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Abstract

Objective: This study is designed to examine the association between body mass index (BMI) and self-
related health (SRH), and to explore gender differences in BMI-SRH association among hypertensive
patients further. Methods: The status of SRH in 1219 hypertensive patients over 18 years old was
analyzed by the multi-item self-rated health measurement scale (SRHMS). Chi-square test and t-test were
used to analyze BMI and SRHMS status of hypertensive patients, the logistic regression analysis was
used to explore the association between BMI and SRHMS of male and female separately after controlling
for potential confounders, and to assess gender differences on the relationship between BMI and
SRHMS. Results: The prevalence of underweight in hypertensive patients was 1.6%, normal weight was
33.0%, overweight was 45.9%, and obese was 19.5%. And the SRHMS of very good, good, fair, bad, and
very bad were 20.2, 15.4,29.1, 12.5, and 22.8%, respectively. After controlling potential confounders, we
found that underweight, overweight and obese had a negative impact on female's SRHMS. Underweight
had a negative impact on male, but obesity had a positive impact on male's SRHMS. Besides, this study
did not find that overweight had a statistically significant effect on male SRHMS. Conclusion: In this
cross-sectional study, we found a gender differences on association between BMI and SRHMS among
hypertensive patients. Overweight and obesity had a negative impact on female's SRHMS after adjusting
for other influential factors, but not for male. Gender differences should be considered when developing
weight and hypertension management programs, especially in women.

1. Introduction

Hypertension is one of the most common noncommunicable chronic diseases|1], which is becoming a
major public health problem that challenges the whole world[2]. The global prevalence rate of
hypertension is expected to rise to 29%, with 1.56 billion people suffering from hypertension by the year
2025[3]. Hypertension also causes a massive burden in China, and it has been identified as the second
leading health risk factor in Chinal4, 5]. There are a large number of hypertensive patients in China, and
uncontrolled hypertension is a powerful risk factor of cardiovascular disease, efforts to detect and control
hypertension has been a continuously important issue to public health.

Concurrently, obesity has been increasing rapidly, which is recognized as the major and modifiable risk
factor for hypertension, being responsible for 20—-30% of disease cases|[6]. Obesity is a universal disease
of increasing prevalence with alarming proportions worldwide, especially in the developing nations[7-10].
Prevalence of obesity and hypertension can predispose one to various other health complications such
as diabetes, renal failure, and cardiovascular disease[11]. Body mass index (BMI) as an anthropometric
index is used most frequently to define different obesity categories among various populations[12], and it
has been widely used in the study of obesity-related hypertension[13, 14].

Self-rated health (SRH) is a subjective assessment of individual health status, also known as subjective
health or self-assessed health[15]. SRH is considered to be an appropriate and effective indicator of
service needs and intervention outcomes[16, 17], and can predict individual health outcomes[18].
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However, studies have shown that single SRH as a dependent variable is not specific enough[19, 20].
WHO defines health as a multidimensional concept that includes physical health, mental health and
social well-being[20], this concept is created out of many factors subjectively that include health
behaviors, general physical functioning and specific health situations. Thus, it is impractical for a single-
item question to capture the characteristics of health conditions fully. Based on this, some researchers
have developed the multiple-item self-rated health measurement scale (SRHMS) according to the health
characteristics of Chinese people and applied it to SRH practice[21, 22].

Prior studies exploring the association between BMI and SRH, some have found U shaped relationship
between them[23, 24], some studies have proved that BMI and SRH varies significantly across ages and
sexes[25]. However, Chinese research in this field is insufficient. So far, some studies have explored the
association between them, most of them have been conducted in western or other high-income countries.
Furthermore, most of the studies are aimed at healthy people, and few of them are aimed at hypertensive
patients.

A better understanding of the BMI and SRH mechanisms will help in the design of more targeted and
appropriate interventions. To do so, we have the following specific objectives. Firstly, we will analyze the
SRHMS and BMI status of hypertensive patients. Secondly, we will examine the gender difference in the
association between BMI and SRHMS.

2. Methods

Study site

This study was conducted in Rizhao City, Shandong Province, China. Rizhao City is located in the
southeast of Shandong Province, and it's a coastal city in the east near the Pacific Ocean. It mainly
includes 4 districts, Donggang, Lanshan, Juxian and Wulian, with altogether 55 townships. In this study,
according to the principle of multi-stage stratified random sampling, two districts of Lanshan and Wulian
were selected randomly considering the GDP level (high and low) and location (coastal and inland). Then,
4 communities and 4 villages were selected from each sampling district. Thus, we selected 8 urban
communities and 8 rural villages in total. Figure 1 shows the location of the two study sites.

Data collection

The survey was conducted from March to April in 2019, a set of standardized questionnaires was used to
collect data in the community health service institutions where the respondents were located. The
questionnaires included sociodemographic information, SRHMS status, health-related behaviors, and
blood pressure values. All participants (over 18 years of age) were interviewed face to face by trained
nurses in isolated rooms. To ensure the quality, the completed questionnaires were carefully checked by
the quality supervisor after the interview. In total, 4390 eligible participants were included in this study.
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Trained nurses performed blood pressure measurements, and the participants measured the blood
pressure of the right arm using a sphygmomanometer after sitting for 15 minutes. Each subject's blood
pressure was measured three times, and the average of the last two times was taken as the blood
pressure value. Hypertension was defined based on the JNC 7 guidelines (SBP = 140 or DBP =

90 mmHg). Considering other diseases that may affect SRH (cancer, mental illness, metabolic disorders,
etc.), nurses asked respondents about their past disease history and excluded them from the study.

Variables
Body mass index

Body mass index (BMI) was calculated as weight in kilograms divided by height in centimeters squared,
height and weight were measured by trained nurses. The interviewees were asked to remove their shoes
for the measurement of height. Further, it was categorized as < 18.5 kg/m? (underweight), 18.5-25 kg/m?
(normal weight), 25.0-30 kg/m? (overweight), = 30.0 + kg/m? (obesity)[26].

Self-rate health

In this study, self-rated health (SRH) was measured by the multi-item self-rated health measurement scale
(SRHMS) developed by Xu Jun et al[21, 22]. The scale is designed according to WHQO's definition of
health, health is regarded as a multidimensional concept including physical health, mental health and
social well-being. The scale reflects the change of health measurement from a single dimension to multi-
dimension and from group to individual. Previous studies have shown that SRHMS could accurately and
comprehensively reflect the individual's health status, reliability and validity are acceptable, and have
strong adaptability in China[27, 28].The SRHMS consisted of 48 items, the items are divided into 9
dimensions: physical symptom and organic function, daily physical activities, physical mobility,
psychosocial symptom and negative emotion, positive emotion, cognitive function, role activity and
social adaptability, social resource and social contact, and social support. The 9 dimensions were also
categorized into 3 subscales: physical health, mental health and social health. Each of the 48 items has a
maximum possible score of 10 and a minimum possible score of 0, the subscales score and total score
maximum possible score of 100, and the minimum possible score of 0. The SRHMS is divided into five
grades according to the scores: very bad [0, 62.48), bad [62.48, 68.49), fair [68.49, 80.50), good [80.50,
86.50), very good [86.50, 100].

Other variables

Social demographic factors include gender (male, female), age (< 40, 40-, 60-), marriage status (married,
others), education (illiterate or semiliterate, primary school, junior school, senior school or above),
residence (rural, urban), income (< 15000, 15000-, 25000- Year Yuan), health insurance (yes, no).

Health related factors include smoking (yes, no), drinking (yes, no), physical exercise (yes, no), reduce salt
intake (yes, no).
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Data analysis

Descriptive statistic methods were used to analyze the characteristics of the study subjects; Chi-square
test or t-test were used to compare the difference in categorical and continuous variables; Logistic
regression analysis was used to explore the association between BMI and SRHMS among gender
differences in hypertensive patients. The data were double entered and verified using EPI Data 6.04, with
all data analyzed using SPSS version 16.0 (SPSS, Chicago, lllinois, USA). The level of significance was
set at P-values < 0.05.

3. Result

Basic information of the participants

Table 1 shows basic information about the 4390 participants, 1219 participants were hypertensive
patients, accounting for 27.8%. Generally speaking, the majority of the hypertensive patients were female
(67.7%), at the age of 40-50 (60.7%), married (92.5%), primary school education level (58.7%), residence in
the urban (54.7%), income less than 15000 RMB per year (63.5%). Among health-related factors, the
majority of covered by health insurance (98.3%), no smoking (82.9%), no drinking (77.7%), no physical
exercise (64.5%), reduce salt intake (55.7%). Age (P<0.05), education (P<0.001), residence (P<0.05),
income (P<0.001), smoking (P<0.001), and drinking (P<0.001) was significantly different between
hypertensive male and female.

BMI and SRHMS status in hypertensive patients

Table 2 shows the BMI and SRHMS status in hypertensive patients, the average BMI was 26.83 kg/m?
(SD=3.77), the prevalence of underweight in hypertensive patients was 1.6%, normal weight was 33.0%,
overweight was 45.9%, and obese was 19.5%, the proportion of underweight, overweight and obese male
was higher than that of female. And the SRHMS of very good, good, fair, bad, and very bad was 20.2,
15.4,29.1,12.5, and 22.8%, respectively. The statistical significances were found for SRHMS and physical
health in gender, male's SRHMS and physical health was better than female, but not for BMI.

As shown in Table 3, the frequency distribution of SRHMS according to BMI groups, there were significant
differences among different body weight groups of SRHMS (P=0.009), SRHMS in hypertensive patients
were better in normal weight groups than the underweight, overweight and obesity groups. Furthermore,
there was statistical significance between mental health, physical health and BMI groups.

Association between BMI and SRHMS and its gender difference

We presented our results in two logistic regression models so that we could better understand the
association between BMI and SRHMS among gender differences in hypertensive patients (Table 4, Table
5). Table 4 shows the association between BMI and SRHMS among male hypertensive patients,
unadjusted model (Model 1) shows that underweight (OR=0.23, 95% CL=0.06, 0.98) and obesity

(OR=2.47,95% CL=1.49, 4.11) was associated with SRHMS compared with normal weight, when
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controlling for other variables (age, marriage status, education, residence, income, health-related factors),
as shown in Model 2, underweight (OR=0.20, 95% CL=0.05, 0.85) and obesity (OR=1.75, 95% CL=1.03,
2.98) was still statistically significant compared to normal weight. For the female hypertensive patients
(Table 5), the association between underweight (OR=0.26, 95% CL=0.09, 0.76), overweight (OR=0.69, 95%
CL=0.52,0.92), obesity (OR=0.54, 95% CL=0.37, 0.77) and SRHMS was still supported after controlling
other sociodemographic and health-related variables.

We also found that residence and reduce salt intake were significantly associated with SRHMS for both
male and female, the SRHMS of urban residents was better than that of rural residents, and hypertensive
patients with reduced salt intake had better SRHMS both male and female.

4. Discussion

Gender differences in the association between BMI and SRHMS among hypertensive patients were
investigated explicitly in our study. To our knowledge, this is the first study that reports the BMI-SRHMS
association among Chinese hypertensive patients. The results showed the different associations between
BMI and SRHMS among male and female hypertensive patients. Specifically, this study has the following
valuable findings.

Prior studies have found U shaped relationship between BMI and SRH, it's different from what we
found[24, 29]. After controlling potential confounders, we found that underweight, overweight and obese
had a negative impact on female's SRHMS. Underweight had a negative impact on male, but obesity had
a positive impact on male's SRHMS. In addition, this study did not find that overweight had a statistically
significant effect on male SRHMS.

In recent years, many studies have investigated the obesity-SRH across the globe, and the relationship
between underweight and SRH is likely to be ignored. Nevertheless, the impact of lower BMI on health is
stronger in developing countries[30, 31].0ur study found that underweight had a negative effect on SRH
which was consistent with prior literature[32-34], it was known that underweight was linked to eating
disorders such as anorexia nervosa, or consumptive diseases such as malignant tumors|[35].

Generally, overweight and obesity were negatively associated with SRH, previous studies have shown
this[23, 36—38]. Moreover, hypertensive patients often have other complications affecting their quality of
life and leading to poor overall health, such as diabetes, stroke, cardiovascular diseases[39, 40]. A
surprising but interesting finding in our study was that overweight had a negative impact on female's
SRHMS after controlling other sociodemographic and health-related variables, but not for male. And
obesity had different effects on gender, which had a positive impact on male's SRHMS. After analyzing
the causes, female might be more susceptible to body image or weight problems than men, it can be
interpreted as the sociocultural context of female's body image, an inherent concept of the personal body
weight, such as more discrimination against female with excess body weight at work or in life[41]. From
the perspective of Chinese cultural factors, male obesity is a symbol of wealth and status, because only

the rich people can afford to eat more and gain weight[42]. It's the opposite of the stigma of female
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obesity in Chinese society. Moreover, considering the components of SRHMS, mental health is an
important component of SRHMS, the “Jolly Fat” hypothesis explains this phenomenon in mental health, it
suggests that obese people may have lower levels of depression[43]. The hypothesis of “Jolly Fat” was
also supported by another study, they found that those who were overweight or obese were more jolly
than those who were thinner[44, 45], which was consistent with our research. Accordingly, more targeted
in hypertension management and weight management should be considered, including gender-specific
intervention strategies.

We also found an association between SRHMS and reduced salt intake in male and female. Rizhao City
is near the sea, although most of the residents have received propaganda to reduce the salt intake, due to
cultural traditions and habits, the residents consume more salted seafood. The local CDC distributed
guantitative salt spoons to residents free of charge and recommended a standard of 6 grams of salt per
person per day. We found that hypertensive patients with reduced salt intake had better SRHMS both
male and female. Salt intake plays a vital role in regulating blood pressure, moderate and long-term
reduction of salt intake in population, which will lower population blood pressure and therefore reduce
cardiovascular mortality [46].

This study has several limitations. Firstly, this study was a cross-sectional design, and it may be difficult
to confirm the causal relationships of SRHMS and its determina nts. Secondly, SRHMS and hypertension-
related information were self-reported, leading to the possibility of subjective bias. Thirdly, the
relationship between SRHMS and BMI were complex, other diseases may affect SRHMS (cancer, mental
illness, metabolic disorders, etc.), nurses asked respondents about their past disease history and
excluded them from the study. We considered as many confounders as possible, however, there were
some unknown factors. In the follow-up study, we will consider more potential factors to correct possible
deviations.

5. Conclusion

In this cross-sectional study, we found that the SRHMS of male hypertensive patients was better than
female. We also found a gender differences in the association between BMI and SRHMS among patients
with hypertension, overweight and obesity had a negative impact on female's SRHMS after adjusting for
other influential factors, but not for male. Reducing salt intake can effectively improve SRHMS of
hypertensive patients. According to the gender differences in patients with hypertension, more targeted
hypertension and weight management should be taken into consideration, including gender-specific
intervention strategies.

Abbreviations

BMI: Body mass index; SRH: Self-rated health; SRHMS: The multiple-item self-rated health measurement
scale;
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Tables

Table 1. Socio-demographic characteristics of study participants in Rizhao City, China, 2019

*P<0.05
**P<0.01
***P<0.001

Variable Total (N=4390) Hypertensive (N=1219)
Hypertensive Others Male Female

N (%) 1219 (27.8) 3171 (72.2) 394 (32.3) 825 (67.7)
Age

<40 66 (5.4) 549 (17.3) ™ 32 (8.1) 34 (4.1) "

40- 740 (60.7) 1956 (61.7) 225 (57.1) 515 (62.4)

60- 413 (33.9) 666 (21.0) 137 (34.8) 276 (33.5)
Marriage status

Married 1128 (92.5) 2923 (92.2) 360 (91.4) 768 (93.1)

Others 91 (7.5) 248 (7.8) 34 (8.6) 57 (6.9)
Education
[literate or semiliterate 409 (33.6) 678 (21.40) ™" 64 (16.2) 345 (41.8) ™
Primary school 715 (58.7) 1978 (62.4) 273 (69.3) 442 (53.6)
Junior school 86 (7.1) 423 (13.3) 49 (12.4) 37 (4.5)
Senior school or above 9 (0.7) 92 (2.9) 8 (2.1) 1 (0.1)
Residence

Rural 552 (45.3) 1234 (38.9) ™ 158 (40.1) 394 (47.8) "

Urban 667 (54.7) 1937 (61.1) 236 (59.9) 431 (52.2)
Income (Year Yuan)

<15000 774 (63,5) 1646 (51.9) ™ 218 (55.3) 556 (67.4) ™™

15000- 187 (15.3) 466 (14.7) 69 (17.5) 118 (14.3)

25000~ 258 (21.2) 1059 (33.4) 107 (27.2) 151 (18.3)
Health insurance

Yes 1198 (98.3) 3104 (97.9) 386 (98.0) 812 (98.4)

No 21 (1.7) 67 (2.1) 8 (2.0) 13 (1.6)
Smoking

Yes 208 (17.1) 535 (16.9) 157 (39.8) 51 (6.2) ™™

No 1011 (82.9) 2636 (83.1) 237 (60.2) 774 (93.8)
Drinking

Yes 272 (22.3) 664 (20.9) 188 (47.7) 84 (10.2) ™

No 947 (77.7) 2507 (79.1) 206 (52.3) 741 (89.8)
Physical exercise

Yes 433 (35.5) 1143 (36.0) 152 (38.6) 281 (34.1)

No 786 (64.5) 2028 (64.0) 242 (61.4) 544 (65.9)
Reduce salt intake

Yes 679 (55.7) 1792 (56.5) 214 (54.3) 465 (56.4)

No 540 (44.3) 1379 (43.5) 180 (45.7) 369 (43.6)
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Table 2. BMI and SRHMS status in hypertensive patients in Rizhao City, China, 2019

Variable Total Male Female p

N (%) 1219 (100) 394 (32.3) 825 (67.7)

BMI (Mean + SD) 26.83+3.77 26.73+3.80 26.88+3.76 0.507
BMI 0.681
Underweight (<18.5) 20 (1.6) 7 (1.8) 13 (1.6)

Normal weight (18.5-25.0) 402 (33.0) 122 (31.0) 280 (33.9)
Overweight (25.0-30.0) 559 (45.9) 182 (46.1) 377 (45.7)

Obesity (>30) 238 (19.5) 83 (21.1) 155 (18.8)

SRHMS 0.009
Very good 246 (20.2) 98 (24.9) 148 (17.9)

Good 188 (15.4) 64 (16.2) 124 (15.0)

Fair 355(29.1) 118 (29.9) 237 (28.8)

Bad 152 (12.5) 41 (10.4) 111 (13.5)

Very bad 278 (22.8) 73 (18.5) 205 (24.8)
Physical health 0.002
Very good 290 (23.8) 110 (27.8) 180 (21.8)

Good 206 (16.9) 83 (21.1) 123 (14.9)

Fair 353 (29.0) 100 (25.4) 253 (30.7

Bad 107 (8.8) 29 (7.4) 78 (9.5)

Very bad 263 (21.6) 72 (18.3) 191 (23.2)

Mental health 0.096
Very good 318 (26.1) 116 (29.4) 202 (24.5)

Good 144 (11.8) 47 (11.9) 97 (11.8)

Fair 237 (19.4) 83 (21.1) 154 (18.7)

Bad 98 (8.0) 32 (8.1) 66 (8.0)

Very bad 422 (34.6) 116 (29.4) 306 (37.1)

Social health 0.122
Very good 321 (26.3) 115(29.2) 206 (25.0)

Good 132 (10.8) 39 (9.9) 93 (11.3)

Fair 339 (27.8) 118 (29.9) 221 (26.8)

Bad 153 (12.6) 49 (12.4) 104 (12.6)

Very bad 274 (22.5) 73 (18.5) 201 (24.4)
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Variable BMI groups P
Underweight Normal weight Overweight Obese

N (%) 20 (1.6) 402 (33.0) 559 (45.9) 238 (19.5)

SRHMS 0.012

Very good 2 (10.0) 96 (23.9) 97 (17.4) 51 (21.4)

Good 2 (10.0) 64 (15.9) 77 (13.8) 45 (18.9)

Fair 2 (10.0) 111 (27.6) 179 (32.0) 63 (26.5)

Bad 3 (15.0) 48 (11.9) 75 (13.4) 26 (10.9)

Very bad 11 (55.0) 83 (20.6) 131 (23.4) 53 (22.3)

Physical health 0.024

Very good 3 (15.0) 109 (27.1) 126 (22.5) 52 (21.8)

Good 2 (10.0) 68 (16.9) 86 (15.4) 52 (21.8)

Fair 7 (35.0) 112 (27.9) 167 (29.9) 67 (28.2)

Bad 1 (5.0) 30 (7.5) 55 (9.8) 22 (9.2)

Very bad 7 (35.0) 83 (20.6) 125 (22.4) 45 (18.9)

Mental health 0.005

Very good 2 (10.0) 124 (30.8) 122 (21.8) 70 (29.4)

Good 1 (5.0) 50 (12.4) 63 (11.3) 30 (12.6)

Fair 2 (10.0) 81 (20.1) 115 (20.6) 39 (16.4)

Bad 3 (15.0) 20 (5.0) 56 (10.0) 19 (8.0)

Very bad 12 (60.0) 127 (31.6) 203 (36.3) 80 (33.6)

Social health 0.390

Very good 2 (10.0) 111 (27.6) 141 (25.2) 67 (28.2)

Good 2 (10.0) 39 (9.7) 63 (11.3) 28 (11.8)

Fair 4 (20.0) 110 (27.4) 150 (26.8) 75 (31.5)

Bad 4 (20.0) 52 (12.9) 75 (13.4) 22 (9.2)

Very bad 8 (40.0) 90 (22.4) 130 (23.3) 46 (19.3)

Table 4 Association of BMI and SRHMS among male patients with hypertension
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Variable

Model 1 (No covariates)

Model 2 (Covariates)

p OR  OR95% CL p OR OR 95% CL
BMI
Normal (18.5-25.0) 1.0 1.0
Underweight (<18.5) 0.046 (23 0.06-0.98 0.030 0.20 ©.05-0.85
Overweight (25.0-30.0) 0.500 (87 0.58-1.31 0.138 0.72  p9.47-1.11
Obesity (>30) 0.001 947 1494.11 0.038 1.75 103-2.98
Age
<40 1.0
40- 0.056 0.51 (.25.1.02
60- 0.004 0.34 (.16-0.71
Marriage status
Married 1.0
Others 0.010 0.41 (21-0.81
Education
Illiterate or semiliterate 1.0 1.0
Primary school 0.106 1.55 (.91-2.63
Junior school 0.342 141 (7284
Senior school or above 0.231 8.52  9226-12.04
Residence
Rural 1.0
Urban 0.004 1.79 121266
Income (Year Yuan)
<15000 1.0
15000- 0.053 1.66 (.99.2.78
25000- 0.192 134 (8621
Health insurance
No 1.0
Yes 0.011 5.9 1.51-23.03
Smoking
No 1.0
Yes 0.845 1.04 (.71-1.52
Drinking
No 1.0
Yes 0.083 0.71  (.49-1.05
Physical exercise
No 1.0
Yes 0.669 1.09 (.74-1.59
Reduce salt intake
No 1.0
Yes 0.203 0.79  (.54-1.14

Table 5 Association of BMI and SRHMS among female patients with hypertension
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Variable Model 1 (No covariates) Model 2 (Covariates)

P OR OR95%CL P OR OR95% CL
BMI
Normal (18.5-25.0) 1.0 1.0
Underweight (<18.5) 0.004 0.21 0.07-0.60 0.013 0.26 0.09-0.76
Overweight (25.0-30.0) g 10 0.70 0.53-0.92 0.012 0.69 (52092
Obesity (>30) 0.002 0.57 0.40-0.81 0.001 0.54 0.37-0.77
Age
40- 0.549 0.82 (44-1.55
60- 0.352 0.73 ().38-1.42
Marriage status
Married 1.0
Others 0.199 0.72 0.44-1.19
Education
Illiterate or semiliterate 1.0
Primary school 0.008 1.45 11101
Junior school 0.001 3.07 1 57.5098
Senior school or above 0.121 1.43 (71288
Residence
Rural 1.0
Urban 0.001 2.18 17086
Income (Year Yuan)
<15000 1.0
15000- 0.199 1.28 (g8-1.85
25000- 0.008 1.59 113.2.25
Health insurance
No 1.0
Yes 0.274 1.75 (.64-4.74
Smoking
No 1.0
Yes 0.853 0.95 (56.161
Drinking
No 1.0
Yes 0381 1.2 (79.1.82
Physical exercise
No 1.0
Yes 0.472 091 7118
Reduce salt intake
No 1.0
Yes 0.020 0.74 (58.0.95

Figures
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Figure 1

Location of the study sites in Rizhao City, Shandong Province. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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