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Abstract

The Systolic Blood Pressure Intervention Trial demonstrated reduced cardiovascular outcomes. 

We evaluated diabetes incidence in this randomized trial that compared intensive blood pressure 

strategy (systolic blood pressure <120 mmHg) versus standard strategy (<140 mm Hg). 

Participants were ≥50 years of age, with systolic 130-180 mm Hg and increased cardiovascular 

risk. Participants were excluded if they had diabetes mellitus, polycystic kidney disease, 

proteinuria >1 gm/day, heart failure, dementia, or stroke. Post randomization exclusions included 

participants missing blood glucose or ≥126 mg/dL (6.99 mmol/L), or on hypoglycemics. The 

outcome was incident diabetes: fasting blood glucose ≥126 mg/dL (6.99 mmol/L), diabetes self-

report, or new use of hypoglycemics. The secondary outcome was impaired fasting glucose (100 

to 125 mg/dL [5.55-6.94 mmol/L]) among those with normoglycemia (<100 mg/dL [5.55 mmol/

L]). There were 9361 participants randomized and 981 excluded, yielding 4187 and 4193 

participants assigned to intensive and standard strategies. There were 299 incident diabetes events 

(2.3% per year) for intensive and 251 events (1.9% per year) for standard, rates of 22.6 (20.2, 

25.3) versus 19.0 (16.8, 21.5) events per 1000 person-years of treatment, respectively (adjusted 

hazard ratio 1.19, 95% confidence intervals [0.95, 1.49]). Impaired fasting glucose rates were 26.4 

(24.9, 28.0) and 22.5 (21.1, 24.1) per 100 person-years for intensive and standard strategies 

(adjusted hazard ratio 1.17 [1.06, 1.30]). Intensive treatment strategy was not associated with 

increased diabetes but was associated with more impaired fasting glucose. The risks and benefits 

of intensive blood pressure targets should be factored into individualized patient treatment goals.

ClinicalTrials.gov number: 

Graphical abstract
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Hypertension, obesity and diabetes commonly co-exist, and all three conditions are 

associated with increased insulin resistance. Hyperinsulinemia can increase blood pressure 

via several mechanisms, including increased renal sodium reabsorption, activation of the 

sympathetic nervous system, alteration of transmembrane ion transport, and increased 

vascular resistance.1-4

Hypertension control has a complex relationship with diabetes. Control of hypertension can 

influence hyperinsulinemia and the subsequent risk for other insulin resistant states such as 

diabetes.5 In a large cohort study of low cardiovascular risk individuals in the United 

Kingdom, higher blood pressure was associated with an increased risk of incident diabetes.6 

Antihypertensive medications, however, are associated with both increased (thiazide 

diuretics and beta blockers)7, 8 and decreased (angiotensin converting enzyme inhibitors and 

angiotensin II receptor blockers) risk for the development of diabetes.9 This relationship 

between blood pressure target goals and development of incident diabetes has not been 

explored in a higher cardiovascular risk population.

The Systolic Blood Pressure Intervention Trial (SPRINT) is a National Institutes of Health-

sponsored trial of two differing blood pressure control strategies in persons free of diabetes 

mellitus who are at increased risk of developing cardiovascular disease (CVD). The relative 

hazard of the primary composite endpoint of SPRINT, which included myocardial 

infarction, acute coronary syndrome without myocardial infarction, stroke, acute 

decompensated heart failure, or death from cardiovascular causes, was significantly lower in 

the intensive arm (goal systolic blood pressure (SBP) <120 mm Hg) compared with the 

standard arm (goal SBP <140 mm Hg).10 National evaluations of hypertension control prior 

to the release of the SPRINT results demonstrated that attaining SBP goals of <140 mm Hg 

is difficult to achieve and often requires multiple medications.11-14

Understanding the risks and benefits associated with pursuing more aggressive blood 

pressure control is part of patient’s and provider’s ability to make an informed decision.15 

The risks and benefits of developing or delaying diabetes are an integral part of this decision. 

Our aim was to test the hypothesis that more intensive blood pressure control is associated 

with a lower diabetes incidence among the SPRINT population and among certain high-risk 

subgroups, including those with underlying chronic kidney disease (CKD).

METHODS

Data Reproducibility Statement

All SPRINT anonymized data and materials are publicly available at the BioLINCC and can 

be accessed at https://biolincc.nhlbi.nih.gov/studies/sprint_pop/
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Study Design and population

SPRINT was a randomized, controlled, open-label trial that was stopped in August 2015, 

because it demonstrated that treating to a target SBP of <120 mm Hg (Intensive) compared 

to <140 mm Hg (Standard) was more effective in preventing cardiovascular disease (CVD) 

outcomes and death. Participants were recruited from 102 clinical sites (organized into 5 

clinical center networks) in the United States and Puerto Rico between November 2010 and 

March 2013. Additional details regarding randomization and the trial intervention have been 

reported previously.10, 16 Briefly, participants were eligible for inclusion if they were ≥50 

years of age and had a screening SBP 130 to 180 mm Hg (on antihypertensive drug 

treatment or not), with an increased risk of cardiovascular (CV) events. Additional risk was 

defined by one or more of the following: clinical or subclinical CVD other than stroke, age 

≥75 years, CKD, or a 10-year risk of CVD by Framingham risk score of 15% or greater.16 

Participants were excluded if they had known diabetes mellitus, polycystic kidney disease, 

screening urine protein of >1 g/day or equivalent, symptomatic heart failure, ejection 

fraction <35% or stroke.

For the main analysis we further excluded participants who may have begun the trial with 

diabetes. Additional post randomization exclusions included those who were missing blood 

glucose at randomization, had a fasting glucose at randomization of 126 mg/dL (≥6.99 

mmol/L) or higher or were on a glucose lowering medication. For the secondary analysis of 

impaired fasting glucose (IFG) incidence, we excluded participants with baseline blood 

glucose ≥100 mg/dL (≥ 5.55 mmol/L). The study was approved by the institutional review 

board of record for each clinical site and all participants provided informed consent.

Measurements

Sociodemographic data were collected at randomization and clinical data were obtained at 

randomization and every 3 months. Race and ethnicity information was obtained via self-

report. Blood pressure was determined using the mean of 3 properly sized automated cuff 

readings, taken 1 minute apart after 5 minutes of quiet rest.17 Laboratory data, including 

fasting blood glucose, were collected at baseline and at the 2 and 4 year or close out visits. If 

a blood glucose sample was marked as “non-fasting,” the value was considered missing for 

this analysis. Samples were centrifuged and shipped on ice to the central laboratory. Glucose 

was measured in serum using the hexokinase method on a Roche analyzer. Medical history 

was collected annually and included any reported use of antidiabetic medications and 

diagnosed diabetes.

Study Outcomes

The primary outcome was incident diabetes, defined as time to reaching a fasting blood 

glucose ≥126 mg/dL(≥6.99 mmol/L) 18, participant self-report of diabetes at annual 

examination; or new use of hypoglycemic medications listed at an annual exam (Table S1). 

The secondary outcome was incidence of IFG, defined as time to first fasting blood glucose 

between 100 and 125 mg/dL (5.55- 6.94 mmol/L) among participants with normoglycemia 

(blood glucose < 100 mg/dL, <5.55 mmol/L) at baseline.
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Covariates

Study covariates, collected at randomization, included age, gender, race, body mass index 

(BMI) in kilograms per meters squared and all antihypertensive medication categories used 

at baseline. Baseline estimated glomerular filtration rates (eGFR) were calculated from 

serum creatinine measurement and demographics using the Modification of Diet in Renal 

Disease (MDRD) four- component equation.19

Statistical analyses and Power

Statistical analyses were conducted at the coordinating center using SAS software, version 

9.4 (SAS Institute, Cary N.C.). Baseline characteristics were compared among participants 

randomized to intensive versus standard blood pressure strategies. The primary analysis was 

not a pre-specified analysis of the main trial. The cumulative incidence of new onset 

diabetes was compared between the intensive versus standard blood pressure strategies using 

a competing risk proportional hazards regression model among the cohort of patients who 

were free of glucose lowering medications or had a blood glucose <126mg/dL (<6.99 

mmol/L) at randomization. The p-value for the unadjusted hazard was calculated through 

maximum likelihood estimates. We also conducted multiple sensitivity and subgroup 

analyses with no correction for multiple testing. The first analysis utilized the randomized 

population and analyzed them as intention to treat regardless of their baseline glucose or 

medications. The second, evaluated and compared the highest measured blood glucose 

achieved by intervention arm. The third evaluated the odds of a fasting blood sugar increase 

of 10 mg/dL (0.55 mmol/L) or 20 mg/dL (1.11 mmol/L) between randomization and the 

highest fasting follow-up blood sugar between study arms. For these analyses we used a 

logistic regression model adjusted for the above covariates. For both the primary and 

randomized trial populations, Cox proportional hazards models were constructed to compare 

outcomes for intensive versus standard (referent) adjusted for baseline covariates (age, 

gender, race, BMI, eGFR, and baseline antihypertensive medications). Follow-up time was 

censored at the study stoppage date (August 20th, 2015), death, loss to follow-up, or 

reaching the primary outcome (diabetes incidence). The proportional hazards assumptions 

were verified through examination of log-log plots. We conducted subgroup analyses and 

tested for effect measure modification by creating interaction treatment terms (treatment 

arm* subgroup) using the following groups: age (≥65, <65 years), race (black, white), and 

the presence of CKD as defined by Kidney Disease Improving Global Outcomes (KDIGO) 

classification of CKD20 at randomization (eGFR ≥60 ml/min, eGFR 45-59 ml/min, eGFR 

<45 ml/min). Maximum likelihood estimates and p-values from the likelihood ratio statistics 

for each term were used to check tests of interaction.

For the primary composite outcome and the population of patients who were eligible for 

inclusion based on the post randomization exclusion criteria, power was 45% to detect a 

Hazard Ratio of 1.17. Power increased to 85% for the secondary outcome of IFG (blood 

glucose between 100 and 125 mg/dL [5.55- 6.94 mmol/L]).
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Results

Study Cohort and Participant Characteristics

There were 14,692 persons assessed for eligibility and 9,361 participants enrolled from 

November 2010 through March 2013 and randomized (Intensive N=4678 and Standard N= 

4683, sensitivity analysis population). For the main analysis of diabetes incidence, we 

further excluded 471 participants: baseline blood glucose ≥126 mg/dL (≥6.99 mmol/L) 

(N=254); missing blood glucose (N=38); or use of a glucose lowering medication or report 

of diabetes at baseline (N=179). The secondary analysis of IFG excluded an additional 2882 

participants with blood glucose between 100-125 mg/dL (5.55- 6.94 mmol/L) (Figure 1). 

The median baseline blood glucose was 97 mg/dL (5.38 mmol/L), and there was no 

difference between groups. Other descriptive characteristics of the participants are presented 

in Table 1.

In the primary analysis, the median [Interquartile range (IQR)] follow-up prior to censoring 

or reaching an outcome was 3.3 (2.8, 3.8) years among intensive and 3.2 (2.8, 3.8) years 

among standard participants. Six percent of blood glucose values after randomization were 

noted to be non-fasting and considered missing. Most participants had one follow up blood 

sugar measure (6634 participants had one follow-up blood glucose and 1529 participants had 

two fasting blood glucose measures). A total of 7.1% of participants reached the outcome of 

new onset diabetes in the intensive treatment arm and 6% in the standard arm. Reasons for 

censoring were death (3.4% versus 4.6%) or study closeout visit (89.5% versus 89.5%).

Time to diabetes incidence

There were 299 composite events among intensive participants and 251 composite events 

among standard participants, resulting in 22.6 (20.2, 25.3) versus 19.0 (16.8, 21.5) events 

per 1000 person-years of treatment respectively (unadjusted hazard ratio 1.21 [95% 

confidence interval [95% CI] 1.02, 1.44, p=0.032 Figure 2). Once adjusted for baseline 

covariates the adjusted hazard ratio [aHR] was 1.17, (95% CI 0.99, 1.39) (Table 2). Elevated 

fasting glucose event rates were 12.7 (10.9, 14.7) and 10.4 (8.8, 12.3) per 1000 person-years, 

among intensive and standard treatment participants, respectively (aHR 1.19, 95% CI 0.95, 

1.49). New self-report of diabetes rates was 11.9 (10.2, 13.9) versus 8.8 (7.4, 10.6) per 1000 

person-years, respectively (aHR 1.33, 95% CI 1.05,1.70). New self-reported use of 

hypoglycemic medications was not statistically different for the intensive (8.8 [7.3, 10.5 per 

1000 person-years] versus standard treatment strategy (7.1 [5.8, 8.7] per 1000 person-years) 

with an aHR of 1.22 (95% CI 0.92, 1.62).

Among the 2752 and 2746 participants with normal blood glucose in the intensive and 

standard arms at baseline, the IFG incidence rates were 26.4 (24.9, 28.0) and 22.5 (21.1, 

24.1) per 100 person-years (aHR 1.17, 95% CI 1.06, 1.30). In the sensitivity analysis of the 

randomized trial (intention to treat) population there were 21.8 (16.2, 20.8) vs 18.4 (19.5, 

24.4) events per 1000 person-years for intensive versus standard treatment strategies (aHR 

1.18, 95% CI 0.99, 1.40).

We assessed median [IQR] fasting blood glucose at 24 months and 48 months by study arm. 

Median blood glucose did not differ over follow-up time. At 24 months median fasting 
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blood glucose was 98 (91,106) [5.43 (5.05, 5.88)] and 97 (90, 105) mg/dL [5.38 (4.99, 5.83) 

mmol/L]; at 48 months median fasting blood glucose was 97 (90, 105) [5.38 (4.99, 5.83) 

mmol/L] and 98 (90, 105) mg/dL [5.43 (4.99, 5.83) mmol/L] among intensive and standard 

participants.

For each participant, we determined the highest blood sugar during follow-up and compared 

those values between study arms and stratified by baseline blood glucose (Table S2). Among 

intensive therapy the maximum mean blood glucose was 100.7 [5.59 mmol/L] (standard 

deviation [SD]16.7; 0.93) compared to standard therapy mean 99.4 [5.52 mmol/L] 

(SD=17.1; 0.95), p=0.0008. In the final sensitivity analyses we evaluated the odds of a 10 

mg/dL (0.55 mmol/L) or 20 mg/dL (1.1 mmol/L) change in fasting blood sugar between 

study arms. There were 1524 patients who had a 10 mg/dL (0.55 mmol/L) increase in blood 

sugar (adjusted Odds Ratio [aOR] 1.26, 95% CI 1.12, 1.45 for intensive compared to 

standard). There were 496 participants who had a 20 mg/dL (1.1 mmol/L) increase in fasting 

blood sugar (aOR 1.23, 95% CI 1.03, 1.48) for intensive compared to standard.

The proportion of participants who were prescribed a thiazide-type diuretic was similar for 

intensive and standard arms at baseline (40.1% versus 38.3%, p=0.08). Over time the 

proportion prescribed a thiazide was higher in the intensive versus standard group (Figure 

S1).

Sub-group analyses intensive versus standard BP strategy by age, race and eGFR,

We tested for the interaction between randomized trial arm and subgroups defined by age, 

race and eGFR at baseline and none were statistically significant (Table S3 and Figure 3). 

An increased risk of diabetes with intensive treatment strategy was observed only among 

participants with eGFR ≥ 60 ml/min. Among participants with an eGFR 45 to 59 ml/min and 

eGFR 30 to 44 ml/min there was no increased hazard of incident diabetes aHR 0.86 (95% CI 

0.56, 1.33) and 1.06 (95% CI 0.58, 1.93) with intensive treatment strategy.

DISCUSSION

Among high cardiovascular risk participants randomized in the SPRINT study, the intensive 

treatment strategy compared with standard blood pressure treatment strategy was associated 

with small increased risk of new onset diabetes over the median follow-up of about 3 years, 

but confidence intervals were wide. In the sensitivity analyses which considered the full 

clinical trial population, the risk of incident diabetes was consistent with the main results. 

Overall, there was a increase in risk of IFG in the intensive treatment group and an increased 

odds of fasting glucose increase of > 10 or 20 mg/dL (0.55 or 1.1 mmol/L). This increased 

risk should be considered along with the main SPRINT study findings of reductions in CVD 

outcomes and death.

This study and the results add to the complex evidence for the interaction and association of 

lower blood pressure strategy with incident diabetes and the impact of antihypertensive 

medications. There are two existing observational studies nested within high cardiovascular 

risk trial populations, but neither examined specific SBP targets as they relate to incident 

diabetes. The first by Gupta et al. 21 evaluated 14,120 participants in the Anglo-
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Scandinavian Cardiac Outcomes Trial (ASCOT) and found 1366 new onset diabetes events, 

with an incident diabetes rate of 18.6 per 1000 patient years over a median follow-up of 5.5 

years. They reported that for each increase of 10 mmHg SBP, there is a 6% increased risk of 

incident diabetes. Patients in ASCOT were randomized to either Atenolol or Amlodipine 

with no interaction effect between risk of diabetes and medication. The second observational 

study was embedded within the Candesartan Antihypertensive Survival Evaluation in Japan 

(CASE-J) trial22. Among the 2685 high cardiovascular risk patients free of diabetes, 97 

developed incident diabetes over the average of 3.3 years of follow-up. Pulse pressure was 

associated with incident diabetes (aHR per 1 SD increase 1.44 [1.15, 1.79]); while there was 

no association between SBP and diabetes (aHR per 1 SD increase 1.13 [0.90, 1.41]. 

Furthermore, they describe an interaction effect where the incidence of diabetes was lowest 

among candesartan users and appeared to be most beneficial at the highest pulse pressure.

This study advances the research findings of the prior two by investigating if specific BP 

goals can influence diabetes risk; but the use of multiple antihypertensive regimens among 

both the intensive and the standard regimens adds further difficulty to understanding the 

blood pressure-diabetes relationship. Two meta-analyses of clinical trials evaluated the 

effects of antihypertensive medications on diabetes incidence and found protective 

associations with ACE inhibitor or ARB use. 9,23 In contrast, no association between 

incident diabetes and renin angiotensin system blockade was found in a large observational 

cohort of more than 130,000 patients 24. In this study, an increased risk of diabetes was 

found with the combination of a thiazide diuretic and a beta-blocker (OR 1.99; 95% CI 1.8, 

2.2), and with a thiazide diuretic combined with a calcium channel blocker (OR 1.52; 95% 

CI 1.28, 1.82) compared to non-use of antihypertensives. The possible indirect (mediating) 

effects of medications on diabetes incidence was not the primary question under 

investigation in this study. Therefore, whether the use of certain medications alone or in 

combination influences the association between intensive treatment strategy and diabetes 

incidence remains uncertain. Further investigation is needed to understand the mediating 

relationship of medications as a contributor to IFG.

There are reports of insulin resistance in early stage CKD possibly due to shared diabetes 

risk factors including obesity and lifestyle which can influence glucose metabolism and 

insulin sensitivity.25-27 Although we did not measure insulin levels or insulin sensitivity, the 

subgroup analysis results suggest that there is no increased risk of diabetes in intensive 

strategy participants with reduced eGFR although confidence intervals were wide and power 

was limited for this group. This observation is consistent with the observation of Pham and 

colleagues 28 and does require further study to more clearly understand the interaction 

between renal dysfunction, blood pressure control and incident diabetes.

We note some study limitations. It is possible that there was reporting bias among 

participants randomized to intensive treatment. More participants randomized to intensive 

blood pressure treatment self-reported new onset diabetes, but the severity of their diabetes 

is uncertain since hypoglycemic medication use was not more common in the intensive arm 

and glycated hemoglobin level was not collected to confirm the diagnosis. Second, we 

accounted for certain covariates, including BMI and antihypertensive medications, at 

baseline, but did not account for time varying weight change or medication usage. The aim 
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of our study was to evaluate if intensive treatment strategy was associated with diabetes 

incidence. Adjustment for covariates in the causal pathway of those treatment strategies is 

not appropriate. Third, our sample size and subgroups were determined a priori and were 

underpowered to determine risk of incident diabetes as demonstrated by the power 

calculation and wide confidence intervals for most groups. The sensitivity analysis 

evaluating the odds of a change in fasting blood glucose did demonstrate an association of 

intensive control with a 10 or 20 mg/dL (0.55 or 1.1 mmol/L) change in fasting glucose. 

Finally, the median duration of follow-up was only about 3 years. It remains unknown if 

longer follow-up would change this overall risk of incident diabetes.

Perspective

This study found that intensive blood pressure treatment in the SPRINT study was 

associated with a small non-significant increase in risk of incident diabetes. There was a 

statistically significant increased risk of IFG, with no difference in overall fasting glucose or 

diabetes medications used by randomization arm. If patients and providers were to pursue 

intensive goals a reduction in CVD risk would likely occur; however, these results reflect 

that this may come with an increased risk of IFG. A shared decision-making approach 

including the risks and benefits of pursuing intensive blood pressure targets should be 

factored into the individualized treatment goals and strategies for each patient.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

What Is New

The risk of impaired fasting glucose is higher with intensive blood pressure control with 

no difference in overall fasting glucose or diabetes medications used by randomization 

arm.

What Is Relevant?

This small increased risk is of uncertain clinical significance but should be considered 

along with the main SPRINT study findings of reductions in CVD outcomes and death.

Summary

These results may strengthen the decision of patients and providers to pursue intensive 

blood pressure treatment as a means of cardiovascular risk reduction.
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Figure 1: 
Flow of participants included in Analyses
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Figure 2: 
Cumulative Incidence of development of Diabetes by Standard or Intensive Blood pressure 

control, unadjusted Hazard Ratio and 95% confidence intervals presented.
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Figure 3: 
Hazard of Incident diabetes by subgroups stratified by age, race and estimated glomerular 

filtration rate at time of randomization
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Table 1:

Characteristics of Patients in the primary analysis

Participant Characteristics Standard Blood
Pressure
N=4193

Intensive Blood
Pressure
N=4187

Gender, Male (%) 2742 (65.4) 2696 (64.4)

Age, years, median interquartile range (IQR) 67 (61, 76) 67 (61, 76)

Race/Ethnicity (%)

 Black 1296 (30.9) 1253 (29.9)

 White  2773 (66.1)  2787 (66.6)

Ethnicity (%) Hispanic 435 (10.4) 455 (10.9)

Fasting Glucose mg/dL, median (IQR) 97 (91, 104) 97 (90,104)

Fasting Glucose mmol/L, median (IQR) 5.38 (5.05, 5.77) 5.38 (5.00, 5.77)

Systolic Blood pressure mm/Hg, median (IQR) 139 (130, 149) 138 (129, 149)

Diastolic Blood pressure mm/Hg, median (IQR) 78 (70, 86) 78 (70, 86)

Body Mass Index* (kg/meter2), median (IQR) 28.9 (25.8, 32.6) 28.9 (25.8, 32.9)

Low Density Lipoprotein mg/dL, median (IQR) 109 (87, 134) 110 (87, 133)

Low Density Lipoprotein mmol/L, median (IQR) 2.82 (2.25, 3.47) 2.85 (2.25, 3.44)

Triglycerides mg/dl, median (IQR) 106 (77, 150) 106 (76, 147)

Triglycerides mmol/L, median (IQR) 1.20 (0.87, 1.69) 1.20 (0.86, 1.66)

Creatinine mg/dL, median (IQR) 1.00 (0.86, 1.21) 1.00 (0.86, 1.21)

Creatinine mmol/L, median (IQR) 0.09 (0.08, 0.11) 0.09 (0.08, 0.11)

Glomerular filtration rate* ml/min, median (IQR) 70.9 (58.3, 84.3) 71.4 (58.0, 84.5)

No Proteinuria, Albumin to Creatinine ratio < 30 mg/gm (%) 3277 (79.1) 3278 (79.0)

Smoking status (%)

 Never 1850 (44.2) 1853 (44.3)

 Former 1797 (42.9) 1785 (42.6)

 Current 541(12.9) 547 (13.1)

 Missing 5 (0.1) 2 (0.04)

Framingham 10-yr cardiovascular disease risk score (%)

 Cardiovascular risk < 10% 301 (7.2) 280 (6.7)

 Cardiovascular risk 10- 20% 1456 (34.8) 1486 (35.5)

 Cardiovascular risk ≥20% 2431 (58.0) 2418 (57.8)

Medications at Randomization (%)

 Aspirin 2119 (50.6) 2193 (52.5)

 Angiotensin Converting Enzyme Inhibitors 1506 (35.9) 1591 (38.0)

 Angiotensin II Receptor Blockers 901 (21.5) 877 (21.0)

 Beta Blockers 1254 (29.9) 1346 (32.2)

 Calcium Channel Blockers 1471 (35.1) 1425 (34.0)

 Thiazide and potassium sparing diuretics 1603 (38.3) 1682 (40.1)

 Non- Selective alpha Blockers 189 (4.5) 200 (4.8)

 Loop Diuretics 180 (4.3) 188 (4.5)

 Other Antihypertensive medications 283 (6.8) 336 (8.0)

Hypertension. Author manuscript; available in PMC 2021 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roumie et al. Page 17

Participant Characteristics Standard Blood
Pressure
N=4193

Intensive Blood
Pressure
N=4187

 Statin Lipid Lowering Drugs 1871 (44.9) 1793 (43.1)

 Corticosteroid 226 (5.4) 229 (5.5)

 Hormones 133 (3.2) 126 (3.0)

*
Estimated glomerular filtration rate calculated using MDRD equation (N=17 participants missing baseline value) Body mass index (N=51 

participants missing randomization BMI)
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Table 2:

Diabetes Incidence rate by Intensive versus Standard blood pressure strategy

Primary and Secondary outcomes Standard Blood
Pressure
N= 4193

Intensive Blood
Pressure
N= 4187

Composite diabetes outcome

 N events 251 299

 Person time years 3217.2 13225.3

 Incidence rate per 1000 person-years of treatment strategy (95% Confidence Intervals) 19.0 (16.8, 21.5) 22.6 (20.2, 25.3)

 Unadjusted Hazard Ratio (95% Confidence Intervals) Reference 1.21 (1.02, 1.44)

 Adjusted Hazard Ratio (95% Confidence Intervals) * Reference 1.17 (0.99, 1.39)

Fasting glucose ≥ 126mg/ dL (≥6.99 mmol/L)

 N events 139 168

 Person time years 13320.2 13235.2

 Incidence rate per 1000 person-years of treatment strategy (95% Confidence Intervals) 10.4 (8.8, 12.3) 12.7 (10.9, 14.7)

 Adjusted Hazard Ratio (95% Confidence Intervals) * Reference 1.19 (0.95, 1.49)

Self-Report of Diabetes

 N events 117 158

 Person time years 13227.2 13252.3

 Incidence rate per 1000 person-years of treatment strategy (95% Confidence Intervals) 8.8 (7.4, 10.6) 11.9 (10.2, 13.9)

 Adjusted Hazard Ratio (95% Confidence Intervals) * Reference 1.34 (1.05, 1.70)

New use of hypoglycemic meds

 N events 94 116

 Person time years 13236.2 13253.2

 Incidence rate per 1000 person-years of treatment strategy (95% Confidence Intervals) 7.1 (5.8, 8.7) 8.8 (7.3, 8.5)

 Adjusted Hazard Ratio (95% Confidence Intervals) * Reference 1.22 (0.92, 1.62)

Secondary Outcome N= 2746 N= 2752

Impaired Fasting glucose: 100- 125 mg/ dL [5.55- 6.94 mmol/L]

 N events 679 793

 Person time years 3013.9 2998.7

 Incidence rate per 100 person-years of treatment strategy (95% Confidence Intervals) 22.5 (21.1, 24.1) 26.4 (24.9, 28.0)

 Adjusted Hazard Ratio (95% Confidence Intervals) Reference 1.17 (1.06, 1.30)

Sensitivity Analysis: Randomized Population N= 4683 N=4678

 N events 251 299

 Person time years 13670 13717

 Incidence rate per 1000 person-years of treatment strategy (95% Confidence Intervals) 18.4 (16.2, 20.8) 21.8 (19.5, 24.4)

 Adjusted Hazard Ratio (95% Confidence Intervals) 
† Reference 1.18 (0.99, 1.40)

Confidence intervals for incidence rates calculated using Wilsons distribution

*
Adjusted model includes age, race, gender, body mass index, antihypertensive medication classes at randomization and estimated glomerular 

filtration rate. Adjusted model includes 8312 participants (N=68 participants missing baseline estimated glomerular filtration rate or body mass 
index)

†
Adjusted model includes 9246 participants (N=115 participants missing estimated glomerular filtration rate or body mass index)
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