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ABSTRACT  

 

 Diabetes is a major global public health problem worldwide 

caused by many factors including genetics and medication. 

Antihypertensive drugs had been reported to be associated with 

new-onset diabetes (NOD) in many countries, but not in Thai 

patients with hypertension. The purpose of this study was to 

investigate the association between antihypertensive drugs and 

NOD among Thai Isan patients.  This retrospective cohort study 

obtained data from electronic medical records from community 

hospitals in Ubon Ratchathani from January 1, 2007 through 

December 31, 2015. Newly diagnosed hypertensive patients aged ≥ 

20 years who received ACEI-based, thiazide-based and combined 

regimen were identified by ICD 10 code (I10 –  I15) and were 

followed up for 6 years or diagnosed with NOD (E10 –  E14).  

Propensity score was used as a covariate to control for confounding 

by indication bias due to non-randomly selection process during 

routine clinical treatment of hypertensive patients.  Kaplan-Meier 

analysis and multivariate cox regression with propensity score 

adjustment were used to investigate the incidence and the risk of 

NOD.  Of 3,689 newly diagnosed hypertension patients enrolled, 

396 (10.73% ) patients developed NOD during follow-up period.  

NOD incidence were 11.06 (95%CI, 9.19 – 13.27), 14.17 (95%CI, 

12.48 – 16.05), and 14.17 (95%CI, 11.53 – 17.35) in ACEI-based, 

thiazide-based and combined regimen users respectively.  After 

adjusting for confounding by indication, the Hazard Ratios were 

1.540 (95%CI, 0.963 – 2.463) for thiazide-based regimen and 1.341 

(95%CI, 0.769–2.338) for combined regimen compared to ACEI-

based regimen.  In conclusion, thiazide-based and combined 

regimen were not associated with NOD compared with ACEI-based 

regimen in Thai Isan patients. 

 

 
 

1. INTRODUCTION 

 

Diabetes is a major global public health problem that 

affected 425 million people, accounting for USD 727 billion dollars 

in health expenditure (12% of global total spending on adults)1.  It 

is also the risk factor of cardiovascular disease2 which is a leading 

cause of death in Thailand3,4.  There are many risk factors for 

diabetes such as family history of diabetes, gestational diabetes 

history, physical activity and poly ovarian syndrome5-8.  In addition 

both observational studies and network meta-analysis of clinical 

trials revealed that antihypertensive drugs were associated with 

new-onset of diabetes (NOD)9-12.  Among antihypertensive drugs, 
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diuretics were associated with a significant 

increase in the risk of NOD9-11 whereas 

angiotensin converting enzyme inhibitors 

(ACEI) were associated with a significant lower 

risk of NOD compared with diureics12. However, 

the evidence in Thai patients with hypertension 

has not been studied.  The purpose of this study 

is to investigate the association between 

antihypertensive drugs regimens (ACEI based 

regimen, thiazide-based regimen and combined 

regimen) and NOD among Thai patients with 

hypertension. 

 

2. MATERIALS AND METHODS 

 

2.1. Study design  
 

We performed a population based 

retrospective cohort study among patients aged  ≥  

20 years old with newly diagnosed hypertension 

and had medication history ≥ 180 days before the 

enrollment date. Newly diagnosed hypertension 

was identified by International classification of 

disease and related health problem 10th revision 

(ICD10), I10 –  I15 codes with prescribed 

antihypertensive drugs ≥  2 visits.  Data were 

obtained from electronic medical records 

(EMRs) from 10 community hospitals, Ubon 

Ratchathani province from January 1, 2007 

through December 31, 2015.  

 We excluded those who met the 

following criteria: 1) patients who were prescribed 

any antihypertensive drugs for other indications or 

antidiabetic drugs before diagnosed with 

hypertension, 2) patients who were diagnosed 

with diabetes before diagnosed with hypertension 

and 3) non Thai. 

 Due to hypertension treatment guideline 

and multiple drug class treatment in clinical 

setting, we identified three exposure groups: 1) 

ACEI-based regimen users, patients who were 

prescribed ACEI drug class alone or with any 

other antihypertensive drug class except thiazide 

diuretics drug class, 2) thiazide-based regimen 

users, patients who were prescribed thiazide 

diuretics drug class alone or with any other 

antihypertensive drug class except ACEI drug 

class and 3) combined regimen users, patients 

who were prescribed ACEI drug class and 

thiazide diuretics drug class without or with any 

other antihypertensive drug class.  

The primary endpoint was NOD, 

identified by ICD10 (E10 – E14) with prescribed 

antidiabetic drugs.  The primary endpoint of the 

study was defined as the NOD after 28 days of 

antihypertensive drugs treatment during follow-

up period. We assumed that NOD within the 28 

days after antihypertensive drugs use could not 

be attributable to treatment. From the entire 

EMRs, we enrolled those who were newly 

diagnosed hypertension from January 1, 2007 

through December 31, 2009 into the study and 

followed up them for 6 years or until reached the 

endpoint. 

 

2.2. Statistical analysis 
 

 Data were analyzed by descriptive 

analysis; mean for normally distributed variables, 

median (with 25 – 75% range) for non-normally 

distributed variables.  Propensity scores were 

calculated by logistic regression to predict the 

probability of receiving treatment with 

antihypertensive drugs to adjust for confounding 

by indication.  Univariate survival analysis for 

NOD status was performed using Kaplan Meier 

analysis.  The effect of antihypertensive drugs on 

development of NOD was computed by time 

dependent cox regression in bivariate and 

multivariate analysis.  Variables in multivariate 

model were age, sex, body mass index, blood 

pressure, total cholesterol, high density lipoprotein 

(HDL) cholesterol, low density lipoprotein (LDL) 

cholesterol, triglyceride, statin use and propensity 

score. We analyzed the multivariate data with 2 

models; 1) multivariate analysis without 

propensity score and 2) multivariate analysis 

with propensity score as covariate adjustment.  A 

p-value < 0.05 was considered statistically 

significant. All analyses were performed using 

STATA version 14. 

 

3. RESULTS 

 

3.1. Subjects characteristics 

 

 Of 13,664 newly diagnosed hypertensive 

patients identified during the enrollment period, 

3,689 patients met the inclusion criteria and 

didn’ t meet the exclusion criteria.  Of these 

eligible subjects, 43.43% were male. The average 

age of ACEI-based regimen users, thiazide-based 

regimen users and combined-regimen users when 

they were first diagnosed with hypertension were 

58.29, 57.13 and 58.41 years respectively. There 

were no significant difference in age, body mass 
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Table 1. Study population characteristics.  

 

Variables ACEI-based 

regimena 

Thiazide-based 

regimenb 

Combined regimenc p- value 

Sex, male (%) 46.53 41.81 43.11   

Age (y)* 58.29 (13.54) 57.13 (13.32) 58.41 (13.51) 0.359 

BMI (kg/m2)* 24.01 (4.15) 24.25 (4.12) 24.22 (4.44) 0.352 

Systolic BP (mmHg)* 158.91 (20.89) 158.51 (16.95) 168.68 (19.83) 0.008 

Diastolic BP (mmHg)* 89.22 (15.13) 90.33 (12.67) 94.18 (15.96) 0.008 

Fasting glucose (mg/dL)* 108.65 (27.37) 100.51 (19.24) 107.18 (31.54) 0.044 

Total cholesterol (mg/dL)* 204.00 (51.57) 217.38 (52.22) 208.17 (40.55) 0.209 

HDL-C (mg/dL)* 46.69 (14.07) 46.45 (14.66) 42.50 (13.59) 0.489 

LDL-C (mg/dL)* 135.47 (47.31) 133.62 (49.34) 114.50 (38.20) 0.602 

Triglyceride (mg/dL)# 149 (115,180) 189 (129, 297) 237 (155, 273) 0.008 

Statins use (%) 29.03 22.94 33.96   
*mean (SD), # median (IQR), a N=1,137, b N=2,160, c N=392 

 

index, total cholesterol, HDL cholesterol and 

LDL cholesterol among these three groups of 

patients (p > 0.05).  However, systolic blood 

pressure, diastolic blood pressure and fasting 

blood glucose level were significantly different 

among these groups (p < 0.05).  The combined 

regimen users were likely to be prescribed with 

statins more frequently than ACEI-based 

regimen users and thiazide-based regimen users. 

(Table 1)  

 

3.2. Survival analysis 

 

 There were 396 (10.73% ) patients who 

developed NOD over 6-years follow-up period.  

The median follow up time was 6 years.  The total 

time at risk was 18,525.52 person-year.  The 

incidence of NOD was 2.13 per 100 person-years.  

 In Kaplan Meier analysis, stratified by 

antihypertensive drugs regimens, the incidence 

rate of NOD at 6 years were 11.06 (95%CI, 9.19 

– 13.27), 14.17 (95%CI, 12.48 – 16.05) and 14.17 

(95%CI, 11.53 – 17.35) for ACEI-based regimen, 

thiazide-based regimen and combined regimen 

respectively. (Table 2) 

The crude Hazard ratio (HR) was 1.297 

(95%CI, 1.023 – 1.664) for thiazide-based regimen 

and 1.304 (95%CI, 0.973 –  1.748) for combined 

regimen, compared with ACEI-based regimen. In 

multivariate Cox regression analysis model for 

age, sex, body mass index, blood pressure, total 

cholesterol, HDL cholesterol, LDL cholesterol, 

triglyceride and statin use, the adjusted HR was 

1.616 (95%CI, 1.011 –  2.586) for thiazide-based 

regimen and 1.405 (95% CI, 0.806 –  2.449) for 

combined regimen compared with ACEI-based 

regimen. After adjusted with propensity score as 

covariate, the HR was 1.540 (95% CI, 0.963 – 

2.463) for thiazide-based regimen and 1.341 

(95% CI, 0.769 –  2.338) for combined regimen 

compared with ACEI-based regimen (Table 3) 

 

4. DISCUSSION 

 

 In this study, we found that the 

incidence rate of NOD in ACEI-based regimen 

was lower than those in thiazide-based regimen, 

which is consistent with the previous studies 

indicating that NOD was lower in the ramipril- 

based regimen than in the diuretic group13.  

Thiazide diuretics were associated with 

increased fasting blood glucose14-16, by affecting 

hypokalemia, which leads to decreasing in 

insulin secretion by β cells in response to 

glucose17 whereas ACEI may increase insulin 

sensitivity by increasing bradykinin level at the 

skeletal muscle, and promoting glucose 

transporter type 4 (GLUT4) protein expression 

in skeletal muscle and myocardium. This causes 

vasodilation of blood vessels and results in the 

increment of total perfused area and increased 

glucose uptake. ACEI can also reduce the 

promotion of inflammatory cytokines which 

reduce oxidativestress17, 18.
 

Table 2. Incidence of new-onset diabetes. 
 

 New-onset diabetes rate (95% CI) 

Survival time (y) ACEI-based regimen Thiazide-based regimen Combined based regimen 

1 3.21 (2.18 – 4.71) 2.60 (1.93 – 3.51) 4.36 (2.90 – 6.52) 

2 4.98 (3.69 – 6.70) 4.62 (3.70 – 5.76) 5.47 (3.84 – 7.76) 

3 5.92 (4.51 -  7.74) 6.94 (5.80 – 8.29) 7.84 (5.89 – 10.38) 

4 7.71 (6.12 – 9.68) 8.49 (7.22 – 9.97) 9.48 (7.35 – 12.19) 

5 9.37 (7.64 – 11.47) 10.93 (9.48 – 12.58) 11.77 (9.38 – 14.70) 

6 11.06 (9.19 – 13.27) 14.17 (12.48 – 16.05) 14.17 (11.53 – 17.35) 
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Table 3. Risk for incident NOD by antihypertensive drugs regimen. 

 

 Multivariate Adjustment Propensity Score 

 Adjusted HR* (95%CI) p -value Adjusted HR# (95%CI) p-value 

ACEI-based regimen 1.00 - 1.00 - 

Thiazide-based regimen 1.616 (1.011 – 2.586) 0.045 1.540 (0.963 – 2.463) 0.071 

Combined based regimen 1.405 (0.806 – 2.449) 0.231 1.341 (0.769 – 2.338) 0.301 
*Adjusted by age, sex, body mass index, blood pressure, total cholesterol, triglyceride, HDL cholesterol, LDL cholesterol 

and statin use. 
#Adjusted by age, sex, body mass index, blood pressure, total cholesterol, triglyceride, HDL cholesterol, LDL cholesterol, 

statin use and propensity score 

 

 Due to lack of data and individual patient 

privacy, some confounding factors could not be 

controlled in data analysis.  These include family 

history of diabetes, smoking status, alcohol 

consumption, gestational diabetes history, 

physical activity and poly ovarian syndrome 

which were risk factors of diabetes5-8, 19, 20.  

However, these confounding factors might not 

interfere the result because they are not associated 

with treatment preference. 

Our study had several strengths.  Firstly, 

it was the first one to investigate the association of 

antihypertensive drugs and NOD in a large Thai 

Isan patients with hypertension in clinical settings.  

Secondly, we conducted the new user design to 

avoid immortal time bias and assess time varying 

hazards and drug effects associated with treatment 

duration21, 22.  Thirdly, we generated the propensity 

score to reduce the treatment selection bias due to 

non-random selection from routine clinical 

practice23, 24.  Fourthly, we controlled for sex, age, 

body mass index, blood pressure, triglyceride, 

total cholesterol, HDL cholesterol, LDL 

cholesterol, and statin use while other Asian 

studies had different adjustment approaches9-11. 

For example, a retrospective longitudinal cohort 

study by Huang controlled many confounders, 

which is similar to this study, including age, sex, 

current smoking, family history of diabetes, body 

mass index, triglyceride, total cholesterol, HDL 

cholesterol, LDL cholesterol, and fasting blood 

sugar9 while Jong GP controlled only for sex and 

age10.  Fasting blood glucose level was not 

included in the model as a predictor because FBS 

was used for NOD diagnosis.  In addition, we used 

active comparator in our analysis while other 

studies used nonusers as comparing group9-11. 

 

5. CONCLUSIONS 

 

 For the first study to investigate the 

association of antihypertensive drugs and NOD 

in Thai, our finding indicated that thiazide-

based regimen and combined regimen were not 

associated with incident NOD compared with 

ACEI-based regimen in hypertensive Thai Isan 

patients. 
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