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Starting a new article
Aim: Frontload all of your problems before you invest time in running analyses



Introduction



Dummy tables/figures



Dummy tables/figures



Dummy tables/figures



Dummy tables/figures ↓ ↓ ↓ 480 analyses ↓ ↓ ↓



Methods



Final protocol



An iterative process
Introduction Dummy tables/figures Methods

Dummy tables/figures Methods

Dummy tables/figures Methods

Introduction Dummy tables/figures Methods

Protocol

Analyze

Article

1:

2:

3:

4:

5:

6:

7:

Seek help from 
statistician

Seek help from 
coauthors



Future plans
Gather all of the previous examples and collate a series of “best examples” 
that people can use as templates for their own studies.



Dataset creation
The analysis dataset can be extremely tricky to construct, when variables are 
based off other variables that exist in different registries

Date of first gender 
dysphoria diagnosis

Date of second 
gender dysphoria 
diagnosis

Education level at 
first gender 
dysphoria diagnosis

Hormones within 3 
months of first 
gender dysphoria 
diagnosis

Death of myocardial 
infarction within 3 
months of hormone 
initiation after 
gender dysphoria 
diagnosis

Patient registry Patient registry Patient registry Patient registry Patient registry

Education registry Prescription registry Prescription registry

Cause of death 
registry



Education level at second gender dysphoria 
diagnosis (F64.0/8/9)

ID Date ICD-10 code

1 2020-01-01 F64.0

1 2021-02-01 F64.0

3 2020-04-01 F64.0

Patient reg.

ID education

1 highschool

2 tertiary

3 highschool

Edu. reg. 2020 

ID education

1 tertiary

2 tertiary

3 highschool

Edu. reg. 2021 
ID Date of 

2nd diag
Year of 2nd 
diag

1 2021-02-01 2021

ID Year education

1 2020 highschool

1 2021 tertiary

2 2020 tertiary

2 2021 tertiary

3 2020 highschool

3 2021 highschool



Education level at second gender dysphoria 
diagnosis (F64.0/8/9)

Patient reg. (edited) Edu. reg. (edited)

ID Date of 
2nd diag

Year of 2nd 
diag

1 2021-02-01 2021

ID Year education

1 2020 highschool

1 2021 tertiary

2 2020 tertiary

2 2021 tertiary

3 2020 highschool

3 2021 highschool

+
ID Date of 

2nd diag
Year of 
2nd diag

Education 
at 2nd diag

1 2021-02-01 2021 tertiary

Final

What happened to 
people 2 and 3?



Dataset creation
Repeat that process for every variable.

This process becomes exponentially more complicated when:
- More datasets are included
- More complicated conditions (3rd diagnosis after university education…)
- The datasets are larger than your RAM
- A coauthor asks for a new variable/sensitivity analysis



“Skeleton” concept
Get good bones and attach the flesh

ID Date

1 2020-01-01

1 2020-01-02

1 2020-01-03

1 2020-01-04

1 2020-01-05

… …

1 2023-12-28

1 2023-12-29

1 2023-12-30

1 2023-12-31

ID Date ICD-10 code

1 2020-01-01 F64.0

1 2021-02-01 F64.0

3 2020-04-01 F64.0

Patient reg.Skeleton

ID Date is_gender_dysphoria

1 2020-01-01 TRUE

1 2021-02-01 TRUE

3 2020-04-01 TRUE

Can be edited 
independently of all 

other datasets

“Good bones”

Guaranteed 
to include all 

people and all 
dates!



“Skeleton” concept
Get good bones and attach the flesh

ID Date

1 2020-01-01

1 2020-01-02

1 2020-01-03

1 2020-01-04

1 2020-01-05

… …

1 2023-12-28

1 2023-12-29

1 2023-12-30

1 2023-12-31

Patient reg. (edited)Skeleton

ID Date is_gender_dysphoria

1 2020-01-01 TRUE

1 2021-02-01 TRUE

3 2020-04-01 TRUE

+

ID Date is_gd

1 2020-01-01 TRUE

1 2020-01-02 FALSE

1 2020-01-03 FALSE

1 2020-01-04 FALSE

1 2020-01-05 FALSE

… …

1 2023-12-28 FALSE

1 2023-12-29 FALSE

1 2023-12-30 FALSE

1 2023-12-31 FALSE
Can be edited 

independently of all 
other datasets



“Skeleton” concept
Each dataset has been analyzed independently of the others, then merged

ID Date is_gd education is_hormones is_dead_mi

1 2020-01-01 TRUE highschool FALSE FALSE

1 2020-01-02 FALSE highschool FALSE FALSE

1 2020-01-03 FALSE highschool FALSE FALSE

1 2020-01-04 FALSE highschool TRUE FALSE

1 2020-01-05 FALSE highschool TRUE FALSE

… …

1 2023-12-28 FALSE tertiary TRUE FALSE

1 2023-12-29 FALSE tertiary TRUE FALSE

1 2023-12-30 FALSE tertiary TRUE FALSE

1 2023-12-31 FALSE tertiary TRUE FALSE

patientskeleton education prescription cause of 
death

Three kinds of datasets:
  1. One time -> date of birth
  2. Annual -> education/salary
  3. Daily -> diagnoses/death



“Skeleton” concept
Start to make the dataset more “interesting” → variables across registries

ID Date is_gd gd_# education Educ at first gd 
diag

is_hormones is_dead_mi

1 2020-01-01 TRUE 1 highschool highschool FALSE FALSE

1 2020-01-02 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-03 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-04 FALSE 1 highschool highschool TRUE FALSE

1 2020-01-05 FALSE 1 highschool highschool TRUE FALSE

… …

1 2023-12-28 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-29 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-30 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-31 FALSE 2 tertiary highschool TRUE FALSE



“Skeleton” concept
Start to make the dataset more “interesting” → variables across registries

ID Date is_gd gd_# education Educ at first gd 
diag

is_hormones is_dead_mi

1 2020-01-01 TRUE 1 highschool highschool FALSE FALSE

1 2020-01-02 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-03 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-04 FALSE 1 highschool highschool TRUE FALSE

1 2020-01-05 FALSE 1 highschool highschool TRUE FALSE

… …

1 2023-12-28 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-29 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-30 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-31 FALSE 2 tertiary highschool TRUE FALSE

Easy to calculate 
complicated variables
Education 3 days after 

first GD diagnosis



“Skeleton” concept

ID Date is_gd gd_# education Educ at first gd 
diag

is_hormones is_dead_mi

1 2020-01-01 TRUE 1 highschool highschool FALSE FALSE

1 2020-01-02 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-03 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-04 FALSE 1 highschool highschool TRUE FALSE

1 2020-01-05 FALSE 1 highschool highschool TRUE FALSE

… …

1 2023-12-28 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-29 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-30 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-31 FALSE 2 tertiary highschool TRUE FALSE

Row dependent Row independent Row dependent



“Skeleton” concept — ready to analyze
Perfect for time-series analysis with time-varying covariates!

ID Date is_gd gd_# education Educ at first gd 
diag

is_hormones is_dead_mi

1 2020-01-01 TRUE 1 highschool highschool FALSE FALSE

1 2020-01-02 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-03 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-04 FALSE 1 highschool highschool TRUE FALSE

1 2020-01-05 FALSE 1 highschool highschool TRUE FALSE

… …

1 2023-12-28 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-29 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-30 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-31 FALSE 2 tertiary highschool TRUE FALSE



“Skeleton” concept — ready to analyze
Can collapse down to one row per person after generating all variables

ID Date is_gd gd_# education Educ at first gd 
diag

is_hormones is_dead_mi

1 2020-01-01 TRUE 1 highschool highschool FALSE FALSE

1 2020-01-02 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-03 FALSE 1 highschool highschool FALSE FALSE

1 2020-01-04 FALSE 1 highschool highschool TRUE FALSE

1 2020-01-05 FALSE 1 highschool highschool TRUE FALSE

… …

1 2023-12-28 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-29 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-30 FALSE 2 tertiary highschool TRUE FALSE

1 2023-12-31 FALSE 2 tertiary highschool TRUE FALSE

Only cells that I care 
about?

Only cells that I care 
about?



“Skeleton” concept — big data
A) More granular skeletons: 

1. Make skeleton by week instead of by day.
2. Don’t make it by month -> unequal # of days

B) Batch it:
1. Identify 10,000 ID numbers
2. After loading in datasets, restrict all datasets to 

those 10,000 ID numbers
3. Create a 10,000 person skeleton (per day/week)
4. Collapse to 1-week, 2-weeks, 4-weeks, 8-weeks 

or 1 row per person

Append all the collapsed skeletons

Analyze!

The skeleton concept scales:
- Many different datasets
- Datasets can be:

- One time
- Annual
- Daily

- Large number of people
- Complicated variables
- Easy to add in new variables
- All analyses possible



Writing code
swereg (R package) assists in:
1. Skeleton creation
2. Constant datasets
3. Annual datasets
4. Daily datasets:

1. Cause of death
2. Diagnoses
3. Operations
4. Prescriptions



Writing code — Skeleton creation



Writing code — One time datasets



Writing code — Annual datasets



Writing code — Cause of death



Writing code — Diagnoses



Writing code — Operations



Writing code — Prescriptions



Future plans
Gather all of the definitions (cause of death, diagnoses, operations, 
prescriptions) and bundle them up in the swereg package.



‘org’ — Organizing projects
Three types of project material:

1. Data
• Encrypted
• Not stored on the cloud

2. Results
• Immediately shared with 

collaborators (cloud?)
• Results archived over time

3. Code
• Version control
• Publicly accessible
• One sequential pipeline

Additional problem:
• Will your code run on multiple 

computers?



‘org’ — Organizing projects
Example



‘plnr’ — Organizing projects

Plan 1

data

Analysis 1 

action_fn

Results/graphs/excel files/reports

e.g. Diabetes
Analysis 2 

action_fn

e.g. Heart attack

Analysis 3

action_fn

e.g. Tuberculosis



‘plnr’ — Organizing projects

Analysis 
code

20
0 

di
se

as
es

20
 y

ea
rs

Multiple loops One loop

Analysis 
code

Year 2000, disease 1

Year 2000, disease 2

Year 2000, disease 3

Year 2000, disease 4

…

Year 2019, disease 199

Year 2019, disease 200



‘plnr’ — Organizing projects

Year & value
 of interest

Prediction 
interval

5-year 
baseline 
training 

data



‘plnr’ — Organizing projects
Argset: A named list containing a set of 
arguments

Analysis: 
• 1 argset
• 1 action function that takes two 

arguments:
• Data (named list)
• Argset (named list)

Plan: Overarching “scheduler”
• 1 data pull
• 1 list of analyses

Mental model: 

One (or more) datasets and we want to run 
multiple analyses.

Single-function plans: 

One action function (e.g. make_figure) called 
multiple times with different argsets (e.g. 
year=2019, year=2020)

Multi-function plans: 

Multiple action functions (e.g. figure_1, 
figure_2) called multiple times (maybe 
with/without different argsets)



‘plnr’ — Organizing projects
Example
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