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ABSTRACT
Background: Of all the potential complications of hypertension, congestive heart failure (CHF) was consistently found. It is leading cause of premature death and disability globally. Moreover, people with both diabetes and hypertension trend to have two to four times risk for CHF as non-diabetic with hypertension. Current philosophy ranks systolic blood pressure (SBP) as the determining risk of CHF in hypertensive patients. However, there are some controversial findings regarding the association between SBP and risk of CHF.  Most observational studies suggested that lower SBP levels, achieved the lower cardiovascular event rate. On the other hand, some studies found that higher SBP associated with the decrease of mortality rate of CHF. In addition, there is not much epidemiologic evidence of association between SBP and CHF complication among hypertensive and diabetic hypertensive patients, particularly the becoming of elderly society with chronic diseases in Thailand.

Objective: Primary objective; to determine the association between systolic blood pressure and congestive heart failure complication. Secondary objective; to compare levels of those associations among hypertensive and diabetic hypertensive patients.
Methods: This cross-sectional study is a part of the survey of the An Assessment on Quality of Care among Patients Diagnosed with Type 2 Diabetes (DM) and Hypertension (HT) Visiting Hospitals of Ministry of Public Health and Bangkok Metropolitan Administration in Thailand, conducted from 2010 to 2012 involving 174,578 nationally representative samples of DM and HT patients. Data was collected from medical records. This paper included 150,312 of hypertensive (HT) and diabetic hypertensive (DMHT) patients who were attained these screening. Multiple logistic regression was used for data analysis. 

Results: Of 150,312 HT and DMHT patients, 65.4% were female with 59.1% were at least 60 years old (Table 1). Mostly had non-sedentary occupations (57.5%), and were classified as overweight (67.5%). This study found that there were no significant association between SBP and CHF complication among HT patients. However, hypertensive patients, who had high systolic blood pressure levels, were more likely to obtained occurring of CHF complication. On the other hand, there were significant association between SBP and CHF complication among DMHT patients, obviously who had SBP ≥ 160 mmHg (OR = 1.56; 95%CI: 1.09-2.25; p=0.016). These results showed that the high level of SBP trend to provide the high chance of CHF complication such as; DMHT patients who had SBP 140-159 mmHg and ≥ 160 mmHg presented 1.05 times (OR = 1.05; 95%CI: 0.84-1.31; p=0.016) and 1.56 times (OR = 1.56; 95%CI: 1.09-2.25; p=0.016) of occurring CHF complication when compared to those who had SBP < 140 mmHg, respectively. 

Conclusions: Systolic blood pressure was not significantly associated with congestive heart failure among hypertensive patients. On the other hand, there were significant association between SBP and CHF complication among DMHT patients, obviously who had SBP ≥ 160 mmHg (OR = 1.56; 95%CI: 1.09-2.25; p=0.016) when compared to those who had SBP < 140 mmHg, particularly those who were equal to or more than 60 years of age along with sedentary occupations and smoking history. Furthermore, the comparison between levels of those associations among HT and DMHT patients presented that SBP could be the risk factor, which provided more significantly associated with occurring of CHF complication among DMHT patients than HT patients. 
Key words:  cross-sectional study, hypertension, diabetic hypertensive patients, systolic blood pressure, congestive heart failure
INTRODUCTION 

As many as 1 billion people worldwide suffer from hypertension1. In the United States, nearly 1 in 3 adults (approximately 77.9 million people in 2013) have high blood pressure2. Hypertension is estimated to cause 4.5% of current global burden disease 3. Of all the potential complications of hypertension, cardiovascular diseases (CVD), including congestive heart failure (CHF), were consistently found4. They are leading causes of premature death and disability5,6. In addition, hypertension affects up to 60% of people with diabetes and substantially increases the risk of cardiovascular events7 .In fact, people with both diabetes and hypertension (DMHT) trend to have two to four times risk for CHF as non-diabetic with hypertension7. Current philosophy ranks systolic blood pressure (SBP) as the determining risk of CHF in hypertensive patients8. As increasing age, systolic blood pressure gradually rises while diastolic blood pressure starts to decline, particularly from 60 years of age9,10. However, there are some controversial findings regarding the association between SBP and risk of CHF.  Most observational studies suggested that lower blood pressure levels, especially SBP, achieved the lower cardiovascular event rate3. On the other hand, some studies found that higher SBP associated with the decrease of mortality rate in CHF population11,12,13. In addition, there is not much epidemiologic evidence of association between SBP and CHF complication among hypertensive and diabetic hypertensive patients, especially the becoming of elderly society with chronic diseases in Thailand. This study primarily aims to determine the association between SBP and CHF complication. Besides, secondarily aims to compare levels of those associations among hypertensive and diabetic hypertensive patients in Thailand.

MATERIALS AND METHODS

Study design 

This cross-sectional study is a part of the survey of An Assessment on Quality of Care among Patients Diagnosed with Type 2 Diabetes (DM) and Hypertension (HT) Visiting Hospitals of Ministry of Public Health and Bangkok Metropolitan Administration in Thailand, conducted from 2010 to 2012. A total of 6,277,543 DM and HT patients registered at hospitals of Ministry of Public Health. Nationally representative samples of 174,578 patients with diabetes and/or hypertension were randomly selected which based on the probability proportional to size of the patients from 602 hospitals across Thailand. Data was collected from medical records. This paper included total 150,312 sample of HT and DMHT patients, divided into 95,035 HT and 55,277 DMHT patients, who were attained these screening. Multiple logistic regression was used for data analysis.

Study outcome


This study mainly focused on association between SBP categorical levels and occurring of CHF complication and also to compare levels of those associations among hypertensive and diabetic hypertensive patients. According to the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC) issued its seventh report (JNC 7) with guidelines for treatment. New guidelines are expected in 2009, and to understand forth categorical recommendations1. There are consisted with normal; SBP < 120 mmHg, pre-hypertension; SBP 120-139 mmHg, hypertension stage I; SBP 140-159 mmHg, hypertension stage II : SBP ≥160 mmHg. Furthermore, CHF complication assessment (yes/no) was diagnosed by physicians. 
Statistical analysis
· Methods for describing baseline characteristics of the sample:  Demographic characteristics of the participants were described using frequency and percentage which calculated by using descriptive statistic analysis.
· Methods for answering the research question(s): The association between SBP and CHF was calculated by using multiple logistic regression. Probability proportional to size of the patients from each hospital was used to account for the sampling design of the study. This method was also investigated factors that affect CHF complication, odds ratios (ORs) and their 95% confidence intervals (95%CIs) were estimated for cross-sectional sampling. This analysis was adjusted for baseline variables that were considered biologically and sociologically relevant with outcomes such as gender, age, occupation, smoking history, body mass index (BMI), diastolic blood pressure (DBP), and fasting plasma glucose. 
· Software, level of significant, and ethics (with trial registration ID number, if being registered at http://www.clinicaltrials.in.th):  All analyses were performed using Stata version 12.0 (Stata Corp, College Station, TX). All test statistics were two-sided and a p-value of less than 0.05 was considered statistical significant. This project was approved by the Human Research and Ethics Committees of the Ministry of Public Health of Thailand. 
RESULTS 

A total of 6,277,543 DM and HT patients registered at hospitals of Ministry of Public Health, since 2010-2012. Nationally representative samples of 174,578 patients with diabetes and/or hypertension were randomly selected from 602 hospitals across Thailand. The samples were selected based on the probability proportional to size of the patients for each hospital. Samples of 150,312 patients with HT (only) and DMHT were included in this study, after exclusion of DM (only) patients, responded to the survey, and agreed to participate as members of the DMHT data based (Fig. 1).
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Fig. 1. The inclusion flow chart 
Demographic Characteristics  

Of the 150,312 HT and DMHT patients, almost all of them, 65.4% were female with 59.1% were at least 60 years old (Table 1). Mostly had non-sedentary occupations (57.5%), and were classified as overweight (67.5%). 
Table 1. Demographic characteristics presented as percentage unless specified otherwise

	Characteristics
	Total
(n = 150,312)
	HT (only)
(n = 95,035 )
	DMHT
(n = 55,277)

	
	No.
	%
	No.
	%
	No.
	%

	Gender
	
	
	
	
	
	

	Male
	52,037
	34.6
	35,138
	37.0
	16,899
	30.6

	Female
	98,262
	65.4
	59,889
	63.0
	38,373
	69.4

	Total
	150,299
	100.0
	95,027
	100.0
	55,272
	100.0

	Age (years)
	
	
	
	
	
	

	< 60
	61,477
	40.9
	37,891
	39.9
	23,586
	42.7

	≥ 60
	88,759
	59.1
	57,084
	60.1
	31,675
	57.3

	Mean (SD)
	62.30 (11.14)
	62.77 (11.57)
	61.48 (10.29)

	Median (Min:Max)
	62 (20:107)
	63 (20:107)
	61 (20:98)

	Total 
	150,236
	100.0
	94,975
	100.0
	55,261
	100.0

	Occupation
	
	
	
	
	
	

	Non-sedentary 
	82,940
	57.5
	52,843
	57.8
	30,097
	57.0

	Sedentary 
	61,340
	42.5
	38,645
	42.2
	22,695
	43.0

	Total
	144,280
	100.0
	91,488
	100.0
	52,792
	100.0

	Smoking History
	
	
	
	
	
	

	No
	31,860
	40.9
	19,276
	40.3
	40,889
	90.2

	Yes
	46,009
	59.1
	28,517
	59.7
	4,465
	9.8

	Total
	77,869
	100.0
	47,793
	100.0
	45,354
	100.0

	Body Mass Index; 

BMI (kg/m2)
	
	
	
	
	
	

	Underweight (<18.5)
	7,281
	5.4
	5,749
	6.8
	1,532
	3.0

	Normal (18.5-22.9)
	36,458
	27.1
	24,575
	29.2
	11,883
	23.6

	Overweight (≥ 23.0)
	90,775
	67.5
	53,829
	64.0
	36,946
	73.4

	Total
	134,514
	100.0
	84,153
	100.0
	50,361
	100.0

	Systolic Blood Pressure; SBP (mmHg)
	
	
	
	
	
	

	< 140
	103,050
	68.9
	65,850
	69.6
	37,200
	67.6

	140-159
	38,057
	25.4
	23,778
	25.1
	14,279
	26.0

	≥ 160
	8,538
	5.7
	5,022
	5.3
	3,516
	6.4

	Total
	149,645
	100.0
	94,650
	100.0
	54,995
	100.0

	Diastolic Blood Pressure; DBP (mmHg)
	
	
	
	
	
	

	< 90
	129,618
	86.7
	81,263
	85.9
	48,355
	88.1

	90-99
	16,938
	11.3
	11,305
	12.0
	5,633
	10.3

	≥ 100
	2,908
	2.0
	2,014
	2.1
	894
	1.6

	Total
	149,464
	100.0
	94,582
	100.0
	54,882
	100.0

	Fasting Plasma Glucose; FPG (mg/dl)
	
	
	
	
	
	

	< 126 mg/dl
	54,149
	36.0
	42,045
	44.2
	18,131
	32.8

	≥ 126 mg/dl
	96,163
	64.0
	52,990
	55.8
	37,146
	67.2

	Total
	150,312
	100.0
	95,035
	100.0
	55,277
	100.0


Percentages of CHF complication among hypertensive and diabetic hypertensive patients

Percentages of CHF complications among hypertensive (HT) and diabetic hypertensive (DMHT) patients were likely observed in male about 3.9% and 14.1% for HT and DMHT, respectively (Table 2). In addition, equal to or more than 60 years old which was responsible for 4.9% and 17.1%, respectively. Furthermore, many of them carried on sedentary occupations (moderate and low activities) and correspondence with 4.2% and 16.4%, respectively. Most of them had smoking history for 15.6% and 17.6%, respectively. Considering on SBP levels, this study showed that many of them had SBP level equal to or more than 160 mmHg for 4.7% and 22.6%, respectively.

Table 2. Unadjusted odds ratios (ORs) of CHF complication among HT (only) and DMHT patients with their 95% confidence intervals for each factor  

	Factors
	HT (only)
	DMHT

	
	No. (%CHF)
	OR
	95%CI
	p-value
	No. (%CHF)
	OR
	95%CI
	p-value

	Gender
	
	
	
	0.125
	
	
	
	0.260

	Male
	541(3.9)
	1
	
	
	205(14.1)
	1
	
	

	Female
	864(3.6)
	0.92
	0.82-1.02
	
	436(12.9)
	0.90
	0.75-1.08
	

	Age (years)
	
	
	
	<0.001
	
	
	
	<0.001

	< 60
	270(1.8)
	1
	
	
	154(7.8)
	1
	
	

	≥ 60
	1,134(4.9)
	2.85
	2.49-3.26
	
	488(17.1)
	2.45
	2.02-2.96

	

	Occupation
	
	
	
	<0.001
	
	
	
	<0.001

	Non-sedentary 
	628(3.04)
	1
	
	
	298(10.6)
	1
	
	

	Sedentary 
	697(4.2)
	1.40
	1.25-1.56
	
	303(16.4)
	1.66
	1.40-1.97
	

	Smoking 
	
	
	
	<0.001
	
	
	
	0.001

	No
	254(1.4)
	1
	
	
	452(11.7)
	1
	
	

	Yes
	448(15.6)
	12.76
	10.88-14.97
	
	72(17.6)
	1.60
	1.22-2.10
	

	BMI (kg/m2)
	
	
	
	0.001
	
	
	
	0.048

	Underweight 
	120(5.2)
	1
	
	
	19(12.3)
	1
	
	

	Normal 
	345(3.6)
	0.69
	0.55-0.85
	
	114(10.5)
	0.84
	0.50-1.41
	

	Overweight 
	738(3.6)
	0.68
	0.56-0.83
	
	442(13.3)
	1.10
	0.67-1.79
	

	SBP (mmHg)
	
	
	
	0.014
	
	
	
	<0.001

	< 140
	915(3.5)
	1
	
	
	406(12.1)
	1
	
	

	140-159
	374(3.8)
	1.07
	0.95-1.21
	
	164(13.8)
	1.17
	0.96-1.42
	

	≥ 160
	113(4.7)
	1.35
	1.11-1.65
	
	64(22.6)
	2.13
	1.58-2.87
	

	DBP (mmHg)
	
	
	
	0.087
	
	
	
	0.193

	< 90
	1,203(3.7)
	1
	
	
	555(12.9)
	1
	
	

	90-99
	155(3.2)
	0.87
	0.73-1.03
	
	67(16.1)
	1.30
	0.98-1.71
	

	≥ 100
	45(4.6)
	1.24
	0.91-1.68
	
	8(12.5)
	0.97
	0.46-2.04
	

	FPG (mg/dl)
	
	
	
	<0.001
	
	
	
	0.287

	< 126 
	579 (3.1)
	1
	
	
	230(14)
	1
	
	

	≥ 126
	826(4.1)
	1.32
	1.19-1.47
	
	412(12.9)
	0.91
	0.76-1.08
	


Factors associated with CHF complication among hypertensive (HT) patients

The strong factors that significantly associated with CHF complication among hypertensive patients were gender (OR = 5.09; 95%CI: 4.10-6.33; p<0.001), age (OR = 2.59; 95%CI: 2.07-3.23; p<0.001), smoking history (OR = 33.75; 95%CI: 27.07-42.06; p<0.001) (Table 3).


Furthermore, there were no significant association between SBP and CHF complication among HT patients. However, hypertensive patients, who had high systolic blood pressure levels, were more likely to obtained occurring of CHF complication. Table 3 shows that the high level of SBP might provide the high chance of CHF complication such as; HT patients who had SBP 140-159 mmHg and ≥ 160 mmHg presented 1.01 times (OR = 1.01; 95%CI: 0.82-1.24; p= 0.673) and 1.08 times (OR = 1.08; 95%CI: 0.75-1.55; p= 0.673) of occurring CHF complication when compared to those who had SBP < 140 mmHg, respectively. 
Table 3. Odds ratios (ORs) of CHF complication among HT (only) patients and their 95% confidence intervals for each factor adjusted for all other factors presented in the table using logistic regression
	Factors
	No. (%CHF)
	Crude

OR
	Adjusted

OR
	95% CI
	p-value

	Gender
	
	
	
	
	<0.001

	Male
	541(3.9)
	1
	1
	
	

	Female
	864(3.6)
	0.92
	5.09
	4.10-6.33
	

	Age (years)
	
	
	
	
	<0.001

	< 60
	270(1.77)
	1
	1
	
	

	≥ 60
	1,134(4.89)
	2.85
	2.59
	2.07-3.23
	

	Occupation
	
	
	
	
	0.115

	Non-sedentary 
	628(3.04)
	1
	1
	
	

	Sedentary 
	697(4.2)
	1.40
	1.16
	0.96-1.39
	

	Smoking 
	
	
	
	
	<0.001

	No
	254(1.4)
	1
	1
	
	

	Yes
	448(15.6)
	12.76
	33.75
	27.07- 42.06
	

	BMI (kg/m2)
	
	
	
	
	0.013

	Underweight 
	120(5.2)
	1
	1
	
	

	Normal 
	345(3.6)
	0.69
	0.96
	0.69-1.34
	

	Overweight 
	738(3.6)
	0.68
	1.48
	1.09-2.00
	

	SBP (mmHg)
	
	
	
	
	0.673

	< 140
	915(3.5)
	1
	1
	
	

	140-159
	374(3.8)
	1.07
	1.01
	0.82-1.24
	

	≥ 160
	113(4.7)
	1.35
	1.08
	0.75-1.55
	

	FPG (mg/dl)
	
	
	
	
	0.022

	< 126 
	579 (3.1)
	1
	1
	
	

	≥ 126
	826(4.1)
	1.32
	0.80
	0.66-0.97
	


Factors associated with CHF complication among diabetic hypertensive (DMHT) patients

The strong factors that significantly associated with CHF complication among diabetic hypertensive patients were age (OR = 2.22; 95%CI: 1.78-2.76; p<0.001), occupation (OR = 1.27; 95%CI: 1.05-1.55; p=0.015), smoking history (OR = 1.63; 95%CI: 1.24-2.16; p=0.001) (Table 4).
Considering on SBP, there were significant association between SBP and CHF complication among DMHT patients, obviously who had SBP ≥ 160 mmHg (OR = 1.56; 95%CI: 1.09-2.25; p=0.016). Table 4 shows that the high level of SBP trend to provide the high chance of CHF complication such as; DMHT patients who had SBP 140-159 mmHg and ≥ 160 mmHg presented 1.05 times (OR = 1.05; 95%CI: 0.84-1.31; p=0.016) and 1.56 times (OR = 1.56; 95%CI: 1.09-2.25; p=0.016) of occurring CHF complication when compared to those who had SBP < 140 mmHg, respectively. 

Table 4. Odds ratios (ORs) of CHF complication among DMHT patients and their 95% confidence intervals for each factor adjusted for all other factors presented in the table using logistic regression

	Factors
	No. (%CHF)
	Crude

OR
	Adjusted

OR
	95% CI
	p-value

	Age (years)
	
	
	
	
	<0.001

	< 60
	154(7.8)
	1
	1
	
	

	≥ 60
	488(17.1)
	2.45
	2.22
	1.78-2.76
	

	Occupation
	
	
	
	
	0.015

	Non-sedentary 
	298(10.6)
	1
	1
	
	

	Sedentary 
	303(16.4)
	1.66
	1.27
	1.05-1.55
	

	Smoking 
	
	
	
	
	0.001

	No
	452(11.7)
	1
	1
	
	

	Yes
	72(17.6)
	1.60
	1.63
	1.24-2.16
	

	SBP (mmHg)
	
	
	
	
	0.016

	< 140
	406(12.1)
	1
	1
	
	

	140-159
	164(13.8)
	1.17
	1.05
	0.84-1.31
	

	≥ 160
	64(22.6)
	2.13
	1.56
	1.09-2.25
	


Factors associated with CHF complication in hypertensive (HT) patients

For considering factors which associated with CHF complication among hypertensive patients, this study found that factors remained to be strong predictors as following; gender, age, and 
smoking history (Figure 2). 

Fig. 2. Factors affecting CHF complication in hypertensive patients, presented as odds ratio adjusted for gender, age, occupation, smoking history, body mass index (BMI), systolic blood pressure (SBP) and fasting plasma glucose, using multiple logistic regression
Factors associated with CHF complication in diabetic hypertensive (DMHT) patients

For considering factors which associated with CHF complication among diabetic hypertensive patients, this study found that factors remained to be strong predictors as following; age, occupation, smoking history and systolic blood pressure (Figure 3). 

Fig. 3. Factors affecting CHF complication in diabetic hypertensive patients, presented as odds ratio adjusted for age, occupation, smoking history and systolic blood pressure, using multiple logistic regression
DISCUSSIONS
Explaining the findings
The finding of this study showed that there were no significant associations between SBP and CHF complication among HT patients. However, the high level of SBP might provide the high chance of CHF complication such as; HT patients who had SBP 140-159 mmHg and ≥ 160 mmHg presented 1.01 times (OR = 1.01; 95%CI: 0.82-1.24; p= 0.673) and 1.08 times (OR = 1.08; 95%CI: 0.75-1.55; p= 0.673) of occurring CHF complication when compared to those who had SBP < 140 mmHg, respectively. On the other hand, there were significant associations between SBP and CHF complication among DMHT patients, obviously who had SBP ≥ 160 mmHg (OR = 1.56; 95%CI: 1.09-2.25; p=0.016) when compared to those who had SBP < 140 mmHg.

Furthermore, the comparison between levels of those associations among HT and DMHT patients presented that SBP could be the risk factor, which provided more significantly associated with occurring of CHF complication among DMHT patients than HT patients.  

These results likely presented the positive association but not significant difference among HT patients. The previous study, the Framingham Heart Study14,15, Hypertension (SBP>140 mmHg) as opposed to ‘normal’ blood pressure and (SBP<140 mmHg) was associated with a two-fold increased risk of HF in men. In another study, Mainous AG, and peers found that pre-hypertension is known to have an increased risk of cardiovascular morbidity and mortality compared with optimal blood pressure16,17.
However, this study had some limitations; the large of missing data from medical records might lead to non-significant association. Thus, this study had to handle with missing by using best case and worst case scenarios in order to compare with based case. 

These observed association of elevated SBP to CHF among DMHT patients were consistent with other studies18,19,20. The previous study, the UK Prospective Diabetes Study (UKPDS) was one of the first studies to find significant improvement in both macrovascular and microvascular disease risk in participants whose mean blood pressure was reduced to less than or equal to 144 mmHg. In the UKPDS, each 10-mmHg decrease in mean systolic blood pressure was associated with a 12% reduction in risk for all complications related to diabetes and an 11% reduction of risk of CVD such as myocardial infarction19. With increasing age, there was a gradual shift from DBP to SBP as predictors of CHD risk. In patients, 50 years of age, DBP was the strongest predictor and from 60 years of age on, DBP was negatively related to CVD risk so that pulse pressure became superior to SBP21. Diabetes is another important contributor to systolic heart failure in women.  Women with systolic heart failure are more likely than men to have diabetes.  Diabetes itself can cause heart failure by directly damaging the heart muscle, but it can also lead to systolic heart failure indirectly by accelerating the development of CVD and high blood pressure. Women with diabetes have four times the risk of dying of heart disease than women without diabetes21. However, for practical controlling of blood pressure, glucose levels, smoking, alcohol drinking, anti-hypertensive treatment and exercise should be attempted to reduce the cardiovascular complication among hypertensive and diabetic hypertensive patients21,22. 
Strength of the study
· Nationally representative sample

· Real situations (uncontrolled conditions) 

· Saving for time and budget 

· Cross-sectional surveys can be used for the baseline data for the future follow-up study,

Limitation of the study
· Insufficient data and missing values in medical records (secondary data)
· Information bias could occur from data recording by medical staffs

· Recall bias from self-directed questionnaire by patients
Conclusions

Systolic blood pressure was not significantly associated with congestive heart failure among hypertensive patients. On the other hand, there were significant association between SBP and CHF complication among DMHT patients, obviously who had SBP ≥ 160 mmHg (OR = 1.56; 95%CI: 1.09-2.25; p=0.016) when compared to those who had SBP < 140 mmHg, particularly those who were equal to or more than 60 years of age along with sedentary occupations and smoking history. Furthermore, the comparison between levels of those associations among HT and DMHT patients presented that SBP could be the risk factor, which provided more significantly associated with occurring of CHF complication among DMHT patients than HT patients. 
· Recommendations

· Further understanding of those factors that predispose patients to CHF is essential to guide strategies for prevention.

· For the policy maker, should pay more concern about cardiovascular complication, particularly among diabetic hypertensive patients and strict for practical guideline every parts of health care units.
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Total sample of DMHT patients 


Since 2010-2012


(n = 174,578)





Sample of HT (only) and DMHT patients 


 (n = 150,312)





Exclude 24,266 of  DM (only)








Study participants (n = 150,312)


95,035 for HT (only) 


55,277 for DMHT

















Population of DMHT patients registered Hospitals of Ministry of Public Health 


Since 2010-2012
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