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Your height data



Your height data, by gender



Own height and “mid-parent” height

45 degree line



Regression line shows “regression to the mean”!

Own height = 68.9 + 

0.60*mid-parent height

Intercept

Slope



Same thing, controlling for own gender



(So is each generation more average than 
the last? No.)

Regression to the 
mean: because height is 
not entirely heritable 
(due to e.g. randomness 
of genetics), very tall/
short people will be 
taller/shorter than their 
children and their 
parents. This happens 
even when the 
distribution stays same 
from generation to the 
next. 
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Chocolate Consumption, Cognitive Function,  
and Nobel Laureates

Franz H. Messerli, M.D.

Dietary flavonoids, abundant in plant-based foods, 
have been shown to improve cognitive function. 
Specifically, a reduction in the risk of dementia, 
enhanced performance on some cognitive tests, 
and improved cognitive function in elderly patients 
with mild impairment have been associated with 
a regular intake of flavonoids.1,2 A subclass of 
flavonoids called flavanols, which are widely 
present in cocoa, green tea, red wine, and some 
fruits, seems to be effective in slowing down or 
even reversing the reductions in cognitive per-
formance that occur with aging. Dietary flavanols 
have also been shown to improve endothelial 
function and to lower blood pressure by causing 
vasodilation in the peripheral vasculature and in 
the brain.3,4 Improved cognitive performance 
with the administration of a cocoa polyphenolic 
extract has even been reported in aged Wistar–
Unilever rats.5

Since chocolate consumption could hypotheti-
cally improve cognitive function not only in indi-
viduals but also in whole populations, I won-
dered whether there would be a correlation 
between a country’s level of chocolate consump-
tion and its population’s cognitive function. To 
my knowledge, no data on overall national cog-
nitive function are publicly available. Conceiv-
ably, however, the total number of Nobel laure-
ates per capita could serve as a surrogate end 
point reflecting the proportion with superior 
cognitive function and thereby give us some 
measure of the overall cognitive function of a 
given country.

Methods

A list of countries ranked in terms of Nobel 
laureates per capita was downloaded from 
Wikipedia (http://en.wikipedia.org/wiki/List_of_
countries_by_Nobel_laureates_per_capita). Be-

cause the population of a country is substantially 
higher than its number of Nobel laureates, the 
numbers had to be multiplied by 10 million. 
Thus, the numbers must be read as the number 
of Nobel laureates for every 10 million persons 
in a given country.

All Nobel Prizes that were awarded through 
October 10, 2011, were included. Data on per 
capita yearly chocolate consumption in 22 
countries was obtained from Chocosuisse 
(www.chocosuisse.ch/web/chocosuisse/en/home), 
Theo broma-cacao (www.theobroma-cacao.de/
wissen/wirtschaft/international/konsum), and 
Caobisco (www.caobisco.com/page.asp?p=213). 
Data were available from 2011 for 1 country 
(Switzerland), from 2010 for 15 countries, from 
2004 for 5 countries, and from 2002 for 1 coun-
try (China).

Results

There was a close, significant linear correlation 
(r = 0.791, P<0.0001) between chocolate con-
sumption per capita and the number of Nobel 
laureates per 10 million persons in a total of 23 
countries (Fig. 1). When recalculated with the 
exclusion of Sweden, the correlation coefficient 
increased to 0.862. Switzerland was the top per-
former in terms of both the number of Nobel 
laureates and chocolate consumption. The slope 
of the regression line allows us to estimate that 
it would take about 0.4 kg of chocolate per capita 
per year to increase the number of Nobel laure-
ates in a given country by 1. For the United States, 
that would amount to 125 million kg per year. 
The minimally effective chocolate dose seems to 
hover around 2 kg per year, and the dose–response 
curve reveals no apparent ceiling on the number 
of Nobel laureates at the highest chocolate-dose 
level of 11 kg per year.
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Discussion

The principal finding of this study is a surpris-
ingly powerful correlation between chocolate 
intake per capita and the number of Nobel laure-
ates in various countries. Of course, a correla-
tion between X and Y does not prove causation 
but indicates that either X influences Y, Y influ-
ences X, or X and Y are influenced by a common 
underlying mechanism. However, since choco-
late consumption has been documented to im-
prove cognitive function, it seems most likely 
that in a dose-dependent way, chocolate intake 
provides the abundant fertile ground needed for 
the sprouting of Nobel laureates. Obviously, 
these findings are hypothesis-generating only 
and will have to be tested in a prospective, ran-
domized trial.

The only possible outlier in Figure 1 seems to 
be Sweden. Given its per capita chocolate con-
sumption of 6.4 kg per year, we would predict 
that Sweden should have produced a total of 

about 14 Nobel laureates, yet we observe 32. 
Considering that in this instance the observed 
number exceeds the expected number by a fac-
tor of more than 2, one cannot quite escape the 
notion that either the Nobel Committee in 
Stockholm has some inherent patriotic bias 
when assessing the candidates for these awards 
or, perhaps, that the Swedes are particularly 
sensitive to chocolate, and even minuscule 
amounts greatly enhance their cognition.

A second hypothesis, reverse causation — 
that is, that enhanced cognitive performance 
could stimulate countrywide chocolate con-
sumption — must also be considered. It is con-
ceivable that persons with superior cognitive 
function (i.e., the cognoscenti) are more aware 
of the health benefits of the flavanols in dark 
chocolate and are therefore prone to increasing 
their consumption. That receiving the Nobel 
Prize would in itself increase chocolate intake 
countrywide seems unlikely, although perhaps 
celebratory events associated with this unique 
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Figure 1. Correlation between Countries’ Annual Per Capita Chocolate Consumption and the Number of Nobel 
 Laureates per 10 Million Population.
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What else might explain this relationship?
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Spurious?
How do we identify confounders? 

How do we control for them? 

Chocolate
consumption

per capita

Nobel prizes
awarded 

per capita

?
(X, treatment, 

independent 

variable)

(Z, confounder,

lurking variable, 

covariate)

(Y, outcome, 
dependent 
variable)



Best case: randomize treatment

In a randomized experiment, there 
should be no confounding variables.

In many social science settings, RCT is 
impossible: subjects (e.g. countries, individuals) 
choose their own treatment.

Subjects	
  
choose	
  

treatment

Researchers	
  
lose	
  
sleep
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Next best: statistical control

Source: Lijphart (2012)
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META-ANALYSIS

Sedentary time in adults and the association with diabetes,
cardiovascular disease and death: systematic review
and meta-analysis

E. G. Wilmot & C. L. Edwardson & F. A. Achana &

M. J. Davies & T. Gorely & L. J. Gray & K. Khunti &
T. Yates & S. J. H. Biddle

Received: 10 May 2012 /Accepted: 17 July 2012 /Published online: 14 August 2012
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Abstract
Aims/hypothesis Sedentary (sitting) behaviours are ubiqui-
tous in modern society. We conducted a systematic review
and meta-analysis to examine the association of sedentary
time with diabetes, cardiovascular disease and cardiovascu-
lar and all-cause mortality.
Methods Medline, Embase and the Cochrane Library data-
bases were searched for terms related to sedentary time and
health outcomes. Cross-sectional and prospective studies
were included. RR/HR and 95% CIs were extracted by
two independent reviewers. Data were adjusted for baseline

event rate and pooled using a random-effects model. Bayes-
ian predictive effects and intervals were calculated to indi-
cate the variance in outcomes that would be expected if new
studies were conducted in the future.
Results Eighteen studies (16 prospective, two cross-sectional)
were included, with 794,577 participants. Fifteen of these
studies were moderate to high quality. The greatest sedentary
time compared with the lowest was associated with a 112%
increase in the RR of diabetes (RR 2.12; 95% credible interval
[CrI] 1.61, 2.78), a 147% increase in the RR of cardiovascular
events (RR 2.47; 95% CI 1.44, 4.24), a 90% increase in the
risk of cardiovascular mortality (HR 1.90; 95%CrI 1.36, 2.66)
and a 49% increase in the risk of all-cause mortality (HR 1.49;
95% CrI 1.14, 2.03). The predictive effects and intervals were
only significant for diabetes.
Conclusions/interpretation Sedentary time is associated
with an increased risk of diabetes, cardiovascular disease
and cardiovascular and all-cause mortality; the strength of
the association is most consistent for diabetes.

Keywords Cardiovascular . Diabetes . Meta-analysis .

Mortality . Sedentary . Systematic review

Abbreviations
CrI Credible interval
Mesh Medical subject heading
MVPA Moderate-to-vigorous intensity physical activity
TV Television

Introduction

The hazards of high levels of sitting were first highlighted in
the 1950s when J. Morris et al identified a twofold increase
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Table 1 Characteristics of cross-sectional and prospective cohort studies included in meta-analysis

Author [ref.] Design, sample size Outcome,
no. cases

Sedentary measure
used in meta-analysis

Confounders
measured

Quality

Dunstan et al
2004 [21]

Cross-sectional 8,299 Diabetes 252
cases (3%)

TV viewing >14
vs <14 h/week

Adjusted for age, education,
FHx DM, smoking, diet
and PA

5
Australian men
and women

Dunstan et al
2010 [32]

Prospective
6.6 year f/u

Cardiovascular
mortality 87
cases (1%)

TV viewing ≥4
vs <2 h/day

Adjusted for age, sex,
smoking, education, diet

6

8,800 Australian
men and women

All-cause
mortality 284
cases (3.2%)

Ford et al
2010 [24]

Prospective
7.8 year f/u

Diabetes 927
cases (3.9%)

TV viewing <1
vs>4 h/day

Adjusted for age, sex,
education, occupational
activity, smoking, alcohol,
PA, diet, systolic BP

3

23,855 German
men and women

Hawkes et al
2011 [29]

Prospective
3 year f/u

Diabetes 247
cases (12.6%)a

TV viewing <2
vs >4 h/day

Sex, age, education,
marital status

4

1,966 Australian
men and women

Cardiovascular
disease 32
cases (1.6%)

Diabetes outcomeb

Hu et al
2001 [22]

Prospective
10 year f/u

Diabetes 767
cases (2%)

TV viewing >40
vs <1 h/week

Adjusted for age, time,
smoking, FHx DM,
alcohol, PA

3

37,918
American men

Hu et al
2003 [23]

Prospective
6 year f/u

Diabetes 1,515
cases (2.2%)

TV viewing >40
vs <1 h/week

Adjusted for age, hormone
use, alcohol, smoking,
FHx DM, PA, diet

3

68,497
American
women

Inoue et al
2008 [38]

Prospective
8.7 year f/u

All-cause
mortality 4,564
cases (5.5%)

Self-reported
sitting time
<3 vs >8 h/day

Adjusted for age, area,
occupation, DM, smoking,
alcohol, BMI, diet, exercise,
sedentary activity, walking
or standing hours, and
leisure-time sports or
physical exerciseb

4

83,034 Japanese
men and women

Katzmarzyk et
al 2009 [33]

Prospective
12 year f/u

Cardiovascular
mortality 759
cases (4.5%)

Self-reported
sitting time

Adjusted for age, smoking,
alcohol, leisure-time PA

4

17,013 Canadian
men and women

All-cause
mortality 1,832
cases (10.8%)

Almost none of
the time vs almost
all of the time

Krishnan et al
2009 [25]

Prospective
10 year f/u

Diabetes 2,928
cases (6.4%)

TV viewing >5
vs <1 h/day

Adjusted for age, time period,
FHx, DM, education, family
income, marital status, cigarette
use, alcohol, energy intake,
coffee consumption, vigorous
PA, walking

3

45,668 Black
American
women

Manson et al
2002 [31]

Prospective
3.2 year f/u

Cardiovascular
disease 1,551
cases (2.1%)

Self-reported
sitting/lying/
sleeping <4
vs >16 h/day

Adjusted for age and
energy expenditure

3

73,743
American
women

Matthews et al
2012 [28]

Prospective
8.5 year f/u

Diabetes 15,942
cases (6.6%)a

TV viewing <1
vs ≥7 h/day

Age, sex, race, education,
smoking, diet, PA

6

240,819
American men
and women

Cardiovascular
mortality 4,684
cases (2%)

All-cause mortality
17,044 cases (7%)

Diabetologia (2012) 55:2895–2905 2899



THE EFFECTIVENESS OF ADJUSTMVIENT BY 
SUBCLASSIFICATION IN REMOVING BIAS IN 

OBSERVATIONAL STUDIES 

W. G. COCHRAN 
Harvard University, Cambridge, Mass., U. S. A. 

SUMMARY 
In some inivestigationls, comparison of the means of a variate y in two study 

g;roups may be biased because y is related to a variable x whose distribution differs 
in the two groups. A frequently used device for trying to remove this bias is adjust- 
ment by subclassification. The range of x is divided into c subclasses. Weighted 
means of the subclass means of y are compared, using the same weights for each 
study group. The effectiveness of this procedure in removing bias depends on 
several factors, but for monotonic relations between y and x, an analytical approach 
suggests that for c = 2, 3, 4, 5, and 6 the percentages of bias removed are roughly 
64%, 79%, 86%, 90%, and 92%, respectively. These figures should also serve as a 
guide when x is an ordered classification (e.g. none, slight, moderate, severe) that 
can be regarded as a grouping of an underlying continuous variable. The extent to 
which adjustment reduces the sampling error of the estimated difference between 
the y means is also examined. An interesting side result is that for x normal, the 
percentage reduction in the bias of x2-xl due to adjustment equals the percent- 
age reduction in its variance. 

Under a simple mathematical model, errors of measurement in x reduce the 
amount of bias removed to a fraction 1/(1 + h) of its value, where h is the ratio of 
the variance of the errors of measurement to the variance of the correct measure- 
ments. Since ordered classifications are often used becauLse x is difficult to measure, 
h may be substantial in such cases, though more information is needed on the values 
of h that are typical in practice. 

1. INTRODUCTION 

Examples of the type of observational study considered in. this 
paper are comparisons of the death rates of men with different smoking 
habits and Kinsey's comparisons of the frequencies of a specific type 
of sexual behavior among men of different socioeconomic levels. The 
investigator studies a response variable y in two or more groups of 
people who differ with respect to some characteristic (smoking, air 
pollution, socioeconomic level). He realizes, however, that part or 
all of the observed differences between the mean values of y in the groups 
may be due to other variables xl , x2, * * * in which the groups differ, 
rather than to the specific characteristic that he is interested in study- 
ing. 
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When statistical control 
really matters

Classic example: Cochran (1968) on risk of pipe 
smoking vs cigarette smoking 

z



Are pipes worse than cigarettes?
Outcome (y): Death rate

Study groups (x): pipe smokers and 
cigarette smokers

Death rate is higher among pipe smokers. 

But: pipe smokers are older (z).

US UK

Raw	
  death	
  
rates

Adjusted	
  for	
  
age

Raw	
  death	
  
rates

Adjusted	
  for	
  
age

Pipe	
  
smokers

17.4 13.7 20.7 11.0

Cigarette	
  
smokers

13.5 21.2 11.0 14.8

Source: Cochran (1968)



Why does controlling for age
reverse the conclusion?

17

Smoking 
cigarettes
(vs. pipes)

Death rate

Age

When would controlling for a confounder strengthen the conclusion? 



Is consensus democracy better than 
majoritarian democracy? 

Outcome (y): e.g. unemployment

Study groups (x): countries with consensus 
forms of democracy (e.g. Finland, Netherlands) 
and majoritarian forms (e.g. UK, Bahamas)

Unemployment is lower in consensus 
democracies.

But: These countries differ in many other 
ways! (z). Which differences should we control 
for?



What do we need to control for?

19

X Y

Z Kellstedt and 
Whitten’s 
emphasisMy emphasis

Kellstedt and Whitten: control for “as many causes of the dependent 
variable as possible” (60) (“technically . . . only those related to X”, fn p. 87)  

Me: control for determinants* of X that might also affect Y

*Not effects.



Example: 
Smoking and mortality

What determines whether 
someone smokes a pipe or 
a cigarette? 

What determines whether 
someone dies? 

• Age
•   
•   
•   
•   

• Age
•   
•   
•   
•   

What about when thinking about consensus democracy 
and unemployment?



How do we control? 
Two intuitive approaches

Matching: for every “treated” unit, find a similar 
“untreated” unit. Compare the two groups. 

Subclassification: compare outcomes for 
subjects within intervals of a covariate.

What about multiple confounders?

Mortality

Cig.	
  smoker Pipe	
  smoker

Age	
  55-­‐60 8.2 6.1

Age	
  60-­‐65 10.4 8.7

etc.



The regression approach 

• What is the difference in predicted mortality between a 50-year-old and a 51-year-old? 
• What is the difference in predicted mortality between a 60-year-old pipe smoker and 

a 60-year-old cigarette smoker?
• What is the difference in predicted mortality between a 50-year-old pipe smoker and 

a 60-year-old cigarette smoker?

Mortalityi = �0 + �1PipeSmokeri

Mortalityi = �0 + �1PipeSmokeri + �2Agei

says “pipe smoking is worse than cigarettes”, but 
(�1 > 0)

The bivariate regression

the multivariate regression

says “cigarettes are worse”. (�1 < 0)



The regression approach (2) 

Age

M
or

ta
lit

y
Cigarette smokers

Pipe smokers

�1

s

l

o

p

e

=
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Back to chocolate
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Controlling for GDP/capita

> summary(lm(log(nobel_rate) ~ log(chocolate), data = 
cc))

Call:

lm(formula = log(nobel_rate) ~ log(chocolate), data = 
cc)

Residuals:

    Min      1Q  Median      3Q     Max 

-3.5941 -0.2827  0.0883  0.5552  1.2067 

Coefficients:

               Estimate Std. Error t value Pr(>|t|)    

(Intercept)     -1.6291     0.5093  -3.199  0.00432 ** 

log(chocolate)   2.0921     0.2982   7.015 6.32e-07 ***

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 
‘ ’ 1

Residual standard error: 0.9691 on 21 degrees of freedom

Multiple R-squared:  0.7009, Adjusted R-squared:  0.6867 

F-statistic: 49.22 on 1 and 21 DF,  p-value: 6.321e-07

log(NobelRate)i = �0 + �1log(ChocolateRate)i

> summary(lm(log(nobel_rate) ~ log(chocolate) + GDP_capk, 
data = cc))

Call:

lm(formula = log(nobel_rate) ~ log(chocolate) + GDP_capk, 
data = cc)

Residuals:

     Min       1Q   Median       3Q      Max 

-1.99834 -0.35473 -0.05404  0.33435  1.10757 

Coefficients:

               Estimate Std. Error t value Pr(>|t|)    

(Intercept)    -3.16640    0.51082  -6.199 4.69e-06 ***

log(chocolate)  1.02616    0.32611   3.147  0.00508 ** 

GDP_capk        0.10488    0.02386   4.395  0.00028 ***

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ 
’ 1

Residual standard error: 0.7083 on 20 degrees of freedom

Multiple R-squared:  0.8478,Adjusted R-squared:  0.8326 

F-statistic: 55.72 on 2 and 20 DF,  p-value: 6.65e-09

log(NobelRate)i = �0 + �1log(ChocolateRate)i

+�2GDPperCapitai



How do we interpret the coefficients 
from the regression of y on x and z? 
• Geometrically: 

• Picture cloud of data in 3D, with outcome (y) in vertical direction
• Regression: choose a plane cutting through the points such that 

the sum of squared residuals (vertical distance from points to 
plane) is minimized

• Intercept of regression is the value of y where plane intersects 
x=0 and z=0

• Coefficient on x is slope of the plane at a given value of z
•  In terms of predictions: the fitted regression says

log(nobel_rate) = -3.16 + 1.02*log(chocolate) + 0.104*GDP/cap  
so holding fixed the GDP/cap, an increase of 1.0 in log(chocolate) 
implies a predicted increase of 1.02 in log(nobel_rate)

• In terms of the partial regression plot (next 2 slides)



Which countries eat more/less chocolate than predicted by their GDP? 
Which win more/fewer Nobel Prizes than predicted by GDP?

Residuals from 
regression of 
chocolate 
consumption 
on GDP/cap

Residuals from 
regression of 
Nobel prize 
awards
on GDP/cap
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Residuals from regression of chocolate consumption on GDP/cap
Residuals from regression of 

Nobel prizes on GDP/cap
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(slope = 1.03)
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Nobel prizes and chocolate consumption
controlling for GDP/cap and NW Europe

(slope = 0.71)
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Relationship (mostly!) goes away when controlling for GDP 
per capita and region (NW Europe).



How this relates to your essay

Some questions you can ask about one of Lijphart’s findings: 

• What are some difference between consensus democracies 
and majoritarian democracies other than the aspects Lijphart 
controls for? 

• What should Lijphart control for, given his questions and 
claims? 

• Are the regression results the same when you control for an 
additional variable?

• Are the regression results the same when you include or 
exclude outliers?



Next week: 

Lecture: Inference — i.e. assessing our confidence in an estimate. 
Labs: the regression commands you’ll need for your essay.

X Y

Z


