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Associations of body fat and skeletal muscle with hypertension
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ABSTRACT
Hypertension is known to be associated with obesity, while its relationship to skeletal muscle (a marker of general health and body function), remains uncertain. We analysed population-based data of 22,591 men (mean age: 51.6±16.9yrs) and 27,845 non-pregnant women (50.6±16.9yrs) from Scottish Health Surveys (2003, 2008-2011) and Health Surveys for England (2003-2006, 2008-2013) including 2,595 non-insulin and 536 insulin treated diabetic patients. Compared with normotensive individuals (no hypertension history with normal systolic (SBP<140mmHg) and diastolic blood pressure (DBP<90mmHg)), percent body fat (BF%) was significantly higher and percent skeletal muscle (SM%) lower (P<0.001) in undetected (no hypertension history with raised SBP≥140 and/or DBP≥90mmHg), controlled (hypertension history with normal BP), uncontrolled (hypertension history with raised BP) and untreated hypertension. Prevalences of hypertension within BF% quintiles were 11.8, 24.8, 41.4, 56.8 and 71.6% and SM% quintiles were 67.5, 53.3, 39.5, 27.4, and 18.5%. Compared to referent groups (lowest BF% quintile or highest SM% quintile), odds ratio (age, sex, smoking, ethnicity, country, survey-year and diabetes adjusted) for having all types of hypertension in the highest BF% quintile was 5.5 (95% confidence interval=5.0-5.9) and lowest SM% quintile was 2.3 (2.2-2.5). Compared with those without diabetes, individuals with diabetes had a 2.3-2.6 fold greater risk of hypertension, independent of confounding factors and BF% or SM%. The associations of hypertension with BF% were higher than those with body mass index (BMI). In conclusion, both BF and SM should be considered when analysing results from health surveys, rather than relying on BMI which does not discriminate between the two.

INTRODUCTION
There is increasing interest in skeletal muscle mass and related health outcomes, especially with the population in the UK, which are ageing and becoming more obese.1,2 Muscle wasting and obesity are both age-related conditions which associate with a constellation of chronic diseases and polypharmacy.3,4 Hypertension is among the most prevalent age-related chronic diseases, affecting 29.4% of male and 26.5% of adult (≥18 years) female whites, 40.8% of male and 41.5% of female coloured people in the US between 2011 and 2014.5 Raised blood pressure (below treatment threshold) is a feature of the metabolic syndrome which is associated with an increased risk of cardiovascular disease by two to three fold6,7 and with renal complications.8

Hypertension is a ‘silent killer’7 commonly only revealed in routine health screening, which is seldom conducted below age 40 in many countries.9 Non-adherence to prescribed medications, including antihypertensives, is estimated at between 40 and 75% among older adults.10-13 Hypertension still follows the “rule of halves” in many countries; with half of all individuals with hypertension are diagnosed, but among those diagnosed, only half receive appropriate care, and only half of those treated reach treatment targets.14,15

Although the association of hypertension with body fatness is well established, little is known about its association with skeletal muscle. Both may relate to adverse lifestyles such as inactivity and smoking.

[bookmark: _Toc444428657]The present study was conducted to document the associations of hypertension status (normotension, undetected, adequately controlled, inadequately controlled and untreated hypertension) with body fat (BF) and with skeletal muscle (SM), assessed by validated equations using anthropometric data collected in large national surveys.

METHODS 
Study population 
This analysis utilized cross-sectional data from the Scottish Health Survey (SHS) collected in 2003 and 2008-2011 (n=92,216) and Health Survey for England (HSE) collected in 2003-2006 and 2008-2013 (n=140,627). The surveys followed identical methods. Subjects younger than 18 years or over 85 years were excluded as they were outside the age-range of the adult populations used to derive the equations for estimating BF and SM. Pregnant women were excluded. Among those remaining, complete-case data for anthropometric measurements, BF, SM and hypertension status were available for analysis in 22,591 men (mean age: 51.6±16.9yrs) and 27,845 women (50.6±16.9yrs).

Demographic and anthropometric assessment
Participants were visited at home by trained nurses who recorded demographic information including age, sex, ethnicity, smoking status, medical history, and treatment by standard health and lifestyle questionnaires. Smoking status was reported in categories (never smoked, used to smoke occasionally, used to smoke regularly, current smoker). Prescriptions of drug classes for diabetes (oral antihyperglycaemic agents and/or insulin) and blood pressure (antihypertensive agents) were documented from the responses “yes” or “no”. Specific drug names were not included. The trained nurses also measured weight, height, waist and hip circumferences using calibrated instruments. Participants were asked to wear light clothing and stand upright in a relaxed position to maximal height, feet 25–30cm apart. Waist circumference (WC) was measured midway between the iliac crest and lowest rib, and hip circumference at the largest circumference around the buttocks.

Body fat and skeletal muscle calculations
Percentage body fat was calculated using validated published equations for men: BF% = 0.567  WC (cm) + 0.101  age (years) – 31.8 and for women: BF%) = 0.439  WC (cm) + 0.221  age (years) – 9.4.16 SM was calculated using published validated equations for men: SM (kg) = 39.5 + 0.665  body weight (kg) − 0.185 WC (cm) − 0.418  hip circumference − 0.08  age (years), and for women: SM (kg) = 2.89 + 0.255  weight (kg) − 0.175  hip circumference (cm) − 0.038  age (years) + 0.118  height (cm).17 SM was expressed as percent body weight (SM%) for analysis.

Diabetes status
Glycated haemoglobin (HbA1c) was measured in non-fasting blood samples. Diabetes mellitus was identified firstly from participants reporting that the diagnosis had been confirmed by a doctor or a nurse, or secondly as newly diagnosed on the basis of having HbA1c >48mmol/mol (>6.5%) without previously diagnosed diabetes (n=2,595 non-insulin and 536 insulin treated).

Blood pressure and hypertension status
Systolic (SBP) and diastolic blood pressure (DBP) were measured on a single occasion, using an automatic sphygmomanometer (Dinamap 8100, Critikon, Tampa, FL, USA) at the first and fifth Korotkoff sounds. Participants were rested for 10-15 minutes in sitting position. The cuff size was selected according to the size of participant’s mid-upper arm circumference. History of hypertension was obtained from participants reporting whether the diagnosis had been confirmed by a doctor or a nurse. Newly identified or level of control of hypertension was assessed from SBP and DBP measured at the time of survey. Five groups of hypertension status were created: 1) “normotension” (no history of hypertension with SBP <140 mmHg and DBP <90 mmHg), 2) “undetected hypertension” (no history of hypertension with SBP ≥140 mmHg and/or DBP ≥90 mmHg), 3) “adequately controlled hypertension” (history of hypertension with SBP <140 mmHg and DBP <90 mmHg ), 4) “inadequately controlled hypertension” (history of hypertension with ≥140 mmHg and/or DBP ≥90 mmHg) and 5) “untreated hypertension” (history of hypertension without treatment, with SBP ≥140 mmHg and/or DBP ≥90 mmHg).15 

[bookmark: _Toc444428659]Statistical analysis
Group differences for categorical variables were assessed by chi-squared test and for continuous variables by independent t-test (between two groups) or analysis of variance, ANOVA (between more than two groups). The associations of hypertension (dependent variables) with quintiles of body mass index (BMI), WC, BF% and SM% (predictor variables) were assessed by logistic regression analysis to estimate odds ratios (OR) and 95% confidence intervals (CI). Lowest BF% quintile or highest SM% quintile was considered as referent group. Data were adjusted for age, sex, smoking status (non-smokers and current or ex-smokers), ethnicity (white Caucasians or others), survey year, country and diabetes status (no diabetes, diabetes treated with oral antihyperglycaemic agents or insulin). Missing data were handled in analysis using a ‘listwise deletion of missing data’ approach. Analyses were conducted using SPSS (version 23.0). The null hypothesis was rejected when P<0.05. 

[bookmark: _Toc444428661]RESULTS 
Men and women had similar mean (±SD) age (51.6 yrs ±16.9 v.s. 50.6 yrs, ±116.9), BMI (27.8 kg/m2 ±4.4 v.s. 27.4 kg/m2, ±5.5) and hip circumference (104.4 cm ±10.2 v.s. 104.1 cm ±13.9). Men were taller (174.4 cm ±7.2 v.s. 161.0 cm ±6.8, P<0.001) and heavier (84.7 kg ±14.8 v.s. 71.0 cm ±14.7, P<0.001) and had larger WC (98.8 cm ±12.2 v.s. 88.0 cm ±13.2, P<0.001), SM (29.7 kg ±6.2 v.s. 19.8 kg, ±3.0, P<0.001), SM% (35.3% of body weight ±5.3 v.s. 28.5% of body weight, ±4.3, P <0.001), SBP (132.0 mmHg ±16.1 v.s. 125.6 mmHg ±19.0, P<0.001) and DBP (75.0 mmHg ±11.2 v.s. 73.5 mmHg ±10.8, P<0.001) while women had higher BF than men (29.4 kg ±11.5 v.s. 25.6 kg, ±8.3, P<0.001) and BF% (40.4% of body weight ±7.7 v.s. 29.4% of body weight, ±7.6, P<0.001).

Table 1 shows the distribution of demographic factors and prevalences of hypertension. The prevalence of hypertension increased with age, and was higher in men than in women, in current and ex-smokers than in non-smokers, in white Caucasians than in ethnic minorities and in individuals with diabetes than in those without diabetes. There were no differences in the prevalence of hypertension between England and Scotland.

The ANOVA showed that compared with normotensive individuals, BF% was significantly higher and SM% lower (P<0.001) in any sub-category of hypertension; undetected, adequately controlled, inadequately controlled and untreated hypertension (Table 2). Figure 1 shows that compared with referent groups of normotensive individuals, BF% was significantly (P<0.001) higher and SM% lower in all subcategories of hypertension in men and women. For any given subcategory of hypertension, patients with diabetes had higher BF% and lower SM% than those without diabetes.

Table 3 shows that the prevalences of any type of hypertension sub-category within BF% quintiles were 11.8, 24.8, 41.4, 56.8 and 71.6%, within SM% quintiles were 67.5, 53.3, 39.5, 27.4, and 18.5%, and within non-diabetic individuals, non-insulin treated and insulin treated diabetic individuals were 39.0, 76.4 and 70.9% respectively. There were consistently more diabetic patients with hypertension than non-diabetic individuals within each quintile of BF% (Figure 2A) and SM% (Figure 2B).

Compared to referent groups (lowest BF% quintile or highest SM% quintile), adjusted OR for having all types of hypertension in the highest BF% quintile was 5.5 (95%CI = 5.0-5.9) and in the lowest SM% quintile was 2.3 (confidence interval = 2.2-2.5). The association of BMI (OR = 4.3, 95%CI = 4.1-4.7) or WC (OR = 4.1, 95%CI = 39-4.5) with hypertension (Supplemental material) was lower than the association of BF% with hypertension (see above). Compared with those without diabetes, individuals with diabetes had a 1.9 to 2.6-fold increase in the risk of hypertension, independent of confounding factors and BF% or SM% (Table 3). Excluding patients with diabetes from analysis showed marginal changes to the results (not shown).

The proportions of hypertension in men and in women aged 18-29years = 10.4% and 2.8%, 30-39years = 14.7% and 6.5%, 40-49years = 23.8% and 14.2%, 50-59years = 33.2% and 25.9%, 60-69years = 40.4% and 38.9%, 70-79years = 44.0% and 47.1%, and 80-85years = 47.6% and 52.5%. Figure 3 shows that the proportions of subjects with normotension fall while undetected, controlled, uncontrolled and untreated hypertension rise with increasing age (P<0.001).

DISCUSSION
In the present study, we have observed that hypertension was associated directly with BF% and inversely with SM%. Those associations remain statistically significant independently of major factors including age, sex, smoking and ethnic background as well as diabetes. Within each subcategory of hypertension, BF% was higher and SM% was lower than normotensive group while within each level of BF% and SM%, hypertension was more prevalent among those with diabetes.

Existing research often focuses on obesity and hypertension18 while the relationship between the role of SM and hypertension has received little attention. Our findings of the significant inverse association between hypertension and SM% may provide further insight into the aetiology of hypertension. A study by Ochi et al19 has shown an inverse association between arterial stiffness and thigh muscle mass in middle-aged to elderly men. We cannot deduce causal relationship between these variables from cross-sectional data but it is plausible that the relationship is bidirectional with multiple mediating factors. Ageing, chronic conditions and medications, lifestyle factors such as smoking, physical inactivity, and alcohol consumption all interplay and modulate changes in blood pressure and muscle mass.

Aside from the main results, the present study also revealed that diabetic individuals had higher BF% and lower SM% for any given hypertensive status, illustrating the complex interaction between altered body composition, insulin and hypertension. This extends our recent observations which identified the inverse association of HbA1c and type 2 diabetes with SM%.20 A combination of increased body fat and muscle wasting may lead to insulin resistance through molecular/hormonal changes in adipocytes and myocytes, and consequently hypertension.6,21 This process could be similar to Cushing’s disease, where an excessive concentration of cortisol produces central fat accumulation and skeletal muscle atrophy, accompanied by hypertension and insulin resistance/diabetes. It is most commonly accepted that hypercortisolaemia in Cushing’s disease leads to hypertension through increased insulin secretion (resulting in sodium retention) and activation of renin-angiotensin aldosterone system (resulting in increased vascular resistance).22,23 In contrast, hypertension in phaemochromocytoma is secondary to excess catecholamines24 with reduced intra-abdominal fat of brown adipose tissue origin.25 Surgical treatment of Cushing’s disease22,23 or phaeochromocytoma26 usually simultaneously cures the hypertension and also improves insulin sensitivity. 

Our observations of increasing hypertension prevalence with age are consistent with previous reports.5 The finding that higher proportions of men than women with hypertension in the younger age groups is interesting, as the rates became approximately equal by the age of 60years, and higher among older women. This may help to explain some of the gender disparities in cardiovascular disease at different ages and supports earlier screening for hypertension (before the age of 40 years when screening usually begins).

The rates of undetected, inadequately controlled and untreated hypertension in the present study are comparable with those observed in developed countries7 and as expected, lower than middle income countries such as China.15 We found these subcategories of hypertension rise significantly with increasing age. These findings are consistent with previous reports of high non-adherence to medications (40-75%) among older adults.10-13 It is therefore important to focus research and treatment on this high risk group to elucidate the perpetual cycle of hypertension and frailty and disability arising from conditions secondary to undetected, uncontrolled or untreated hypertension such as stroke.15

Strengths and limitations
In the present analysis, we recognise the strengths of a large well-conducted national survey which employed well-tried standard methods, and we addressed a number of possible limitations. Some, such as the single measurement of blood pressure, and reliance on anthropometric estimates of body composition were inevitable in the context of large national surveys: these are unlikely to have introduced bias, but both methods would increase random error. For these limitations, the large study number allows confidence in the results. We used the conventional SBP and DBP cut-offs at 140 and 90 mmHg to define ‘hypertension’, at the same levels for diabetic and non-diabetic participants. We considered whether the lower treatment threshold for participants with known diabetes (130/80 mmHg in NICE guidelines27) might have affected the relationship between body composition for those on treatment with BP below 140/90. There were 842 participants with known diabetes on anti-hypertensive medication and SBP <140 and DBP <90 mmHg. Excluding these participants did not change the overall findings. We analysed all groups of participants together using two models to assess the effects of adjustments for confounding factors and diabetes on the association between blood pressure and body composition. The additional adjustment with diabetes only reduced the associations slightly, and did not change the conclusions. We have also tried excluding the diabetic group from analysis and found negligible changes to the results. Multiple logistic regression modelling allowed us to assess the associations of the main outcome measures independent of confounding factors. To avoid structural multicollinearity, we did not attempt adjusting BF% and SM% for each other since the equations to estimate these measures contain overlapping variables including age, weight, height and WC.28 

Our analysis used a large dataset, with detailed measurements made using consistent methods in representative adult national populations. The populations under study included mainly white Europeans, with relatively small numbers of individuals from specific ethnic or racial origins among whom the associations may be different. Adjusting the analyses for potential confounders (age, sex and smoking) had little effect on the associations. This large dataset allowed us to examine extensively the differences in subcategories of hypertension, age and diabetes status in relation to body composition. Information on alcohol consumption and physical activity level was not available in the present study, but may have some bearing on the results. The cross-sectional study design precludes robust inference about the causal direction between variables, but there is supporting evidence from other studies that lifestyle factors including physical activity in particular probably play a large part by affecting blood pressure and also body composition.29-31 Regular exercise increases and preserves muscle mass, and also lowers blood pressure through a number mechanisms including activation of -adrenergic system, leading to vasodilatation.32 We did not have information on specific pharmacological therapies which may have affected the relationship between body composition and blood pressure. Insulin is well recognised to promote adiposity and blood pressure, and we have examined those on insulin and on oral antihyperglycaemic drugs separately. A recent study of patients undergoing coronary bypass graft has shown that compared with patients receiving conservative insulin therapy (HbA1c between 48 and 63 mmol/mol), those receiving intensive insulin treatment (HbA1c between 32 and 48 mmol/mol) had significantly lower hospitalisation costs and resource utilisation.33 We have therefore presented diabetic patients treated with oral antihyperglycaemic agents and those with insulin separately to assess any bias introduced to the results among non-diabetic individuals. We acknowledge that other source of bias and imprecision may occur in national surveys, including inter-observer differences in recording measurements while changes in circadian rhythm may alter an individual’s anthropometry16 and blood pressure.34 Blood pressure may also be falsely raised when an individual encounters a health professional, the “white coat syndrome”. In common with most national surveys, blood pressure in our study was measured once, as cost and participant retention are important. Accuracy could in principle be improved by duplicate or triplicate measurements or by 24 or 48 hour ambulatory blood pressure monitoring,34 but these are more time-consuming, increase the burdens on participants and more expensive. There might have been some inaccuracy in self-reporting of medical conditions by the participants. However, previous studies have found questionnaire data and medical records to have good agreement for common chronic diseases that have clear diagnostic criteria including hypertension and diabetes.35

Conclusions
Blood pressure is inversely associated with muscle mass, as well as positively with fat mass. Estimates of both body fat and skeletal muscle mass should be considered when analysing results from health surveys (using validated anthropometric prediction equations if measurements are not possible), rather than relying on BMI which does not discriminate between the two.
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LEGENDS
Figure 1. Boxplots of the median and interquartile ranges and whiskers represent the 5th and 95th percentiles of percent body fat (BF%) by hypertension status in men (A) and in women (B) and percent skeletal muscle (SM%) by hypertension in men (C) and in women (D). Solid line indicates the median of referent normotensive non-diabetic group and dashed line indicates the median of referent normotensive diabetic group. Analysis of variance (ANOVA) for differences between groups: P<0.001, post hoc test: P<0.001 compared with referent normotensive group.

Figure 2. Proportions of hypertensive individuals with diabetes and those without diabetes in different quintiles of percent body fat (BF%) (A) and percent skeletal muscle (SM%) (B).

Figure 3. Proportions of subjects in different hypertension categories according to 10-year age bands in men (A) and women (B).
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Table I. Distribution of hypertension among demographic factors and hypertension (known and newly diagnosed with systolic blood pressure ≥140 or diastolic blood pressure ≥90mmHg) in 50,436 adults without diabetes aged 18-85 years old.
	
	Men (n=22,591)
	Women (n=27,845)

	

	n (% of study cohort)
	Prevalence of hypertension within group
	2 test
	n (% of study cohort)
	Prevalence of hypertension within group
	2 test

	Total
	22,591 (100%)
	45.4%
	
	27,845 (100%)
	37.9%
	<0.001

	Age (years)
	
	
	
	
	
	

	18-29
	2,915 (12.9%)
	14.5%
	


<0.001
	3,830 (13.8%)
	8.1%
	


<0.001

	30-39
	3,612 (16.0%)
	22.0%
	
	4,851 (17.4%)
	13.8%
	

	40-49
	4,146 (18.4%)
	35.6%
	
	5,393 (19.4%)
	24.6%
	

	50-59
	4,243 (18.8%)
	52.6%
	
	5,019 (18.0%)
	43.1%
	

	60-69
	4,208 (18.6%)
	65.7%
	
	4,761 (17.1%)
	62.7%
	

	70-79
	2,808 (12.4%)
	69.5%
	
	3,176 (11.4%)
	77.0%
	

	80-85
	659 (2.9%)
	73.5%
	
	815 (2.9%)
	79.0%
	

	Smoking status
	
	
	
	
	
	

	Non-smokers
	5,418 (24.0%)
	40.8%
	<0.001
	6,885 (24.7%)
	36.6%
	0.005

	Current and ex-smokers
	3178,161 (76.0%)
	46.9%
	
	20,942 (75.3%)
	38.3%
	

	Ethnicity
	
	
	
	
	
	

	White Caucasians
	19,709 (87.2%)
	46.8%
	<0.001
	24,207 (86.9%)
	39.3%
	<0.001

	Others
	2,882 (12.8%)
	35.9%
	
	3,638 (13.1%)
	28.6%
	

	Country
	
	
	
	
	
	

	England
	17,584 (77.8%)
	45.2%
	0.131
	21,533 (77.3%)
	37.8%
	0.276

	Scotland
	5,007 (22.2%)
	46.1%
	
	6,312 (22.7%)
	38.2%
	

	Co-morbidity
	
	
	
	
	
	

	No diabetes
	20,904 (92.5%)
	42.9%
	<0.001
	26,401 (94.8%)
	35.9%
	<0.001

	T2D (known + newly diagnosed)
	1,421 (6.3%)
	77.3%
	
	1,174 (4.2%)
	75.4%
	

	Insulin treated diabetes
	266 (1.2%)
	55.9%
	
	270 (1.0%)
	65.9%
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Table II. Analysis of variance (ANOVA) of adiposity and skeletal mass by different categories of blood pressure in 50,436 adult males and females.
	
	Mean ±SD
	ANOVA

	

All subjects, n (%)
	Normotension
(referent)
29,628 (58.7%)
	Undetected hypertension
6,217 (12.3%)
	Controlled hypertension
8,071 (16.0%)
	Uncontrolled hypertension
4,730 (9.4%)
	Untreated hypertension
1.790 (3.5%)
	
p-value

	
	
	
	
	
	
	

	Men, n (%)
	12,328 (54.6%)
	3,302(14.6%)
	3,786 (16.8%)
	2,249 (10.0%)
	926 (4.1%)
	

	Age (years)
	45.1 ±15.9
	55.1 ±15.7
	60.4 ±14.1 
	63.6 ±12.3
	60.0 ±14.1
	<0.001

	SBP (mmHg)
	123.6 ±9.2
	149.9 ±12.1 
	126.1 ±9.5
	154.4 ±13.3
	149.3 ±10.5 
	<0.001

	DBP (mmHg)
	71.2 ±8.5
	84.8 ±10.9
	71.7 ±9.6
	84.0 ±12.6
	81.9 ±9.9
	<0.001

	Body mass index (kg/m2)
	26.8 ±4.1
	28.5 ±4.3
	29.2 ±4.5
	29.5 ±4.5
	29.2 ±4.4
	<0.001

	Waist circumference cm)
	95.4 ±11.5
	100.8 ±11.3
	103.6 ±11.8 
	104.7 ±11.7
	103.7 ±11.6
	<0.001

	BF% (% body weight)
	26.8 ±7.2
	30.9 ±6.7
	33.1 ±7.0 
	34.0 ±6.7
	33.1 ±6.7
	<0.001

	SM% (% body weight)
	36.7 ±5.5
	34.5 ±4.6
	33.3 ±4.6 
	32.7 ±4.4
	33.6 ±4.5 
	<0.001

	
	
	
	
	
	
	

	Women, n (%)
	17,300 (62.1%)
	2,915 (10.5%)
	4,285 (15.4%)
	2,481 (8.9%)
	864 (3.1%)
	

	Age (years)
	44.0 ±14.9
	59.8 ±13.8
	59.7 ±15.1
	65.4 ±12.4
	63.5 ±12.3
	<0.001

	SBP (mmHg)
	116.1 ±10.9
	150.9 ±14.2
	124.2 ±10.4
	155.6 ±15.3
	151.0 ±13.8
	<0.001

	DBP (mmHg)
	70.3 ±8.5
	84.8 ±10.7
	71.7 ±9.5
	82.6 ±12.4
	81.1 ±10.5
	<0.001

	Body mass index (kg/m2)
	26.2 ±5.0
	28.8 ±5.7 
	29.5 ±5.8
	29.8 ±5.5
	29.2 ±5.4
	<0.001

	Waist circumference cm)
	84.6 ±12.2
	91.9 ±12.9
	94.0 ±13.3
	94.6 ±12.5
	93.2 ±12.8
	<0.001

	BF% (% body weight)
	37.5 ±6.9
	44.1 ±6.1
	45.0 ±7.0
	46.6 ±5.9
	45.6 ±6.1
	<0.001

	SM% (% body weight)
	29.6 ±4.3
	27.0 ±3.6
	26.7 ±3.7 
	26.1 ±3.4 
	26.4 ±3.3
	<0.001



Post hoc test using LSD for differences between normotension group (referent) and hypertensive groups of different treatment status: P<0.001.


Table III. Associations of sex-specific percent body fat (BF%) quintiles or percent skeletal muscle (SM%) quintiles with hypertension in 22,591 men and 27,845 women.
	
	
Group differences
	Logistic regression to assess the risk for having hypertension

	
	
	Model 1: Adjusted for age, sex, smoking, ethnicity, survey year and country‡
	Model 2 Adjusted for age, sex, smoking, ethnicity, survey year, country and diabetes§

	Body fat
	n
	Rates of hypertension (%)
	p†
	OR (95% CI)
	p
	OR (95% CI)
	p

	BF% quintile 1 (% weight): M <23.1, F <33.4 (referent)
	10087
	11.8
	

<0.001
	1
	--
	1
	--

	BF% quintile 2 (% weight): M = 23.1-27.4, F = 33.4-38.1
	10085
	24.8
	
	1.48 (1.37-1.61)
	<0.001
	1.48 (1.37-1.61)
	<0.001

	BF% quintile 2 (% weight): M = 27.4-31.2, F = 38.1-42.4
	10088
	41.4
	
	2.39 (2.21-2.59)
	<0.001
	2.38 (2.20-2.58)
	<0.001

	BF% quintile 4 (% weight): M = 31.2-35.6, F = 42.4-47.2
	10087
	56.8
	
	3.58 (3.31-3.89)
	<0.001
	3.52 (3.25-3.82)
	<0.001

	BF% quintile 5 (% weight): M ≥35.6, F ≥47.2
	10089
	71.6
	
	5.83 (5.36-6.35)
	<0.001
	5.45 (5.00-5.93)
	<0.001

	No diabetes (referent)
	47,305
	39.0
	<0.001
	--
	--
	1
	

	Diabetes on oral antihyperglycaemic agents
	2,595
	76.4
	
	--
	--
	1.93 (1.74-2.13)
	<0.001

	Insulin treated diabetes
	536
	70.9
	
	--
	--
	2.33 (1.87-2.89)
	<0.001

	Skeletal muscle
	
	
	
	
	
	
	

	SM% quintile 5 (% weight): M ≥38.2, F ≥31.4 (referent)
	10087
	18.5
	

<0.001
	1
	--
	1
	--

	SM% quintile 4 (% weight): M = 36.0-38.2, F = 29.0-31.4
	10087
	27.4
	
	1.17 (1.09-1.25)
	<0.001
	1.17 (1.09-1.26)
	<0.001

	SM% quintile 3 (% weight): M = 34.0-36.0, F = 27.2-29.0
	10088
	39.5
	
	1.45 (1.35-1.56)
	<0.001
	1.45 (1.35-1.56)
	<0.001

	SM% quintile 2 (% weight): M = 31.6-34.0, F = 25.1-27.2
	10087
	53.3
	
	1.84 (1.71-1.98)
	<0.001
	1.83 (1.70-1.97)
	<0.001

	SM% quintile 1 (% weight): M <31.6, F <25.1
	10087
	67.5
	
	2.41 (2.23-2.61)
	<0.001
	2.32 (2.15-2.51)
	<0.001

	No diabetes (referent)
	47,305
	39.0
	<0.001
	--
	--
	1
	<0.001

	Diabetes on oral antihyperglycaemic agents
	2,595
	76.4
	
	--
	--
	2.43 (2.20-2.69)
	<0.001

	Insulin treated diabetes
	536
	70.9
	
	--
	--
	2.60 (2.11-3.21)
	<0.001


†2 test for group difference; ‡Model 1: adjusted for age, sex, smoking, ethnicity, survey year and country; §Model 2: as in model 1 with additional adjustment for diabetes.
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