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Abstract

Aim: In the context of integrative medicine, whether Chinese herbal injections are

effective in routine practice has become a question of broad interest. However, con-

founding by indication (i.e., indication bias) is a prevalent and highly challenging

methodological issue when using routinely collected health care data to assess the

real-world effectiveness of Chinese herbal injections.

Methods and results:We proposed a methodological approach to tackling confound-

ing by indication in assessing the real-world effectiveness of Chinese herbal injections,

incorporating empirical experiences, a literature review and interactive discussions,

and a panel of external experts to finally achieve a consensus. This approach consisted

of three cohesive steps, including a full understanding of treatment patterns, construc-

tion of fair comparisons by identifying appropriate combination treatments and com-

parators, and using statistical methods to further control for confounding. In the inves-

tigation of treatment patterns, we proposed five domains to identify treatment pat-

ternswithChineseherbal injections, andweoffered fivepatternsof combination treat-

ments to characterize howChineseherbal injections areused in conjunctionwithother

treatments. In constructing fair comparisons, we suggested the use of both nonuse

and active comparators; given the diverse combination treatments, we developed six

scenarios that may form fair comparisons. In the statistical analysis, we discussed five
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statistical models for controlling confounding by indication, including their pros and

cons. We also included a practical example to illustrate the usefulness of the method-

ological approach.

Conclusion:Theproposedapproachmayserveas aneffective tool to guide researchers

to reliably assess the effectiveness of Chinese herbal injections in the context of inte-

grativemedicine.
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1 INTRODUCTION

Chinese herbal injections (CHIs), widely used to treat various

diseases,1 are usually administered through multiple routes and often

given in combination with pharmaceutical drugs to heterogeneous

patient populations.2 As such, their safety and effectiveness in real-

world practice have become important issues that warrant substantial

efforts to both improve the practice of traditional Chinese medicine

(TCM) and ensure patient safety.2,3 However, there is a paucity of high-

quality evidence about the treatment effects of CHIs in real-world

practice.4

In recent years, routinely collected health care data (RCD), such

as electronic medical records (EMRs), have become an irreplaceable

source of information for assessing the real-world treatment effects

of CHIs, especially in exploring the optimal treatment patterns and

the timing of CHIs among heterogeneously treated populations.5–7

Although RCD share apparent advantages in sample sizes, representa-

tive population, and high-dimensional variables, these data are, in their

nature, observational.8 Consequently, the resulting treatment effects

of CHIs are usually threatened by a diversity of potential biases. One

particular concern is confounding by indication (i.e., indication bias).9

Confounding by indication is a highly prevalent problem in the

assessment of treatment effects of Chinese herbal medicines. This

is inherent with the health care setting in the context of integrative

medicine. There are two major issues that warrant careful considera-

tions in addressing confoundingby indicationwhenassessing the treat-

ment effects of CHIs. First, the use of CHIs is usually subject to patient

conditions. Those patients withmore severe conditions aremore likely

to receive CHIs;10 however, such patients are destined to experience

poorer health outcomes.11 In such cases, a comparison between the

use and nonuse of a CHI would be unfair given the clear imbalance in

the prognostic prognosis. As a result, the apparent effect estimates are

largely distorted due to the preferential use of CHIs among patients

withmore severe conditions.

The other issue is that CHIs are typically used in conjunction with

other treatments, which may further complicate the situation. In rou-

tine clinical practice, CHIs are often used in combination with pharma-

ceutical drugs,12,13 and, inmost cases, as a kindof adjunctive therapy to

pharmaceutical drugs for inpatients in Chinese hospitals.14 As a result,

the treatment patterns of CHIs are usually complex in real-world prac-

tice. For example, one study found that>80%of patients received com-

bination therapy, including multiple use of CHIs and the combination

of CHIs with pharmaceutical drugs, in real-world settings.15 However,

due to the significant limitations of RCD, details regarding the use of

CHI and other treatments—for instance, the sequential order of use—

are often unavailable, and the lack of this information can make the

choice of comparisonmore challenging.

Confounding by indication has become a serious problem that jeop-

ardizes the scientific assessment of CHIs, and consensus has been

reached that substantial efforts are warranted to advance methodolo-

gies in assessing the treatment effects of CHIs.16 In response to this

imperative, we developed a methodological approach to tackling con-

founding by indication in assessing the real-world effects of CHIs.

2 METHODS

The development of the methodological framework occurred in two

cohesive steps. First, we developed an initial framework by consid-

ering key methodological components involved with the framework,

based on empirical experience, existing literature,8,10,11,17–20 and sev-

eral interactive discussions within the research group. These included

considerations of the special context regarding the use of CHIs, key

methodological issues about confounding by indications during the use

ofCHIs, andpotential approaches to controlling confoundingby indica-

tions at both the epidemiological design and statistical analysis stages.

Then, we invited a group of external experts in clinical epidemiology,

biostatistics, and TCM practice in TCM hospitals and general hospitals

to independently review the existing literature and the drafted doc-

ument about the methodological framework. They were asked if our

considerations of the special context were complete and appropriate,

if the proposed epidemiological and statisticalmethodswere appropri-

ate, if there were any additional methods that should be included, and

if there were any leftover issues that should be included in the frame-

work. After their reviews were complete, they offered feedback to the

research group to drive updates to the proposed framework.

Finally, a panel of the external experts, together with members of

our research group, was convened to undertake a consensus process

to finalize the framework. During the process, theywere asked to thor-

oughly review theupdated framework; then, for each componentof the
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framework, the panel members were asked if there were any disagree-

ments on the proposed methodological approaches. All discrepancies

were thendiscussed among the panel experts, and iterative discussions

were conducted until a consensus was achieved in any case of unre-

solved disagreement.

3 RESULTS

3.1 Tackling confounding by indication for CHIs: a
general framework

Confounding by indication is an epidemiological phenomenon thatmay

be essentially explained by differential prescriptions made by clini-

cians due to their judgment of patient prognoses. An ideal approach

to eliminating confounding by indication is allocating treatments by

randomization;11 unfortunately, this is unlikely to occur when using

RCD for assessing treatment effects.

To minimize this confounding, developing a conceptual framework

of fair comparison is the key. A fair comparison in real-world practice

means that patients in the comparison groups selected from multi-

ple treatment modes are comparable, and the resulting difference in

the effect estimates may be causally inferred from the use of CHIs.

There are two assumptions for constructing a fair comparison in the

real-world practice setting; one is that clinicians’ prescriptions with

CHIs are not dependent on patient health conditions, and the other

is that patient prognosis is balanced between patient groups having

different treatment modes. However, in the real-world practice set-

ting, both of these assumptions are difficult to meet. One major issue

is that researchers will not be able to parcel out, in the observational

study setting, specific reasons for prescribing treatments based only

on available data. The other challenge is the presence of diverse treat-

ment modes (i.e., different combinations of CHIs with pharmaceutical

drugs), which often makes the choice of treatment modes for fair com-

parison tricky. Things become even more complicated if researchers

are unlikely to clearly identify a sequential order of the use of the treat-

ments, which is particularly the case in an emergent setting.

To achieve a fair comparison,wehaveproposeda stepwise approach

(Figure 1). Developing a clear understanding about how CHIs are used

is the initial—but very important—step. This includes gathering an in-

depthunderstandingof howpatients aremanaged,whenandhowCHIs

are used, and on what basis CHIs are prescribed. The in-depth inves-

tigation of these issues would not only facilitate the identification of

treatment modes but also enhance the understanding of the potential

sources of confounding by indication. Subsequently, careful selection

of treatment modes to construct fair comparisons represents a crit-

ical step. Although various treatment modes may be present in real-

world practice, potentially producing a number of comparisons, only a

selected number of comparisons may be deemed comparable. In such

cases, careful selectionof the studypopulation is the key consideration.

Finally, advanced statistical methods are involved that further address

the confounding by indication.

3.2 Investigating patterns of combination use of
CHIs

3.2.1 Key components in the investigation of
treatment patterns

In the careful investigation of patterns regarding the combination use

of CHIs, five steps are often involved, which are as follows.

1. Specify the target disease condition for which CHIs are

used. Investigators should also carefully consider the extent

to which potential patients with varying comorbidities are

included as this information can affect the applicability of find-

ings. Patients with contradictions should always be excluded.

2. Understand details about the target CHI, including single dose,

cumulative dose, and administration route(s) and duration. If

relevant, the choice of solvents and the drip rate may also be

documented.

3. Understand how other treatments are used, such as their types

(e.g., pharmaceutical agents or other TCM products), doses,

frequencies, and pharmacological effects. Those treatments

that have pharmacological or pathophysiological effects sim-

ilar to the target CHI should be clearly identified.

4. Identify the hierarchy of use in routine practice to understand

the sequential order of use—that is, determine whether the

target CHI is used concomitantly with other treatments or in

a sequential manner. In investigating the hierarchy, gathering

information regarding the timing of use is important. Notably,

records about the timing of prescriptions in RCDmay not indi-

cate the timing of use, especially when multiple prescriptions

were given during a single day or in an emergency or surgical

setting.

5. Where needed, conduct discussions with clinicians to learn

about the reasons for the prescribing behavior.

3.2.2 Summarizing patterns of combination use

When thedetails about theuseof targetCHIs andother treatments are

readily available, the subsequent step—which is critical—is to summa-

rize the patterns of combination use. Though highly complex in the use

ofCHIs togetherwith other treatments, onemay conceptualize several

representative scenarios of combination uses.

In the following, we denote capital letter E as the CHI of interest,

and capital letter C as the other treatments. The other treatmentsmay

either be pharmaceutical drugs, CHIs other than the target one, or

both, andmay fall into the following five categories (i.e., C1–C5).

∙ E: The CHI of interest

∙ C1: Other treatments used in the first line

∙ C2:Other treatments that have pathophysiological effects similar to

those of the target CHI
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F IGURE 1 A stepwise approach for tackling confounding by indication for Chinese Herbal injections (CHIs)

∙ C3: Other treatments that have pathophysiological effects comple-

mentary to the target CHI

∙ C4: Other treatments that used in the second or third line

∙ C5: Other treatments that have pathophysiological effects different

from those of the target CHI

Note that a treatmentmay fall intomultiple categories, and the cur-

rently listed categories may not be inclusive of all potential scenarios

of other treatments.

It is worth noting that the pattern of combination use with CHI

may go beyondwhatwe discuss here. Nevertheless, an in-depth under-

standing of clinicians’ prescription habits and the pharmacological or

pathophysiological effects of different treatments is critical. At this

stage, one should be inclusive in considering all possible patterns of

combinations. The key issue is to parcel out the roles of all these dif-

ferent treatments.

3.2.3 Understanding the timing of use in
combination treatment with CHI

Upon gaining a clear understanding of the patterns of combination use

with the target CHI, the subsequent step is to identify the pattern

of combination by the timing of treatment administration. Generally,

theremay be three scenarios.

The first scenario is concomitant use, where the target CHI and

other treatments are used at the same time. In this context, the target

CHI may be considered complementary in pharmacological or patho-

physiological mechanisms to other treatments (e.g., pharmaceutical

drugs) such that the combination may enhance the effects. The second

scenario is simplified sequential use. In this case, the targetCHI is given

subsequent to the administration of first-line treatment (e.g., pharma-

ceutical drug), and no additional treatments are involved. Both of these

scenarios are relatively straightforward, and the other treatments (e.g.,

pharmaceutical drug) may be deemed as the baseline treatment regi-

men or as confounders according to the classic criteria.16,17

The third scenario is intermittent use of CHI—that is, complex

sequential use. In such a case, the target CHI may be used intermit-

tently between twoormore pharmaceutical drugs.One example is that

an additional pharmaceutical drug is added if the CHI fails to achieve

the expected effect. The major challenge in this context stems from

the unavailability of information regarding the timing of administra-

tion, in which case one would be unable to distinguish the order of

administration across the treatments. This issue unfortunately prevails

in studies using RCD. If the sequential order is ignored, the unique

effect of the target CHI would likely be parceled out of the complex

treatment ordering. Therefore, this scenariowould usually be ineligible

for forming a fair comparison. However, in some cases, one would be

able to identify sequential orders ofmultiple treatments fromRCD. For

instance, in exploring patterns of combination use, we found that a CHI

was often used concomitantly with the first-line treatment in the first

few days after diagnosis. Subsequently, other pharmaceutical drugs or

alternative CHIs were added to the CHI. After that, as a result of the

unsatisfied effect of current treatment regimes, CHI or add-on treat-

mentsmaybe replaced by other treatments. In this circumstance, time-

varying exposure of CHI would be formed, in which case sophisticated

statistical analyses, such as marginal structure modeling, may address

this issueby involving time-varying variables. For the sakeof clarity and

readability, we focused on cases where the sequential order of treat-

ments is unclear in this paper. We will discuss, in another paper, sce-

narioswhere time-varying information is readily available for assessing

the effects of CHIs.
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TABLE 1 Suggested comparisons for assessing treatment effects of CHIs in the context of combination use

Comparator Scenario Exposure Control Primary population

Potential exclusion or

restriction

Covariates by

treatments

Nonuse

comparator

1 E+C1 C1 Patients receiving C1 Patients receiving C4 C2, C3, and C5, if

available

2 E+C1+C2 C1+C2 Patients receiving C1 and C2 Patients receiving C4 C3 and C5, if available

3 E+C1+C3 C1+C3 Patients receiving C1 and C3 Patients receiving C4 C2 and C5, if available

4 E+C1+C2+C3 C1+C2+C3 Patients receiving C1, C2 and

C3

Patients receiving C4 C5, if available

Active

comparator

5 C1+E C1+C2 Patients receiving C1 Patients receiving C4 C3 and C5, if available

6 C1+C3+E C1+C3+C2 Patients receiving C1 and C3 Patients receiving C4 C5, if available

3.3 Constructing fair comparisons

Following the thorough investigation of the patterns of combination

usewithCHI and full considerations about the timing of use, onewould

be ready to construct a fair comparison. The construction of fair com-

parison involves two types of controls, specifically nonuse and active

controls. For these controls, we developed a total of six scenarios that

are potentially effective in reducing the impact of confounding by indi-

cation (Table 1).

In the comparisons that involve nonuse controls, four types of com-

parisonmaybe feasible. Essentially, these comparisons are constructed

in a manner where users of the target CHI are compared to nonusers,

while other treatments are commonly administered to both the expo-

sure and comparison groups. In the use of an active comparator, the

comparisons are mainly made between those treatments that have

similar pathophysiological effects and the target CHI (i.e., C2), as this

is deemed themost appropriate active comparator.

Across all these comparisons, those populations with treatments

used in the second or third line are potentially considered for exclu-

sion or as a limiting factor. These restrictions by pattern of combina-

tionswouldbeeffective to reduce confoundingby indication17 because

the information regarding the timing of use is unavailable; however,

one should remain aware of the limitations by excluding C4. While

confounding by indication may be reduced by excluding patients who

received second-/third-line treatments, the applicability of findings

may be limited because this restriction would be more likely to include

patients withmilder disease or better prognoses.

In these different comparisons, residual treatments—that is, treat-

ments not included in the comparison of interest but having the poten-

tial to affect the treatment outcomes—may be used among patients.

In such cases, they can be dealt by including them as covariates in the

adjusted analyses.

3.4 Using statistical analysis to further control
for confounding by indication

The development of fair comparisons enables effective control of con-

founding by indication. Nevertheless, residual confounding by indica-

tion continues to be present. In most cases, statistical analyses would

be used on top of the fair comparisons.

Several strategies are commonly used for adjusting confounding by

indication. Conventional multivariable regression models and propen-

sity score approaches have been popular.21 In line with the develop-

mentofEMRdatabases, however,more complexapproacheshavebeen

made available to further control for confounding by indication (e.g.,

high-dimensional propensity score,22,23 marginal structural models,24

and instrumental variable (IV) analysis25) due to the improved link-

age across databases, a wider coverage of variables, and availability of

repeated measurements. However, these methods differ in their own

pros and cons and have varying applicable conditions. Table 2 summa-

rizes the potential approaches in statistical analysis.

Researchers should choose the appropriate statistical analyses

based on the characteristics of data and the pattern of combination

use.One should alsobe aware that traditional confounding-adjustment

techniques, such asmatching andmultivariable regressionmodels,may

be inadequate to control for time-varying confounding in a real-world

setting. Instrumental variables are typically used to handle unmea-

sured confounding, and high-dimensional propensity scores are pri-

marily applied in large-scale databases. Details regarding these statis-

tical models may be found elsewhere.18,19,26

3.5 Special considerations

3.5.1 Issues about the potential interaction
between CHIs and Western medicines

In constructing fair comparisons, one would note that the target CHI

is often used in combination with Western medicines. This raises an

important question about the potential pharmacological interactions.

In the proposed analytical approach, there is an assumption that the

target CHI has no interactionwith othermedications, inwhich case the

resulting effect estimates would be derived from the use of the target

CHI. However, in some cases, this assumption may not hold. One sim-

plified approach to testing for the postulated interaction is the com-

parison of resulting effect estimates for consistency. In the case of con-

sistent estimates from different comparisons, the potential drug–drug
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TABLE 2 Statistical analyses that control for confounding by indication

Methods Advantages Limitations Applicable conditions

Conventional

multivariable

regression

•Control for all known confounders to
produce a risk-adjusted treatment effect

• Inability to control for unmeasured

confounders

•May be over-fitted if number of events is

few

No specific condition

Propensity score (PS)

approach

•Balancemeasured confounders between

comparison groups

•Appropriate when number of events is

fewer

• Inability to control for unmeasured

confounders

Treatmentmeasure is a

dichotomous variable

High-dimensional

propensity score

(Hd-PS)

•Reduce both confounding by indication
and the effect of unmeasured

confounders.

•Automatically selecting a large number of

variables for calculating PS23

•Not all unmeasured confounders can be

controlled

A vast number of variables in

real-world healthcare

databases

Marginal Structural

Models

• Estimate the effect of exposure in the

presence of time-varying confounder

• Inability to use when all subjects with
that level of the covariate are certain to

receive the identical treatment24

Used in longitudinal study

designs with time-varying

information regarding

exposure, outcome or other

covariates24

Instrumental variable

(IV) analysis

• Estimate the effect of exposure in the

presence of unmeasured confounders

Difficult to choose the IV variable, with

three strong assumptions: 1) IV affects

exposure, 2) IV affects the outcome only

through exposure, and 3) IV does not

share a common cause with outcome33

No specific condition, if an IV

available

TABLE 3 Hypothesized scenarios for testing drug–drug interactions

Comparator Scenario Exposure Control Effect estimate

0 C 1 No use ES0

Nonuse comparator 1 E+C1 C1 ES1

2 E+C1+C2 C1+C2 ES2

3 E+C1+C3 C1+C3 ES3

interactions may not play an important role. However, this approach

is sometimes confounded by the patient baseline risk given that treat-

ment patterns may differ substantially. For example, Table 3 presents

several scenariosof combinationuseof a targetCHIwithothermedica-

tions. In the analysis of treatment effects of the target CHI by scenario,

different effect estimates (e.g., ES1, ES2, and ES3) can be generated.

In addition, an additional “placebo” comparison would be required, in

which no target CHI is involved (thus, the effect estimate is ES0). By

testing for pharmacological (drug–drug) interactions, one would check

whether these estimates are statistically consistent.

There is, however, always a potential for pharmacological

interaction—either synergistic or antagonistic—in the presence of

multiple drug treatments. In the case of synergistic interaction,

no additional analyses are necessary. However, in the case of an

antagonistic interaction, one would have to determine whether the

interaction is quantitative or qualitative in nature. In the case of a

quantitative antagonistic interaction, the addition of the target CHI

to Western medicine would achieve an improved—but smaller than

expected—effect. In the qualitative interaction, however, the addition

of a CHI would compromise the treatment effect.

3.5.2 Issues about treatment by TCM syndrome
differentiation

One special issue that warrants careful examination of the treat-

ment effects of CHIs is the presence of differential practice patterns

between Western medicine and TCM. Though CHIs are widely used

both in these contexts, their practice patterns differ. Treatment by syn-

drome differentiation is often involved when administering CHIs in

the TCM setting, but this practice is usually impracticable in the con-

text of Western medicine. It is not impossible—and even likely—that

patients with varying syndromes may present with differential treat-

ment effects due to the nature of the interaction between the syn-

drome and treatment. In all possible cases, the presence of treatment

by syndrome differentiation warrants careful analysis.
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In the design stage, one may have a strong hypothesis about the

potential interactions between CHI treatments and syndromes based

on a strong biological rationale or earlier research evidence. In such

cases, there are two important approaches to handling treatment

by syndrome differentiation. The first is by applying restrictions to

patients with a specific syndrome, for which researchers have had a

strong belief that patients may benefit. This selective approach may

help tailor thepatient population to thosewhobenefitmost from treat-

ments. Nevertheless, in most cases, earlier biological and epidemiolog-

ical evidence may not be strong enough to warrant prespecification

of a subset of the population. In particular, standardized approaches

to diagnosing syndromes are often lacking, and the resulting diagnosis

may vary between practitioners. Alternatively, onemay not restrict the

eligibility criteria to a specific subset population but instead include a

broader patient populationwhile prespecifyingwhether syndrome dif-

ferentiationwould have an interaction effect on treatment. The test for

putative interactions may be operated in the statistical analysis that

includes an interaction term between treatment and syndrome vari-

ables.

4 WORKING EXAMPLE

4.1 Background

Motherwort injection is a CHI derived from Leonurus japonicus Houtt.

The main chemical components of motherwort injection are hydras-

tine, cucurbitacin, and choline.27 Pharmacological studies have shown

that motherwort injection has effects on uterine contraction and

hemostasis, and it is often used for preventing or treating postpartum

hemorrhage (PPH).28 It can stimulate smoothmuscleof theuterusboth

in vivoand in vitro and induce lasting contractionof thewholeuterus.29

In our efforts to examine the effects (i.e., effectiveness) of mother-

wort injection for preventing PPH at labor in real-world clinical prac-

tice, we used the EMR database of the West China Second University

Hospital of Sichuan University. The outcome of our interest was the

incidenceofPPH,which is a dichotomousvariable definedas abold loss

of ≥500 ml.30 We also investigated the amount of bleeding as the sec-

ondary outcome.

4.2 Investigating patterns of combination use
with motherwort injection

In our study, motherwort injection was the CHI of our interest (E),

which was administered intramuscularly in the uterus during the third

stage of labor for patients undergoing cesarean delivery. Oxytocin

is universally recommended as the first-line uterotonic for prevent-

ing PPH (C1)31 and presents a pathophysiological effect for uter-

ine contraction similar to that of motherwort injection (C2). Mean-

while, oxytocin and motherwort injection may be complementary in

their effects, as oxytocin has a very short duration of action (half-life

with a few minutes, C3)32 and motherwort injection may sustain the

uterine-contraction effect for a relatively longperiodof time.28 In addi-

tion, oxytocin may be administered through different routes. An intra-

venous drip is routinely used according to the guideline recommenda-

tion; however, somewomenmay receive intramuscular injections in the

uterus.

Other uterotonics, such as carbetocin, ergots, prostaglandin F2a

(carboprost), and prostaglandin E1 (misoprostol), have pathophysiolog-

ical effects similar to those ofmotherwort injections but have been pri-

marily reserved for the prevention of PPH in high-risk groups. These

treatments are often recommended as the second or third treatment

options in guidelines (C4). In addition, these uterotonics may be used

as an add-on when the use of motherwort injection does not have the

effect expected by the practicing clinician (C4). Tranexamic acid, as a

hemostatic drug, is usually used when uterotonics have failed to stop

bleeding or in the case of traumatic bleeding (C4). Clearly, antibiotics

have different pathophysiological effects from those of motherwort

injection, thus being classified as C5. In addition, information regard-

ing the timing of use ofmotherwort injection and other treatmentswas

not available from the EMR database ofWest China SecondUniversity

Hospital. This situation presented us with a real challenge in identify-

ing the sequential order when using motherwort injection and second-

or third-line treatments (i.e., the C4 treatments in our definition,

including carbetocin, ergots, carboprost, misoprostol, and tranexamic

acid).

4.3 Constructing a fair comparison aiming to
assess motherwort injection

Given the identified patterns of combination use with motherwort

injection, we constructed three comparisons, including two that

involved a nonuse comparator and one that included the active com-

parator. Oxytocin by intravenous administration was the baseline

treatment in comparisons 1 and 3, and the combination of intravenous

oxytocin with intramuscular oxytocin was the baseline treatment in

comparison 2. Across these comparisons, we contrasted the difference

between excluding the therapeutic combination with treatments fail-

ing intoC4 (i.e., second- or third-line treatments) and including them so

as tominimize confoundingby indication in the context of comparisons.

However, sensitivity analysiswithout excludingpopulation receivedC4

could be considered.

Given the similar pathophysiological effects and consistency of

administration route between motherwort injection and oxytocin, we

chose comparison 3 to investigate the effectiveness of motherwort

injection (Table 4).

Statistical analysis

To further control for confounding arising from the differences in pop-

ulation characteristics between the exposure and control groups, we

applied a 1:1 propensity score–matching approach to adjust for poten-

tial confounders, including demographic characteristics, comorbidities,
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TABLE 4 Comparisons developed for the assessment of treatment effects

Comparison Exposure Control Covaries

Comparison 1(nonuse comparator) Oxytocin iv. (C1)+Motherwort injection im. (E) Oxytocin iv. (C1) Oxytocin im. (C2, C3) and

antibiotics (C5)

Comparison 2(nonuse comparator) Oxytocin iv. (C1)+Oxytocin im. (C2, C3)+

Motherwort injection im.

Oxytocin iv. (C1)+Oxytocin

im. (C2, C3)

Antibiotics (C5)

Comparison 3(active comparator) Oxytocin iv. (C1)+Motherwort injection im. (E) Oxytocin iv. (C1)+Oxytocin

im. (C2)

Antibiotics (C5)

Inclusion criteria

• Pregnant women registered at the first trimester, and underwent cesarean section between January 1, 2015 andNovember 30, 2019 at theWest

China Second University Hospital.

•Women received the oxytocin of intravenous drip at the third stage of labor.

Potential exclusion criteria

Women receiving one of following uterotonics and hemostatic drug, including carbetocin, ergots, prostaglandins F2a-carboprost, and prostaglandins

E1-misoprostol and tranexamic acid.

Women receiving bothMotherwort injection im. andOxytocin im., or neither, could be excluded in active comparator.

surgical procedures, and other treatments. We then used a logistic

regressionmodel to estimate the relative risk of motherwort injection.

A series of sensitivity analyses were also conducted to validate the

robustness of the results. To further utilize the advantages of a large

number of variables in RCD, we also used high-dimensional propensity

scoring to maximize the adjustment for the confounding by the indica-

tion and unmeasured confounders.

5 DISCUSSION

In this article, we have proposed a methodological framework that

assesses the treatment effects of CHIs in the context of integrative

medicine. This framework has specifically discussed several important

components that would mandate the analysis and assessment of CHIs,

including the investigation of treatment patterns, construction of fair

comparisons, and the use of statistical analyses for controlling con-

founding. In each of the key components, we specifically discussed

the implication of CHIs in the assessment of treatment effects. We

also specifically discussed issues that are highly relevant for the CHIs,

including the test for pharmacological interactions in the presence of

multiple drug–drug interactions and the analysis of treatment effects

with treatment decided by syndrome differentiation. We believe that

the proposed methodological framework is helpful for appropriately

and accurately assessing the treatment effects of CHIs in the complex

setting of integrativemedicine.

Theproposedapproachhas some limitations thatwarrant attention.

First, while this proposed framework was built upon earlier research

experiences, an extensive literature review, and expert panel consen-

sus, it has not been validated externally by different CHIs, study set-

tings, or patient populations. However, we are planning more studies

to externally address this issue. Second, our considerations of integra-

tive medicine may be simplified. In reality, the clinical setting and prac-

tice patterns may be more complex, which would require more sophis-

ticated statistical and epidemiological approaches to address the issue.

Certainly, the most logical approach proposed continues to be based

on observational study design, where bias is inherent due to the fail-

ure to control for unobserved confounding. Therefore, future studies

that test for consistency between results from our framework and ran-

domized controlled trialswould be ideal to further validate the present

methodological framework. Lastly, our belief that the proposed most

logical approachwould be able to address the question is largely based

on the assumption that the data for the analysis are goodenough.How-

ever, the reward data for TCM are sometimes suboptimal, in which

the accuracy, completeness, and relevance of data are concerning. Sub-

stantial efforts arewarranted to further improve the quality of data for

supporting this maneuver.

In the context of integrative medicine, CHIs are usually used with

other treatments (e.g., pharmaceutical drugs), and the patterns of com-

bination use—not only in the number of treatments combined but also

the timing of use—are often highly complex. This high level of complex-

ity has rendered the assessment of the effects of CHI often challenging

in the real-world setting. Onemost significant problem is the presence

of confounding by indication, which is unfortunately prevalent in inte-

grative medicine practice. To address this important methodological

issue, we have proposed a stepwise methodological approach to tack-

ling confounding by indication. While constructing fair comparisons is

the core of our approach, an in-depth and clear understanding of the

patterns of combination use represents the most important step that

one should never ignore.Use of statisticalmethodsmay further control

for the confounding by indication; however, it largely relies on success-

ful building up of the fair comparisons. We are hopeful that our CHI-

specific methodological approachwould enhance the valid assessment

of treatment effects in the context of integrative medicine. In addition,

wewould like to usemulti-source real-world data to validate the ratio-

nality of this approach in the future.
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