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Goals 

•  Highlight points from Warren Browner: Publishing 
and Presenting Clinical Research, 4th Edition 

•  Explore the best use of tables and figures to 
graphically display quantitative data 

•  Conveying maximum information in easiest 
format to understand 

•  Design considerations for different displays 
•  Making design itself invisible 
•  Illustrations 



Books 



Tables 

•  When to use: 
–  display comparison 
–  enumerate a list that cannot be in text form 

•  When not to use 
– when data dimensionality >2 and can’t be easily 

handled 
– when longitudinal data is better shown as a line, 

graph, etc. rather than numbers 



Tables: design considerations 

•  Title: describe succinctly but with detail—not 
too little, not too much 
Table title Comments 

Table 1. Baseline Characteristics of the Participants 
Standard Table 1 title; 
Could include n=X sample size 

Table 2. Clinical Characteristics of the Patients at Baseline Could include n=X sample size 

Table 2. Adverse Events up to Day 91. 
Adverse clinical events up to 
Day 91 in aerosolized vs. 
subcutaneous vaccine groups 

Table 3. Description of the air pollutants at the 39 schools Great 

Table 5. Population and school characteristics by school traffic Great 

Table 6. Difference in cognitive development, at baseline and 12-mo 
change, by school air pollution exposure (high/low group or interquartile 
range increase) in 2,715 children and 10,112 tests from 39 schools. 

Changes in cognitive 
development by air pollution 
exposure at 39 schools 
(n=2,715) 

Low et al. NEJM, 2015; Robinson et al., NEJM, 2015; Sunyer et al. PLOS Medicine, 2015 



Tables: design considerations 

•  The eye reads across à set up comparisons horizontally 
–  often, table can make sense both ways 
–  decide what is the primary item to be compared 

•  Use horizontal lines to ease/guide interpretation 
•  Avoid using any vertical lines; use only horizontal lines 

•  Labeling 
–  Label columns and rows in good size font 
–  Give units 
–  Be clear on groups, no acronyms 
–  Avoid “Arm A/Arm B”, or “Intervention/Control”, “Group 1/2”, etc. 
–  Eliminate footnotes, asterisks, p-values in the footer 
–  Think about centering (+/-) 
–  Merge cells and group labels 

•  In manuscripts, don’t double space tables.. print all on one page for ease 
•  Make one or two tables formatted the way you like, then re-use these 



Example: not easy to look at 

Characteristic Group I Group II P 

Male 265/401= 66% 197/402= 49% * 

Female 136/401= 34% 205/402= 51% * 

CHD 43/401= 11% 48/402= 12% NS 

Income in dollars $59,323 ± $13,358 $61,482 ± 16,552 NS 

Age (years) 48 ± 16 49 ± 17 NS 

<30 years 80/401 (20%) 84/402 (21%) NS 

31-65 years 45% 45% NS 

>65 years 35% 34% NS 

*p < 0 .05. NS = nonsignificant. 

Comparison of Selected Characteristics of the Two Groups of Subjects. 
Improve the title 

Say what intervention 
was; include N 

Label as control & 
include N 

Give effect size & CI, 
then p-value 

Give p-value 
right here not 
in footnote 

Female 
row 
duplicates 
info 

Eliminate vertical lines 

($) 

Acronym 

Use a sans serif font 



Improved Version 

Characteristic 
Exercise 

Intervention 
(N = 401) 

No-exercise 
Control 
(N=402) 

P-value 

Male, n (%) 265 (66) 197 (49) <0.01 

Coronary heart 
disease, n (%) 

43 (11) 48 (12%) 0.6 

Median age 
(years ± IQR) 

48 ± 16 49 ± 17 0.4 

     <30 years, n (%) 80 (20) 84 (21) <0.001 

     31-65 years, n (%) 180 (45) 181 (45) 0.5 

     >65 years, n (%) 140 (35) 137 (34) 0.5 

Median 2014 Income 
($ ± IQR) 

$59,323 
± $13,358 

$61,482 
± 16,552 

0.7 

Table 1. Baseline clinical and socioeconomic characteristics of exercise 
intervention (n=401) and no-exercise control (n=402) participants. 



Tables of Regression Output 

•  Predictors: describe, and display as: “age (per 10 years)”, e.g. 
•  No regression coefficients 
•  Favor 95% CI’s over p-values (but often must include both) 
•  Problematic version: 

Browner, Publishing and Presenting Clinical Research, 2nd Ed. 



Tables of Regression Output 

•  Improved version: 

Browner, Publishing and Presenting Clinical Research, 2nd Ed. 



For discussion 

Good title 
Overall organization good 
Categorical variables clear 
Referent is very clear 
OR=1.0 included (or can say ---) 

Vertical lines 
Needs top and bottom lines 
Too many thick lines 
Could separate OR from 95% CI 
P-values could go one decimal, especially 
     the ones <0.05 
“Non-academic” description à footnote 
No need to bold the significant p-values 



Figures: Reveal your Data 

http://tomfishburne.com.s3.amazonaws.com/site/wp-content/uploads/2011/12/090309.ideacamo.jpg 



Figures: General Principles 

•  When to use 
–  demonstrating overall effects, comparisons 
–  showing trends, longitudinal variation 

•  When not to use 
–  can data be displayed in text form? or as a table? 
–  when precise numerical display is needed 

•  Design features 
–  dimensionality of data 
–  “data-to-ink” ratio: always want to maximize this 
–  use a simple design, large and easy-to-read labels 
–  ensure all axes are labeled, use sans serif fonts for everything 
–  sketch out by hand before making the graphic on computer 



Diagrams 

•  Study subject 
flow, CONSORT 
diagrams 

•  PowerPoint 
versatile; Word 
can make these but 
not as well 

•  Note vertical vs. 
horizontal flow 

•  Generally want to 
avoid unnecessary 
“boxing” of words, 
but here it is 
helpful… 

Saliba et al. Clin Infect Dis, 2015 



Scatterplots 
•  Often very useful 

–  shows all discrete data points, including interesting outliers 
–  essential first step in examining data 

Tufte, E, Visual Display of Quantitative Information, 2nd Ed., p.14-15 



Bar Graphs 
•  Ubiquitous, often very useful 
•  Stacked bar: useful for showing proportions, trends 

–  be careful with y-axis 

•  Avoid color unless needed; avoid moire effects: use grayscales 

0 

20000 

40000 

60000 

80000 

100000 

120000 

140000 

Q1 Q2 Q3 Q4 

USA 

Finland 

Germany 

0 

20000 

40000 

60000 

80000 

100000 

120000 

140000 

Q1 Q2 Q3 Q4 

USA 
Finland 
Germany 

Median 
Household 
income ($) 

Quartile 

Original Improved 



Stacked Bar 1: components 

Tagar et al. PLOS ONE, 2014 



Stacked Bar 2: adds to 100% 

Tagar et al. PLOS ONE, 2014 



Table vs. Stacked Bar Graph 
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Small 
Multiples 

The eye trains on 
the first complex 
image; rest of 
content is then 
rapidly absorbed. 
 

Orange = more in 
favor of school 
voucher program 
compared to 45% 
national average 
Green = less in 
favor of vouchers 
than average 
 

• Overall + 7 subgroups 
• 5 income levels 
• 50 US states 
• 8 levels of support 
à very rich information 

 

http://andrewgelman.com/2009/07/15/hard_sell_for_b/ 



CD4 Level <200/µl at Clinic Entry 

CD4 Level 351-500/µl at Clinic Entry CD4 Level >500/µl at Clinic Entry 

CD4 Level 200-350/µl at Clinic Entry 

<500 c/ml 

501-5,000 c/ml 

5,001-50,000 c/ml 

>50,000 c/ml 

Viral Load Strata 
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Stacked Bar Graph with Small Multiples: Dense Information 

Graph shows: 
1) rising viral suppression 
of HIV over a decade 
(blue) 
 
2) this occurs in 4 
different patient groups 
(CD4 counts) 
 
3) in high CD4+ patients, 
this occurs later, when 
guidelines changed 
favoring treatment in this 
group. 

Geng et al. Clin Infect Dis. 2012. 



3D Bar Graphs: rarely indicated 
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Fig. 1. Proportion of men and women who 
reported voting 

Female Male 

36% 22% 

“Overall, 36% of women and 
22% of men reported voting.” 



3D Bar Graphs: Better Example 
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Browner, Publishing and Presenting Clinical Research, 2nd Ed. 



Stacked Line Graph 

Menzies et al.  AIDS, 2011 



Pie Charts: rarely indicated 

“74% of respondents said they 
preferred newspapers with color 
photos.” 

Component Cost 
Financial Aid $15,560 

Division 
operations 

$18,230 

Administrative 
compensation 

$25,620 

Debt service $12,640 

Financial aid $14,150 

http://www.bowdoindailysun.com/wp-content/
uploads/2010/07/PieChart-e1279277617776.jpg 

http://pollysnella2newspaper.blogspot.com/
2012/08/audience-research-pie-charts.html 



Line Graphs 

•  Very useful for showing longitudinal data: within-subject or 
within-group data over multiple timepoints 

Saliba et al.  Clin Infect Dis, 2015 



Spaghetti Plots 
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spaghetti.jpg 

Jain et al., JID, 2013 

Valganciclovir also has known antiviral activity against HHV-6

[49]. Last, although there seemed to be reductions in CD81

T cell activation even in valganciclovir-treated participants who

were either HSV-2 seronegative or receiving concurrent acy-

clovir prophylaxis, we cannot rule out the possibility that re-

ductions in HSV-2 replication may have partially contributed to

the effects observed. A similar trial of acyclovir in HIV-infected

individuals receiving antiretroviral therapy might help address

this possibility, because acyclovir has excellent activity against

HSV-2 but very little activity against CMV. Last, although

acyclovir clearly reduces plasma HIV RNA levels in untreated

HIV-infected individuals [45], we observed no evidence for a

reduction in plasma HIV RNA levels in viremic valganciclovir-

treated participants, and the effect of valganciclovir on CD81

Figure 3. Changes in T cell activation and C reactive protein (CRP) levels with valganciclovir therapy. The percentage of activated (CD381 HLA-DR1)
CD81 T cells, percentage of activated CD41 T cells, and plasma CRP levels were assessed over time in both placebo-treated (A, D, G) and valganciclovir-
treated participants (B, E, H) with generalized estimating equations. The thin gray lines (A, B, D, E, G, H) indicate individual participant changes, and the
thick lines represent the estimated mean changes at each time point within each treatment arm. Mean changes from baseline at each time point were
also plotted and compared between placebo- and valganciclovir-treated participants with generalized estimating equations (C, F, I), with P values
referring to differences in the change from baseline between treatment arms at each time point. Whereas there was no evidence for a change from
baseline in the percentage of activated CD81 T cells at any time point for placebo-treated participants (A), valganciclovir-treated participants experienced
a mean decline of 4% activated CD81 T cells by week 8 (P5 .01) and continued to have a mean 4.1% fewer activated CD81 T cells than baseline at week
12 (P5 .01, B). Compared with placebo-treated participants, those receiving valganciclovir experienced a greater decline in CD81 T cell activation from
baseline at week 8 (P5 .03) and from baseline to week 12 (P5 .02, C). Whereas there was no evidence for a change in CD41 T cell activation levels in
the placebo arm (P. .36 for all time points, D), there were trends toward a decrease in CD41 T cell activation levels at weeks 4 (P5 .12) and 8 (P5 .08)
in the valganciclovir arm (E), but the differences between arms were not significant (P. .24 for all time points, F). Whereas there was no evidence for a
change in the placebo arm (P . .43 for all time points, G), CRP levels declined significantly by week 8 in the valganciclovir arm (P 5 .01, H), but the
difference in CRP changes between arms was not significant (P $ .13 for all time points, I).
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Hunt et al., AIDS, 2011 



Box Plots & Christmas Tree Plots 

It is surprising that HIV controllers have lower Treg frequencies
and counts than HIV-uninfected individuals since higher levels of
antigen stimulation and inflammation would be expected to cause
greater expansion of Tregs [36]. Supporting this hypothesis,
higher plasma HIV RNA levels were strongly associated with
higher frequencies of Tregs among HIV-infected non-controllers
(rho: 0.72, P,0.001). Furthermore, among HIV controllers,
higher frequencies of regulatory T cells were associated with
higher frequencies of activated CD4+ T cells (rho: 0.49, P = 0.03)
and activated CD8+ T cells (rho: 0.46, P = 0.04, Figure 1D). Based
on these latter observations, we would have expected to observe
higher Treg frequencies in HIV controllers than in HIV-
uninfected individuals as a consequence of greater antigen
stimulation and T cell activation. The observation that HIV
controllers actually have lower Treg frequencies than HIV-
uninfected individuals thus suggests that HIV controllers have
an unusually weak Treg response to HIV infection, potentially
contributing to the high HIV-specific T cell responses and
generalized T cell activation observed.

Strong relationship between adaptive HIV-specific
immune response and generalized T cell activation in HIV
controllers

Since unusually low Treg responses in HIV controllers might
allow for both stronger adaptive HIV-specific immune responses
and generalized T cell activation, we hypothesized that there
would be a strong relationship between these two latter factors.
Among HIV controllers, higher frequencies of CD4+ T cells
producing both IFN-c and IL-2 in response to stimulation with
HIV Gag peptides were strongly associated with higher frequen-
cies of activated CD4+ T cells (rho: 0.36, P = 0.012) and activated
CD8+ T cells (rho: 0.55, P,0.001, Figure 2A). Higher frequencies
of HIV Env-specific CD4+ T cell responses were also associated
with higher frequencies of activated CD8+ T cells (n = 28,
P = 0.46, P = 0.014, Figure 2B). However, there was no evidence
for a relationship between Pol-specific or Nef-specific CD4+ T cell
responses and the frequency of activated CD4+ or CD8+ T cells.
HIV controllers with higher plasma HIV-specific antibody levels
(as assessed by de-tuned ELISA) also had higher frequencies of

Figure 1. HIV Controllers Have Abnormally Low Treg Frequencies Despite Abnormally High T Cell Activation. The frequency of
activated (CD38+ HLA-DR+) CD8+ T cells (A) and CD4+ T cells (B) in fresh whole blood was compared between 52 HIV-infected untreated HIV
controllers, 37 HIV-uninfected participants, 176 HIV-infected participants with plasma HIV RNA levels ,75 copies/ml on antiretroviral therapy, and 64
untreated HIV-infected participants with plasma HIV RNA levels .10,000 copies/ml. Cryopreserved PBMC from 34 healthy HIV-uninfected participants
in ACTG 5015 (HIV-), 20 HIV controllers, 20 antiretroviral therapy (ART)-treated participants with plasma HIV RNA levels ,75 copies/ml and 20
untreated HIV-infected participants with plasma HIV RNA levels .10,000 copies/ml were also evaluated for the frequency of CD4+ Tregs
(CD25+CD127dim). PBMC preparations were first gated on lymphocytes based on their forward and side scatter properties, then gated for CD4+

lymphocytes, then CD4+ lymphocytes positive for CD25 and only dimly expressing CD127, results expressed as a percentage of the parent CD4+

population (C). HIV controllers had lower frequencies of Tregs than HIV-uninfected controls and both other HIV-infected groups (D). Among HIV
controllers, higher frequencies of activated CD8+ T cells were associated with higher frequencies of Tregs (E). The curve represents the best-fit linear
regression model.
doi:10.1371/journal.pone.0015924.g001

Tregs and T Cell Activation in HIV Controllers

PLoS ONE | www.plosone.org 3 January 2011 | Volume 6 | Issue 1 | e15924

Hunt et al., JID, 2008 

Hunt et al., PLOS ONE, 2011 



Box Plot 

Tagar et al. PLOS ONE, 2014 



Graphics: Responsibility 

•  Graphics are powerful – with great power comes great 
responsibility 

Courtesy: 
Fox News, 
5/3/2014  



Summary 

•  Examine data and the hoped for message it will 
convey 

•  Choose graphical display based on this 
•  Graphical excellence 
•  Data-to-ink ratio 
•  Eliminate unnecessary embellishments, lines, boxes, 

etc. 
•  Don’t be afraid to label in order to explain: 

–  “To clarify, add detail” 

•  Develop preferred formats and use them repeatedly 



Thanks! 

Happy to take 
any questions! 


