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Abstract 

Purpose  Hormone replacement therapy (HRT) causes a significant increase in the risk of venous thrombosis. The 
risk of medical and surgery-related complications among women taking HRT following total hip arthroplasty (THA) is 
poorly understood, and there are currently no guidelines in place regarding venous thromboembolism prophylaxis in 
this patient population. The purpose of this study was to evaluate the frequency of early medical and surgery-related 
complications following THA among women taking HRT.

Methods  Women aged > 40 years of age who underwent primary THA were identified from a retrospective data-
base review. A control group of non-HRT users was matched using propensity scoring to HRT users. Rates of 90-day 
medical complications and 1-year surgery-related complications were compared between cohorts using odds ratios. 
Postoperative anticoagulation regimens were also compared.

Results  There were 3,936 patients in the HRT cohort who were matched to 39,360 patients not taking HRT. There 
were no significant differences in rates of DVT (OR 0.94, p = 0.6601) or PE (OR 0.80, p = 0.4102) between cohorts. 
Patients on HRT were more likely to sustain a dislocation (OR 1.35, p = 0.0269) or undergo revision surgery (OR 1.23, 
p = 0.0105). HRT patients were more likely to be prescribed warfarin (OR 1.21, p = 0.0001) or enoxaparin (OR 1.18, 
p = 0.0022) and less likely to be prescribed rivaroxaban (OR 0.62, p < 0.0001) compared to controls.

Conclusions  HRT was not found to be an independent risk factor for thromboembolism following THA. Further 
research is warranted to better delineate the ideal perioperative medical management of HRT users undergoing THA.
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Introduction
Primary total hip arthroplasty (THA) is a commonly 
performed orthopaedic procedure with an expected vol-
ume of 635,000 cases per year by 2030 [23]. One of the 
most common medical complications following THA is 
the development of deep vein thrombosis (DVT), with 
reported incidence ranging from 0.2% to 0.59% [5, 14, 20]. 

Hormone replacement therapy (HRT) is widely used by 
women to treat symptoms related to menopause and has 
been shown to improve bone health through antiresorp-
tive properties [3, 19]. HRT also exerts a thrombogenic 
effect by increasing levels of serum fibrinogen, factors 
II, VII, VIII, and X while decreasing levels of antithrom-
bin and protein S [18, 22], and women taking HRT have 
been found to be at 2.7 to 3.6 times increased risk of idi-
opathic DVT formation [4–6, 8]. Younger patients are 
more frequently being considered appropriate candidates 
for THA [2, 9, 13], and patients taking HRT are typi-
cally treating symptoms related to menopause. There-
fore, it should be expected that the prevalence of HRT 
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users undergoing THA will increase. There is currently 
a paucity of literature regarding the risk of postopera-
tive thromboembolism following THA among women 
taking HRT. The most recent clinical practice guidelines 
for patients undergoing elective THA from the American 
Society of Hematology do not include protocols specific 
to HRT patients [1].

HRT has a known effect on bone health through antire-
sorptive properties mediated through the nuclear factor 
kappa B ligand (RANKL) system [3, 19]. This may impact 
surgery-related complications and implant survivorship 
following arthroplasty procedures. It stands to reason 
that the antiresorptive properties of HRT may function 
similarly to bisphosphonates, which have been shown to 
reduce rates of periprosthetic bone loss, implant migra-
tion, aseptic loosening, and revision surgery [11, 16, 21]. 
A prior case–control study demonstrated a protective 
effect of HRT therapy against revision surgery following 
total joint arthroplasty [15], although further research 
investigating this relationship is lacking. Arthroplasty 
surgeons would benefit from a better understanding of 
surgery-related complications associated with HRT in 
order to accurately risk stratify patients prior to perform-
ing THA and to counsel patients appropriately.

Given the prevalence of HRT use among the arthro-
plasty population and the relative paucity of literature 
available, it is important to better understand how HRT 
alters the risk of medical and surgery-related complica-
tions following THA. This would allow proper counseling 
of patients in the preoperative period and may guide 
decisions regarding the discontinuation of HRT in the 
perioperative period or alter postoperative anticoagula-
tion regimens. The purpose of this investigation was to 
evaluate the association between HRT use and postop-
erative complications among patients undergoing THA.

Methods
This is a retrospective cohort study utilizing the com-
mercially available Mariner database via PearlDiver 
(PearlDiver Inc., Colorado Springs, Colorado, USA). 
This database contains deidentified records for 151 
million patients in the United States in accordance 
with the Health Insurance Portability and Account-
ability Act (HIPAA). Patient records were queried using 

International Classification of Diseases (ICD) and Cur-
rent Procedural Terminology (CPT) codes. This study 
was deemed exempt from our institution’s review board 
process.

Female patients 40 years of age or older who underwent 
primary THA were identified using CPT and ICD codes. 
Patients with a history of DVT or pulmonary embolism 
(PE) prior to their index procedure and patients pre-
viously diagnosed with a hypercoagulable state (ICD-
9-D-28981, ICD-9-D-28982) were excluded. Patients who 
were taking HRT at the time of surgery were identified 
using records of filled prescriptions within 12 months of 
surgery (Table  1). Propensity score matching was used 
to match patients taking HRT 1:10 to a control group of 
patients not taking HRT based on age, history of alcohol 
abuse, diabetes, obesity, hypertension, hyperlipidemia, 
renal disease, pulmonary disease, coronary artery dis-
ease, peripheral vascular disease, and tobacco use disor-
der (Fig. 1).

Ninety-day incidences of medical complications 
including DVT, PE, transfusion, urinary tract infec-
tion (UTI), pneumonia, and acute kidney injury (AKI) 
were evaluated and compared between cohorts. One-
year surgery-related complications included dislocation, 
periprosthetic fracture, loosening, periprosthetic joint 
infection (PJI), all-cause revision surgery, and wound 
disruption. All-cause revision surgery was subclassified 
into femoral and/or acetabular component exchanging 
(ICD-9-P-0070, ICD-9-P-0072, CPT-27090, CPT-27091, 
ICD-9-P-8153, CPT-27134, CPT-27138, ICD-9-P-8005, 
CPT-27137) and component retaining (ICD-9-P-0073, 
CPT-26990, CPT-27030, CPT-27033, CPT-26991, CPT-
27301) groups. Postoperative anticoagulation regimens 
were also evaluated and compared since more potent 
anticoagulation regimens would be a significant con-
founder while comparing DVT rates between cohorts. 
To maintain patient anonymity, the PearlDiver database 
does not report outcomes with fewer than 10 patients. 
Medical complications with low incidences such as 
myocardial infarction, sepsis, and cerebrovascular acci-
dent were therefore not able to be reported as outcome 
measures in the current study. Odds ratio (OR) and 95% 
confidence intervals (CI) were calculated for each vari-
able independently using R (University of Auckland, New 

Table 1  Pharmacy insurance claims

Pharmacy claims data were queried to identify patients taking HRT prior to surgery. Patients were placed in the test cohort if they were prescribed any of these drugs 
within 12 months of undergoing primary THA

Hormone Replacement Therapy GENERIC_DRUG-DROSPIRENONE/ESTRADIOL, GENERIC_DRUG-ETHINYL_ESTRADIOL/DROSPIRENONE, 
GENERIC_DRUG-DESOGESTREL-ETHINYL_ESTRADIOL, GENERIC_DRUG-DROSPIR/ETH_ESTRA/LEVOMEFOL_CA, 
GENERIC_DRUG-ETHYNODIOL_D-ETHINYL_ESTRADIOL, GENERIC_DRUG-LEVONORGESTREL-ETHIN_ESTRADIOL, 
GENERIC_DRUG-LEVONORGESTREL/ETHIN.ESTRADIOL, GENERIC_DRUG-ESTRADIOL/LEVONORGESTREL, GENERIC_
DRUG-NORGESTIMATE-ETHINYL_ESTRADIOL, GENERIC_DRUG-ESTRADIOL/NORGESTIMATE
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Zealand). A p-value less than 0.05 was considered statis-
tically significant.

Results
3,936 patients taking HRT prior to THA were matched 
1:10 using propensity scoring to 39,360 patients not tak-
ing HRT with demographic and comorbidity data pre-
sented in Table  2. There were no significant differences 
in rates of 90-day medical complications between cohorts 
including DVT (OR 0.94, p = 0.6601) and PE (OR 0.80, 
p = 0.4102) (Table  3). Regarding surgery-related com-
plications, the HRT cohort was associated with signifi-
cantly higher 1-year incidences of dislocation (OR 1.35, 
p = 0.0269) and all-cause revision surgery (OR 1.23, 
p = 0.0105). The HRT cohort had a higher incidence 
of component exchanging revision surgery (OR 3.56, 
p < 0.0001), although no differences were noted between 
component retaining revision surgery rates (OR 1.10, 
p = 0.5635) (Table  4). There were no differences in rates 
of transfusion, UTI, pneumonia, AKI, periprosthetic 
fracture, prosthesis loosening, PJI, or wound disruption 
between HRT users and non-users (Tables 3 and 4).

Data regarding postoperative anticoagulation regimens 
were available for 2,104 patients in the HRT cohort and 
20,485 patients in the control cohort (Table 5). HRT users 
were more likely to be prescribed warfarin (OR 1.21, 
p = 0.0001) or enoxaparin (OR 1.18, p = 0.0022) and less 
likely to be prescribed rivaroxaban (OR 0.62, p < 0.0001) 

compared to non-users. There were no differences in 
rates of aspirin or apixaban utilization postoperatively.

Discussion
Our study revealed that female patients taking HRT 
were not found to be at increased risk for postoperative 
thromboembolism compared to female patients not tak-
ing HRT. Interestingly, women taking HRT were at an 
increased risk of sustaining a dislocation or undergo-
ing revision surgery. The association between HRT and 
surgery-related complications following THA remains 
poorly understood and warrants further investigation.

We found no association between HRT use and the 
development of thromboembolism postoperatively. The 
pro-thrombotic effects of HRT are well described in the 
literature with multiple randomized clinical trials dem-
onstrating an increased risk of idiopathic thrombosis for-
mation among HRT users compared to non-users [6, 17, 
25]. Our results are consistent with previously published 
studies investigating the risk of thrombosis among users 
of HRT or oral contraceptive therapy following various 
orthopaedic surgeries. Stone et  al. conducted a national 
database study demonstrating no association between 
oral contraceptive use and venous thromboembolism fol-
lowing arthroscopic shoulder surgery [24]. Krych et  al. 
performed a retrospective review of a single-center surgi-
cal database to determine risk factors for venous throm-
boembolism following arthroscopic knee surgery and 
found that HRT or oral contraceptive therapy increased 

Fig. 1  Flowchart of patient inclusion and exclusion criteria queried from the PearlDiver Mariner database
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the risk of postoperative venous thromboembolism 
although this result was only significant in a univariate 
analysis (OR 4.07, p = 0.04), and the difference became 
statistically insignificant when accounting for confound-
ers with multivariate logistic regression (p = 0.09) [10]. 
While these results should only be cautiously extrapo-
lated to arthroplasty procedures, a previous case–con-
trol study by Hurbanek et al. found no increased risk of 
venous thromboembolism following hip or knee arthro-
plasty among women taking HRT or selective estrogen 
receptor modulators [7]. Our findings support their con-
clusions that the thrombogenic effect of HRT is likely 
insignificant compared to the baseline risk of thrombosis 

following a major orthopaedic surgery. In comparing the 
HRT and control cohorts of the current study, rates of 
thromboembolism following THA were likely influenced 
by differences in anticoagulation regimens noted in phar-
macy claims data (Table  5). Patients taking HRT at the 
time of THA were more likely to be prescribed warfarin 
(OR 1.21, p = 0.0001) or enoxaparin (OR 1.18, p = 0.0022) 
compared to non-users (Table  5). These results likely 
indicate that physicians are more aggressive while pre-
scribing anticoagulants to HRT users due to the known 
increased baseline risk of thrombosis [4, 6, 8], although 
there are currently no guidelines in place regarding peri-
operative discontinuation of HRT therapy or altering 

Table 2  Patient demographics and comorbidities

The number of patients within each age group were compared between cohorts using odds ratios and 95% confidence intervals. To compare rates of baseline medical 
comorbidities between cohorts, the number of patients diagnosed with each medical comorbidity prior to undergoing primary THA were also compared using odds 
ratios and 95% confidence intervals

HRT
(n = 3,936)

Control
(n = 39,360)

OR 95% CI P

Age 40–44 253 2426 1.05 0.91 – 1.20 0.5118

45–49 443 4490 0.98 0.89 – 1.09 0.7741

50–54 719 7031 1.03 0.94 – 1.12 0.5285

55–59 858 8344 1.04 0.96 – 1.12 0.3807

60–64 812 7911 1.03 0.95 – 1.12 0.4284

65–69 572 5667 1.01 0.92 – 1.11 0.8186

70–74 408 3916 1.05 0.94 – 1.17 0.4059

75–79 151 1450 1.04 0.88 – 1.24 0.6290

80 +  14 158 0.89 0.51 – 1.53 0.6638

Hypertension 1860 19,558 0.91 0.85—0.97 0.0036

Tobacco Use Disorder 653 7617 0.83 0.76—0.90  < 0.0001

Alcohol Use Disorder 84 843 1.00 0.79—1.25 0.9749

Diabetes Mellitus 583 6431 0.89 0.81—0.98 0.0132

Chronic Kidney Disease 122 1385 0.88 0.73—1.06 0.1716

Chronic Pulmonary Disease 753 8118 0.91 0.84—0.99 0.0269

Congestive Heart Failure 72 723 1.00 0.78—1.27 0.9729

Coronary Artery Disease 276 3156 0.87 0.76—0.98 0.026

Depression 1138 12,586 0.87 0.81—0.93 0.0001

Peripheral Vascular Disease 241 2488 0.97 0.84—1.11 0.6257

Table 3  90-day Medical Complications Following THA in HRT Users vs. Control

Rates of 90-day medical complications were compared between cohorts using odds ratios and 95% confidence intervals

HRT
(n = 3936)

Control
(n = 39,360)

OR 95% CI P

DVT 52 1.32% 554 1.41% 0.94 0.70—1.25 0.6601

PE 15 0.38% 187 0.48% 0.80 0.47—1.36 0.4102

Transfusion 141 3.58% 1333 3.39% 1.06 0.89—1.26 0.5188

UTI 147 3.73% 1655 4.20% 0.88 0.74—1.04 0.1595

Pneumonia 32 0.81% 403 1.02% 0.79 0.55—1.14 0.207

AKI 35 0.89% 344 0.87% 1.02 0.72—1.44 0.922
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postoperative anticoagulation regimens in this patient 
population. Surgeons would benefit from the develop-
ment of a defined protocol to guide perioperative medi-
cal management among HRT users undergoing THA.

The association between the antiresorptive effects of 
HRT and revision surgery following arthroplasty proce-
dures is poorly understood. There is a substantial body of 
evidence supporting the efficacy of bisphosphonate ther-
apy for reducing periprosthetic bone loss, implant migra-
tion, aseptic loosening, and revision surgery [11, 16, 21], 
and the antiresorptive properties of HRT may similarly 
be protective against these complications. A previously 
published case–control study utilizing the UK General 
Practice Research Database found a strong protective 
effect of HRT against revision surgery but only if the 
HRT was initiated postoperatively (HR 0.24, p = 0.001) 
[15]. This protective effect was not found among HRT 
users who initiated therapy preoperatively (HR 1.06, 
p = 0.8) [19]. In the current study, the test cohort of 
patients were defined by preoperatively filled HRT pre-
scriptions. While we found no statistically significant dif-
ference in rates of loosening, periprosthetic fracture, or 
PJI, the rates of component exchanging revision surgery 
(OR 3.56, p < 0.0001) and all-cause revision surgery (OR 
1.23, p = 0.0105) were higher in the HRT cohort. These 

findings were likely influenced by an increased rate of 
dislocation among HRT users (OR 1.35, p = 0.0269). Our 
findings suggest that any estrogen-mediated alterations 
in bone metabolism that would facilitate osseointegra-
tion or decrease surgery-related complications may not 
be present if HRT is initiated preoperatively. Further 
research is warranted to better delineate how the timing 
and duration of HRT use may impact rates of surgery-
related complications.

There are several limitations to the current study. As 
a retrospective database study, results are dependent 
upon accurate diagnosis of medical and surgery-related 
complications. Though a limitation of using a large 
administrative database is the possibility of inaccurate 
coding of diagnoses and procedures, the incidence of 
inaccuracy is estimated to be less than 1% [12]. Actual 
rates of DVT may be higher than reported in the cur-
rent study as it is difficult to quantify the rate of undi-
agnosed DVT. Pharmacy insurance claims were utilized 
to determine which patients would be allocated to the 
HRT cohort, so we were unable to evaluate what per-
centage of patients may have discontinued HRT use in 
the perioperative period. Pharmacy insurance claims 
were also utilized to compare postoperative anticoagu-
lation regimens. There were likely patients taking over 

Table 4  1-year Surgery-Related Complications Following THA in HRT Users vs. Control

Rates of 1-year surgery-related complications were compared between cohorts using odds ratios and 95% confidence intervals

HRT
(n = 3936)

Control
(n = 39,360)

OR 95% CI P

Dislocation 63 1.60% 469 1.19% 1.35 1.03—1.76 0.0269
Periprosthetic Fracture 40 1.02% 411 1.04% 0.97 0.70—1.35 0.8692

Loosening 35 0.89% 252 0.64% 1.39 0.98—1.99 0.0677

PJI 64 1.63% 735 1.87% 0.87 0.67—1.12 0.2838

All-cause Revision 173 4.40% 1413 3.59% 1.23 1.05—1.45 0.0105
Acetabular and/or femoral 
component revision

132 3.35% 1040 2.64% 3.56 2.92 – 4.36  < 0.0001

Acetabular and femoral compo-
nent retaining revision

41 1.04% 373 0.95% 1.10 0.80 – 1.52 0.5635

Wound disruption 39 0.99% 417 1.06% 0.93 0.67—1.30 0.6878

Table 5  Postoperative Anticoagulation Regimens following THA in HRT Users vs. Control

Postoperative anticoagulation regimens prescribed within 7 days of primary THA obtained through pharmacy claims data available in the PearlDiver Mariner dataset

HRT
(n = 2104)

Control
(n = 20,485)

OR 95% CI P

Aspirin 483 22.96% 4431 21.63% 1.08 0.97—1.20 0.1605

Rivaroxaban 400 19.01% 5613 27.40% 0.62 0.56—0.70  < 0.0001
Apixaban 87 4.13% 795 3.88% 1.07 0.85—1.34 0.5667

Enoxaparin 489 23.24% 4180 20.41% 1.18 1.06—1.31 0.0022
Warfarin 645 30.66% 5466 26.68% 1.21 1.10—1.34 0.0001
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the counter aspirin who were not accounted for in this 
analysis. While the HRT cohort was matched to a con-
trol cohort based on several comorbidities known to 
be risk factors for thrombosis including tobacco use, 
smoking is a relative contraindication to HRT. There 
were significantly fewer tobacco users in the HRT 
cohort (OR 0.83, p < 0.0001), and this may have acted 
as a confounder. Finally, these results were generated 
from a database of patients treated in the United States. 
Anticoagulant prescribing patterns following arthro-
plasty procedures vary geographically, and our find-
ings should be cautiously extrapolated to other patient 
populations.

A strength of this study is the large sample size that 
allowed us to evaluate complications with low inci-
dences. However, this produced some statistically 
significant results despite having small differences in 
complication rates between cohorts. Patients on HRT 
were more likely to sustain a dislocation (OR 1.35, 95% 
CI 1.03—1.76) or undergo revision surgery (OR 1.23, 
95% CI 1.05—1.45), although this mildly increased 
risk is perhaps clinically inconsequential. The more 
significant findings of this study are likely the lack of 
increased thromboembolism risk among HRT patients 
and the differences in postoperative anticoagulation 
regimens noted between cohorts. These results iden-
tify a need for future research to determine how best to 
manage this population of patients. Another strength of 
this study is that patients included would have received 
treatments from a wide variety of surgeons and cent-
ers, making our results broadly applicable to clinical 
practice.

HRT use among patients undergoing THA is not 
associated with an increased rate of thromboembolism, 
although it did affect rates of surgery-related complica-
tions with higher incidences of dislocation and revi-
sion surgery among HRT users compared to non-users. 
Further research is warranted to better understand the 
association between HRT use and these surgery-related 
complications and to determine the ideal perioperative 
management of these medications.
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