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Abstract

Study Objective—To develop and validate a predictive model for glucose change and risk for
new-onset impaired fasting glucose in hypertensive participants following treatment with atenolol
or hydrochlorothiazide (HCTZ).

Design—Randomized multicenter clinical trial.

Patients—A total of 735 white or African-American men and women with uncomplicated
hypertension.

Measurements and Main Results—Pharmacogenomic Evaluation of Antihypertensive
Responses (PEAR) is a randomized clinical trial to assess the genetic and nongenetic predictors of
blood pressure response and adverse metabolic effects following treatment with atenolol or HCTZ.
To develop and validate predictive models for glucose change, PEAR participants were randomly
divided into a derivation cohort of 367 and a validation cohort of 368. Linear and logistic
regression modeling were used to build models of drug-associated glucose change and impaired
fasting glucose (IFG), respectively, in the derivation cohorts. These models were then evaluated in
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the validation cohorts. For glucose change after atenolol or HCTZ treatment, baseline glucose was
a significant (p<0.0001) predictor, explaining 13% of the variability in glucose change after
atenolol and 12% of the variability in glucose change after HCTZ. Baseline glucose was also the
strongest and most consistent predictor (p<0.0001) for development of IFG after atenolol or
HCTZ monotherapy. The area under the receiver operating curve was 0.77 for IFG after atenolol
and 0.71 after HCTZ treatment, respectively.

Conclusion—Baseline glucose is the primary predictor of atenolol or HCTZ-associated glucose
increase and development of IFG after treatment with either drug.

Keywords

B-Blockers; thiazide diuretics; hyperglycemia; atenolol; hydrochlorothiazide; impaired fasting
glucose

The hyperglycemia associated with the most commonly prescribed antihypertensive drug
classes is of growing concern to the medical community. It is well documented that §-
blockers and thiazide diuretics cause adverse metabolic effects, and large-scale studies and
meta-analyses provide compelling data indicating that f-blockers and thiazide diuretics
increase the risk of diabetes.1>

The ability to discern which participants are at greatest risk for hyperglycemia associated
with B-blockers and thiazide diuretics or the development of diabetes would be valuable to
clinicians*6-9, Previous studies found that African ancestry, higher body mass index, left
ventricular hypertrophy, higher follow-up systolic blood pressure, elevated baseline glucose,
uric acid, female sex, and age are associated with the development of diabetes after long-
term B-blocker and/or thiazide diuretic therapy. 3 % 10: 11 One study found that African
ancestry, lower baseline glucose, and urinary sodium excretion were significant predictors
for change in glucose after hydrochlorothiazide (HCTZ) monotherapy.12 To date, no studies
have evaluated predictors for glucose change associated with 3-blockers.

Given that hyperglycemia and diabetes associated with the use of thiazide diuretics and -
blockers may offset the clinical benefit of these two drug classes, 19 13-15 it is important to
identify the clinical characteristics that increase risk. If such factors could be identified, they
might be useful to guide selection of antihypertensive therapy. Therefore, the goal of the
current study was to determine the clinical characteristics associated with change in glucose
and impaired fasting glucose (IFG) following treatment with atenolol or HCTZ.

Research Design and Methods

Patient Population and Intervention

Pharmacogenomic Evaluation of Antihypertensive Responses (PEAR; NCT00246519) was
a prospective, open-label, multicenter, randomized study of atenolol and HCTZ, taken alone
followed by combination, to determine the genetic and nongenetic predictors of
antihypertensive and adverse metabolic responses. Details of the PEAR study design were
described previously. Briefly, enrollment of hypertensive participants occurred at the
University of Florida (Gainesville, FL), Mayo Clinic (Rochester, MN), and Emory
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University (Atlanta, GA). Eligibility criteria included male or female participants with mild
to moderate hypertension (newly diagnosed, untreated, or known hypertension currently
treated with one or two antihypertensive drugs, with average home diastolic blood pressure
higher than 85 mm Hg and an average office diastolic blood pressure higher than 90 mm
Hg) between the ages of 17 and 65, of any race or ethnicity. Participants treated with three
or more antihypertensives were excluded from this study. The detailed list of exclusion
criteria were described previously.1® Participants treated with one or two antihypertensive
medications at study entry had their medications withdrawn. Participants were required to be
free of antihypertensives for a minimum period of 18 days, with a preferred washout of at
least 4 weeks, to give sufficient time for blood pressure and biochemical values to return to
pre-treatment levels. The institutional review boards at all study sites approved the study
protocol, and all participants provided written informed consent.

Baseline studies after washout included collection of home, office, and ambulatory blood
pressure readings as well as biologic samples for laboratory measurements. Participants
were then randomized to receive either atenolol 50 mg/day or HCTZ 12.5 mg/day. After 3
weeks on the initial dose, participants with an average home or office systolic blood pressure
higher than 120 mm Hg or diastolic blood pressure higher than 70 mm Hg received a dose
titration. After at least 6 additional weeks at the target dose, comprehensive blood pressure
measures (home, office, and ambulatory) and biologic samples were again obtained (first
response assessment or monotherapy assessment). Participants with blood pressure higher
than 120/70 mm Hg at monotherapy assessment then had the alternative study medication
added, with the same dose titration and response assessment schedule (second response
assessment or combination therapy assessment).

Laboratory Measurements

At all three study visits (baseline, monotherapy, and combination therapy), fasting blood
samples were collected for glucose, insulin, potassium, uric acid, creatinine, total
cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and
triglycerides. Fasting was defined as having consumed no food or beverages other than
water for at least 8 hours prior to the visit. Estimated glomerular filtration rate (GFR) was
calculated using the Modification of Diet in Renal Disease equation.1” If a change in
glucose between study visits was outside the sample mean by more than 3 SD, the data were
considered to be outliers (potentially nonfasting) and excluded from analysis.

Biochemical Assays

Serum glucose, HDL cholesterol, uric acid, potassium, and triglycerides were quantified on
a Hitachi 911 Chemistry Analyzer (Roche Diagnostics, Indianapolis, IN) at the central
laboratory at the Mayo Clinic. Serum glucose, HDL cholesterol, uric acid, potassium, and
triglycerides concentrations were determined spectrophotometrically by automated
enzymatic assays, and potassium concentrations were determined by an ion selective
electrode. LDL cholesterol was calculated using the Friedewald formula.18 Plasma insulin
levels were measured using the Access Ultrasensitive Insulin immunoassay system
(Beckman Instruments). All of the samples were tested in duplicate; data used in the
analyses are the means of the duplicate samples for each participant.
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Anthropometric Measurements

Weight was measured to the nearest 0.1 kg; height was measured to the nearest 0.1 cm.
Waist circumference was measured to the nearest 0.5 cm. Waist circumference was
measured by trained study personnel by placing a tape measure snuggly around the abdomen
at the level of the umbilicus, slightly above the uppermost lateral border of the right iliac
crest. Waist circumference was measured while the participant was standing, with hands at
the side and normal to minimal respirations.

Statistical Methods

The continuous variables are summarized as mean and SD or median and interquartile range
(IQR) as appropriate, and categorical variables are summarized as number and percentage.
Continuous variables between the treatment strategies were compared with two sample t
tests if the data were normally distributed or a Wilcoxon rank-sum test if not. Categorical
variables were compared with the 2 test.

Outcome—rFasting glucose change after treatment was analyzed as a continuous variable
and was calculated as posttreatment-treatment value in milligrams per deciliter.
Development of IFG (new occurrence of fasting glucose of 100 mg/dl or higher after
treatment with atenolol or HCTZ) was evaluated as a binary variable. Participants with a
glucose of 100 mg/dl or higher at baseline were excluded from this analysis.

Cohort Selection—To develop and then validate a prediction model, PEAR participants
were randomly divided into derivation and validation cohorts using the survey-select
procedure in SAS software.

Model Building and Validation—The glucose change was analyzed with linear
regression, and new onset of IFG was analyzed with logistic regression. In the derivation
cohort, variables with a p value <0.2 in univariate analysis were considered in subsequent
stepwise multiple regression model building. Variables tested in the univariate model
included age, sex, randomization assignment, race (black or non-black), alcohol
consumption (beverages per week), smoking status, waist circumference, estimated GFR,
days treated with study medication, and baseline values for systolic blood pressure, diastolic
blood pressure, and heart rate as measured by home blood pressure monitor, as well as
baseline glucose, insulin, uric acid, potassium, total cholesterol, triglycerides, HDL, and
LDL.

The race variable, black or nonblack, was based on self-identified race and confirmed by
principal component clustering with African ancestry or non-African ancestry based on
genome-wide genotype data from Illumina Human-OmnilM chip. Waist circumference was
selected as the body size parameter used in the models based on the detrimental physiologic
effects of abdominal obesity, such as secretion of free fatty acids, hormones, and
inflammatory markers,19-24 as well as the associated elevated cardiovascular risk that is
independent of other body size parameters.2>-31 After univariate analysis, a stepwise linear
or logistic regression selection procedure was used: variables with a p value <0.05 were
considered significant predictors and retained in the final models.
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The correlation between the predicted (based on the regression equation from the derivation
cohort) and the observed drug-associated change in glucose was evaluated in the validation
cohort for the glucose response analysis. To evaluate the logistic regression models in the
validation cohort for the IFG analysis, area under the receiver operating curve (ROC) and
Hosmer-Leme-show test of goodness of fit were performed. Statistical analyses were
conducted using SAS v.9.2 (SAS Institute, Cary, NC).

A total of 768 participants were considered in the initial analysis. From these, 33
participants were excluded due to missing data in either glucose value or waist
circumference or outlier in glucose response (Figure S1). Table 1 summarizes the baseline
characteristics as well as clinical and laboratory parameters of the remaining 735
participants included in this analysis. PEAR participants were on average 49 years old, with
slightly fewer men enrolled (47%) than women, and ~39% of the participants were of
African ancestry. The median baseline glucose in the derivation and validation cohorts was
89.5 (IQR 84.5-98.0) mg/dl and 89.5 (IQR 83.5-96.0) mg/dl, respectively. No baseline
demographics, clinical, or laboratory parameters were significantly different between the
derivation and validation cohorts (Table 1).

Glucose Change after Atenolol or HCTZ Treatment

Overall, 86% of the patients assigned to ateno-lol monotherapy and 98% of the patients
assigned to HCTZ monotherapy were titrated to the higher doses of either atenolol (100 mg/
day) or HCTZ (25 mg/day). Following 9 weeks of atenolol monotherapy, median glucose
was increased from 89-92 mg/dl. When atenolol was added to existing HCTZ treatment,
median glucose increased from 91.5-94 mg/dl (p=0.60, atenolol monotherapy vs atenolol
add-on). Following 9 weeks of HCTZ monotherapy, median glucose increased from 90.5-
91.5 mg/dl; after HCTZ was added to existing atenolol treatment, the median glucose
increased from 92— 94 mg/dl (p=0.55, HCTZ monotherapy vs HCTZ add-on). Because the
change in glucose after monotherapy and add-on therapy was not statistically different for
either HCTZ or atenolol, monotherapy and add-on response data were combined for all the
following analyses adjusting for the treatment strategy and pretreatment glucose levels.
After treatment with either study medication, median glucose change was similar +2.0 (IQR
-3.5to +7.0) mg/dl for atenolol and +2.0 (IQR -3.5 to +7.5) mg/dI for HCTZ.

The glucose change from the combination therapy of atenolol and HCTZ was also
evaluated. For participants treated with atenolol monotherapy followed by HCTZ add-on
therapy, the median glucose increased from 89-94 mg/dl. For participants treated with
HCTZ monotherapy followed by atenolol add-on therapy, the median glucose was increased
from 90.5-94 mg/dl.

All analyses were initially conducted in the 367 participants in the derivation cohort. The
models were then assessed in the 368 participants in the validation cohort. For atenolol-
associated glucose change, the variables meeting the criteria in univariate analysis to be
carried forward (p<0.2) included baseline glucose (p<0.0001), baseline insulin (p=0.0009),
and baseline uric acid (p=0.11) (Table 2). Baseline glucose (p<0.0001, p = -0.30 mg/dl) was
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the only characteristic that remained significant in multiple linear regression analysis. Each
unit (in milligrams per deciliter) decrease in baseline glucose level was associated with a
0.30 mg/dl higher glucose change after atenolol therapy. This model explained 13.06% of
the variability in change in glucose in the derivation cohort.

For HCTZ-associated glucose change, variables that passed univariate analysis screening
included baseline glucose (p<0.0001), baseline insulin (p=0.013), baseline HDL (p=0.19),
duration of HCTZ therapy (p=0.17), and sex (p=0.0072) (Table 2). After stepwise multiple
linear regression, baseline glucose (p<0.0001) was the only variable to remain significant for
HCTZ-associated glucose change. Each mg/dl unit decrease in baseline glucose level was
associated with a 0.28 mg/dl increase in glucose change after HCTZ therapy. This regression
model explained 12.11% of the variability in change in glucose in the derivation cohort.

The correlation between the model-predicted versus actual glucose change in the validation
cohort was significant for atenolol and HCTZ (r = 0.48 for atenolol model; r = 0.29 for
HCTZ model; p<0.0001 for both models; Table 3; Figure 1). For both atenolol and HCTZ
treatment-associated glucose change, the average predicted change in glucose was within 0.3
mg/dl of the average observed change in glucose (Table 3).

Impaired Fasting Glucose after Atenolol or HCTZ Treatment

In the derivation cohort for atenolol treatment, 279 participants had baseline glucose of less
than 100 mg/dl, and 43 (15.4%) developed new-onset IFG (Figure S1). The univariate
logistic regression analysis for new-onset IFG after atenolol treatment resulted in age
(p=0.0071), black race (p=0.02), male sex (p=0.20), waist circumference (0.10), baseline
glucose (p=0.0002), insulin (p=0.073), potassium (p=0.049), and HDL cholesterol (p=0.19)
that were carried forward in the stepwise multiple logistic regression analysis (p<0.20; Table
4). After multiple logistic analysis, age (per year) (odds ratio [OR] 1.05, 95% confidence
interval [C1] 1.01-1.09, p=0.019) and baseline glucose (OR 1.11, 95% CI 1.04-1.17,
p=0.0005) were the only significant predictors for IFG after atenolol treatment. Every year
increase in age was associated with a 5% increased risk for IFG, and every unit increase in
baseline glucose (in mg/dl) was associated with 11% higher odds of developing IFG after
atenolol treatment. This logistic regression model was assessed in the validation cohort of
280 participants with baseline glucose of less than 100 mg/dl, the area under the ROC curve
was 0.77, and Hosmer-Lemeshow test of goodness-of-fit p value was 0.53, indicating a very
good fit of the model.

In the derivation cohort of the 269 participants treated with HCTZ with baseline glucose less
than 100 mg/dl, 41 (15.2%) developed new-onset IFG (Figure S1). As the result of the
univariate logistic regression analysis for new-onset IFG after HCTZ treatment, age
(p=0.052), waist circumference (p=0.0007), current smoking (p=0.11), baseline glucose
(p<0.0001), insulin (p=0.0017), potassium (p=0.0017), and HDL cholesterol (p=0.16) were
pulled into multiple logistic regression (p<0.20; Table 4). When evaluated through multiple
logistic regression, baseline glucose (OR 1.15, 95% CI 1.09-1.22, p<0.0001) and waist
circumference (per centimeter) (OR 1.03, 95% CI 1.01-1.07, p=0.018) remained as
significant predictors. Every unit increase in baseline glucose (in mg/dl) was associated with
15% higher odds of developing IFG; and every unit increase in waist circumference (in cm)
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was associated with 3% higher risk for developing IFG after HCTZ treatment. This model
was assessed in the validation cohort of 293 participants treated with HCTZ, the area under
the ROC curve was 0.71, and Hosmer-Lemeshow test of goodness-of-fit p value was 0.08.

Our analysis showed that baseline glucose is an important predictor of medication-
associated glucose change after treatment with either atenolol or HCTZ. Baseline glucose
was also predictive of development of IFG after treatment with either medication. In
addition, age was associated with IFG after atenolol treatment, and waist circumference was
associated with IFG after treatment with HCTZ. This provides the basis for covariates that
should be adjusted to identify genetic predictors for glucose change and IFG after treatment
with atenolol or HCTZ.

Studies have shown that even for individuals with normal fasting glucose, the risk for
diabetes increases as fasting glucose levels increase.32: 33 We have found that ~9 weeks of
exposure to atenolol or HCTZ was associated with a 2-3 mg/dl increase in the fasting
glucose value. We also found that the glucose increase following the combination therapy of
atenolol and HCTZ (in either order) was close to being additive (~4 mg/dl). Even though
this magnitude appears relatively small, long-term continuous exposure to these drugs could
have clinically significant consequences. In a study of more than 45,000 individuals with a
mean follow-up of 81 months, each mg/dl increase in fasting glucose was associated with a
6% higher risk for diabetes (hazard ratio 1.06, 95% CI 1.05-1.07).32 In the Multi-Ethnic
Study of Atherosclerosis, IFG was associated with a 13 times higher risk of type 2 diabetes
compared with normal fasting glucose.34 Due to the long-term nature of antihy-pertensive
treatment, it is important to identify predictors of glucose change and the risk of IFG. Our
data suggest that hypertensive patients at high risk of diabetes should avoid -blockers and
thiazide diuretics, especially in combination.

We found a lower baseline glucose value associated with a greater increase in glucose after
drug therapy. A study similar to the present study also found lower baseline glucose to be
significantly predictive of greater glucose increase in response to HCTZ. Another study
sought to evaluate clinical and genetic predictors of adverse metabolic effects after HCTZ
treatment. The researchers found a mean increase in glucose of 3.5 = 9.5 mg/dl, with ~11%
of the variation explained by clinical predictors that included African ancestry, lower
baseline glucose, and lower urinary sodium excretion. In our study, ~12-13% of the
variability in glucose change following antihypertensive treatment was explained by
baseline glucose.

Further, when we conducted the analysis for new onset of IFG, we found that higher
baseline glucose predicted higher risk of new-onset IFG after either atenolol (11% higher
risk for each unit increase) or HCTZ treatment (19% higher risk for each unit increase). This
is consistent with a recently published longitudinal study of healthy individuals reporting
higher baseline glucose level associated with higher risk of incident IFG, with each unit
increase in baseline glucose associated with a 16% higher risk.3°
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Data from PEAR suggest that lower baseline glucose predicted a greater change in glucose,
whereas higher baseline glucose predicted an increased risk of new-onset IFG. These
discrepancies emphasize two fundamental differences between measuring change in glucose
as a continuous variable or as a dichotomous value. As a continuous variable, the amount of
glucose increase may be more strongly associated with lower values. As a dichotomous
value, movement across the dichotomous cut point is greatest the closer the value is to a
threshold. Thus predictors of new-onset IFG represent more distinct research questions than
just an evaluation of the magnitude of drug-associated glucose change. These findings
suggest that baseline glucose is important in predicting adverse glycemic changes from
antihypertensive medications, whether the change is an elevation in glucose or overt IFG
development.

Our study has some relevant limitations that should be considered. An important aspect of
our analysis included combining atenolol or HCTZ monotherapy with add-on therapy
(+atenolol add-on or +HCTZ add-on, respectively) associated responses, irrespective of the
order the medications were given. Although it is possible that the order of medications
administered may have an impact on the degree of resulting glucose elevation, this did not
appear to be the case. The change in glucose was very similar between monotherapy and
add-on therapy; to our knowledge there are no data suggesting otherwise. Moreover, in the
clinical setting, these drugs are administered either alone or as add-on therapy. Additionally,
PEAR measured fasting glucose as opposed to oral glucose tolerance based on an oral
glucose tolerance test. Although serial oral glucose tolerance testing is an excellent way to
assess changes in glucose tolerance and insulin resistance,38 fasting glucose was sufficiently
sensitive to detect glycemic changes associated with antihypertensive medication during the
study period. Finally, although our sample size may have been smaller than previous studies
evaluating glucose change after antihypertensive medications,3’ we believe use of derivation
and validation cohorts strengthen our findings.

We found baseline glucose to be the strongest and most consistent predictor of atenolol-or
HCTZ-associated glucose change and new-onset IFG. Further study is warranted to establish
whether factors such as genetic polymorphisms may also predict glucose change following
treatment with these two classes of antihypertensives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Correlation between model-predicted glucose and actual change in validation after treatment
(a) after atenolol therapy; (b) after hydrochlorothiazide (HCTZ) therapy.
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Table 1
Baseline Demographics and Clinical and Laboratory Parameters
PEAR n=735  Derivation cohort n=367 Validation cohort n=368 p value?
Age, yrs 48.93£9.19 49.02 £9.38 48.85 £9.01 0.81
Male, % 47.08 47.14 47.01 0.97
African American, % 39.32 37.33 41.30 0.27
Waist circumference, cm 97.75 #13.10 97.61+£12.70 97.89+ 13.51 0.77
Drinks/wk 1.93 +4.03 2.05+4.29 1.80+£3.75 0.41
Current smoker, % 14.42 13.90 14.95 0.69
eGFR, ml/min/1.73 m?) 98.07 £ 21.44 98.69 + 23.38 97.46 + 19.31 0.44
Home SBP, mm Hg 145.83 +10.34 145.80 £9.72 145.85 + 10.94 0.95
Home DBP, mm Hg 93.78 +5.95 94.04 + 5.86 93.52 + 6.04 0.23
Pulse, bpm 77.45+9.40 77.48 +8.99 77.41+9.80 0.92
Glucose, mg/di 91.12 +11.38 91.49 + 11.61 90.74 + 11.16 0.37
Insulin, HU/mI 9.16 + 8.03 9.01 +8.26 9.31+7.80 0.61
Uric acid, mg/di 559+ 1.44 5.59 + 1.45 559+ 1.43 0.99
Potassium, mEg/L 4.26 £0.43 4.25+0.42 4.27£0.44 0.50
Total cholesterol, mg/dI 194.28 + 35.64 193.37 + 35.61 195.19 + 35.69 0.49
Triglyceride, mg/dl 126.24 +91.29 131.90 + 102.60 120.58 + 78.12 0.093
HDL, mg/dl 49.37 £ 14.15 48.63 £ 13.19 50.10 + 15.04 0.16
LDL, mg/dl 120.28 + 30.63 119.44 + 30.89 121.10 + 30.39 0.47

Continuous variables are presented as mean + SD; categorical variables are presented as percentages.

Page 12

bpm = beats per minute; DBP = diastolic blood pressure; eGFR = estimated glomerular filtration rate; HDL = high-density lipoprotein; LDL = low-

density lipoprotein; PEAR = Pharmacogenomic Evaluation of Antihypertensive Responses; SBP = systolic blood pressure.

a“I'he p value compares between derivation and validation cohorts; continuous variables were compared with t test, and categorical variables were

compared with X2 test.
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Table 2
Univariate Analysis for Atenolol- or Hydrochlorothiazide-Induced Change in Glucose in

the Derivation Cohorts

Atenolol (n=355) Hydrochlorothiazide (n=352)

Predictor measured B+SE pvalue B+ SE p value
Age, yrs 0.01 +0.06 0.88 0.05+0.05 0.36
Sex, male 0.45+1.08 0.68 -2.68 £ 0.99 0.0072
Race, African American -093+1.11 0.40 1.16 +1.03 0.26
Assignment, atenolol 0.88 £ 1.08 0.41 -0.01+1.00 0.99
Duration of therapy, days 0.01+0.03 0.73 -0.05 + 0.04 0.17
Waist circumference, cm -0.01 +0.04 0.82 0.03+0.04 0.43
Drinks/week 0.01+0.12 0.95 -0.11+0.12 0.32
Current smoker, % 1.30+1.58 0.41 -0.72+1.45 0.62
eGFR, ml/min per 1.73 m? 0.02 +0.02 0.29 0.01 +0.02 0.73
Home SBP, mm Hg 0.04 +0.05 0.43 0.01 +0.04 0.81
Home DBP, mm Hg -0.01 +0.08 0.99 0.03 +0.06 0.56
Pulse, bpm 0.01 +0.06 0.94 -0.04 +0.05 0.50
Pretreatment glucose, mg/dl  -0.31+0.04 <0.0001 -0.28 +£0.04 <0.0001
Insulin, HU/ml -0.17 £0.05  0.0009 -0.17 £ 0.07 0.013
Uric acid, mg/dl -0.51+0.32 0.11 -0.16 +0.35 0.65
Potassium, mEq/L 0.44 +1.15 0.70 -0.11+1.18 0.93
Total cholesterol, mg/dl 0.01+0.01 0.59 0.01+0.01 0.50
Triglyceride, mg/dl 0.01+0.01 0.47 -0.01 +0.01 0.65
HDL, mg/dl —-0.03 £ 0.04 0.39 0.05+0.04 0.19
LDL, mg/dl 0.01+0.02 0.93 0.02 +0.02 0.29

DBP = diastolic blood pressure; eGFR = estimated glomerular filtration rate; HDL = high-density lipoprotein; LDL = low=density lipoprotein; SBP
= systolic blood pressure; SE = standard error.
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Table 3
Correlation between Model-Predicted Medication-Associated Glucose Change and Actual

Medication-Associated Glucose Change in Validation Cohort

Mean SD Minimum  Maximum
ATEN
Predicted A glucose, mg/dl  2.20 3.62 -11.22 12.86
Actual A glucose, mg/dI 2.14 9.51 -24.00 36.50
R 0.48
p value <0.0001
Y =30.23 - 0.30 x baseline glucose
HCTZ
Predicted A glucose, mg/dl  2.17 296 -11.36 11.49
Actual A glucose, mg/dl 2.42 9.54 -32.00 40.00
R 0.29
p value < 0.0001

Y =27.65 - 0.28 x baseline glucose

ATEN = atenolol; HCTZ = hydrochlorothiazide.
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