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I. INTRODUCTION

Since the early stages of the bellwether selection process, the Court has

been explicit that an essential goal is to select plaintiffs who are representative of the

bellwether pool as a whole, and productive for both pretrial and trial purposes. To be

sure, the Court also has preserved a place for attorney preference. But the Court has

consistently carved out a role for itself as the arbiter who can assure that judicial interests

in fair and effective management of the MDL claims as a whole are served as well.

Those interests militate in favor of selecting bellwethers whose claims reflect key cross-

cutting issues and whose case-specific facts and personal demographic characteristics are

not so distinctive that they don’t represent the pool of claimants. This balanced approach

was articulated by the Court last August and has been followed since. In particular, the

Court emphasized the importance of identifying a “representative” pool of bellwether

cases reflecting “issues that are going to affect lots of cases” that would, in turn, “get

litigated pretrial.” (Aug. 18, 2015 Hr’g Tr. at 30:23-31:8.)

As the number of discovery bellwethers has now decreased from 32 to 24,

and the number of trial bellwethers from up to 12 to 8, this makes representativeness of

the selected cases all the more important. At the same time, the discovery process has

produced substantial data, which can be used to evaluate the candidates carefully to that

end. AbbVie therefore proposes that the eight cases be selected to ensure

representativeness.

Mirroring the selection of the discovery bellwethers last year, AbbVie Inc.

and Abbott Laboratories (together “AbbVie”) below propose 3 cardiovascular injury

(“CV”) and 3 thromboembolic clotting injury (“Clot”) bellwether cases to be used in
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filling 2 of 4 CV and 2 of 4 Clot trial slots. Also consistent with last year’s process and

the Court’s July 21, 2016 Minute Order (Docket No. 1398) (“July 21 Minute Order”),

AbbVie identifies 4 non-representative “outlier” CV cases and 5 outlier Clot cases. The

balance of 9 cases that are neither proposed nor identified as outliers comprise cases that

are, by AbbVie’s assessment, to varying degrees favorable as trial candidates and

representative of the pool. AbbVie cannot fairly say they are outliers and should not be

available for selection by the Court or by Plaintiffs to fill 2 of 4 CV and 2 of 4 Clot cases.

They too are described below. AbbVie also has furnished a summary table, attached as

Exhibit A, which might be useful in keeping track of AbbVie’s assessment.

II. PROCEDURAL BACKGROUND

The request for proposals regarding discovery bellwether case

selection. Over a year ago, Amended Case Management Order (“CMO”) No. 14

required the parties to propose a process for selecting AbbVie-only plaintiffs in two types

of cases that would proceed to bellwether discovery: (1) those involving thromboembolic

clotting injuries (“Clot cases”); and (2) those involving cardiovascular injuries (“CV

cases”). (Docket. No. 793.) The stated goal was to “ensure fairness to all parties” and to

“maximize the likelihood that the bellwether selection and trial process will be both

representative and productive.” (Id. at 1.) The process was to result in the selection of 32

discovery bellwethers divided evenly among CV and Clot cases. At that time, six of the

discovery bellwether cases were contemplated to be selected for initial trials. (Id. at 4-5.)

The parties’ proposals. The parties’ proposals for the selection process

reflected two substantially different approaches. (See Docket Nos. 932, 933.) Plaintiffs

proposed that the attorneys should have unfettered discretion to choose all 32 discovery
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bellwether cases from the set of cases filed on or before June 15, 2015, so long as a

Plaintiff Fact Sheets had been timely completed. Plaintiffs’ proposal thus contemplated

no mechanism whatsoever for ensuring that the bellwether process would be

representative or productive.

By contrast, AbbVie proposed that the discovery bellwether selection

process should be “guided by data, use available statistical methods, and apply objective

criteria.” (Docket No. 932 at 2.) AbbVie also urged that the Court should be involved in

the selection of the discovery bellwethers—not merely advocates. (Id.) Specifically,

AbbVie recommended a random selection technique be adopted by the Court to identify

32 discovery bellwether cases reflecting key cross-cutting issues and demographic

characteristics representative of the larger claimant pool, issues, and demographics. (Id.

at 932-1 at 2-3.) The trial bellwethers would then later be selected by counsel.

The Court’s decision on process. After considering these proposals, the

Court directed the parties to first randomly select 100 cases from the pool of more than

470 “AbbVie-only” cases, and then select from that 100 a subset of 32 bellwether

discovery cases based on case categories identified by the parties. (Aug. 18, 2015 Hr’g

Tr. at 86:5-17, 87:1-24, 89:20-90:21.) To the extent that the parties could not agree on

the pool of 32 cases, the Court would “arbitrate those disputes and make any final

decision.” (Id. at 69:21-70:9.) The Court again emphasized the importance of

identifying a “representative” pool of cases and reiterated its expectation that as part of

the bellwether process, “issues that are going to affect lots of cases are going to come up

and are going to get litigated pretrial” so that “[we] will have that information.” (Id. at
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30:23-31:8, 84:14-15 (“I agree that it’s important to do it right, and ‘right’ means getting

something that’s representative.”).)

The parties select the discovery bellwether pool. The parties went on to

select 100 cases at random, and each side submitted their proposed slates of sixteen

bellwether discovery cases on November 2, 2015. (Docket No. 1038 at 6; Docket

No. 1039 at 4-5.) Each proposed slate included eight CV cases and eight Clot cases.

On November 12, 2015, the Court heard the parties’ proposals and

objections to candidates on representativeness grounds. By the end of the process, 32

discovery bellwether cases had been selected and the parties were able to commence

“core bellwether discovery.” (Docket No. 793 at 5.)

The Court proposes increasing the number of trial bellwethers.

During the November 12, 2015 hearing, the Court also took up AbbVie’s proposal to

amend CMO No. 9 increasing the number of trial bellwethers to 16. (Nov. 12, 2015 Hr’g

Tr. at 49:8-51:6.) This would better enable expert discovery, dispositive motion practice,

and ultimately trial, as needed, that adequately covered cross-cutting issues. (Id.) At the

hearing, the Court expressed concern that six bellwether trials might not be sufficient for

these purposes and thus agreed to double the number of trial bellwethers from six to up to

twelve. (Id. at 69:7-70:16.) The Court’s proposed change was intended to “increase the

likelihood of getting decisions on more [cross-cutting] issues further down the road when

we get to the Daubert [and] summary judgment stage.” (Id.; see also Second Amended

CMO 14 at 3 (Docket No. 1089).)

The pool of discovery bellwethers decreases. By the Spring, however,

the pool of discovery bellwethers shrank and with this, the number of trial bellwethers
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was decreased as well. In April 2016, AbbVie informed the Court that, upon reviewing

medical records not previously provided, it discovered that a number of the 32 current

bellwether plaintiffs had used testosterone therapy products other than AndroGel prior to

their alleged injuries. (Docket No. 1242 at 11-12.) Accordingly, the Court excluded six

of these cases from the bellwether trial pool and left two cases “subject to later

exclusion.” (Docket No. 1268.) The Court also made clear that mixed use cases should

not be included in the bellwether pool. (Apr. 13, 2016 Hr’g Tr. 19:13-21 (“[W]hat I

decided to do after hearing -- having briefs and after hearing argument was, no, we’re just

going to have this first round be people that just used AbbVie’s product because I didn’t

think it would -- I thought it would complicate things and make it harder to get a

representative sample if we introduced a complicating factor. . . . I mean, I don’t know

what a jury is going to think about that. Let’s get all of that out. That was the

decision.”).) The parties subsequently agreed jointly to remove additional cases from the

bellwether pool for similar reasons, leaving 24 cases. (See Joint Status Report, July 22,

2016 (Docket No. 1400); Joint Status Report, May 26, 2016 (Docket No. 1320).)

At the same time that the Court reduced the number of bellwether cases, it

also reduced the number of bellwether trials from up to twelve to eight to ensure that the

bellwether discovery, pre-trial briefing, and trial schedule would not be extended further.

(See CMO No. 29 at 1-2 (Docket No. 1270); see also Third Amended CMO 14 at 3

(Docket No. 1287).)

III. REPRESENTATIVENESS SHOULD BE JUDGED
BY REFERENCE TO THE POOL OF 100

The parties have now completed core discovery, including production of

dozens of AbbVie custodial files, and depositions of 22 plaintiffs, 24 prescribers, 5
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treaters, and 28 sales representatives (as well as 20 headquartered employees). As

provided by CMO 14, this discovery process was “designed to provide information to

enable the parties to assess the larger pool of cases” and “to provide information to the

Court to enable the Court to select which cases shall serve as the first bellwether trials.”

(Third Amended CMO 14 at 3 (Docket No. 1287).) The best and perhaps only

benchmark for that assessment is the randomly selected pool of 100 cases. (Aug. 18,

2015 Hr’g Tr. at 84:14-86:4, 89:20-90:21 (discussing random selection of 100 cases

against the whole pool as method for ensuring representativeness); see also Nov. 12,

2015 Hr’g Tr. at 53:19-54:21.)

A. Cross-Cutting Issues from the Pool of 100 Should Be Reflected
in the Trial Bellwether Cases to Ensure Productive Bellwether Trials

Using the pool of 100 as a benchmark requires characterizing the 100

claimants according to criteria that then can be applied to the proposed trial bellwethers.

Again, this mirrors the selection of the 32 discovery bellwethers. See supra Section II.

As then, the cross-cutting issues should be used. Since the discovery bellwether

selection, AbbVie has used the allegations in the Complaint, the data reflected in Plaintiff

Fact Sheets, and the medical records and testimony obtained during core discovery to

reduce its cross-cutting issues to focus on nine key groups that not only drive the

resolution of factual and legal issues in the bellwether cases, but also are broadly

represented in the pool of 100. Based on the information available to AbbVie at this

time, the key cross-cutting issues broadly reflected in the pool of 100 plaintiffs are:

1. CV Medical Causation Groups

• Group 1: Plaintiff under 65 with history of prior CV disease (17 plaintiffs,
26% of CV cases).
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• Group 2: Plaintiff under 65 with no known history of prior CV disease
(31 plaintiffs, 48% of CV cases).

2. CV Warning Groups

• Group 3: Plaintiff’s alleged CV injury occurred prior to publication of the
first study to suggest a possible risk on July 8, 2010 (33 plaintiffs, 50% of
CV cases).

• Group 4: Plaintiff’s alleged CV injury occurred after July 8, 2010 but
before publication of the second study to suggest a possible risk on
November 6, 2013 (29 plaintiffs, 45% of CV cases).

3. Clot Medical Causation Groups

• Group 5: Plaintiff had hematocrit level below 50% at the time of injury
(22 plaintiffs, 61% of clot cases).

4. Clot Warning Groups

• Group 6: Plaintiff’s alleged clot injury occurred between December 2007
labeling and April 2011 labeling (4 plaintiffs, 11% of clot cases).

• Group 7: Plaintiff’s alleged clot injury occurred after April 2011 labeling
(30 plaintiffs, 83% of clot cases).

5. The Special Population of Plaintiffs 65 or
Older at Time of First Prescription

• Group 8: Plaintiff first prescribed AndroGel when 65 years old or older in
December 2007 or thereafter when a special population language was
added for such older men in labeling (16 plaintiffs, 16%).

6. Marketing Group

• Group 9: Plaintiff first prescribed AndroGel after the first disease-state
awareness television commercial aired in May 2009 (74 plaintiffs, 74%).

IV. ABBVIE PROPOSAL

As indicated at the outset, AbbVie proposes that the Court identify the 8

bellwether trials using an approach that closely follows the one it adopted in selecting the

discovery bellwethers. Again, each side should propose half of the cases in each of the

two disease categories, taking care to select cases that are representative of the underlying

pool of 100 cases. Recognizing that the Court may disagree with the parties’ selections
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or that there could be overlap between AbbVie’s selections and Plaintiffs’, AbbVie has

proposed 3 CV and 3 Clot cases. Based upon the Court’s review, it will reduce the

AbbVie proposal to 2 of each.

Consistent with the selection of discovery bellwethers (and as suggested in

the July 21 Minute Order), the Court should again act as the arbiter of representativeness.

AbbVie suggests that the Court consider the following in conducting its review.

Factual setting for the review. First, as this Court has recognized, a

smaller number of trial bellwethers makes it inherently more difficult to test and generate

pre-trial decisions on key cross-cutting issues. (See, e.g., Nov. 12, 2015 Hr’g Tr. 70:5-16

(increasing the number of trial bellwether cases from 6 to 12 in order to “increase the

likelihood of getting decisions on more [cross-cutting] issues further down the road when

we get to the Daubert [and] summary judgment stage.”).) Although the discovery

process has been robust, it remains the case that a process that was previously designed to

involve a pool of 32 leading to a set of up to 12 trials must now apply to a reduced pool

of 24 leading to only 8 trials.

Second, Plaintiffs still necessarily have superior knowledge of their own

cases. This has been manifest in proceedings to date. For example, as described further

above, AbbVie learned only several months into the fact discovery process that a number

of the bellwether plaintiffs had used testosterone therapy products other than AndroGel

prior to their alleged injuries—a fact that should have disqualified these plaintiffs at the

outset. Although the parties have completed substantial discovery to date, because of the

limited nature of core discovery, including the number of depositions that were

practically feasible during the allotted time period and the lack of expert discovery, the
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playing field remains unbalanced. The imbalance also was compounded by Plaintiffs’

access to the prescribers and treaters outside of depositions. (Docket No. 1209.)

Third, the developing science underscores the importance of the cross-

cutting issues identified by the parties. For example, a recent retrospective cohort study

of 83,010 male veterans reported fewer heart attacks in men with low testosterone levels

who were treated with TRT. R. Sharma et al., Normalization of Testosterone Level is

Associated with Reduced Incidence of Myocardial Infarction and Mortality in Men, 36

Eur. Heart J. 40, 2706-15, 2714 (Aug. 2015) (Exhibit B); id. at 2714 (“Results from our

present study suggest that in men without a history of previous [myocardial infarction] or

stroke who have low [testosterone] levels, TRT might be associated with decreased risks

of [myocardial infarction], ischaemic stroke, and all-cause mortality in long-term follow-

up.”).

Another recent study published in the New England Journal of Medicine

examining the effects of testosterone therapy in men 65 years or older based on results

from the Testosterone Trial (“T-Trial”) reported positive benefits with respect to sexual

function and mood and depressive symptoms. P.J. Snyder et al., Effects of Testosterone

Treatment in Older Men, 374 New Eng. J. Med. 7, 611-24, 611 (Feb. 2016) (Exhibit C).

The study also reported that the number of major cardiovascular events in the treatment

and placebo group was the same (seven) during the treatment period. Id. at 616 (further

reporting that during the subsequent year, two men in the treatment group and nine men

in the placebo group had major cardiovascular events). Based on these results, the study

authors concluded that there was no pattern of increased cardiovascular risk associated
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with testosterone treatment, though they acknowledged that the T-Trial “was too small to

exclude other than a large increase.” Id. at 622.

With respect to thromboembolic clotting injuries, a retrospective cohort

study of more than 100,000 men treated with testosterone therapy published in October

2015 reported: “No significant association was found between [exogenous testosterone

therapy] and incidents of idiopathic or overall [venous thrombotic events] in men with

hypogonadism.” H. Li, et al., Association between Use of Exogenous Testosterone

Therapy and Risk of Venous Thrombotic Events among Exogenous Testosterone Treated

and Untreated Men with Hypogonadism, 195 J. Urology 4, 1065-72 (Oct. 2015)

(accepted manuscript) (Exhibit D); see also R. Sharma, et al., Association between

Testosterone Replacement Therapy and the Incidence of Deep Vein Thrombosis and

Pulmonary Embolism: A Retrospective Cohort Study of the Veterans Administration

Database, CHEST (2016), doi: 10.1016/j.chest.2016.05.007 (accepted manuscript)

(reporting that study “did not detect a significant association between testosterone

replacement therapy and risk of DVT/PE in adult men with low [testosterone] who were

at low-moderate baseline risk of DVT/PE”) (Exhibit E).

These developments underscore the importance of using the pretrial

litigation to present the full picture of the relevant, reliable science on these issues.

Methodology. The Court’s July 21 Minute Order directed the parties to

state the reasons why the bellwethers they do not propose are “not representative or

otherwise should not be selected.” (Docket No. 1398.) AbbVie understands this to be a

continuation of the approach taken last year when “outliers” were identified, but AbbVie
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is unclear as to whether something else is required. Accordingly, it has taken the

following approach:

• Outliers: AbbVie identifies these and both states the cross-cutting issues they

implicate but, importantly, the characteristics of their cases that are not only

unique, but so substantial as to detract from their value in representing the

pool—these cases are not just different but distractingly so. Compared to the

larger pool, their results likely would not be meaningful for purposes of

generalization. We have identified the key outlier cases in Section IV.B

below.

• Other cases not proposed: There are a number of cases that AbbVie does not

propose but it does not seek to exclude as an outlier. These include cases that

AbbVie believes less clearly frame cross-cutting issues or implicate issues that

are less broadly represented in the pool of 100 cases.1 With respect to this

group of cases that are not proposed, AbbVie identifies any cross-cutting

issues they implicate and any distinguishing features they present.

To facilitate the Court’s analysis and arbitration of selection disputes,

AbbVie has prepared a chart, attached as Exhibit A, detailing the applicable cross-cutting

issues for each of the remaining 24 plaintiffs. These cases are discussed in further detail

below, including AbbVie’s proposed bellwether cases.

1 In this regard, it should be noted that because only 8 trial bellwether cases will be
selected, the most representative cases should implicate issues that are reflected in
more than 12.5 percent of the broader pool of 100 cases.
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A. AbbVie’s Proposed Bellwether Cases

AbbVie requests that the Court select 8 trial bellwether cases and proposes

the following 3 CV cases and 3 Clot cases to be selected. As shown below, AbbVie’s

proposals cover almost all of the cross-cutting issues described above, and, notably, all of

the cross-cutting issues covered by the 24 discovery bellwether cases are also covered by

at least one of AbbVie’s proposed trial bellwethers.

1. CV Cases

Edward Cribbs (No. 1:15-cv-01056): Mr. Cribbs allegedly used

AndroGel 1.0% from March 2010, when he was 59, until February 2012. He then

allegedly used AndroGel 1.62% from February 2012 to April 2014. Mr. Cribbs was

diagnosed with a myocardial infarction (“MI”) in May 2012. Mr. Cribbs’s case reflects

two key cross-cutting issues related to CV injuries, including (a) he was under 65 at the

time of injury with no apparent history of heart disease, and (b) he experienced a CV

injury after July 2010 but before November 2013 (significant dates in the timeline of

TRT CV science). Because he was prescribed AndroGel after the first disease-state

awareness television commercial aired in May 2009, Mr. Cribbs’s case reflects a third,

non-CV-specific cross-cutting issue as well. Mr. Cribbs does not have any prominent

individual or demographic characteristics that would make his case unrepresentative.

Groups represented: 2, 4, and 9.

Cecile Frost (No. 15-cv-01484): Mr. Frost allegedly used AndroGel

1.62% from January 2012 to February 2013 when he experienced a stroke. Mr. Frost’s

case reflects two key cross-cutting issues related to CV injuries, including (a) he was

under 65 at the time of injury with no apparent history of heart disease, and (b) he
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experienced a CV injury after July 2010 but before November 2013. Because he was

prescribed AndroGel after the first disease-state awareness television commercial aired in

May 2009, Mr. Frost’s case reflects a third, non-CV-specific cross-cutting issue as well.

Mr. Frost does not have any prominent individual or demographic characteristics that

would make his case unrepresentative. Groups represented: 2, 4, and 9.

Jeffrey Konrad (No. 15-cv-00966): Mr. Konrad allegedly used

AndroGel 1.0% from May 2010 to July 2010 to treat diagnosed hypogonadism. On July

9, 2010, he was diagnosed with a MI. Mr. Konrad’s case reflects two key cross-cutting

issues related to CV injuries, including (a) he was under 65 with a history of prior CV

disease when he was first prescribed AndroGel, and (b) he experienced a CV injury after

publication of the first study to suggest a possible CV risk (July 8, 2010) but before

publication of the second study to suggest a possible risk. Because he was prescribed

AndroGel after the first disease-state awareness television commercial aired in May

2009, Mr. Konrad’s case reflects a third, non-CV-specific cross-cutting issue as well.

Mr. Konrad does not have any prominent individual or demographic characteristics that

would make his case unrepresentative. Groups represented: 1, 4, and 9.

2. Clot Cases

Froylan Garcia (No. 1:15-cv-01086): Mr. Garcia allegedly used

AndroGel 1.62% from May 2013, at age 66, until August 2013. In September 2013, he

was diagnosed with deep vein thrombosis (“DVT”) in his right and left legs.

Mr. Garcia’s case reflects two key cross-cutting issues related to Clot injuries, including

(a) he was over 65 at the time of his AndroGel prescription and after the December 2007

label change for such a special population, and (b) he experienced a Clot injury after the
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April 2011 label change related to hematocrit levels. Because he was prescribed

AndroGel after the first disease-state awareness television commercial aired in May

2009, Mr. Garcia’s case reflects a third, non-Clot-specific cross-cutting issue as well.

Mr. Garcia does not have any prominent individual or demographic characteristics that

would make his case unrepresentative. Groups represented: 7, 8, and 9.

Robert Rowley (No. 1:15-cv-02760): Mr. Rowley allegedly used

AndroGel 1.62% from April 2012 to April 2013 when he was diagnosed with DVTs in

both legs. Mr. Rowley was selected by the Court to ensure representation of plaintiffs

older than 65 in the bellwether pool. (Nov. 20, 2015 Hr’g Tr. at 5:24-6:16; see also Nov.

12, 2015 Hr’g Tr. 75:16-76:1.) Mr. Rowley’s case implicates three key cross-cutting

issues related to Clot injuries, including (a) he had hematocrit below 50 percent at the

time of injury, (b) he was over 65 at the time of his AndroGel prescription and after the

December 2007 label change for such a special population, and (c) he experienced a Clot

injury after the April 2011 label change related to hematocrit levels. Because he was

prescribed AndroGel after the first disease-state awareness television commercial aired in

May 2009, Mr. Rowley’s case reflects a fourth, non-Clot-specific cross-cutting issue as

well. Mr. Rowley does not have any prominent individual or demographic characteristics

that would make his case unrepresentative. Groups represented: 5, 7, 8, and 9.

Dale Shepherd (No. 1:15-cv-00404): Mr. Shepherd allegedly used

AndroGel 1.0% from February 2011 to September 2011. He was diagnosed with a left

leg DVT in March 2011. Mr. Shepherd’s case reflects two key cross-cutting issues

related to Clot injuries, including (a) he had hematocrit below 50 percent at the time of

injury, and (b) he experienced an injury after the December 2007 label change but before
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the April 2011 label change (both label changes related to hematocrit levels). Because he

was prescribed AndroGel after the first disease-state awareness television commercial

aired in May 2009, Mr. Shepherd’s case reflects a third, non-Clot-specific cross-cutting

issue as well. Mr. Shepherd does not have any prominent individual or demographic

characteristics that would make his case unrepresentative. Groups represented: 5, 6,

and 9.

B. Outlier Cases

For the reasons discussed below, AbbVie submits that the following cases

would not facilitate the Court’s stated goal of trying representative and productive issues

and should be excluded from the bellwether trial pool.

1. CV Cases

David Deel (No. 14-cv-10435): Mr. Deel allegedly used AndroGel 1.0%

from August 2008 until October 2012 and AndroGel 1.62% from October 2012 through

December 2013. He experienced a MI in January 2014, which he alleges was caused by

AndroGel. Mr. Deel’s case is an outlier that should be excluded from trial because

medical records and testimony indicate that he was prescribed the Androderm patch in

2008 and subsequently reported symptom improvement. Mr. Deel’s non-AbbVie TRT

use is a “complicating factor” that led the Court to decide Mr. Deel’s case was “subject to

later exclusion” from the bellwether pool. (Apr. 13, 2016 Hr’g Tr. 19:6-21; Order

Regarding Rule to Show Cause, Apr. 21, 2016 (Docket No. 1268).) Exclusion of this

case is necessary to protect the MDL process and ensure representative trials. Groups

represented: 2.
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Anthony Long (No. 14-cv-06996): Mr. Long intermittently used

AndroGel during the 2010 to 2013 time period. He experienced a stroke in December

2013, stopped using AndroGel, and then had another stroke in April 2014 (after which he

has been unable to work). Mr. Long’s case is an outlier because he has a complex

medical history that will require numerous additional depositions to ready the case for

trial, including his spouse, additional prescribers (he had 5 prescribers in Florida and

Tennessee), a neurologist, and an orthopedist, to name a few. That Mr. Long purports to

have suffered two distinct injuries also creates unique causation issues, since a jury will

need to determine what injuries are the result of the first stroke (alleged to have been

caused by AndroGel) and which are the result of the subsequent stroke (at which time he

was no longer using AndroGel). Finally, Mr. Long’s case presents another outlying issue

that threatens to distort the representativeness of any verdict: one of his prescribers is

now a speaker for AbbVie. This is the case for only 7% of the doctors who prescribed to

the plaintiff pool of 100—far less than 1 in 8 cases and so not representative of the

bellwether pool of 100. Groups represented: 2, 9.

Roccie Truax (No. 14-cv-02935): Mr. Truax claims that his use of

AndroGel 1.0% for only two months in 2013 caused his MI during the relevant July 2010

to November 2013 period. Mr. Truax’s case is an outlier because of his short-term

AndroGel use—he only filled one prescription for AndroGel—and pertinent medical

history—including a 2006 heart attack and triple bypass and another heart attack in May

2016—that would complicate a jury’s causation decision. Additional facts that could

complicate a potential trial include that Mr. Truax is illiterate and his prescriber has had

his medical license suspended. Selection of Mr. Truax’s case will also require litigation
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of novel questions of West Virginia law. West Virginia adopted the learned intermediary

doctrine by statute in February 2016. No court has yet applied or addressed the

retroactivity of this statutory provision. Groups represented: 1, 4, and 9.

David White (No. 14-cv-03818): Mr. White died as a result of a heart

attack that his estate alleges was caused by AndroGel use. AbbVie has reviewed the two

death cases in the pool of 24—Mr. White and Gene Dial (No. 15-cv-02190)—to

determine whether they are sufficiently representative of the pool of 100. They are not.

Only 7 other CV plaintiffs in the pool of 100 died as a result of their alleged injury,

making this issue alone a disqualifying outlier. However, even if the Court decides it is

appropriate to select a death case for trial, other issues render Mr. White’s case unsuitable

for bellwether selection as well. There are more than five years of medical records

missing from Mr. White’s files, including those relevant to Mr. White’s medical

condition prior to beginning testosterone treatment. Causation and efficacy will be

especially difficult to evaluate in Mr. White’s case because there are no records of

testosterone level testing while he was using AndroGel. Groups represented: 2, 4, and

9.

2. Clot Cases

Lance Blanck (No. 1:15-cv-01077): Mr. Blanck allegedly used AndroGel

1.0% from June 2012 to January 2014 and suffered a DVT and pulmonary embolism in

December 2013. Mr. Blanck’s case is an outlier because of the unusual circumstances of

his first AndroGel prescription, which will complicate pre-trial litigation and trial on the

issue of failure to warn. In particular, Mr. Blanck testified that he received the

prescription for AndroGel from a nurse practitioner who was a friend of his wife and that
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he received the prescription for this controlled substance without ever having met or

spoken to the nurse practitioner who wrote it. Groups represented: 5, 7, and 9.

Richard Cannon (No. 15-cv-01853): Mr. Cannon developed a DVT in

March 2014, after allegedly using AndroGel 1.62% from February 2012 until March

2014. After stopping AndroGel, Mr. Cannon developed another DVT in September of

2015 and was diagnosed with chronic DVT in March of 2016. Mr. Cannon’s case

involves an individual fact that is not representative, but that will greatly effect a

potential trial: Mr. Cannon has been disabled since 1982, after he broke his neck when

diving into a shallow pond. Furthermore, Mr. Cannon’s AndroGel was prescribed by

nurse practitioners, not licensed physicians. In addition, there will be significant further

work required to ready Mr. Cannon’s case for trial: the medical records documenting his

injury, which occurred in Puerto Rico, are incomplete and will likely require translation,

and not all of the doctors who diagnosed and treated him there have been deposed.

Groups represented: 5, 7, and 9.

Robert Cripe (No. 1:14-cv-00843): As discussed in AbbVie’s November

9, 2015 Response to Plaintiffs’ Bellwether Selections, Mr. Cripe’s case is inappropriate

for bellwether selection for a number of reasons, including the extremely short duration of

his alleged AndroGel use, and the type and severity of his alleged injury. (Docket

No. 1055 at 5-6.) Mr. Cripe claims that he used AndroGel for just five days from

February 18, 2011 until February 23, 2011. A few days after he began treatment with

AndroGel, he was diagnosed with transverse myelitis, which resulted in paraplegia—two

conditions that no other plaintiffs have claimed. Mr. Cripe’s socioeconomic

circumstances and alleged damages—an annual salary in the mid-six figures and alleged

Case: 1:14-cv-01748 Document #: 1406 Filed: 07/25/16 Page 19 of 26 PageID #:19761



20

out-of-pocket damages alone exceeding $200,000—are far out of line with those of the

vast majority of the other plaintiffs.

In addition, Mr. Cripe’s post-Complaint medical treatment presents unique

challenges that would interfere with the bellwether trial process. One month after filing

his Complaint, Mr. Cripe, a Kansas resident, was treated by Cincinnati-based Dr. Charles

Glueck. Dr. Glueck authored a number of articles regarding the potential risk of clots

with testosterone therapy and is a potential expert witness. The Court is aware of these

and other outlying complications with Mr. Cripe’s case, including that, before he began

using AndroGel, Mr. Cripe told his doctor he was using an “over-the-counter preparation

to boost his testosterone.” For those reasons, in April, the Court stated that Mr. Cripe’s

case was “subject to later exclusion” from the bellwether pool. (Order Regarding Rule to

Show Cause, Apr. 21, 2016 (Docket No. 1268).) AbbVie submits that exclusion is now

necessary to ensure productive and representative trials. Groups represented: 5, 6, and

9.

Robert Nolte (No. 14-cv-08894): Mr. Nolte allegedly used AndroGel

1.0% from August 2012 to November 2012 and suffered a pulmonary embolism in

November 2012 at the age of 72. Mr. Nolte has a rare genetic predisposition to the

development of blood clots, and he suffered multiple DVTs and a PE before beginning

his AndroGel use. According to the available medical records, no other plaintiff in the

pool of 100 has that genetic predisposition. Mr. Nolte’s predisposition to thrombophilia,

considered with the relatively short term of AndroGel use, creates a significant causation

question that is likely inapplicable to most cases. Groups represented: 5, 7, 8, and 9.
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Jesse Patridge (No. 14-cv-07960): Mr. Patridge was prescribed and

allegedly used AndroGel from April 2010 until May 2011. He claims two injuries on two

separate dates: a deep vein thrombosis in January 2011 and a pulmonary embolism in

January 2013. Mr. Patridge’s case is not representative of other Clot cases because (a) he

continued to use AndroGel after his first alleged injury, and also alleges a second injury

years after he discontinued using AndroGel; (b) he is one of only three clot plaintiffs who

had a hematocrit level above 50% at the time of his injury; and (c) his case also presents

discrete statute of limitations risk since his prescriber testified that Mr. Patridge’s wife

called him in 2011 stating that she was concerned AndroGel was the cause of his injuries.

Groups represented: 6, 8, and 9.

C. Other Cases Not Proposed

1. CV Cases

Gene Dial (No. 1:15-cv-02190): Mr. Dial allegedly used AndroGel

1.62% for 9 months from June 2012 until a MI caused his death in March 2013. He was

under 65 years old with no history of heart disease. Mr. Dial suffered from total

testicular failure, which his doctor believed would require lifelong administration of

TRT. His case also presents novel issues of West Virginia law. Groups represented: 2,

4, and 9.

Randy Martina (No. 14-cv-08598): Mr. Martina was prescribed

AndroGel 1.62% from March 2012 through January 2014. He suffered a MI while he

allegedly was using AndroGel and a stroke about six weeks after discontinuing use.

Mr. Martina was under 65 years old and had no history of heart disease. Mr. Martina

suffered two different kinds of injuries occurring during two different timeframes of
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significance in the litigation—his MI occurred between July 2010 and November 2013

and his stroke occurred in March of 2014. Despite counsel’s repeated requests, AbbVie

has not been able to secure the deposition of Mr. Martina’s second prescriber. Groups

represented: 2, 4, and 9.

Jesse Mitchell (No. 14-cv-09718): Mr. Mitchell allegedly used AndroGel

1.0% from December 2007 until November 2012. He alleges that, as a result of his

AndroGel use, he experienced a severe MI and cardiac arrest. The seriousness and effect

of Mr. Mitchell’s cardiac event is extraordinary among the group of 100 plaintiffs—

medical records reflect that Mr. Mitchell was clinically dead in the ER (his heart stopped

beating) and that he has experienced significant psychiatric issues after the cardiac event.

Groups represented: 1, 4.

Joe Trusty (No. 15-cv-01015): Mr. Trusty alleges a “chest pain” injury

as a result of his use of AndroGel 1.0% from November 2008 through August 2013. As

with one of AbbVie’s proposed cases, Mr. Trusty was under 65 with a history of prior

CV disease when he was first prescribed AndroGel. And like many plaintiffs in this

litigation, Mr. Trusty suffered his injury after July 2010 but before November 2013.

Groups represented: 1, 4.

2. Clot Cases

Theodore Diesslin (No. 15-cv-01853): Mr. Diesslin was prescribed

AndroGel 1.0% from August 2011 to July 2012 and AndroGel 1.62% from July 2012 to

September 2012. Mr. Diesslin suffered a pulmonary embolism on September 10, 2012,

at the age of 52. At the time of his pulmonary embolism, Mr. Diesslin’s hematocrit was

below 50. Mr. Diesslin alleges that his pulmonary embolism led to the development of a
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fainting disorder that was ultimately treated with placement of a pacemaker. Groups

represented: 5, 7, and 9.

Michael Ennis (No. 15-cv-00624): Mr. Ennis allegedly used AndroGel

for just 17 days in 2007. Only three other clot plaintiffs in the pool of 100 were

prescribed AndroGel before the December 2007 label change. In addition, Mr. Ennis

testified that he suspected AndroGel caused his injury as early as 2007. This testimony

creates a statute of limitations issue under California law unique to Mr. Ennis’s case and

potentially dispositive at the pre-trial stage. Groups represented: 6.

Kevin Hession (No. 14-cv-08222): Mr. Hession allegedly used AndroGel

1.0% from February 2012 through May 2012 and 1.62% from May 2013 through July

2013. Mr. Hession alleges he suffered a DVT in October 2012 at the age of 44 as a

consequence of his AndroGel use. His physician testified, however, that this was not a

new DVT but a residual clot from a DVT he suffered in November 2011 before

beginning AndroGel. After discontinuing AndroGel, Mr. Hession experienced another

DVT in late 2013 and a DVT with pulmonary embolism in 2014. Groups represented:

7, 9.

Arthur Myers (No. 15-cv-01085): Mr. Myers was prescribed AndroGel

1.0% from June 2003 until September 2008. He developed a pulmonary embolism in

February of 2008 at the age of 42. Mr. Myers is one of the youngest AndroGel users in

the pool. Groups represented: 5, 6.

Michael Romanik (No. 1:14-cv-08202): Mr. Romanik allegedly used

AndroGel 1.62% from July 2011 to April 2012 when he suffered a pulmonary embolism

at the age of 46. At the time of his pulmonary embolism, Mr. Romanik’s hematocrit was
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below 50. Prior to his pulmonary embolism, Mr. Romanik suffered from stage 3 kidney

disease, nephrotic syndrome, and vasculitis. Despite counsel’s efforts, AbbVie has been

unable to secure the depositions of Mr. Romanik’s prescribing and treating physicians.

Groups represented: 5, 7, and 9.

V. CONCLUSION

For the foregoing reasons, AbbVie respectfully requests that the Court

select the following cases to serve as the first bellwether trials: Edward Cribbs (No. 1:15-

cv-01056), Cecile Frost (No. 15-cv-01484), Froylan Garcia (No. 1:15-cv-01086), Jeffrey

Konrad (No. 15-cv-00966), Robert Rowley (No. 1:15-cv-02760), and Dale Shepherd

(No. 1:15-cv-00404).

AbbVie further requests that the court exclude the following cases from

selection as bellwether trial cases: Lance Blanck (No. 15-cv-01077), Richard Cannon, Sr.

(No. 15-cv-01835), Robert Cripe (No. 1:14-cv-00843), David Deel (No. 14-cv-10435),

Robert Nolte (No. 14-cv-08894); Jesse Patridge (No. 14-cv-07960), Anthony Long (No.

14-cv-06996), Roccie Truax (No. 14-cv-02935), and David White (No. 14-cv-03818).

Dated: July 25, 2016 Respectfully submitted,

By: /s/ David M. Bernick
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WHARTON & GARRISON LLP
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 PROPOSAL FOR SELECTION OF BELLWETHER CASES FOR TRIAL 
 

CV Cases 

Plaintiff NDIL Case No. Injury Groups 
Represented Plaintiffs’ Proposal AbbVie’s Proposal 

Cribbs, Edward 15-cv-01056 MI 2, 4, 9  X 

Deel, David 14-cv-10435 MI 2   

Dial, Gene 15-cv-02190 MI, Death 2, 4, 9   

Frost, Cecile 15-cv-01484 Stroke 2, 4, 9  X 

Konrad, Jeffrey 15-cv-00966 MI 1, 4, 9  X 

Long, Anthony 14-cv-06996 Stroke 2, 9   

Martina, Randy 14-cv-08598 MI, Stroke 2, 4, 9   

Mitchell, Jesse 14-cv-09178 MI 1, 4   

Truax, Roccie 14-cv-02935 MI 1, 4, 9   

Trusty, Joe 15-cv-01015 Chest pain 1, 4   

White, Dave 14-cv-03818 MI, Death 2, 4, 9   
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Clot Cases 

Plaintiff NDIL Case No. Injury Groups 
Represented Plaintiffs’ Proposal AbbVie’s Proposal 

Blanck, Lance 15-cv-01077 DVT, PE 5, 7, 9   

Cannon, Sr., Richard 15-cv-01835 DVT 5, 7, 9   

Cripe, Robert 14-cv-00843 Blood Clot 5, 6, 9   

Diesslin, Theodor 14-cv-06770 PE 5, 7, 9   

Ennis, Michael 15-cv-00624 DVT, PE 6   

Garcia, Froylan 15-cv-01086 DVT 7, 8, 9  X 

Hession, Kevin 14-cv-08222 DVT 7, 9   

Myers, Arthur 15-cv-01085 PE 5, 6   

Nolte, Robert 14-cv-08135 PE 5, 7, 8, 9   

Patridge, Jesse 14-cv-07960 DVT, PE 6, 8, 9   

Romanik, Michael 14-cv-08202 PE 5, 7, 9   

Rowley, Robert 15-cv-02760 DVT 5, 7, 8, 9  X 

Shepherd, Dale 15-cv-00404 DVT 5, 6, 9  X 
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Normalization of testosterone level is associated
with reduced incidence of myocardial infarction
and mortality in men
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Aims There is a significant uncertainty regarding the effect of testosterone replacement therapy (TRT) on cardiovascular
(CV) outcomes including myocardial infarction (MI) and stroke. The aim of this study was to examine the relationship
between normalization of total testosterone (TT) after TRT and CV events as well as all-cause mortality in patients
without previous history of MI and stroke.

Methods
and results

We retrospectively examined 83 010 male veterans with documented low TT levels. The subjects were categorized
into (Gp1: TRT with resulting normalization of TT levels), (Gp2: TRT without normalization of TT levels) and (Gp3:
Did not receive TRT). By utilizing propensity score-weighted Cox proportional hazard models, the association of TRT
with all-cause mortality, MI, stroke, and a composite endpoint was compared between these groups. The all-cause mor-
tality [hazard ratio (HR): 0.44, confidence interval (CI) 0.42–0.46], risk of MI (HR: 0.76, CI 0.63–0.93), and stroke (HR:
0.64, CI 0.43–0.96) were significantly lower in Gp1 (n ¼ 43 931, median age ¼ 66 years, mean follow-up ¼ 6.2 years)
vs. Gp3 (n ¼ 13 378, median age ¼ 66 years, mean follow-up ¼ 4.7 years) in propensity-matched cohort. Similarly, the
all-cause mortality (HR: 0.53, CI 0.50–0.55), risk of MI (HR: 0.82, CI 0.71–0.95), and stroke (HR: 0.70, CI 0.51–0.96)
were significantly lower in Gp1 vs. Gp2 (n ¼ 25 701, median age ¼ 66 years, mean follow-up ¼ 4.6 years). There was
no difference in MI or stroke risk between Gp2 and Gp3.

Conclusion In this large observational cohort with extended follow-up, normalization of TT levels after TRT was associated with a
significant reduction in all-cause mortality, MI, and stroke.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Testosterone replacement therapy † Myocardial infarction † Stroke

Introduction
Professional guidelines recommend testosterone replacement ther-
apy (TRT) in patients with signs and symptoms of hypogonadism
and documented evidence of low testosterone (T) levels.1 The diag-
nosis of late-onset hypogonadism is on the rise with estimates that
nearly 2.4 million men aged 40–69 suffer from hypogonadism in
the USA.2 Even though late-onset hypogonadism is not a universally

accepted concept, and FDA has advised against T supplementation in
men on the basis of age alone. However, in the last decade there has
been a nearly 400% increase in the number of TRT prescriptions
creating a billion dollar market.3 With such widespread and ever
increasing use of TRT, there has been growing concern regarding
its effect on mortality and cardiovascular (CV) outcomes.

Recent retrospective studies, multiple meta-analyses, and a few
small prospective studies have presented conflicting results and
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contributed to this uncertainty.4 – 14 Observational studies sug-
gested that low serum T level is associated with increased CV
events.4,15,16 Clinical trials examining TRT have been relatively small,
and these trials were underpowered to provide conclusive evidence
related to CV events.9 For instance, a small prospective study in frail
elderly men showed an increased incidence of CV events with TRT
and was stopped early.10 Two separate retrospective studies of men
in the Veterans Affairs (VA) Health System using two different data-
bases reported opposite effects of TRT on all-cause mortality.11,14

In two very recent studies, Vigen et al.11 using a VA database and Fin-
kle et al.12 using a healthcare database reported that men receiving
TRT had an increased risk of myocardial infarction (MI). It is import-
ant to note that in many of these studies repeat measurements to
document normalization of T levels after TRT were lacking. On
the heels of these recently published data, the FDA issued a drug
safety alert related to TRT (http://www.fda.gov/Drugs/DrugSafety/
ucm383904.htm).

In light of these conflicting results and uncertainty concerning the
safety of TRT, we have conducted a large retrospective study with
long-term follow-up to address this knowledge gap. The objective of
our study was to examine the association between TRT with docu-
mented normalization of total testosterone (TT) levels and all-cause
mortality and adverse CV events defined by MI and stroke.

Methods
This is a retrospective cohort study of male veterans who received their
medical care at the Veterans Health Administration (VHA) between
December 1999 and May 2014. The data of study patients were re-
trieved from VHA Veterans Administrations Corporate Data Ware-
house (CDW) through the Veterans Administrations Informatics
and Computing Infrastructure (VINCI) [http://www.hsrd.research.va
.gov/for_researchers/vinci/default.cfm (cited 21 June 2014)]. The study
complies with the Declaration of Helsinki, and the Institutional Review
Board of Kansas City Veterans Affairs Medical Center, MO, USA, ap-
proved the study. Additional details are provided in the Supplementary
material online, Appendix.

Study design
This study was designed to examine the effect of TRT on CV outcomes
by comparing the incidences of MI, stroke, and all-cause mortality
among different sub-populations of treated and untreated patients. All
patients’ CV events and co-existing conditions were based on the Inter-
national Classification of Diseases 9th Revision (ICD-9) codes. All of the
study patients had TT levels checked at least on two separate occasions
as recommended by guideline.1

Ascertainment of testosterone replacement therapy
exposure
Use of TRT was ascertained from the medication prescription of patient
medical records. For this study, patients who received any form of TRT
(injection, gel or patch) were considered as treated.

Determination of total testosterone level
Low TT was determined to be present when TT level was less than the
lower limit of normal laboratory reference range (NLRR) reported for
that particular test result. This method was adopted to include results
from a large number of laboratories in the entire VA Health System
over a period of 14 plus years that used different test assays and had

different reference ranges and reporting units. Data from position state-
ment of Endocrine Society and several other sources suggest that tes-
tosterone levels can vary significantly between different laboratories,
even when they use same commercial kits. Moreover, because of assay
ambiguities and biological variations, no single cut-off T value can clearly
distinguish between hypogonadism and eugonadism17,18 There is also a
lack of standardization when it comes to T levels and other tests using
the stoichiometric measurements.19,20 Hence, we classified each test re-
sult as low or normal based on its respective laboratory reference range
reported. This approach permitted inclusion of testosterone values ob-
tained using different assay methods and minimized the investigator bias
likely introduced by an arbitrary cut-off value.

Outcome measures
Primary outcome measures were (i) the incidence of MI (ICD-9 410.x0
and 410.x1), (ii) the incidence of ischaemic stroke [ICD-9 433.x1, 434
(excluding 434.x0), or 436], and (iii) the all-cause mortality determined
using dates of death in CDW data augmented with vital status files.

Additional details are provided in the Supplementary material online,
Appendix.

Study population
Figure 1 presents the patient selection process.

Inclusion criteria
We included patients whose first tested TT level was lower than the
respective laboratory NLRR.

Exclusion criteria
We excluded (i) females, (ii) those who received TRT before the first
available low TT, (iii) those who had MI or ischaemic stroke before
the first day of study, and (iv) those who on repeat testing had normal
TT level before any treatment was started.

Eligible study patients were classified into three groups: Gp1: TRT
with resulting normalization of TT levels (normalized-TRT); Gp2: TRT
without normalization of TT levels (non-normalized-TRT); and Gp3:
Did not receive TRT (no-TRT). Additional details are provided in the
Supplementary material online, Appendix.

Statistical analysis
Continuous variables were reported as means and standard deviation
(SD), categorical variables as percentages. Chi square test and Student’s
t-test were used to compare normally distributed baseline characteris-
tics of patients. Non-parametric tests were used for non-normally dis-
tributed variables. We performed univariate and multivariable Cox
proportional hazard regression analyses to assess the differences be-
tween groups. Furthermore, propensity scores were used to correct
for potential systematic differences between treated and untreated pa-
tients. Each study patient’s propensity scores for receiving the TRT were
computed and adjusted for the covariates in a logistic regression ana-
lysis. The covariates included were age, body mass index (BMI), hyper-
tension (HTN), diabetes mellitus (DM), chronic obstructive pulmonary
disease (COPD), obstructive sleep apnoea (OSA), congestive heart fail-
ure (CHF), peripheral vascular disease (PVD), coronary artery disease
(CAD), low density lipoprotein (LDL), use of aspirin, beta-blockers,
and statins. All individuals with missing data on these matching covari-
ates were excluded from the analysis. For robust analysis of our data,
we utilized propensity score-weighted, stabilized inverse probability of
treatment weights (IPTW); this allowed us to keep all patients in the
study while using the propensity scores to achieve balance between
each pair of subgroups we studied.21 –23
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We also applied the stabilized IPTW to obtain Kaplan–Meier (KM)
survival curves and to compare event-free survival time between the
groups, along with log-rank P-value. SAS 9.4 was used for statistical
analyses while Stata 12 was used to plot KM curves with TRT as a time-
varying exposure variable. The study hypotheses were tested at two-
sided level of significance with a P-value of ,0.05. The use of IPTW
effectively controlled for the imbalances in the groups as shown by
the P-values (Table 1). Further details regarding how IPTW model was
utilized in our study are described in the Supplementary material online,
Appendix. Supplementary material online, Figures S5–S7, Appendix show
how variations in low and high propensity scores in the unmatched pairs
of cohorts were controlled for by IPTW.

Results

Cohort description
As shown in Figure 1, the initial cohort consisted of 117 094 patients
with low TT. One thousand five hundred and sixty patients were ex-
cluded as they had a MI or stroke prior to the assessment of TT le-
vels. These individuals were excluded because our study was
focused on incident events. We then excluded 24 522 patients
whose pretreatment baseline TT levels could not be ascertained.
The remaining 91 012 patients were included in the study and cate-
gorized into those who received TRT at any time after they were
determined to have low testosterone (81.5%) and those who did

not receive TRT (18.5%). Testosterone replacement therapy
achieved normalization of TT levels in 43 931 (63.1%) patients while
the rest of this group continued to have low TT. Mean duration of
treatment for normalized-TRT group was 3.0+ 2.7 years and for
non-normalized group was 1.5+1.9 years.

In the untreated cohort, we identified certain individuals whose
TT levels normalized at repeat testing (n ¼ 8002). Though there
was no record of treatment for these people, we could not rule
out the possibility of non-VA prescriptions which could have
been responsible for this finding. To prevent misclassification
bias, individuals with these spuriously normalized TT levels were
excluded leaving an N of 83 010. The percentage of people show-
ing normal TT levels on repeat testing was around 30%; this num-
ber is consistent with the findings from population-based studies
in which 1/3 of subjects showed normal TT levels on repeat
testing.24

Baseline characteristics of the patients
Table 1 presents the baseline characteristics of the three groups. By
means of stabilized IPTW, while performing Cox proportional
hazard regression analyses, we controlled for discrepancies related
to age, BMI, HTN, DM, COPD, OSA, CHF, PVD, CAD, LDL, use of
aspirin, beta-blockers, and statins in the study groups by ensuring the
cohorts were well matched (P . 0.05).

Figure 1 Methodology and patients selection process.
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Table 1 Baseline characteristics of all study subjects

Unmatched cohort Propensity-matched cohort (stabilized IPTW)

Normalized treated vs. untreated

Normalized treated
N 5 43 931

Untreated
N 5 13 378

P-value Normalized treated
N 5 40 852

Untreated
N 5 11 957

P-value

Age ≥ 50 years, n (%) 38 968 (89.4) 11 998 (90.3) 0.0055 36 641 (89.7) 10 716 (89.6) 0.8229

Age, median (Years) 66.0 67.0 66.0 67.0

Body mass index ≥ 30 kg/m2 28 670 (65.8) 8117 (63.7) ,0.0001 26 854 (65.7) 7871 (65.8) 0.8527

Body mass index, kg/m2, mean (SD) 33.0 (6.6) 32.8 (6.9) 33.0 (6.6) 33.0 (6.8)

Follow-up time (years), mean (SD) 6.2 (3.3) 4.7 (3.1) 6.0 (3.1) 4.6 (2.9)

Hypertension, n (%) 7465 (17.0) 2342 (17.5) 0.1671 7251 (17.8) 2128 (17.8) 0.9118

Diabetes mellitus, n (%) 13 318 (30.3) 4228 (31.6) 0.0046 12 826 (31.4) 3762 (31.5) 0.8983

Chronic obstructive pulmonary disease, n (%) 528 (1.2) 215 (1.6) 0.0003 546 (1.3) 161 (1.3) 0.9676

Obstructive sleep apnoea, n (%) 801 (1.8) 279 (2.1) 0.0509 814 (2.0) 240 (2.0) 0.9428

Congestive heart failure, n (%) 713 (1.6) 353 (2.6) ,0.0001 779 (1.9) 228 (1.9) 0.9846

Peripheral vascular disease, n (%) 357 (0.8) 165 (1.2) ,0.0001 379 (0.9) 111 (0.9) 0.9759

Coronary artery disease 2141 (4.9) 738 (5.5) 0.0029 2146 (5.3) 629 (5.3) 0.9804

Depression, n (%) 3590 (8.2) 844 (6.3) ,0.0001 3284 (8.0) 957 (8.0) 0.8917

LDL . 100 mg/dL, n (%) 21 403 (51.6) 6085 (48.6) ,0.0001 20 779 (50.9) 6087 (50.9) 0.9297

Concomitant therapy with

Antiplatelet agents (ASA), n (%) 12 410 (28.3) 3916 (29.3) 0.0217 11 904 (29.1) 3480 (29.1) 0.9451

B-blockers, n (%) 16 022 (36.5) 5041 (37.7) 0.0110 15 439 (37.8) 4515 (37.8) 0.9555

Statins, n (%) 25 260 (57.5) 7716 (57.7) 0.7161 24 334 (59.6) 7117 (59.5) 0.9237

Normalized treated vs. non-normalized treated

Normalized treated
N 5 43 931

Non-normalized treated
N 5 25 701

P-value Normalized treated
N 5 40 852

Non-normalized treated
N 5 23 953

P-value

Age ≥ 50 years, n (%) 38 968 (89.4) 22 692 (88.8) 0.0189 36 484 (89.3) 21 389 (89.3) 0.9945

Age, median (Years) 66.0 66.0 66.0 65.0

Body mass index ≥ 30 kg/m2 28 670 (65.8) 17 460 (69.0) ,0.0001 27 554 (67.4) 16 161 (67.5) 0.9327

Body mass index, kg/m2, mean (SD) 33.0 (6.6) 33.6 (6.9) 33.2 (6.6) 33.4 (6.9)

Follow-up time (years), mean (SD) 6.2 (3.3) 4.6 (3.1) 6.0 (3.1) 4.5 (3.0)

Hypertension, n (%) 7465 (17.0) 5114 (19.9) ,0.0001 7655 (18.7) 4492 (18.8) 0.9502

Diabetes mellitus, n (%) 13 318 (30.3) 9233 (35.9) ,0.0001 13 512 (33.1) 7971 (33.1) 0.9967

Chronic obstructive pulmonary disease, n (%) 528 (1.2) 460 (1.8) ,0.0001 608 (1.5) 358 (1.5) 0.9509

Obstructive sleep apnoea, n (%) 801 (1.8) 712 (2.8) ,0.0001 936 (2.3) 549 (2.3) 0.9977

Congestive heart failure, n (%) 713 (1.6) 666 (2.6) ,0.0001 836 (2.1) 490 (2.0) 0.9892

Peripheral vascular disease, n (%) 357 (0.8) 291 (1.1) ,0.0001 386 (1.0) 227 (1.0) 0.9916
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Table 1 Continued

Unmatched cohort Propensity-matched cohort (stabilized IPTW)

Normalized treated vs. untreated

Normalized treated
N 5 43 931

Untreated
N 5 13 378

P-value Normalized treated
N 5 40 852

Untreated
N 5 11 957

P-value

Coronary artery disease 2141 (4.9) 1623 (6.3) ,0.0001 2304 (5.6) 1352 (5.6) 0.9742

Depression, n (%) 3590 (8.2) 2249 (8.8) 0.0078 3539 (8.7) 2079 (8.7) 0.9437

LDL . 100 mg/dL, n (%) 21 403 (51.6) 11 676 (47.8) ,0.0001 20 473 (50.1) 11 997 (50.1) 0.9621

Concomitant therapy with

Antiplatelet agents (ASA), n (%) 12 410 (28.3) 7808 (30.4) ,0.0001 12 125 (29.7) 7111 (29.7) 0.9763

B-blockers, n (%) 16 022 (36.5) 10 532 (41.0) ,0.0001 15 947 (39.0) 9350 (39.0) 0.9884

Statins, n (%) 25 260 (57.5) 15 775 (61.4) ,0.0001 24 809 (60.7) 14 541 (60.7) 0.9675

Non-normalized treated vs. untreated

Non-normalized treated
N 5 25 701

Untreated
N 5 13 378

P-value Non-normalized treated
N 5 23 953

Untreated
N 5 11 957

P-value

Age ≥ 50 years, n (%) 22 692 (88.8) 11 998 (90.3) ,0.0001 21 391 (89.3) 10 677 (89.3) 0.9613

Age, median (Years) 66.0 67.0 66.0 67.0

Body mass index ≥ 30 kg/m2 17 460 (69.0) 8117 (63.7) ,0.0001 16 191 (67.6) 8086 (67.6) 0.9634

Body mass index, kg/m2, mean (SD) 33.6 (6.9) 32.8 (6.9) 33.5 (6.9) 33.3 (6.9)

Follow-up time (years), mean (SD) 4.6 (3.1) 4.7 (3.1) 4.5 (2.9) 4.5 (2.9)

Hypertension, n (%) 5114 (19.9) 2342 (17.5) ,0.0001 4740 (19.8) 2370 (19.8) 0.9431

Diabetes mellitus, n (%) 9233 (35.9) 4228 (31.6) ,0.0001 8470 (35.4) 4231 (35.4) 0.9671

Chronic obstructive pulmonary disease, n (%) 460 (1.8) 215 (1.6) 0.1884 431 (1.8) 214 (1.8) 0.9718

Obstructive sleep apnoea, n (%) 712 (2.8) 279 (2.1) ,0.0001 645 (2.7) 323 (2.7) 0.9563

Congestive heart failure, n (%) 666 (2.6) 353 (2.6) 0.7806 644 (2.7) 324 (2.7) 0.9054

Peripheral vascular disease, n (%) 291 (1.1) 165 (1.2) 0.3771 288 (1.2) 145 (1.2) 0.9190

Coronary artery disease 1623 (6.3) 738 (5.5) 0.0017 1510 (6.3) 756 (6.3) 0.9504

Depression, n (%) 2249 (8.8) 844 (6.3) ,0.0001 1966 (8.2) 984 (8.2) 0.9342

LDL . 100 mg/dL, n (%) 11 676 (47.8) 6085 (48.6) 0.1484 11 489 (48.0) 5746 (48.1) 0.8731

Concomitant therapy with

Antiplatelet agents (ASA), n (%) 7808 (30.4) 3916 (29.3) 0.0233 7359 (30.7) 3676 (30.8) 0.9649

B-blockers, n (%) 10 532 (41.0) 5041 (37.7) ,0.0001 9775 (40.8) 4875 (40.8) 0.9429

Statins, n (%) 15 775 (61.4) 7716 (57.7) ,0.0001 14 868 (62.1) 7419 (62.0) 0.9541
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Relationship between testosterone
replacement therapy and all-cause
mortality
All-cause mortality in the three groups was as follows:
normalized-TRT (Gp 1) (1654), non-normalized-TRT (Gp2)
(3004), and no-TRT (Gp3) (3635) per 100 000 person-years.
Normalized-TRT group had significantly fewer deaths than no-TRT
(stabilized IPTW, hazard ratio, HR: 0.44, confidence interval, CI
0.42–0.46, P , 0.0001) and non-normalized-TRT (stabilized
IPTW, HR: 0.53, CI 0.50–0.55, P , 0.0001) groups (Table 2). Mor-
tality was also significantly lower in the non-normalized-TRT group
compared with those in no-TRT group (stabilized IPTW, HR: 0.84,
CI 0.80–0.89, P , 0.0001). The KM curves showed that the
normalized-TRT group was associated with significantly increased
all-cause mortality-free survival (log-rank, P , 0.05) compared
with the non-normalized-TRT or no-TRT groups (Figure 2).

Relationship between testosterone
replacement therapy and myocardial
infarction
Table 2 presents result of the unadjusted and adjusted risk of MI in
the study groups. Incidence of MI in the three groups was as follows:
normalized-TRT group (189), non-normalized-TRT group (261),
and no-TRT group (263) per 100 000 person-years. In the stabilized
IPTW, normalized-TRT group showed lower risk of MI than
non-normalized-TRT (HR: 0.82, CI 0.71–0.95, P ¼ 0.008) and
no-TRT (HR: 0.76, CI 0.63–0.93, P ¼ 0.005) groups. However,
non-normalized-TRT group was not different from no-TRT group
(HR: 0.98, CI 0.80–1.19, P ¼ 0.811). Figure 3 shows a comparison

of the probability of MI-free survival among the three groups. The
KM curves show that normalized-TRT group was associated with
significantly increased MI-free survival (log-rank, P , 0.01) com-
pared with non-normalized-TRT and no-TRT groups. We per-
formed additional analysis for MI-free survival after truncating the
follow-up beyond 10 years. Although we lost a significant propor-
tion of the study population, the findings remained fairly consistent
after these analyses. See results in Supplementary material online,
Table S5 and Figure S8, Appendix.

Relationship between testosterone
replacement therapy and ischaemic
stroke
The incidence of ischaemic stroke was as follows: normalized-TRT
group (43), non-normalized-TRT group (57), and no-TRT group
(59) per 100 000 person-years. Stabilized IPTW showed that
normalized-TRT group had significantly lower stroke events
compared with non-normalized-TRT (HR: 0.70, CI 0.51–0.96,
P ¼ 0.028) and no-TRT (HR: 0.64, CI 0.43–0.96, P ¼ 0.031) groups
(Table 2). There was no difference in the risk of stroke between
non-normalized-TRT group and no-TRT group. Overall, there
was a protective effect against stroke in normalized-TRT group, as
suggested by KM curves in Supplementary material online, Figure S4,
Appendix.

Discussion
In this study of men with low TT levels and without prior MI or
stroke, normalization of TT levels using TRT is associated with low-
er all-cause mortality, fewer MIs, and ischaemic strokes. This
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Table 2 Unadjusted and adjusted hazard ratios for all-cause mortality, MI, and stroke

Model All-cause mortality Myocardial infarction Stroke

Hazard
ratio

95% CI P Hazard
ratio

95% CI P Hazard
ratio

95% CI P

Comparing normalized treated vs. untreated (ref ¼ untreated)

Univariate
N ¼ 43 931 vs. 13 378

0.40 0.39–0.43 ,0.001 0.70 0.59–0.83 ,0.001 0.57 0.40–0.82 0.002

Propensity matched (stabilized inverse
probability of treatment weights)
N ¼ 40 852 vs. 11 957

0.44 0.42–0.46 ,0.001 0.76 0.63–0.93 0.005 0.64 0.43–0.96 0.031

Comparing normalized treated vs. non-normalized treated (ref ¼ non-normalized treated)

Univariate
N ¼ 43 931 vs. 25 701

0.49 0.47–0.51 ,0.001 0.74 0.64–0.85 ,0.001 0.64 0.48–0.87 0.004

Propensity matched (stabilized inverse
probability of treatment weights)
N ¼ 40 852 vs. 23 953

0.53 0.50–0.55 ,0.001 0.82 0.71–0.95 0.008 0.70 0.51–0.96 0.028

Comparing non-normalized treated vs. untreated (ref ¼ untreated)

Univariate
N ¼ 25 701 vs. 13 378

0.83 0.79–0.87 ,0.001 0.95 0.79–1.15 0.599 0.90 0.61–1.34 0.610

Propensity matched (stabilized inverse
probability of treatment weights)
N ¼ 23 953 vs. 11 957

0.84 0.80–0.89 ,0.001 0.98 0.80–1.19 0.811 0.94 0.61–1.44 0.675
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retrospective study describes the largest cohort of such patients and
the longest follow-up for TRT to date. It is the first study to demon-
strate that significant benefit is observed only if the dose is adequate
to normalize the TT levels. Patients who failed to achieve the thera-
peutic range after TRT did not see a reduction in MI or stroke and
had significantly less benefit on mortality. We selected patients
without any previous history of MI or stroke prior to initiation of
TRT to reduce bias related to CV outcomes. Further, we employed
stabilized IPTW to decrease confounders by balancing measurable
covariates between the groups. We modelled TRT as a time-varying
covariate to account for the interval contributed by the treated in-
dividuals between enrollment (first low TT laboratory results) and
the onset of TRT. We attempted to overcome the potential limita-
tion of inadequate treatment by using follow-up TT levels as a mark-
er of adequacy of dosing and compliance. We believe that our design
criteria permit confidence in interpretation.

Several recent retrospective studies have investigated the associ-
ation of TRT with CV outcomes. Vigen et al.11 utilized the VA Clin-
ical Assessment Reporting and Tracking (CART-CL) database that
collects data from VA cardiac catheterization laboratories.25 Their
study enrolled patients who had cardiac catheterization done be-
tween 2005 and 2011 and also had low TT. The authors compared
those who received TRT with those who did not. In that population,
TRT was associated with significantly higher adverse events (MI,
strokes, and death; HR: 1.29, 95% CI 1.05–1.58, P ¼ 0.02). Our
study differs from this study in several important ways. We included

all patients who had their TT level checked, and we divided them
into two groups: Gp1, patients who showed a documented appro-
priate rise in testosterone level post-TRT and Gp2, patients who did
not achieve an appropriate rise. In comparison, Vigen et al. only in-
cluded hypogonadal men who had undergone coronary angiog-
raphy. This inclusion criterion may have introduced selection bias
towards inclusion of a high CV-risk population. In this study, nearly
40% of the cohort had no repeat TT levels checked. Additionally, on
the basis of the mean TT levels reported in the study by Vigen et al., a
number of patients likely did not achieve normalization of TT levels
following TRT and, thus, may have reflected a subsequent risk of
non-normalized hypogonadal men rather than a cohort with nor-
malized TT level after TRT. Our study population was relatively
healthier with lower average age (�64.2 years). Furthermore, we
assessed hard end points (MI, stroke, and all-cause mortality).

The Testosterone in Older Men (TOM) trial10 was a prospective,
randomized placebo controlled study that was designed to deter-
mine the effects of TRT on lower extremity strength and physical
function in older men with limitations in mobility and low serum le-
vels of TT or free T. This trial was stopped prematurely at 6 months
because of increased CV-related events in the TRT group. This trial
had a small sample size (209 men), higher than average prevalence of
chronic diseases (DM, HTN, and dyslipidaemia) in the cohort, and
advanced age (mean age �74 years); the adverse CV events were
diverse and some were of variable clinical importance such as per-
ipheral oedema, ectopy on ECG, and elevated BP. An additional

Figure 2 (A–C) Kaplan–Meier curve depicting the all-cause mortality among different propensity-matched study groups.
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point worth noting was that early termination of the TOM trial may
have contributed to an overestimation of the differences ascribed to
treatment. In fact, some previous similar trials did not show an in-
creased risk of adverse CV events with TRT therapy.9,26

A recent study by Finkle et al.12 reported the risk of non-fatal MI in
90 days following a T prescription and compared it with the MI risk
in the year preceding the prescription. They found that in older men
(≥75 years) and in younger men with pre-existing heart disease, the
risk of CV events was higher following a T prescription. However,
this study did not take into account T levels. Thus, it is unclear
how many people were adequately treated. Testosterone replace-
ment therapy usually is a long-term therapy. These investigators lim-
ited the follow-up to 3 months of therapy. It is unknown whether
this short duration of follow-up was sufficient to capture the out-
comes of interest.

Our results do concur with a previous VA study. Shores et al.14

analysed data from seven VA medical centers. They found that
TRT was associated with a significant decrease in all-cause mortality
(HR: 0.61, CI 95%, P , 0.0001). While supporting the results of
Shores et al., our study adds significantly to its conclusions both
due to much larger sample size and also by more accurately identi-
fying those who actually received and responded to the TRT. Shores
et al. obtained data from the VA pharmacy records on T prescrip-
tions, and those who received prescription were classified as
treated. However, information regarding post-treatment TT level
was not available in this study. Our study utilized post-TRT

normalization in TT levels as a surrogate for administration of ad-
equate therapy.

While our data found that normalization of TT levels after TRT
was beneficial against CV risk and all-cause mortality, the mechan-
isms for these effects remain speculative. It can be postulated that
the beneficial effect of normal T levels on adipose tissue, insulin sen-
sitivity, and lipid profiles or by its anti-inflammatory and anticoagu-
lant properties, as reported by other investigators, might have
contributed to our findings.27– 29 However, there are other poten-
tial mechanisms such as sodium retention, CHF, increased platelet
aggregation, or adverse changes in HDL through which T may in-
crease the CV risks.6 Therefore, additional studies will be needed
to appropriately identify the mechanisms responsible for the out-
comes noted in our study.

Finally, off-label use of TRT remains a concern. Recent FDA ana-
lyses suggest that currently only half of the men on TRT had been
diagnosed with hypogonadism.30 Furthermore, 25% of users did
not have their T concentrations tested prior to initiating therapy,
and 21% of those prescribed TRT did not have their levels tested
at any time during treatment. Recently, a second advisory from
the FDA posted caution about using testosterone products for
low T due to ageing and requires labelling change to inform of pos-
sible increased risk of heart attack and stroke with use.31 However,
two very recent meta-analyses suggested a lack of convincing evi-
dence posed by TRT.32,33 Therefore, for now, to maximize the
benefits of TRT and to mitigate potential risks, there is a need

Figure 3 (A–C) Kaplan–Meier curve depicting the myocardial infarction-free survival among different propensity-matched study groups.

Testosterone replacement therapy, mortality, and cardiovascular events 2713

 by guest on N
ovem

ber 12, 2015
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

Case: 1:14-cv-01748 Document #: 1406-2 Filed: 07/25/16 Page 9 of 11 PageID #:19780

http://eurheartj.oxfordjournals.org/


for guideline-directed TRT with continuous active surveillance for
potential risk in various cohorts of patients.

Study limitations
This was an observational study. Thus, unmeasured confounding or
hidden bias might be present. A significant limitation of retrospect-
ive studies on TRT has been the inability to fully ascertain whether
patients in the treatment arm actually took the medications in an ad-
equate dose. This current study mostly overcomes this limitation by
assessing follow-up TT levels. Normalization of follow-up TT levels
is in our judgment a reliable surrogate for adequacy of dosing and
compliance. Additionally, we could not ascertain the time of the
day when the specimens for TT levels were drawn. Blood samples
are usually collected during morning hours in the VA healthcare sys-
tem. If some patients had their blood drawn after the morning
hours, their levels would be underestimated. Furthermore, entry
criteria and outcomes were determined using ICD-9 codes, and
the VA cohort ICD-9 codes have been shown to be valid in deter-
mining outcomes.11

Another limitation of our study is that there was no randomiza-
tion. Also our database does not have all the clinical data regarding
indications for initiating TRT and not initiating TRT. Therefore, we
cannot rule out the possibility that TRT may have been offered by
a physician to healthier subjects and not to men who were less well.
In our study, data regarding clinical response to TRT were also not
available. Similarly, the available data do not permit us to ascertain
the quality of care and/or poor compliance as reason(s) for persist-
ent low testosterone levels observed in some individuals.

Despite the limitations associated with a retrospective study, our
study has the advantages of having a large subject population with
extensive follow-up. Our findings show that effective TRT is asso-
ciated with lower rates of CV events in men without previous his-
tory of MI or stroke, in whom low TT levels are documented and
effective TRT is provided. Safety and outcome of TRT in other po-
pulations remain to be determined.

Conclusion
Results from our present study suggest that in men without a history
of previous MI or stroke who have low TT levels, TRT might be as-
sociated with decreased risks of MI, ischaemic stroke, and all-cause
mortality in long-term follow-up. Our study also highlights that TRT
should aim for doses resulting in normalization of TT level as this
was shown to be associated with reduction in adverse CV events.
In the future, adequately powered, prospective, well-designed trials
with a long-term follow-up will be needed to reach a conclusive
agreement regarding the effect of TRT on CV risk.

Supplementary material
Supplementary material is available at European Heart Journal online.
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BACKGROUND
Serum testosterone concentrations decrease as men age, but benefits of raising testos-
terone levels in older men have not been established.

METHODS
We assigned 790 men 65 years of age or older with a serum testosterone concentration 
of less than 275 ng per deciliter and symptoms suggesting hypoandrogenism to receive 
either testosterone gel or placebo gel for 1 year. Each man participated in one or more 
of three trials — the Sexual Function Trial, the Physical Function Trial, and the Vital-
ity Trial. The primary outcome of each of the individual trials was also evaluated in all 
participants.

RESULTS
Testosterone treatment increased serum testosterone levels to the mid-normal range for 
men 19 to 40 years of age. The increase in testosterone levels was associated with sig-
nificantly increased sexual activity, as assessed by the Psychosexual Daily Questionnaire 
(P<0.001), as well as significantly increased sexual desire and erectile function. The 
percentage of men who had an increase of at least 50 m in the 6-minute walking dis-
tance did not differ significantly between the two study groups in the Physical Function 
Trial but did differ significantly when men in all three trials were included (20.5% of 
men who received testosterone vs. 12.6% of men who received placebo, P = 0.003). Tes-
tosterone had no significant benefit with respect to vitality, as assessed by the Func-
tional Assessment of Chronic Illness Therapy–Fatigue scale, but men who received tes-
tosterone reported slightly better mood and lower severity of depressive symptoms than 
those who received placebo. The rates of adverse events were similar in the two groups.

CONCLUSIONS
In symptomatic men 65 years of age or older, raising testosterone concentrations for 
1 year from moderately low to the mid-normal range for men 19 to 40 years of age had 
a moderate benefit with respect to sexual function and some benefit with respect to 
mood and depressive symptoms but no benefit with respect to vitality or walking dis-
tance. The number of participants was too few to draw conclusions about the risks of 
testosterone treatment. (Funded by the National Institutes of Health and others; 
ClinicalTrials.gov number, NCT00799617.)
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Testosterone concentrations in men 
decrease with increasing age.1,2 Many symp-
toms and conditions similar to those that 

are caused by low testosterone levels in men 
with pituitary or testicular disease become more 
common with increasing age. Such symptoms 
include decreases in mobility, sexual function, 
and energy. These parallels suggest that the 
lower testosterone levels in older men may con-
tribute to these conditions.

Previous trials of testosterone treatment in 
men 65 years of age or older, however, have 
yielded equivocal results. Although testosterone 
treatment consistently increased muscle mass 
and decreased fat mass,3,4 effects on physical per-
formance,3,5,6 sexual function,3,6,7 and energy3,6,8 
have been inconsistent.

In 2003, an Institute of Medicine panel con-
cluded that there was insufficient evidence that 
testosterone treatment was beneficial in older 
men9 and recommended a coordinated set of 
clinical trials to determine whether testosterone 
would benefit older men who had low testoster-
one levels for no known reason other than age 
and who had clinical conditions to which low 
testosterone might contribute. The Testosterone 
Trials were designed to implement that recom-
mendation.10

Me thods

Study Design and Oversight

The Testosterone Trials are a coordinated set of 
seven double-blind, placebo-controlled trials that 
are being conducted at 12 sites.10 To enroll in 
these trials overall, participants had to qualify 
for at least one of the three main trials (the 
Sexual Function Trial, the Physical Function 
Trial, or the Vitality Trial), but they could par-
ticipate in more than one if they qualified. Partici-
pants were assigned to receive testosterone gel 
or placebo gel for 1 year. Efficacy was assessed 
at baseline and at 3, 6, 9, and 12 months. Data 
on adverse events were collected during the 
treatment period and for 12 months afterward. 
This report describes the efficacy results for the 
three main trials and adverse events in all the 
participants in these trials.

The protocol and consent forms were ap-
proved by the institutional review boards at the 
University of Pennsylvania and each participat-
ing trial site. All participants provided written 

informed consent. A data and safety monitoring 
board monitored data in an unblinded fashion 
every 3 months. The protocol, consent forms, 
and statistical analysis plan are available with 
the full text of this article at NEJM.org.

The investigators developed the protocol with 
assistance from the National Institutes of Health. 
AbbVie, one of the funders of the trial, donated 
the testosterone and placebo gels but did not 
participate in the design or conduct of the trials 
or in the analysis, review, or reporting of the 
data before the manuscript was submitted for 
publication. All the authors participated in the 
design and conduct of the trials. Trial statisti-
cians performed all data analyses. The first au-
thor wrote the first draft of the manuscript, and 
all the authors contributed to subsequent drafts.

Participants

Participants were recruited principally through 
mass mailings.11 Respondents were screened 
first by telephone interview and then during two 
clinic visits. Eligibility criteria included an age of 
65 years or older and serum testosterone levels 
that averaged less than 275 ng per deciliter. Ex-
clusion criteria were a history of prostate cancer, 
a risk of all prostate cancer of more than 35% or 
of high-grade prostate cancer of more than 7% 
as determined according to the Prostate Cancer 
Risk Calculator,12 an International Prostate Symp-
tom Score (IPSS; range, 0 to 35, with higher 
scores indicating more severe symptoms of be-
nign prostatic hyperplasia) of more than 19, 
conditions known to cause hypogonadism, re-
ceipt of medications that alter the testosterone 
concentration, high cardiovascular risk (myo-
cardial infarction or stroke within the previous 
3 months, unstable angina, New York Heart As-
sociation class III or IV congestive heart failure, 
a systolic blood pressure >160 mm Hg, or a dia-
stolic blood pressure >100 mm Hg), severe de-
pression (defined by a score of ≥20 on the Patient 
Health Questionnaire 9 [PHQ-9; range, 0 to 27, 
with higher scores indicating greater severity of 
depressive symptoms]), and conditions that would 
affect the interpretation of the results.

Inclusion in the Sexual Function Trial re-
quired self-reported decreased libido, a score of 
20 or less on the sexual-desire domain (range, 
0 to 33, with higher scores indicating greater 
desire) of the Derogatis Interview for Sexual 
Functioning in Men–II (DISF-M-II),13 and a part-
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ner willing to have intercourse twice a month. 
Inclusion in the Physical Function Trial required 
self-reported difficulty walking or climbing stairs 
and a gait speed of less than 1.2 m per second 
on the 6-minute walk test.14 Men who were not 
ambulatory or who had disabling neuromuscu-
lar or arthritic conditions were excluded. Inclu-
sion in the Vitality Trial required self-reported 
low vitality and a score of less than 40 on the 
Functional Assessment of Chronic Illness Ther-
apy (FACIT)–Fatigue scale (range, 0 to 52, with 
higher scores indicating less fatigue).15

Study Treatment

We assigned participants to testosterone or pla-
cebo by means of a minimization technique, with 
participants assigned to the study treatment that 
best balanced the balancing factors between 
groups with 80% probability.16,17 Balancing vari-
ables included participation in the main trials, 
trial site, screening testosterone concentration 
(≤200 or >200 ng per deciliter), age (≤75 or >75 
years), use or nonuse of antidepressants, and use 
or nonuse of phosphodiesterase type 5 inhibitors.

The testosterone preparation was AndroGel 
1% in a pump bottle (AbbVie). The initial dose 
was 5 g daily. The placebo gel was formulated to 
have a similar application and appearance. Se-
rum testosterone concentration was measured at 
months 1, 2, 3, 6, and 9 in a central laboratory 
(Quest Clinical Trials), and the dose of testos-
terone gel was adjusted after each measurement 
in an attempt to keep the concentration within 
the normal range for young men (19 to 40 years 
of age). To maintain blinding when the dose was 
adjusted in a participant receiving testosterone, 
the dose was changed simultaneously in a par-
ticipant receiving placebo.

Assessments

At the end of the trials, the serum concentrations 
of total testosterone, free testosterone, dihydrotes-
tosterone, estradiol, and sex hormone–binding 
globulin were measured in serum samples fro-
zen at −80°C (see the Supplementary Appendix, 
available at NEJM.org). Steroid assays were per-
formed at the Brigham Research Assay Core 
Laboratory (Boston) by liquid chromatography 
with tandem mass spectroscopy, and free testos-
terone was measured by equilibrium dialysis. All 
samples from each participant were measured in 
the same assay run.

Serum prostate-specific antigen (PSA) was mea-
sured and a digital rectal examination was per-
formed at months 3 and 12, and PSA was mea-
sured at month 18. Detection of a prostate 
nodule or a confirmed increase in the PSA level 
by at least 1.0 ng per milliliter above baseline led 
to referral to the site urologist for consideration 
of prostate biopsy. The IPSS was determined at 
months 3 and 12. At every visit, adverse events 
were recorded and a cardiovascular-event ques-
tionnaire (see the protocol) was administered. 
Cardiovascular events were adjudicated by two 
cardiologists and two neurologists (see the Sup-
plementary Appendix).

Outcomes

Efficacy outcomes were assessed at baseline and 
after 3, 6, 9, and 12 months of treatment. Di-
chotomous outcomes were used when a clini-
cally important difference had previously been 
established. The primary efficacy outcome of 
each trial and the secondary outcomes of the 
Physical Function Trial were assessed in all 
participants; secondary outcomes for the other 
trials were assessed only in participants in 
those trials.

The primary outcome of the Sexual Function 
Trial was the change from baseline in the score 
for sexual activity (question 4) on the Psycho-
sexual Daily Questionnaire (PDQ-Q4; range, 0 to 
12, with higher scores indicating a greater num-
ber of activities).10,18 Secondary outcomes were 
changes in the score on the erectile-function 
domain (range, 0 to 30, with higher scores indi-
cating better function) of the International Index 
of Erectile Function (IIEF)19 and the sexual-desire 
domain of the DISF-M-II.13 Details on the assess-
ments in the Sexual Function Trial are provided 
in the protocol. The primary outcome of the 
Physical Function Trial was the percentage of 
men who increased the distance walked in the 
6-minute walk test by at least 50 m.10,14 Second-
ary outcomes were the percentage of men whose 
score on the physical-function domain (PF-10; 
range, 0 to 100, with higher scores indicating 
better function) of the Medical Outcomes Study 
36-Item Short-Form Health Survey (SF-36) in-
creased by at least 8 points20 and changes from 
baseline in the 6-minute walking distance and 
PF-10 score. The primary outcome of the Vitality 
Trial was the percentage of men whose score 
on the FACIT–Fatigue scale increased by at least 
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4 points10,15; secondary outcomes were the change 
from baseline in the FACIT–Fatigue, the score on 
the vitality scale (range, 0 to 100, with higher 
scores indicating more vitality) of the SF-36,21 
scores on the Positive and Negative Affect 
Schedule (PANAS) scales (range, 5 to 50 for 
positive affect and for negative affect, with 
higher scores indicating a greater intensity of 
the affect),22 and the PHQ-9 depression score.23 
Every 3 months, participants were asked about 
their general impression of the change in sexual 
desire, walking ability, or energy (depending on 
the trial) and in overall health.

Statistical Analysis

Participants were evaluated according to the 
intention-to-treat principle. Each outcome was 
prespecified. Primary analyses of outcomes at 
all time points were performed with random-
effects models for longitudinal data. Models in-
cluded visit time as a categorical variable and a 
single main effect for treatment. For linear 
models of continuous outcomes, the treatment 
effect denoted the average difference in response 
between study groups across all four visits. For 
logistic models of binary outcomes, the treat-
ment effect was the log odds ratio of a positive 
versus negative outcome for participants who 
received testosterone versus those who received 
placebo, averaged over all visits. Additional fixed 
effects were the baseline value for each outcome 
and balancing variables. Random intercepts were 
included for participant.

We analyzed the three trials as independent 
studies, without adjusting analyses of the pri-
mary outcomes for multiple comparisons. We 
also did not adjust the analyses of the primary 
and secondary outcomes within each trial for 
multiple comparisons, because the correlations 
among outcomes within a trial were expected to 
be very high, making such adjustment exces-
sively conservative. Analyses of the primary 
outcomes that included all participants, however, 
were adjusted for multiple comparisons; we re-
port the nominal P value only when it was lower 
than the threshold specified by the multiple-
comparisons procedure.24 The sensitivity of re-
sults to missing data was assessed with the use 
of pattern-mixture models25 and shared random-
effects models.26 The effect of change in total 
testosterone level on primary outcomes was as-
sessed with the use of instrumental variables by 

two-stage residual inclusion,27 with study-group 
assignment as the instrument and change in 
testosterone level from baseline as the exposure 
of interest.

Sample sizes were calculated such that the 
studies would have 90% power, with the use of 
a two-sided test at a type I error rate of 0.05,10 to 
detect the following differences between the 
placebo group and the testosterone group: 15% 
versus 30% in the proportion of men with an 
increase of at least 50 m in the 6-minute walking 
distance, 20% versus 35% in the proportion of 
men with an increase of at least 4 points in the 
FACIT–Fatigue score, and a difference in change 
of 0.75 in the PDQ-Q4 score. These differences 
were conservatively based on comparisons be-
tween baseline and 12 months. Enrollment tar-
gets were 275 men for the Sexual Function Trial, 
366 for the Physical Function Trial, and 420 for 
the Vitality Trial.

R esult s

Participants and Study Treatment

We screened 51,085 men and enrolled 790 who 
met all the criteria (Fig. S1 in the Supplementary 
Appendix).11 Relatively few men had a sufficiently 
low testosterone level to qualify; only 4700 of 
21,940 men (21.4%) who had blood sampled 
qualified by the first measurement and 1490 of 
2163 men (68.9%) qualified by the second, for 
an overall inclusion rate by testosterone level of 
14.7%.11

At baseline, the enrollees had unequivocally 
low serum testosterone concentrations accord-
ing to criteria for healthy young men (Fig. S2 in 
the Supplementary Appendix). The participants 
had relatively high rates of coexisting condi-
tions: 62.9% were obese, 71.6% had hyperten-
sion, and 14.7% had a history of myocardial 
infarction (Table S1 in the Supplementary Ap-
pendix). The two study groups, however, had 
similar rates of these and other coexisting con-
ditions; other baseline characteristics were also 
similar in the two groups.

Of the 790 men who were enrolled, 705 com-
pleted 12 months of study treatment. The char-
acteristics of men who completed 12 months 
and those who did not complete 12 months did 
not differ appreciably (Table S2 in the Supple-
mentary Appendix).

Testosterone treatment increased the median 
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testosterone concentration to the mid-normal 
range for young men and maintained that range 
during the treatment period (Fig. S2 in the Sup-
plementary Appendix). A total of 91% of men 
assigned to testosterone maintained a mean 
testosterone concentration above the lower limit 
of the normal range from month 3 through 
month 12. Testosterone treatment also increased 
levels of free testosterone, estradiol, and dihy-
drotestosterone but did not increase levels of sex 
hormone–binding globulin (Fig. S2 in the Sup-
plementary Appendix).

Efficacy
Sexual Function Trial

Averaged over all follow-up visits, sexual activity, 
as determined by the PDQ-Q4 score, increased 
more with testosterone treatment than with pla-
cebo, both among men enrolled in the Sexual 
Function Trial (treatment effect [the mean differ-
ence in the change from baseline between par-
ticipants assigned to testosterone and those as-
signed to placebo], 0.58; P<0.001) (Fig. 1A) and 
among all Testosterone Trials participants (treat-
ment effect, 0.62; P<0.001) (Table 1). A greater 
increase in testosterone level during treatment 
was associated with a greater increment in the 
PDQ-Q4 score (P<0.001 by instrumental variable 
analysis) (Fig. S3 in the Supplementary Appen-
dix). The response was somewhat less at month 
12 (P = 0.08 for the interaction between time and 
treatment). Testosterone treatment was also as-
sociated with increased sexual desire according 
to the DISF-M-II (treatment effect, 2.93; P<0.001) 
and increased erectile function according to the 
IIEF (treatment effect, 2.64; P<0.001) (Table 1). 
Men in the testosterone group were more likely 
than those in the placebo group to report that 
their sexual desire had improved since the be-
ginning of the trial (P<0.001) (Fig. S4 in the 
Supplementary Appendix).

Physical Function Trial
Among men enrolled in the Physical Function 
Trial, there were no significant differences be-
tween the testosterone group and the placebo 
group in the percentage of men whose 6-minute 
walking distance increased by at least 50 m (pri-
mary outcome) (odds ratio, 1.42; P = 0.20) (Fig. 1B), 
the change from baseline in the 6-minute walk-
ing distance (mean difference, 4.09 m; P = 0.28) 
(Table 2), or the percentage of men whose PF-10 

score increased by at least 8 points (odds ratio, 
1.34; P = 0.15); there was a significant between-
group difference in the change from baseline in 
the PF-10 score (mean difference, 2.75 points; 
P = 0.03) (Table 2). Among all Testosterone Trials 
participants, there was a significant between-
group difference in all four measures: the per-
centage of men whose 6-minute walking dis-
tance increased by at least 50 m (odds ratio, 1.76; 
P = 0.003), the change from baseline in the 
6-minute walking distance (mean difference, 
6.69 m; P = 0.007), the percentage of men whose 
PF-10 score increased by at least 8 points (odds 
ratio, 1.50; P = 0.02), and the change from base-
line in the PF-10 score (mean difference, 3.06 
points; P = 0.002). Men who received testosterone 
were more likely than those who received placebo 
to perceive that their walking ability had im-
proved since the beginning of the trial (P = 0.002) 
(Fig. S4 in the Supplementary Appendix).

Vitality Trial
Among men enrolled in the Vitality Trial, testos-
terone treatment showed no significant benefit 
over placebo with respect to vitality, as deter-
mined by an increase of at least 4 points in the 
FACIT–Fatigue score (primary outcome) (odds 
ratio, 1.23; P = 0.30) (Fig. 1C). However, there 
appeared to be a small effect on the change 
from baseline in the FACIT–Fatigue score that 
did not reach significance (mean difference, 1.21 
points; P = 0.06) (Table 3). In addition, a greater 
increase in testosterone level was associated with 
a greater increment in the score (P = 0.02 by in-
strumental variable analysis) (Fig. S3 in the Sup-
plementary Appendix), and the effect of testos-
terone on the change from baseline in the score 
in the participants in the three trials combined 
was significant (P = 0.006). Among participants 
in the Vitality Trial, there were significant differ-
ences between the testosterone group and the 
placebo group in the SF-36 vitality score (mean 
difference, 2.41 points; P = 0.03), the PANAS posi-
tive affect score (mean difference, 0.47 points; 
P = 0.04), the PANAS negative affect score (mean 
difference, −0.49 points; P<0.001), and the PHQ-9 
depression score (mean difference, −0.72 points; 
P = 0.004) (Table 3). The effect sizes (the mean 
between-group differences in outcome divided 
by the baseline standard deviations) were all 
below 0.20. The men who received testosterone 
were more likely than men who received placebo 
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to report that their energy was better at the end 
of the trial (P<0.001) (Fig. S4 in the Supplemen-
tary Appendix).

All Trials

Sensitivity analyses of the primary outcomes did 
not suggest that missing values affected any 
conclusions appreciably (Table S3 in the Supple-
mentary Appendix). We found no significant 
interactions of treatment with age (P values 
ranged from 0.45 to 0.78 in the three trials), 
body-mass index (P values ranged from 0.35 to 
0.85), or race (P values ranged from 0.49 to 0.72).

Adverse Events

Although more men assigned to testosterone 
than those assigned to placebo had an incre-
ment in the PSA level of 1.0 ng per milliliter or 
more during the treatment period (23 vs. 8), only 
1 man (in the testosterone group) received a di-
agnosis of prostate cancer during that time. Two 
men in the testosterone group and 1 in the pla-
cebo group received a diagnosis during the sub-
sequent year (Table 4, and Table S4 in the Sup-
plementary Appendix). The change in the IPSS 
did not differ significantly between the two 
groups. A hemoglobin level of 17.5 g per deciliter 
or more was observed in 7 men in the testoster-
one group and none in the placebo group.

Seven men in each study group were adjudi-
cated to have had major cardiovascular events 
(myocardial infarction, stroke, or death from car-
diovascular causes) during the treatment period 
and two men in the testosterone group and nine 
men in the placebo group were adjudicated to 
have had major cardiovascular events during the 
subsequent year (Table 4, and Table S4 in the 
Supplementary Appendix). There was no pattern 

Figure 1. Primary Outcomes in the Three Main Trials  
of the Testosterone Trials.

The primary outcome of the Sexual Function Trial 
(Panel A) was the change from baseline in the score 
for sexual activity (question 4) on the Psychosexual 
Daily Questionnaire (PDQ-Q4; range, 0 to 12, with 
higher scores indicating more activity). The primary 
outcome of the Physical Function Trial (Panel B) was 
the percentage of men who had an increase of at least 
50 m in the distance walked during the 6-minute walk 
test. The primary outcome of the Vitality Trial (Panel C) 
was the percentage of men who had an increase of at 
least 4 points in the score on the Functional Assess-
ment of Chronic Illness Therapy (FACIT)–Fatigue scale 
(range, 0 to 52, with higher scores indicating less fatigue). 
P values were calculated with the use of a linear random-
effects model for sexual activity and logistic random-
effects models for walking ability and vitality. The I bars 
represent standard deviations.
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of a difference in risk with respect to the other 
cardiovascular adverse events (Table S4 in the 
Supplementary Appendix). No significant between-
group differences were observed in cardiac ad-
verse events defined according to Medical Diction-
ary for Regulatory Activities classification (Tables 
S5 and S6 in the Supplementary Appendix).

Discussion

Increasing the serum testosterone concentra-
tions of men 65 years of age or older from mod-
erately low to the mid-normal range for men 19 
to 40 years of age had significant effects on all 
measures of sexual function and some measures 
of physical function, mood, and depressive 
symptoms — all to small-to-moderate degrees, 
consistent with the degree of testosterone defi-
ciency.

Men who received testosterone reported bet-
ter sexual function, including activity, desire, 
and erectile function, than those who received 
placebo. Although the effect sizes were low to 
moderate, men in the testosterone group were 
more likely than those in the placebo group to 
report that their sexual desire had improved, 
which suggests that this effect was of clinical 
relevance. The effect of testosterone on erectile 
function was less than that reported with phos-
phodiesterase type 5 inhibitors.28

The percentage of men whose 6-minute walk-
ing distance increased by at least 50 m did not 
differ significantly between the two study groups 
in the Physical Function Trial but did differ sig-
nificantly when men in all three trials were in-
cluded, although the effect sizes did not differ 
markedly (1.42 vs. 1.76). Furthermore, men who 
received testosterone were more likely than 
those who received placebo to report that their 
walking ability was better, which suggests that 
the effect, although small in magnitude, might 
be clinically relevant.

Testosterone had no significant benefit with 
respect to vitality, as assessed by the FACIT–Fatigue 
scale, except as a continuous outcome when 
men in all three trials were included. However, 
testosterone was associated with small but sig-
nificant benefits with respect to mood and 
depressive symptoms. Men in the testosterone 
group were also more likely than those in the 
placebo group to report that their energy was 
better.

We observed four cases of prostate cancer, 
three of which were in men treated with testos-
terone, and there was no significant difference 
in urinary symptoms (as assessed by means of 
the IPSS) between the study groups. The gener-
alizability of these results is limited, however, 
because we excluded men with a high risk of 
prostate cancer and men with moderately severe 
urinary tract symptoms. Furthermore, the sam-
ple size was inadequate to assess reliably the 
effect of testosterone on the risk of these con-
ditions.

Some studies have suggested that testosterone 
treatment is associated with increased cardio-
vascular risk,29-32 although others have not.6,33,34 
We did not observe a pattern of increased risk, 
but this trial was too small to exclude other than 
a large increase.

Our three trials had certain strengths, includ-
ing enrollment of men with an unequivocally 

Event
Placebo 
(N = 394)

Testosterone 
(N = 394)

no. of participants

Prostate-related event

Increase in PSA level by ≥1.0 ng/ml 8 23

Prostate cancer 0 1

IPSS >19† 26 27

Hemoglobin ≥17.5 g/dl 0 7

Cardiovascular event‡

Myocardial infarction (definite or probable) 1 2

Stroke (definite or probable) 5 5

Death from cardiovascular causes 1 0

Myocardial infarction, stroke, or death 
from cardiovascular causes

7 7

Serious adverse events

Death 7 3

Hospitalization 78 68

Other§ 6 7

*  PSA denotes prostate-specific antigen.
†  The International Prostate Symptom Score (IPSS) questionnaire is used to 

identify symptoms of benign prostatic hyperplasia. Scores range from 0 to 35, 
with higher scores indicating more severe symptoms. A score of more than 19 
indicates moderately severe lower urinary tract symptoms.

‡  Data on cardiovascular adverse events were collected with the use of a specific 
questionnaire administered at each visit and also identified from the adverse-
event log and the form for reporting serious adverse events (see the protocol). 
Myocardial infarction, stroke, and death from cardiovascular causes were as-
sessed by two adjudicators.

§  Other serious adverse events were defined as congenital anomaly, disability,  
a life-threatening event, or an event that may not be immediately life-threaten-
ing but is clearly of major clinical significance.

Table 4. Adverse Events during the First Year (Treatment Period) of the 
Testosterone Trials.*
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low mean testosterone concentration, adequate 
sample sizes, a double-blind, placebo-controlled 
design, an increase in serum testosterone con-
centration to the normal range for young men, 
and excellent participant retention. A major 
limitation, albeit an intentional one, is that the 
results apply only to men 65 years of age or 
older whose testosterone levels averaged less 
than 275 ng per deciliter.

Results of the primary outcomes in our three 
trials showed that testosterone treatment had a 
moderate, significant benefit with respect to 
sexual function but no significant benefit with 
respect to walking distance (among participants 
in the Physical Function Trial) or vitality. Testos-
terone treatment also had a significant benefit 
with respect to other prespecified outcomes, 
including walking distance when men in all 
three trials were included and mood and depres-
sive symptoms. These results, together with 
those of the other four trials (now completed), 
should inform decisions about testosterone 
treatment for men 65 years of age or older whose 
levels are low for no apparent reason other than 
age. Such decisions will also require knowing 
the risks of testosterone treatment, which will 
necessitate larger and longer trials.
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Abstract.   25 

Purpose:  Limited information exists about whether exogenous testosterone therapy (eTT) is 26 

associated with risk of venous thrombotic events (VTE). Here, we investigate via cohort and 27 

nested-case-control analyses whether eTT administration is associated with risk of VTE in men 28 

with hypogonadism. 29 

Materials and Methods: Databases were reviewed to identify men prescribed eTT and/or men 30 

with a hypogonadism diagnosis. Propensity-score 1:1 matching was used to select patients for 31 

the cohort analysis. Cases (men with VTE) were matched 1:4 with controls (men without VTE) 32 

for the nested-case-control analysis. Primary outcome was defined as incident idiopathic VTE; 33 

Cox regression and conditional-logistic regression were used to assess hazard ratios (HRs) and 34 

odds ratios (ORs), respectively. Sensitivity analyses were also performed.  35 

Results:  102,650 eTT-treated patients and 102,650 untreated patients were included in the 36 

cohort analysis after matching; 2785 cases and 11,119 controls were included in the case-control 37 

analysis. Cohort analysis revealed an HR of 1.08 for all eTT-treated patients (95% CI: 0.91, 38 

1.27; p=0.378). Case-control analysis resulted in OR=1.02 (95% CI: 0.92, 1.13; p=0.702) for 39 

current eTT exposure and 0.92 (95% CI: 0.82, 1.03; p=0.145) for past eTT exposure. These 40 

results remained non statistically significant after stratifying by eTT-administration-route and 41 

age category. Results from most of the sensitivity analyses yielded results that were consistent.  42 

Conclusions: No significant association was found between eTT and incidents of idiopathic 43 

VTE, as well as overall VTE in men with hypogonadism; however, some discrepant findings 44 

exist for the association between injectable formulations and overall VTE risk.  45 

 46 

Keywords: venous thrombosis, hypogonadism, pulmonary embolism, testosterone. 47 
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Introduction  48 

Venous thrombotic events (VTE) often manifest as deep vein thrombosis (DVT) or pulmonary 49 

embolism (PE). Major exogenous risk factors for VTE are surgery, hospitalization, and 50 

prolonged immobility, and endogenous risk factors are cancer, obesity, and hypercoagulation 51 

disorders.1-3  52 

Exogeneous testosterone therapy (eTT) is administered to treat male hypogonadism in 53 

order to restore serum testosterone levels and relieve patient symptoms; however, several 54 

publications have suggested that eTT may be linked to increased hematocrit, polycythemia, and 55 

VTE.4-7 In contrast, some studies have demonstrated that increases in endogenous estradiol or 56 

testosterone levels are not associated with increased risk of VTE.8,9 Furthermore, a recently 57 

published study did not find a significant association between eTT and VTE.10 However, based 58 

on postmarket spontaneous reports and published case reports,11,12 the Food and Drug 59 

Administration (FDA) in 2014 required a change to drug labeling of all approved testosterone 60 

products, which included a general warning regarding a potential increased risk of VTE.13  61 

The present study aimed to further examine whether eTT was associated with an increased 62 

risk of VTE in men with hypogonadism in both retrospective cohort and nested-case-control 63 

settings. 64 

    65 

Materials and Methods 66 

Data source 67 

Medical claims data, pharmacy data, and healthcare enrollment information were obtained from 68 

Truven Health MarketScan® Databases14 from December 2004 to December 2012 (see 69 

supplementary materials).  70 

 71 

Patient population 72 
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Eligibility criteria included 1) men ≥18 years of age with continuous enrollment in a healthcare 73 

plan for ≥12 months; 2) had hypogonadism (eTT prescription and/or a hypogonadism diagnosis 74 

code per International Classification of Diseases, Ninth Revision [ICD-9]) (see supplementary 75 

Table 1). Patients who had a VTE during this period were excluded. 76 

 77 

Study design 78 

The study employed both a retrospective cohort and a nested-case-control study, to ensure 79 

consistent findings across different designs. For the retrospective cohort analysis, a propensity-80 

score matching method was used to form cohorts of eTT-treated and untreated men with 81 

hypogonadism based on baseline demographics, comorbid conditions, concomitant medications, 82 

and resource utilization. Index date was defined as the first prescription date for eTT-treated 83 

men; and randomly assigned diagnosis date for untreated men in order to account for immortal 84 

time bias (see supplementary materials).15 The baseline period was defined as 12-month period 85 

before patient’s index date. 86 

For the nested-case-control analysis, men with hypogonadism with VTE were selected 87 

from the original (prematched) cohort population to be cases. For each case, 4 patients without 88 

VTE were randomly selected to be controls and matched on index date and age.  89 

 90 

Study variables 91 

The exposure variable was any eTT exposure, further stratified by prespecified routes of eTT 92 

administration (topical/gel, injection, transdermal, or other/nonspecified). The exposure window 93 

was defined as duration of the prescription plus a 90-day wash out period. In the nested-case-94 

control analysis, current eTT exposure was defined if VTE occurred during the exposure 95 

window, and past eTT was defined if VTE occurred at least 90 days after the end of the last 96 

prescription (i.e., outside exposure window).  97 
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The study outcome variables were incident idiopathic VTE (not associated with proxy risk 98 

factors of stroke, injury, paralysis/immobility, hospitalization >3 days, lower-limb fracture, 99 

major surgery, oxygen therapy, or anticoagulant use), as well as incident overall VTE in a 100 

sensitivity measure, defined via ICD-9 codes. These codes have been validated from a FDA 101 

mini-sentinel project with the highest positive predictive value (65%-90%).16 Additionally, an 102 

adjudication process was employed to classify idiopathic VTE cases, although misclassification 103 

may still exist (concordance rate = 70%, 95% CI: 61.8% to 78.20%) due to limitations of the data 104 

source and lack of non-prescription information (see supplementary materials). 105 

The other study variables including baseline characteristic variables (comorbidities, VTE 106 

risk factors, resource utilization, and medication use) were defined via ICD-9 or product codes.  107 

 108 

Statistical analyses 109 

Baseline characteristics and VTE risk factors were described for the patient populations. 110 

Between-cohort differences in these characteristics were calculated by t-test (continuous 111 

variables) or Pearson’s chi-square test (categorical variables) with a 0.05 significance level. 112 

For cohort analyses, a propensity score method was used. The propensity score for each 113 

patient was defined as the predicted probability of eTT initiation based on an assessment of 114 

measurable baseline characteristics.17-19 A high-dimension propensity-score method developed 115 

by the Observational Medical Outcomes Partnership (OMOP) identified a comparison group 116 

with regard to elevated risk of drug-induced VTE by incorporating additional baseline variables 117 

to include in the propensity score model.19,20 The propensity score generated for the entire 118 

population was applied to subcohorts.19,21 Using a time-to-event analysis, VTE incidence rates 119 

(IRs) were calculated among eTT-treated and untreated patient cohorts (per person years). A Cox 120 

regression model was employed to determine hazard ratios (HRs) with 95% confidence intervals 121 

(CIs) and p-values. The proportionality assumption for the Cox regression models was checked; 122 
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no violations were observed.  123 

For nested-case-control analyses, conditional stepwise logistic regression models adjusting 124 

for baseline characteristics were used to account for changes in drug exposure and time-varying 125 

confounding factors. The association between eTT exposure patterns and VTE risk was reported 126 

as an adjusted odds ratio (OR; with a 95% CI) after controlling for key VTE risk factors. In 127 

addition, stepwise criteria of variable selection applied a p-value of 0.20 for model entry and 128 

0.10 for retaining variables. To be conservative, correction of multiple comparisons/Type I errors 129 

was not considered for multiple comparisons involving different hypothesis. 130 

Sensitivity analyses were performed to assess the impact of different eTT exposure 131 

windows (60, 90, or 120 days), overall VTEs, and variations in study design (intent-to-treat 132 

[ITT] versus as-treated analysis) (see supplementary materials). Analyses were conducted with 133 

SAS Version 9.2 software (SAS Institute Inc., Cary, USA). 134 

 135 

Results 136 

Cohort analysis population 137 

Figure 1 depicts the selection process for the cohort analysis population with 533,223 patients 138 

(306,507 eTT treated, and 226,716 untreated patients). After applying 1:1 propensity-score 139 

matching, 102,650 eTT-treated and 102,650 untreated men with hypogonadism with well-140 

balanced baseline characteristics (Table 1) were selected for the primary analysis. 141 

 142 

Case-control analysis population 143 

A total of 2785 patients with incident idiopathic VTE were selected as cases, and 11,119 144 

matched controls were randomly selected from the treated and untreated hypogonadal 145 

population. Demographics and baseline characteristics are summarized in Table 1.     146 

 147 
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Cohort analysis results 148 

The incidence rate (IR) of idiopathic VTE for the treated versus untreated cohort was 3.70 (95% 149 

CI: 3.23 to 4.16) versus 3.20 (95% CI: 2.92 to 3.47) per 1000 patient-years respectively (Table 150 

2).  151 

The adjusted HRs from the cohort analysis demonstrated no significant differences in the 152 

incidence of VTE among eTT-treated and untreated men with hypogonadism (Table 2, Fig. 2). 153 

The adjusted HR for the entire retrospective cohort was 1.08 (95% CI: 0.91 to 1.27; p=0.378). 154 

Upon stratification by routes of eTT administration: the adjusted HR for the topical/gel route was 155 

1.07 (95% CI: 0.88 to 1.29; p=0.496) and for injectable eTT was 1.32 (95% CI: 0.89 to 1.96; 156 

p=0.164). The adjusted HR among patients ≤65 and those >65 years old was 1.09 (95% CI: 0.91 157 

to 1.29; p=0.350) and 0.96 (95% CI: 0.59 to 1.56; p=0.883), respectively. 158 

 159 

Case-control analysis results 160 

The adjusted OR from the case-control analysis was 1.02 (95% CI: 0.92 to 1.13; p=0.702) for 161 

current eTT exposure, and 0.92 (95% CI: 0.82 to 1.03; p=0.145) for past eTT exposure (Table 3). 162 

None of the analyses by age stratification, routes of administration, and interactions between eTT 163 

exposure status and routes of eTT administration reached statistical significance (Table 3).  164 

 165 

Sensitivity analyses results 166 

None demonstrated a significant association between eTT and VTE (Table 4). The adjusted HRs 167 

were consistent with those observed for the cohort analysis of the idiopathic VTE population 168 

(Table 2).  169 

In the case-control analysis, despite the consistency, a few sensitivity analyses reached 170 

statistical significance: (1) the adjusted OR for ‘any past eTT exposure’ and ‘past exposure to 171 

topical/gel eTT’ was 1.08 (95% CI: 1.02 to 1.15; p=0.010) and 1.09 (95% CI: 1.02 to 1.16; 172 
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p=0.011) respectively among the entire population; (2) the adjusted OR for any injectable eTT 173 

exposure was 1.10 (95% CI: 1.01 to 1.19; p=0.023), further, for current injectable exposure, the 174 

adjusted OR was 1.15 (95% CI: 1.04 to 1.26; p=0.006) (Table 5). 175 

Additional sensitivity analyses including using PS stratification methods (HR = 1.02, 95% 176 

CI: 0.90 to 1.15; p=0.799; Supplementary Table 4), applying intent-to-treat analysis (HR = 0.96, 177 

95% CI: 0.85 to 1.08; p=0.461; Supplementary Table 5) yielded nonsignificant results. 178 

 179 

Discussion  180 

This real-world study, which utilized an incident user design, found no significant association 181 

between eTT and incident risk of idiopathic VTE via both retrospective cohort (HR of 1.08 [95% 182 

CI: 0.91, 1.27]; p=0.378) and nested-case-control designs (current eTT exposure (OR=1.02 [95% 183 

CI: 0.92, 1.13]; p=0.702) and past eTT exposure (OR=0.92 [95% CI: 0.82, 1.03]; p=0.145). 184 

Furthermore, none of the eTT routes of administration (injectable, gel, patch) were associated 185 

with increased idiopathic VTE risk. These findings are considered to be robust and consistent, 186 

because of the new user study design, large sample size, 2 complimentary study designs and 187 

analytical methods to control for confounding factors, and the inclusion of various sensitivity 188 

analyses. In order to address this public health issue that concerns patients and physicians, the 189 

study results can be extrapolated to the general population, but not to high-risk patients (e.g., pre-190 

existing thrombophilia) because patients with baseline VTE were excluded from both analyses. 191 

The results from the sensitivity analyses were generally consistent with the results from the 192 

primary analyses. Some exceptions existed when studying the overall VTE population. 193 

Specifically, in contrast to the cohort analysis, the nested-case-control analysis found some 194 

statistically significant findings among past eTT exposures and any injectable eTT users. These 195 

findings could be attributed to several factors. Compared to the idiopathic VTE population, 196 

patients in the overall VTE population were more likely to experience other proxy risk factors 197 
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for VTE, such as prolonged immobility, trauma, and injury. Although the fully adjusted 198 

statistical model included many of these terms as covariates, it is possible that other unmeasured 199 

confounding factors may exist. Additionally, this significant association was observed among 200 

patients who were not current eTT users and did not take any eTT (topical solution) at least 90 201 

days prior to onset of VTE, thus it is unlikely that these VTEs were associated with eTT. Lastly, 202 

the dissimilar findings for any injectable exposure vs. other routes may be due to a difference in 203 

pharmacokinetics as suggested by a recently published study;22 safety profiles may vary for 204 

different testosterone delivery mechanisms with altered pharmacokinetics (i.e., injections cause 205 

spikes in testosterone levels and transdermal patches and gels cause subtle but sustained 206 

increases).   207 

Notably, our analyses replicated a recent case control analysis by Baillargeon et al, which 208 

reported that filling a prescription for eTT was not associated with an increased risk of VTE in 209 

nearly 31,000 middle aged and elder men.10 Our findings further support their observations using 210 

a retrospective cohort study design, which strengthen the findings via examining the temporal 211 

relationship analysis. Both of these studies add value in that they are large general population-212 

based comparative safety studies and offer a superior opportunity of evaluating drug safety 213 

compared to post-marketing cases and previously published case series reports.11,12 214 

Further, the study examined both idiopathic VTE and overall VTE study outcomes. The 215 

reason idiopathic VTE was chosen as the primary outcome was to preclude confounding factors 216 

(independent of drug use) related to VTE, such as trauma, injury, and hospitalization, which are 217 

strong predictors, possibly diluting the association with the drug. 218 

The study findings were contrary to an assumed link between eTT and incident VTE, 219 

which was thought to be mediated via increases in hematocrit and/or polycythemia, based on 220 

evidence for increased thromboembolic events in patients with primary polycythemia vera.4-7 It 221 

is also theorized that the risk of testosterone-induced polycythemia (increased hematocrit value) 222 
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may increase blood viscosity, leading to an increased risk for thromboembolic events.23 One 223 

study hypothesized that men with previously undiagnosed familial thrombophilias (Factor V 224 

Leiden) developed VTE while on eTT, due to peripheral conversion of testosterone to estradiol.11 225 

Although the results from the present study do not support the mechanisms above,11 the study 226 

results are consistent with other studies that did not find an association between endogenous sex 227 

hormone levels and a 10-year risk of VTE in middle-aged and older men,8 nor any significant 228 

association between endogenous testosterone or estradiol levels and risk of VTE, DVT, or PE in 229 

a study of 9331 men and women in the Copenhagen City Heart Study.9 230 

Nevertheless, the results from this study should be interpreted with consideration of its 231 

limitations. While claims data are valuable for the effective examination of disease outcomes and 232 

treatment patterns, claims data are collected for the purpose of payment and not research. The 233 

presence of a claim for a filled prescription does not indicate that the medication was consumed 234 

or taken as prescribed. The presence or absence of disease may not be accurate, as the diagnostic 235 

code may be incorrectly coded or included as rule-out criteria rather than actual disease. The 236 

observational nature of this study precluded the ability to employ treatment randomization; thus, 237 

findings may be subject to changes due to residual confounding factors. Several important 238 

covariates were missing in the claims database, including (but not limited to) body weight and 239 

genotypes for inheritable hypercoagulation conditions (e.g., protein C deficiency, protein S 240 

deficiency). The study outcomes were not validated through chart validation, but rather 1) 241 

adapting the FDA recommended/validated algorithm, which yielded a positive predictive value 242 

(PPV) between 65% and 95%; 2) adjudicating some patients’ claims to classify idiopathic VTE 243 

cases because misclassification cases may exist; and 3) combining both PE and DVT as the study 244 

outcome to improve PPV.16 Although the IR of the study outcome was higher than reported in 245 

current literature, there is no evidence suggesting that the false-positive cases would be 246 

distributed unevenly between the study groups. Therefore, the drug-event association was 247 
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assumed to be unchanged. Further, the comparison group was defined as an inactive comparator 248 

group that was not treated, but the untreated cohort was formed to match eTT-treated patients 249 

based on baseline characteristics through a propensity score model19 with the purpose of 250 

improving the comparability and reducing the confounding. Due to the lack of a specific ICD-9 251 

code, the most frequently used codes were chosen; although others may exist, these would not 252 

appreciably change the size of the study population. Finally, this claims database lacked 253 

comprehensive laboratory data to further substantiate exposure (through serum testosterone 254 

levels) or potential mechanisms for possible increased VTE risk (through elevated hematocrit) or 255 

clinical presentation of symptoms (e.g. fatigue). While testosterone deficiency among the treated 256 

cohort was unconfirmed, we approached the research question with the assumption that adult 257 

males prescribed eTT were considered by their physician to have testosterone deficiency. 258 

Furthermore, baseline endogenous total serum testosterone level is not needed because untreated 259 

hypogonadism is not a well-established predictor of VTE as suggested by previous literature.1-3 260 

Therefore, the lack of laboratory measures should not confound the association between eTT and 261 

VTE.  262 

 263 

Conclusion 264 

In conclusion, the results from the analyses of this study using the Truven Health Analytics 265 

MarketScan Databases showed no significant association between eTT administration and 266 

incidents of idiopathic VTE, as well as overall VTE, although the two different study designs 267 

yielded discrepant findings for the association between injectable formulations and overall VTE 268 

risk.  269 
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FIGURE LEGENDS 

Fig. 1 – Flow chart describing the selection process for the study’s patient cohort.   

N, number of patients in group; eTT, exogenous testosterone therapy; VTE, venous thrombotic 

event(s). 

 

Fig. 2 – Adjusted hazard ratios (HR) (with 95% confidence intervals [CI]) from Cox 

proportional regression analysis for retrospective cohort population: exogenous testosterone 

therapy (eTT) and idiopathic venous thrombotic events stratified by route of eTT administration. 

CI, confidence interval; HR, hazard ratio; LCL, lower confidence limit (low value of 95% CI); 

eTT, exogenous testosterone therapy; UCL, upper confidence limit (high value of 95% CI).  
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Table 1 Baseline Characteristics for Populations Selected for Retrospective Cohort Analysis (1:1 Propensity-Score-Matched) and 
Nested-Case-Control Analysis 

 Population for Cohort Analysis Population for Case-Control Analysis* 

Category 

(Characteristic) 

Treated 

n (%) 

Untreated 

n (%) 

p-Value 

 

Cases 

n (%) 

Controls 

n (%) 

p-Value 

 

Total Number of Patients 102,650 102,650 --- 2894 11,576 --- 

Mean Age (SD) at Index  51.50 (11.51) 51.51 (12.36) 0.793 54.18 (11.07) 54.18 (11.07) 1.000 

VTE Risk Factors       

History of VTE 143   (0.14) 141   (0.14) 0.906 21   (0.73) 8   (0.07) 0.000 

Genetic/congenital 239   (0.23) 238   (0.23) 0.963 --- (---) 19   (0.16) 0.021 

Cancer 9306   (9.07) 9430   (9.19) 0.342 11   (0.38) 1195 (10.32) 0.000 

Hypertension 45480 (44.31) 45375 (44.20) 0.641 1444 (49.90) 5136 (44.37) 0.000 

Hypercholesterolemia 50351 (49.05) 50430 (49.13) 0.727 1401 (48.41) 5507 (47.57) 0.420 

Diabetes 20737 (20.20) 20815 (20.28) 0.668 793 (27.40) 2491 (21.52) 0.000 

Obesity 6748   (6.57) 6603   (6.43) 0.194 228   (7.88) 483   (4.17) 0.000 

Renal disease 3065   (2.99) 3150   (3.07) 0.274 134   (4.63) 317   (2.74) 0.000 

Myocardial infarction 1503   (1.46) 1545   (1.51) 0.443 47   (1.62) 236   (2.04) 0.150 

Ischemic stroke 2575   (2.51) 2654   (2.59) 0.268 105   (3.63) 319   (2.76) 0.013 

Congestive heart failure 4218   (4.11) 4235   (4.13) 0.850 182   (6.29) 535   (4.62) 0.000 

Varicose vein(s) 1511   (1.47) 1538   (1.50) 0.622 95   (3.28) 154   (1.33) 0.000 

Rheumatoid arthritis 1185   (1.15) 1155   (1.13) 0.533 49   (1.69) 112   (0.97) 0.001 

Infection 8917   (8.69) 9094   (8.86) 0.167 355 (12.27) 995   (8.60) 0.000 

Inflammatory bowel disease 824   (0.80) 791   (0.77) 0.410 34   (1.17) 87   (0.75) 0.025 

Fracture(s) 836   (0.81) 851   (0.83) 0.714 36   (1.24) 95   (0.82) 0.032 
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Major trauma 334   (0.33) 342   (0.33) 0.758 8   (0.28) 24   (0.21) 0.479 

Injury 2633   (2.57) 2625   (2.56) 0.911 96   (3.32) 281   (2.43) 0.007 

Surgery 3178   (3.10) 3120   (3.04) 0.458 109   (3.77) 391   (3.38) 0.306 

Hospitalization >3 days 3208   (3.13) 3233   (3.15) 0.752 112   (3.87) 363   (3.14) 0.047 

Other Comorbidities       

Charlson comorbidity (SD) 0.97   (1.64) 0.98   (1.64) 0.126 1.09   (1.58) 1.02   (1.63) 0.050 

Hypogonadism 85145 (82.95) 98919 (96.37) 0.000 1805 (62.37) 6999 (60.46) 0.060 

Sexual dysfunction 98122 (95.59) 98658 (96.11) 0.000 1867 (64.51) 7365 (63.62) 0.373 

Klinefelter’s syndrome 211   (0.21) 295   (0.29) 0.000 5   (0.17) 10   (0.09) 0.199 

Sleep disturbance 18132 (17.66) 17837 (17.38) 0.087 565 (19.52) 1795 (15.51) 0.000 

Malaise/fatigue 32636 (31.79) 32966 (32.11) 0.118 808 (27.92) 2983 (25.77) 0.019 

Pituitary disorders 3125   (3.04) 2986   (2.91) 0.071 90   (3.11) 346   (2.99) 0.734 

Testicular cancer 433   (0.42) 429   (0.42) 0.891 2   (0.07) 34   (0.29) 0.034 

Prostate disease 15224 (14.83) 15170 (14.78) 0.737 468 (16.17) 1800 (15.55) 0.410 

Prostate cancer 2478   (2.41) 2514   (2.45) 0.606 21   (0.73) 322   (2.78) 0.000 

Concomitant Medications       

Antihyperlipidemics 40844 (39.79) 40556 (39.51) 0.194 1213 (41.91) 5022 (43.38) 0.154 

Antihypertensives 48016 (46.78) 47615 (46.39) 0.076 1528 (52.80) 5749 (49.66) 0.003 

Diabetes medications 16225 (15.81) 16189 (15.77) 0.828 630 (21.77) 1975 (17.06) 0.000 

Erectile dysfunction meds 14912 (14.53) 14700 (14.32) 0.183 472 (16.31) 1904 (16.45) 0.858 

Hematological agents 6812   (6.64) 6821   (6.64) 0.936 116   (4.01) 876   (7.57) 0.000 

Opiates 41548 (40.48) 41239 (40.17) 0.165 1381 (47.72) 4651 (40.18) 0.000 

Psychotropics 35047 (34.14) 34453 (33.56) 0.006 1076 (37.18) 3938 (34.02) 0.001 

Sleep medications 11469 (11.17) 11204 (10.91) 0.062 356 (12.30) 1312 (11.33) 0.145 
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Abbreviations:  N, number of patients in population; n, number of patients exhibiting characteristic; SD, standard deviation; VTE, venous thrombotic event. 
*Upon review of patient claim records, 109 of the selected cases and 457 of the selected controls were identified to have been treated with eTT via multiple administration routes. These patients were 
excluded from their respective groups, leaving a total of 2785 cases and 11,119 controls. 
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Table 2 Retrospective Cohort Analysis of Testosterone Use and Idiopathic Venous Thrombotic Events – Crude Incidence Rates and 
Adjusted Hazard Ratios (with 95% CIs) Among Testosterone-Treated and 1:1 Matched Untreated Hypogonadal Men – 
Stratified by Age Category and Route of Administration 

 eTT-Treated Hypogonadal Men Untreated Hypogonadal Men 

Adjusted 

Hazard 

Ratio † 95% CI p-Value 

eTT Administration 

Route 

Total Patients 

(N) 

Crude 

Incidence Rate 

(IR)* 

95% CI 

 

Total Patients 

(N) 

Crude 

Incidence Rate 

(IR)* 

95% CI 

 

Any 102,650 3.70 3.23, 4.16 102,650 3.20 2.92, 3.47 1.08 0.91, 1.27 0.378 

≤65 years of age 93,292 3.60 3.12, 4.08 93,057 3.17 2.87, 3.46 1.09 0.91, 1.29 0.350 

>65 years of age 9358 4.67 2.94, 6.40 9593 3.42 2.55, 4.28 0.96 0.59, 1.56 0.883 

Topical/gel 71,095 3.71 3.17, 4.24 71,095 3.26 2.93, 3.60 1.07 0.88, 1.29 0.496 

Injection 21,260 4.20 3.01, 5.39 21,260 2.69 2.08, 3.30 1.32 0.89, 1.96 0.164 

Transdermal 6949 1.57 0.19, 2.95 6949 3.60 2.58, 4.62 0.39 0.15, 1.06 0.065 

Other/nonspecified 3346 3.99 1.38, 6.59 3346 3.46 1.94, 4.98 1.14 0.46, 2.77 0.781 

Abbreviations:  CI, confidence interval; eTT, exogenous testosterone therapy; IR, incidence rate; N, number of patients in group; VTE, venous thrombotic event.  
* Per 1000 patient-years. 
† Adjusted for treatment and baseline characteristics that are commonly associated with VTE risk, including (but not limited to) the following: age, infection(s), 

previous VTE, obesity, cardiovascular disorders, cancer, and use of medications for diabetes and/or hematologic disorders. 
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Table 3  Adjusted Odds Ratios (with 95% CIs) from Nested-Case-Control Analysis (Conditional Logistic Regression Analysis) of 
Exogenous Testosterone Use and Idiopathic Venous Thrombotic Events – Stratified by Exposure Status and Route of eTT 
Administration 

 
   Entire Population Population ≤65 Years Old  Population >65 Years Old 

Category 

Cases* 

(N) 

Controls 

(N) 

Odds 

Ratio† 95% CI p-Value 

Odds 

Ratio† 

 

95% CI 

 

p-Value 

Odds 

Ratio† 

 

95% CI 

 

p-Value 

Current eTT vs no eTT 2785 11119 1.02 0.92, 1.13 0.702 1.05 0.94, 1.17 0.408 0.83 0.60, 1.13 0.235 

Past eTT vs no eTT   0.92 0.82, 1.03 0.145 0.93 0.82, 1.05 0.230 0.86 0.62, 1.19 0.356 

Topical/gel eTT vs no eTT 1223 4977 0.95 0.86, 1.05 0.300 0.98 0.88, 1.09 0.672 0.77 0.58, 1.03 0.078 

Injectable eTT vs no eTT 316 1077 1.11 0.96, 1.29 0.163 1.13 0.96, 1.33 0.133 1.01 0.68, 1.52 0.954 

Transdermal eTT vs no eTT 123 505 0.91 0.73, 1.13 0.389 0.94 0.74, 1.19 0.611 0.78 0.44, 1.40 0.406 

Other/nonspec eTT vs no eTT 65 255 1.00 0.75, 1.33 0.983 0.95 0.69, 1.31 0.749 1.28 0.62, 2.68 0.505 

Current topical/gel eTT vs no use/exposure 707 2778 1.00 0.89, 1.12 0.990 1.03 0.92, 1.17 0.590 0.78 0.54, 1.12 0.170 

Current injection eTT vs no use/exposure 214 708 1.15 0.97, 1.38 0.120 1.18 0.98, 1.43 0.080 0.94 0.55, 1.61 0.820 

Current transdermal eTT vs no use/exposure 49 229 0.80 0.57, 1.12 0.200 0.89 0.62, 1.26 0.500 0.36 0.12, 1.13 0.080 

Current other/nonspec eTT vs no use/exposure 33 122 0.99 0.66, 1.48 0.960 0.90 0.58, 1.40 0.650 2.21 0.74, 6.57 0.160 

Past topical/gel eTT vs no use/exposure 516 2199 0.88 0.78, 1.00 0.060 0.90 0.79, 1.04 0.140 0.77 0.53, 1.11 0.150 

Past injection eTT vs no use/exposure 102 369 1.03 0.81, 1.32 0.790 1.03 0.79, 1.35 0.830 1.08 0.62, 1.88 0.800 

Past transdermal eTT vs no use/exposure 74 276 0.99 0.74, 1.31 0.920 0.98 0.72, 1.34 0.890 1.12 0.57, 2.21 0.740 

Past other/nonspec eTT vs no use/exposure 32 133 1.00 0.66, 1.50 0.990 1.00 0.63, 1.56 0.980 0.86 0.32, 2.34 0.770 

Abbreviations:  CI, confidence interval; eTT, exogenous testosterone therapy; N, number of patients in group; nonspec, nonspecified; VTE, venous thrombotic event; vs, versus. 

* Cases with multiple routes of administration were excluded from the analysis. 

† Conditional logistic regression, adjusted for imbalances in baseline characteristics that are commonly associated with VTE risk among the population subgroups under investigation.  Baseline 
characteristics that were selected as covariates included those from the following categories: age, infection(s), previous VTE, obesity, cardiovascular disorders, cancer, diabetes medication use, 
and use of medications for hematologic disorders.  Specific covariates varied with the particular patient subgroup under investigation. 
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Table 4 Sensitivity Analysis/Retrospective Cohort Analysis of Testosterone Use and Overall Venous Thrombotic Events – Crude 
Incidence Rates and Adjusted Hazard Ratios (with 95% CIs) Among Testosterone-Treated and 1:1 Matched Untreated 
Hypogonadal Men – Stratified by Age Category and Route of Administration 

 eTT-Treated Hypogonadal Men Untreated Hypogonadal Men 

Adjusted 

Hazard 

Ratio† 95% CI p-Value 

eTT Administration 

Route 

Total Patients 

(N) 

Crude 

Incidence Rate 

(IR)* 95% CI 

Total Patients 

(N) 

Crude 

Incidence Rate 

(IR)* 95% CI 

Any 102,637 11.07 10.26, 11.87 102,637 11.42 10.89, 11.95 0.93 0.85, 1.03 0.151 

Topical/gel 71,110 10.90 9.97, 11.82 71,110 11.54 10.90, 12.17 0.93 0.83, 1.03 0.161 

Injection 21,228 12.48 10.42, 14.53 21,228 10.82 9.59, 12.06 1.05 0.84, 1.31 0.662 

Transdermal 6,965 9.12 5.80, 12.45 6,965 11.60 9.77, 13.43 0.65 0.42, 1.02 0.061 

Other/nonspecified 3,334 10.32 6.10, 14.53 3,334 11.54 8.76, 14.32 1.11 0.65, 1.90 0.704 

Abbreviations:  CI, confidence interval; eTT, exogenous testosterone therapy; IR, incidence rate; N, number of patients in group; VTE, venous thrombotic event.  
* Per 1000 patient-years. 
† Adjusted for treatment and baseline characteristics that are commonly associated with VTE risk, including (but not limited to) the following: age, infection(s), 

previous VTE, obesity, cardiovascular disorders, cancer, and use of medications for diabetes and/or hematologic disorders. 
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Table 5   Sensitivity Analysis/Adjusted Odds Ratios (with 95% CIs) from Nested-Case-Control Analysis (Conditional Logistic 
Regression Analysis) of Exogenous Testosterone Use and Overall Venous Thrombotic Events – Stratified by Exposure 
Status and eTT Route of Administration 

   Entire Population Population ≤65 Years Old  Population >65 Years Old 

Category 

Cases* 

(N) 

Controls 

(N) 

Odds 

Ratio† 

95% CI 

 

p-Value 

 

Odds 

Ratio† 

95% CI 

 

p-Value 

 

Odds 

Ratio† 

95% CI 

 

p-Value 

 

Current eTT vs no eTT 10205 40989 1.03 0.97, 1.09 0.300 1.04 0.97, 1.11 0.250 0.98 0.87, 1.10 0.670 

Past eTT vs no eTT   1.08 1.02, 1.15 0.010 1.06 0.99, 1.14 0.110 1.13 1.01, 1.26 0.030 

Topical/gel eTT vs no eTT 4549 18004 1.05 0.99, 1.10 0.087 1.04 0.98, 1.10 0.232 1.07 0.97, 1.18 0.203 

Injectable eTT vs no eTT 1118 3947 1.10 1.01, 1.19 0.023 1.13 1.03, 1.24 0.012 1.00 0.86, 1.17 0.989 

Transdermal eTT vs no eTT 525 1878 1.07 0.95, 1.19 0.262 1.03 0.90, 1.17 0.670 1.11 0.91, 1.36 0.314 

Other/nonspec eTT vs no eTT 237 1079 0.97 0.83, 1.13 0.664 0.93 0.78, 1.12 0.463 1.03 0.78, 1.35 0.849 

Current topical/gel eTT vs no use/exposure 2319 9575 1.01 0.95, 1.08 0.750 1.01 0.94, 1.09 0.725 0.98 0.86, 1.12 0.762 

Current injection eTT vs no use/exposure 708 2410 1.15 1.04, 1.26 0.006 1.20 1.07, 1.34 0.001 0.94 0.76, 1.16 0.547 

Current transdermal eTT vs no use/exposure 216 781 0.98 0.83, 1.15 0.775 0.94 0.78, 1.15 0.564 1.00 0.72, 1.38 0.995 

Current other/nonspec eTT vs no use/exposure 109 518 0.91 0.73, 1.13 0.381 0.86 0.66, 1.11 0.239 1.03 0.68, 1.57 0.875 

Past topical/gel eTT vs no use/exposure 2230 8429 1.09 1.02, 1.16 0.011 1.07 0.99, 1.15 0.088 1.14 1.01, 1.29 0.028 

Past injection eTT vs no use/exposure 410 1537 1.02 0.90, 1.15 0.739 1.00 0.86, 1.16 0.954 1.07 0.87, 1.33 0.514 

Past transdermal eTT vs no use/exposure 309 1097 1.13 0.99, 1.31 0.079 1.10 0.93, 1.30 0.278 1.18 0.92, 1.52 0.184 

Past other/nonspec eTT vs no use/exposure 128 561 1.03 0.84, 1.26 0.812 1.02 0.79, 1.31 0.899 1.03 0.73, 1.46 0.860 
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Abbreviations:  CI, confidence interval; eTT, exogenous testosterone therapy; N, number of patients in group; nonspec, nonspecified; VTE, venous thrombotic event; vs, versus. 

* Cases with multiple routes of administration were excluded from the analysis. 

† Conditional logistic regression, adjusted for imbalances in baseline characteristics that are commonly associated with VTE risk among the population subgroups under investigation.  Baseline 
characteristics that were selected as covariates included those from the following categories: age, infection(s), previous VTE, obesity, cardiovascular disorders, cancer, diabetes medication use, 
and use of medications for hematologic disorders.  Specific covariates varied with the particular patient subgroup under investigation. 
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CI, confidence interval(s) 

DVT, deep vein thrombosis 

eTT, exogenous testosterone therapy 

FDA, Food and Drug Administration 

HR, hazard ratio(s) 

IR, incidence rate(s) 

ICD-9, International Classification of Diseases, 9th Edition 

ITT, intent-to-treat 

LCL, lower confidence limit 

OMOP, Observational medical Outcomes Partnership 

OR, odds ratio(s) 

PE, pulmonary embolism 

PPV, positive predictive value 

SD, standard deviation 

UCL, upper confidence limit 

VTE, venous thrombotic event(s) 
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ABBREVIATIONS:  

DVT: Deep Vein Thrombosis 

PE: Pulmonary Embolism 

TRT: Testosterone Replacement Therapy 

VINCI: Veterans Administrations Informatics and Computing Infrastructure 

SIPTW: Stabilized inverse probability of treatment weights. 
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ABSTRACT:  

Background: Testosterone Replacement Therapy (TRT) prescriptions have increased 

several-fold in the last decade. There have been concerns regarding a possible increased 

incidence of deep venous thrombosis (DVT) and pulmonary embolism (PE) with TRT. 

There is a paucity of data to support the association between TRT and DVT/ PE. We 

evaluated the incidence of DVT and PE in men who were prescribed TRT for low serum 

total testosterone levels (sTT). 

Methods: This is a retrospective cohort study, conducted using data obtained from the 

Veterans Administrations Informatics and Computing Infrastructure (VINCI). We 

compared the incidence of DVT/PE between those who received TRT and subsequently 

had normal on-treatment sTT levels (Gp1), those who received TRT but continued to 

have low on-treatment sTT (Gp2), and those who did not receive TRT (Gp3). Those with 

prior history of DVT/PE, cancer, hypercoagulable state and chronic anticoagulation were 

excluded.  

Results: The final cohort consisted of 71,407 subjects with low baseline sTT. Of these, 

10,854 did not receive TRT (Gp3) and 60,553 received TRT. Of those who received TRT, 

38362 achieved normal sTT (Gp1) while 22191 continued to have low sTT (Gp2). The 

incidence of DVT/PE was 0.5%, 0.4% and 0.4% in Gp1, Gp2 and Gp3 respectively. 

Univariate, Multivariate, and Stabilized inverse probability of treatment weights 

(SIPTW) analyses showed no statistically significant difference in DVT/PE free survival 

between different groups.  

Case: 1:14-cv-01748 Document #: 1406-5 Filed: 07/25/16 Page 5 of 28 PageID #:19831



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

4 

 

Conclusion: This study did not detect a significant association between testosterone 

replacement therapy and risk of DVT/PE in adult men with low sTT who were at low-

moderate baseline risk of DVT/PE. 
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INTRODUCTION  

With an aging population and increased awareness of adult testosterone deficiency, the 

use of testosterone replacement therapy (TRT) for age-related hypogonadism in the USA 

has increased several fold in the last decade1. Between 2010 and 2013, the number of 

people receiving TRT increased from 1,299,846 to 2,291,266 with 60% being prescribed 

by primary care physicians 2. Several studies have evaluated the association of TRT with 

acute myocardial infarction and stroke 3-6. Results of these studies have been conflicting 

and no consensus has emerged on TRT and the risk of myocardial infarction or stroke7-9. 

A recently published large population-based retrospective study from our center did find 

that normalization of serum total testosterone levels (sTT) after TRT in subjects with no 

prior history of CAD/MI/Stroke is associated with a decreased incidence of MI, Stroke 

and all-cause mortality9.  

More recently, it has been suggested that TRT may be associated with an increased risk 

of deep vein thrombosis and pulmonary embolism (DVT/ PE)10,11. These concerns are 

based on a limited number of case reports and case series. A recent study did not find an 

association between DVT/PE and TRT12. There is an urgent need for evidence as this is 

an important health issue as highlighted by the issuance of a recent US FDA and Health 

Canada warning regarding the possible association of DVT/ PE with TRT13,14.  

We conducted this retrospective study utilizing data from a large patient cohort to 

investigate the incidence of DVT/ PE in adult men with low sTT who were prescribed 

TRT. 
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METHODS 

The Institutional Review Board of Kansas City Veterans Affairs Medical Center, USA, 

approved the study. We conducted this study using de-identified data from Veterans 

Administrations Corporate Data Warehouse (CDW) through the VINCI. Data on our 

study subjects was retrieved from December 1999 to May 2014.  

Study Design 

The aim of this study was to determine the incidence of DVT/PE in subjects who were 

prescribed TRT for low sTT.  

Determination of sTT: A subject was considered to have low testosterone, when the 

measured sTT levels were below the lower limit of normal laboratory reference range 

(NLRR) for each reported test result.  Position statement from the Endocrine Society and 

other sources suggest that testosterone levels can vary significantly between different 

laborateries, even when they use same commercial kits15,16. Moreover, because of assay 

ambiguities and biological variations, no single determination of testosterone can 

distinguish hypogonadism from eugonadism 17,18. Consequently, we classified each test 

result as low or normal based on the respective laboratory reference range reported with 

the test result. This approach minimized the effect of changes due to multiple assay 

methodologies and provided sTT values in the context of the method used. 

 Outcome Measures:  The primary outcome measure was the incidence of DVT/PE (ICD-

9 codes for DVT included 453.40, 453.41, 453.42, 453.50, 453.51, 453.52, 453.72, 

453.73, 453.82, 453.83, 451.11, 451.19, 451.81, 451.83; and for PE 415.11, 415.12, 

415.19)  
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Ascertainment of TRT Exposure: Subjects who were prescribed any forms of 

TRT (injection, gel or patch) were considered treated with TRT. Treatment exposure and 

duration were ascertained from the prescriptions in the  medical records.  

Confounding factor measures: We controlled for the effects of confounding factors such 

as diabetes mellitus (DM), chronic kidney disease (CKD), congestive heart failure (CHF) 

captured by ICD-9-CM codes. Confounding measures also included patient age and 

baseline body mass index.   

Start day and censoring: The first day of the study for all enrolled subjects was the date of 

their first reported low sTT. Those who did not develop DVT/PE during the period of 

follow-up were censored on the last day of utilization of VHA care.  

Study Population   

Inclusion criteria: Individuals with baseline sTT levels lower than NLRR were included 

in this study. In order to account for known variability in sTT levels in individuals, the 

Endocrine Society recommends rechecking levels to confirm true low sTT state prior to 

initiating TRT19. Accordingly, we included only those subjects who showed low sTT 

levels in a repeat sample prior to TRT. Those showing normal sTT levels in a replicate 

test before starting TRT were excluded from the final cohort in this study (Figure 1). 

Exclusion criteria: We excluded, (i) females, (ii) those who received TRT without 

baseline (i.e pre-treatment) sTT test results (iii) those who had DVT/PE  before the first 

day of study,  (iv) those whose sTT levels normalized without documented TRT, (v) 

those with a diagnosis of any type of cancer, (vi) those receiving warfarin, and (vii) 

subjects with history of coagulopathy, ICD-9 code 289.81 (including Protein C and S 
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deficiency, Lupus anticoagulant, Factor V Leiden mutation, Antithrombin deficiency, 

prothrombin gene mutation, and activated protein C resistance).  

There were no patients on Xa and IIa inhibitors in Gp1 and Gp2, while only 3 patients 

received these medications in Gp3. Thus, we did not include this parameter on the 

exclusionary list for this study.  

Study Groups:  

Normal on-treatment sTT group (Gp1): This group comprised of subjects with low 

baseline sTT levels who received TRT and in whom subsequent on-treatment testing 

demonstrated improvement in TT levels to normal i.e., levels within the NLRR. These 

subjects were considered adequately treated. 

Low on-treatment sTT group (Gp2): This group comprised of subjects who continued to 

have low sTT levels while on TRT i.e. levels lower than NLRR, despite receiving TRT. 

These were considered to be inadequately treated and include those who may have been 

non-compliant with TRT use. 

Untreated subjects (Gp3): This was the control group and comprised of subjects who had 

low baseline sTT but did not receive any TRT during the study period.  

Statistical analysis  

Continuous variables were reported as means (± standard deviation, SD) and categorical 

variables as percentages. Chi square test and Student’s t-test were used to 

compare normally distributed baseline characteristics of patients. Non-parametric tests 

were used for non-normally distributed variables. To examine the relationship between 
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TRT and incident DVT/PE, univariable and multivariable Cox proportional hazard 

regression analyses were performed.  

Propensity score and Stabilized Inverse Probability of Treatment Weights (SIPTW) 

analyses: To control for the potential selection bias for using TRT, a propensity score 

approach was used during data analyses.  SIPTW analysis was performed which allowed 

us to retain most subjects in the study while using the weighted propensity scores to 

achieve balance between each pair of sub-groups compared20-22. The covariates used to 

compute propensity scores were age, body mass index, diabetes mellitus, congestive heart 

failure, and chronic kidney disease.  

Statistical analysis was performed using SAS 9.4 and Stata 12 was used to plot Kaplan- 

Meier (KM) curves.  Stabilized IPTW KM survival curves were plotted with TRT as a 

time-varying exposure variable to compare event-free survival time between the groups. 

Log-rank P-values were computed.   

RESULTS 

Cohort description  

Figure 1 describes the study cohort enrollment. We identified a total of 117,094 patients 

in the database who had low sTT. We excluded 332 patients who had prior DVT/PE 

because the focus of this study was on incidence of DVT/PE. Also excluded were 28,081 

patients without baseline sTT results before initial TRT and 7,388 with diagnosis of 

primary hypercoagulable state, cancers or use of warfarin. In order to enhance the 

effectiveness of SIPTW matching, 2374 patients who had missing data with regards to 

baseline covariates were also excluded from the final analysis. The cohort now comprised 
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of 78,919 subjects who were categorized into treated (60,553) and untreated (18,366) 

groups. Among the untreated group we further excluded 7,512 subjects whose 

testosterone levels normalized after repeat testing. There was no record of treatment for 

these people, and we could not rule out the possibility of non-VA prescriptions which 

could have been responsible for this finding. Thus, to prevent misclassification bias, these 

individuals with spuriously normalized testosterone levels were excluded. Thus the final 

study cohort comprised of 71,407 subjects with 10,854 untreated patients (Gp3) in the 

final analysis. In the treated arm, TRT achieved normal sTT levels in 38,362 subjects 

(Gp1) while the rest of this group i.e. 22,191 subjects continued to have low testosterone 

(Gp2). 

Baseline Characteristics of the Patients  

Table 1 presents the demographic and other baseline variables in detail. Mean ages at 

enrolment were 64.0 years (SD) 11.2), 63.9 years (SD 11.9), and   66.6 years (SD 13.1) 

for Gp1, Gp2 and Gp3 respectively. Mean BMI at enrollment were 33.0 kg/m2 (SD 6.5), 

33.7 kg/m2 (SD 6.9), and 32.9 kg/m2 (SD 6.8) for Gp1, Gp2 and Gp3 respectively. Mean 

follow-up time was significantly longer in Gp1 (6.1 years, SD 3.1) as compared to Gp2 

(4.5 years, SD 2.9) or Gp3 (4.6 years, SD 2.9). Using SIPTW matching, we controlled for 

discrepancies in the baseline characteristics between the groups with regard to age, BMI 

and comorbidities.  Thus, prior to performing Cox proportional hazard regression 

analyses, each pair of groups was well matched (P>0.05) with regard to these covariates 

as presented in Table 1. 

Relationship between TRT and DVT/PE 
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The incidence of DVT/PE was 0.5% (207/38362) in Gp1, 0.4% (90/22191) in Gp2 and 

0.4% (41/10854) in Gp3. Of these, the PE accounted for 28 of 207 events in Gp1, 15 of 

90 events in Gp2 and 6 of 41 events in Gp3. Table 2 presents results of Cox proportional 

hazard regression analysis. Univariate, multivariate and SIPTW analyses did not detect a 

significant difference in the risk of incident DVT/PE between the groups. Results from 

SIPTW analysis were as follows: Gp1 vs. Gp3 (HR=1.1; CI=0.78-1.54, P=0.6); Gp1 vs. 

Gp2 (HR=0.96; CI=0.75-1.24, P=0.77); and Gp2 vs. Gp3 (HR=1.14; CI=0.78-1.65, 

P=0.50).  KM curves (Figures 2-4) also show that the probability of DVT/PE free 

survival was not significantly different in the groups compared (logrank P>0.05). Data on 

race/ ethnicity were not available for a large number of subjects and thus we did not 

include this variable in the analysis. Where this data were available, subjects were 

predominantly white. In Gp1, data on race/ ethnicity was available for 12,272 patients 

and 82.2% were white; in Gp2, 6529 patients had race/ethnicity data and 81.5% were 

white ; in Gp3, race/ ethnicity data were available  for 2840 patients and 77.3% were 

white. 

DISCUSSION  

To our knowledge, this is the largest study to evaluate the association between TRT and 

risk of DVT/ PE. The main finding of the study is that TRT is not associated with an 

increased incidence of DVT/PE in men with low baseline sTT and no known pre-existing 

hypercoagulable state.  

The bulk of current evidence in regards to TRT and DVT/PE is derived from a series of 

reports from a single center 11,23-26. The authors described 42 patients who developed a 
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venous thrombotic event while on TRT11,25,26. Of these, 27 had DVT/ PE . None had 

polycythemia/ cancer/ prior known DVT/PE or a hypercoagulable state. These 42 patients 

were  compared to 105 healthy normal controls and 42 patients on TRT but no venous 

thrombosis. A significantly higher prevalence of one or more thrombophilia was 

observed in the TRT with DVT/PE group compared to the other groups. The authors 

hypothesized that TRT selected out subjects with previously occult, underlying 

thrombophilia and resulted in DVT/ PE.  

In the recently published case-control study, Baillargeon et al investigated the association 

of TRT and DVT/PE using administrative health data from a large commercial health 

program. Similar to our study, the authors did not find any association between TRT and 

DVT/ PE12. The authors identified 7643 cases who were diagnosed with DVT or PE and 

had either at least one prescription of an anticoagulant filled or had a vena cava filter 

placed. There were 22,929 controls. The study found that having filled a prescription for 

TRT was not associated with an increased risk of VTE. Even though the overall study 

population was large, the numbers of subjects taking testosterone were small. In the study 

group 158 were on testosterone therapy and in the control group 505. 12  

From a plausibility standpoint, there are several potential mechanisms through which 

TRT may increase the risk of venous thrombosis. Erythrocytosis or polycythemia is a 

known side effect of TRT and may contribute to an increased risk of venous 

thrombosis27,28. In animals, platelet aggregation has been shown as the common pathway 

resulting in increased thrombotic events with androgens29-36. There is also evidence that 

exogenously administered testosterone regulates the expression of Platelet Thromboxane 

A2 receptors in humans 37. Another proposed mechanism is that TRT may increase the 
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levels of circulating estrogens by aromatization of testosterone to estradiol (E2) and this 

may play a role in increasing thrombotic risk38-40. These findings have justifiably raised 

concern as parallels have been drawn between TRT in men and hormone replacement 

therapy (estrogen) in post-menopausal women where large well-conducted studies 

demonstrated that exogenous estrogen replacement is associated with an increased risk of 

DVT/ PE 41,42. 

Our study provides strong epidemiologic evidence that in the population studied, TRT is 

not associated with an increased risk of DVT/ PE. Even though retrospective in design, 

the study results are strengthened by the large sample size and long-term follow up in a 

U.S. veteran population who received healthcare at the VA facilities thus minimizing the 

likelihood of missing outcome events due to patients receiving care elsewhere. Further, 

the study confirmed improvement in sTT levels for those on TRT and thus significantly 

decreases the chance that widespread non- compliance may have biased the results.  

This is the first study with a large population on TRT to investigate the association 

between TRT and DVT/PE. More research, especially with large prospective trials will 

be needed to confirm these findings and until those are done, we recommend caution as 

recommended in the recent FDA advisory13. 

Study Limitations 

This is a retrospective study and thus subject to the usual limitations including that of 

unidentified confounders. Despite using SIPTW method to match the groups before 

analysis, the impact of unidentified confounders cannot be completely eliminated. One of 

the factors affecting the occurrence of DVT/PE is recent surgery and immobilization. We 

Case: 1:14-cv-01748 Document #: 1406-5 Filed: 07/25/16 Page 15 of 28 PageID #:19841



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 

 

did not assess the study groups for these confounders and this may have potentially 

affected the results. In a retrospective study such as this, it is difficult to assess with 

certainty if patients in the treatment arm actually took the medications and in an adequate 

dose. Our study overcomes this limitation by assessing follow up sTT levels to confirm 

compliance and adequate dosing.  

 We did not specifically evaluate the prevalence of DVT/PE in individuals with sTT 

levels higher than the upper range of normal.  Although the overall incidence of DVT/PE 

was very low, the effect of overdosing by TRT might have been missed. Since 

information on race/ ethnicity was not available for a majority of subjects, it is not 

possible to assess if effects of TRT vary with ethnicity. The study did not differentiate 

between formulations and routes of administration of TRT and was not designed to detect 

differences in the effects of various TRT preparations, if any. Since the study excluded 

patients with prior DVT/PE or know hypercoagulable state, this study cannot comment 

on the effect of TRT in this patient population. 

From the data available to us for this analysis, the TRT group had longer follow-up time. 

Though this finding indicates a difference between groups, longer follow-up time 

provides the opportunity to observe more events in the TRT group if there were a positive 

association between TRT and DVT/PE. However, despite a longer follow up time, 

increased incidence of DVT/PE was not observed in the TRT group.  

Despite these limitations our study does help fill the knowledge gap by studying the 

association of TRT with incidence of DVT/PE. 

 

Case: 1:14-cv-01748 Document #: 1406-5 Filed: 07/25/16 Page 16 of 28 PageID #:19842



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

15 

 

CONCLUSION  

This large retrospective study shows that testosterone replacement therapy use in adult 

men with low sTT and low-moderate risk of DVT/PE is not associated with an increased 

risk of DVT/PE. This finding was consistent across all subgroups of those receiving TRT 

(those with normal on-treatment sTT and those with persistent low on-treatment sTT) 

when compared to untreated subjects. These findings should be confirmed in future 

studies, starting with prospective cohort studies and if needed randomized controlled 

trials.  
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TABLES 

 

 
Table 1: Baseline characteristics of all study subjects 
Normal-on-treatment group comprised of patients with low pre-treatment total 
testosterone (sTT) levels that  achieved normal sTT levels after testosterone replacement 

 UNMATCHED COHORT SIPTW MATCHED COHORT 

 

 NORMAL ON-TREATMENT sTT VERSUS UNTREATED GROUPS 

 Normal on-

treatment  

N=38362 

Untreated 

N=10854 
P-

value 

Normal on-

treatment  

N=38362 

Untreated 

N=10855 
P-

value 

Age ≥50 years n (%) 34212 (89.2) 9713 (89.5) 0.3639 34236 (89.2) 9682 (89.2) 0.8862 

Age, Mean (SD) Years 64.0 (11.2) 66.6 (13.1)  64.0 (11.2) 66.4 (13.2)  

Body mass index  ≥30 kg/m
2 

  25383 (66.2) 6978 (64.3) 0.0003 25226 (65.8) 7141 (65.8) 0.9588 

Body mass index kg/m
2
 , mean (SD) 33.0 (6.5) 32.9 (6.8)  33.0 (6.6) 33.0 (6.7)  

Follow up time (years), mean (SD) 6.1 (3.1) 4.6 (2.9)  6.1 (3.1) 4.6 (2.9)  

Chronic kidney disease  n (%) 311 (0.8) 157 (1.5) <.0001 364 (1.0) 102 (0.9) 0.9440 

Diabetes mellitus n (%) 11649 (30.4) 3467 (31.9) 0.0017 11782 (30.7) 3333 (30.7) 0.9913 

Congestive heart failure n (%) 483 (1.3 206 (1.9) <.0001 536 (1.4) 151 (1.4) 0.9514 

 NORMAL ON-TREATMENT sTT VERSUS LOW ON-TREATMENT sTT GROUPS 

Normal on-

treatment 

N=38362 

Low on-

treatment 

N=22191 

P-

value 

Normal on-

treatment 

N=38362 

Low on-

treatment 

N=22191 

P-

value 

Age ≥50 years n (%) 34212 (89.2) 19578 (88.2) 0.0003 34080 (88.8) 19716 (88.9) 0.9673 

Age, Mean (SD) Years 64.0 (11.2) 63.9 (11.9)  63.9 (11.2) 64.1 (11.9)  

Body mass index  ≥30 kg/m
2 

  25383 (66.2) 15449 <.0001 25873 (67.4) 14967 (67.5) 0.9901 

Body mass index kg/m
2
 , mean (SD) 33.0 (6.5) 33.7 (6.9)  33.2 (6.6) 33.4 (6.9)  

Follow up time (years), mean (SD) 6.1 (3.1) 4.5 (2.9)  6.0 (3.1) 4.6 (3.0)  

Chronic kidney disease  n (%) 311 (0.8) 296 (1.3) <.0001 384 (1.0) 222 (1.0) 0.9924 

Diabetes mellitus n (%) 11649 (30.4) 8000 (36.1) <.0001 12449 (32.5) 7201 (32.5) 0.9969 

Congestive heart failure n (%) 483 (1.3 426 (1.9) <.0001 577 (1.5) 334 (1.5) 0.9974 

 LOW ON-TREATMENT sTT VERSUS UNTREATED GROUPS 

Low on-

treatment 

N=22191 

Untreated 

N=10854 
P-

value 

Low on-

treatment  

N=22191 

Untreated 

N=10855 

P-

value 

Age ≥50 years n (%) 19578 (88.2) 9713 (89.5) 0.0007 19669 (88.6) 9620 (88.6) 0.9800 

Age, Mean (SD) Years 63.9 (11.9) 66.6 (13.1)  64.1 (11.9) 66.2 (13.2)  

Body mass index  ≥30 kg/m
2 

  15449 6978 (64.3) <.0001 15063 (67.9) 7371 (67.9) 0.9594 

Body mass index kg/m
2
 , mean (SD) 33.7 (6.9) 32.9 (6.8)  33.5 (6.9) 33.3 (6.8)  

Follow up time (years), mean (SD) 4.5 (2.9) 4.6 (2.9)  4.5 (3.0) 4.6 (2.9)  

Chronic kidney disease  n (%) 296 (1.3) 157 (1.5) 0.4084 304 (1.4) 149 (1.4) 0.9945 

Diabetes mellitus n (%) 8000 (36.1) 3467 (31.9) <.0001 7701 (34.7) 3767 (34.7) 0.9991 

Congestive heart failure n (%) 426 (1.9) 206 (1.9) 0.8920 425 (1.9) 208 (1.9) 0.9928 
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therapy (TRT). Low-on-treatment group did not achieve normalization of their sTT after 
TRT. Untreated group comprised of patients who did not receive any form of TRT during 
the follow-up period. At first, the groups were unmatched (p = 0.05) with regard to 
baseline covariates. Prior to performing data analysis, each pair of groups were matched 
(p > 0.05) using stabilized inverse probability treatment weighted propensity scores. 

 

 

 

Model Normal on-treatment Versus 

Untreated 

Normal on-treatment Versus Low 

on-treatment  

Low on-treatment Versus 

Untreated 

  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 

Univariate  1.048 0.749-1.466 0.7855 0.953 0.743-1.223 0.7066 1.095 0.757-1.584 0.6309 

Multivariate  1.066 0.761-1.492 0.7116 0.970 0.756-1.245 0.8124 1.130 0.781-1.636 0.5169 

Stabilized 

IPTW 

1.096 0.778-1.543 0.5998 0.964 0.751-1.237 0.7732 1.138 0.784-1.652 0.4970 

 

Table 2: Unadjusted and adjusted hazard ratios for DVT/PE 
Multivariate and stabilized inverse probability treatment weighted cox regression models 
were fitted using baseline variables presented in Table 1 as covariates. Testosterone 
replacement therapy was fitted as a time-varying covariate in all models. 
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FIGURE LEGENDS  

 

Figure 1: Methodology and patients selection process 

Inclusion and exclusion criteria used for selecting the final sample cohorts comprising of 
three groups (normal-on-treatment total testosterone levels,  low-on-treatment total 
testosterone levels and untreated patients.  

 

Figure 2 : Kaplan-Meier curve depicting DVT/PE survival between untreated and 
normal-on-treatment groups: 

 DVT/PE-free survival probability was not significantly different between the groups.  

 

Figure 3 : Kaplan-Meier curve depicting the DVT/PE survival between low-on-
treatment and normal-on-treatment groups:  

DVT/PE-free survival probability was not significantly different between the groups.  

 

Figure 4 : Kaplan-Meier curve depicting the DVT/PE survival between untreated 
and the low on-treatment  groups:  

DVT/PE-free survival probability was not significantly different between the groups.  

 

 

 

 

Case: 1:14-cv-01748 Document #: 1406-5 Filed: 07/25/16 Page 24 of 28 PageID #:19850



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

Case: 1:14-cv-01748 Document #: 1406-5 Filed: 07/25/16 Page 25 of 28 PageID #:19851



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

Case: 1:14-cv-01748 Document #: 1406-5 Filed: 07/25/16 Page 26 of 28 PageID #:19852



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

Case: 1:14-cv-01748 Document #: 1406-5 Filed: 07/25/16 Page 27 of 28 PageID #:19853



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

Case: 1:14-cv-01748 Document #: 1406-5 Filed: 07/25/16 Page 28 of 28 PageID #:19854


