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        Abstract



        
          Background:


          Sodium intake has a known association with increasing hypertension, cause of death from Cardiovascular Diseases (CVDs) worldwide. Ethnic group is increasingly exposed to risk factors to CVD causing of the urbanization and cultural changes.

        


        
          Methods:


          This cross-sectional study aimed to investigate the prevalence and potential factors associated with high sodium intake in the Chinese-Haw tribe in Chiang Rai province. Stratified random sampling was used to recruit participants. Face-to-face interviews were used for demographic data and assessment of dietary sodium knowledge, self-efficacy and food consumption. For dietary sodium intake, first-morning urine were collected for identifying concentration of sodium in millimoles per litre (mmol/L) using Atomic Absorption Spectrophotometer. Unconditional multiple logistic regression was used for determining risk factors associated with high sodium intake.

        


        
          Results:


          There were 302 participants of which majority were women (71.9%), with average age of 49.50 years (±12.12 S.D.). The prevalence of sodium intake was 90.70% more than 2,000 mg/day (High). The association between potential risk factors and high sodium intake revealed that men had higher risk than women (Risk Ratio 1.13, 95%CI 1.07 - 1.19). Multivariate analysis revealed only gender can predict a high sodium intake after adjusted for smoking patterns and alcohol consumption (adjusted odds ratio 13.73, CI 1.43 - 131.95).

        


        
          Conclusion:


          Prevalence of excess sodium intake per day in the Chinese-Haw tribe was high. This might lead to unhealthy effects. The population at risk should receive appropriate intervention urgently.
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      1. INTRODUCTION


      In 2016, there were estimated 41 million people deaths from Non-communicable Diseases (NCDs) and three-quarters of those deaths were from cardiovascular disease [1]. In the United States, hypertension is one of the leading causes of heart and cerebrovascular diseases and it is also one of the leading causes of death in adults and older people. Recent national statistics suggest that between 30% and 50% of adults in the United States have high Blood Pressure (BP), or hypertension [2, 3]. It is also estimated that between 25% and 40% of patients have suffered from uncontrolled hypertension [4]. In the period 2009 to 2010, the prevalence of high blood pressure in the United States in men was as high as 30.5% and in women was 28.5% [5]. More than 40% of Chinese aged 45 years and older had hypertensive disorder and more than 40% of them were unaware of their condition such as approximately 50% did not receive medication as well as 80% of them had uncontrolled hypertension [6]. The prevalence of hypertension in Thai adults in 1991 was 5% but by 2004 it had risen to 21% which means over ten million people were affected by hypertension [7]. In Thailand, nowadays, the number of hypertensive patients has been increased. This may be due to various factors such as socio-demographic, ageing, rising of obesity and dietary factors. The dietary factors especially, sodium intake was associated with the rising prevalence of hypertension in the population [8, 9]. Sodium intake was associated with an increase in blood pressure level [10]. Research reported that higher sodium intake and higher dietary sodium and potassium were associated with a higher risk of stroke. Also, reducing in higher sodium intake, dietary sodium and potassium can be considered as the approach to limit sodium intake which may have positive effect to decrease risk to stroke [11]. In addition, other studies suggested that high sodium intake was an important risk factor for heart disease and stroke [12, 13]. Similar report also points out that reducing sodium intake could decrease blood pressure level [14, 15].


      In the United States, people consumed sodium at an average of 9 to 12 grams per day [15]; meanwhile, in Thailand, a survey found that the average intake of sodium among Thai population was 3,700 (mg/day), which is higher than the recommended by World Health Organization with not more than 2,000 mg/day [16]. However, there is an increase in the sodium consumption among Thai population in 2007 with approximately 4,351 milligrams per person per day [17].


      There are many barriers toward the awareness of sodium consumption among Chinese-Haw ethnic group including lack of education, language barrier, and inaccessibility to the routine health education programs proving by health care providers. Various studies reported the prevalence of sodium intake and its associated risk factors among Thai population, but only few studies focusing on the prevalence of sodium intake and risk factors among hill tribe ethnic groups. Chiang Rai province is located in the northernmost part of Thailand shares the Thai-Myanmar border. There are many hill tribe ethnic groups such as Chinese-Haw, Akha, Lahu, Lisu, etc. The Chinese-Haw hill tribe has the largest population of the hill tribe groups. They are one of the indigenous populations from the China Yunnan province, living along the border of Thailand, especially in Mae Chan and Mae Fah Luang districts, Chiang Rai province [18]. Therefore, this study aimed to determine the prevalence of sodium intake of over 2,000 mg/day and to investigate the potential factors associated with this high sodium intake. The findings are useful information for planning appropriate intervention.

    


    
      

      2. MATERIALS AND METHODS


      The cross-sectional study was conducted among the Chinese-Haw tribe group with a total population of 1,500 from Patueng Village and Mae Chan district, Chiang Rai province. This village is located in a heavily forested and mountainous area. The study site is located on the hilltops and with scattered hamlet-population throughout the area (Fig. 1). 568 Chinese-Haw tribes were residing in these areas with age of at least 30 years. Stratified random sampling was used to recruit participants (estimated sample size was at least 297) and 302 persons were recruited in this study. The study was conducted between February 18, 2016 and January 28, 2017. All participants needed to be able to communicate in Thai. Face-to-face interviews were used for demographic data and assessment of dietary sodium knowledge, self-efficacy and food consumption were also conducted. The household survey was performed for observing their cultural eating (Fig. 2).


      [image: ]
Fig. (1)

      Locations of studied areas.

      Locations of 4 villages in Pa Tueng Sub-district, Mae Chan District, Chiang Rai Province as the selected area in this study (Source: Google Map). Reference Points: A: 20o06′16.8″N, 99o34′48.0″E; B: 20o07′08.4″N, 99o35′50.8″E; C: 20o06′12.0″N, 99o37′24.9″E; D: 20o06′08.6″N, 99o36′13.8″E


      [image: ]
Fig. (2)

      Traditional Chinese Haw tribe food, the food items were laid on a round container like a small table. Family members sat and ate together.

      The first-morning urine sample method was used for the measurement of dietary sodium intake. Each sample was centrifuged to separate sediment out, divided into two aliquots and kept in minus 80 degree Celsius freezer before sending to the standard laboratory. One aliquot from each sample was sent to the Science and Technology Service Center, Faculty of Science, Chiang Mai University (STSC-CMU) to determine the level of first-morning urine sodium in millimoles per litre (mmol/L) and another one was sent to laboratory of Maharajnakorn Chiang Mai Hospital, Faculty of Medicine, Chiang Mai University to determine the level of creatinine urine 24 - hour in gram/litre. The value of creatinine was used in the formula for calculating sodium intake.


      Descriptive analysis included mean (Standard deviation- SD), median (Minimum-maximum), and percentage depend on data distribution. Univariate analysis included prevalence risk ratio (RR with 95% confidence intervals (CI)). For multivariate analysis, unconditional logistic regression was used to identify risk factors associated with high sodium intake according to univariate analysis. P-value less than 0.05 was considered statistical significance. Data management and analysis were done by Epi Info for Windows version 7 (Centers for Disease Control and Prevention, Atlanta, GA) and SPSS version 22 (SPSS Inc., IBM Singapore Pte Ltd, Changi Business Park Central1, Singapore) [19].


      
        

        2.1. Research instruments and measurements


        
          

          2.1.1. Questionnaires


          a. Self-efficacy questionnaire


          Based on self-efficacy theory by Bandura (Albert Bandura, 1997), researchers developed self-efficacy questionnaire in order to assess self-confidence in the individual's ability of sodium reduction practicing. Its validity was 0.73, and its reliability was 0.83. There were 10 items, with a core range of 0-10 points, the cut-off point was 72 points.


          b. Food Frequency Questionnaire


          The Food Frequency Questionnaire (FFQ) [20] was the questionnaire constructed by the Health Education Division, Ministry of Public Health. Its validity was valued at 0.76, and its reliability was 0.80. There were 10 questions for assessing dietary consumption over the past 7 days. FFQ questionnaire was interpreted into categories: low level of energy and nutrient intakes (0-3 score), middle level of energy and nutrient intakes (4-7 score) and high level of energy and nutrient intakes (8-10 score).


          c. Knowledge regarding sodium consumption questionnaire


          There were fifteen items about knowledge of sodium consumption with choices. A correct answer was given one score, whereas a 0 score was given for a wrong answer. The original Bloom’s cut-off points were used [21], with 80.0%-100.0%, 60.0%-79.0%, and less than 59.0%. The questionnaire was adapted from the knowledge of sodium consumption study developed from the researcher. Interpretation were either a pass or not pass. Its validity was 0.76, and its reliability was 0.89. The knowledge score range from 1 to 15 points and its was interpreted into two levels as follows: 1) Pass means total score was at least 50%: or 8-15 points; and 2) not pass means total score was less than 50%: or 0-7 points scores.

        

      


      
        

        2.2. The Measurement of Dietary Sodium Intake


        Most of the dietary surveys reported the problems of underestimation of sodium intakes. Consequence leads to the 24-hours pooled urinary becoming the preferred method of obtaining data on sodium intakes in population surveys but not convenience [22-24]. First-morning urine is a low-burden alternative more than to the 24-hours pooled urinary as fewer voiding is required, and the participants do not have to continue the collection during daily activities. As a result, a higher rate of compliance is likely in large epidemiological surveys [25]. The amount of sodium from the first-morning urine is relevant to the amount of sodium from the collection in 24-hour urine. This method need further calculation to get accurate amount of sodium because less sodium is excreted in the urine during night time (about 20% less than day time). The first-morning urine sample method was used for the measurement of dietary sodium intake in this study. Each urine sample was divided into 2 aliquots and kept in minus 80 degree Celsius freezer before sending to standard laboratory. One aliquot from each sample was sent to the STSC-CMU to determine the level of first-morning urine sodium (mmol/L) and another one was sent to the laboratory of Maharajnakorn Chiang Mai Hospital, Faculty of Medicine Chiang Mai University to determine the level of creatinine urine 24 - hours in gram/litre. The value of creatinine was used in the formula for calculating sodium intake [26] as following:


        Male = 0.634 x (Nan /Crn) x Pr.UCr24 + 104.7


        Female = 0.682 x (Nan /Crn) x Pr.UCr24 + 62.6


        Nan is the amount of sodium concentration in the urine during the night. The unit is mEq / L.


        Crn is the amount of concentrations of creatinine in the urine during the night. The unit is g / L


        Pr.UCr24is the estimate of creatinine that is excreted from the urine in 24 hours. The unit is g / day.


        Pr.UCr24 = 0.027 x LBM in men and


        Pr.UCr24 = 0.022 x LBM in women


        LBM (Lean body mass) = Body weight - Body fat mass


        In male: LBM = (0.32810 x Weight (kg)) + [(0.33929 x Height (cm)] - 29.5336


        In female: LBM = (0.29569 x Weight (kg)) + [(0.42813 x Height (cm)] - 43.2933

      

    


    
      

      3. RESULTS


      
        

        3.1. Prevalence of Sodium Intake Consumed More than 2,000 mg/day


        The prevalence of Sodium intakes consumed more than 2,000 mg/day among Chinese-Haw tribe people was 90.70% (274 cased from total 302 cases) as shown in Table 1.


        Majority of the participants were women (71.90%), with average age of 49.50 (±12.12 S.D.), and 82.8% were married. About 80.80% of them had no education, 61.50% were agriculture workers and 80.80% had an inadequate income (51.70%) as shown in Table 2.


        
          Table 1 The prevalence of Sodium intakes among the Chinese-Haw tribe residing in Pa Tueng Village and Mae Chan district, Chiang Rai province (n=302)


          
            
              
                	Variables

                	n(302)

                	Percentage
              

            

            
              
                	Urine Sodium

                	

                	
              


              
                	

                	≥ 2,000 mg/day

                	272

                	90.70
              


              
                	

                	< 2,000 mg/day

                	28

                	9.30
              

            
          


          

        


        
          

          Table 2 Socio-demographic data of the Chinese-Haw tribe residing in Pa Tueng Village, Mae Chan district, Chiang Rai province (n=302).


          
            
              
                	Variables

                	n(302)

                	Percentage
              

            

            
              
                	Gender

                	Male

                	85

                	28.10
              


              
                	

                	Female

                	217

                	71.90
              


              
                	Status

                	Single

                	19

                	6.30
              


              
                	

                	Married

                	250

                	82.80
              


              
                	

                	Widowed

                	31

                	10.30
              


              
                	

                	Divorced

                	2

                	1.00
              


              
                	Occupation

                	Agriculture

                	186

                	61.50
              


              
                	

                	Merchant

                	12

                	4.00
              


              
                	

                	Contractor

                	55

                	18.20
              


              
                	

                	Official

                	14

                	4.70
              


              
                	

                	Unemployed

                	35

                	11.60
              


              
                	Education

                	No education

                	244

                	80.80
              


              
                	

                	Primary school

                	27

                	8.90
              


              
                	

                	Secondary school

                	27

                	9.00
              


              
                	

                	Tertiary degree

                	4

                	1.30
              


              
                	Income

                	Adequate

                	58

                	19.20
              


              
                	

                	Inadequate

                	224

                	80.80
              


              
                	Age (years) (mean± S.D.)

                	49.50±12.12
              


              
                	Median Sodium intakes

                (range Minimum - Maximum, mg/day)

                	2,840

                (1,554.19 - 13,575.58)
              


              
                	Median Creatinine

                (range Minimum - Maximum, gram/litre)

                	95.56

                (20.60 - 364.10)
              

            
          


          

        

      


      
        

        3.2. Association Between Potential Risk Factors and Sodium Intakes


        a. Univariate analysis


        From the univariate analysis, the following three factors were significantly associated with sodium intake at least 2,000 mg/day among Chinese Haw tribe residing in Chiang Rai province: gender, smoking and alcohol consumption. Male was likely to have sodium intakes greater than female 1.13 times (RR= 1.13, 95%CI 1.07 - 1.19). Participants who smoke were likely to have sodium intake higher than non-smokers 1.10 times (RR= 1.10, 95% CI 1.01 - 1.19) and participants who drink likely had sodium intakes greater than non-drinkers 1.09 times (RR=1.09, 95% CI 1.03 - 1.16) as shown in Table 3


        b. Multivariate analysis


        Results from multiple logistic regression analysis revealed only gender can predict sodium consumption at least 2,000 mg/day among Chinese-Haw hill tribes residing in Chiang Rai province (adjusted odds ratio (OR) 13.73, CI 1.43 - 131.95) as shown in Table 4.

      

    


    
      

      4. DISCUSSION


      The prevalence of a sodium intake at least 2,000 mg/day among Chinese Haw tribe ethnic group was 90.70%, which was higher than the rate of sodium chloride consumption among Thai population (80.30%) [27]. According to the Bureau of Non-Communicable Disease [28], the survey on sodium consumption among Thai population in 2007 using 24- hour urine output sample to detect urinary sodium excretion, reported that 87.50% of the samples had sodium intake above 2300 mg/day. Similar to the study in the U.S. population aged more than 19 years reported that 89% consumed sodium in excess of 2015-2020 mg/day [29]. Although, the joint WHO/FAO expert consultation on ‘Diet, Nutrition and the Prevention of Chronic Diseases’ recommends that sodium intake of adults should be less than 85 mmol/day (2,000 mg/day). From the study revealed, the sodium intake among Chinese-Haw hill tribes was higher than other groups of Thai population. Although the Chinese-Haw hill tribes are a minority ethnic group living in the rural area of northern Thailand, they consume sodium greater than 85 mmol/day (2,000 mg/day) [30], In the context of tribal groups in the highlands, they preserve food for long-term storage without electrical equipment. The majority of population in tribal groups in the highlands use food preservation method by adding salt to food [31].


      In univariate analysis, alcohol consumption and smoking were associated with high sodium intake . However, only male gender remained significant in multivariate analysis. Part of the reason were that alcohol consumption associated with smoking and sodium seasoning snacks (with alcohol). Drinkers frequently used other addictive substances while drinking alcohol, including cigarette. Other studies in Lahu and Akha hill tribes found that the primary substance used while drinking alcohol was cigarettes as high as 98.78% [32]. Drinkers usually went out to drink with friends and had snacks (with alcohol), which contained high sodium. Thus, alcohol consumption associated with high sodium intake. When adjusted for confounders, only gender remained statistically significant. Male gender was likely to have sodium intakes greater than female. This is in line with many studies such as sodium intakes assessed from a 24-hour urine collection among the United States population was 4,202 milligrams per day in male and 3,272 milligrams per day in female and similarly, in the United Kingdom it was found that sodium intakes in male was 3,818 milligrams per day and in female was 3,013 milligrams per day [33]. In addition, the INTERSALT Study [34] assessed the amount of sodium in a population (using an average of 24- hour urine collection) to create a standardized database from the urine sample (male and female aged 20-59) in 52 population groups from 32 countries worldwide. The results found that male had a sodium intake range between 100- 250 mmol/l (2,400 - 6,000 milligrams/dl) per day; meanwhile, female was in the range between 100 - 200 mmol/l (2,400- 4,800 milligrams/dl) per day. Moreover, the quantitative research study carried out in 2007 by the Department of Health to assess sodium and salt consumption in the Thai population, and to explore about people beliefs regarding the relationship between sodium consumption and diet, research indicated that male had an average of sodium excretion at 131.0 mg per day which was higher than female who consumed only 128.5 mg per day [27]. Across all countries, most of studies reported that sodium intakes in male was higher than female, this is because of large differences in total food consumption [15]. The investigation of sodium excretion in urine reported that female had significantly lower ratios of 24-hour to overnight excretion of sodium than male, that female excreted sodium at a rate of 20-25% less than male [35, 36]. Furthermore, intracellular concentrations of sodium are different between male and female. Healthy female showed a significantly lower-average value of various types of intracellular sodium content when compared to male [37, 38]. As gender-related differences in intracellular sodium concentration were most likely to result from gender-related differences in the functioning of sodium transport systems [39].

    


    
      

      Table 3 Association between potential risk factors and sodium intake in Chinese-Haw hill Tribes residing in Patueng village and Mae Chan district, Chiang Rai province.


      
        
          
            	Factors

            	Sodium Intake

            ≥2,000 mg/day

            n (%)

            	Sodium Intake

            < 2,000 mg/day

            n (%)

            	RR

            	95%CI for RR
          

        

        
          
            	Gender

            	Male

            	84(98.82)

            	1(1.18)

            	1.13*

            	1.07 - 1.19
          


          
            	

            	Female

            	190(87.56)

            	27(12.44)

            	1

            	
          


          
            	Status

            	Married

            	230(92.00)

            	20(8.00)

            	0.97

            	0.87 - 1.09
          


          
            	

            	Single

            	18(94.74)

            	1(5.26)

            	1

            	
          


          
            	Occupation

            	Agriculture

            	173(93.01)

            	13(6.99)

            	1.07

            	0.99 - 1.16
          


          
            	

            	Unemployed

            	101(87.07)

            	15(12.93)

            	1

            	
          


          
            	Education

            	Educated

            	221(90.57)

            	23(9.43)

            	0.99

            	0.90 -1.08
          


          
            	

            	No education

            	53(91.38)

            	5(8.62)

            	1

            	
          


          
            	Income

            	Inadequate

            	191(83.25)

            	23(10.75)

            	0.95

            	0.88 - 1.01
          


          
            	

            	Adequate

            	83(94.32)

            	5(5.68)

            	1

            	
          


          
            	Co-morbidity

            	

            	

            	

            	
          


          
            	

            	Sick

            	31(93.94)

            	2(6.06)

            	1.04

            	0.95 - 1.14
          


          
            	

            	Not sick

            	243(90.34)

            	26(9.66)

            	1

            	
          


          
            	Family health history of hypertension

            	

            	

            	
          


          
            	

            	Family history

            	90(90.00)

            	10(10.00)

            	1.00

            	0.92 - 1.09
          


          
            	No family history

            	184(91.90)

            	18(8.90)

            	1

            	
          


          
            	Smoking pattern

            	

            	

            	

            	
          


          
            	

            	Current smoke

            	76(98.70)

            	1(1.30)

            	1.10*

            	1.01 - 1.19
          


          
            	

            	Never

            	198(88.00)

            	27(12.00)

            	1

            	
          


          
            	Alcohol consumption

            	

            	

            	
          


          
            	

            	Yes

            	56 (96.55)

            	2(3.45)

            	1.09*

            	1.03 - 1.16
          


          
            	

            	No

            	218(89.34)

            	26(10.66)

            	1

            	
          


          
            	Physical exercise

            	

            	

            	

            	
          


          
            	

            	Not exercise

            	138(86.79)

            	21(13.21)

            	0.95

            	0.84 - 1.07
          


          
            	

            	Regular Exercise

            	136(95.10)

            	7(4.90)

            	1

            	
          


          
            	Add sauce to food

            	

            	

            	

            	
          


          
            	

            	Yes

            	190(89.20)

            	23(10.80)

            	0.95

            	0.88 - 1.01
          


          
            	

            	No

            	84(94.38)

            	5(5.62)

            	1

            	
          


          
            	Adding seasoning powder

            	

            	

            	

            	
          


          
            	

            	Yes

            	221(90.20)

            	24(9.80)

            	0.97

            	0.89 - 1.05
          


          
            	No

            	53(92.98)

            	4(7.02)

            	1

            	
          


          
            	Self-Efficacy Score Median (range minimum – maximum, score) 72.00 (18 - 100)
          


          
            	

            	Less than 72.00

            	143(90.51)

            	15(9.49)

            	0.99

            	0.93 -1.07
          


          
            	

            	At least 72.00

            	131(90.97)

            	13(9.03)

            	1

            	
          


          
            	Food Frequency Score

            	

            	

            	

            	
          


          
            	

            	High Risk (8-10)

            	12(92.31)

            	1(7.69)

            	0.99

            	0.92 - 1.06
          


          
            	

            	Middle Risk (4-7)

            	76(92.68)

            	6(7.32)

            	0.99

            	0.84 - 1.16
          


          
            	

            	Low Risk (0-3)

            	294(93.33)

            	21(6.67)

            	1

            	
          


          
            	Knowledge Score

            	

            	

            	
          


          
            	

            	Not pass

            	20(71.43)

            	8(28.57)

            	1.01

            	0.79 - 1.29
          


          
            	

            	Pass

            	193(70.44)

            	81(29.56)

            	1

            	
          

        
      


      
        RR, Risk Ratio: CI, confidence interval.
      


      

    


    
      Table 4 Factors predictive of sodium consumption in excess of 2,000 mg/day among Chinese-Haw hill tribes Residing Patueng village and Mae Chan district, Chiang Rai province (n=302) using unconditional multiple logistic regression.


      
        
          
            	Variables

            	Adjusted
          


          
            	OR

            	95% CI
          

        

        
          
            	Gender(Men/Women)

            	13.73*

            	1.43 - 131.95
          


          
            	Alcohol consumption (Current/Never)

            	0.85

            	0.15 - 4.81
          


          
            	Adding sauce (Yes/No)

            	0.42

            	0.14 - 1.24
          


          
            	Adding seasoning powder (Yes/No)

            	1.06

            	0.33 - 3.47
          


          
            	Self-Efficacy score (Less than 72/ At least 72)

            	1.08

            	0.48 - 2.46
          


          
            	Knowledge score (Pass/Not pass)

            	0.82

            	0.32 -2.09
          


          
            	Food frequency score (Middle/Low)

            	1.81

            	0.67 - 4.92
          


          
            	Food frequency score (High/Low)

            	1.24

            	0.14 - 2.46
          


          
            	Odd ratio adjusted for gender, alcohol consumption pattern, adding sauce, adding seasoning powder, self-efficacy score, knowledge score, food frequency score (low/middle/high).
          

        
      


      

    


    
      5. LIMITATION


      According to the cross-sectional study, data on exposures and outcomes were collected at the same time, it may cause difficulty to explore any temporal changes in outcomes. A key strength of this study is the high-quality measurement tools using for assessing sodium from the first morning urine with a high response rate, which helped to ensure internal validity and allows for extrapolation of study results.

    


    
      CONCLUSION


      This study provides an insight into the epidemiological patterns of prevalence of sodium intakes, and the potential risk factors in the rural Chinese-Haw communities in northern Thailand. Health education about reduction of sodium intakes should be provided for Chinese-Haw hill tribes especially for male. This population should receive appropriate intervention in order to prevent them from diseases according to high sodium intake.
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