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Association between body mass index, age and hypertension in Palau
Chaochen Wang

Background: :

Non-communicable diseases (NCDs) have been identified as a health emergency in the Pacific Islands.
The aims of the study were to describe the recent status of hypertension in the Republic of Palau, an
archipelago of Micronesia; and to see how overweight/obesity, and age were associated with the
morbidity of the population.

Methods:

Cross-sectional surveys methods were employed in the study of two populations, one is young
generation in Koror (n = 356; age range: 18 - 24), and the other was from the WHO NCD STEPS
survey (n = 2,226; age range: 25 - 64). After excluding those subjects with unavailable information
regarding sex (n = 2), blood pressure (n = 20), body mass index (n = 26), age (n = 3), and smoking
status (n = 2), 2,529 subjects (1,200 men; 1,329 women) were left in the current analysis.
Hypertension was defined as systolic blood pressure (SBP, mm Hg) > 140 and/or diastolic blood
pressure (DBP) > 90 or under treatment for hypertension. Age was divided into 5 groups: <25, 25-34,
35-44, and > 55. Body mass index (BMIL, kg/m?) was categorized as “Normal weight” (subgroups: <
18.5; 18.5-20.9; 21 - 22.9; 23 - 24.9), “Overweight” (subgroups: 25 - 27.4; 27.5 - 29.9), and “Obesity”
(subgroups: 30 - 32.4; 32.5 - 34.9; 35 - 37.4; 37.5 - 39.9; > 40). Age- and sex-adjusted odds ratios
(ORs) and 95% confidence intervals (Cls) for being hypertensive were calculated by logistic
regression model according to the BMI groups. Sex- and BMI-adjusted logistic regression was used to
evaluate the ORs for being hypertensive according to age groups stratified by normal weight,
overweight and obesity.

Results:

The mean SBP/DBP (standard deviation) for this Palauan population were 137.9 (21.8) / 83.5 (12.7)

mmHg. The prevalence of hypertension was 46.8% (51.1% in men and 42.9% in women).

Hypertensive subjects were turned to be older, with higher BMI, and have higher level of fasting

glucose (Table 1.) than normal blood pressure men and women. Specifically, women with

hypertension were also found to have higher prevalence of chewing betel nut (65.6% vs. 56.5%) than

women with normal blood pressure. When taking normal weight subjects as the reference, the age- and

sex-adjusted OR for overweight and obese subjects were 2.04 (1.62, 2.58), 2.96 (2.37, 3.71). When

taking BMI between 23 ~ 24.9 kg/m” as the reference group, we found a statistically significant linear

association between BMI and being hypertensive. The lowest OR was found (0.41, 95% CI: 0.25, 0.70)
in those the BMI category of 18.5 ~ 20.9 kg/m”. And the highest OR was in the BMI category of 37.5

~39.9 kg/m?, p for trend < 0.0001 (Table 2). The association between age and hypertension was also

positive and linear (Table 3). However, in young Palauan (< 25 years), overweight and obesity was not

associated with hypertension, the corresponding OR and 95% CI were 1.79 (0.84, 3.78) and 1.58 (0.68,
3.63), respectively.
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Discussion and future work:

We confirmed that BMI and age was positively associated with the prevalence of hypertension in this
Palauan population. These are well established risk factors for hypertension, although the nature of
cross-sectional design cannot conclude the causality of the relationship. Whether other lifestyle related
habits, particularly in Palauan, were associated with hypertension is also needed to be find, which we
believe is urgent to identify them for the prevention of NCD and improvement of the wellbeing of this
population.
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Table 1. Characteristics of the Palauan with or without hypertension.

Men(1200) Women (1329)
Normal Hypertensive P Normal Hypertensive p
n 587 613 759 570
Age (years) 37.5(12.7)  45.7(11.9) <0.001 36.7 (12.6) 48.8 (9.9) <0.001
BMI (kg/m?) 27.6 (6.5) 30.2(6.5) <0.001 27.9 (6.7) 30.8 (6.5) <0.001
Smoking (%) <0.001 0.357
Current 32.0 21.7 9.5 10.0
Past 28.8 36.7 31.4 27.7
Betel nut chewing (%) 53.7 57.7 0.172 56.5 65.6 <0.001
Alcohol drinking (%) 79.0 82.2 0.192 66.4 62.0 0.112
Fruit intake (%) 0.078 0.672
0-1d/w 38.8 45.7 333 323
2-4d/w 41.4 34.7 423 40.4
5-7d/w 18.6 18.4 235 26.3
Vegetable intake (%) 0.421 0.139
0-1d/w 11.9 15.2 1.7 8.1
2-4d/w 42.4 40.8 36.8 37
5-7d/w 44.8 43.4 51.3 54.4
Glucose (mg/dL) 107.6 (29.6) 1184 (41.2) <0.001 103.3 (28.0) 123.2 (52.8)  <0.001
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Table 2. Age and sex adjusted odds ratios for hypertension of Palauan by BMI groups.

BMI groups n (affected/all)  Odds ratio 95% CI Odds ratio 95% CI
<185 9/51 0.49 (021,1.12)
Normal weight 18.5 ~20.9 26/162 0.41 (0.25,0.70y++ 1
21 ~22.9 53/200 0.68 (0.44,1.03)
23 ~24.9 104/282 I
. 25~27.4 187/386 1.45 (1.03,2.03)*
Overweight 275~29.9 212/417 1.52 (1.09,2.12)* 204 (1.62.2.58)
30 ~32.4 183/348 1.66 (117,234
32.5~34.9 142/240 2.09 (1.43,3.05)w++
Obesity 35~374 97/165 2.30 (151.350)+ 296 (237.3.71)
37.5~39.9 76/113 3.68 (2.24,6.04)+++
>= 40 94/156 261 (170,401 )+

Notes: CI = confidence interval,
* p<0.05, ** p<0.01, *** p <0.001
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Table 3. Sex- and BMI-adjusted odds ratios for hypertension of Palauan age groups.

Age groups by BMI n (affected/all) Odds ratio 95% CI Odds ratio 95% CI
<25 16/180 1 --- 1 ---
25~34 22/136 1.84 (0.92,3.70) 1.96 (0.98,3.91)
Normal weight 35~44 37/154 2.96 (1.56,5.64)*** 3.22 (1.71,6.08)***
45~ 55 65/146 7.23 (3.88,13.46)*** 8.07 (4.38,14.86)%**
>= 55 5288 1404 (7.11,27.74)% % 14.73 (7.54,28.78)%**
<25 17/96 1 --- 1.79 (0.84,3.78)
25~34 34/109 1.99 (1.02,3.89)* 3.63 (1.85,7.09)***
Overweight 35~44 75/179 3.30 (1.79,6.08)*** 5.90 (3.20,10.88)***
45 ~55 131/234 6.11 (3.37,11.05)%** 10.67 (5.89,19.32)***
>= 55 142185  15.88 (8.41,29.97)kx* 27.54 (14.59,51.96)***
<25 16/77 1 1.58 (0.68,3.63)
25 ~ 34 63/147 2.83 (1.49,5.39)** 4.57 (2.25,9.25)%*x
Obesity 35~44 140/269 4.12 (2.26,7.54)*** 6.65 (3.43,12.87)***
45 ~55 206/307 7.94 (4.34,14.53)*** 13.13 (6.83,25.20)***
>=55 167/222 11.93 (6.33,22.47)%** 19.69 (10.05,38.58)***

ClI: confidence interval.
* p<0.05, ** p<0.01,*** p <0.001



Association between BMI, age and
hypertension in Palau

Prefiminary data analysis report
Chaochen Wang (D2}

Nagove University

Data cleaning

« The numbers of subjects in the datasets are:
— 356 (174 men, 182 women) in Young group
- 2226 (1052 men, 1172 women) in Older group
» Exclusion of not available variables including:
» Sex (n=2)
» Diastolic or systolic blood pressure (n = 20)
» Body mass index (n = 26)
> Age(n=3)
» Smoking status (n = 2)
* Finally, 2529 subjects (1200 men, and 1329
women) were included in current analysis

Methods (1)

* Hypertension definition: (mmHg)
— SBP >= 140 or DBP >= 90

— Blood pressure values were calculated as the means of
3 readings of SBP, and DBP respectively

¢ Body mass index (kg/m?)
- Categorized into 11 groups:
— Normal weight: “< 18.5”; “18.5~ 20.9”;"21~ 22.9";
"23~24.9”;
— Overweight: "25~ 27.4”;"27.5~ 29.9";

— Obesity: "30~32.4"; “32,5~ 34.9”; “35~ 37.4”;“37.5
~ 39_9:1; “s= 40",

Methods (2)

* Age:<25;25-34; 35-44; 45-54; >=55
» Logistic regression adjusted for age was used

to evaluate the odds ratios for being
hypertensive according to the BMI groups.

* Logistic regression adjusted for sex was used

to evaluate the odds ratios for being
hypertensive according to the age groups
(stratified by normal weight, over weight, and
obese)

Distribution of SBP in total sample

Mean = 137.9 mmHg
s.d.=218

. density

MeanSBP

Distribution of SBP in total sample

i i 1
v 5 :
3 s
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ke
Hsn

o
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Distribution of DBP in total sample

W

i i
] ¢
' H
‘I 1 Mean = 83.5 mmHg . BP1$Hypentension
¥ = g Normial
‘.! 1 sd.=12.7 g ot
3 & - Staget
= ‘A £ g .smez .
; b
"l |
¢
_“.q.;tdm“l ! i Sex
* MeanDBP "
Distribution of SBP stratified by BMI
Mean = 129.7 mmHg
& Hypertension
g Normzl
¢ Mean = 139.6 mmHg %_ y Prehy:
°
2 sd.=219 % 4
] g [
P ‘
Mean = 142.2 mmHg
sd. =211 E§
0:
MeanSBP BMI3g
Distribution of SBP stratified by age groups Distribution of DBP stratified by age groups
Mean =125.4 mmHg .
sd. =121 Mean =734 mmHg
5.d.=8.8 :
Mean = 127.8 mmHg Mean = 80.3 mmHg
i

Méa, i2SE2

Mean = 86.4 mmHg
s d. =118

S R

-31-




Table . Characteristics of the subjects in Palau study

men (1200) women (1329)
Normal Hypertensive P Normal Hypertensive p
n 587 613 759 570
Age 37.5(12.7) 457 (11.9) <0.001 36.7(12.6) 48.8(9.9) <0.001
BMI 27.6(6.5) 30.2(6.5) <0.001 27.9(6.7) 30.8(6.5) <0.001
Smoking <0.001 0.357
Current 32.0 217 9.5 10.0
Past 28.8 38,7 314 27.7
Betelnut chewing 53.7 57.7 0172 56.5 65.6 <0.001
Alcohol drinking 79.0 82.2 0.192 66.4 62.0 0.112
Fruit intake 0.078 0.672
0-1d/w 38.8 45,7 33.3 32.3
2-4d/w 41.4 347 42.3 40.4
5-7d/w 18.6 18.4 23.5 26.3
Vegetable intake 0.421 0.139
O-1d/w 11.9 15.2 1.7 8.1
2-4d/w 42.4 40.8 36.8 37
5-7d/w 44.8 43.4 51.3 54.4
Glucose 107.6 (29.6) 118.4 (41.2) <0.001 103.3 (28.0) 123.2(52.8) <0.001

Histogram distribution of the subjects by 11 BMI
subgroups and hypertension in Palau study

Fresmatsy

Age adjusted odds ratios for being hypertension according to BMI
categories in total sample {reference group: BMI 23 ~ 24.9 kg/m?)
Bl>= 40
BMI37.5 ~ 300
BMI35 ~ 37.4
BMI3Z.5 ~ 34.9
BMIZ0 ~ 32.4
BMI27.5~ 2909
BMIZS ~ 27.4
BMIZ1~22.9-
BMi18.5 ~ 20.9-

Biti< 18.5

Age adjusted odds ratios for being hypertension according to BMI
categories in Men(reference group: BMI 23 ~ 24.9 kg/m?)

Bidlr= 40-

BMIBT.5 ~ 399

BMI3S ~37.4

BMIB2.S ~ 349

BMISO ~ 32.4 [ERSER  S—

BMIZ?.6 ~ 289"

BMIZE ~ 27 .4
BMIZY ~ 22.4- b
BMIT8.5 ~ 20.9- Y S
BMi< 18.5- 047
0.1 08 ) , -
Cielus Ratios

Age adjusted odds ratios for being hypertension according to BMI
categories in Women (reference group: BMI 23 ~ 24.9 kg/m?)
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Sex-adjusted odds ratios for hypertension according to age
categories in normal weight group (reference group: age < 25)
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categories in overweight group (reference group: age < 25)
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Glucose level of Palauan and the basic information.

Chaochen Wang

Background:

Non-communicable diseases (NCDs) have been identified as a health emergency in the Pacific
Islands. The aims of the study were to describe the recent status of diabetes in the Republic of Palau, an
archipelago of Micronesia; and to see how overweight/obesity, and age were associated with the level
of glucose and the morbidity of diabetes in the population.

Methods:

Cross-sectional surveys methods were employed in the study of two populations, one is young
generation in Koror (n = 356; age range: 18 - 24), and the other was from the WHO NCD STEPS survey
(n = 2,226; age range: 25 - 64). After excluding those subjects with unavailable information regarding
sex (n =2), glucose level (n = 288), blood pressure (# = 3), body mass index (n = 23), age (n = 3), and
smoking status (n = 2), 2,261 subjects (1,076 men; 1,185 women) were left in the current analysis.
Diabetes was defined as fasting glucose > 7 mmol/L, or under treatment for diabetes. Age was divided
into 5 groups: <25, 25-34, 35-44, and > 55. Body mass index (BMI, kg/mz) was categorized as “Normal
weight” (subgroups: < 18.5; 18.5 - 20.9; 21 - 22.9; 23 - 24.9), “Overweight” (subgroups: 25 - 27.4; 27.5
- 29.9), and “Obesity” (subgroups: 30 - 32.4; 32.5 - 34.9; 35 - 37.4; 37.5 - 39.9; > 40). Age- and sex-
adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for being diabetes were calculated by
logistic regression model according to the BMI groups.

Results:

The geometric mean (95% confidence intervals) of the fasting glucose of the subjects was 5.9 (3.4 -
10.4) mmol/L. There was no statistically difference of fasting glucose level between men and women (p
= (.32). Fasting glucose was significantly higher in obese, and overweight subjects than normal weight
subjects in each age subgroups. Chewing betel nut with tobacco or smoker (tobacco user) was found to
be positively associated with higher glucose in each age subgroups when compared with non-tobacco-
users. When taking BMI between 23 ~ 24.9 kg/m? as the reference group, we found significantly linear
association between BMI and being diabetes. However, only those obese subjects had significantly
higher OR.

Discussion and future work:

We confirmed that BMI and age was positively associated with the level of fasting glucose and the
prevalence of diabetes in this Palauan population. These are well established risk factor for diabetes,
although the nature of cross-sectional design cannot conclude the causality of the relationship. Tobacco
users (smokers and chewing with tobacco) had significantly higher level of glucose in Palauan. Whether
other lifestyle related habits were associated with the glucose level is also needed to be find, which we
believe is urgent to identify them for the prevention of NCD and improvement of the wellbeing of this
population.
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Prevalence of impaired fasting glycemia and diabetes mellitus among adults in Palau
Esayas Harcgot Hilawe,

Background

Palau is known to have a high burden of non-communicable diseases (NCDs). However, nationwide
epidemiological studies to investigate the situation of specific NCD risk factors had been lacking.
Between September 2011 and June 2013, the Ministry of Health of Palau, in collaboration with the
World Health Organization (WHO), conducted a nationwide NCD risk factor surveillance by adapting
the WHO STEPwise Approach to Risk Factor Surveillance (STEPS). This report describes the
prevalence of impaired fasting glycemia (IFG) and diabetes mellitus (DM) in the country.

Methods
Study subjects

A total of 2226 adults, aged 25 to 64 years, participated in this survey. The WHO STEPS
questionnaire was employed to obtain information on the behavioral risk factors of NCDs. Physical and
biochemical measurements were also taken following WHO guidelines. After excluding 301
participants with missing values for important variables, data of 1925 participants were considered for
the current analysis.

Blood glucose measurement

Capillary whole blood samples were drawn from the fingertip of participants to determine fasting
blood glucose (FBG) on portable device: Accu-Chek Performa System (Roche Diagnostics).
Participants were told to fast for at least 8 hours before the examination. According to the most recent
diagnostic criteria of the American Diabetes Association, three categories of FBG were defined: normal
(FBG= 5.6 mmol/L or less), impaired fasting glycemia (FBG= 5.6-6.9 mmol/L) and diabetes mellitus
(FBG= 7 mmol/L or above).

Statistical analysis

Chi-squared test or analysis of variance (ANOVA), as appropriate, was used to compare the
characteristics of participants across the three categories of blood glucose levels. Multi-variable adjusted
logistic regression was employed assess the determinants of the prevalence of impaired fasting glycemia
and diabetes mellitus.

Results

In the study population, the overall prevalence of impaired fasting glycemia was 39.9 % (42.1 % for
men, 38 % for women), while that of diabetes mellitus was 18.3 % (18.9 % for men, 17.6 % for women).
Diabetic individuals were likely to be older, more obese, and hypertensive than non diabetic ones. (Table

1) v

Our multi-variable adjusted logistic regression analysis revealed that age [adjusted odds ratio (AOR)
and 95 % confidence interval (CI) =1.03 (1.02-1.04)], body mass index (BMI) [AOR (95 % CI)
=1.05(1.02-1.08)], and serum triglyceride concentration [AOR (95 % CI) =1.80 (1.07-3.04)] are
statistically significant predictors of having impaired fasting glycemia. The same three covariates were
also significantly associated with diabetes mellitus; the AOR (95 % CI) for age, BMI and serum
triglyceride were 1.06 (1.04-1.08), 1.06 (1.02-1.09), and 7.36 (3.82-14.18) in that order. (Table 2)

Conclusion

Our analysis has shown that [FG and DM are highly prevalent in Palau: about 18% of the population
in the country already has diabetes mellitus and 40% others with IFG are at high risk of developing the
disease. These findings highlight the burgeoning burden of non-communicable disease risk factors in
the country. Public health interventions need to be designed to curb the problem.
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Table 1: Characteristics of study participants by glycemic status?

Diabetes
Characteristics Normal Impaired fasting glycemia miellitus P-value**
Demographic
N (%) 805(41.8) 768(39.9) 352(18.3)
Sex
Male, % 38.9 42.1 18.9 0.052
Female, % 44.4 38.0 17.6
Mean age (SD) 42.7(10.55) 46.25(9.90) 49.34(9.62) <0.0001
Currently married, % 39.0 41.2 19.9
Ethnicity <0.0001
Palauan 40.9 38.3 20.8
Philipino 43.2 44.9 11.9
Others 49.6 43.9 6.5
Education level 0.153
Primary school or less 36.6 422 21.1
Secondary school 41.4 39.6 19.1
College or above 44.2 39.2 16.5
Lifestyle related
Ever smoker, % 0.203
Yes 39.9 40.7 19.4
No 43.7 39.2 17.2
Current betel nut chewing, % <0.0001
Yes 42.0 36.7 21.2
No 41.5 44.4 14.1
Ever consumed alcohol, % 0.447
Yes ‘ 41.2 40.7 18.1
No 43.7 37.6 18.7
Metabolic
Body mass index category, % <0.0001
<18.5 57.7 34.6 7.7
18.5-25 52.0 38.9 9.1
25-29.9 449 38.0 17.1
>=30 335 42.6 24.0
Mean body mass index (SD) 28.6(6.43) 30.0(6.43) 31.9(6.80) <0.0001
Waist circumference
>94 cm (Men), % 323 443 23.4 <0.0001
>80 cm (Women), % 40.2 393 20.5 <0.0001
Mean waist circumference
Men 94.5(14.18) 97.4(13.27) 103.0(15.45) <0.0001
Women 93.5(16.35) 96.7(15.81) 101.2(12.64) <0.0001
Waist-hip-ratio
>0.90 cm (Men), % 36.9 423 20.9 0.001
>0.85 cm (Women), % 41.2 38.8 20.0 <0.0001
Mean waist-to-hip ratio
Men 0.94 0.95(0.065) 0.97(0.068) <0.0001
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Women
Hypertensive, %

Yes

No

Mean systolic blood pressure (SD)

Mean diastolic blood pressure (SD)

Total cholesterol*

Triglyceride*

(0.073)
0.90(0.084)

31.2
43.2
135.6(21.5)
83.3(13.01)
4.13(3.9)
1.37(1.06)

0.91(0.071)

34.2
40.8
139.5(21.75)
85.4(11.88)
4.28(1.01)
1.59(1.15)

0.94(0.061)

347
16.0
148.6(22.42)
88.0(12.14)
4.26(1.13)
2.09(1.74)

<0.0001
<0.0001

<0.0001

<0.0001
0.042

<0.0001

*Median(IQR), P-values obtained using nonparametric median comparison test
** Using chi-square or ANOVA as appropriate
aNormal, Impaired fasting glycemia and diabetes mellitus were defined as having fasting blood glucose of <5.6mmol/L, 5.6~
6.9mmol/L and >7mmol/L, respectively according to American diabetes association's criteria.

Table 2: Factors associated with impaired fasting glycemia and diabetes mellitus

Covariates

Adjusted odds ratio (95 % CI)

IFG

DM

Male

Female
Age
Ethnicity

Palauan

Non-Palauan

Current betel nut chewing

Yes
No

Body mass index

Waist circumference

Mean arterial pressure

Total cholesterol

Triglyceride

1.24 (1.00-1.54)
ref
1.03 (1.02-1.04)

0.74 (0.54-1.02)

ref

0.81(0.61-1.006)
ref
1.05(1.02-1.08)
1.00 (0.99-1.01)
1.00 (0.99-1.01)
1.17 (0.82-1.66)
1.80 (1.07-3.04)

1.04 (0.77-1.39)
ref
1.06 (1.04-1.08)

0.98 (0.61-1.57)
ref

0.96 (0.67-1.38)
ref

1.06 (1.02-1.09)

1.01 (0.99-1.02)

1.01 (1.00-1.02)

1.08 (0.66-1.76)

7.36 (3.82-14.18)
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Glucose level of Palauan and the
basic information

Fasting blood glucose
(log-transformed)
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Data cleaning

* The numbers of subjects in the datasets are:
— 356 (174 men, 182 women) in Young group
— 2226 (1052 men, 1172 women)in Older group
* Exclusion of not available variables including:
» Sex (n=2)
¥ Glucose level {n = 288)
» Diastolic or systolic blood pressure {n = 3)
> Body mass index (n = 23)
> Age(n=3)
» Smoking status (n = 2)
° Finally, 2261 subjects (1076 men, and 1185 women)
were included in current analysis

Fasting blood glucose stratified by gender
(log-transformed)
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Fasting blood glucose stratified by age
(log-transformed)
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Fasting blood glucose stratified by Age and gender
(log-transformed)
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