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Abstract
The Internet is a major source of health information for gynecologic cancer patients. In this study, we systematically explore
common Google search terms related to gynecologic cancer and calculate readability of top resulting websites. We used Google
AdWords Keyword Planner to generate a list of commonly searched keywords related to gynecologic oncology, which were
sorted into five groups (cervical cancer, ovarian cancer, uterine cancer, vulvar cancer, vaginal cancer) using five patient education
websites from sgo.org. Each keyword was Google searched to create a list of top websites. The Python programming language
(version 3.5.1) was used to describe frequencies of keywords, top-level domains (TLDs), domains, and readability of top
websites using four validated formulae. Of the estimated 1,846,950 monthly searches resulting in 62,227 websites, the most
common was cancer.org. The most common TLD was *.com. Most websites were above the eighth-grade reading level recom-
mended by the American Medical Association (AMA) and the National Institute of Health (NIH). The SMOG Index was the
most reliable formula. The mean grade level readability for all sites using SMOG was 9.4 ± 2.3, with 23.9% of sites falling at or
below the eighth-grade reading level. The first ten results for each Google keyword were easiest to read with results beyond the
first page of Google being consistently more difficult. Keywords related to gynecologic malignancies are Google-searched
frequently. Most websites are difficult to read without a high school education. This knowledge may help gynecologic oncology
providers adequately meet the needs of their patients.
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Introduction

The Internet is a widely used source of health information.
Approximately 84% of American adults use the Internet [1].
Of users, 80% look for health information online [2], 87% use
a search engine [2], and 83% use Google most often [3]. The
Internet can allow gynecologic oncology patients to proactive-
ly participate in their healthcare, supplement education pro-
vided by the physician and provide resources unavailable
within the bounds of the clinical encounter [4].

Productive utilization of information is dependent on the
reader’s ability to understand it. Health literacy is the degree to
which individuals have the capacity to obtain, process, and
understand the basic health information and services they need
to make appropriate health decisions [5]. Decreased health
literacy is associated with a reduced understanding of cancer
screening procedures, increased distress about developing
cancer, and cancer diagnosis in later stages [6]. The
American Medical Association (AMA) and the National
Institute of Health (NIH) recommend that readability of pa-
tient education materials should not exceed a seventh- to
eighth-grade reading level [7]. One study found that the ma-
jority of ovarian cancer websites were written at an eleventh
grade level on average [8].

Though Internet use is ubiquitous and gynecologic malig-
nancies are increasing [9], there is a paucity of objective data
on the Internet search habits of the gynecologic oncology
patient population and the readability of online patient infor-
mation [8, 10–12]. Knowledge of this data could assist pro-
viders in empowering patients to become better-informed con-
sumers of healthcare information.
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Our objective is to systematically explore the most com-
mon Google search terms related to gynecologic oncology
and to calculate the readability of the top websites resulting
from these searches.

Methods

A list of keywords and their estimated average monthly search
volumes was generated using the Google AdWords Keyword
Planner [13]. Five patient education websites from sgo.org
were utilized as Bseed^ pages to allow the keywords to be
sorted into five groups (cervical cancer, ovarian cancer,
uterine cancer, vaginal cancer, and vulvar cancer). The
authors reviewed the keywords and excluded those that were
irrelevant or had fewer than 100 searches per month to
maximize the applicability of our results to a wide population.

As it is overwhelmingly the most popular search engine
[3], Google searches were then performed on each of the re-
sultant keywords. A list of websites resulting from each key-
word search within each group was then generated. The
Python programming language (version 3.5.1) was used to
calculate frequencies of keywords, top-level domains
(TLDs), and domains for each keyword group.

The readability of the top 20 websites resulting from each
keyword search was calculated using four validated readabil-
ity formulae. The Flesch-Kincaid formula (F-K) was original-
ly formulated by John P. Kincaid for use in the US Navy, is
now widely used in the field of education, and is often includ-
ed as a function in word-processing packages, such as
Microsoft Word [14]. It is calculated by using the total number
of words, sentences, and syllables in a given text to generate a
score as a US grade level [14]. Readability of the top websites
was also determined using the Dale-Chall formula (D-C),
which calculates the US grade level of a text using sentence
length and number of Bhard^ words as determined from a list
of 3000 words determined to be familiar to most 4th grade
students. It is often used to evaluate health information [15].
The Gunning Fog Index (GFI), which was originally pub-
lished by Robert Gunning in The Technique of Clear Writing
in 1952, is used widely by the military, businessmen, engi-
neers, and scientists to help decrease the complexity of their
writing. This score is calculated by using the average sentence
length (number of words divided by the number of sentences)
and the number of Bcomplex^words (those with three or more
syllables) to estimate the number of years of formal education
a person needs to understand a given text [16]. Lastly, the
Simple Measure of Gobbledygook (SMOG) Index was deter-
mined by counting the number of polysyllables (words with
three or more syllables) in three ten-sentence samples, calcu-
lating the count’s square root, and adding three to estimate the
years of education a person needs to understand a particular
text. The SMOG Index developed by G. Harry McLaughlin in

1969 as a derivation of the GFI was recommended by the US
National Cancer Institute for the evaluation of cancer pam-
phlets [6]. It is a more stringent measure of readability dem-
onstrating a strong correlation with the required reading level
in multiple validation studies (r = 0.985) [17]. As opposed to
other measures that are based on the ability of readers to an-
swer a certain portion of questions correctly (usually 50 or
75%), the SMOG Index produces reading grade levels for
individuals with 100% comprehension of the text. [13].

A large systematic review of readability instruments used
to assess web-based cancer information by Freidman et al.
concluded it is preferable to use multiple tools to ensure the
validity of the readability scores [6]. For these reasons, we
calculated readability using the four abovementioned formu-
las, but the SMOG Index was taken as the preferred readabil-
ity measure for this study [17].

Readability scores were described using eighth grade as the
ideal reading level based on the recommendations of the
AMA and the NIH [7]. Pages with fewer than 100 total words
were excluded due to instability in the readability scores. The
scores were summarized using means and standard deviations
and compared using one-way ANOVA with a significance
level of α = 0.05. Relationships between the four readability
formulas were analyzed using Spearman’s correlation. The
relationship between readability as calculated by the SMOG
Index and Google ranking was then analyzed using a random-
effects regression model. A first stage model was used with
rank and group as categorical predictors and keyword as a
random effect. This fit suggested a piecewise linear regression
with a different slope for the Google search ranking for ranks
1 through 10 (page 1) versus ranks 11 through 20 (page 2).
This piecewise regression was fit and analyzed using group as
a confounder and the random effect for keyword. All statisti-
cal analyses were performed using the R statistical software
[18].

Results

There were 3133 total keywords in the five groups. Of these,
749 were excluded for irrelevance and 1761 excluded for few-
er than 100 estimated monthly searches. A total of 623 key-
words (248 cervical, 202 ovarian, 140 uterine, 31 vulvar, and
2 vaginal) were included in the final analysis, resulting in an
estimated 1,846,950 total monthly searches (918,220 cervical;
517,620 ovarian; 163,600 uterine; 233,810 vulvar; 13,700
vaginal). A Google search of each keyword yielded a list of
62,227 websites (24,776 cervical; 20,160 ovarian; 13,993
uterine; 3098 vulvar; and 200 vaginal). Of these websites,
135 had fewer than 100 words and were excluded from the
readability calculations due to instability in the scores. The
readability of the remaining sites was then calculated using
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F-K, D-C, GFI, and SMOG. A schematic of the study design
is seen in Fig. 1.

The most commonly searched keywords in each group were
BHPV^ (368,000) for cervical cancer, BOvarian cyst^ and
BOvarian cancer^ (135,000) for ovarian cancer, BUterine cancer^
(49,500) for uterine cancer, BCancer^ (201,000) for vulvar can-
cer, and BVaginal cancer^ (12,100) for vaginal cancer (Table 1).

Of the estimated 1,846,950 monthly searches resulting in
62,227 total websites, the most common TLD was *.com at
43%, and the most common domains were cancer.org (884),
nih.gov (690), and cancerresearchuk.org (665) (Table 1).

We computed readability statistics for the most common
pages within each keyword search. The mean grade level
readability for all sites across all groups was 11.1 ± 6.4 (mean
± SD) using F-K, 8.5 ± 1.3 with D-C, 19.5 ± 6.6 with GFI, and
9.4 ± 2.3 using the SMOG Index. Few pages had readability at
or below the recommended eighth grade level (F-K 15.8%;
DC 35.7%; GFI 0%; SMOG 23.9%). When comparing the
four readability formulas using Spearman’s correlation, we
find the SMOG Index to be the most reliable, due to its high
correlation with the other formulae and the lower proportion
of extreme outliers.
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Fig. 1 Schematic of the study design
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Figure 2 displays the SMOG readability scores by keyword
group. There were significant differences in readability across
the groups (ANOVA, p < 0.0001) with uterine cancer websites
being the most difficult to read (9.9 ± 2.5) and cervical cancer
websites the easiest (8.9 ± 2.2). Comparing SMOG readability
across the TLDs, we again find significant differences
(ANOVA, p < 0.0001). Websites with the *.net TLD were
easiest to read (8.8 ± 4.3), and *.gov were the most difficult
(10.2 ± 2.4).

Finally, we sought to assess the relationship between
the Google search ranking and readability. This piecewise
linear regression model assumes the Google search rank
may have a differing effect on SMOG score between the
first ten and second ten ranks (first page vs. second page

of Google). To account for differing difficulties between
classes and keywords, we include class as a confounder
and a random effect for keyword. The predicted best-fit
line is shown in Fig. 3. The difficulty in readability rap-
idly increases over the first ten pages; each increase in
rank corresponds to an increase in reading difficulty of
0.08 grade levels (95% CI 0.06–0.10, p < 0.0001). There
is no appreciable difference in readability after page 10
(p = 0.7534).

Table 1 Most common keywords, top-level domains (TLDs), domains, and their estimated frequencies

Keyword group Total
keywords

Total monthly
searches

Most common keywords
(# of monthly searches)

Most common TLDs
(# of results)

Most common domains
(# of results)

Cervical cancer 248 918,220 HPV (368,000)
Cervical cancer (135,000)
Pap smear (110,000)

.com (10,335)

.org (7040)

.gov (1650)

cancer.org (375)
cancerresearchuk.org (291)
webmd.com (275)

Ovarian cancer 202 517,620 Ovarian cyst (135,000)
Ovarian cancer (135,000)
Ovarian cancer symptoms (74,000)

.com (8605)

.org (6948)

.gov (863)

cancer.org (270)
nih.gov (223)
cancerresearchuk.org (216)

Uterine cancer 140 163,600 Uterine cancer (49,500)
Endometrial cancer (33,100)
Symptoms of uterine cancer (8100)

.com (6453)

.org (4497)

.gov (610)

cancer.org (192)
nih.gov (168)
cancer.gov (154)

Vulvar cancer 31 233,810 Cancer (201,000)
Vulvar cancer (14,800)
Cervical cancer treatment (4400)

.com (1220)

.org (1043)

.edu (207)

google.com (65)
cancer.org (44)
nih.gov (39)

Vaginal cancer 2 13,700 Vaginal cancer (12,100)
Gynecological cancer (1600)

.org (97)

.com (66)

.gov (13)

google.com (4)
[7 pages tied at 3]

Total 623 1,846,950 HPV (368,000)
Cancer (201,000)
Cervical cancer, ovarian cyst, and
ovarian cancer (135,000)

.com (26,679)

.org (19,623)

.gov (3263)

cancer.org (884)
nih.gov (690)
cancerresearchuk.org (665)
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Fig. 3 Simple Measure of Gobbledygook (SMOG) Index readability
scores by Google search rank. The gray line represents the predicted
reading level by Google search ranking (for the reference class of
cervical cancer). The dashed lines provide the 95% confidence interval.
The black vertical lines represent the predicted difficulty by rank without
using the piecewise linear model
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Discussion

The Internet is undoubtedly a frequently consulted source for
medical information and is gaining popularity [10]. Our study
supports this phenomenon and makes it specific to the field of
gynecologic oncology by demonstrating nearly 2 million month-
ly searches worldwide related to this topic. It also contributes to
the body of evidence that much of online patient education ma-
terial is difficult to read without a high school education.

There have been few attempts at characterizing the Internet
search habits of the gynecologic oncology patient population.
In a patient questionnaire study, 85% used the Internet as a
gynecologic cancer resource with the most common search
terms being cancer names (e.g., ovarian, endometrial, cervi-
cal) and specific treatments [12]. In 2013, keywords thought
to be of interest to patients by two providers, and Google
AdWords were used to show that BHPV^ was searched ap-
proximately 305,400 per month; Bovarian cyst^ 139,990; and
Bcervical cancer^ 93,510 [10]. Our results using the same tool
show that the number of monthly searches has increased in the
last 3–4 years, but commonly searched keywords have
remained similar.

A large systematic review of readability instruments used
to assess web-based cancer information by Freidman, et al.
concluded it is preferable to use multiple tools to ensure the
validity of the readability scores [6]. For these reasons, we
calculated readability using the four abovementioned formu-
las, but the SMOG Index was taken as the preferred readabil-
ity measure for this study. Though all four readability formu-
lae have good correlations, our data indicate that the SMOG
Index is the most reliable, which is consistent with previous
work comparing SMOG to other readability measures [19].

A nationwide movement to address health literacy has re-
sulted in federal policies including the Affordable Care Act,
The National Action Plan to Improve Health Literacy, and The
Plain Writing Act of 2010, which aim to improve healthcare
access and quality [5]. Providing easy-to-read patient mate-
rials is an important component of this initiative. In a
Committee Opinion on Health Literacy, The American
College of Obstetrics and Gynecology places the onus on
providers to provide simple, clear patient information [5].
Despite this, there have been few reports regarding readability
of gynecologic or gynecologic oncology patient information
since 1999 [20].

Readability studies from other oncologic subspecialties
show that difficult-to-read online patient information is not an
issue specific to gynecologic oncology. The average readability
of websites about colorectal cancer screening is 11.0 ± 2.2 [21],
13.36 (95% CI 12.83–13.89) for radiation oncology sites [22],
and 11.2 ± 2.2 for kidney and bladder cancers sites [23].

Our data also indicates that the search results on the first
page of Google are the easiest to read with increasing difficul-
ty up to the top 10. Search results beyond the first page are

consistently more challenging. This information can be used
to counsel patients that they should limit themselves to the top
10 results when BGoogle-ing^ information.

This study demonstrates a novel approach to the objective
description of common Google searches related to gynecolog-
ic oncology by creating a curated list of keywords from a list
generated by the most commonly used search engine. It is a
robust study, evaluating more sites than done previously [8,
10–12]. It is the first study of readability in gynecologic on-
cology literature to evaluate websites for all five gynecologic
malignancies and the first to use the SMOG formula [8].

It is limited in that we identified websites using Google
exclusively and cannot draw conclusions regarding other
search engines. However, since Americans use Google more
than any other search engine [3], our results are likely appli-
cable to most Internet users. Though higher-ranked results are
viewedmore commonly than lower-ranked ones [24], we can-
not conclude that the Bmost common^ sites are necessarily the
most commonly viewed. We also cannot determine who is
performing the searches or potentially viewing the websites
(i.e., patients, families, friends, healthcare professionals). The
readability calculations were done programmatically, and er-
rors in calculation (likely based on text parsing) may go un-
noticed, but our results are comparable to those found in sim-
ilar studies [11, 19]. Lastly, though readability formulas pro-
vide a general idea of how difficult a document is to read, they
do not measure the quality of information, its effectiveness as
a communication tool, or the reader’s comprehension.
Comprehension levels are often at least two grades below
reading level and drop even further in stressful situations
[25], such as new cancer diagnoses. Future studies should
evaluate the quality of online patient information and compre-
hension levels of readers.

Knowledge of common keywords, websites, and readabil-
ity is important for gynecologic oncology providers. It can
provide better insight into the needs and apprehensions of
patients, allowing providers to tailor patient counseling and
suggest Google search strategies that may provide more read-
able information. It could also help refine the provider vocab-
ulary to match patient search language in an effort to minimize
asymmetry of information. Creators of patient education ma-
terials should be more cognizant of readability, introduce
guidelines based on the NIH and AMA recommendations,
and use the SMOG Index to evaluate their text.
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