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1 | BACKGROUND

Fan BuPhD?2 | MartijnJ. Schuemie PhD>* |
| George Hripcsak MD, MS*

Abstract

Previous work comparing safety and effectiveness outcomes for new initiators of
angiotensin converting-enzyme inhibitors (ACEi) and thiazides demonstrated more
favorable outcomes for thiazides, although cohort definitions allowed for addition of
a second antihypertensive medication after a week of monotherapy. Here, we mod-
ify the monotherapy definition, imposing exit from cohorts upon addition of another
antihypertensive medication. We determine hazard ratios (HR) for 55 safety and effec-
tiveness outcomes over six databases and compare results to earlier findings. We find,
for all primary outcomes, statistically significant differences in effectiveness between
ACEi and thiazides were not replicated (HRs: 1.11, 1.06, 1.12 for acute myocardial
infarction, hospitalization with heart failure and stroke, respectively). While statistical
significance is similarly lost for several safety outcomes, the safety profile of thiazides
remains more favorable. Our results indicate a less striking difference in effectiveness
of thiazides compared to ACEi and reflect some sensitivity to the monotherapy cohort

definition modification.

KEYWORDS
angiotensin-converting enzyme inhibitor, anti-hypertensive therapy, comparative effectiveness,
diuretic, hypertension, monotherapy, thiazide

for the class of thiazides and thiazide-like diuretics, referred to as
“thiazides” throughout, compared to angiotensin converting-enzyme

Current guidance for specific first-line antihypertensive medication is
limited, based largely on expert opinion due to lacking clinical trials
comparing various medications and drug classes.! Previously, Suchard
et al.2 generated hazard ratios (HR) comparing risks for new initiators
of different drug classes for various safety and effectiveness outcomes

with evidence demonstrating better primary effectiveness and safety

inhibitors (ACEi).

This comparison left open the possibility for one initiator group
to more frequently have a second antihypertensive medication added
after one week of monotherapy, potentially biasing results. We there-
fore adjusted the definition for monotherapy cohorts to impose exit

from the cohort upon the start of any additional antihypertensive
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medication. We calculated hazard ratios for 55 safety and effective-
ness outcomes comparing cohorts on monotherapy thiazides and ACEi
across six databases. We compared our findings to those of Suchard
et al.2 to assess the impact of the modified monotherapy cohort def-
initions on effect sizes and evaluation of thiazides compared to ACEi
for first-line hypertension treatment.

2 | METHODS

A retrospective new-user cohort design®* was used to estimate
propensity-score® adjusted hazard ratios for three primary, six sec-
ondary and 46 safety outcomes comparing monotherapy drug classes
of thiazides and ACEi. The primary effectiveness outcomes are acute
myocardial infarction (AMI), hospitalization for heart failure (HF), and
stroke. The secondary effectiveness outcomes are cardiovascular-
related mortality, ischemic stroke, hemorrhagic stroke, heart failure,
sudden cardiac death, and chest pain or angina. The safety outcomes
include hypertension medication side effects and can be noted in the
study protocol.?

Criteria for inclusion in monotherapy treatment cohorts of either
thiazides or ACEi were defined to include patients initiating a sin-
gle hypertension treatment from either class, with the index date as
the day treatment starts for the first time in the person’s history.
For each outcome, patients with an event prior to treatment initia-
tion are excluded. Exit is imposed from the cohort upon start of an
additional hypertension treatment. Patient time at risk is defined as
on-treatment, following patients from the index date until treatment
or their record ends. Cohorts and the study package were created in
ATLAS,® based on cohort definitions from the protocol and software
from Suchard et al. when available.

Large-scale propensity score?>’ models were created for each
database using regularized regression over a large set of baseline
patient characteristics. Hazard ratios were determined by Cox propor-
tional hazard models and propensity-score stratification, which were
assessed for balance and equipoise.®

The study was conducted using the open-source Observational
Health Data Science and Informatics (OHDSI) CohortMethod
R package. Further details on cohort definitions, code and
data summary are available at: https:/github.com/ohdsi-
studies/LegendHtnTrueMonotherapy.

Analyses were performed across six observational databases
including four administrative claims and two electronic health record
(EHR) databases, earlier versions of which were analyzed in Suchard
et al? All databases are part of the OHDSI distributed data
network® and standardized to OHDSI’s Observational Medical Out-
comes Partnership common data model. The claims databases are: IBM
MarketScan Commercial Claims and Encounters (CCAE), Optum’s de-
identified Clinformatics® Data Mart Database (Optum Clinformatics),
IBM MarketScan Medicare Supplemental Beneficiaries (MDCR), and
IBM MarketScan Multistate Medicaid (MDCD). The EHR databases

2 https:/github.com/ohdsi-studies/LegendHtnTrueMonotherapy/blob/main/documents

are: Optum® de-identified Electronic Health Record dataset (Optum
EHR), and Columbia University Irving Medical Center (CUIMC). All
data partners had prior Institutional Review Board approval or exemp-
tion for their participation.

3 | RESULTS

Across all databases, longitudinal data from 4 601 675 patients with
a first exposure to either thiazides or ACEi, and at least 365 days of
prior observation, were available. Of these patients, 61.1% initiated
ACEi. CCAE and Optum EHR contributed the most records at 37.3%
and 33.7%, respectively.

Calculated HRs under the modified study design were compared
to those of the original study.?2 We performed one meta-analysis over
results from the six databases included in our analysis, and one over
the results from earlier versions of these databases included in the
2019 study.?2 The magnitudes of the HRs and confidence intervals (Cl)
for the meta-analyses of the original and modified study designs for all
outcomes can be found in Figure 1 and Table 1.

The differences between the HRs of the meta-analyses for the mod-
ified monotherapy and original study designs were not statistically
significant at a 5% level for all but one of 55 outcomes, acute renal
failure (safety outcome; p = .02). For this outcome, while the original
study showed a significant increase in risk for patients on ACEi com-
pared to thiazides (HR = 1.34 [95% CI: 1.12-1.59]), our analyses failed
to show a significant difference (HR = 1.03[95% Cl: 0.89-1.19]), which
more closely aligns with prior knowledge of associated outcomes. For
the safety outcomes of cough (HR = 1.35 [95 % CI: 1.20-1.53]) and
angioedema (HR = 2.98 [95% Cl: 2.29-3.87]), known side effects of
ACEi, hypokalemia (HR = 0.36 [95% Cl: 0.2780-0.47]), a known side
effect of thiazides, and hyperkalemia (HR = 1.72[95% Cl: 1.47-2.00])
known to show an inverse relationship of hypokalemia, the HRs of the
two study designs either remained consistent or showed a stronger
relationship and greater alignment with prior knowledge in the modi-
fied study compared to the original. Such consistencies lend credibility
to the findings of the modified study design.

For all three primary outcomes, the HR moved considerably towards
the null and failed to show significant differences for ACEi compared
to thiazides (AMI: HR = 1.11 [95% CI: 0.97-1.27]; hospitalization with
HF: HR = 1.06 [95% CI: 0.91-1.22]; stroke: HR = 1.12 [95% CI: 1.00-
1.23]), despite the 2019 study demonstrating a statistically significant
difference for all three primary outcomes (AMI: HR = 1.22 [95% ClI:
1.05-1.39]; hospitalization with HF: HR = 1.21 [95% ClI: 1.04-1.40];
stroke: HR = 1.22 [95% Cl: 1.05-1.41]). Note that the differences
between the HR of the two study designs for AMI, hospitalization
with HF, and stroke, were not statistically different from each other
(p-values: .36,.16, .36, respectively).

Our study showed a significantly lower risk for thiazides for only
two secondary effectiveness outcomes: cardiovascular-related mor-
tality and hemorrhagic stroke. For nine of the safety outcomes that
showed a statistically significant difference in risk under the original

study design, the modified study failed to replicate significance. Under
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Legend
Magnitudes and confidence intervals for log hazard ratios for meta-analyses over six databases from the 2019 (Original) and

FIGURE 1
current (True monotherapy) study for all outcomes.

our analysis, thiazides showed a statistically significant benefit for 10
safety outcomes, compared to ACEi which demonstrated such benefit

for four safety outcomes.
at-risk, we compared days-at-risk for each outcome included in the
present and 20192 studies and found similarity in values. For AMI, for
example, the summary median days-at-risks over all databases for the

To evaluate whether changes in HRs were due to shortened times-
target and comparator populations were 534 (IQR: 215-2624) and 490

® Original Calibrated HR
safety profile still favors thiazides over ACEi, with thiazides demon-
strating a significantly lower risk for a greater number of safety

outcomes, compared to ACEi namely, acute pancreatitis, all-cause
mortality, angioedema, cough, dementia, diarrhea, gastrointestinal

bleeding, hyperkalemia, hypotension, and vomiting.
Generally, our results show some consistency with those of Suchard

etal.2; the HRs calculated under our modified study design do not differ
substantially from those determined in the original study for all but one
outcome. However, the difference in statistically significant results do

suggest some sensitivity to the cohort definition modification.
Still, where little differences between classes of other antihy-

pertensive medications for safety and effectiveness outcomes were

(IQR: 181—-2403) respectively in the present study compared to 656
previously observed,? the significantly reduced risk for several safety

(IQR: 275-3462) and 694 (IQR: 258-3536) in the 2019 study.?

4 | DISCUSSION
The new monotherapy definition resulted in estimates for the three
primary outcomes that, while lacking significantly shifted confidence
intervals relative to the first study’s? results, were no longer sta-
tistically significant. Two secondary outcomes, cardiovascular-related
mortality and hemorrhagic stroke, were consistent, favoring thiazides.
While there may still be small differences in effectiveness between

ACEi and thiazides, our adjusted monotherapy cohort definitions result
in evidence failing to show a striking distinction. Nevertheless, the

outcomes for thiazides compared to ACEi are noteworthy. More than

40 million people take ACEi? and the implication for reduction of side
effects and improved safety for changing prescribing patterns is conse-
quential. While we recognize dual therapy is more common, knowing

the effect of individual drugs is still informative.
One limitation of the study is that it was executed on different ver-
sions of the databases due to the passage of time since the original

study. We do not expect major changes in drug outcomes and side

effects over the past three years.
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TABLE 1 Magnitudes, lower and upper 95% confidence interval (Cl) bounds, and p-values for hazard ratios for meta-analyses over six
databases from the 2019 study and current (True monotherapy) study for all outcomes.

2019 Study Current true monotherapy study
Outcome Outcome type p-value HR ClLower ClUpper p-value HR ClLower ClUpper
Acute myocardial infarction Primary effectiveness .01 121 1.05 1.39 .10 1.11 0.98 1.27
Hospitalization with heart failure Primary effectiveness .01 1.21 1.04 1.40 49 1.05 0.91 1.22
Stroke Primary effectiveness .01 1.22 1.05 1.42 .06 1.12 1.00 1.27
Cardiovascular-related mortality Secondary effectiveness .00 1.36 1.12 1.65 .04 1.24 1.01 1.51
Chest pain or angina Secondary effectiveness .16 1.09 0.97 1.24 43 1.05 0.93 1.17
Heart failure Secondary effectiveness .08 1.13 0.99 1.31 .66 1.03 0.89 1.20
Hemorrhagic stroke Secondary effectiveness .00 1.34 1.10 1.64 .00 1.29 1.09 1.51
Ischemic stroke Secondary effectiveness .01 121 1.04 141 .08 1.11 0.99 1.26
Sudden cardiac death Secondary effectiveness .21 1.12 0.94 1.33 .39 1.09 0.89 1.34
Abdominal pain Safety .02 1.16 1.02 131 A2 110 0.98 1.23
Abnormal weight gain Safety .05 0.88 0.78 1.00 .00 0.80 0.71 0.91
Abnormal weight loss Safety .05 1.14 1.00 1.30 .13 1.09 0.97 1.23
Acute pancreatitis Safety .15 1.15 0.95 1.38 .00 1.22 1.07 1.39
Acute renal failure Safety .00 1.33 1.12 1.59 74 1.02 0.89 1.19
All-cause mortality Safety .00 1.29 1.11 1.50 .02 1.17 1.02 1.34
Anaphylactoid reaction Safety .20 1.20 0.91 1.57 12 1.18 0.96 1.46
Anemia Safety .08 1.13 0.99 1.29 .83 101  0.90 1.14
Angioedema Safety .00 242 1.74 3.36 .00 298 229 3.87
Abnormal weight gain Safety .05 0.88 0.78 1.00 .00 0.80 0.71 0.91
Anxiety Safety 44 1.05 0.93 1.19 .34 106 0.94 1.19
Bradycardia Safety .06 1.13 1.00 1.29 .07 1.15 0.99 1.33
Cardiac arrhythmia Safety 31 1.07 0.94 1.21 .54 1.04 0.92 1.16
Cardiovascular disease Safety .01 1.21 1.05 1.38 12 1.10 0.98 1.25
Chronic kidney disease Safety .07 1.16 0.99 1.36 .37 1.06 0.93 1.21
Cough Safety .00 1.42 1.25 1.61 .00 135 1.20 1.53
Decreased libido Safety .80 1.02 0.88 1.17 .60 1.03 0.91 1.17
Dementia Safety .01 1.20 1.04 1.39 .02 1.17 1.03 1.33
Depression Safety .33 1.07 0.94 1.21 37 1.05 0.94 1.19
Diarrhea Safety .00 1.24 1.10 141 .00 1.19  1.06 1.35
End stage renal disease Safety .29 1.23 0.84 1.80 49 1.11 0.83 1.48
Fall Safety .23 1.09 0.95 1.26 .10 112 098 1.27
Gastrointestinal bleeding Safety .00 1.25 1.09 143 .02 1.15 1.02 1.30
Gout Safety .08 0.88 0.77 1.02 .00 083 0.74 0.94
Headache Safety .64 1.08 0.91 1.16 .73 102 091 1.15
2019 study Current true monotherapy study
Outcome Outcome type p-value HR ClLower ClUpper p-value HR ClLower  ClUpper
Hepatic failure Safety .37 0.92 0.76 1.11 81 102 0.87 1.20
Hospitalization with preinfarction  Safety .01 1.21 1.06 1.39 .06 1.14 0.99 1.31
syndrome
Hyperkalemia Safety .00 1.70 1.46 1.98 .00 1.72 1.47 2.00
Hypokalemia Safety .00 0.33 0.23 0.47 .00 036 0.27 0.47
Hypomagnesemia Safety 26 0.91 0.77 1.07 .05 0.86 0.74 1.00
Hyponatremia Safety .03 0.85 0.73 0.99 .02 0.83 0.71 0.97

(Continues)
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TABLE 1 (Continued)
2019 study Current true monotherapy study

Outcome Outcome type p-value HR ClLower ClUpper p-value HR ClLower  Cl Upper
Hypotension Safety .00 1.39 1.22 1.58 .00 1.26 1.08 1.46
Impotence Safety .85 0.99 0.86 1.13 91 1.00 0.89 1.12
Malignant neoplasm Safety 77 1.02 0.90 1.16 .92 1.00 0.89 1.12
Nausea Safety .04 1.14 1.01 1.29 .13 1.09 0.97 1.23
Neutropenia or agranulocytosis Safety .02 1.18 1.02 1.37 49 1.05 0.92 1.20
Rash Safety .33 0.94 0.83 1.06 .66 098 087 1.09
Rhabdomyolysis Safety .58 1.06 0.87 1.30 79 098  0.82 1.16
Syncope Safety .23 1.08 0.95 1.23 .86 101  0.90 1.14
Thrombocytopenia Safety .02 1.17 1.02 1.33 14 1.10 0.97 1.24
Transient ischemic attack Safety .01 1.28 1.07 1.53 .08 1.12 0.99 1.26
Type 2 diabetes mellitus Safety 40 1.06 0.93 1.20 21 108  0.96 1.22
Vasculitis Safety 48 1.08 0.87 1.36 .78 104 081 1.32
Venous thromboembolic events Safety .19 1.10 0.96 1.26 .60 1.03 0.92 1.17
Vertigo Safety 74 0.98 0.86 1.12 11 0.90 0.79 1.02
Vomiting Safety .00 121 1.06 1.37 .03 1.14 1.01 1.29

Statistically significant results are in bold.

5 | CONCLUSIONS

In this study, hazard ratios were determined for 55 outcomes to com-
pare the safety and effectiveness of ACEi and thiazides with a modified
cohort definition for monotherapy treatment and results are compared
to Suchard et al.2 Statistically significant differences in effectiveness
between ACEi and thiazides were not replicated for all three primary
outcomes, although the shift in confidence intervals relative to Suchard
et al.2 was not significant. Despite several safety outcomes similarly
lacking statistically significant differences in our analysis, the safety
profile of thiazides compared to ACEi still remained more favorable.
Overall, our results indicate a less striking difference particularly with
regards to effectiveness of thiazides compared to ACEi and our find-
ings reflect some sensitivity to the monotherapy cohort definition
modification.
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