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Abstract
Background: The expansion of access to antiretroviral therapy (ART) has been accompanied by an
increase in pre-treatment drug resistance (PDR). While it is critical to monitor the increasing prevalence of
PDR across countries and populations to inform optimal regimen selection, the quality of reporting is
often suboptimal, limiting the interpretation and generalizability of the results. Indeed, there is no formal
guidance on how studies investigating the prevalence of drug resistance should be reported. Thus, we
sought to determine the quality of reporting in studies of PDR and the factors associated with sub-
optimal reporting.

Methods: As part of a systematic review on the global prevalence of PDR in key populations (men who
have sex with men, sex workers, transgender people, people who inject drugs and people in prisons), we
searched 10 electronic databases until January 2019. We extracted information on selected study
characteristics useful for interpreting prevalence data and used linear regression to determine the factors
associated with reporting more items. Data were extracted in duplicate.

Results: We found 650 studies of which 387 were screened as full text and 234 were deemed eligible. The
included studies were published between 1997 and 2019 and included a median of 239 (quartile 1=101;
quartile 3= 778) participants. Most studies originated from high-income countries (125/234; 53.0%). Of
23 relevant data items, including study design, setting, participant sociodemographic characteristics, HIV
risk factors, type of resistance test conducted, de�nition of resistance, the mean (standard deviation)
number of items reported was 13 (2.2). We found that more items were reported in studies published
more recently (β=0.077; p=0.037) and in studies at low risk of bias (β= -0.599; p=0.004).

Conclusions: The poor quality of reporting in studies on PDR makes characterising levels of PDR in
subpopulations across countries challenging. Hence, guidelines are needed to de�ne a minimum set of
variables to be included in such studies. 

Background:
An estimated 37.9 million people were living with HIV worldwide in 2018.[1] While HIV incidence has
decreased over the years, the large number of people living with HIV can be attributed to improvements in
the management of HIV infection by early detection and early treatment with antiretroviral therapy (ART).
One major hindrance to the effectiveness of ART is drug resistance, as it limits the number of effective
drugs, increases the potential for onward transmission, and compromises survival.[2, 3]

Drug resistance to ART may be acquired when there is viral replication in the presence of a drug. This is
often due to suboptimal adherence to medication. In some individuals, drug resistant viral strains are
already present prior to ART start. This is referred to as pre-treatment drug resistance (PDR). PDR can be
due to infection with a drug resistant viral strain, also referred to as transmitted drug resistance, or due to
prior exposure to antiretroviral treatment (e.g. women and children exposed to treatment as part of
prevention of vertical transmission programs and people who abandoned prior treatments).
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PDR is a recognised global health problem.[4] People with PDR are more likely to have treatment failure,
to discontinue treatment, and to develop new drug resistant strains.[5] The rise in drug resistance is one
of the greatest threats to global health, and without urgent attention can result in millions of deaths, an
increase in new harder-to-threat strains of HIV and higher healthcare costs.[6] The prevalence of HIV PDR
varies worldwide, and it can be as high as 25% in some countries,[7] likely due to the efforts to expand
widespread availability of ART in these counties. PDR is concerning because it can exist among people
who are unaware of their HIV infection, and they may unknowingly transmit resistant virus to others.
Understanding the levels of PDR is of importance to researchers, clinicians, and policymakers because
this information can inform guidelines on how treatment should be tailored and what drugs should be
used as �rst-line treatments.

In high-income countries where selection of ART is individualised, drug resistance testing is performed
prior to initiating ART. On the other hand, in low- and middle-income countries following the public health
approach to HIV treatment and care,[5] selection of �rst-line treatment is not informed by individual drug
resistance tests, but rather by population-based surveys of pre-treatment drug resistance. Typically, ART
regimens include a combination of three antiretroviral drugs (ARVs) belonging to two different drug
classes, one anchor drug (e.g. from the non-nucleoside reverse transcriptase drug class, or NNRTI) and
two backbone drugs (from nucleoside reverse transcriptase drug class, or NRTI). Currently, the World
Health Organisation (WHO) recommends moving away from regimens using NNRTIs as the anchor drug
in �rst-line treatment if the prevalence of PDR to that drug class is ≥ 10%.[5]

Effective and timely response to high levels of PDR also requires monitoring resistance emerging in sub-
populations, such as key populations (men who have sex with men, sex workers, transgender people,
people who inject drugs and people in prisons), pregnant women, adolescents and children,
acknowledging that levels of resistance may vary by sex and ethnicity (due to different ARV exposures)
and HIV subtype.[8–11]

Unfortunately, adequate monitoring of PDR across countries and populations is often challenged by
heterogenous and inadequate data reporting. This implies that studies that collect information on drug
resistance should be designed and reported appropriately. In other words, the prevalence of drug
resistance should be interpreted with due consideration of the precision of the estimates, the
representativeness and diversity of the participants included, the techniques used to measure resistance,
the participants’ transmission risk group, prior exposure to treatments and class of drug for which
resistance was tested. While some of these concerns are relevant to all studies of prevalence, many are
unique to HIV drug resistance.

In this paper we investigated the quality of reporting of studies reporting the prevalence of PDR and the
factors associated with reporting quality.

Methods:
Design
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As part of a systematic review on the global prevalence of PDR in key populations living with HIV,[12] we
conducted a separate methodological study on reporting quality.

Data sources

We searched PubMed, Scopus, CINAHL, LILACS, WHO Global Health Libraries, Ovid Global Health,
Sociological Abstracts, PsycINFO, EMBASE, and POPLINE from inception to January 2019 (See Additional
File 1 for search strategy).

Eligibility

We included studies of any design, reporting PDR and published in full text. We excluded abstracts
because they are unlikely to report all relevant items.

Data extraction and management

Screening and data extraction were performed using DistillerSR (Evidence Partners, Ottawa, Canada). We
extracted basic bibliometric information such as: author name, year of publication, country of study
(organised by region and income level). Region was determined based on the WHO regional groupings of
countries,[13] and income level was determined based on the World Bank classi�cation.[14] We collected
study characteristics such as sample size, design, location, setting, source of funding and whether the
studies performed a sample size calculation.

We checked for the reporting of baseline characteristics such as: age, gender, sexual orientation,
transmission risk group, profession, country of residence, ethnicity, education, income level and prior
exposure to ART.

We also assessed the availability and completeness of the following information on drug resistance
including: the type of resistance testing used (such as population based-sequencing or Sanger vs next
generation sequencing; the number of participants enrolled as well as the number of available genotypes;
the drug classes for which resistance testing was conducted; the de�nition and interpretation of drug
resistance and whether the authors distinguished between major (greater reductions in drug
susceptibility) and minor drug resistance mutations. We also extracted data on source of funding. A
complete list of the 23 data items assessed is available in Table 2.

Assessment of methodological quality

We assessed the risk of bias in the reporting of prevalence using an adapted version of a tool proposed
by Hoy et al.[15] Using this tool, risk of bias is based on the representativeness of the sample, the
sampling frame, sampling technique, response bias, the use of proxies, case de�nition, validity of
measurements, uniformity of data collection, the prevalence period and the appropriateness of the
numerator and denominator. We judged each study’s risk of bias as overall high, low, or moderate based
on an appraisal of these items. For instance, a judgment of high risk of bias would imply that further



Page 6/16

research is very likely to have an important impact on our con�dence in the estimate of prevalence and is
likely to change the estimate. Moderate risk of bias would imply that further research is likely to have an
important impact on our con�dence in the estimate of prevalence and may change the estimate and low
risk of bias would imply that further research is very unlikely to change our con�dence in the estimate of
prevalence.

All data were extracted in duplicate by pairs of reviewers (OM, COZ, BZ, FM, AN, AW, MK, HE, AL, MY, NR)
and disagreements were adjudicated by a third reviewer (LM). Agreement was computed separately for
data extraction and risk of bias using the Kappa statistic[16], since we used a tool that has not been
previously validated for prevalence studies of drug resistance.

Data analyses

Our �ndings are reported as counts and percentages and mean (standard deviation) or median (quartile
1; quartile 3) as appropriate. We created a summary score for the number of items reported (possible
range 0–23) and investigated the factors associated with reporting using linear regression models. We
entered factors that may explain reporting completeness as a block (year of publication, source of
funding, income level, region, and sample size). For these analyses, studies that reported on more than
one country were excluded when they had overlapping income levels and regions. Sample size data were
highly skewed (skewness statistic = 6.9), so we grouped them into large (n > 239) and small studies (n ≤ 
239) based on the median sample size. We added risk of bias to the model to determine if reporting
quality was associated with risk of bias. We assessed model �t using the R2 statistic. Beta coe�cients
(β), 95% con�dence intervals and p-values are reported. We used the number of items reported as
measure of quality of reporting.

Results:
Our searches retrieved 865 studies of which 215 were duplicates, leaving 650. After screening titles and
abstracts, 263 were excluded and 387 were screened as full text. Only 234 were eligible. Agreement on
data extraction was almost perfect (91.0%). Agreement on the adapted risk of bias tool was moderate
(60.0%).[16] Study screening and selection is shown in a �ow diagram. See Fig. 1.

The included studies were published between 1997 and 2019 and included a median (quartile 1; quartile
3) of 239 (101;778) participants. Most studies were from high-income countries (125/239; 53.0%), and
from the European region (82/239;35.0%) or the American region (68/239; 29.1%). Further details are
provided in Table 1.
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Table 1
Characteristics of included studies

Variable Statistic (N = 234)

Year of publication: median (q1; q3) 2013 (2009;2015)

Sample size: median (q1; q3) 239 (101;778)

Income: n (%)  

High 125 (53.4)

Upper middle 86 (36.8)

Lower middle 16 (6.8)

Low 3 (1.3)

Mixed 4 (1.7)

Region: n (%)  

Africa 7 (3.0)

America 68 (29.1)

Eastern Mediterranean 4 (1.7)

Europe 82 (35.0)

South East Asia 12 (5.1)

Western Paci�c 56 (23.9)

Mixed* 5 (2.1)

Funding: n (%)  

Not reported 121 (51.7)

Government 51 (21.8)

Mixed* 3 (1.3)

Industry 19 (8.1)

Private 40 (17.1)

Table Legend: * Belonging to more than one category

Reporting quality:
Out of 23 possible items, the mean (standard deviation) number of items reported was 13 (2.2). Table 2
outlines the number of studies that reported each item.
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Table 2: 
Proportion of data items reported

# Item n (%)

Study level data

1 Setting of study, e.g. hospital, community, prison etc. 132 (56.4)

2 Location of study, e.g. country, city, village 230 (98.3)

3 Study design, e.g. cross-sectional, retrospective etc. 103 (44.0)

4 Sample size justi�cation, i.e. (was the sample size justi�ed?) 6 (2.6)

Participant data

5 Age 186 (79.5)

6 Sex/Gender 203 (86.8)

7 Sexual orientation 179 (76.5)

8 Transmission risk group, e.g. injections drug use 178 (76.1)

9 Profession 9 (3.8)

10 Place of residence, e.g. urban, rural 33 (14.1)

11 Ethnicity 83 (35.5)

12 Level of education 19 (8.1)

13 Income 6 (2.6)

14 Exposure to antiretroviral therapy, e.g. treatment-naïve 216 (92.3)

Information on resistance testing

15 Type of resistance test, e.g. Sanger sequencing, next generation sequencing 199 (85.0)

16 Mutation list used, e.g. *WHO SDRM list 204 (87.2)

17 Number of genotypes (as opposed to the number of participants) 134 (57.3)

18 Resistance to NNRTI drug class 222 (94.9)

19 Resistance to NRTI drug class  220 (94.0)

20 Resistance to PI drug class  207 (88.5)

21 Resistance to INSTI drug class  5 (2.1)

22 Clinical Relevance, e.g. mutations associated with reduced virological response 52 (22.2)

Other information

23 Source of funding 195 (83.3)
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Table Legend: NNRTI: Non-Nucleoside Reverse Transcriptase; NRTI: Nucleoside Reverse Transcriptase
Inhibitors; PI: Protease Inhibitors, INSTI: Integrase Strand Transfer Inhibitor; *WHO SDRM: World
Health Organisation Surveillance Drug Resistance Mutation.

 

Risk of bias:
Of the 234 included studies, 117 (50.0%) were at low risk of bias, 52 (22.2%) at moderate risk of bias and
65 (27.8%) at high risk of bias. The three most frequent concerns were related to sampling methods, i.e.
only 89 (38.0%) studies reported a nationally representative sampling method; 56 (23.9%) reported the
use of random sampling approaches and 129 (55.1%) reported adequate sampling frames i.e. a list of
people forming the population from which the sample is taken. Risk of bias is summarised in Fig. 2.

Factors associated with quality of reporting:
We found that studies published more recently (β = 0.077; 95% CI 0.005 to 0.149; p = 0.037) and studies at
low risk of bias (β = -0.599; 95% CI -1.003 to -0.195; p = 0.004) were more likely to report more items.
However, model �t was poor, and these variables explained only 9.4% of the variability in the number of
items reported (based on the R2). The results of the linear regression model are shown in Table 3.

Table 3
Factors associated with quality of reporting

Variable Beta coe�cients (95% CI) P-value

Year of publication 0.077 (0.005 to 0.149) 0.037

Risk of biasa -0.599 (-1.003 to -0.195) 0.004

Regionb 0.065 (-0.129 to 0.258) 0.510

Incomec 0.066 (-0.394 to 0.525) 0.778

Source of fundingd -0.034 (-0.372 to 0.303) 0.841

Sample sizee -0.050 (-0.748 to 0.649) 0.889

Table Legend: a Low, moderate, high; b Africa, America, Eastern Mediterranean, Europe, South East
Asia, Western Paci�c; c High, Upper middle, Lower middle, Low; d Government, Mixed, Industry, Private;
e Small, Large.

Discussion:
We found that many key features of studies on the prevalence of PDR were not reported in a large
proportion of studies assessed, and that year of publication and risk of bias might explain the differences
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in the number of items reported. This may be for several reasons. First, there is currently no existing
guidance on standard reporting of PDR data and how this information should be reported and therefore
authors would tailor their results to their objectives and audiences. For example, if authors do not plan to
examine the role of certain variables on their prevalence estimates, these variables may not be collected.
Second, studies published before the value of investigating on PDR in key population was recognised
might have been less likely to report disaggregated �ndings. Third, studies conducted using laboratory
databases may not have captured sociodemographic information.

These �ndings are not surprising, as it has been shown in other �elds that the quality of reporting is
higher in more recently published studies.[17, 18] Some studies have found links between certain risk of
bias items and reporting quality in trials.[19] Furthermore, studies that are inadequately reported may also
omit key information required to judge risk of bias and would therefore be judged to be at a high risk of
bias. Region, income level, source of funding and sample size were not associated with quality of
reporting in this study even though they have been shown to be associated with reporting quality in other
studies.[20]

The reliability of prevalence estimates is highly contingent on the sample size. While a large sample size
does not necessarily eliminate other sources of bias, it improves precision. As such it may be of interest
to see how the number of participants to be included in the study was determined. It is expected that a
larger sample size will be needed if the prevalence is low.[21]The type of test and mutation list used may
help to ensure that studies are comparable and appropriately interpretable, and to explain heterogeneity
across studies. For example, some discrepancies exist between the various genotypic testing procedures
and algorithms for interpretation. [22, 23] More so, the mutation lists are often updated, suggesting that
results may differ over time with the same list as it gets modi�ed.[24] Given that not all sequencing
attempts are successful, it is important for researchers to distinguish between the number of participants
included in the study and the number of genotypes successfully sequenced. The drug class for which
resistance mutations are sought should also be clearly reported to allow adequate interpretation of the
�ndings; unfortunately, in many instances a generic PDR prevalence is reported, without disaggregation
of the results by drug and/or drug class. Not all mutations confer the same level of resistance to ART and
therefore it is important that “major” mutations are distinguished from “minor” ones, so that the
prevalence is not unduly in�ated.[25] Finally, source of funding helps to identify potential con�icts of
interest in research and should be reported in all manuscripts.

This work is not without limitations. First, this work is based on a systematic review on the prevalence of
PDR in KP. While it is unlikely that studies of acquired drug resistance would be reported differently it is
important to note that our �ndings may not be generalizable to all types of HIV drug resistance. Second,
to the best of our knowledge, our adapted tool for risk of bias has never been used for studies of HIV drug
resistance. We noted that agreement was moderate, indicating that the use of this tool and the included
items could be better adapted for HIV drug resistance studies. Some items did not have a particularly
good ability to discriminate between studies at high or low risk of bias. For example, in all studies, the
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case de�nitions were acceptable, and tools used for detecting drug resistance were valid. Further
psychometric evaluation of this tool is warranted in studies of prevalence of HIV drug resistance.

This work is meant to inform the development of guidelines on studies reporting the prevalence of drug
resistance mutations and to enhance the quality of systematic reviews of such studies. Pending a formal
appraisal and selection of preferred items to be reported, the items addressed in this paper have face
validity. The setting, location and design of every study is relevant to readers. The sociodemographic
characteristics such as age, gender, ethnicity, sexual orientation, transmission risk group, profession,
place of residence, ethnicity, level of education and income allow readers to adequately characterise the
population and describe inequities in health. More so, many of these factors have been shown to be
associated with different levels of PDR or TDR. [26, 27] [27–30] Further to the items above, researchers
may also be interested in pooling data from the individual mutations. An appropriate framework for how
these should be reported is beyond the scope of this work.

The future steps needed are to seek consensus on a list of key reporting items and provide guidance on
how they should be reported, with appropriate justi�cation for why they are needed.

Conclusion:
The quality of reporting in studies of HIV PDR prevalence is low. Even though reporting has improved over
time, guidance is needed to ensure complete and uniform reporting, thus improving appropriate
interpretation, generalizability and comparability of prevalence estimates, accounting for differences in
geographical settings and populations. Tailored tools may be required to appraise risk of bias issues that
are speci�c to studies of HIV drug resistance.

List Of Abbreviation:
ART  Antiretroviral therapy

ARV  Antiretroviral

HIV  Human immunode�ciency virus

KP  Key population

PDR  Pre-treatment drug resistance

TDR  Transmitted drug resistance

WHO  World Health Organisation
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Figure 1

Study selection �ow diagram. Legend: The �ow diagram details the search and selection process applied
during the review.
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Figure 2

Summary of risk of bias assessments Legend: Risk of bias assessment for ten prede�ned domains for
each included study
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