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Abstract
The purpose of this STEM project is to determine which Starbucks drinks among all coffee and
tea options are best for cardiovascular disease (CVD) prevention. In order to do this, a health
index was constructed considering different variables, including: saturated fat, cholesterol,
sodium, carbohydrates, dietary fiber, sugars, protein, and caffeine. Each variable was assigned a
weighting coefficient, with lower coefficients assigned to the factors that are more harmful and
higher ones to those that are more beneficial. Therefore, drinks with the highest health index are
determined to be the most beneficial to preventing CVD. Principal Components Analysis (PCA)
was used to explore all factors in the analysis and to inform on the utility of the health index in
relation to its link to CVD prevention. PCA was successfully able to decompose the dominant
sources of variability in relation to the Health Index, where 66.4% and 12.6% of variation were
attributable to Principal Components 1 (Prin 1) and 2 (Prin 2), respectively. Therefore, 79% of
the total variation was explained on the basis of the first two Principal Components. Prin 1 did a
good job grouping the data, separating Frappuccino Blended and Espresso beverages in one
cluster, and mainly Cold Brew, Freshly Brewed, and Tea in another. Prin 2 largely grouped data
based on cholesterol and fat content, and held less explanatory power than Principal Component
1. The health index originally derived on the basis of the scientific research, largely corroborated
the results of PCA 1 vs. Drink/ Drink Category. Hierarchical Clustering was used to form 3
clusters across drink categories, and results were taken together with the Health Index/ PCA to
investigate which combined set of factors contributed most to CVD prevention. This project
sheds light on smarter ordering at Starbucks, making people more aware of how diet ultimately
affects health and more specifically, how smart drink choices can promote CVD prevention.
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1. Introduction and Literature Research

Studies show that a moderate intake of coffee, from 3-5 cups per day, shows an inverse relationship with
cardiovascular disease. Regular consumption of tea has also been associated with a diminished risk of CVD.
Conditions that lead to heart disease include high cholesterol, high blood pressure, and other chronic health
problems including diabetes. A heart-healthy diet is typically low in cholesterol, trans fats, sodium, and saturated fat.
Coffee and tea are rich in polyphenols with antioxidative properties in the form of flavonoids. Drinking coffee has
also been proven to reduce the chance of type 2 diabetes, which often accompanies CVD. Antioxidant activity of
flavonoids reduce free radical formation and scavenge free radicals, which are highly reactive with important
cellular components and cause cells to function poorly or die. Excess free radicals are thought to initiate
atherosclerosis by damaging blood vessel walls, thus contributing to CVD progression. LDL cholesterol has also
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been implicated in heart disease, causing damage to blood vessels once oxidized by free radicals. Blood vessels
absorb and deposit cholesterol, which may initiate the formation of an atherosclerotic lesion, causing blood vessel
blockage. Coffee and tea provide an abundant amount of antioxidants that reduce oxidative stress that can damage
cells. The purpose of this project is to determine which Starbucks coffee and tea drinks—when considering all
ingredients within them—are most beneficial to CVD prevention. To accomplish this, data was collected from the
Starbucks online menu, and each ingredient listed in the nutrition facts was made a variable (also known as a
“factor”). In this project, we will be basing the health benefits (also known as the “response”) of each kind of drink
on these variables.

2. Technology

To begin coffee production, cocoa cherries are harvested, spread out, and washed to remove the pulp and
parenchyma. They are then hulled, and polished, graded and sorted. After the defects are removed, coffee production
is complete. In tea production, tea leaves are first plucked and laid into troughs. From there, they are blown with hot
air to dry, and are “fixed” or heated to make them more aromatic. The leaves are then placed into a temperature
controlled room and are left to brown to get a more intense flavor. Tea leaves are then rolled tightly to preserve their
flavor and subjected to aging and fermentation. Tea production is then considered complete.

3. Data Collection

Starbucks provides an online menu with nutrition facts for most of their drinks. We decided to focus on their most
popular ones: Espressos, Frappuccinos, Freshly Brewed Coffee, Cold Brew and Iced Coffees, Refreshers, and Teas.
From these categories, we selected 15 drinks to analyze by designating each drink with a value and using a random
number generator to obtain numbers corresponding to each drink. From the random selection of drinks within each
category, the amount of calories, total fat, saturated fat, cholesterol, sodium, total carbohydrates, dietary fiber, sugar,
protein, and caffeine was studied.

3.1 Collect Data
Table 1. Espresso Data (15 drinks randomly selected)

Drink Name | Calories Total |Saturated | Cholesterol | Sodium | Total Dietary Sugars (g) |Protein () Caffeine
Fat(g) | Fat(® | (mg) | (mg | Carb(g) | Fiber(g) |~ 5 * g1 (mg)
leed Cinnamon | ), 8 40 115 39 0 36 8 150
Dolce Latte
Pumpkin Spice
Chai Tea Latte 290 4.5 2.5 20 180 54 0 53 10 95
Cappuccino 120 4 2 15 100 12 0 10 8 150
Toasted White
Chocolate 420 15 9 45 380 58 0 53 13 150
Mocha
Skinny Mocha 160 1.5 1 5 140 24 4 15 14 150
Caramel
. 250 7 4.5 25 150 35 0 33 10 150
Macchiato
feed Vanilla | o) 4 2 15 100 30 0 28 7 150
Latte
Iced White
Chocolate 420 20 13 60 200 50 0 49 11 150
Mocha
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Drink Name | Calories Total |Saturated | Cholesterol | Sodium | Total Dietary Sugars (g) |Protein () Caffeine
Fat(g) | Fat(z) | (mg) (mg) | Carb(g) | Fiber (g) |~ €™ € gl (mg)
feed Coffee 45 17 1 55 100 39 4 30 10 175
Mocha
Cinnamon 340 13 9 50 160 44 0 41 12 150
Dolce Latte
leed Caramel | ) ) 15 9 55 210 65 0 49 9 150
Brulee Latte
Latte Macchiato| 220 11 6 35 150 19 0 17 12 225
Caffe Mocha | 360 15 9 50 150 44 4 35 13 175
leed Caffe 15 0 0 0 15 3 0 0 1 225
Americano
Iced Caffe Latte| 130 | 4.5 25 20 115 13 0 11 8 150

4. Analysis and Results
After collecting all data, it was analyzed by constructing a health index and running Principal Component Analysis

(and Clustering) to determine the best drinks for CVD prevention. Analysis was performed using JMP 13 Software
(© 2017 SAS Institute, Inc.)

4.1 Health Index Analysis

The Health Index was developed on the basis of each of the factors, taking into account the scientific research and
applying weighting coefficients with a positive or negative sign depending on whether each factor contributed to
(positive) or was detrimental to (negative) CVD prevention. Therefore, the higher health index the more beneficial
in terms of heart disease prevention, and the lower theindex, the less beneficial.

Table 2. Health Index Coefficients

Categor Health
(Fac%or)y Description Index
Coefficient
Calorie intake should match the amount of calories burned each day to
Calories help reduce the chance of gaining too much weight which is associated -2
with CVD.?
Total Fat High intake of fats tends to increase susceptibility to CVD.° -2

Higher intakes of the most common saturated fats are associated with a
boost in the risk of coronary artery disease of up to 18%. Replacing just
1% of those fats with the same amount of calories from polyunsaturated -2
fats or plant proteins is associated with a 6% to 8% lower risk.’

Saturated Fat

Cholesterol builds up in the walls of the arteries, causing them to
Cholesterol become more narrow and slow blood flow. This can cause -2
atherosclerosis (the building of calcium and plaques in the arteries).'

Sodium increases blood pressure. Hypertension is a major risk factor

- -2
for heart attacks, stroke, and other cardiovascular problems.'

Sodium
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Categor Health
(Facgtor)y Description Index
Coefficient
Carbohydrates Excessive carbohydrate intake is primary dietary factor that is bad for 1

heart health.”

Dietary fiber from whole grains, as part of an overall healthy diet, may
Dietary Fiber help improve blood cholesterol levels, and lower risk of heart disease, +2
stroke, obesity and type 2 diabetes.'>

Sugar-sweetened beverages can raise blood pressure and can stimulate
the liver to dump more harmful fats into the bloodstream, which are -2
Sugars both known to reduce heart health.

Nutrients in low-fat protein can help lower cholesterol and blood
pressure and help maintain a healthy weight. By choosing these
proteins over high-fat meat options, risk of heart attack and stroke
decreases.’

Proteins +1

Moderate coffee consumption was inversely significantly associated
Caffeine with CVD risk, with the lowest CVD risk at 3 to 5 cups/day, and heavy +2
coffee consumption was not associated with elevated CVD risk.*

After coefficients were assigned to each variable and an equation was developed, the health index value was
calculated for each drink.

Health Index = —2 * Calories + —2 * "Total Fat (g)" + —2 * "Saturated Fat (g)" + —2 *
"Cholesterol (mg)" + —2 * "Sodium (mg)" + —1 *"Total Carbohydrates (g)") + 2 *
"Dietary Fiber (g)" + —2 x"Sugars (g)") + 1 * "Protein (g)" + 2 * "Caffeine (mg)"

Drinks were first plotted on a histogram with summary statistics using JMP’s Distribution Platform. Then, in order
to interpret all drinks (and drink categories) on the basis of the same scale, a Z-transformation was applied to the
distribution of Health Index, resulting in a Standardized Index, again plotted in the Distribution Platform with
summary statistics. Note that the Z-transformation simply takes each individual value subtracts off the mean of all
values, and divides by the standard deviation of all values.

The standardization revealed the 9 healthiest drinks according to Health Index Rating, as listed below, where they
were, generally: freshly brewed, cold brew and iced coffees and had among the lowest calories, fat, saturated fat,
cholesterol and sugar content, as well as the highest protein content with moderate to higher caffeine content.

Health Index

—_— Quantiles Summary Statistics

I—ED—| 100.0% maximum 711 Mean -461.5397

99.5% 711 Std Dev 663.15849

97.5% 699 Upper 95% Mean -294.5254

90.0% 401.8 Lower 95% Mean -628.554

75.0% quartile -83 N 63

50.0% median -213 Skewness -0.401566

25.0% quartile -954 Kurtosis -0.595576

10.0% -1480.4 Median -213

2.5% -1824.8 Interquartile Range 871

-2000  -1500 -1000  -500 0 500 0.5% -1841  Median Absolute Deviation 449
0.0% minimum -1841

Figure 1a. Non-Standardized Health Index (before Z-transformation)
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Standardize[Health Index]

—_— Quantiles Summary Statistics
|—|z|]—| 100.0% maximum 1.768113797 Mean 2.115e-17
99.5% 1.768113797 Std Dev 1
97.5% 1.7500185753 Upper 95% Mean 0.2518467
90.0% 1.30186025 Lower 95% Mean -0.251847
75.0% quartile 0.5708132913 N 63
50.0% median 0.3747817224 Skewness -0.401566
25.0% quartile -0.742598221 Kurtosis -0.595576
| ‘ 10.0% -1.536375281 Median 0.3747817
- 2.5% -2.055708145 Interquartile Range 1.3134115
25 -2 -15 -1 05 0 05 1 15 2 0.5% -2.080136695  Median Absolute Deviation 0.6770629

0.0%  minimum -2.080136695
Figure 1b. Standardized Health Index (after Z-transformation)

I
Drink Category 4

Espressc lced Caffe Americano
Freshly Brewed Blonde roast

Freshly Brewed Clover Brewed Coffee
Freshly Brewed Featured Dark Roast
Freshly Brewed Pike Place Roast

Cold Brew and lced Coffee Marino 70 Cold Brew

Cold Brew and lced Coffee Marinc 70 Celd Brew With Milk
Cold Brew and lced Coffee Nitro Cold Brew

Cold Brew and lced Coffee Mitro Cold Brew with Sweet Cream

Figure 1c. 9 healthiest drinks from distribution selection in JMP of Standardized Health Index

4.2 Principal Components Analysis

We used JMPs Principal Components Analysis (PCA) platform across all factors in the dataset (e.g. ‘Sugars’,
‘Protein’, ‘Caffeine’), where 66.4% and 12.6% of variation were attributable on the basis of Principal Components 1
(Prin 1) and 2 (Prin 2), respectively. Therefore, 79% of the total variation was explained the first two Principal
Components. Prin 1 and Prin 2 were then saved as columns and charted in the Graph Builder Platform in JMP.

Number Eigenvalue Percent 20 40 60 80 Cum Percent 10
1 6.6423 66423 i 66.423 e
2 12628 12628 ] © i N 79051 . proein )
3 09811 9811 ] ! 88.862 ¢ o eber @
4 05204 5204 [] 94.066 Tota Fat.
5 03482 3482 | ! 97.548 §°
6 02158 2158 | | 99.706 £
7 00225 0225 | 99.931 o
8 0.0045  0.045 99.976
9 0.0020  0.020 99.996
10 0.0004  0.004 100.000 a0 os 00 03 10

Component 1 (66.4 %)

Figure 2. Principal Components Eigenvalues (Variance Decomposition) and Bi-plot of Component 2 vs 1

PCA reduces the dimensionality of the correlated variables in the dataset into principal components (where N
components are created for N variables), where each principal component is an independent linear combination of
all of the input variables. The formulates for Prin 1 and Prin 2, and the graphs of their values by drink type and
category (generated in Graph Builder), are shown in the analysis below:
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(<0) - drinks that do
promote heart health

I Cold Brew and Iced Coffee

I Espresso
I Starbucks Refreshers

I Tea

B Frappuccino Blended
Il Freshly Brewed

Drink Category

Cluster #1 within Prin 1
- (>0), drinks that do not
promote heart health

Prin 1 vs. Drink Name
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Figure 3a. Bar Chart of Principal Component 1 (sorted in descending order)
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Prin 2 = -0.000268*Calories + 0.01328 * Total Fat (g) + 0.01904* Saturated Fat (g) + 0.004056 * Cholesterol
(mg) + -0.0000237%* Sodium (mg) + -0.00989* Total Carbohydrates (g) + 0.25534*Dietary Fiber (g) + -0.012747*
Sugars (g) +0.10329% Protein (g) + 0.0082256 * (Caffeine (mg)) + (-0.997149)

Principal Component 1 does a very good job at separating the drinks in a similar way as the scientifically-based
Health Index, grouping drinks as indicated by Category for the most part per the Health Index (note in the case of
the Health Index — higher scores indicate that drinks promote heart disease prevention). Principal Component 2
provides a different grouping result, largely because it groups drinks by category more so on the basis of cholesterol
and fat content. Since Principal Component 2 has less explanatory power than Prin 1, (it only accounts for 12.6% of
the overall variance in grouping of all variables, whereas Prin 1 accounts for over 66.4%), it’s not surprising that it
doesn’t provide a clear differentiation among drinks and drink categories since it accounts for far less variation. In
fact, Prin 2 accounts for 81% less total explained variation compared to Prin 1.

Variace Explainedp,,  — Variace Explainedpyy,, 664 —12.6

= = 819
Variace Explainedp; i, 1 66.4 %

% decrease, explained variation =

Principal Component Analysis shows that Freshly Brewed, Cold and Ice Brewed Coffees, Teas, but only a few
Espressos tend to be more beneficial in terms of heart disease prevention.

4.3 Clustering Analysis

We used JMPs Hierarchical Clustering platform (Ward method) to produce a Dendrogram, which is a factor tree
plot which allows for the dynamic selection of the clusters; in this case, we selected 3-clusters to make the analysis
more interpretable, and where the same input variables were considered as previously.

Clustering is a technique of grouping rows together that share similar values across a number of variables. The
clusters were then colored in the dendrogram and across all rows of the data table (again for ease of interpretation),
and the results output for the dendrogram is produced below, where Clusters 1, 2, and 3 are red, green, and blue,
respectively.

Finally, we constructed a Parallel Plot separating the clusters — using JMPs Graph Builder platform, where all input
variables were plotted on X, and the parallel plot selection was chosen in Graph Builder. Cluster #1 groups drinks
which tended to span the range of calories, total fat, saturated fat, cholesterol, sugars and tended to be at the extreme
ends of dietary fiber. Also, drinks grouped in this cluster had moderate to high levels of protein and moderate levels
of caffeine.

550 20 14 60 450 90 45 90 14 400

0 0
5 S ) N N N ] ] N S
\&z S 7}@ \6@ & 0‘1@ 6\0) @\% 9 \@%
& N N & & & & & @
& & & & S < <€ &
< <° N & & 5 &
B & ¢ S

Figure 4a. Parallel Coordinate Plot, Cluster #1 selected
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Drinks grouped in Cluster #2 tended to have have higher levels of calories, total fat, saturated fat, cholesterol,
sodium, carbohydrates, sugars and protein, no dietary fiber, moderate/high protein, and low to moderate caffeine
levels.

& S N S S S S S S )
¢ Q R & = S Q S = &
$ < <€ @

Figure 4b. Parallel Coordinate Plot, Cluster #2 selected
Drinks grouped in Cluster #3 tended to have low to moderate amounts of calories, total fat, saturated fat, cholesterol,

sodium, and carbohydrates, dietary fiber, moderate sugar levels, moderate to high protein levels, and generally
moderate to high caffeine levels.
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Figure 4. Cluster #2
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Drinks grouped in Cluster #3 tended to have varying amounts of calories, total fat, saturated fat, cholesterol, sodium,
and carbohydrates, low and high dietary fiber, moderate sugar levels, moderate to high protein levels, and generally
moderate caffeine levels.

| | t ] ] ] ] ] | |

Figure 4c. Parallel Coordinate Plot, Cluster #3 selected

To complete the clustering analysis, we used Graph Builder, this time to group the average health index by Drink
Category across each of the cluster levels, and to further explore the degree of association between the health index
(standardized; developed previously) and hierarchical cluster level. Results of clustering analysis show that Freshly
Brewed, Cold & Ice Brewed Coffees, Teas, Espressos, and Starbucks Refreshers tend to be more beneficial in terms
of heart disease prevention.

Avg. Std Health Index vs. Drink Category (by Heirachical Cluster) Cluster Heirarchical
Drink Category e

Cold Brew and Iced . 2
Fi
Coffee Espresso rappuccino Blended  Freshly Brewed  Starbucks Refreshers Tea —t

1.50

1.00 -
0.75 -

050 -
025 l l

0.00 -

025 - .

-0.50

Standardize[Health Index]

-0.75
-1.00
-1.25 +

-1.50

-1.75

Figure 6. Avg. Std Health Index vs. Drink Category (by Hierarchical Cluster)
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The results demonstrate that, on average, drinks in Cluster #3 are grouped into the highest health index ratings, those
in Cluster # 1 are grouped into moderate to lower health index ratings, and those grouped into Cluster #2 have the
lowest ratings. What we observe makes sense practically, since Drinks in Cluster #1 have generally lower sugar, fat,
and cholesterol levels, and moderate/high caffeine levels. We know based on scientific research that caffeine present
in prepared coffee beverages is associated heart disease prevention®, and we also know that diets high in cholesterol,
fat, and sugar are associated with higher risk of heart disease’, therefore the results of scientific research corroborate
the computational results yielded by the clustering approach — where drinks in drink categories within Cluster #3 are
the most likely to facilitate heart disease prevention, where those in Cluster #1 are less likely, and those in Cluster
#2 are less likely still or may even be detrimental to heart health.

5. Conclusion

Overall, the results of all three analyses corroborate one other and point to the following drink categories at
Starbucks as the best choices for heart disease prevention: Cold & Ice Brewed Coffees, Freshly Brewed Coffees, and
Starbucks Refreshers and Teas. Espressos are also a good choice only if they are lower in sugar, cholesterol, etc.

Next steps for research include a more granular assessment by specific drinks within each category, and a more
precisely weighted (in terms of relative magnitude and mathematical structure of the coefficients) health index
model. Also, we can plan to include additional factors in the analysis which science has suggested are correlated
with heart disease prevention, such as antioxidants, flavonoids, and other substances present in coffee beverages.
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