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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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We want you to understand:

• what a dependent 
variable is

• what an independent 
variable is

• what the coefficients 
mean (intercept, slopes)

• what the stars mean (i.e. 
what p<0.05 means)

• what the standard 
errors mean

Dependent variable: Nobel Prizes awarded per capita (in log 
scale)

(1) (2) (3)

Intercept -1.629*
(0.509)

-3.166*
(0.511)

-2.982*
(0.527)

Chocolate 
consumption per 
capita (log scale)

2.092*
(0.298)

1.026*
(0.326)

0.709
(0.415)

GDP/capita  
(thousands of USD)

0.105*
(0.024)

0.106*
(0.024)

NW Europe
0.549

(0.452)

R² 0.70 0.85 0.86

N 34 34 34

Standard errors in parentheses.  * Indicates p<0.05
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Did this pattern arise because contact with immigrants 
makes people less opposed to immigration? 
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What are possible confounders in the relationship 
between exercise in your 40s and health in your 60s?
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More foreign-
born residents

Less support 
for Brexit

___________ 
___________ 

(confounders)

What are possible confounders in the relationship between 
percent of foreign-born residents and support for Brexit?
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Controlling for confounders

In many cases we want to measure the relationship 
between two phenomena controlling for (i.e. holding 
constant) one or more confounders. 
• Are people who exercise less likely to develop 

dementia, controlling for diet and age?
• Are countries with more inclusive political systems less 

likely to experience violence, controlling for economic 
development and the number of ethnic groups?

• Are local authorities with more foreign-born residents 
less likely to support Brexit, controlling for ________?
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How do we control for confounders?

Let’s focus on education as a confounder in our Brexit example:

?More foreign-
born residents

Less support 
for Brexit

Higher 
education level 

in local authority

How can we measure the relationship between a local authority’s 
proportion of foreign-born residents and its support for Brexit, 
controlling for its education level?
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One idea: measure relationship between %foreign-
born and %leave after stratifying by education level
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A more general approach: multivariate 
regression

Goal: measure relationship between 
• “support for Leave” and 
• “% foreign-born”
controlling for “% bachelors degree”.

Basic idea: measure relationship between  
• “support for Leave” and 
• the part of “% foreign-born” that is not explained by “% 

bachelors degree”
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Thinking about multivariate regression in terms of 
derivatives (1)

Last week, we chose an intercept (β₀) and slope (β₁) to 
minimize the sum of squared residuals produced by this 
equation:

PercentLeave = β₀ + β₁PercentForeignBorn

β₁ was the derivative of predicted PercentLeave w.r.t. 
PercentForeignBorn, i.e. the slope.
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Thinking about multivariate regression in terms of 
derivatives (2)

Now, we choose an intercept (β₀) and two slopes (β₁ and β₂) 
to minimize the sum of squared residuals produced by this 
equation: 

PercentLeave = β₀ + β₁PercentForeignBorn + β₂Education

β₁ is now the partial derivative of predicted PercentLeave 
w.r.t. PercentForeignBorn, i.e. the slope holding constant 
Education.
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Visualizing bivariate regression
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Visualizing bivariate regression

With just two 
variables (bivariate 
regression), the 
regression equation 
is a line.
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Visualizing multivariate regression
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Visualizing multivariate regression

With three variables (multivariate regression), the 
regression equation is a plane.
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Visualizing multivariate regression

We can still visualize multivariate regression coefficients with a 
scatterplot — and it clarifies what it means to control. 

Step 1: regress explanatory variable (% foreign-born) on 
confounder (education)
Step 2: calculate residuals (the part of % foreign-born not 
explained by education)  
Step 3: regress outcome (% leave) on residuals from step 2
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Step 1: regress explanatory variable (%foreign-
born) on confounder (education)
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Step 2: calculate residuals, i.e. the part of 
%foreign-born not “explained” by education

10 20 30 40 50 60

0
10

20
30

40
50

60

Percent with bachelors degree

Pe
rc

en
t f

or
ei

gn
−b

or
n

Barking &
Dagenham

Birmingham

Boston

Brent

Bristol

Cambridge

Doncaster

Newham

Oxford

Sheffield
St Albans

Westminster

Winchester

23.6

13.2

12.5

37.8

−2.1

0.9

2

39

3.7

0.5

−14.2

22.4

−14.3



21

Step 3: regress outcome (%leave) on those 
residuals 
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