will likely reveal increased mortality and comorbidities due to NCDs, with the following impact in an already impoverished socioeconomic setting.
However, while both men and women are exposed to the same context characteristics, the social and cultural norms differ. As shown in other studies, the employment characteristics of the sample shows how gender roles are strongly entrenched in rural areas, permeating the daily activities of men, who have the role of breadwinners, and women, who care for the family and household [24–28]. The double workload—productive and reproductive—affects women's ability to self-care and limits leisure time for physical activities [28, 29]. In addition, because of their role as caregivers, women in low-income areas tend to prioritise foods with higher nutritional value than the rest of the family and settle for remaining foods, which tend to have higher calorie content [30]. Over the last decades, road construction has improved the connectivity of rural areas, expanding the local infrastructure (internet, electricity…), but also unhealthy food, tobacco and alcohol. While the entire population is exposed to these risk factors, our data reveals a notable disparity in obesity rates between men and women. One of the possible reasons is that when unhealthy diets are ubiquitous, the role of physical activity becomes more important. While men continue to perform manual labour demanding intense physical activity, women's physical requirements have been facilitated by the advent of new technologies such as road transport, water pipes, household appliances and internet connexion, increasing sedentarism. This idea is reinforced by the fact that indigenous women, who still cultivate and harvest the fields, meet the WHO's physical activity recommendations in large proportions and have lower obesity rates. Finally, the high birth rate linked to young pregnancy and multiparity in these rural areas could also play an important role in the obesity prevalence due to postpartum weight retention [31–33]
Another interesting finding is the high proportion of people who eat an unhealthy diet. The low diversity of food groups, the low consumption of fruits and vegetables, the high consumption of processed foods, and industrially produced beverages high in refined sugar show a clear pattern of consumption associated with overweight, obesity and diabetes. The reasons for this type of diet are not only the lack of availability in the area and the high cost of buying fruits and vegetables but also resulting from an important cultural aspect. Ancestors subsisted on green plantain, yucca and proteins from hunting and fishing, and today a satiating diet high in carbohydrates and low in fruit and vegetable consumption remains predominant. The fact that men consume more vegetables could be explained by their improved access to them while working in the fields, while women tend to eat available foods in the household.
Strengths and limitations
Our randomly selected population-based methodology provides the study with a representative sample of the Eloy Alfaro district as a major strength, along with around an 80% response rate thanks to the fieldwork experience of CECOMET, an organization of lay health promoters established in the region for more than 40 years. The COVID-19 pandemic influenced the study in several ways that could have affected the results: Firstly, the duration of results collection was longer than planned due to the movement restriction measures and protocol adjustment we carried out to prevent COVID infections. This increased the time lag between population census and data collection, which may have caused higher rates of displaced or deceased persons in our sample, along with migration to other regions to cope with the economic difficulties of the pandemic. Secondly, due to the impact of the pandemic on the economy of the population, information about household income could be affected, as well as physical activity and diet among other health behaviours [34–36]. While most of the data were collected between October 2020 and August 2021, data collection in the urban area of Borbón was interrupted to carry out in the rural part, which was only accessible by boat due to the temporary rise in rivers, and resumed in January 2022 to complete the sample.
In contrast with other studies, our sample did not detect differences in T2DM and obesity by socioeconomic characteristics (education, household income) [37–39]. One reason for this could be the homogeneity of the people living in this area where low incomes and low education are widespread. Furthermore, providing information regarding household income appeared to be a sensitive topic and some individuals were reluctant to reply, others may have underreported the family income when a portion of it came from government subsidies due to fear that it may be withdrawn. Furthermore, we collected information on household income and explored differences in diabetes and obesity among men and women, but a proportional distribution between partners cannot be assumed. Additionally, the low cases of obesity among men may have led to reduces statistical power and explain why differences according to sociodemographic characteristics were not detected.
These results may not be generalisable to a broader range of populations living in different rural areas, but they further support the idea of gender roles having a major impact on health inequities [40, 41]. Further research with this gender perspective is needed to better understand the mechanisms underlying obesity and diabetes in rural areas to design public health programmes that address health inequities in NCDs. Interventions should also focus on the prevention of obesity due to its high prevalence considering sex differences. These findings should help stakeholders to consider the sociodemographic characteristics of the population when designing interventions to reduce the prevalence of diabetes and its comorbidities according to sex and gender.


Conclusions
Gender roles play an important role in the higher prevalence of obesity and diabetes in women compared to men, especially in hard-to-reach rural areas with a similar low socioeconomic status. Further research on the differential impact of gender roles on NCDs between men and women is needed. Gender-sensitive prevention and health promotion programmes should be implemented in order to reduce obesity and the burden of T2DM.

Acknowledgements
First of all, we would like to thank the respondents who participated in the survey for their cooperation. The competition of this study could have not been possible without the work of the survey team (Roger Quiñónez Díaz, César Cagua Vera, Freire Añapa Pianchiche, Yexica Carabalí Cuero, Joel Marret Zamora and Mariuxi Mina Estupiñán) and the lay health-promotors who accompanied them during the fieldwork in their communities (Gertrudis Rúa Chamarro, Nieves Navarrete, Paola Bravo Mina, Felisa Caicedo Cangá, Jorge Peralta Cáceres, Carmen Ayoví Caicedo, María Sabando Pinargote, Santos Mina, Carmen Valencia, Araceli Caicedo, Erenni Cuero Madrid, Dunnia Nazareno, Edgar Añapa De La Cruz, Eriberto De La Cruz, Ernesto Tapuyo, Cristina Castillo and Wilton Corozo).

Authors’ contributions
LAP conceptualized and designed the study. AAPC managed the geospatial sampling. CC-M and MM-F coordinated participant recruitment and data collection. MP-G managed the dataset and analysed the data along with LAP and EC-R. All authors contributed to the interpretation of the study findings. MP-G wrote the initial draft of the manuscript; all authors critically reviewed and revised the draft, and approved the final version of the manuscript.

Funding
This work was supported by the European Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme [Grant number 804761].
European Research Council,804761

Availability of data and materials
The data used and/or analysed during the current study are available from the corresponding authors on reasonable request.

Declarations
Ethics approval and consent to participate
The study protocol was reviewed and approved by the Universidad Miguel Hernández (UMH) project evaluation board (registration number 2018.291.E.OEP), the nationally accredited ethical board at the Pontificia Universidad Católica de Ecuador (PUCE, reference 2019–27-MB), and ethical clearance was provided by the European Research Council Executive Agency (ERCEA, Ref. Ares (2018) 5827042–14/11/2018). Participants were fully informed about the study's purpose, procedures, potential risks, benefits and the right to withdraw from the study at any time. Written informed consent was required prior to participation in the population survey.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes since 1980: a pooled analysis of 751 population-based studies with 4.4 million participants. Lancet. 2016;387:1513–30.

	2.
Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. 2022;183: 109119.CrossrefPubMed

	3.
Hernández-Hernández R, Silva H, Velasco M, Pellegrini F, Macchia A, Escobedo J, et al. Hypertension in seven Latin American cities: the Cardiovascular Risk Factor Multiple Evaluation in Latin America (CARMELA) study. J Hypertens. 2010;28:24–34.CrossrefPubMed

	4.
Freire WB, Ramírez-Luzuriaga MJ, Belmont P, Mendieta MJ, Silva-Jaramillo K, Romero N, et al. Tomo I: Encuesta Nacional de Salud y Nutrición de la población ecuatoriana de cero a 59 años. ENSANUT-ECU 2012. Ministerio de Salud Pública/Instituto Nacional de Estadísticas y Censos. Quito, Ecuador; 2014. https://​www.​ecuadorencifras.​gob.​ec/​encuesta-nacional-de-salud-salud-reproductiva-y-nutricion-ensanut-2012/​. Accessed 12 Oct 2022.

	5.
Instituto Nacional de Estadística y Censos (INEC). Boletín Técnico de Defunciones Generales. Institiuto Nacional de Estadísticas y Censos. 2021;1–13. https://​www.​ecuadorencifras.​gob.​ec/​documentos/​web-inec/​Poblacion_​y_​Demografia/​Defunciones_​Generales_​2020/​boletin_​tecnico_​edg_​2020_​v1.​pdf. Accessed 12 Oct 2022.

	6.
Lucio R, Villacrés N, Henríquez R. Sistema de salud de Ecuador. Salud Publica Mex. 2011;53:177–87.

	7.
Monteiro CA, Conde WL, Popkin BM. Income-specific trends in obesity in Brazil: 1975–2003. Am J Public Health. Am J Public Health; 2007 [cited 2022 Nov 2];97:1808–12.

	8.
Avilés-Santa ML, Monroig-Rivera A, Soto-Soto A, Current LNM, State of Diabetes Mellitus Prevalence, Awareness, Treatment, and Control in Latin America: Challenges and Innovative Solutions to Improve Health Outcomes Across the Continent. Current Diabetes Reports,. 20:11. Springer. 2020;2020(20):1–44.

	9.
Kautzky-Willer A, Harreiter J, Pacini G. Sex and Gender Differences in Risk, Pathophysiology and Complications of Type 2 Diabetes Mellitus. Endocr Rev. 2016;37:278–316.CrossrefPubMedPubMedCentral

	10.
Sandín M, Espelt A, Escolar-Pujolar A, Arriola L, Larrañaga I. Desigualdades de género y diabetes mellitus tipo 2: La importancia de la diferencia. Avances en Diabetología Elsevier. 2011;27:78–87.Crossref

	11.
Krieger N. A glossary for social epidemiology. J Epidemiol Community Health. 2001;55(10):693–700.CrossrefPubMedPubMedCentral

	12.
Instituto Nacional de Estadísticas y Censos de Ecuador (INEC). Proyecciones y Estudios Demográficos - Sistema Nacional de Información. https://​sni.​gob.​ec/​proyecciones-y-estudios-demograficos. Accessed 5 Apr 2023

	13.
Fernando D, Vélez G. La pobreza en Ecuador a través del índice P de Amartya Sen: 2006–2014. Economía. 2015;40:91–115.

	14.
Instituto Nacional de Estadísticas y Censos de Ecuador (INEC). Encuesta Nacional De Empleo, Desempleo Y Subempleo (ENEMDU), anual 2022. Quito, Ecuador; 2023.

	15.
Chilet-Rosell E, Piay N, Hernández-Aguado I, Lumbreras B, Barrera-Guarderas F, Torres-Castillo AL, et al. Contextualizing Evidence for Action on Diabetes in Low-Resource Settings-Project CEAD Part I: A Mixed-Methods Study Protocol. Int J Environ Res Public Health. 2020;17.

	16.
World Health Organization. The WHO STEPwise Approach to Noncommunicable Disease Risk Factor Surveillance. Geneva, Switzerland: WHO; 2017.

	17.
World Health Organization. WHO STEPS Surveillance Manual. Geneva, Switzerland: WHO; 2019. https://​www.​who.​int/​teams/​noncommunicable-diseases/​surveillance/​systems-tools/​steps/​manuals. Accessed 14 Dec 2022.

	18.
World Health Organization. Definition and diagnosis of diabetes mellitus and intermediate hyperglycemia: Report of a WHO/IDF consultation. Geneva, Switzerland: WHO;2006;1–50.

	19.
Volaco A, Cavalcanti AM, Filho RP, Precoma DB. Socioeconomic Status: The Missing Link Between Obesity and Diabetes Mellitus? Curr Diabetes Rev. 2018;14:321–6.CrossrefPubMed

	20.
Evans JM, Newton RW, Ruta DA, MacDonald TM, Morris AD. Socio-economic status, obesity and prevalence of Type 1 and Type 2 diabetes mellitus. Diabet Med. 2000;17:478–80.CrossrefPubMed

	21.
Agardh E, Allebeck P, Hallqvist J, Moradi T, Sidorchuk A. Type 2 diabetes incidence and socio-economic position: a systematic review and meta-analysis. Int J Epidemiol. 2011;40:804–18.CrossrefPubMed

	22.
Jiwani SS, Carrillo-Larco RM, Hernández-Vásquez A, Barrientos-Gutiérrez T, Basto-Abreu A, Gutierrez L, et al. The shift of obesity burden by socioeconomic status between 1998 and 2017 in Latin America and the Caribbean: a cross-sectional series study. Lancet Glob Health Elsevier. 2019;7:e1644–54.Crossref

	23.
Kickbusch I, Allen L, Franz C. The commercial determinants of health. Lancet Glob Health. 2016;4:e895–6.CrossrefPubMed

	24.
Dioné A, Cárdenas M, Sánchez Ramírez G, Liliane L, Rodríguez M. Prevalencia de obesidad y hábitos alimentarios desde el enfoque de género: el caso de Dzutóh, Yucatán. México Estud soc. 2014;22(44):64–90.

	25.
Batnitzky A. Obesity and household roles: gender and social class in Morocco. Sociol Health Illn. 2008;3:445–62.Crossref

	26.
Jayachandran S. The Roots of Gender Inequality in Developing Countries. Annu Rev. 2015;7:63–88.

	27.
Singh KN, Sendall MC, Gurung A, Carne P. Understanding socio-cultural influences on food intake in relation to overweight and obesity in a rural indigenous community of Fiji Islands. Health Promot J Austr. 2021;32(Suppl 2):301–7.CrossrefPubMed

	28.
Sriram U, Morgan EH, Graham ML, Folta SC, Seguin RA. Support and Sabotage: A Qualitative Study of Social Influences on Health Behaviors Among Rural Adults. J Rural Health. 2018;34:88–97.CrossrefPubMed

	29.
Trujillo Olivera LE, Nazar BA. Autocuidado de diabetes: una mirada con perspectiva de géner. Estud Demogr Urbanos Col Mex. 2011;26(3):639–70.Crossref

	30.
Valoyes-Bejarano E, Vallejo PE. ESTRATEGIAS PARA GARANTIZAR LA SEGURIDAD ALIMENTARIA Y NUTRICIONAL DE LA MUJER INDÍGENA DE LA COMUNIDAD DE LOS PASTOS RESIDENTES EN BOGOTÁ. Rev Fac Med. 2012;60(Suppl 1):41–9.

	31.
Rooney BL, Schauberger CW, Mathiason MA. Impact of perinatal weight change on long-term obesity and obesity-related illnesses. Obstet Gynecol. 2005;106:1349–56.CrossrefPubMed

	32.
Zonana-Nacach A, Rodríguez-Medina HA. Retención de peso posterior a 12 meses posparto. Salud Publica Mex. 2011;53:367.CrossrefPubMed

	33.
Magallanes-Corimanya M, Barazorda-Huyhua M, Roa-Meggo Y. Índice de masa corporal pregestacional, ganancia de peso gestacional y retención de peso posparto. Rev Cubana Obstet Ginecol. 2018;44(1):1–12.

	34.
Cevallos Ponce GK, Calle Lino A del R, Ponce Cedeño OS. Impacto social causado por la COVID-19 en Ecuador. 3C Empresa Investigación y pensamiento crítico. 2020;115–27.

	35.
Correa-Quezada R, García-Vélez D, Álvarez-García J, del Cisne T-C. COVID-19 and its impact on Ecuador’s poverty: Scenario method. Contaduria y Administracion. 2021;65:1–17.

	36.
El EA. impacto del COVID-19 en el mercado de trabajo de Ecuador. Mundos Plurales - Revista Latinoamericana de Políticas y Acción Pública. 2020;7:35–41.Crossref

	37.
Cunningham-Myrie C, Younger-Coleman N, Tulloch-Reid M, McFarlane S, Francis D, Ferguson T, et al. Diabetes mellitus in Jamaica: sex differences in burden, risk factors, awareness, treatment and control in a developing country. Trop Med Int Health. 2013;18(11):1365–78.CrossrefPubMed

	38.
Dagenais GR, Gerstein HC, Zhang X, McQueen M, Lear S, Lopez-Jaramillo P, et al. Variations in Diabetes Prevalence in Low-, Middle-, and High-Income Countries: Results From the Prospective Urban and Rural Epidemiological Study. Diabetes Care. 2016;39:780–7.CrossrefPubMed

	39.
de Silva AP, de Silva SHP, Haniffa R, Liyanage IK, Jayasinghe S, Katulanda P, et al. Inequalities in the prevalence of diabetes mellitus and its risk factors in Sri Lanka: a lower middle income country. Int J Equity Health. 2018;17(1):45.CrossrefPubMedPubMedCentral

	40.
Cooper AJ, Gupta SR, Afaf ·, Moustafa F, Chao AM. Sex/Gender Differences in Obesity Prevalence, Comorbidities, and Treatment. Curr Obes Rep. 2021;10(4):458–66.

	41.
Garawi F, Devries K, Thorogood N, Uauy R. Global differences between women and men in the prevalence of obesity: is there an association with gender inequality? Eur J Clin Nutr. 2014;68(10):1101–6.CrossrefPubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Prevalence and gender disparities of type 2 diabetes mellitus and obesity in Esmeraldas, Ecuador: a population-based survey in a hard-to-reach setting


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





OEBPS/images/12939_2023_1939_Fig1_HTML.png
Eloy Alfaro District, Esmeraldas Province, Ecuador

37 of 150 rural communities selected by stratified random 328 randomly generated GPS points in 2 urban
cluster sampling centres

317 individuals randomly selected from within the closest

791 of 13,687 residents selected by simple random sampling vesidesice toieachiGPS peint

163 (21%) did not meet inclusion criteria: 19 (6%) did not meet inclusion
18 deceased criteria:
| 144 migrated — 1 deceased
1 mental disorder impeding consent 18 migrated
628 individuals invited to participate in the study 295 individuals invited to participate in the study
138 (22%) excluded: 57 (19%) excluded:
110 temporarily absent on the day study 21 temporarily absent on the day
— team visited | study team visited
24 did not consent 36 did not consent
4 not located

490 (78%) completed the survey 241 (81%) completed the survey
469 (75%) provided physical and biological measurements 210 (71%) provided physical and biological measurements






