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Abstract

Background—The h-index is a commonly used bibliometric in academic medicine which 

enumerates the number of publications (h)that have beencited h times. Recent investigations have 

suggested that gender-based differences in h-index may exist among academic physicians. We 

systematically reviewed studies of academic surgeons’ h-index, hypothesizing that a significant 

difference would exist between the h-index of men and women at all academic ranks.

Methods—Peer-reviewed journal articles authored by academic surgeons of any 

subspecialization in the United States between January 1, 2006, and November 20, 2017, were 

reviewed. We excluded studies of trainees or gender-based differences in funding without mention 

of h-index. Two reviewers assessed article quality using the Newcastle-Ottawa criteria. Pooled 

estimates of standard mean differences (SMD) in h-index between genders were calculated using 

randomeffects meta-analyses. A subgroup analysis based on the academic rank was performed. 

Heterogeneity was assessed using the I2 statistic. Sensitivity analyses determined the effect of 

study on h-index. Meta-regression identified whether surgical specialty contributed to 

heterogeneity.

Results—Twelve articles comparing h-index between genders were selected from 7950. Men 

possessed higher h-indices than women (SMD, 0.547; P < 0.001; I2 = 89.5%). Men exhibited 

higher h-indices at the assistant rank (SMD, 0.12; 95% confidence interval [CI], 0.01–0.24; P = 
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0.039) but not at the associate (SMD, 0.14; 95% CI, −0.06 to 0.33; P = 0.165) or full professor 

(SMD, 0.12; 95% CI, −0.08 to −0.31; P = 0.25) ranks.

Conclusions—The h-index is higher for men than that for women in academic surgery overall 

but not at individual ranks. Further investigations are necessary to address limitations in h- index 

and to further characterize the relationship between h-index, gender, and promotion.
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Introduction

Despite an increasing number of female physicians, surgical specialties continue to be 

dominated by men.1 Academic surgery, in particular, has fewer women in leadership 

positions.2 Successful promotion in academia involves achievement in clinical, educational, 

and scholarly domains.3 Differences in scholarly productivity have been implicated as a 

contributing factor to gender imbalance in senior academic positions. Research productivity 

is multidimensional and involves volume and trajectory of publication, contribution of one’s 

scholarship to a field,4 funding, and academic recognition.5 Existing metrics for research 

productivity focus on one or few of these parameters and are not comprehensive. The h-
index6 is a commonly used bibliometric in academic medicine7 which enumerates the 

number of publications (h) that have been cited h times for an investigator. Previous studies 

have suggested gender differences in publication patterns: men have more publications than 

women early in their careers, but as women advance, the number of publications, and 

consequently h-index, increases over time such that gender-based differences in h-index may 

diminish for professionals late in their career.8

Uncertainty persists as to whether there are gender differences in h-index within the 

academic surgery domain. There is disagreement not only with respect to magnitude of 

difference in h-index but also about whether differences exist within each academic rank. 

Some studies have found that the h-index is similar among genders in senior academic 

positions,7,9 whereas others have demonstrated that a disparity remains.8,10 Insofar as h-
index is used as a consideration for career advancement, we conducted a systematic review 

of prior studies that have examined gender differences in h-index among academic surgeons. 

A subgroup analysis was performed based on the academic rank. We hypothesized that a 

statistically significant difference exists between the h-index of men and women at all 

academic ranks.

Methods

Study design

We conducted a systematic review using the meta-analysis of observational studies in 

epidemiology (MOOSE) guidelines11–13 to determine whether or not there is a difference in 

h-index among men and women academic surgeons overall and within each academic rank.
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Inclusion criteria and outcomes

We included all studies of gender-based differences in h-indices of academic surgeons (i.e., 

surgeons who hold faculty positions at academic medical centers with affiliated surgery 

residency programs). Secondary outcomes included differences in h-index between men and 

women surgeons according to the academic rank (i.e., assistant professor, associate 

professor, or full professor) or subspecialization.

Studies that reviewed authorship trends within journals rather than the publications of 

surgeons themselves were excluded. Randomized control trials and observational trials 

published within the last 10 y were eligible for inclusion. The literature search was restricted 

to this time period given that the increase in the proportion of women surgeons by almost 

10%14 may reduce the effect of historical gender imbalance within the field. Investigations 

taking place at institutions outside of the United States were excluded as cultural differences 

may affect issues of gender equality within academia. Commentaries, reviews, studies not 

published in peer- reviewed journals, studies focusing on surgery residents/trainees or 

medical students as they are ineligible for promotion, and studies involving gender-based 

differences in funding without mention of h-index were also excluded.

Information sources and search strategies

A comprehensive search of PubMed and EMBASE electronic databases was performed on 

all citations from January 1, 2006, through November 20, 2017 (Appendix A).15 Only 

English-language articles were selected. The search strategy was designed by an expert 

librarian and was reviewed by a coinvestigator (S.P.M.) using a Peer Review of Electronic 

Search Strategy checklist.16 Search results from the two databases were merged after 

duplicate references were discarded. Database searches were conducted on November 20, 

2017.

Study selection, data extraction, and data items

Two reviewers (S.P.M. and K.M.R.) screened titles and abstracts of all studies that resulted 

from the search to determine eligibility for review of full text. Full-text articles were then 

reviewed independently by both the investigators using data abstraction forms developed to 

facilitate standardized collection of variables of interest (e.g., author, sample size, study 

design, statistical analysis, outcomes). All discrepancies and disagreements were resolved 

through discussion.

Assessment of study quality

Reviewers independently assessed the quality of each study using the modified Newcastle-

Ottawa criteria categories of selection, exposure/outcome, and comparability as a guide to 

detect study limitations.17 A quality score ranging from low to high was assigned based on 

sample selection, comparability between academic ranks and gender, attempts to address 

confounding, and measurement of outcomes. Disagreements with regard to quality scores 

were resolved by group discussion. Publication bias was assessed by a funnel plot.
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Data synthesis and analysis

As h-index is a continuous variable, the means and standard deviations for male and female 

surgeons were abstracted from each study. The reviewed literature determined h-index from 

SCOPUS or Google Scholar. In circumstances where outcomes were reported in alternate 

form (e.g., median, standard error, interquartile range, and so forth), standardization was 

performed using statistical methods in accordance with the Cochrane handbook.18 These 

values were then used to determine the mean difference between male and female surgeons. 

Pooled, estimated standardized mean differences in h-index between genders were 

calculated using random-effects meta-analyses.19

Potential sources of heterogeneity include type of surgical subspecialty, sample size, and 

differing rates of surgeons at each academic rank. Heterogeneity of each type was assessed 

using the I2 statistic to determine the percentage of variation across studies which could not 

be explained by chance.20 Low, moderate, and high heterogeneity was categorized as 25%, 

50%, and 75%, respectively.21 Magnitude of the standard mean difference (SMD) was 

classified as small, medium, and large at levels of 0.2, 0.5, and 0.8, respectively.22 A 

sensitivity analysis was performed by removing studies in a sequential fashion to determine 

the effect of each study on h-index. Meta-regression was performed to determine whether 

surgical specialty may have contributed to heterogeneity. All statistical analyses were 

performed using STATA version 14 (StataCorp LP). A P-value of less than 0.05 was 

considered statistically significant.

Results

Included studies

Our search strategy produced 7950 articles, of which 27 articles reported h-index among 

academic surgeons (Fig. 1). After review, 12 articles comparing h-index between genders 

were included.7,9,23–32 Although seven of these articles specifically cited data on subgroup 

analysis-based academic rank, only five included h-index for faculty at all three levels.

All studies were cross-sectional and included academic surgeons from general surgery 

and/or orthopedic, plastic surgery, ophthalmology, neurosurgery, colorectal surgery, urology, 

and gynecologic oncology subspecialties (Table 1). A funnel plot demonstrated symmetry 

indicating an absence of publication bias (Fig. 2). Assessment of study quality (Table 2) 

classified three studies as having low quality (1–2 stars for selection and assessment of 

outcome and no stars for comparability), seven studies to be of moderate quality (2–3 stars) 

due to ambiguity in selection criteria and adjusting for confounding, and two studies as high 

quality (4 stars).

Differences in h-index

Eleven studies had sufficient data to report overall mean h-index and standard deviation by 

gender. In our data, SMD values greater than 0 indicated men had higher h-index than 

women. The pooled SMD between genders in overall h-index was 0.547 (95% confidence 

interval [CI], 0.360–0.734; P < 0.001; Fig. 3A) with a significant difference between study 

variation (I2 = 89.5%). Five studies specifically addressed gender differences in h-index at 
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all academic levels. Meta-analysis at the level of assistant professor yielded an SMD of 0.12 

(95% CI, 0.01–0.24; P = 0.039; Fig. 3B) with 1.6% I2 (P = 0.397). The SMD in h-index 
between genders at the associate professor rank was 0.14 (95% CI, −0.06 to 0.33; P = 0.165; 

Fig. 3C) with (I2 = 14.1%, P = 0.324). There remained no significant difference in h-index 
between men and women at the level of full professor (SMD = 0.12, 95% CI, −0.08 to 

−0.31; P = 0.25; Fig. 3D) with (I2 = 0%, P = 0.979). Summary of findings are presented in 

Table 2.

Sensitivity analyses

Sensitivity analyses demonstrated that no single study changed the SMD in h-index between 

men and women (Fig. 4). Surgical specialty did not significantly contribute to heterogeneity 

of the primary outcome based on meta-regression analysis (P = 0.37).

Discussion

Research productivity is an important factor in promotion within academic surgery. 

Although several methods of assessing productivity exist, h-index is widely accepted as an 

objective, easily obtainable metric that incorporates the number of publications and 

frequency of citation. Our systematic review demonstrates that there is a gender-based 

difference in overall h-index but also that there is no significant difference at the level of 

associate or full professor.

Data regarding gender disparities in h-index among academic surgeons are inconsistent. In 

two of the studies included in this review, the difference in h-index observed between 

genders overall was no longer present after subgroup analysis based on the academic rank.7,9 

Other investigations indicate that differences in h-index are less at higher academic levels, 

noting that men had higher h-index only at the assistant professor level.8,10 Accordingly, it 

has been suggested that women may prioritize familial obligations early in their careers (i.e., 

at a period that coincides with child-bearing) but also that, subsequently, publication rates 

and h-index between men and women converge. The larger sample size afforded by this 

review supports this interpretation as there was no difference in h-indices observed for 

women relative to men at associate or full professor levels. Gender-based differences in 

attrition at the level of junior faculty may lead to inaccurate interpretations of trends in h-
index as academics advance in their careers; we cannot assume that female surgeons who 

remain to advance to more senior positions did not have publication rates and/or h-indices 
similar to their male colleagues even early in their careers.

Although our study calls attention to gender-based differences in h-index, further 

investigations are needed to determine the etiology and impact of these findings and how h-
index at senior academic ranks reflects the type of academic contributions (i.e., scholarly 

productivity, clinical performance, and education) made by men and women. Gender-based 

differences in other areas of an academic’s tenure portfolio may account for professional 

advancement despite a lower h-index. For example, recent evidence suggests that female 

surgeons may perform better on clinical metrics (e.g., postoperative outcomes) than male 

surgeons.33,34 Scholarly productivity may be universally important in career advancement, 

but institutions vary with respect to their tenure criteria and the degree to which they value 
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other parameters such as clinical performance and pedagogy. In the studies reviewed, there 

was a wide range in the reported values for h-index, highlighting the ambiguity in 

determining an average h-index that might be expected at each faculty rank or a value that 

might be required for promotion.

The studies considered in this review illustrate disadvantages in using h-index as a sole 

surrogate for scholarly productivity. Methods for resolving inconsistencies in abstraction, 

gender identification, or academic title were rarely discussed in the reviewed manuscripts. A 

change in surname secondary to marriage or divorce was frequently cited as a limitation that 

could underestimate h-index. The h- index does not reflect the quality of the publications 

themselves or the degree to which an individual contributed to each publication. Studies did 

not systematically adjust for the fact that h-index fails to distinguish based on the impact-

factor of the journal within which articles are published, classification or quality of article 

type (e.g., case-review, original study, and so forth), or the position of a particular author 

within author sequence. Although there does not appear to be a difference between genders 

in co-first authorship in basic science journals, there is evidence to suggest that women co-

first authors of clinical journal articles are less likely to be listed as first authors in the 

byline.35 In addition, men may have an inflated h-index because their self-citation rates are 

higher.36 Although h-index is associated with academic standing,37,38 these issues reflect 

challenges that arise by using this surrogate measure rather than a direct assessment of 

quality of scholarly endeavors.

Limitations

This systematic review should be considered in the context of several limitations. The 

considerable heterogeneity with respect to overall differences between men and women 

challenges the accuracy of these findings. Several surgical subspecialties were not included 

in the articles reviewed in this study. Published articles that did not include data in a form 

that could be converted to SMD for statistical evaluation were excluded. Finally, as the 

studies considered were all performed in the United States, these data cannot be generalized 

to academic surgeons practicing in other countries.

Conclusion

Despite its drawbacks, h-index remains an instrument for assessing research productivity. 

Although this review cannot establish causality, it does indicate that differences in h-index 
exist between genders overall but also that this difference does not persist at higher academic 

ranks. Further investigations are necessary to address limitations in h-index and to further 

characterize the relationship between h-index, gender, and promotion.
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Fig. 1 –. 
CONSORT flow diagram of study inclusion.
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Fig. 2 –. 
Assessment of publication bias. (Color version of figure is available online.)
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Fig. 3 –. 
Differences in h-index between men and women academic surgeons (A) overall, at the (B) 

assistant professor rank, (C) associate professor rank, and (D) full professor rank. SMD 

greater than 0 indicates women with lower h-index. (Color version of figure is available 

online.)
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Fig. 4 –. 
Sensitivity analysis for overall h-index.
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