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ABSTRACT 
 

We analyzed query logs from use of MEDLINEplus 
to answer the questions: Are consumers’ health in-
formation needs stable over time? and To what extent 
do users’ queries change over time? To determine log 
stability, we assessed an Overlap Rate (OR) defined 
as the number of unique queries common to two ad-
jacent months divided by the total number of unique 
queries in those months. All exactly matching queries 
were considered as one unique query. We measured 
ORs for the top 10 and 100 unique queries of a 
month and compared these to ORs for the following 
month.  
 
Over ten months, users submitted 12,234,737 que-
ries; only 2,179,571 (17.8%) were unique and these 
had a mean word count of 2.73 (S.D., 0.24); 121 of 
137 (88.3%) unique queries each comprised of ex-
actly matching search term(s) used at least 5000 
times were of only one word. We could predict with 
95% confidence that the monthly OR for the top 100 
unique queries would lie between 67% - 87% when 
compared with the top 100 from the previous month. 
The mean month-to-month OR for top 10 queries 
was 62% (S.D., 20%) indicating significant variabil-
ity; the lowest OR of 33% between the top 10 in Mar. 
compared to Apr. was likely due to “new” interest in 
information about SARS pneumonia  in Apr. 2003.  
 
Consumers’ health information needs are relatively 
stable and the 100 most common unique queries are 
about 77% the same from month to month. Website 
sponsors should provide a broad range of information 
about a relatively stable number of topics. Analyses 
of log similarity may identify media-induced, cycli-
cal, or seasonal changes in areas of consumer inter-
est.  
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INTRODUCTION 
 
 Surveys of Internet usage show that health informa-
tion is one of the most cited reasons for searching the 
internet. Results of data mining commercial search 
engine query logs indicate that in general web users 
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type in short queries, mostly look at the first 10 re-
sults only, seldom modify their initial query, and sel-
dom use Boolean operators to enhance the specificity 
of their search terms.1 2 3 That consumers may have 
problems forming effective queries has also been 
established by the work of McCray et al 4 of the Na-
tional Library of Medicine. Zeng et al 5 6 interviewed 
users to determine what information they were seek-
ing and then analyzed MEDLINEplus query log files 
to find that consumers submit queries that often re-
sult in failure to find the information they desire.  
 

 We examined query logs, from use of MEDLINE-
plus, a consumer health information website. Our 
objective was to answer the questions: Are consum-
ers’ health information needs stable over time? and 
To what extent do users’ queries change over time? 
Analyzing health information query logs files may 
identify patterns of consumer usage and, thus, assist 
website developers to link consumers to the informa-
tion they seek.  
 

METHODS 
 
MEDLINEplus Web Access Query Log Files 
In October 1998, the National Library of Medicine 
(NLM) announced a new resource, MEDLINEplus 
intended for consumers of health information.7 The 
original files we received from NLM consisted of 
daily web access logs for all English queries submit-
ted by consumers to (www.MEDLINEplus.org) be-
tween 11/21/2003 and 9/30/2003. We developed a 
JAVA program to parse the complex query log struc-
ture into fields including: the actual query search 
terms, and a month, day, year, hour, minute, and sec-
onds timestamp of a submitted query. Files were im-
ported into SAS v. 9.18 for all analyses reported in 
this paper. To identify patterns in usage of consumer 
search terms over time, we aggregated log data into 
daily intervals to present it in time order. When plot-
ted, time series formats can be visually assessed for 
patterns of periodicity, seasonality, and outliers.  
 
Unique Query Classifications 
All exactly matching query search terms were classi-
fied as a unique query. Unique queries comprised of 
5000 or more instances of the same exact search 
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terms were qualitatively examined and categorized 
into eight health topics. The goal of these categoriza-
tions was not to create an ontology for consumer 
search terms but to identify themes that reflect how 
consumers might specify their areas of information 
need. These categorizations did not constrain unique 
queries to only one topic. For example, drug names 
were listed under the health topic, drugs, but also 
under a topic relevant to the clinical indication for 
that drug. Unique queries were classified as names 
of: body parts, chronic health problems, drugs, gen-
eral interest or miscellaneous topics not easily in-
cluded in other topics, infections, mental health or 
neurological disorders, signs and symptoms; and dis-
orders, and states, or procedures related to women’s 
health. 
 
Unique Query Overlap Rate 
To determine if consumers’ health information needs 
were stable over time, and to what extent unique que-
ries changed over time, we calculated an Overlap 
Rate, which has been previously described and used 
in the analyses of commercial query log files, to 
measure the similarity between  or among query logs 
for different time periods. 9 10 Given a series of 
query log files Li (i= 1 to n) where Li represents a log 
file of unique queries over a specified time period, 
the Overlap Rate is defined as: 
 
OR = (L1  L2  L3 … Ln) / (L1  L2    L3 … Ln) 
 

For example, the Overlap Rate for the top 10 unique 
queries for the months of January and February 
would be the number of common unique queries in 
the top 10 from January and February divided by the 
total number of top 10 unique queries from January 
or February. 
 

RESULTS 
 
Over the 315 day study period a total query volume 
of 12,234,737 English queries was submitted to 
MEDLINEplus. Figure 1 presents the aggregated 
web access log data in daily intervals in time order. 
As visually depicted and confirmed by counts, que-
ries were submitted approximately according to a 
weekly cycle with about 16-17% of the weekly query 
volume submitted on each of the four days: Monday, 
Tuesday, Wednesday, and Thursday, about 13 - 14% 
on Friday, 9% on Saturday, and 10% on Sunday. 
Figure 1 shows a query volume drop approximately 
coincident with the year end holiday season cele-
brated in the United States and many English speak-
ing countries. Analyses of actual query volumes 
(where all instances of exactly matching queries each 
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contribute one count to the total volume) confirm 
this: during the week preceding the Christmas holi-
days, 12/15/02 - 12/21/02, the query volume was 
219,489 hits/week; during Christmas week, 12/22/02 
- 12/28/02, the volume was 141,453 hits/week, and 
for the two weeks following Christmas week query 
volumes were 175,948 and 277,152 hits/week respec-
tively.  
 

All Queries as "Hits" per Day
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Figure 1: All Queries as No. "Hits" per Day 
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Figure 2: Unique Queries by Number of Words in 

the Query 
 
Analysis of Unique Query Classifications 
Of the total query volume of 12,234,737, only 
2,179,571 or 17.8% were unique or distinct queries. 
Mean number of words used in unique queries was 
2.73 S.D., 0.24 see Figure 2. Only 137 unique que-
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ries or 0.006% of all unique queries were comprised 
of 5000 or more instances of exactly matching search 
terms. When each exactly matching instance was 
counted as one query, the query volume represented 
by these 137 unique queries accounted for 1,414,970 
of 12,234,737 queries or 11.6% of the total query 
volume or of the total usage of the service; 121 of 
137 or 88.3% of these frequently used queries were 
of only one word. We categorized the 137 most com-
monly used queries into eight topics. The eight top-
ics, examples of  the most frequent unique queries 
submitted in that health topic along with the query 
volume generated (n) by each example are, in alpha-
betical order names of:  body parts (gallbladder n = 
21,257, thyroid n = 18,821, heart n = 15,044), 
chronic health problems (diabetes n = 45,035, lupus 
n = 27,025), drugs (Lexapro n = 13,129, Zoloft n = 
9,114), general interest or miscellaneous (choles-
terol n = 12,116 triglycerides n = 5,998), infections 
(cellulitis n = 22,702, shingles n = 18,728, herpes n = 
15,631), mental health and neurology (depression n 
= 17,736, stress n = 9,328, Zoloft n = 9,114), signs 
and symptoms (hives n = 21,461, edema n = 18,094, 
cough n = 8,705), and women’s health (pregnancy n 
= 23,173, hysterectomy n = 18,253).  
 
In Table 1 the total query volume generated by our 
categorizations, 1,762,851, exceeds the query volume 
generated by the 137 unique queries, 1,414,970, be-
cause our query categorizations were not constrained 
to one health theme or topic.  
 
 

Table 1: Query Volume Generated by 137 Unique 
Queries Used 5000 or More Times 

 
Topic Query 

Volume 
Generated 

Chronic  
Problems 

710,804 

Infections 251,744 
Symptoms 216,269 
Mental Health 
and Neurology 

183,215 

Body Part 131,929 
Drugs 121,075 
Women’s 
Health 

86,685 

General Interest 61,130 
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Figure 3 shows the number of unique queries (x-axis) 
and the cumulative percentage of usage (y-axis).  
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Figure 3: Cumulate Curve for Query Usage, 
11/21/2002 - 9/26/2003 

 
The curve is skewed to the left indicating that a rela-
tively small number of unique queries contributed 
significantly to the total usage of the service. For 
example, over the study period, 100,910 unique que-
ries or 4.6% of all unique queries accounted for about 
70% of the total usage of the service.  
 
Unique Query Overlap Rate 
Table 2 shows the month-to-month overlap rates for 
the top 10 and top 100 unique queries of the two 
months compared. Also shown is the OR for the first 
5 months vs. the last 5 months of our sample. 
 
The top 100 queries were on average 77% the same 
month-to-month with a 95% Confidence Interval (CI) 
[67% - 87%] which shows statistical significance. 
Top 10 queries were on average 62% the same 
month-to-month with a 95% CI [23% - 101%] which 
includes unity and thus is not statistically significant.   
The “Overlap Rate Top 10” of 33% as measured for 
the time periods 11/21 - 12/31/2002 vs. Jan. 2003 
and Mar. 2003 vs. Apr. 2003 represents a mismatch 
of  five unique queries between the time periods 
compared (see Table 3).  
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Table 2: Month-to-Month and First 5-month-to-
Last 5-month Overlap Rates with Standard De-

viations (S.D.) for top 10 and top 100 queries 
 
Month-to-Month 
(m-t-m) 

Overlap 
Rate 
Top 10 

Overlap 
Rate 
Top 100 

Nov. 21, 2002 - Dec. 
2002 vs.  
Jan.  2003  

0.33 0.73 

Jan. 2003 vs. Feb. 2003  0.67 0.79 
Feb. 2003 vs. Mar. 
2003  

0.67 0.81 

Mar. 2003 vs. Apr. 
2003  

0.33 0.69 

Apr. 2003 vs. May 
2003  

0.67 0.73 

May 2003 vs. Jun. 2003  0.67 0.82 
Jun 2003 vs. Jul. 2003  0.67 0.84 
Jul. 2003 vs. Aug. 2003  1.00 0.79 
Aug. 03 vs. Sep. 26, 03  0.67 0.76 
Mean m-t-m  (std dev) 0.62 (0.20) 0.77 (0.05) 
First Five Months-to-
Last Five Months  
Nov 21, 02 to Apr. 03 
vs. 
May  03 - Sep. 26, 03 

0.67 0.67 

 
Table 3: Top 10 Unique Queries for Months with 

Low Overlap Rates. Query Search Terms Ar-
ranged in Descending Order of Query Volumes. 

 
Nov/Dec. 2002 vs.  
Jan. 2003 

Mar. 2003 vs. 
 Apr. 2003

Diabetes Diabetes  Diabetes Diabetes 
Cancer Lupus  Lupus Sars 
Lupus Hives  

 
 

Low
Blood
Pressure
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Hyperte
sion 

n-  
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"Sars" Hits by Day, 11/ 02 - 9/ 03
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Figure 4 : "SARS" Hits by Day, 11/02 - 9/03 
 
 The low overlap rate top 10 between Nov./Dec. and 
Jan. was a result of “common” terms replacing 
“common” terms; no new search terms were intro-
duced. The introduction to the top 10 in April 2003 
of the never used before one-word search term, 
SARS, along with the one-word search term pneu-
monia contributed to the 33% overlap between Mar. 
and Apr., 2003. The term pneumonia had not previ-
ously appeared as a top 10 search term and during the 
315 day study period only appeared as a top 10 
search term during April, 2003. Figure 3 shows a 
time series graph for the number of SARS hits by 
day.  
 
Diabetes was the most common search term in each 
month and overall. Only the search terms diabetes 
and lupus were among the top 10 search terms used 
in every month in the study period.  
 

DISCUSSION 
 
We analyzed MEDLINEplus query log data  and 
found that only about 1 in 5 queries were unique or 
distinct. Consumer queries tended to be  short (mean 
of 2.73 words), and the most commonly used search 
terms were of only one word.  
 
Based on these findings, we can answer the questions 
posed at the beginning of the paper: Are consumer 
health information needs stable over time? and To 
what extent do users’ queries change over time? For 
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the top 100 user search terms, queries were relatively 
stable over time. For any month we could predict 
with 95% confidence that queries would be the same 
as the previous month’s queries between 67% and 
87% of the time. 
 
However, the monthly top 10 user queries demon-
strated significant variability. The effects of media 
coverage on the “new” infection coined SARS, Se-
vere Acute Respiratory Syndrome, (which affected 
people principally in parts of China and Canada and 
reached epidemic proportions) were dramatically 
demonstrated in the time series graph of SARS hits 
per day. This “spike” in consumer interest in SARS 
and pneumonia was discernible from a low overlap 
rate between March and April, 2003 and analysis of 
the mismatch in search terms between these months. 
 
This study has limitations. We analyzed submitted 
queries. We could not examine the actual questions 
users had that led them to submit a query.  Also, be-
cause of the unsophisticated one word search strategy 
used by some consumers, a wide range of informa-
tion might have been sought which could not be dis-
cerned from just that one term; for example, a user 
inputting the search term diabetes may have in mind 
a myriad number of questions. 
 
In conclusion, this study is a descriptive analysis of 
MEDLINEplus query log data over a 315-day period. 
If consumers are to find the information they seek, 
sponsors of consumer health information websites 
should provide a broad range of information about a 
relatively stable number of topics. Periodic or real-
time analyses of the similarity between logs of adja-
cent time periods may identify mismatches in logs 
due to influence of consumer health information in-
terests by media coverage. Seasonal or cyclical con-
sumer health-related interests may also influence 
overlap rates. 
 
Our future work will include analyzing and catego-
rizing multi-word queries -- queries of two or more 
words. Although less frequent than one word queries, 
multi-word queries, specifically those containing the 
most popular one word queries (diabetes, lupus, etc.) 
may yield more specific clues about the content of 
information consumers sought. For example, the 
query diabetes and depression is a combination of 
two very frequent one word search terms and is 
markedly more specific than either term.  While it 
may be likely that users who input the more sophisti-
cated multi-word queries have different information 
needs than users inputting one word queries, exami-
nation of multi-word queries containing the more 
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common one word queries, using overlap rates and 
time series analyses of “hits” may allow website 
sponsors to better index the broad knowledge bases 
now required in response to less specific one word 
consumer requests. 
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